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1. FROM CLAYS TO ZEOLITES AND BACK 

Jose J. Fripiat 

Department of Chemistry and Laboratory for Surface Studies, 

University of Wisconsin-Milwaukee, P.O. Box 413, Milwaukee, Wl 53201 

In this review a comparison is drawn between the surface properties of bidimensional and of 

tridimensional silicate lattices. 

Because of the turbostratic character of clays and of pillared clays, the pore-size distribution in 

clays is not comparable to that observed in zeolites. Molecular sieving can not be achieved in 

clays unless one considers as such the limitation on the molecular diameters of species to be 

adsorbed in the interlayer. However, this interlayer volume constitutes a small proportion of 

the total pore volume. By contrast the molecular sieving by zeolites is well documented. On. 

the other hand, in pillared clays, porous volumes with large openings (up to ~I5 A) and stable 

up to about 500 C, have been reported. 

Because of the bidimensional nature of the clay interlayer, the electric fields developed herein 

are larger than those developed in the zeolite cavities with higher symmetry. The consequence 

of this will be discussed. 

Among the remarkable properties of zeolites is their acidity which has been largely exploited in 

the field of catalysis. Bronsted acidity is created easily in zeolites, while Lewis acid centers are 

localized on non-framework alumina species resulting from the thermal treatment of 

H-zeolites. From the viewpoint of the functionality, the simultaneous occurrence of Bronsted 

and Lewis sites can be mimicked in clays such as in Al,3 pillared beidellite. As expected, it had 

been shown that such a pillared clay has acidic catalytic properties similar, but not identical, to 

those of an ultrastable Y. 

Because of their inferior thermal stability, clays should not compete with zeolites, but they may 

complement them nicely in soft chemistry. Several examples of such catalytic applications will 

be reviewed. 

Finally, it will be shown that some natural clay such as sepiolite can be easily modified into 

solids with very narrow pores which can be functionalized, for instance, upon alumination. 
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2. STRUCTURE AND THEORETICAL CALCULATIONS OF CLAY 
MINERALS 

Cliff T. Johnston1, David L. Bislr, Robert A. Schoonheydt\ William F. Bleam4, and Cart 
Baekelandf1 

'Crop, Soil and Environmental Sciences, Purdue University, W. Lafayette, IN 47907, 
"Geology and Geochemistry, EES-1 Los Alamos National Laboratory, Los Alamos, NM 
87545, 
'Center for Surface Chemistry and Catalysis, Department of Interphase Chemistry, 
K..U. Leuven, K. Mercieriaan 92, 3001 Heverlee, Belgium, 
4Department of Soil Science, University of Wisconsin-Madison, Madison, WI 

Introduction 

Mineral-water interfaces are ubiquitous in the soil and subsurface regions of the earth. These 
interfaces are important because they involve or control chemical and biological transformati
ons, water quality, rheological properties, the fate and transport of pollutants, and the 
distribution and availability of plant nutrients. Clay particles and their interfaces, however, are 
difficult to study because of their small size (typically < 2 um), structural heterogeneity, 
compositional variability, high surface charge densities, and high surface-to-volume ratios. To 
deal with the complexity of these systems, modern staictural and spectroscopic methods are 
combined with advanced computational methods to obtain insight into the structure and 
bonding of clay minerals. 
Recently, quantum chemical, statistical mechanical, electrostatic, and crystal chemical models 
have been applied to study a wide range of problems involving phyllosilicates. However, the 
structural information used to represent the clay structures in these theoretical studies is often 
quite limited or incorrect. Small changes in the structure (i.e., bond lengths, angles, and 
torsions) are known to exert a large influence on the calculated properties. Thus, combining 
accurate structural data (including the position of hydrogen atoms) with advanced computatio
nal methods, will clearly benefit and extend the application of the atomic theories. 
This paper is divided into three parts. First, structural and spectroscopic methods are combined 
to determine the full structure, including hydrogen atom positions, of dickite, a member of the 
kaolin group. Second, quantum chemical calculations are performed on these kaolin group 
minerals using the structural information obtained above. The emphasis here is to show the 
relationship between the experimentally derived structure with theory. Finally, the application 
of quantum chemical methods to the study of clay minerals at several levels of approximation is 
reviewed. 

Methodology 

Structure Using kaolin group minerals as prototypical examples, full crystal structures were 
obtained by joining together neutron and X-ray diffraction methods, Rietveld refinement, low 
temperature FTIR and single crystal Raman spectroscopies. In the case of dickite, time of flight 
neutron powder diffraction patterns were collected at 12 K. The Rietveld refinement program 
GSAS was used for the crystal structure refinement and difference-Fourier calculations. 
Vibrational spectroscopic methods were used to confirm the symmetry of the crystal and to 
determine the orientation of the hydroxyl groups. Low temperature (12K) FTIR spectra were 
obtained by placing oriented dickite deposits on the cold finger of a liquid helium refrigerator. 
Polarized, single crystal Raman spectra of dickite crystals oriented along all of the crystallo-
graphic axes a(_Ja, b(_ )b, and c(_ )c. 
Theory The electronegativity equalization method (EEM), a semi-empirical approach of 
density functional theory, was applied to the kaolin group minerals using the structural 
information obtained above. EEM calculations were performed on the infinite crystal and on 
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clusters containing 84 atoms and 276 atoms, respectively. This method, which was originally 
developed for theoretical studies of zeolites, allows the calculation of the energy of the unit 
cell, the charges on the atoms, the electrostatic potential at any point in space, the global 
hardness or its inverse, the global softness and the Fukui functions. 

Results and Discussion 

The basic structure of the kaolin minerals was first described by Linus Pauling in 1930 and the 
first reported crystal structure of dickite was published by Gruner in 1932. Since that time, 
numerous refinements of kaolin group minerals have been reported, and there is general 
agreement about the non-hydrogen atom positions of kaolinite and dickite. However, conside
rable uncertainty about the position of the hydrogen atoms has remained. In the case of dickite, 
however, combined application of modern structural methods (neutron powder diffraction and 
Rietveld refinement) with vibrational spectroscopy has resulted in the development of the full 
crystal structure, including hydrogen atoms. The low temperature FTIR spectra were used to 
confirm the crystal symmetry (space group Cc) and the single crystal Raman spectra were used 
to determine orientations of the hydroxyl groups. 
Based upon the structural information obtained above, the electronegativitiy equalization 
method (EEM) was used to examine the influence of edge effects, atomic charge, and total 
energy as a function of changes in d-spacing, layer rotation and polytypism. EEM calculations 
for infinite crystals and clusters are compared to other quantum chemical methods, including 
semi-empirical and ab-initio methods. The results are discussed in context of the relationship 
between structure and theory as illustrated in the figure below. 

Neutron Powder 
Diffraction 

X-Ray Low Temp Single Crystal 
Diffraction FTIR Raman 

Rietveld Refinement Experiment 
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3. STRUCTURE AND DYNAMICS OP POLAR MOLECULES AT A 
CLAY INTERFACE: A MULT1NUCLEAR MAGNETIC RESONANCE 
STUDY 

J. Grandjean and P. Laszlo 
University of Liege, Institute of Chemistry B6, Sart Tilman, B-4000 Liege, Belgium 

Introduction 

Surface properties of swelling clays (smectites) are conducive to such diverse applications as 
drilling for oil, cosmetics, paints, water treatment or chemical reactions. The understanding of 
the involved phenomena requires the knowledge of the behavior of interfacial species. Nuclear 
magnetic resonance (NMR) is particularly useful to describe the structure and molecular 
dynamics in the interfacial region (1). Therefore we have studied smectite suspensions in water 
or in aqueous binary mixtures by NMR techniques. In a strong magnetic field, the clay platelets 
orient themselves within a few minutes. This results in an anisotropic environment for 
molecules near the clay surface as shown by the residual quadaipolar splitting of water 
deuterons, for instance. The location of the cation isomorphic substitution, either octahedral or 
tetrahedral, in 2:1 phyllosilicates strongly influences the orientation of interfacial molecules 
(2-5). The Composition of the binary system also affects the behavior of interfacial species as 
observed for saponite suspensions in water/acetonitrile (6), water/methanol and water/acetone 
mixtures. These data on residual quadrupolar splittings have been complemented by measure
ment of self diffusion coefficients. 

Methodology 

Well characterized clays were used as such or were cation-exchanged by usual procedures. 
Quadrupolar splittings were measured on a Bruker AN 300WB NMR spectrometer operating 
at 7.05 T. Self diffusion coefficients were determined by the basic NMR pulse sequence, using 
Bruker pulsed field gradient accessories for proton. 

Results and Discussion 

In a strong magnetic field, residual quadrupolar splittings (rqs) are observed for quadrupolar 
nuclei of molecules at the clay/liquid interface. Change of rqs stems from the variation of the 
molecular orientation relative to the director coordinate system (7). In a simple case such as 
for acetonitrile, the 14N splitting is given by : 

rqs = p„ K (3 cos26l)M - 1) 
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where K is a constant, P„ is the mole fraction in the interfacial region and 9 is the angle 
between the principal axes of the coordinate systems associated to the molecule M and to the 
director D, respectively. Although the geometric factor is more complex when the molecular 
symmetry is lower, the trend remains similar; the magnitude and the sign of rqs depend on the 
molecular orientation with respect to the director. When cation isomorphic substitution occurs 
in the octahedral or in the tetrahedral layer of the clay, opposite signs of the rqs are observed 
for quadrupolar nuclei of water or for other deuterated dipolar molecules (4,5). Thus the 
orientation of interfacial molecules is strongly affected by the location of the cation replace
ment. In the joint presence of both cation isomorphic substitutions, a fast exchange occurs 
between these two interfacial sites (2,3,5). With a lithiated saponite dispersed in acetonitri-
le-d3/water mixtures, a sign reversal in the rqs of the cosolvent nuclei is displayed for acetoni-
trile composition within the 0% - 50% range. The orientation of interfacial water molecules as 
described from the deuterons and oxygen-17 rqs is weakly affected by the presence of 
acetonitrile. These data, together with a decrease of the 7Li relaxation rates, have been 
explained by a change of the lithium solvation with an increase of the nitrile content (6). 
Results obtained for a lithiated saponite suspended in acetone/water mixtures can be explained 
in a similar way. By contrast with these observations, variations of the rqs associated with 
water and methanol at the saponite surface have been found strongly correlated. Measurement 
of proton self diffusion coefficients for water and organic solvents supports the above 
explanations. 

Conclusions 

These NMR results have shown how the site of cation isomorphic substitution or the composi
tion of the liquid phase can affect the structure and dynamics at the clay/liquid interface. 

Reference 

(1) J. Grandjean, Annu. Rep. NMR Spectrosc. 24, 181-217 (1992) 
(2) J. Grandjean and P. Laszlo, Clays Clay Miner. 37, 403-408, (1989) 
(3) A. Delville, J. Grandjean and P. Laszlo, J. Phys. Chem. 95, 1383-1392 (1991) 
(4) J. Grandjean and P. Laszlo, Magn. Reson. Imag. 12, 375-378 (1994) 
(5) J. Grandjean and P. Laszlo, Clays Clay Miner. 000 (1994) 
(6) J. Grandjean and P. Laszlo, J. Am. Chem. Soc. 116, 3980-3987 (1994) 
(7) B. Halle and H. Wennerstrom, J. Chem. Phys. 75, 1928-1943 (1981) 
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4. DIRECT SYNTHESIS OF ORGANIC- AND ORGANOMETALLIC-
CONTA1N1NG CLAYS 

Kathleen A. Carrado* and P. Thiyagarajan** 
Chemistry* and Pu'sed Neutron Source** Divisions, Argonne National Laboratory 
9700 South Cass Avenue, Argonne, Illinois 60439 USA 

Introduction 

The usual methods for modifying clays are ion-exchange and simple adsorption from solution. 
The modified materials are rendered more active for such chemical applications as catalysis, 
electrochemistry, and photochemistry. Properties can also be imparted to enhance their use as 
nanocomposites; for example, intimate mixtures of polymers and clays can be formed by 
intercalative polymerization processes. 
Another method that offers great synthetic potential is to incorporate intercalants during 
hydrothermal crystallization of the layer silicate. Prior to 1991 just one report existed for the 
use of organics (alkyl ammonium ions) in the crystallization of clays (Barrer 1967). We have 
recently reported the formation of hectorite clays in the presence of, and with direct incorpora
tion of, cationic porphyrins and metalloporphyrins (Carrado 1991). This method has now 
proven to be amenable to a wide variety of organics and organometallics (Carrado 1992, 
1993a) and to aluminosilicate clays (Carrado 1993b). Very recently, synthetic polymer-clay 
composites were made using this method (Carrado 1995). Both neutral and cationic polymers 
were chosen to examine the effect of charge on crystallization and incorporation. 

Methodology. 

Materials- The procedure for hydrothermal crystallization of hectorites has been explained in 
detail elsewhere (Carrado 1991). Reactants in the molar ratios of LiF:MgO:Si02 

0.266:1.00:1.52 were refluxed for 2 'i^ys as a 2 wt% aqueous slurry. This yields the ideal 
hectorite composition EX() 6fl[LiOM,Mg514Si802()(OH)4], where Ex = exchangeable, monocation. 
In the purely inorganic synthetic hectorite lithium(I) is the exchangeable cation. A certain 
amount of this Li(I) can be replaced by organic or organometallic cations directly from a 
precursor organic-containing gel. The amount of polymer added was chosen such that, if all of 
the polymer was incorporated into the clay and assuming complete reaction, 10 wt% of the 
clay would be organic. The source of MgO was a freshly synthesized Mg(OH)2 slurry. Clay 
slurries were centrifuged, washed, and air-dried. 
Technkjues- X-ray powder diffraction (XRD) analyses were carried out on a Scintag PAD-V 
instrument using Cu Kct radiation and a hyperpure germanium solid-state detector at a scan 
rate of 0.5° 20/min. Both oriented thin films and powders which were loosely packed in 
horizontally held trays or spread out on glass slides were analyzed. Thermal gravimetric 
analysis (TGA) was performed on a CAHN-121X in an oxygen atmosphere (40 ml/min), or on 
a TA Instruments SDT 2960 under either oxygen or nitrogen (100 ml/min), using a heating 
rate of 10°C/min. Nitrogen BET surface area measurements were collected on a Quantasorb 
Jr. sorption analyzer after outgassing at room temperature under nitrogen flow overnight. 
SANS measurements were made at the Intense Pulsed Neutron Source at Argonne National 
Laboratory, HI. Contrast-match conditions were attained by using a medium of 67% D20/H20 
in order to mask the contributions of silica to any of the signals. 
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Results and Discussion 

The complex molecules that can be incorporated into clays during direct synthesis include 
cationic porphyrins, metalloporphyrins, phthalocyanines, and metallophthalocyanines, cationic 
dye molecules, bulky transitional metal complexes, and cationic and neutral polymers. The 
polymers specifically examined to date are neutral polyvinyl alcohols and cellulosic polymers, 
and cationic poly(dimethyl diallyl) ammonium chloride. In fact, the only criteria defining the 
successful incorporation of a species are water solubility and stability to the synthesis conditi
ons (pH, temperature, etc.). Even the requirement of a positive charge is apparently not 
necessary since the neutral PVAOH and cellulosic polymers are incorporated directly. In these 
cases Li(l) cations are also present within the galleries to compensate the charge. 
The mechanism of formation of clays is not well understood. It is generally accepted 'that in the 
case of hectorites tetrahedral silicate layers condense on pre-existing brucitic sheets. Our small 
angle neutron scattering results agree with this assumption. Much more effort has been 
expended in the literature on the issue of zeolite synthesis. For these minerals, organic guest 
molecules have been found to act as space-fillers, as stnicture-directing agents, or as templates 
(Davis 1992). The latter two terms imply that a specific structure is created from a particular 
organic species. However, enhanced guest-host interactions distinguish templating from 
structure-direction (Davis 1 992). 

Conclusion 

There are still no clear answers to the mechanisms operative during zeolite formation, even 
though significantly more effort has been concentrated on their study as compared to clays. 
Added to this, there are no obvious indications that the same principles would apply to clays. 
For example, the pH is normally very high for most zeolite syntheses while the range is only 
pH 9-10 for synthetic organo-clays (hectorites and montmorillonites), a factor that can 
dramatically effect the gel chemistry. Also, in the strictest definition of the term templating 
factors are not an issue to clay formation. It is assumed that the driving force for a layered 
compound is so strong that any true templating effect of an eventual intercalant is overridden. 
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5. USE OF ORGANO-CLAYS FOR SOLVING ENVIRONMENTAL 
PRORLEMS IN AGRICULTURE 

Leon Margulies 

Faculty of Agriculture, The Hebrew University, Rehovot 76100, Israel 

Specifically designed organo-clays are used for solving environmental problems in modern 

agriculture posed, for example, by excessive use of pesticides. The application of pesticides 

in excess is a common practice in cases where the lifetime of biological activity is shortened 

by volatility, leachability or photolability of such agrochemicals. Examples which illustrate 

the potential use of organo-clays for extending the biological lifetime of pesticides for 

agricultural use and a method for detoxification of water contaminated with organic 

pollutants will be presented and discussed. 

(1 > Slow release of herbicides. By adsorption of the volatile herbicide S-ethyl dipropylthi-

ocarbamate (EPTC) to montmorillonite, to sepiolite and to their complexes with the organic 

cation methyl green, the half-life time of the herbicide in the soil was extended from lOh. to 

more than 5 days The interactions between the herbicide molecules and the clay surface 

were studied by FTIR spectroscopy. The vibrational spectra revealed two different 

populations of EPTC in the clay-organic complexes: one in which the organic molecules do 

not interact with the clay, and another in which they are adsorbed on the mineral surface. 

Similarly, the leachability of metolachlor was slowed down using organo-attapulgite. 

(2) Pliotostahilization of pesticides. Photolabile pesticides can be stabilized by adsorbing 

them on organo-clays containing an additional coadsorbed chromophore. In such systems, 

efficient energy or charge transfer processes between the photoexcited pesticide and the 

chromophore result in an extension of the biological activity of the pesticide enabling its use 

in agricultural formulations. This approach has been successfully used for photostabilizing 

both synthetic insecticides and herbicides as well as an insecticide of microbial origin. 

(3)Purification of water. A method has been developed for removal and destruction of 

organic pollutants in water. The method consists of adsorbing the contaminants on 

organo-clays to which a cationic organic photosensitizer was previously adsorbed, followed 

by irradiation with visible light. The feasibility of the method was demonstrated by using 

pentachlorophenol as model contaminant in water and montmorillonite adsorbed with 

hexadecyltrimethylammonium with loads above the cation exchange capacity of the clay and 

with small amounts of methylene blue. After 6h of irradiation with visible light, the 

concentration of the toxicant was reduced to less than one-tenth. 
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6. DATING SOILS: NEED. OPPORTUNITY. AND CHALLENGE 

J E. Dixon 
Soil and Crop Science Department, Texas A&M University, College Station, Texas, 77843, 
U. S .A. 

Introduction 

Soils need to be dated because age is essential to predict their behavior and to understand 
many of their reactions. Reclamation of mine spoil, soil conservation measures, and rates of 
chemical and physical reactions e.g. decomposition of organic matter and gilgai formation 
need age for understanding and planning. It may be worthwhile to coin a term for a dated 
soil site such as chronoped. Such a special site could be further analyzed to provide other 
criteria for correlation with other soils to be dated by similarity. Many pedons can be dated 
by the presence of radioisotopes, artifacts, age of parent material, etc. Advances in 
mineralogical methods have improved the understanding of the crystalline components of 
soils. Thus providing sensitive indicators of change during soil formation. 
The dating of soils is currently being done in separate investigations. A forum needs to be 
established for sharing that information and more fully utilizing it to solve scientific and 
practical problems including environmental problems. Correlations between minerals formed 
and minerals modified or dissolved under specific environmental conditions and ages need 
to be determined and applied to other locations. 

Methodology 

Transmission electron microscopy, x-ray diffraction, scanning electron microscopy and 
energy dispersive spectroscopy, infrared analysis, and chemical methods were employed to 
investigate the iron and manganese minerals in soil nodules. Soil investigated represent the 
following orders: Vertisols, Mollisols, Ultisols, and Oxisols. 

Results and Discussion 

The formation of manganese oxide minerals has some correspondence to the environment 
where they formed and the maturity of the soil (Dixon, 1988). The results of investigations 
of Fe and Mn oxide-cemented nodules are presented as examples of how soil age and 
mineral properties may be used to correlate with soil age (Figure I). Todorokite forms 
during the weathering of siderite boulders (Senkayi et al., 1986) and persists in a calcareous 
Vertisol of Guatemala (Dixon et al., 1994). Laboratory synthesis of todorokite is from 
buserite or birnessite (Golden et al., 1986) in the presence of exchangeable Ca or Mg. 
Birnessite occurs in many soils of intermediate maturity such as a Mollisol of east central 
Texas, U.S.A. (Uzochuc-kwu and Dixon, 1986). Birnessite appears to be the major 
manganese oxide in a Vertisol formed on a river terrace in about 35,000 yr also in east 
central Texas (Dixon, 1994; Nordt et al., 1992). Lithiophorite forms and grows to silt size 
plates in nodules of an Oxisol of Hawaii, U.S.A. (Golden et al., 1993) and it is the only 
manganese oxide in nodules of an Ultisol of Alabama, U.S.A. (Uzochuckwu and Dixon, 
1986). The size and perfection of crystals in nodules may be correlated with relative age of 
the soil for a given set of chemical conditions. 
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Loessial soils would appear to be among the simpler soils to correlate once representative 
sites have been dated because of their relative uniformity of parent material and the fact that 
many of them are relatively young. Soils formed in various volcanic ashes may illustrate one 
of the more complex groups of soils to date. The ages of halloysite formation reviewed by 
VVada (1989) were from 2000 yr to >30,000 yr in various environments. The author has 
observed halloysite formation in deposits believed to be a few decades old. Obviously 
weathering condition will need to be evaluated where such a transformation is to be 
considered for dating soil age Fortunately many volcanic soils can be dated based on the age 
of the eruption or the inclusion of Cu . 

Manganese oxide formation 

+A1, Li, OH 
Busente _-» Birnessite » Lithiophorite 

Mg, 
Ca 

Todorokite' 

Hydrothermal Mollisols Ultisols 
Vertisols Oxisols 

Figure 1. Mn oxide mineral formation in nodules in rocks and soils. 

Conclusions 

The Fe and Mn oxide minerals and their properties in nodules may be correlated with soil 
aue where other soil conditions are similar. 
the sharing of information on chronopeds on a global scale may be an economical approach 
to testing the feasibility of dating soil bodies and landscapes by correlating age with 
mineralogy of nodules and other soil properties. 
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7. USE OF A CHIRAL METAL COMPLEX AS A PROBE FOR STU
DYING INTERMOLECULAR INTERACTIONS ON A CLAY 
SURFACE 

Akihiko Yamagishi and Masahiro Taniguchi 
Division of Biological Sciences, Graduate School of Science, Hokkaido University, 
Sapporo 060, Japan 

Introduction 

We have been studying the structure and reactivity of a metal complex intercalated in a clay 
layer. For that purpose, we have used a chiral metal complex such as 
tris(l,10-phenanthroline)ruthenium(II). The molecules provide a unique tool for revealing 
the details of intermolecular interactions on a clay surface or in an interlayer space. By 
comparing the adsorption behaviors between a pure enantiomer and a racemic mixture of 
the same molecule, we obtain evidence for the stereoselective interactions between the 
adsorbed species. Our basis is the fact that there would be no difference in adsorption 
behaviour in the above two cases, if an adsorbed molecule exists as an isolated species. In 
this presentation, we will show several examples photochemical, electrochemical and 
circular dichroism studies on the adsorption of Ru(II) complexes. In addition, we will show 
the results of the theoretical calculations supporting the interpretation of experimental 
observations. 

Methodology 

Photochemical experiments: The photoluminescence of [Ru(bpy)3]
2' (bpy = 2,2'-bipyridyl) 

and [Ru(phen),] 2* (phen = 1,10-phenanthroline) were studied when these molecules were 
adsorbed by a colliodally dispersed synthetic hectorite (Laponite XLG, Laponite Ind. Co.). 
The quantum yield of luminescence and the decay profile were compared for the pure 
enantiomers and the racemic mixtures of these complexes at various loadings. 
Electrochemical experiments: The mass transfer on a clay-modified electrode was studied 
with the quartz crystal microbalance method under the cyclic voltammetry. An electrode 
was a gold electrode coated by a thin cast film of synthetic saponite (Smecton, Sunimime 
Ind. Co.). Optically active and racemic [Ru(bpy)3]

2r chelates were included in the clay film. 
The mass change of the electrode was followed by measuring the resonance frequency 
change of the electrode under the electrochemical process. 
Circular dichroism measurements: The induction of circular dichroism absorption was 
studied when an achiral or a racemic mixture of iron(II) complex was added to a colloidal 
suspension of synthetic saponite adsorbing optically active [Ni(phen),]2+. 
Theoretical calculations: The Monte Carlo simulations were performed when the enantio
meric or racemic pair of [Ru(bpy)3]

2" or [Ru(phen)3]
2T was placed on a surface of a model 

silicate sheet. The free energy of the stable binding structures were predicted based on the 
Metropolis algorithm. 

Results and Discussion 

Luminescence of adsorbing enantiomeric and racemic [Ru(bpy),]2* ions were compared. 
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The results were found to be remarkably dependent on the mixing methods. Curves a and b 
in Figure 1 are the luminescence spectra when a solution of the chelate was manually mixed 
with a clay suspension. A large difference between the pure enantiomer and the racemic 
mixture was observed, which is in accord with the previously reported results (1). Curves c 
and d are the results when mixing was performed in a stopped-flow apparatus (dead time < 
5 ns). In the latter cases, differences were much smaller than the former ones. The results 
imply that the bound chelates are very slow in attaining true thermodynamic equilibrium 
after they are adsorbed under the concentration heterogeneity at mixing. Figures 2 (A) and 
(B) are the flurorescence decay profiles of bound racemic and enantiomeric [Ru(bpy)3]

:!' 
when the samples were prepared by rapid mixing. The adsorbed amounts were 10 % of 
CEC of a clay for both cases. The decays were single exponential and the decay life-time for 
the bov.td enanVjomer (1.22 us) was significantly shorter than that for the racemic mixture 
(1.43 us). The results confirm that the chelates interact with each other in a stereoselective 
way even at this low loading. 

(1) V.Joshi and P.K.Gosh, J.Am. Chem. Soc. 111,5604 (1989). 
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Fig. 1 Effect of mixing methods on the fluorescence spec
tra of [Ru(bpy)3p- adsorbed on a colloidally dis
persed clay particle 
(a) Racemic mixture (manual mixing); (b) J-isomer 
(manual mixing); (c) racmic mixture (rapid mixing); 
4 -isomer (rapid mixing) 

T i l l / u i T I • • / u l 

Fig. Z. Fluorescence decay of bound [Ru(bpy)3]
2* 

(A) (Left) racemic mixture and (B) (right) ^-isomer (adsorption amount=10% CEC) 
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8. FIELD EMISSION SCANNING ELECTRON MICROSCOPY OF 
CLAY RICH SEDIMENTS 

Jennifer M. Huggett and Harry Shaw 
Department of Geology, Royal School of Mines, Imperial College, London SW7 2BP UK 

introduction 

High resolution scanning field emission electron microscopy (FESEM) is achieved through 
use of a field emission gun. This permits resolution of up to 0.6 nm at 30 kV, though 
routinely, and with insulating materials such as rocks, this is realistically 50 nm. For clay 
mineral work magnifications of x 30,000 are typically used in FESEM compared with x 
1,500 for BSEM and x 5,000 for conventional secondary electron SEM. It is surprising 
therefore that FESEM has not been more widely adopted by geologists working with fine 
grained rocks. This poster illustrates some of the uses to which we have put the technique in 
the study of clay minerals in clastic sediments. 

Methodology 

A field emission gun (FEG) produces an electron beam with an extremely high current 
density which is obtained by applying an intense electric field to a tungsten single crystal 
with a needle-like tip. Unlike the conventional thermal emission gun this requires ultrahigh 
vacuum (10-10 Torr). The FEG is often referred to as the high brightness gun because the 
emission source for electrons is extremely small and because the number of electrons 
emitted per unit area or per unit solid angle is much larger than with other types of electron 
guns. This, together with the much narrower range of emitted electron energy than is 
obtained with thermal emission guns, permits high resolution at low KV. For FESEM 
examination, clean fracture surfaces are coated with either gold-palladium or platinum (a 
standard gold coating is too coarse). The instruments used were a Jeol 6400F at the Centre 
for Microscopy and Microanalysis, University of Queensland, Australia and a Hitachi S800 
at the Natural History Museum, London. 

Results and Discussion 

Imaging in the range of 2000 - 30,000 was found to be optimum for examining clay 
particles. Using FESEM it has been possible to observe features which would not be 
resolved with a standard scanning electron microscope: 
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* The depth at which neoformed illite overgrowths first develop in a mudrock sequence 
has been precisely determined; by comparison XRD is a very approximate method for 
assessing this depth. 

* Multiple generations of authigenic illite have been observed in sandstones, implying that 
K/Ar analyses of such illites only provide average values rather than be representative of 
one discrete event. 

* FESEM observation of mudrock fabrics before and after treatment with drilling muds 
has revealed subtle changes to the surface of clay particles. Studies of this sort will be 
used to improve understanding of the rock-fluid interactions. 

These and other examples will be used to demonstrate the value of the technique. 

Conclusion 

FESEM is a major improvement on conventional scanning electron microscopy for 
examination of clay minerals in clastic rocks, and particular the petrography of mudrocks. A 
limited amount of work has already revealed features hitherto unobserved, which have 
contributed to our understanding of clay diagenesis and other processes involving clays. 
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9. ISOTOPIC CONSTRAINTS TO THE CONCEPTS OF CLAY 
"CENfcSiS. 

Norbert Clauer 
Cente de Geochimie de la Surface, 1 me Blessig, 67084 Strasbourg (France) 

Introduction 

Clay minerals, which represent in volume one of the most important component of earth's 
shallow crustal rocks, are often of "strategic" interest. They may occur as stratigraphic or 
diagenetic markers, tectonic or paleoclimatic indicators, paleocurrent or paleohydrologic 
tracers. Studies of such minerals including isotope geochemistry have proven to be powerful 
in many instances. Isotopic work on clay-type mineral assemblages that has been published 
in the recent years is vast and is rapidly growing, which attests for increasing interest for 
this approach. Despite the fact that much has still to be consolidated, it becomes worth to 
evaluate the input of isotope geochemistry to the understanding of clay genesis. 

Some specific fundamentals 

Before considering how isotope geochemistry can contribute to decipher clay genesis, it is 
needed to address properly fundamental aspects such as clay separation and characterizati
on. This preliminary step needs complementary studies based on XRD mineralogy as well as 
SEM and TEM observations. Specific aspects of clay isotope geochemistry, such as: (1) 
contamination effect related to occurrence of detrital components in the clay assemblages, 
(2) problems of potential loss of radiogenic isotopes relative to radioactive ones due to 
ambiant temperature, to fluid chemistry, and to grain size effect, and (3) importance of 
laboratory leaching treatments, are needed to be addressed. 

Discussion 

Clay genesis will be examined on the basis of the behavior of the Rb-Sr, K-Ar Sm-Nd, 
Pb-Pb, and oxygen isotopic systems of different types of clay minerals in weathering 
profiles, sedimentation environments, diagenetic evolutions and low-grade metamorphic 
settings. Clay minerals generated in soils have widely varied Ar and Sr isotopic compositi
ons depending more on the mineral composition and the age of the parent rocks or minerals 
to be weathered, than on the types of the authigenic clays (Clauer, 1979). This requires the 
occurrence of microenvironments in the soils where clay authigenesis induces isotope 
fractionation with preferential incorporation of radiogenic S7Sr and 40Ar into the clay 
structures. Microenvironments in soils favor crystallization of clay minerals with specific 
isotopic signatures: based on oxygen and Sr isotopic data, it seems that initial growth of 
clay minerals is kinetically controlled by the formation of metastable "protominerals" 
(Clauer et al., 1982). If these individual signatures can be determined, isotopic dating of 
clay minerals from weathering profiles is possible. Isotopic studies of progressively 
weathered plutonic precursors of clay minerals (biotites and feldspars), of related authigenic 
clays and of fluids involved, allow modelization of the physical conditions of clay genesis 
during pedogenic conditions (Clauer and Chaudhuri, 1995). 
Glauconites are theoretically ideal minerals for isotopic dating of sedimentation times. 
Combined mineralogical and isotopic studies of recent glauconites have shown genetic links 
between the glauconite pellets and the clay particles of the host mud (Clauer et al., 1992; 
Stille and Clauer, 1994). The glauconitization process proceeds in two steps following each 
other: (1) a starting dissolution-crystallization of the detrital components in the pellets 
acting as a chemically closed system without sea water influence until a 4.5% K20 content, 
and (2) a neoformation process of a glauconite-type phase in an open system behavior. 
Pellets with KzO contents exceeding 6.5% are the best suited for stratigraphic purposes 
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(Odin, 1982). Whitney and Northrop (1988) experimentally investigated the illitization 
process for K-saturated smectite in examining the oxygen isotopic fractionation between 
fluids and solids. They found also a two step process: a closed-system transformation 
reaction followed by an open-system neoformation reaction. The closed-system behavior 
detected for starting glauconitization has also been observed in a dissoluti-
on-recrystallization process of smectite in black shales (Clauer et al., 1990). 
Clay diagenesis commonly starts when sediments become detached from interface with open 
water, but the major changes occur when the amount of illite interlayers increases in the 
illite/smectitc mixed-layer minerals. Controversies still exist on timing and duration of the 
illitization process, as well as on its extent. Studies on illitization in Tertiary shales of the 
Gulf Coast area ended up with opposite conclusions: continuous process (Hower et al., 
1976), or discrete "punctuated" event (Morton, 1985). Continuous illitization was also 
described for illite/smectite phases in shales of the North Sea and the Mahakam Delta 
basins, while the process was found to be more episodic in the associated sandtones 
(Glassman et al., 1989; Furlan, 1994). Hydraulic communications along sedimentary beds 
can be evaluated (Furlan et al., 1995a), the budget of the needed K to complete illitization 
can be quantified and migration paths reconstnicted (Furlan et al., 1995b), the formation 
temperatures and fluid signatures can be determined (Clauer et al., 1995). 
Temperature and water-rock ratios constrain the recrystallization conditions of sedimentary 
clay minerals into metamorphic micas. Besides the modified mineralogical, morphological 
and chemical features, it can be shown how host-rock lithologies influence the process and 
the extent of the clay-to-mica recrystallization reactions. The behavior of the isotopic 
systems of clay minerals depends also on their location relative to major tectonic settings. 
Genetic links between clays and ores can be established and, therefore, formation conditions 
and undirect isotopic dating of ore-deposits is possible (Clauer and Chaudhuri. 1992). 

Conclusion 

Depending on the used methods, isotope geochemistry can provide information about 
mechanisms and conditions of clay genesis: transformation, dissolution-crystallization, 
neoformation, temperature, size of the chemical system, origin of the constitutive elements, 
and even constrain these parameters. In some cases, such as during burial illitization, it 
might help to sort out within all suggested mechanisms, as specifications claimed by the 
authors to explain genetic differences become diffusive if one considers only the effects of 
the physical and chemical characteristics of the formational environments. 
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10. X-RAY MICROSCOPY STUDIES OF CLAY AGGREGATES 
IN AQUEOUS ENVIRONMENTS 

Jurgen Thieme and Jiirgen Niemeyer* 
Forschungseinrichtung Rontgenphysik, Universitat Gottingen, GeiststraBe ll,D-37073 
Gottingen 
Institut fur Bodemvissenschaften, Universitat Gottingen, von-Siebold-StraBe 4, D-37075 
Gottingen 

Introduction 

Due to their high specific surface area, the soil colloids, especially clays influence many 
physico-chemical and chemical processes in soil. Under soil conditions, these colloids are 
associated into larger aggregates. This aggregation leads to a reduction of the accessibility 
of the reactive sites of these colloids, thus influencing e.g. the kinetic of many soil chemical 
processes. 
Up to now, the different forms of aggregation could only be observed by indirect methods 
like the different scattering techniques. Furthermore, it was only possible to visualize the 
aggregates with the neccesary resolution after several sample preparation steps like drying 
and imbedding into a polymer. 

Methology 

By the application of X-ray microscopy, these difficulties can now be circumvented. X-ray 
microscopy is able to image objects with a higher resolution than optical microscopy due to 
the much shorter wavelength of x-rays compared to visible light. The size of the smallest 
structures detectable is around 20 nm. It is possible to image objects directly within their 
aqueous environment without staining or drying. In the wavelength range of 2.4 nm < A, < 
4.5 nm x-rays are absorbed weakly by water compared to the absorption of e.g. alumino 
silicates and organic materials. This yields a natural contrast mechanism for the direct 
visualization of structures in water. 

Results and Discussion 

X-ray microscopical images of suspensions of different pure clay minerals have been taken. 
The influence of the ionic composition of the suspending medium on the size and shape of 
clay aggregates have been studied. As clay minerals we have chosen two forms of montmo-
rillonite (Wyoming and Moosburg), and a nontronite (Hoher Hagen). 
The dependency of the delamination and flocculation of sodium montmorillonite (Wyoming) 
on the sodium content of the suspension will be demonstrated in x-ray images. As the clay 
aggregates formed at high sodium concentrations are built up only by van-der-Waals forces, 
they exhibit a very open and fluffy structure. 
The coagulation of suspended montmorillonite particles due to the addition of inorganic 
cations will be presented also. The internal structure of the aggregates has been changed 
clearly in the direction of a compaction. 
The influence of differents detergents on the size and shape of the clay aggregates formed 
can be seen clearly in the x-ray images to be presented. The addition of a cationic detergent 
to the Moosburg montmorillonite has lead to a dramatic increase in compaction. In contrast 
to this the nontronite shows a different appearance. The detergent molecules form a bilayer 
on the outermost parts of the clay tactoids. Due to the introduced repulsive electrostatic 
forces these parts of the tactoids break apart. 
The x-ray image shows the outermost parts of a nontronite aggregate taken directly in 
water. The non-collapsed brush like structure of the rim of this aggregate is clearly visible. 
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11.GEODYNAM1C AND DIAGENETIC CONSTRAINTS ON THE 
PALEOCLIMATIC EXPRESSION OF MARINE SEDIMENTARY 
CLAY MINERALS 

Herve Chamley 
Sedimentologie et Geodynamique, SN 5, Universite de Lille 1 
59655 Villeneuve d'Ascq cedex, France 

Introduction and Methods 

Investigations at various resolution scales were performed during the last twenty years on 
thousands of Mesozoic to recent marine sediments, recovered from most oceans and 
paleo-oceans. Systematic X-ray diffraction analyses were accomplished and complemented 
on numerous selected samples by electron-microscope, microprobe, isotope, and other 
physical and geochemical measurements. The major information deduced from these 
investigations consists in the fact that most clay minerals of marine sediments deposited in 
recent basins are inherited from exposed land masses. A terrigenous origin of clay also 
characterizes numerous old basins. Clay in sediments largely results from weathering and 
soil-forming processes, which themselves are controlled by climatic factors. An equilibrium 
between clay composition and climate is reached within a few hundred years in most soil 
environments. Clay minerals are among the most easily dispersed components of sediments, 
as proved by their very large distribution in past continental and marine environments. 
Therefore clay assemblages theoretically constitute tools which may be used to reconstruct 
past continental climates in sedimentary series, especially those deposited continuously in 
hemipelagic environments. Compared to other paleoclimatic markers, clays express the 
cumulative effects of the temperature, seasonal precipitation and drainage conditions. 

Examples of the paleoclimate expression 

The use of clay associations as climatic markers is helpful in various environments from 
various geological periods, provided that quantitative procedures are reliable and based on 
comparative data. The warm and seasonally more or less humid conditions of late Mesozoic 
and early Cenozoic periods are clearly expressed by the richness of either smectite, kaolinite 
or fibrous clays, whereas the worldwide cooling stages developing duling the Cenozoic are 
characterized by increasing amounts of minerals derived from poorly-weathered rocky 
substrates (illite, chlorite, random mixed-layers). Clay minerals are able to reflect continen
tal climate changes induced by or related with: 1) the latitudinal migration of lithospheric 
plates (e.g., off Africa and Australia); 2) modifications of marine circulations (southern 
hemisphere opposed to the northern one); 3) changes in the location or areal extension of 
ice blankets (high latitudes or altitudes); 4) glaciocustatic modifications of the sea level (all 
regions); 5) or variations in the intensity or geographic distribution of aeolian fluxes (e.g., 
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North Pacific, Eastern tropical Atlantic). A large field of research is open for the recogniti
on in telligenous series of deflation, advection, settling, resedimentation and cyclic depositi
on processes. 

Obliteration of palcoclimatic expression 

The kwnowledge of the limitation of clay minerals as climate indicators has greatly 
progressed during the last fifteen years. The climatic expression is all the more obliterated 
as other synsedimentary or postsedimentary influences predominate. This is the case of: 1) 
differential settling processes, hydrodynamic sorting, supply of very local or fossil soil 
products, all phenomena which are better expressed in coastal and shallow-water areas of 
present and past oceans; 2) North-South water-mass exchanges or variations in distinct 
terrigenous sources, leading to the mixing of weathering products inherited form different 
climatic zones (e.g., South-Western Atlantic); 3) tectonic rejuvenation favoring active 
erosion and preventing to reach a balance between climate and resulting soils (e.g., collision 
zones of Taiwan, Himalayan range); 4) burying in regions marked by a strong heat flow 
(e.g., Western Tyrrhenian Sea during the latest Miocene), by active fluid migration or by 
compaction (e.g., hydrothermal environments), phenomena which may determine preferenti
al dissolutions or mineral transformations; 5) variations in the global tectonic and geochemi-
cal activity in oceanic ridge domains, possibly responsible for combined changes in the sea 
level, the chemical composition of the ocean and the hydrogenous formation of certain 
sedimentary minerals (Fe to Mg smectites). A great progress is expected during the five 
next years on the impact on clay stratigraphy of the climate, with regard to other environ
mental and diagenetic factors. 
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12. SURFACE MODIFICATIONS OF MONTMOR1LLON1TE AND 
RESULTING POSSIBILITIES FOR USE AS AN ADSORBANT 

Dr. Norbert Sch'all, Hubert Simmler-Hubenthal 
SUD-CHEM1E AG, Research & Development, 85368 Moosburg, Germany 

Introduction 

Montmorillonite offers a variety of possibilities for use as an adsorbant due to its' specifical
ly large surface area (400 - 700 nr/g) and its cation exchange capacity (60 - 120 
mVal/lOOg). For example montmorillonite in it's unmodified form can be used in the 
adsorption of heavy metals. In the case of an organophilic clay created with the exchange 
with quaternary ammonium ions, organic matter can be adsorbed as well as intercalated 
between the layers. After modifying the surface with polycations, it is possible to adsorb 
anions. Should montmorillonite be treated with an acid, there results a product with high 
porosity, which can then be used in the refining of natural oils and fats. 

Methodology 

Materials: 
Ca-Bentonite, Bavaria, CEC: 90 mVal/lOOg 
Organoclay (T1XOGEL, SUD-CKEM1E AG), 90 MVal DTDMAC 
Organoclay (TIXOSORB, SUD-CHEMIE AG), 45 mVal DTDMAC 
Ca-Bentonite, treated with 6% MEL FLOCK C3 (organic polycation) 
acid-activated montmorillonite. TONSIL Optimum FF SUD-CHEMIE AG 

Results and Discussion 

Ca-Bentonite 
In the pH-range >6, Ca-Bentonite is suitable as an agent for adsorption of heavy me
tals. With a pH >8 the ion exchange of heavy metals is superimposed by the precipitation of 
heavy metal hydroxides. In an acidic pH range the heavy metals can be once again remobili-
zed by the exchange of H/T to a certain extent. The exchange of heavy metals in montmo
rillonite follows varying selectivities. 
An example for use: horizontal sealing of waste dumps 

Organophilic Clays 
The ion exchange with quaternary ammonium salts results in a organophilic surface of 
montmorillonite. Thus organic compounds can be adsorbed and intercalated between the 
silicate layers resulting in a low rate of remobilization, which can be observed. Should the 
exchange rate of the ammonium compound lie below the CEC during manufacturing of the 
organic clay, a capacity for ion exchange of heavy metals still exists. In this case, organic 
matter and heavy metals can promote each other in the adsorption characteristic . 
Examples for use: Water treatment systems, treatment of contaminated soils 
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Montmorillonite modified with polycations 

Anorganic and organic polycations can be fixed on the surface of montmorilloniet layers 
through electrostatic interaction. Heavy metals in the anionic form (ie. arsenate) can be 
adsorbed due to the excess load of cationic charge, provided by the polycations. Example 
for use: water treatment systems, treatment of contaminated soils 

Acid activated Montomorillonite 
By treatment with mineral acids, the morphological structure of montmorillonite is changed 
in the way that there results an adsorbent with a greater specific surface, high pore volume, 
Lewis- and Bronstedt acidity and ion exchange capacity. 
Example for use: refining of vegetable oils 

clay catalysts 

Conclusion 

Montmorillonite offers various possibilities for use in solving problems with the aid of 
adsorption processes. For reference, the environmental technology, beverage technology, 
oil refinery, coating of paper and uses in agriculture are all examples of areas of possibili
ties. 
This wide range results from the possibilities of changing the surface adsorption qualities of 
montmorillonite through modifications. 
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13.THE SORPTION CHEMISTRY OF RAD1QCAES1UM IN CLAYS, 
SOILS AND SEDIMENTS 

A. Cremers, J. Wauters and E.Valcke 
Laboratorium voor Colloidchemie, Departement Interfasechemie, K.U.Leuven, Belgium 

Introduction 

The interest in the behaviour of radiocaesium in the environment (terrestrial and aquatic 
systems) goes back to the late fifties - early sixties and is connected to the world-wide fail 
out, resulting from atmospheric nuclear tests. Such interest is evidently motivated by 
concerns of public health and the radiocontamination of the food chain. During the seven
ties, studies of the geochemistry of radionuclides, including radiocaesium, continued to 
receive considerable attention in view of the growth of the nuclear industry and the problem 
of nuclear waste disposal. A number of accidents such as the one in Windscale (UK), Three 
Mile Island(US) and particularly the one in Chernobyl (CIS) gave considerable new impetus 
to the subject matter. The pre-Chemobyl research provided a fairly coherent - though 
essentially qualitative - picture of the sorption behaviour of radiocaesium in soils and 
sediments: highly selective sites on the frayed edges (FES) of micaceous clay minerals 
(illite) are responsible for the very selective sorption. However, no tools were available to 
quantify this specific sorption pool and to make predictions on solid/liquid partition 
coefficients (KD values) of radiocaesium on the basis of measurable properties of both solid 
and liquid phase of the system. Evidently, such knowledge is of key importance if we wish 
to rationalize radiocaesium behaviour in the environment. Specific examples are the 
transport dynamics of radiocaesium in soils, the soil to plant transfer and the remobilization 
of radiocaesium from sediments. This contribution presents a survey of the various recent 
developments in this area. 

1. Specific sorption of caesium; quantitative aspects 

In the earlier stages, number of selective sites and selectivity patterns were obtained on the 
basis of curve fitting procedures of caesium selectivity-composition functions. Some years 
ago, a new procedure was developed for measuring the number of specific sites and their 
ion selectivity pattern. Such procedure is based on the use of a bulky masking agent (the 
silver-thiourea complex) showing exceedingly high selectivity for the (REC) regular ion 
exchange complex (clays-humics). In a suitably high background of this masking agent, 
preventing caesium interception in the REC, caesium sorption isotherms can be generated, 
characterized by well-defined plateau values. In addition, the ion selectivity pattern of 
caesium can be measured with respect to other cations. The procedure is illustrated with 
various examples and it is shown that the FES pool is "heterogeneous" and characterized by 
a composition dependent Cs/K selectivity pattern. The most important result however is 
that, at trace caesium coverage, i.e. the accident scenario, we find a general common 
characteristic for clays, soils and sediments: the Cs-to-K selectivity coefficient on the FES is 
of the order of 10 \ 
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This procedure was further developed into a protocol - based on the same masking 
technique - for determining the product of the number of specific sites and the trace 
Cs-to-K selectivity coefficient in the FES, the quantity of interest for making predictions of 
solid/liquid partition coefficients. The procedure is illustrated for a wide range of soils and 
sediments, including samples from the Chernobyl area. In addition, such method allowed to 
demonstrate that the NH4 ion was about five times more competitive - as compared to K -
with radiocaesium sorption in the FES. 

2. Solid-Phase sneciation 

If we wish to make prediction of KD values, it is imperative to assess the fractions of 
radiocaesium associated with the FES pool and the REC pool. This can be done in various 
ways: firstly a comparison of the sorption potentials of the two pools on the basis of solid 
phase characterization; secondly on the basis of the measurements of the desorption yields, 
using a variety of desorption agents, including bulky cations. Both procedures are illustrated 
by practical examples demonstrating that, in the very large majority of substrates, the major 
portion of radiocaesium is intercepted in the FES pool. Such procedures however, provide 
only indirect evidence. Quite recently, a new procedure was developed providing direct 
evidence of (nearly) quantitative interception of radiocaesium in the FES pool. 
The procedure is based on the measurement of the "KD-response" of radiocaesium upon 
injection of ammonium ions in a system, preconditioned in a Ca-K ionic scenario which is 
representative for field conditions. The principle is straightforward: if radiocaesium is 
present in the FES pool then KD should decrease significantly (in line with the higher NH4 

competitivity); if it is intercepted in the REC, then KD should be invariant to NH4 injection. 
The theory of the method is presented and data are presented for soils and sediments of 
widely different texture and organic matter contents. Results demonstrate that in most 
cases, including peat soils of 70% organic matter content, radiocaesium is quantitatively - or 
very nearly so - associated with the FES pool of the mineral fraction 

3. Prediction of Kn values for radiocaesium 

In situ predicitons of KD for radiocaesium can now be made on the basis of solid-phase 
characterization and the composition of the liquid phase (K-, NH4-concentrations). A 
predictive equation is presented and tested for a variety of soils and sediments in a wide 
range of liquid phase compositions (including marine conditions). KD values for over one 
hundred systems cover a range of some three orders of magnitude. It is demonstrated that 
predictions agree quite well (within a factor of 2) with measured values, thus demonstrating 
that solid/liquid partitioning is essentially controlled by the FES pool. 

4. The FES interception Potential: a simple quantitative characterization procedure 

The masking characterization procedures are rather elaborate and not practical for routine 
application. A novel procedure was developed which is based on well-known linear 
relationships between Exchangeable Potassium Ratios (EPR) i.e. the ratio of exchangeable 
K and Ca+Mg and the Potassium Adsorption Ratio (PAR) i.e. the ratio of the K concentra
tion (mmol/L) and the square root of the Ca+Mg concentration (mmoI/L). This relationship 
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was established some forty years ago (U.S. Salinity Service) and has the form 
EPR = 0.036+ 0.1 PAR 

The non-zero intercept is directly related to the action of sites exhibiting a high selectivity of 
K. (and poorly hydrated cations) w.r.t. Ca and Mg. The value of this intercept agrees 
remarkably well with the range of values of FES capacities observed. The experimental 
procedure is based on a single measurement of the K„ value of radiocaesium in a system, 
preconditioned in a low PAR scenario, and leads directly to a quantitative assessment of the 
FES interception potential. The procedure is described and results are compared with the 
results of the masking procedure: the agreement, as tested on over a hundred samples, is 
essentially perfect. 

Conclusions 

The possibility of quantifying the specific sorption properties of soils and sediments for 
radiocaesium allows us to make reliable predictions on soil chemical availability and 
geochemical mobility. As a consequence we may now be in a position to provide a 
rationale for a better selection of countermeasure amendments (such as zeolites) in radio
caesium contamination soils for curbing the soil-to-plant transfer of radiocaesium. The 
efficiency of such amendments depends on the relative Cs-sorption selectivity of soil and 
amendments. A set of examples , relating to Cs-selective zeolites (clinoptilolite, mordenite) 
is presented and their efficiency for reducing soil-chemical availability of radiocaesium is 
demonstrated. 
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14.CORRELAT1QN BETWEEN FABRIC AND GEOTECN1CAL 
PROPERTIES OF ARGILLACEOUS GEOMATER1ALS 

(A study by SEM image processing) 

COTECCHIA F.O, MARTINEZ-NISTAL A.(2), SETTI M.(3) and VENÍALE F.(3) 

(1) Istituto di Geología Applicata e Geotecnica, University of Bari (Italy) 
(2) Servicio de Proceso de Imágenes, University of Oviedo (Spain) 
(3) Dipartimento di Scienze della Terra, University of Pavia (Italy) 

The spatial variability of micro-texture ("fabric", i.e. the architecture of clay particles, the 
kind of their links and the shape-size organization of interstitial pores) plays a decisive role 
in the behaviour of geomaterials. A wide range of micro-fabrics are providing useful clues 
to the conditions of formation and evolution of argillaceous rocks, sediments and soils 
under natural and man-made environments. 
The imagery processing of SEM pictures has been applied to describe, quantify and classify 
the micro-fabric of various geomaterials: 

*) Clayey levels of the subsoil of the "leaning" tower of Pisa: the observed fabric deforma
tions are depending on depth and lateral distance from the tower foundation. 
**) Burial sequence of marly sediments from southern Italy, also submitted to increasing 

aedometric loading: the fabric modifications occurring around and after the "yielding 
point" indicate clay particles reorienting, rather than simply squeezing. 

***) Landslide bodies in "varicoloured" shales (northern Appennines) with different 
mineralogical assemblages (kaolinite, illite, vermiculite, smectite and "intergrades"), and 
varying electrolyte content and moisture degree (suction) porosity and hydraulic conducti
vity are depending on swelling degree of the different clay minerals, which causes partial 
and/or full obliteration of pore (void) spaces; furthermore, they are influenced by the 
characteristics of interstitial waters which are leading the spatial arrangement of clay 
particles and, consequently, the particle-particle interactions (attraction-repulsion), i.e. 
cohesion, strength and agglomeration. 
****) Admixtures with variable ratio of kaolinite/quartz sand: the fabric packing and 
stacking, and the intermineral links (bridging) are in correlation with clay/sand ratio, being 
active only for values higher than 60/40%. 
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15.CLAY BASED MATERIALS AS CATALYSTS IN LIQUID PHASE 
ORGANIC REACTIONS 

James H. Clark 
Department of Chemistry, University of York, York, England YOl 5DD 

Abstract 

New environmental legislation and increasing public concern over environmental issues is 
forcing change on the chemical industry. Inefficient processes that have seen little change to 
the chemistry in over 50 years are now regarded as being unacceptable. It is no longer 
sufficient to seek end-of-pipe solution to chemical pollution - waste must be reduced at 
source. The clean technology revolution provides enormous opportunities for chemists and 
chemical engineers to develop new, safer, more efficient, and environmentally friendly 
chemical processes and products. Catalysis will play a leading role in this revolution. 

Clays have been extensively used as solid acid catalysts in the petrochemical industry and 
now promise to make a major impact as catalysts in organic synthesis. Most of the chemical 
reactions occurring on clays rely on their acid properties (Bronsted and Lewis). Acidity can 
be adjusted by the level of hydration and by the incorporation of different metal cations into 
their structure. Swelling clays with layered structures enable reaction to be carried out in 
region of restricted dimensionality resulting in enhanced rates of reaction and offer the 
attractive possibility of shape selectivity. The incorporation of pillars into clay structures 
further broaden the catalytic potential of the materials. The environmentally benign nature 
of clays, their variable acidity, low cost and high activity coupled with flexible porosity 
make these materials extremely effective solid catalysts for a broad spectrum of organic 
reactions. 

Acid catalysis is the most important area of catalysis, both in terms of the range and 
importance of acid-catalysed reactions, and clays are among the most useful and widely 
used solid acid catalysts. Relevant reaction include alkylations and acylations, isomerisati-
ons, eliminations and cyclizations. Cyclodehydrations of carboxylic acids and diols (to 
anhydrides and cyclic ethers respectively) for example, can be carried out efficiently by 
taking advantage of the restricted environment inside clay structures which offers high local 
concentrations of Bronsted acid sites and encourages intermolecular reaction. Friedel-Craft 
reactions are arguably the most important "named" reactions in chemistry and offer a great 
challenge to clean technologists. The current widespread use of strong mineral acids and 
toxic Lewis acids is unacceptable and solid Bronsted and in particular, Lewis acids based on 
clays are important targets for environmentally friendly catalysis. The successful develop-
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ment of some of these materials (e.g. "clayzic") from the research bench to industrial Friedel 
Craft processes represents an important breakthrough in this area. 
The many desirable properties of clays (including low cost, high surface area and structural 
flexibility) are also making them increasingly popular supports for catalysts for other 
important organic reactions. The successful use of transition metal doped clays in selective 
oxidations, the great value of Lewis acid-enhanced clays in Diels-Alder reactions, and the 
use of strongly acidic clays in electrophilic aromatic substitutions such as halogenations and 
nitrations are all areas of great promise. 
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16.SYNTHES1S, CHARACTERIZATION AND APPLICATIONS OF 
PILLARED LAYERED COMPOUNDS. 

N. Maes, I. Heylen, P. Cool and E. F. Vansant 
University of Antwerp (U.I.A.), Department of Chemistry, Laboratory of Inorganic 
Chemistry, Universiteitsplein 1, 2610 Wilrijk, Belgium. 

Introduction. 

Pillared clays (PILC) are materials prepared by intercalating metal-oxide precursors 
between the clay layers of smectite type clays. Upon heating, oxide pillars are formed 
leading to a stable highly porous material. Due to this porosity, pillared clays can be used in 
the area of adsorption, molecular sieving and catalysis. The ability to tune the porosity in 
various ways makes them very attractive. 
The slit width depends on the nature of the pillars, while the lateral pore-size is determined 
by the pillar distribution depending on the clay used (CEC and charge distribution). 
The overall porosity is strongly influenced by the way the clay layers are stacked. The 
drying technique (freeze or slow air drying) and the size of the clay plates (laponite 
compared to montmorillonite) are the most dominant factors. 
The effects of different pillars, the drying conditions and starting clay material on the 
porosity were studied in detail. The use of amines as template molecules to achieve a more 
homogeneous pillaring is discussed. 

Methodology. 

Natural Na-Montmorillonite (ECC International) and synthetic laponite were used as 
starting clay materials. 
Various types of pillared clays were synthesized using hydrolysed metal salts of Ti, Al, Zr, 
Fe and Cr. After separation and washing, the clays were freeze dried or slowly air dried. 
Calcination was performed in air for at least 2 hours at temperatures of 300-450°C. 
To achieve a more homogeneous pillaring, the clays were pretreated with amine solutions 
having concentrations 1/4 to 3/4 of the original CEC value of the clay. 
N2-adsorption isotherms at 77K were recorded on an Autosorb- 1-MP (Quantachrome) and 
a Digisorb 2600 (Micromeritics) after degassing for 16 hours at 200°C in vacuo to 
determine the surface area and porosity of the pillared materials. 
XRD patterns were recorded on mounted glass slides with a Philips PW1840 powder 
diffractometer (CuKa, 45kV, 30mA) in order to obtain the basal spacings of the clays. 

Results and Discussion. 

Intercalation of different types of pillars affects the Interlayer Free Spacing (I.F.S.). The IFS 
can be derived by XRD, but due to the semi-crystalline character of PILCs often unclear 
patterns are observed making an evaluation difficult. Further analysis using N2-adsorption 
isotherms makes it possible to evaluate the porosity and the micropore-size distribution. 
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The synthesized pillared clays differ in pore-size (0.7-2nm), porosity and homogeneity. 
Narrow pore-size distributions (0.7-1 nm) are obtained for Al-PILC, while Zr-and Ti-PILC 
give very broad distributions, respectively in the medium and large micropore range, due to 
more heterogeneous structures . Pillaring with iron species leads to a very low porosity and 
a broad pore-size distribution. Incorporation of impurities of Zr and Cr in the Fe-oxide 
pillars changes the pillar composition. Important improvements in porosity were achieved 
with these mixed pillars. 
Freeze drying fixes the random stacking of the clay layers in the slurry state, giving a higher 
mesoporosity. Slow air drying promotes a more ordered stacking with less me-
so-macroporosity. This was true for the more homogeneously intercalated Al-PILC 
(0.8nm) but for Ti-PILC (2nm) a loss in the mesoporosity towards the macroporosity was 
observed. However, in all cases the microporosity did not change significantly. 
The use of laponite induces a high porosity due to the high degree of small gaps in the 
stacking of the small plates. Pillaring however, does not have an influence on the total 
porosity but changes significantly the micropore-size distribution. 
Upon intercalation, a lot of pillars are exchanged to neutralize the negative charges of the 
silicate layers. In this way a large part of the available micropore volume is lost (especially 
for Fe-PILC). With a pre-adsorption of amines, the pillar density can be reduced, since a 
part of the interlayer space will be occupied by the amines. In this way a more open and 
more homogeneously intercalated pillared clay is obtained with a significantly higher surface 
area and microporosity. The microporous volume of an amine treated Fe-PILC was 2.5 
times higher. 
The versatile character of pillared clays makes them therefore suitable for many applicati
ons. Pillared clays can be used for polluent removal in gaseous and aqueous environments. 
Organic (f.i. aromatics) and inorganic compounds (heavy metals, ionic complexes f.i. 
phosphates) can be removed. 
The ability to control the pore-size makes pillared clays suitable for gas-mixture separation 
and purification purposes based on molecular sieving effects. 
For catalytic purposes as cracking -and isomerization reactions, the acidic character is very 
important. Due to the possibility of creating pores in the large micropore, small mesopore 
range, pillared clays are complementary to zeolites. 

Conclusions. 

The porosity depends on many factors. The size and composition of the pillars is of major 
importance to establish a main pore-size. However the contribution of other pore-sizes 
(irregular intercalation etc.) may not be overlooked. 
The effect of freeze drying is not identical for all types of pillared clays and should be 
carefully evaluated for each pillared clay. 
Using laponite instead of montmorillonite results in a high pore volume, although pillaring 
did not improve the total porosity but the micropore-size distribution changes significantly. 
An easy way to enhance the microporosity of pillared clays is the pre-adsorption of amines 
to reduce the amount of pillars and to promote a homogeneous pillaring. 
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17.MOD1FIED CLAYS IN ORGANIC TRANSFORMATIONS 

B.M. Choudary 
Indian Institute of Chemical Technology, Hyderabad-500 007,India 

Modified clays are found to be versatile catalysts in several organic transformations. 
Layered clays which are classified broadly as acidic (cation exchanged montmorillonite) and 
basic clays (anion exchanged hydrotalcites) have been chosen as support/precursor in the 
present studies. 

Innovative designing in the preparation of truly anchored intercalated catalysts in the 
montmorillonite, displayed remarkable features of consistent and high activity, unusual 
regioselectivity and novel molecular recognition, and is attributed to the effect of montmo
rillonite support unambiguously. 
Pillared clay catalysts intercalated with oxy-hydroxy oligomers of transition metals 
designated and used for the first time in liquid phase reactions exhibited striking molecular 
recognition of primary and p-benzyl alcohols discriminating secondary and ortho- ones, 
impressive regio- and stereo selective epoxidation of allyl alcohols, benzylic oxidations of 
aralkanes, allyiic oxidation of olefins without isomerization and selective oxidation of 
secondary alcohols. 
The development of alternative technologies giving priorities to environmentally safe and 
inexpensive materials is of current interest. With the development of envirocats based on 
clays, as a substitute for hazardous and nasty chemicals such as A1C1,, for alkylation of 
benzenes by Contact Chemicals ,U.K., has triggered the research in this area . 
We report here the development of a clay based catalyst to replace the sulfuric acid in the 
nitration of some of the organic reactions. 
Mixed oxides are ubiquitous as catalysts for selective oxidation of hydrocarbons. The 
calcination of hydrotalcites, which are members of the anionic clay family leads to a class of 
homogeneously dispersed mixed metal oxides which have unique properties and are found 
to be highly reactive . The catalytic properties of these oxides have been explored in liquid 
phase conditions. The present report includes an efficient use of a calcined bimetallic oxide 
ZnCrCO,-HTlc for the hydroperoxidation of aralkanes in conjunction with TBHP, and 
benzylic oxidation of aralkanes to corresponding ketones in the presence of molecular 
oxygen. Further, the catalyst is also found to be active in the oxidation of acid sensitive 
substrates such as alkyl and benzyl pyridines to pyridyl ketones and benzyl amines to the 
corresponding Schiff bases. 
The basic properties of the mineral hydrotalcite are well known for a long time. Hence, 
attempts have been made to use calcined hydrotalcite (Mg6Al2(OH)K)COv4H20) as a solid 
base in base catalysed reactions in liquid phase conditions. Initial studies are focused on the 
cyanosilylation of carbonyl compounds using TMSCN.The work has been further extended 
to the regioselective ring openings of epoxides using TMSCN. 
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18.WYOM1NG BENTONITE - CHEMISTRY. MINERALOGY AND MARKETS 

William J. Miles, Ph.D. 
Bentonite Corporation, 1999 Broadway - 43rd Floor, Denver, Colorado, 80401, U.S.A 

Introduction 

The markets and applications of a Wyoming bentonite deposit are primarily determined by 
the functional properties of the bentonite ore, which result from the unique mineralogy and 
chemistry of each deposit. 
Commercial bentonite products contain sodium montmorillonite as the major mineral 
component, with minor concentrations of accessory minerals such as quartz, opal (silica 
hydrate), mica, feldspar, gypsum and zeolites. The concentration and type of accessory 
minerals influence the acceptability of the bentonite in each market. Major markets for 
bentonite products and the effects of accessory minerals on critical functional properties will 
be described. 
The chemical composition of the sodium montmorillonite also influences the functional 
properties of the bentonite in significant ways. The concentration and oxidation state of iron 
and other chemical components of the octahedral layer of the montmorillonite controls the 
charge density of the clay platelet and resulting functional properties. The charge density 
creates cation exchange sites on the negatively charged phyllosilicate crystal of montmoril
lonite and the population and chemical composition of the exchange cations also determines 
functional properties and markets for a bentonite deposit. Major markets for bentonite 
products and the effects of crystal chemistry on critical functional properties will be 
described. 

Methodology 

The bentonite deposits discussed are from the state of Wyoming in the U.S.A and have 
naturally occurring sodium montmorillonite as the functional clay mineral. 
The functional properties of commercial bentonite products are measured by typical 
industry methods for each market application to be discussed. The chemical composition of 
montmorillonite is determined by conventional chemical analysis techniques, followed by 
calculation of the unit cell composition by the method of Ross and Hendricks. The exchange 
ion chemistry is determined by displacement with ammonium acetate, followed by analysis 
of individual cations by conventional analytical techniques. The effect of cation populations 
on montmorillonite layer spacing is measured by X-ray diffraction techniques. Opal is 
distinguished from cristobalite by greater solubility in refluxing phosphoric acid, following 
NIOSH Method 7601. 

Conclusion 

The functional properties of Wyoming Bentonite are controlled by the chemistry and 
concentration the montmorillonite in an individual deposit and by the accessory minerals 
associated with each deposit. These functional properties determine the markets that 
Wyoming bentonite can be sold to. The functional properties of Wyoming bentonite for 
some markets are not matched by local montmorillonite deposits, creating world exports of 
this mineral. 
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1. Ga / AI SUBSTITUTIONS IN SYNTHETIC KAOLINITES AND SMECTITES 

Sabine Petit1, Francois Martin2 & Alain Decarreau' 

1 Universitte de Poitiers, ASA, URA 721 du CNRS, 40 Avenue du Recteur Pineau, 
F-86022 POITIERS Cedex, FRANCE 
2 Laboratoire de Mineralogie, Universite Paul Sabatier Toulouse 111, 
F-31064 TOULOUSE Cedex, FRANCE 

Introduction 

Large supplies of gallium have been needed since 1990 and still will be needed in the 21st 
century. According to Katrak and Agarwal (1981) the most promising resource is bauxite. 
Gallium is extracted mainly from bauxite. Hieronymus et al. (1990) show that in classical 
ferralitic weathering of various rocks, gallium is mostly associated to aluminium in potassic 
feldspars, plagioclases, kaolinite and gibbsite. In bauxites, even though Ga is expected to 
replace Al in Al-hydroxides, it may also occur in kaolinites. 
Previous syntheses of Ga-clays only concerned smectites with octahedra completely filled 
by Ga and obtained below 100°C (Siffert & Wey, 1962) or at 500°C (Stubican & Roy, 
1961). The purpose of this work is to follow the incorporation of gallium in synthetic 
Al-clay minerals and to obtain mineralogical data. Hydrothermal syntheses of clay minerals 
with various Ga-contents were performed at 20O°C. 

Methodology 

Materials - Gels were prepared according to the following precipitation reaction: 

2SiO2Na20 +(2-x)AJ(NO,)3 +xGa(NO,), +2NaOH ~* SKAl^GaA +6NaNO, +H,0. 
Powdered gels were placed with distilled water in Teflon-coated metal bombs which were 
held for 30 days at 200°C under water pressure equilibrium (= 16 bars). 
Techniques - All products were examined by X-ray diffraction (XRD) using a Philips PW 
1730 diffractometer with Fe-filtered Co Ka radiation (40 kV - 40 mA), combined with a 
DACO-MP computer. Chemical analyses of bulk samples were performed using a CAME-
CA SX 50 microprobe (WDS analysis). Transmission electron microscopy (TEM) observa
tions were made with a JEOL 2000 FX microscope, using samples dispersed on a car
bon-coated microgrid. Punctual analyses of particles were obtained by analytical electron 
microscopy (AEM), using the same microscope (200 kV accelerating voltage) equipped 
with energy dispersive X-ray spectrometer (EDX Tracor Northern Si (Li) detector). Fourier 
Transform Infrared (FTIR) spectra were recorded in transmission mode in the 4800-192 
cm"1 range on a Nicolet 510 FTIR spectrometer using KBr pellets. 

Results and Discussion 

On a ternary diagram of chemical compositions, bulk samples are located in an area defined 
by the compositions expected for Al-kaolinite - Ga-kaolinite - Al-beidellite and 
Ga-beidellite. As the Ga-content increases (samples 8 to 11), the chemical data are plotted 
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clearly away from the kaolinite line and become closer to the beidellite one. 
For samples I to 3, the CEC's of the synthesized products are very low, from 0 to 4 
meq/IOOg, and are standard values of kaolinites. For samples 4 to 11, the CEC regularly 
increases with the Ga-content up to 125 meq/IOOg which is commonly measured for 
smectites. 
The XRD powder patterns of samples 1 to 3 are those of kaolinites. For samples 4 to 6, 
kaolinite is the main component. Broad shoulders near 12A, which shift to about 17A after 
glycolation, reveal the occurrence of small amounts of smectite. XRD patterns of samples 7 
and 8 are similar and give evidences for kaolinite and smectite occurrence in higher amount 
than for previous samples. Moreover, the enlargment and dissymetry of the 7.2A (kaolinite) 
reflection indicate the possible contribution of some kaolinite/smectite (K/S) interstratified 
clay minerals. Sample 9 looks like smectite but does not swell after glycolation. Samples 10 
and 11 are beidellite. 
The infrared spectrum of sample 1 is typical of Al-kaolinite. Up to sample 6, as the 
Ga-content increases (samples 2 to 6), kaolinite features can be observed on infrared 
spectra but more and more altered. In sample 2, an additional absorption band located at 
3600 cm'1 appears. It is attributed to uGa-OH-AI. Spectra of samples 7 to 10 show broad 
features which can be interpreted as a superposition of infrared spectra of kaolinites more or 
less substituted by Ga and Ga-rich smectites. Infrared spectrum of sample 11 is characteri
stic of Ga-smectite (Stubican & Roy, 1961), with a broad and intense absorption band 
located at 3588 cm'1 and attributed to uGa2OH vibrations in smectite. 
In the 1200 - 300 cm'1 region, the progressive incorporation of Ga in the clay structure is 
followed by shifts of (i) the SOH bands from 912 cm"1 to lower wavenumbers with increa
sing Ga-content (to 905 cm"1 for sample 11) and (ii) the Si-0-RVI vibration band (R = Ga or 
Al) from 542 cm"1 (in Al-kaolinite) to 517 cm-1 (in Ga-smectite). 

Conclusion 

Despite the fact that the initial gels were prepared with (Al + Ga)/Si ratio of kaolinite, only 
few synthetic clays appear as pure kaolinites. Pure kaolinites were obtained only for M Ga 
in the range 0-0.25M. For higher M Ga, synthesized clays were a mixture of kaolinite and 
beidellite, pure beidellites being obtained for Ga above 0.75M. 
These results are consistent with the previous works of Siffert & Wey (1961) and Wolf 
(1968) who found that it was easier to synthesize Ga-smectite than Ga-kaolinite. 
On the other hand, Ga incorporation in the clay structure is proved by the occurrence of 
AI-OH-Ga and Ga2OH vibration bands in the IR spectra. 
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2. TERNARY OCTAHEDRAL SOLID - SOLUTIONS IN SMECTITES: AN 
EXPERIMENTAL APPROACH 

Charles - Louis Leger', Alain Decarreau', Sabine Petit1 & Olivier Cirauby2 
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Introduction 

Smectites show various chemical compositions according to numerous cation substitutions 
occurring in their interlamellar and tetrahedral sheets but especially in their octahedral one. 
In natural smectites, large chemical gaps are observed in the ternary diagram (Al3, - Fe3' -
Mg2') of octahedral composition between dioctahedral and trioctahedral smectites as well 
as between Al - smectites and Fe - smectites (Guven, 1988; Weaver & Pollard, 1975). 
Using synthesis of smectites with controlled chemical composition, we tried to determine to 
what extent the various solid - solutions occur, if any, and we also investigated the cation 
distribution in the octahedral sheet of smectites. 

Methodology 

Materials - Gels were prepared according to the following precipitation reaction: 

4 SiO2Na,0 + (2-2x/3) RCI, + x MgCI2 + 2 HC1 "• 

Si4lWiMS*0ii + 8 NaCl + H20 (R=A13, or Fe3) 
Powdered gels were placed with distilled water in Teflon-coated metal bombs which were 
held for 30 days at 200°C under autogenous water pressure (( 16 bars). 
Techniques - All products were examined by X-ray diffraction (XRD, using a Philips PVV 
1730 diffractometer with Fe-filtered Co Ka radiation (40 kV - 40 mA), combined with a 
DACO-MP computer. Transmission electron microscopy (TEM) observations were made 
with a JEOL 2000 FX microscope, using samples dispersed on a carbon-coated microgrid. 
Punctual analyses of particles were obtained by analytical electron microscopy (AEM), 
using the same microscope (200 kV accelerating voltage) equipped with energy dispersive 
X-ray spectrometer (EDX, Tracor Northern Si (Li) detector). Fourier Transform Infrared 
(FTIR) spectra were recorded in transmis sion mode in the 4800- 192 cm'1 range on a 
Nicolet 510 FTIR spectrometer using KBr pellets. 

Results and Discussion 

Smectites are synthesized at all chemical compositions into the triangular diagram and 
chemical gaps are not observed. Synthesized smectites are characterized (after Li - test) as 
tetrahedrally charged, leading to saponite, beidellite and nontronite chemical series. 
TEM observations revealed that the morphology of the synthesized smectites varies with 
their chemical composition. While Al-rich smectites are hexagonal plates, Fe-and Mg-rich 
ones are composed of foliated aggregates consisting of irregularly folded and crumpled 
sheets. 
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TEM chemical analyses revealed the occurrence of the three octahedral cations together in 
each particle. 
FTIR spectroscopy, and especially the OH bending vibration zone, reveals different types of 
cation distribution depending on the chemical composition of the smectites: 
- For samples with a low constant Mg-content, the bands corresponding to combination of 
different pairs of cations are observed (Fig. la), indicating a dilution of Mg in an Al-Fe 
sheet. Clustering of octahedral cations is not observed. 
When the Mg-content of the samples increases, clear features corresponding to Mg 
clustering are observed, especially by the occurrence of the Mg3OH vibration band (Fig. lb). 

Conclusion 

Whatever the Al/Mg and Fe/Mg ratios, smectites can be successfully sylthesized under 
hydrothermal conditions. At the opposite of natural clays, chemical gaps, are not observed. 
The octahedral cations distribution mode depends on the leading cation. 
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Fig. 1: IR spectra of the synthesized Al-Fe-Mg smectites in the 8OH vibration zone, 
a: Mg content is low and constant, Al/Fe increases from the bottom to the top. 
b: Al/Fe is constant and Mg increases from the bottom to the top. 
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Introduction 

Determining the amount of iron that enters the talc structure as opposed to the minnesotaite 
structure is a considerable problem. Because earlier workers thought talc and minnesotaite 
represented a simple (Mg-Fe) solid solution series, the two phases were commonly 
arbitrarily separated by the Fe/Mg ratio (either by cation or by weight percent) of 1.0 and 
suggested that minnesotaite is the ferrous analogue of talc. In 1982, Guggenheim and Bailey 
( 1 ) have determined that the structure of minnesotaite is much more complex than that of 
talc, because of long period superlattices along the three directions X, Y, and Z. Superlatti-
ce reflections on XRD spectra are due to octahedral modulations which influence the 
geometry of the attached tetrahedral sheet. This tetrahedral sheet is modified by the 
introduction of 3 or 4 membered rings into the sheet or by inversion and relinkage of some 
tetrahedra. These mechanisms enlarge the lateral dimensions of the tetrahedrai sheet and 
permit articulation with the larger octahedral sheet. Recently, Martin er al. (2 and 3) 
showed that a random and complete continuous solid solution existed between Si-talcs and 
Ge-talcs with various octahedral cations (Ni, Co or Mg). They noted that the crystallinity of 
Ge-talcs was better than that of Si-talcs, due to the larger lateral dimensions for the 
Ge-tetrahedral sheet than for the Si-tetrahedral one. Based on these observations, a 
Ge-Fe-"minnesotaite" was synthesized to verify an hypothetical analogy between 
Ge-Fe-"minnesotaite" and Ge-M-talc according to the large Ge-tetrahedral sheet (with M = 
Ni, Co or Mg). 

Methodology 

Material - Gel was prepared with germanium tetrachloride (GeCl4) and ferrous chloride 
(FeCU) according to the reaction: 

4G*eCl4 + 3FeCl2 + 22NaOH => Ge4Fe30n,nH20 + 22NaCI + 7H20 
The gel was placed in a Teflon-coated metallic bomb which was held at 200°C (±2°C) and 
equilibrium water pressure (about 16 bar) The synthesis time was 9 days and the medium 
was generally acidic (pH 4 or 5). After 9 days, the product was washed, dehydrated at 60°C 
for 12 h, and then crushed. 
Techniques - The product was examined by XRD from 2° to 140° 26 using a Philips PW 
1730 diffractometer with Co Ka radiation (40 kVand 40 mA), combined with a DACO-MP 
computer. Crystal structure has been refined using Rietveld's method by XND program. 
Chemical analyses were obtained with a CAMECA SX 50 microprobe (analytical conditions 
were as follows: accelerating voltage of 15 kV, beam size of lOum, beam current of 2 nA, 
counting time of 10 s for each analyzed element). FTIR spectrum was recorded in the 
4800-200 cm"1 range on a Nicolet 510 FTIR spectrometer (Laboratoire de Pétrologie de la 
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Surface, Poitiers, France). The disks were prepared by mixing 2 mg sample with 300 mg 
KBr. Transmission electron microscopy (TEM) observations were made with a Jeol 2000 
FX microscope using sample dispersed on a carbon-coated microgrid (CRMC2, Marseille, 
France). Chemical analyses were obtained using the same microscope (200 kV accelerating 
voltage) equipped with energy dispersive X-ray analysis facilities (Tracor). The spot size 
diameter was of the order of 400 to 1000A, the thickness of the particles analyzed being 
lower than 1000A. 57Fe Mossbauer spectra were recorded at room temperature over the 
range ( 10 mm/sec in 512 channels, on an Elscint AME spectrometer (using an "Co (in Rh) 
source of nominal activity 25 mCi). 

Results and Discussion 

Bulk chemical analyses give a structural formula close to Ge4Fe301()(OH),.The XRD 
powder pattern is characteristic of pure 2:1 clay mineral, exhibiting (hkl) reflections of 
Ge-talc indicating a three-dimensional crystal structure. No other phase and superlattice 
could be detected. After saturation with ethylene glycol, no variation of d(001) is detected. 
The lattice group symmetry is C-l indicating that the symmetry group of Ge-talc and 
Ge-minnesotaite are similar. Observations of TEM indicate well-defined particles with very 
regular borders and particle size ranging from 300 to 400 nm. No difference in chemical 
analyses between the different particles was found, indicating a relative chemical homoge
neity. The infrared spectrum in the OH-stretching region shows only a sharp band at 3595 
cm"1, indicating an extremely regular environment around the hydroxyl group and close to 
those of Ge-Ni and Ge-Co-talcs. In the 1200-200 cm'1 region the infrared spectrum of 
Ge-minnesotaite is similar to those of Ge-Ni and Ge-Co-talcs. Mossbauer spectra consist of 
two broad and symmetrical doublets, characteristic of octahedrally coordinated Fe3+( around 
65 %)and of octahedrally Fe2t(around 35%). No clear features corresponding to tetrahedral 
Fe3" or well crystallized iron oxides or oxy-hydroxydes are observed. This result indicates 
the Fe27Fe3* ratio and permits to establish the following structural formula: 
Ge4Fe3^195Fe2+

105O10(OH)2. But the repartition of Fe2+ and Fe3+ into the octahedral sheet is 
still to be established. 

Conclusion 

The results obtained on this Ge-"minnesotaite" show the complex process induced by the 
iron substitution. XRD and bulk chemical analyses indicate that Ge-"minnesotaite" is the 
ferrous analogue of Ge-talc. Mossbauer spectrum at room temperature indicates two iron 
states Fe2+ and Fe3+. The presence of Fe3', around 65 % of the total iron) can indicate (a) a 
mixture of two distinct clay phases: a Fe2t-Ge-"minnesotaite" and a Fe3*-Ge-"pyrophyllite" 
(b) a special arrangement of the Fe2f and Fe3f cations within the octahedral sheet. Various 
investigations (XRD simulations, Mossbauer at lower temperature, XANES, EXAFS) could 
allow to identify the right hypothesis. 
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4. NEW MICROPOROUS LAYERED DOUBLE HYDROXIDES 

Laila Raki and Christian Detellier 

Dept. of Chemistry, University of Ottawa 
Ottawa. Ontario, Canada. KIN 6N5 

Introduction 

Lamellar double hydroxides (LDH's), also called anionic clays or hydrotalcite-like com
pounds, belong to the large class of layered mixed hydroxides containing exchangeable 
anions. The general formula of these materials can be represented as: 

[M,.,11 Mx
ra (OH)2r [K„\ yH2Of- , where M =metal and A =anion. 

LDH's are rare in nature but easily prepared with a large variety of metals and anions. The 
main goal of this work consists in synthesizing organic anion intercalated hydotalcite-like 
compounds that exhibit a pillared interlamellar structure. This structural architecture implies 
a microporous character stable up to high temperature. 

Methodology 

Hydrotalcite-like compounds are prepared by coprecipitation of the corresponding metallic 
salts (nitrates or chlorides) in basic medium. The slurry thus obtained is heated at 75-80°C 
for 18 hours. Solid product is obtained after washing and drying at 125°C in vacuum. 
The precipitation of Mg and Fe hydroxides in presence of dicarboxylic acids having long 
aliphatic chain, gives rise to a new series of intercalated compounds with a perpendicular 
orientation of anions to metal hydroxide layers. Incorporation of phosphonates has been 
achieved by an indirect method. The mixed hydroxide of Al and Li with intercalated 
chlorides has been soaked in an aqueous solution of phenylphosphonic acid at pH = 6.8. 
The result of this anionic exchange afforded pillared layered materials. 
All of the above compounds have been characterized by X-ray diffraction, infrared spectro
scopy, thermogravimetric analysis, solid-state 13C and 3IP NMR spectroscopies, Mossbauer 
spectroscopy of 57Fe, nitrogen adsorption, X-ray fluorescence and elemental analysis. 

Results and Discussion 

The XRD patterns of directly intercalated dicarboxylic acids showed a large dependence 
between the interlamellar space and the anion size. ,3C CP/ and DD/MAS NMR showed the 
high rigidity of the aliphatic chain. Mossbauer spectroscopy of 57Fe has shown that the local 
environment of iron is greatly influenced by the length of the dicarboxylic acids' chain. 
The indirect intercalation of phenylphosphonic acid showed an interlayer spacing d,,,,, = 14 
A. This value suggests a perpendicular orientation of phenyl groups to the mineral sheets. 
Nitrogen adsorption isotherms of these pillared materials at different temperatures revealed 
a microporous state stable up to 450°C. 

Conclusion 

Organic anion intercalated hydrotalcite-like compounds were synthesized. The perpendicu
lar orientation of the anionic species is responsible for the pillared character of these 
materials and hence for their microporosity. Moreover, they retain their microporous 
character and their main characteristics after being heated to 450°C for 12 hours. 
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5. SMECTITE CRYSTALS: Mg-CONTENT DEPENDENCY OF FORMATION 
AT HIGH PRESSURE AND HIGH TEMPERATURE 

Hirohisa Yamada and Hiromoto Nakazawa 

National Institute for Research in Inorganic Materials, Namiki 1-1. Tsukuba, lbaraki 305. Japan. 

Introduction 

Smectites are commonly observed as an aggregate of fine and low crystalline particles. 
Recently smectite crystals with high crystallinity and large dimensions were successfully 
synthesized from the glass of dehydrated Na-montmorillonite composition under wa
ter-saturated conditions at 3 - 5.5 GPa and above 1000°C (Nakazawa et al., 1992; Yamada 
et al., 1994a). The smectite crystals were identified by powder X-ray measurement after the 
intercalation of ethylene glycol and also by transmission electron microscopy. The chemical 
composition of smectite crystal was determined to be similar to that of Na-montmorillonite 
by an electron microprobe analysis. 
In the present paper, the range of chemical compositions of the starting glass was varied in 
the montmorillonite - beidellite pseudo-binary system to study the Mg-dependent formation 
of smectite crystals at fixed pressure of 5.5 GPa and a temperature of 1500°C. 

Experimental 

Starting materials were quenched glasses with stoichiometric dehydrated Na-smectite 
compositions in the montmorillonite - beidellite pseudo-binary join: 

Na ,w,(MgxAl4.x)(Al0 fl0.xSi7 34(x)0 where x = 0 to 0.66. The chemical compositions of 
glasses obtained were expressed as anhydrous state of M100B„, M78B22, M48B52, M25B75 and 
M0B,00, where M and B are the compositions of ideal Na-montmoriflonite (x = 0.66) and 
that of Na-beidellite (x = 0). Hereafter these expressions are used to indicate the chemical 
composition. 
High-pressure and high-temperature synthesis was carried out with a modified belt-type 
high-pressure and high temperature apparatus (Yamaoka et al., 1992). A 3:1 mixture of 
pulverized glass and distilled water by weight was sealed in Pt-capsule. After holding the 
capsule at 5.5 GPa and 1500°C for 20 min, the sample was quenched by shutting off the 
electric power supply. The pressure was then released, and the product was recovered at 
ambient condition. The product was divided into two samples, air-dried and saturated by 
ethylene glycol, and examined by powder X-ray diffraction (XRD) method. 

Result 

By using the starting materials containing Mg(II) ion (M]00Bp, M7KB22, M48B52, M25B75) 
smectite crystals were obtained with coexisting high-pressure minerals, coesite, kyanite and 
jadeite. Smectite crystals were confirmed by the XRD observations that the basal spacing 
expanded to 16.7 A after ethylene glycol treatment, and that the full width at half maximum 
intensity of the 001 reflection was about 0.35°, less than 1/3 of that of natural smectite 
(Brindley, 1984) and comparable to those of coexisting high-pressure minerals (Figure I). 
The amount of smectite crystal, which was estimated semi-quantitatively from the integra
ted intensity of 001 reflection, decreased with the decrease of Mg-content of starting glass. 
From M0B,00 , which had no M(II) ion, no smectite crystal was obtained. The product 
consisted of coesite, kyanite, jadeite and a very small amount of an amorphous phase, which 
was recognized as the very weak and broad halo around 16 A after ethylene glycol treat
ment. 
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Discussion 

The present study showed that Mg(II) ion was an essential element for synthesizing 
smectite crystals from glasses having compositions in the montmorillonite - beidellite 
pseudo-binary system. The amount of smectite crystals obtained was strongly dependent on 
the content of Mg(ll) in the starting glass. In Mg-free system, only a very small amount of 
precursor for phyllosilicate was only obtained. 
A recent study confirmed that smectite crystal from the glass of dehydrated 
Na-montmorillonite composition was formed metastably from the high-pressure and 
high-temperature hydrous silicate melt (Yamada et al.„ 1994b). The initial structure of 
hydrous melt is important for obtaining smectite crystal. The Mg-content dependency of 
smectite crystallization is reasonably explained by the knowledge that the alumino-silicate 
melt structure is modified by introducing Mg(II) ions to form locally a unit having an 
average composition. 

Conclusion 

In the montmorillonite - beidellite system, Mg(II) ions play an important role in obtaining 
smectite crystal from the hydrous silicate melt formed at high pressure and high temperatu
re. The amount of smectite crystal increased with the increase of Mg(II) ion content in 
starting glass. 
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Figure 1. X-ray powder diffraction patterns of high-pressure and high-temperature products 
after ethylene glycol treatment. Sm: smectite crystal. C: coesite. K: kyanite. 
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6. THE SYNTHESIS OF HECTORITE: A TEMPLATE EFFECT ? 

K.Y. Jacobs, J. Soers, R.A. Schoonheydt 
Department of Interphase Chemistry, K.U.Leuven, K. Mercierlaan 92, 3001 Heverlee, 
Belgium. 

Introduction 

The addition of organic molecules in zeolite synthesis mixtures has enabled the formation of 
a variety of new structures. Moreover, it permitted the synthesis of structures, made up of 
unusual elements. Because of their structure directing effect, these organic compounds are 
often called templates. Their role is however multiple and not fully understood [1]. 
The synthesis of clay minerals in the presence of organic molecules is less documented. 
Barrer and Dicks [2] were the first to report on the possibility of using te-
tra-alkylammonium ions in the synthesis of hectorite. More recently, the incorporation of 
larger organic and organometallic complexes during the synthesis of hectorite was demon
strated [3]. A reduction of the crystallisation time was claimed. 
Here, a study is made on the role of organic molecules in the synthesis of hectorite. 
Different molecules were investigated, and the changes, brought about by te-
tra-ethylammonium ions in the synthesis gels, were followed during the crystallization. 

Experimental 

Hectorite gels were prepared by adding first LiF, followed by TEAC1 to a freshly prepared 
Mg(OH)2 suspension. Finally, a diluted Ludox HS40 solution was added. After 45 minutes 
of mixing, the gels were refluxed for 5 days. The gel composition was: x LiF y TEAC1 5.3 
Mg(OH)2 8 Si02 2300 H20; in which 0.7<x<2.5 and 0.3<y<0.78. Ru(II)(2,2'bipyridineX, 
chloride or methylene blue were added right before the start of synthesis, in order to 
minimize their decomposition. Mg(OH)2 was prepared as described by Barrer (1967) and 
the yield of this precipitation reaction was taken into account. After synthesis, the products 
were centrifuged and washed. The freeze-dried products were identified by X-ray diffracti
on. 
When the crystallization process was followed as a function of time, the synthesis was 
performed in stainless steel autoclaves at 100°C. After different reaction times, a product 
was collected and separated into a solid and a liquid phase. The liquid phase was analyzed 
for Li, Mg, Si and OH; the solid product was characterized by means of XRD, TG-DTA 
and 7Li- MASNMR. 

Results and Discussion 

The synthesis of hectorite under hydrothermal conditions from gels containing LiF, TEAC1, 
Mg(OH)2, Si02 and H20 proceeds readily at 100°C. Fixing the Mg/Si ratio at 5.3/8 ensures 
the formation of a pure 2:1 structure. The incorporation of Li" requires an excess LiF. After 
synthesis in the presence of variable amounts of LiF (upt to 2.5 LiF/8 Si), the mother liquor 
still contains a considerable amount of Li. The uptake of Li by the product reaches a 
maximum at a molar ratio of 1.5 LiF/8 Si. The optimum amount of TEA+ was determined 
as the one giving the sharpest 001 reflection. It is found to be related to the Li-content. A 
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homogeneously stacked product is observed when the TEA' content agrees with the 
amount of Li taken up by the solid. The basal spacing of these products, 1.43 nm, indicates 
that the TEA' ions are present in the interlayer, where they compensate for the negative 
layer charge. 
Methylene blue, added to the synthesis mixture instead of TEA*, decomposes under the 
basic synthesis conditions. The attack of hydroxide-ions is hindered by adsorption of the dye 
on the initially formed clay particles, but a templating effect is not observed. The same holds 
for the Ruthenium(U) 2,2' trisbipyridine complex (Rubp,2f ). Like Methylene blue, it is 
known for its high affinity for clay surfaces. However, UV-V1S spectra of Rubp3 solutions, 
refluxed at pH 10, again suggest a partial breakdown. It is therefore not surprising that the 
presence of this complex in a synthesis mixture yields well-ordered but very small crystals. 
Since the best results were obtained in the presence of TEA-ions, their influence on the 
crystallisation process was studied. Therefore, gels were prepared with the following 
compositions: 
A: 'Stevensite' 5.3 Mg(OH)2 8 SiO, 2300 H,0 
B:'Li-Hectorite 1.5 LiF 5.3 Mg(OH)2 8 Si02 2300 H20 
CTEA-Hectorite' 0.48 TEACl 1.5 LiF 5.3 Mg(OH), 8 SiO: 2300 H20 
The changes, taking place in the solid and the liquid phases, were followed during the 
synthesis. The XRD- patterns, shown in figure 1, demonstrate that clay layers are formed, 
even in the absence of LiF and TEACl. The crystallinity is however small. The presence of 
LiF in the gel substantially increases the Si- solubility and accelerates the crystallization. 
After 17 hours of synthesis, well-defined hk reflections are observed. Longer synthesis 
periods promote the stacking of the product, as reflected by the sharpening of the d001 line. 
TEA' ions have no influence on the crystallization rate or on the crystal size. They merely 
exhibit a charge compensating role. Due to their high affinity for the negative clay surface, 
they adsorb immediately on the initially formed clay platelets. This yields a well-ordered 
product, even before the crystallization is complete. 7Li MASNMR results confirm the 
neutralizing role of the organic cations. For products, synthesized in the absence of TEA+, 
two separate resonance lines are observed: one for Li' in the octahedral layer and one for 
Li* in the interlayer. This interlayer 7Li- signal is reduced into a small shoulder for the TEA' 
- products: TEA* - ions are the preferred charge compensating agents. 
From these results we may conclude that organic cations are not essential in the hydrother-
mal synthesis of hectorite. However, they may be included directly in the interlayer space, 
thereby inducing a better stacking in the c- direction. 
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7. EFFECT OF AGING AND CLAY MINERALS ON THE NATURE AND 
THE CRYSTALLIZATION OF MIXED IRON AND ALUMINIUM GELS 

Claudio Colombo and Antonio Violante 

Dipartimento di Scienze Chimico-Agrarie, Universita di Napoli "Federico 11" 
80055 Portici (Napoli)Jtaly 

Introduction 

The aim of this work, was to study the effect of time on the nature, the stability and the 
mineralogical and chemical composition of hydrolytic species of mixed aluminium and iron 
solutions (Fe/Al molar ratio ranging from 0.1 to 10) formed at different pH values (from 4.0 
to 10.0) and aged up to 120 days at 50°C, both in the absence or presence of montmorillo-
nite. 

Methodology 

Suitable amounts of A1(N03)3 and Fe(N0,)3 were mixed in order to have samples at initial 
Fe/Al molar ratio of 0, 0.1, 6.25, 0.5, 1.0, 4.0, 10.0 and ( (referred as R0, R0.1, R0.25, 
R0.5,R1,R4,R10 and R°° ). The solutions were potentiometrically titrated to pH 5.0. Some 
complexes at Fe/Al molar ratio of i.O were also titrated up to pH 4.0, 6.0, 7.0,9.0 or 10.0. 
The finam Fe+Al concentration was 5.10"3M. Fe-Al-hydroxy-montmorillonite complexes, 
containing 15 meq of Fe+Al per g of a Crook montmorillonite, were prepared at pH 5.0. 
During the aging (7, 20, 32, 60, or 120 days) subsamples were collected and ultrafiltrated 
(<0.2 urn and 0.01 urn). 
The supernatants were analyzed for Fe and Al by atomic absorption. The precipitates were 
studied by X-ray diffraction, electron microscopy, infrared and thermal analysis. Fe and Al 
in the precipitation products were also determined after dissolution in 6 M HC1 or in pH 
3.0NH4-oxalate. 

Results and Discussion 

The Fe/Al molar ratio (R) of the species present in the filtrates of the samples (< 0.2um) 
R0.1-R10 formed at pH 5.0 usually increased during the aging process. In fact, the R values 
of the samples R0.25,R0.5,R1 and R4 increased to 0.59,1.45,2,70 and 5.12 after 20 days 
and to 1.29,3.57,7.14 and 12.26 after 120 days. The soluble species were formed mostly by 
copolycations of MW> 15,000. After 120 days at 50°C the percentages of Fe+Al present in 
species <0.2 urn ranged from less than 16% in RO,R0.1 and Rl to 49-56% in R0.5 and R10 
and to more than 70% in R4 and R10. Gibbsite without presence of well crystallized 
Fe-oxides was found in R0-R0.5 after 7-120 days of aging. In R1-R10 ferrihydrite was 
observed after 20-60 days. Only after 120 days a starting formation of gibbsite or hematite 
was found in Rl and R10. 
Electron observation of the samples aged 120 days at 50°C showed evidence that the higher 
the initial Fe/Al molar ratio, the greater the amount of short-range ordered materials. The 
precipitation products of the samples R1-RI0 aged 32 days were completely soluble by 
oxalate, whereas those of the samples R0-R0.5 and Rl ranged from 9% (R0) to 82% (Rl). 
Ferrihydrite was the unique Fe-oxide found in sample prepared at an initial Fe/Al molar 
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ratio of 1.0 at pH 4.0-7.0, after 60 days of aging at 50°C. Hematite formed only at pH > 
9.0 (Figure) 
Freshly prepared Fe-Al-hydroxy-montmorillonite complexes (K-saturated showed the 
presence of interlayers to XRD (15.0A in R0, 1S.2A in R0.5, 18.3 A in Rl, 16.7A in R4 and 
13.5 A in R« versus 12.6A for montmorilionite). With the passage of time (up to 120 days 
at 50°C) the peak position changed in all the samples, but the degree of interlayering was 
always greater in the samples where Al or Fe were coprecipitated (mainly in R0.5-R4) than 
in the complexes R0 or R~. No separate gibbsite phase was identified in the samples 
RI-RI0 even after aging the samples for 120 days. No crystalline phase of Fe oxi-
de/oxyhydroxide could be detected in the systems. 
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L 
3 20 40 • 60 70 26 

Figure: X ray powder diffractograms of Fe-Al complexes formed at Fe/Al molar ratio of 1 
and at different pH values in the absence of montmorilionite. F stands for ferrihydrite, G for 
gibbsite, B for bayerite, H for hematite and N for Nordstrandite. 
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8. LAYER CHARGE IN HYDROTALCITES 

Armin Weiss and Erika Toth 

Institut fur Anorganische Chemie der Universitat Munchen, Meiserstr 1, 
80333 Munchen, Germany 

Introduction 

Synthesis of hydrotalcites with varying Mg/Al-ratio results in samples which differ in their 
basal spacings. This could be caused by a variable layer charge or by replacement of anions 
X" by OH' in more alkaline solutions according to the following chemical formulas: 

[MgM, Ms-
v(OH),r X;nH 2 C or [MSl.aMa

v (OH)2]
JX"a,. m H20 

In the first of the above cases (left formula) the different basal spacings should be related to 
the amount of interlayer anions X" ;in the second case (right formula) the basal spacing 
should be determined by the ratio of interlayer anions X" to OH". The second interpretation 
would be similar to the mixed crystal series: 

[Ca4AU(OH)n]
2- (S04

2),.v(OH)2v n H20 with 0<ys 0.5 

Methodology 

Materials - Hydrotalcites were synthesized from solutions with varying Mg.Al-ratio in the 
presence of S04

2\ NO,", C104" or CI" at constant pH of 9.0 at 90°C (N2 atmosphere). 
Techniques - The samples were characterized by X-ray powder diffraction measurements 
and anion exchange experiments. In analogy to charge density measurements of smectites 
with the alkylammonium ion method, anion exchange experiments and basal spacing 
measurements were carried out using alkylsulfonates n-CxH2x+1S03". In order to get informa
tion on the effect of the different size of the charged headgroups -NH,* and -S03" respecti
vely, the alkylammonium method was extended to n-CxH,Xi)N(CH3)3' instead of 
n-CxH2s„NH/. 

Results and Discussion 

From a solution of MgS04 and A12(S04)3, hydrotalcite sulfates have been synthesized with 
basal spacing between 7.87A (Mg.Al-ratio = 9:1) to 8.67 A (Mg:Al-ratio < 4:1). With 
hydrotalcites from perchlorate solutions, the spacings varied from 8.8A to 9.1 A at low 
Al-contents; the spacing dropped to 7.6A at Mg:Al-ratios s 7:3. In hydrotalcite chlorides 
the spacings varied from 8.2 A to 7.7A. 
The basal spacing of hydrotalcite chlorides was increased to ca. 25.75 A by n-dodecylsulfate. 
Corresponding experiments with n-butylsulfonate, n-octylsulfonate, n-dodecylsulfonate, 
n-tetradecylsulfonate and n-hexadecylsulfonate anions led to basal spacings of 7.99 A, 
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19.8A, 24,3A, 26.7A and 29.8A respectively. With the high spacings the (OOl)-series were 
non integral. Anion exchange isotherms hint to a two step mechanism. The difference in 
basal spacings (= (003)) of the n-octylsulfonate and n-hexadecylsulfonate hydrotalcites is 10 
A, i.e. 1.25A / C-atom in the n-alkyl chain.This increase and the absolute values of the 
spacings are consistent with the assumption, that the sulfonates are arranged in monolayers 
with the n-alkylchains in all-anti-conformation and the chain axes perpendicular to the 
hydrotalcite layer. 
All of our hydrotalcite synthesis preparations had a turbostratic structure with sharp 
(OOl)-reflections (half-width < 0.3°) and characteristic hk-bands. 

Conclusion 

In order to interpret all data, several possibilities have to be discussed and experimentally 
examined. With poorly crystallized hydrotalcites, line sharpening is observed in anion 
exchange reactions. Therefore recrystallization instead of simple ion exchange cannot be 
excluded. In addition the exchange of OH" -ions from the interlayer is overlapped by OH' 
-release from the crystal edges. Furthermore calculation of the layer charge from the 
chemical analyses data is limited by the presence of brucite impurities in all sulfate samples 
with d < 8.3A and in chloride samples with Mg:Al > 4:1,which could not be removed 
without attacking the hydrotalcite too. In hydrotalcite chlorides the Al-rich samples were 
contaminated with AIO(OH) impurities (boehmite). 
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9. HYDROTHERMAL SYNTHESIS OF FLUORINATED CLAYS CONTAINING 
Co, Ni OR Zn IN ACIDIC MEDIUM. 

Francois Lliommede, Daniel Saehr, Ronan Le Dred, Jacques Baron 
Laboratoire de Materiaux Mineraux, URA CNRS 428, ENSCMu-UHA, 
3, rue Alfred Werner, 68093 Mulhouse Cedex, France 

Introduction 

Whereas trioctahedral 2:1 phyllosilicates containing cobalt or nickel are easily prepared, the 
synthesis in usual conditions of the corresponding zinc-minerals failed.That is the reason 
why the acid and fluorinated medium, developed in our laboratory, has been used with the 
hope of more success. 

Experimental 

The reagents-hydrofluoric acid, silica and Me-acetate (Me = Zn, Co or Ni; molar Me/Si = 
3/4; molar HF/Si ratios in the range 0.0 to 3.0) were mixed, vigorously stirred at room 
temperature during 3 hours and finally heated at a definite temperature, between 80 and 220 
°C. The products v. are filtered, washed and dried at 60 °C during 24 hours and characteri
zed by X-Ray powder Diffraction (XRD.), Scanning Electron Microscopy (SEM.), Nuclear 
Magnetic Resonance spectroscopy under Magic Angle Spinning conditions (NMR-MAS) 
and Infra-Red spectroscopy (IR). 

Results 

In the Si02-ZnO system, three phases were identified, Zn-talc, Zn-stevensite and a regular 
interstratified Zn-talc-stevensite, according to temperature, duration and HF/Si ratios. More 
than hundred synthesis have been achieved in order to establish an HF/Si ratio to time (r = 
f(t))diagram. Roughly, following minerals and mixtures were obtained: 

for • r ~0; t < 4 h: pure Zn-stevensite 
t > 4 h: pure willemite (ZnSi04) 

• r < 1.2 t < 4 h: badly ordered Zn-stevensite 
r<0.4; 4<t<80h: Zn-talc 

or Zn-talc and willemite 
0.4 < r < 1.2; t > 80 h: pure Zn-talc 

t < 80 h: Zn-talc and Zn-stevensite 
• r > 1.2; t > 80 h: Zn-talc, ZnOHF and cristobalite 

for a little zone, approximately centred on 
r = 0.8; t = 10 h Zn-talc, Zn-stevensite and regular interstratified mineral. 
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Two kinds of morphology can be distinguished by SEM, balls and needles, according to the 
HF/Si ratio. 
The l9F MAS-NMR spectra showed only one peak in the case of Zn-talc (-154.5 
ppm/CFCI.,), but three peaks for the Zn-stevensite (-154.5, -174 and -181 ppm/CFCl.,) 
corresponding to fluorine atoms bonded to three Zn atoms for the first peak and to two Zn 
atoms and a vacancy for the other two. This method has also been used to determine the 
content of fluorine in silicates. 
In the Si02-CoO and SiO,-NiO systems, for constant molar MeO/Si and H20/Si ratios (0.75 
and 60, respectively), whatever the HF/Si ratio (0 to 2 for Co and to 3 for Ni), the phases 
obtained, at 220°C are Co-kerolite and Ni-talc or Ni-kerolite. These minerals present a 
strongly disordered morphology. Their 1R absorption bands are in good agreement with 
those of literature. New chemical shifts have been determined by 19F MAS-NMR. 

Discussion- Conclusion 

Whereas fluoride ion is not absolutely necessary for the synthesis of Ni-talc and Co-kerolite, 
though their presence improve the order along the C-axis of these phyllosilicates, they are 
essential to prepare Zn-talc or Zn-stevensite. The fluoride ion is a mineralising and a 
structural agent for these 2: 1 layer silicates. And thus, the fluorinated acidic medium allows 
to synthesize Co-kerolite, Ni- and Zn-talcs, as also Co- and Zn-stevensites, under mild 
conditions of temperature and pressure. Moreover, the fluoride ion acts like a microprobe 
giving information about the staicture of the octahedral sheets of the layer silicates and 
allowing the determination of the F content of such a sample if paramagnetic elements are 
missing. 

The results of the systematic study of temperature, time and HF/Si ratio for the SiCvZnO 
system allow to propose a mechanism for the genesis of Zn stevensite and Zn-talc. 
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10.SYNTIIES1S AND CHARACTERIZATION OF COBALT ALUMINUM 
ANIONIC CLAYS 

S.Kannan and C.S.Swamy 

Department of Chemistry, Indian Institute of Technology, Madras - 600 036, INDIA 

Introduction 

Anionic clays, commonly referred to as hydrotalcite-like (HT-like) materials consist of a 
brucite-like (Mg(OH)2) network wherein the bivalent cation is substituted by a trivalent 
cation whose excess positive charge is compensated by anions occupying interlayer 
positions [I]. These materials are potentially useful as anion exchangers, adsorbents, 
catalysts and catalyst supports. They are represented by the general formula 
[M(Il)).xM(III)x(OH)2]

x<[Ax/11
,,-]x-.mH20 where M(II) and M(11I) are bivalent and trivalent 

cations. A is the interlayer anion and 'x' can have the values between 0.2 to 0.33. The aim of 
the present investigation is the synthesis and characterization of Co-Al HT-like compounds 
owing to their interesting redox property [2]. 

Methodology 

These materials are synthesised by a sequential precipitation technique wherein the 
precipitants (NaOH and Na2CO,) are added to metal nitrates with increasing pH (final pH= 
10). The slurry obtained is aged at 65°C/24h, filtered, washed and dried. The samples are 
characterised by XRD, FT-IR, TG-DSC studies, TEM and BET surface area measurements. 
Catalytic decomposition of N20 has been carried out in a recirculatory static reactor (PN.2(,

 = 

50 torr) on the thermally calcined HT-like materials [3J. 

Results and Discussion 

All the compounds studied in this series crystallised with HT-like network exhibiting sharp 
and symmetric reflections at lower diffraction angles and broad asymmetric reflections at 
higher angles characteristic of these materials. Among the materials CoA12.5:l-HT showed 
the maximum crystallinity. Hydrothermal treatment (110°C/2days in an autoclave) enhanced 
the crystallinity of these materials. The lattice parameters 'a' and 'c' are calculated by 
indexing the peaks unde the hexagonal crystal system and the values are summarised in 
Table-1. An increase in both the lattice parameters are observed with increase in Co/Al 
atomic ratio. The increase in lattice parameter 'a' is due to higher ionic radius of Co2r 

(0.74A) and in the 'c' parameter is due to decrease in electrostatic interaction between layer 
and interlayer. 
FT-IR spectra of all the samples showed prominent bands around 3450cm"1, 1640cm"1 and 
1370cm'1 attributed respectively to v()I1 stretching, vOII deformation and v3 stretching of 
carbonate,confirming the presence of hydroxy carbonates. 
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Table-1 Physicochemical properties of Co-AI HT-like compounds 
Property CoAl 2.0:1 "HP 
M(11)/M(I11) 

atomic ratio 
Lattice 
parameters (A) 
Surface area TGA 
a. Net wt. loss b. 
Peak temp. 
Tl and T2 (°C) 

2.0 

a = 3.073 
c = 22.782 
65 

32.9 
198 & 274 

CoAl 2.5:1-HT 
2.6 

a = 3.081 
c = 22.758 
28 

30.9 
190, 252 & 300 

CoA13.0:l-HT 
3.0 

a = 3.095 
c = 22.751 
69 

28.2 
171 &245 

The v0II and v3 bands significantly altered upon hydrothermal treatments indicating the 
modification in orderliness in the layer and interlaer. TEM of these materials showed 
spherical to hexagonal particles of thin and wide nature. 
Thermal analysis of these materials showed two stages of weight loss with a net weight loss 
of -30%.The first weight loss is due to the removal of physisorbed and interlayer water 
molecules (-12%) and the second is due to dehydroxylation of the sheets and decarbonation 
of interlayer carbonate anions leading to the destruction of layered structure. The TG peak 
temperatures decreased with increase in Co/Al atomic ratio (Table-1) which is due to 
differences in electrostatic interaction. DSC of these samples substantiated TG results 
exhibiting two endotherms corresponding to two weight losses. 
Thermal calcination of these materials (even at 200°C) showed a spinel phase independent 
of composition [4]. However, the crystallinity of the spinel obtained significantly depends 
on the Co/Al atomic ratio. The lattice parameters calculated for these mixed oxides lie 
between pure Co304 and CoAl,04 indicating the formation of Co-Al oxide solid solution. 
The crystallinity of the spinel increases with increase in calcination temperature. This is 
substantiated by BET surface area values which showed a decrease with increasing 
calcination temperature. 
Nitrous oxide, a potential stratospheric depleting agent and a greenhouse gas, is decompo
sed on thermally calcined materials. The results indicated that all the catalysts are active in 
the temperature around 200°C (20% conversion). 100% conversion is achieved for 
CoA13.0:l-HT at around 250°C which is 100 degrees less than the most active catalysts 
(Rh-ZSM5 and Cu-ZSM5) reported in the literature so far [3]. The activity increased with 
increase in Co/Al atomic ratio. This is due to the increase in the surface concentration of 
Co2f (active center) as evidenced by XPS. 

Conclusion 

1. In the composition range studied, all compounds crystallised in HT-like network. 
2. The physicochemical properties of these materials significantly depend on the Co/Al 

atomic composition. 
3. Catalytic studies indicated the versatility of HT-like materials as precursor for the 

synthesis of efficient multicomponent catalysts. 
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II. STRUCTURE AND CRYSTAL CHEMISTRY 

(+ THEORY) 
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2.1 THEORY 

1. FUNDAMENTALS OF CLAY PROPERTIES MODELLING 

Viatcheslav N.Sokolov, Vladimir A.Korolev, Valeriy G.Shlykov 
Geological Faculty of Moscow State University, Moscow, 119899, Russia 

Introduction. 

The study of clay of aquatic origin shows that the formation of clay properties during 
progressive lithogenesis is accompanied by changes in mineral composition and microstruc-
ture. The fundamental interrelation between the mineral composition, microstructure and 
different properties of clays has been revealed and investigated by the authors, thus allowing 
them to develop the principles of predicting the properties of clays and clay soils for various 
conditions. 

Methodology. 

The prediction methodology is based on the use of experimentally derived correlations 
between the composition, microstructure and properties of natural clay specimens. The 
quantitative indices of composition, microstructure and properties have been combined into 
a specially developed data base. 
Mineral composition of clays was studied using the X-ray diffraction analysis. In this study, 
the real crystal structure of clay minerals composing the soil was taken into consideration, 
as opposed to model minerals in usual practice. Special investigations have revealed those 
features of the composition and crystal structure for each type of clay minerals, which most 
affect the soil properties. Simple diagnostic criteria have also been found, which allow the 
estimation of mineral properties from X-ray patterns. 
Microstructure was studied using a scanning electron microscope. In the study, a morpholo
gical type of microstructure and its quantitative characteristics were determined, the type of 
a physical-chemical model corresponding to the given microstructure was defined, as well 
as the type of structural bonds, the strength and quantity of individual contacts. 
Physical, physical-chemical, and physical-mechanical properties of clays were determined 
using common techniques and also entered in the data base. Then, with the use of a 
multiple-path correlation analysis of the results obtained, the quantitative relations were 
found between the indices of soil composition, structure and properties, with reference to 
their origin, depth of burial, water saturation, pore-solution composition and concentration, 
composition of exchange cations, etc. The analysis results were treated using triangular 
diagrams of phase composition which provide a convenient and illustrative tool for the 
prediction of soil properties. 

Materials 

The data base has been developed using the materials of many-years experimental investiga
tions of various geological sections, including more than two thousand clay samples of 
different age and degree of lithification taken from a number of regions in Russia and the 
adjoining CIS territories, as well as in Poland, Bulgaria, Czechia, Slovakia, and Egypt. 
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Techniques 

Minerals were quantitatively analysed using a direct X-ray diffraction method which does 
not require a standard to be introduced into the sample analysed. The diffractograms were 
analysed automatically with the aid of a computer using the stored X-ray diffraction data 
base for more than 200 minerals. Clay minerals were analysed using the X-ray patterns of 
oriented preparations from the less than 0.001 mm fraction, their quantitative proportion 
was determined from integral intensities of basal reflections corrected by equilibrating 
coefficients which were obtained experimentally for different types of clay minerals 
considering their composition and real structure. Mixed-layer minerals containing smectite 
layers were compared with the calculated crystal structures also stored in the data base; 
when necessary, a direct modelling of mixed-layer structures is possible. 
Clay microstructure was quantitatively analysed using a system including the high resolution 
SEM "Hitachi S-800" combined with a personal computer. In the analysis, a specially 
developed software "STIMAN" for the automatic processing of SEM images was used, 
which allowed to obtain practically all the morphological characteristics of microstructure 
(the size and form of structural elements, their space orientation), as well as to estimate the 
values of porosity, permeability, specific surface, and some others. 
Physical, physical-chemical, and physical-mechanical properties of clays were determined on 
the base of both standard laboratory equipment and special apparatus (adsorption installati
ons, derivatograph, devices for electrokinetic investigations, and the like). 
The data base development, storage and processing were done on a computer using routine 
software and electronic tables. 

Results and Discussion. 

The results have shown that only a few assemblages could be used to describe mineral 
composition of the bulk of clays formed in a marine environment. This allows to reduce the 
mineral composition of any polymineral soils to no more than six basic models. Depending 
on the real structure, 2- 3 groups differing in their indices of main physical-chemical 
properties are distinguished for each type of clay minerals. 
Similar results follow also from the microstructure analysis of these clays: all the natural 
diversity of microstructures can be reduced to a limited number of types representing 
definite physical-chemical models of the structure. Their correlation to the compositional 
models permits to obtain a certain series of clays having, in their turn, corresponding 
characteristic physical properties. Moreover, it has been found that, for each mineral and 
structural type of clay, their properties vary in a strictly definite range which is determined 
from the accumulated data base and plotted as phase-composition triangular diagrams of 
three types: a diagram of physical properties (density, porosity, etc.), that of physi
cal-chemical properties (swelling, shrinkage, etc.), and that of physical-mechanical proper
ties (compaction, decompaction, strength etc.). 

Conclusion. 

The methodology developed allows an effective solution to various problems, both 
theoretical and practical, by predicting the changes of clay composition, structure and 
properties in different thermodynamic and physical-chemical environments during natural 
and man-affected processes. 
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2. MOLECULAR MODELS FOR DIOCTAHEDRAL LAYER ALUMINO-
SIL1CATES 

Anatoliy G.Grebenyuk 
Institute for Surface Chemistry, National Academy of Sciences, 
prospekt Nauky 31, 252022 Kyiv, Ukraine 

Introduction 

The construction and theoretical analysis of the molecular models for natural inorganic 
compounds (minerals) and their synthetic analogues are the most important trends of 
modern structural chemistry of solids. The structures with hypervalent coordination 
environment of atoms are of special interest for the quantum chemical simulation. Layer 
silicates belong to this class of substances. The main representative of this group of 
minerals, kaolinite Al4(0H)sSi4O„„ as well as the related compound gibbsite, Al(OH)s, 
were selected as the subjects of investigation [ 1,2]. 

Methodology 

A method was suggested which allows for the boundary conditions in the cluster models of 
crystal structures that contain aluminium atoms in the octahedral oxygen environment. It 
consists in the use of the bridging A1=0 groups instead of so called 'pseudoatoms' at the 
cluster boundaries. This technique makes it possible to analyze the geometrical characteri
stics of the clusters as those of molecules. A series of cluster models for aluminium 
hydroxide was examined, namely, those with gross formulae of A1-,(0H)A„ A14(0H)603, and 
A16(OH)1004. 
In the kaolinite models the boundary oxygen atoms of the tetrahedral net were terminated 
with hydrogen atoms, and two clusters with formulae Al4Si2014 and AlfiSi402;tH,2 were 
examined. The SCF MO LCAO MNDO method was used to calculate the energy and 
geometrical characteristics of the molecular models mentioned. 

Results and Discussion 

The comparison of the experimental and theoretical parameters of the crystal lattice of 
gibbsite demonstrates a semiquantitative agreement between them. The calculated values of 
the formation enthalpies AH, for the models examined may be used for the theoretical 
estimation of this quantity for the crystal of aluminium hydroxide. The cluster composition 
can be represented as 

A16(OH)1004 ^ 2A1(OH),*4HOA10 (1) 

A14(OH)603 = Al(OH)3*3 HOAIO (2) 

If the partial contributions of Al(OH)3 and of HOAIO groups to the formation enthalpy of 
clusters are believed to be practically equal for both models, the value desired may be 
estimated from the conditions (1) and (2): AH, (Al(OH),) = -1083 kJ/mol, AHf (HOAIO) 
= - 495 kJ/mol. The theoretical AH, value found for the aluminium hydroxide is definitely 
less than the experimental one (-1281 kJ/mol) because the energy of interlayer interaction 
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was not taken into consideration. It is well-known that the first-step products of aluminium 
hydroxide dehydration include pentacoordinated aluminium atoms. The calculation on the 
energies of such a process for the models tested gives the AH values that are very close to 
experimental ones for the process: 

Al(OH)., (gibbsite) —> AlOOH (diaspore) + H20 (gas), AH = 40 kJ/mol 

2 AlOOH (diaspore) —• A1203 (corundum) + H20 (gas), AH = 82 kJ/mol 

The calculated spatial structure parameters of the kaolinite models agree well with the 
experimental ones. It should be noticed that the difference between gross formulae of two 
kaolinite models is equal to Al2Si209H4 (a half of the elementary cell of mineral). This fact 
makes it possible to estimate the value of AHf for kaolinite (its experimental value is of 
-8198 kJ/mol). The calculation gives the value of -6320 kJ/mol (about 77% of the experi
mental value). Then it must be taken into account that the difference mentioned does not 
coincide with the half of the elementary cell from the atomic coordination point of view and 
this is the reason for the large deviation. Thus, it is necessary to take into consideration a 
correction that is equal to -1261 kJ/mol and which corresponds to the enthalpy of the 
following hypothetical reaction. 

4 (HO)3SiOSi(OH)3 + A12(0H)202 —* 2 Si4013H10 + 2 Al(OH)3 (cryst.) 

So, the corrected AHf value for the kaolinite crystal equals to -7581 kJ/mol (92 % of the 
experimental value). The result seems to be fair despite the fact that interlayer interaction 
was not taken into account. 

Conclusions 

The analysis of the calculated energy and electronic characteristics of the models examined 
indicates their stability and rapid convergence with increase of cluster size. The method to 
allow for the boundary conditions can be used in the simulation of various objects with 
aluminium atoms in octahedral oxygen environment, in particular of layer aluminosilicates 
of practical interest, and the processes they are involved in. 
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3. COMPUTATIONAL STUDY OF TRISBIPRYDINE COMPLEXES AT SVVY-1 

Alanah Fitch and Sungho Park 

Department of Chemistry, Loyola University of Chicago 
6525 N. Sheridan Road, Chicago, 11. 60626 

Introduction 

Prior work in the area of clay-modified electrodes has shown that metal trisbipyridine 
complexes are strongly adsorbed to clay surfaces and show minimal diffusion within clay 
films. The adsorption process has been proposed to be chiral in nature. The observed 
electroactivity appears to be related to compounds in equilibrium with the adsorbed phase. 
Since the adsorption process shields the negatively charged clay platelets, these water 
soluble, diffusing complexes, are incorporated as ion pairs. 

One discrepancy to this report is the fact that the C^bpy),^ complex diffuses through a 
pre-swollen SWy-1 film rapidly and with a negative potential shift , suggesting a rapidly 
diffusing species that is at equilibrium with the diffuse double layer. This species can be 
observed to disappear to form a clay-modified electrode with electroactivity consistent with 
other trisbipyridine modified clay electrodes. The rapid emergence of the trivalent complex 
is mirrored by a rapid throughput of Co(bpy)/\ However, in the case of the cobalt species, 
the first signal observed is shifted positively in potential suggesting that adsorption sites 
within the clay have been rapidly filled. 

We have been interested in determining what controls the rapid equilibration of the complex 
with the surface, as observed for trivalent Co, and divalent Os, Fe, and Ru complexes. One 
hypothesis is that the adsorption event is controlled by steric factors, which is consistent 
with chiral properties attributed to the trisbipyridine phases. One steric factor of particular 
interest is the distribution of charge on the complex. We have modeled the entire series of 
trisbipyridine complexes, found that charge distributional differences do occur, and asked 
the question whether these charge effects impart steric control in the approach of the 
molecule to the clay surface. 

Methodology 

Crystal structures were used for molecular coordinates. Ab initio calculation were perfor
med with an STO-3G minimal basis set using a Spartan package. Crystal data were used to 
construct a clay unit cell and the molecular structures obtained in the preceeding portion of 
the study were imported into the Cerius package. A single complex was oriented in a 
prescribed fashion, minimized using a universal force field until the root mean square energy 
was less than 0.1 (kcal/mol)/A. Molecular dynamics were carried out in the same universal 
force field, using canonical dynamics. 
Computational results were compared with emergence curves of the trisbipyridine com-
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plexes using multi- sweep cyclic voltammetry at clay-modified electrodes, and to the actual 
energy of interaction of the complex with clay as determined by UV-Vis . 

Results 

Ab initio calculations indicated that charge distribution to the ligand edges was greater in 
Cr(bpy),3* than in the other complexes. The molecular dynamics, however, indicated that 
when accounting for water as a simple dielectric, the effects of ligand charge were 
mitigated. Interestingly, even with shielding of complex edge charges the complexes 
adopted different orientations on approach to the clay surface. These orientations were 
consistent with the overall charge of the complex. The tilt axis of the complexes varied 
greatly. The complexes were found to reach energy minima near the surface which 
precluded further horizontal travel of the complex. This localization included the 
Cr(bpy)3

3* complex, which was found to be more mobile experimentally. 

Conclusions 

Work in progress involves the use of a more accurate picture of the water environment in 
controlling the steric approach of the complex to the clay surface. Further work also 
includes investigation of complexes known to interact with the clay in a simple electrostatic 
fashion. The goal of this study is to ascertain the viability of the computation package. 
Ru(NH,)6"

v moves freely within the diffuse double layer of the clay and the molecular 
dynamics simulation of this compound should, if accurate, reflect such unrestricted 
diffusion. 
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2.2 CHEMISTRY 

1. PROPERTIES OF AMORPHOUS SILICA OBTAINED BY ACID 
ACTIVATION OF AN INTERSTRATIFIED ILLITE-SMECTITE 

E. Srasra1, M. Trabelsi2 and F. Bergaya3 

1 URNE INRST, B.P. 95, 2050 Hammanlif, Tunisie 
2 Departement Chimie, Faculté des Sciences Bizerte Tunisie 
•' CRiMD CNRS, Ibis Rue de la Feroilerie, 45071 Orleans, France 

Abstract 

Activation of clays generally leads to formation of partially amorphous silica by destruction 

of a part of the tetrahedral sheets. Our purpose is to determine quantitatively this fraction 

and to study the role that it plays in the decolorization of oils. 

An interstratified illite-smectite is heated under reflux with HCl 3N at various activation 

times up to 20h. After washing and drying, the samples were analyzed for the amount of 

amorphous silica which has been eliminated by Na,C03 treatment. 

This amount is estimated also by other techniques: the residual CEC measurement and 

thermal analysis. It does not exceed 60 % of the starting clay. 

Elimination of this amorphous silica shows that the remaining modified sheets have lower 

N2 surface area and porosity, but higher CEC values. Some other methods are used to study 

their physico-chemical properties. XRL), infrared spectra, NMR, and thermal analysis. We 

can indirectly deduce from these data, the properties of the colloidal silica in the activated 

clays. 
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2. DEGRADATION OF CLAY MINERALS BY FLUORIDE AND SULFATE 

Armin Weiss and Stefan Lindner 
Institut fur Anorganische Chemie der Universitat Munchen, 
Meiserstrasse 1, 80333 Munchen 

Introduction 

Chemical degradation of clay minerals is important in different fields: 
- isolation of reaction products from the interlayer space of smectites and vermiculites under 
mild conditions, 
- reactions of clay minerals and chemical transformations in contact with cements and the 
effect thereof on the properties of concretes and 
- reactions of clays and clay minerals in seals of waste disposals with various components 
from the leachates. 
The present paper deals with the dissolution of clay minerals in NH4HF2 solutions at 
ambient temperature in part 1 and in part 2 with transformation reactions of kaolinites and 
smectites in the presence of calcium- and sulfate ions at pH > 10. 

Methodology 

For part 1 experiments various kaolinites, montmorillonites, illites, micas, quartz and 
feldspars were treated with NH4HF2-solution (0.5 - 0.005M , 3 - 40°C, pH 3.2 - 6). The 
rate of dissolution was determined with all samples. In addition the possibility was explored 
to recover and identify reaction products, formed by oligomerisation or polymerization of 
s-caprolactam in the interlayer region of smectites. 
For part 2 experiments kaolines and betonites were treated with solutions of Ca(OH)2, in 
which fine grained gypsum was produced by adding Na2S04-solution. In separate experi
ments mixtures of calcium hydroxide and suspended gypsum were used. 

Results and Discussion 

The reaction rate of clay minerals with NH4HF2 solution decreases with decreasing 
concentration and temperature and increasing pH. Particle size is very important too. The 
reactivity increases from mica « a- and b-axes disordered kaolinite (fire clay mineral) < 
well ordered kaolinites < montmorillonites. Reaction products can be isolated quantitatively 
by such treatment from the interlayers. In the presence of Ca(OH)2 and gypsum, montmoril
lonites and kaolinites are transformed to ettringite Ca6Al2(0H)12(SO4)3.26H20 and / or the 
calcium aluminium hydroxy monosulfate [Ca4Al2(0H)12](SO4).8H20, depending on tempera
ture, reaction time and the ratio clay mineral: gypsum. Ca-Al-hydoxosilicates are known for 
a long time and have been quoted in the older literature as cement bacillus. Calcium silicates 
have not been observed. However, formation of a thaumasite analogue, containing 
octahedral Si(OH)6 instead of Al(OH)6-units could not be ruled out. This mineral is 
structurally closely related to ettringite. 

Conclusion 

I. Most of the labile compounds, trapped in the interlayer region of smectites, can be 
isolated quantitatively by treatment with very dilute NH4HF2-solutions. 
II. Kaolinites and smectites are capable to react with Ca(OH)2 and sulfates or gypsum 
respectively. In this reaction Al of the clay minerals is fixed in ettringite and/or calcium 
aluminium hydroxo sulfate hydrates. Fixation of Si in these new phases cannot be ruled out. 
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3. TRANSFORMATION OR DEGRADATION OF CLAY MINERALS 
IN THE PRESENCE OF PHOSPHATE AND AMMONIUM IONS 

Armin Weiss and Csilla Novak 
Institut fur Anorganische Chemie der Universitat Miinchen 
80333 Miinchen, Germany 

Introduction 

Clays and clay minerals are frequently used as bottom seals in landfills. Their low water 
permeability is supposed to protect the underlying water tables from contamination by 
leachates of the waste. In this context, however, the reactivity of clay minerals with the 
leachates has been neglected. In the present paper the effect of phosphate and ammonium 
ions in the leachate on the various clay minerals has been studied. 

Methodology 

Materials - As clay minerals montmorillonites from Linden/Bavaria and the Collins Stewart 
Mine in Greece, kaolinite Mc Namee (USA) and Bolus Alba (Merck Company) were used. 
For comparison the reactivity of gibbsite (hydrargillite) was studied, too. 
Phosphate solutions were prepared from phosphoric acid and di-ammonium hydro-
genphosphate. At the beginning of each experiment the pH was adjusted to the scheduled 
value by adding H3P04 or NH3-solution. The concentration of (NH3 + NH4

+) was kept 
constant by addition of NH4CI in all experiments. 
Techniques - The mixtures were kept at constant temperature and vigorously stirred. After 
distinct intervals samples were taken, filtered and examined by XRD. The experiments were 
stopped when the clay minerals had disappeared quantitatively. 

Results and Discussion 

At pH 2.0 the phase (NH4)2Al,(HPO4)46H20 was formed from montmorillonites in a first 
reaction, which finally was transformed to NH4A13(HP04)4(H2P04)2 6H20 in a second step. 
At pH 4.0 and 5.5 NH4A12[OH(P04)2] .2H,0 was formed. The reaction rate of the montmo-
rillonite Linden was much faster than that of the better crystallized Collins Stewart 
montmorillonite. With kaolinites the reaction was more complicated. At pH 2 in a first step 
NH4-taranakite was formed which recrystallized to NH4A13(HP04)4(H2P04)2 .6H20. At pH 
4.0 NH4-taranakite appeared after a short time and was transformed to NH4AI2[0H(PO4),] 
.2H20. At 50° C NH4- taranakite was the stable reaction product. At 90° C taranakite did 
not show up. At pH 5.5 and 80° C the reaction was similar to that at pH 4. 
The Mc Namee kaolinite was much more reactive than the Bolus Alba sample. Gibbsite as 
starting material led to stable NH4-taranakite at pH 2/80° C and also at pH 4/50° C. With 
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increasing temperature the taranakite phase became unstable and was transformed to 
NH4Al,[0H(PO4)2] .2H,0. At 90° C an intermediate phase was formed, whose x-ray pattern 
was identical with the Al-P-zeolite CFAP-7, described in the literature (1) In contrast to (1) 
in our experiments the phase was formed without the presence of dibutylamine as a 
template This phase is finally transformed to NH4Al2[0H(PO4)2].2H20. At pH 5.5 and at pH 
4.0 the end products were the same as from kaolinite or montmorillonite. 

Conclusion 

Clay minerals are transformed to new phases in the presence of leachates which contain 
phosphate and ammonium ions The new phases have no or poor sealing properties . 
Therefore clays and clay minerals in the long run cannot protect the underlying water table 
of contaminations by leachates from landfills. 

(1) Yingcai Long. Weihong Zhang, and Heyong He, Journal of Inclusion Phenomena 5,363 

(1987) 
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4. BEHAVIOUR OF IRON AND NICKEL OF BRAZILIAN CLAYS UNDER 
REDUCING TREATMENT 

A. Vieira-Coelho(*) and G. Poncelet 
Unite de Catalyse et Chimie des Materiaux Divises, Place Croix du Sud 2/17, 
1348 Louvain-la-Neuve, Belgium 
(*) present address: Escola Politecnica da USP, Dpto Enginieria Quimica, 
CP 61548 Sao Paulo, Brazil 

Introduction 

Brasilian smectites with important amounts of lattice iron and nickel (from Niquelandia 
deposit) were submitted to temperature programmed reduction under hydrogen. Two 
reduction steps between 300 and 550°C and between 550 and 800°C were observed. 
Samples taken at the end of each step were examined with several techniques, including 
XRD, XPS, TEM, IR and Mossbauer spectroscopy in order to characterize the reduction 
sequence of the metal species. 

Methodology 

Materials: 
Two smectites from Niquelandia deposit (Goias, Brasil) were selected for this study: N4 
smectite with structural formula (half unit cell) established on the <0.1 u fraction: 

Na,w, K(U0 Ca(l()(1, (Si.VK2 Al()ls) (Al„.s7 Mg,,.,,, Fe,,,,7 Ni„.2, Cr()l)7 Mn(UM)2) Oln (OH)2. 4H20 

and N7 smectite (similar fraction, but containing 10% lizardite): 

(Si.,.78 Al(,.22) (
Ali).5» Mg,U)$ Fe0.x5 Ni„ 

.54 Cr„n f , Mn(UM0) O„,(OH)2.4H20 
Reference materials were NiO (bulk, BDH Chemicals), Fe-,0, (Merck, anal, grade), synthetic 
Ni-SMM clay and NiO/Si02. 

Techniques: 
TPR's were carried out on 50 mg samples (dried overnight at 110°C) under a heating rate of 
10 C/min up to 820°C and under H2-Ar (5% H2) flow of 35 ml/min. 
Clay samples separately reduced for 4 h at 400°C and 700°C under pure H2 flow were 
examined by XPS (SSX-100 ESC A spectrometer from Surface Science Labs) fitted with a 
monochromator and operated at 10 kV under beam current of 11.5 mA. X-ray source was 
Al anode (Ka emission, energy 1486.7 eV). The Fe2p, Fe,p, Ni2p and Cr2p signals were 
analyzed. 
Samples with similar reduction treatments were also characterized by Mossbauer spectro
scopy and X-ray diffraction. 

Results and comments 

Typical TPR curves of N4 and N7 Brasilian clays and of reference materials are illustrated 
in the figure. Two distinct reduction stages with maximum consumptions of H, near 400 
and 700°C are clearly visible. Bulk and supported nickel oxide reduce at significantly lower 
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temperatures whereas Ni-SMM, a synthetic clay with octahedral Ni, shows a maximum 
reduction near 500°C. Ni-exchanged montmorillonite exhibits essentially two reduction 
steps, a first one centered at 360°C and a second one (the main) at 690°C. 
TPR measurements were also established for different N4 and N7 clay fractions, namely 
<50u, <2u andO.lu. 
For both clays, the amounts of H : consumed after the first reduction step exceed those 
requested for the reduction of Fe3* into Fe2*, implying further partial reduction of Fe2* into 
Fe" or Ni2* into Ni". The presence of metallic species was confirmed by XRD, with a weak 
and poorly defined reflection between 42 and 45°20, where several metallic species have 
their most intense reflection (as, fi., Ni°, Fe°, FeNi4, FeNiCr and FeCr). The most probable, 
as evidenced by Mdssbauer spectroscopy, is cc-Fe (although Ni-Fe alloy cannot be ruled 
out). 
XPS data showed that the only visible modification occurring upon reduction of the two 
clays is the partial reduction of Fe3* into Fe2'. 
The second reduction step is generated by the further reduction of Fe2' into Fe° and of Ni2' 
into NiO, as confirmed by XPS, XRD and Mossbauer spectroscopy. This latter technique 
showed principally austenite (yFe structure, paramagnetic) and minor amount of a poorly 
crystallized magnetic phase in the reduced N4 clay, whereas reduced N7 contained a minor 
austenite phase and a relatively higher proportion of a magnetic phase (oc-Fe or a Ni-Fe 
alloy). No superparamagnetic phase could be found. 
TE micrographs of the two clays reduced at 700°C showed that the surfaces of the clay 
particles were completely covered with metal particles with estimated sizes between 1 and 
30 nm. 

T T 200 400 
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5. THE H/D EXCHANGE IN HYDRATED Ba-VERMICULITE AS STUDIED 
BY 1R MICROSCOPY 

H.Graf v. Reichenbach, S.K. Woche and C.H. Riischer 
Institute of Soil Science, Institute of Mineralogy and SFB 173, University of Hannover, 
Herrenhauser Str.2, 30419 Hannover, Germany 

Introduction 

Neither X-ray diffraction nor thermal analysis, the most widely used techniques for studying 
hydration or dehydration of layer silicates, provide any information about the spatial 
distribution of water within single mineral particles. Walker (1956) was able to depict steep 
concentration gradients of water in mm sized vermiculites during their hydration by using 
transmitted light microscopy. A considerable extension of locally resolved analysis is 
attained by the application of IR microscopy, which not only permits to observe water 
contents but also to determine bonding characteristics of water molecules with a local 
resolution of about 50 urn. 
In the present study preliminary results obtained by following the H/D exchange in Ba2' 
saturated vermiculite (d()OI=1.23 nm) are reported. 

Methodology 

A natural vermiculite from Chile was cut into crystals sized about 2x2x0.1 mm and 
saturated with Ba ions. Total chemical analysis by electron microprobe revealed the 
composition 

Ba(,lj,(Si5.jJ2Al1.74Fe,,,
0.44)(Fe1V32Fe,1

0.nf>Mg5.54Tin,,K)O20(OH)4 

After dehydration at 235 C the crystals were immersed in D20 for several days. A single 
crystal was then positioned in the IR beam of the microscope which was attached to a FTIR 
spectrometer (Bruker IFS 88). During the measurement the crystal was exposed to the 
atmosphere at a relative humidity of about 60%. Every 10 minutes up to a reaction time of 
90 minutes spectra were taken covering the wave number region from 1100 to 4000 cm'1 . 

Results and discussion 

The adsorbance caused by bending vibrations of D20, HDO and H20 and by stretching 
vibrations of OD and OH was determined as a function of reaction time. As a measure of 
adsorbance the hights of the bands were taken. The results obtained at a point close to the 
center of the particle are shown in figure 1. 
As revealed by the decrease of the D20 band to about 15% of its original intensity, the 
reaction is considerably advanced after 80 minutes. This applies even more for the state of 
the reaction close to the edge of the particle, where the D20 band disappeared almost 
completely after 60 minutes (not shown). The decrease of the D20 band reflects two 
reactions, the exchange of D20/H20 as well as that of H7D\ The importance of the H7D' 
exchange is emphasized by the HDO band which developes almost linearly and exceeds the 
H20 band in intensity during the first 60 minutes of the reaction. 
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Fig. 1: Adsorbance of the D20, HDO, H20, OD and OH bands as a function of the reaction 
time, recorded at 1200, 1400, 1630, 2500 and 3400 cm"1 (see insert). 

Conclusions 

Qualitatively, the results confirm the high mobility of interlayer water generally characteri
zing the kinetics of hydration and dehydration of layer silicates. Under improved experimen
tal conditions a full quantitative treatment of the kinetics of isotopic exchange in vermiculi-
tes at different equilibrated states of hydration should be possible. 

References 

Walker, G.F. (1956): Nature, London, 177. 239 - 240 
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2.3 KAOLIJNITES 

1. DEHYDROXYLATION STEPS OF KAOLINITE AND DICKITE: 
AN XRD AND DTA STUDY 

Sjierk J. Van der Gaast1, VVijbren Frankema1, Thu Ha Thi Tran2 and Ray L. Frost2 

1) Netherlands Institute tor Sea Research, Postbox 59. 1790AB. Den Burp, Texel.The Netherlands 
2) Centre tor Instnmieiit.il and Developmental Chemistiy. Queensland University of Technology. 2 George 
Street. Brisbane. GPO Box 2434. Queensland 4001, Australia 

Introduction: 

Kaolinite and dickite contain two types of hydroxyl groups. The first, the outer hydroxyls 
designated as OuOH, are situated in the upper, unshared plane in the octahedral sheet. The 
second, the inner hydroxyl group designated InOH, is situated in the lower, shared plane in 
the octahedral sheet. With increasing temperature, it is proposed that the OuOH group is 
lost first. As the dehydroxylation takes place, meta-phases form and then the InOH group is 
lost. The objective of this research is to establish the mechanism for the dehydroxylation of 
the two types of hydroxyl groups. 

Methodology: 

Clay minerals - A number of clay mineral standards were selected for this work, chiefly the 
clay minerals from The Clay Mineral Society Repository and includes the well crystalline 
kaolinite KGa-1 and the disordered kaolinite KGa-2. The dickite selected for this study was 
the dickite from San Juanito, Mexico, supplied by Wards Natural Science establishment. 
Techniques - X-ray powder diffraction (XRD) patterns were recorded using a Philips 
PW1750/25 goniometer and using CoKa radiation selected by a graphite monochromator in 
the diffracted beam. Oriented samples on ceramic plates were heated for 2 hours at 500, 
600, 700, and 800°C. After each heating step XRD-analysis was carried out. The kaolinite 
was also heated for several days at 400°C. 
The samples were also analysed by thermal analysis using a Setaram DTA/TGA instalment. 
Samples were treated as supplied and were heated at a rate of 5 °C per minute up to 300°C 
and then at 0.5°C per minute up to 700°C. To identify overlapping peaks in the DTA 
patterns a peakfit program, PeakFit from Jandel, was used. 

Results and Discussion: 

XRD - Upon heating kaolinite at 500°C the intensity of the (001) reflection (d=7.16 A) 
decreases markedly. At low intensities of the (001 )reflection, a second reflection at 6.90A 
becomes evident. This reflection is attributed to a decrease in the thickness of the layers 
caused by release of the OuOH. A decrease in d- spacing of 0.26A is observed. Upon 
heating dickite at 500°C the intensity of the (002) reflection (d=7.16A) decreases markedly. 
A new reflection at 14.05A is then observed. This reflection is attributed to the flattening of 
one of the two layers in the dickite unit cell as evidenced by a decrease of 0.27A which is 
similar to the value obtained for kaolinite. Heating at 700°C causes this reflection to shift 
for another 0.21 A to 13.84A. This decrease in the d-spacing is attributed to the release of 
the OuOH from the second layer of the dickite unit cell. At higher temperatures further 
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thermal transfonnations cause this reflection to disappear. The mechanism proposed here is 
that the OuOH group of one layer of the unit cell dehydroxylates first and at more elevated 
temperatures the second more strongly bound OuOH group is lost. 
These conclusions reached by the XRD study are substantiated in the Differential Thermal 
Analysis (DTA) of kaolinite and dickite. Kaolinite displays an endothermic peak at 4S4°C 
which is asymetric. By applying the peak fitting program three peaks to this endothermic 
DTA peak were found; firstly a broad peak centered at 484°C and secondly a weak, broad 
peak at 504°C. The first resolved peak is accounted for by the loss of the OuOH group. The 
phase formed then is related to the 6.90A reflection. The second peak is accounted for by 
the formation of metakaolinite. On the high temperature side of the peak at 484 °C, a third 
peak is observed and is attributed to the loss of the InOH. In the case of the dehydroxylati-
on of dickite, the endothermic peak is broad and occurs over a wider temperature range. 
This broad endothermic peak can be described in terms of 3 broad peaks; the first two 
peaks at 517 and 604 °C are attributed to the loss of the two types of outer hydroxyl 
groups. The phases formed through the loss of these hydroxyl groups account for the two 
reflections at 14.05 and 13.84 A respectively. The sharp endotherm at 666°C is the result of 
the formation of metadickite. A weak endothermic peak is observed at 768°C and is the 
result of the loss of the inner hydroxyl groups. 

Conclusions: 

Both kaolinite and dickite release their outer and inner hydroxyl groups separately. 
Moreover, dickite releases its outer hydroxyl groups from the two different layers of the 
unit cell at different temperatures. Thus the binding energy of the two types of hydroxyls is 
different. For this work minerals were selected that showed most clearly the effects 
described above. Several kaolinites and dickites that were not selected for this study gave 
poor results with the peakfit procedure of the DTA patterns. This can be caused by the fact 
that these minerals contain more then one phase or hold stacking faults and other defects. 
DTA is a promising technique in studying the release mechanism of hydroxyls of the kaolin 
group minerals. Best resolved peaks are obtained with unequivocal minerals. We think it is 
interesting, however, to study the effect of a certain defect or degree of stacking faults on 
the release of hydroxyls. 
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2. THE DEHYDROXYLATION OF THE KAOLINITE CLAY MINERALS 

Ray L. Frost1, Anthony M. Vassallo2 and Sjerry J. van Der Gaast3 

1. Centre for Instrumental and Developmental Chemistry, Queensland University of 
Technology, 2 George Street, GPO Box 2434, Brisbane Q 4001, Australia. 
2. CSIRO Division of Coal and Energy Technology, PO Box 136, North Ryde, NSW 2113, 
Australia. 
3. Netherlands Institute of Sea Research, PO Box 59, 1790 AB Den Burg, The Netherlands 

Introduction: 

The objective of this research was to determine the dehydroxylation of the kaolinite clay 
minerals using infrared emission techniques. This vibrational spectroscopic technique uses 
discrete vibrational frequencies emitted by thermally excited molecules. It is convenient as 
an in situ method for obtaining reliable infrared spectra at temperatures above ambient. The 
major advantage of IES is that the samples are measured in situ at the elevated temperature 
and 1ES requires no sample treatment other than making the clay sample of submicron 
particle size. 

Methodology: 

Clay Mineral samples: Clay minerals were obtained from a number of sources: chiefly The 
Clay Minerals Society Repository. The minerals were dried in a desiccator to remove 
adsorbed water and were used without further purification. 
Infrared Emission Spectroscopy: FTM emission spectroscopy was carried out on a Digilab 
FTS-60A spectrometer, modified by replacing the IR source with an emission cell. 
Approximately 0.2 mg of finely powdered clay was spread as a thin layer on a 6 mm 
diameter platinum surface and held in an inert atmosphere within a nitrogen purged cell with 
an additional flow of argon over the sample, during heating. The emission spectra were 
collected at intervals of either 5°C or 50° C, over the range 100 - 600° C, and then repeated 
on cooling at 300 and 100° C. The time between scans (while the temperature was raised to 
the next hold point) was approximately 10 seconds. The spectra were acquired by coadditi-
on of 256 scans for temperatures 100 - 300° C (approximate scanning time 140 seconds) 
and 64 scans for temperatures 400 - 1000°C (approximate scanning time 45 seconds), with 
a nominal resolution of 4 cm"1. The emittance spectrum at a particular temperature was 
calculated by subtraction of the single beam spectrum of the platinum backplate from that of 
the platinum + sample, and the result ratioed to the single beam spectrum of an approximate 
blackbody (graphite). Emittance values vary from 0 to 1 with a scale equivalent to an 
absorption spectrum. The data was linearised with respect to concentration where required, 
by transforming to units of-logl0[l -emittance(v)]. 
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Results and Discussion: 

Kaolinite: Dehydroxylation as evidenced by the loss of signal due to the OH antisymmetric 
stretching modes between 3600 to 3800 cm'1 starts at 425°C. Four major bands are 
observed in the IES spectra at 36S4, 3664, 3649 and 3620.3 cm"' at 175°C and correspond 
to the four infrared absorption bands at 3707, 3674, 3655 and 3612 cm'1 for kaolinite. The 
1ES peak varied from 3620 to 3626 cm"1 over the temperature range 175 to 520° C. The 
frequency shift of the stretching modes (3684 cm"1) of the external OH groups, located 
between the layers, is larger than for the internal groups(3620 cm"1): Av for the 3670 cm'1 

band is 16 cm"1 compared with Av of 4 cm"1 for the 3620 cm"' band over the temperature 
range 200 to 500°C. Evidence suggesting that the different kaolinite hydroxyis are coming 
off at different temperatures is presented. DTA patterns are confirmatory- Hydroxyls are 
progressively lost from 420°C to 520°C. The decrease in intensity of the 3620 cm"1 band, is 
linear over the temperature range from 420 to 480°C. 
Dickite: Three hydroxyl bands are observed at 200°C, at 3622, 3660 and 3700 cm"1 

corresponding well with the absorption bands at 3622, 3652 and 3683 cm'1. Large changes 
are observed for the frequency of the external hydroxyl groups similar to that for kaolinite: 
The Av for the 3770 cm'1 peak is 30 cm'1 over the temperature range 200 to 650°C. Almost 
no variation in the wavelength of the 3622 cm"1 peak was observed over this temperature 
range [Av=4 cm"1]. The intensity of the hydroxyl peaks starts to diminish at 475°C and 
there is no intensity remaining at 700° C. Both the 3700 and 3660 cm"1 bands are decreasing 
in intensity compared to the 3622 cm'1 band, thus indicating that the outer hydroxyls are 
removed first. The inner hydroxyls are removed at a kinetically different rate and in all 
probability this dehydroxylation follows a different mechanism for structural change. 
Halloysites: For the 'Eureka' halloysite it is clearly observed that the outer hydroxyl group at 
3680 cm"1 is lost before the inner hydroxyl group at 3628 cm"1. As with kaolinite, the 3680 
cm"1 peak shows a temperature dependence with a shift in peak frequency of 16 cm"1 over 
the 200-500°C temperature range. Between 400 and 600°C the outer halloysite hydroxyl is 
being lost and at the same time there is evidence that a new high temperature hydroxyl peak 
appears at 3730 cm"1. 

Conclusion: 

1ES provides new information on the dehydroxylation of the kaolinite clay minerals. The 
IES spectra clearly show the temperature at which dehydroxylation commences and the 
temperature at which it is complete. In the case of kaolin, the different clay hydroxyls are 
shown to be progressively removed. Whereas with dickite and halloysite, hydroxyls were 
removed at different rates and by different media nisms. The outer hydroxyls are removed 
first. 
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3. FOURIER TRANSFORM RAMAN SPECTROSCOPY OF THE KAOLINITE 
CLAY MINERALS 

Ray L. Frost 
Centre for Instrumental and Developmental Chemistry Queensland University of Technolo
gy, 
2 George Street, BRISBANE, GPO Box 2434, QUEENSLAND 
4001. Australia 

Introduction 

FT-Raman spectroscopy lias been used to elucidate the structure of kaolinite clay minerals. 
Raman spectroscopy in the past has been limited by weakness of the Raman scattered 
signal, the photodegradation of the sample and the occurrence of fluorescence. The advent 
of FT-Raman spectroscopy which uses near infrared radiation as the excitation source and a 
Fourier Transform spectrometer enables the study of clay mineral structure to be investiga
ted. The use of FT-Raman spectroscopy offers the advantages of reduced fluorescence, 
improved signal-to-noise ratio by coadding of scans and the longer wavelength of light 
reduces sample degradation. 

Methodology 

Mineral samples: Clay minerals were obtained from a number of sources: chiefly The Clay 
Minerals Society Repository. The minerals were dried in a desiccator to remove adsorbed 
water and were used without further purification. Raman spectroscopy: Raman spectra 
were obtained using a BioRad Series 2 FTIR spectrometer equipped with a Raman 
accessory comprising a spectraphysics T10-1064C Nd-YAG diode laser operating at 1064 
nm. Raman spectra were obtained directly by using a sample of the raw mineral directly in 
the incident beam. Measurement times of between 0.25 and 1 hour were used to collect the 
Raman spectra with a signal to noise ratio of better than 100/1 at a resolution of 2 cm"1. 
Raman spectra were collected as single beam spectra and were corrected for instrumental 
effects. A laser power of 100 mW was used. 

Results and Discussion 

The kandite clay minerals are characterised by very intense bands centred at 143 cm'1 for 
kaolinite and halloysite and 131 cm"1 for dickite and nacrite and are an order of magnitude 
more intense than the other bands in the 200 to 1200 cm"1 region. Raman bands were also 
found at 129, 127, and 120 cm'1 for the respective clays. The spectra indicate that the 
disordered KGa-2 band occurs at a higher frequency than that of the ordered KGa-1. The 
dickite mineral from San Juan shows complexity with bands at 143, 130 and 120 cm'1. The 
dickite mineral from Saint Claire shows only two peaks at 131 and 120 cm"1. The halloysite 
from New Zealand shows peaks at 143 and 127 cm"1. One possible assignment of the bands 
in this region is that the higher frequency (143 cm"1) is the O-Al-0 symmetric bend and the 
lower frequency band (127 cm"1) is that of the O-Si-0 symmetric bend. The very large 
intensity of these bands can only occur as a result of a vibrational mode which induces a 
very large change in polarisability. It is likely that the variation in the peak position is related 
to the stress on the kandite crystal structure and as a consequence is sample and orientation 
dependent. The low frequency dickite hydroxyl shows splitting and is resolvable into two 
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components at 3621 and 3654 cm"1 (Frost,1993). The FT Raman spectra of kandite 
hydroxyls show better resolution than that of the infrared spectra. Low temperature studies 
of kaolinite show the presence of six bands with the 3652 cm"1 band being split into two 
components at 3650 and 3657 cm"1 and the 3621 cm"1 band exhibiting splitting at 3618 and 
3628 cm"1. The FT-Raman spectra of kaolinites show four Raman peaks at room temperatu
re and six at low temperature. The 3620 cm"1 IR band for kaolinite has been assigned to the 
inner sheet hydroxyl (Ledoux, 1964; Wada, 1967; White,1970; Rouxhet,1977). The FT 
Raman peak is at 3620 cm"1 for the well crystalline kaolinites but is found to be at 3624 cm"1 

for disordered kaolinites. The peak is in a similar position for dickites and ordered halloysi-
tes. Less crystalline halloysites show this peak at 3627 cm"1. The dickite (Saint Claire) shows 
a complex spectrum in the 3620 cm"1 region Similarly Halloysite (Eureka) shows a similar 
although less well resolved pattern for this hydroxyl. The two hydroxyl frequencies at 3652 
and 366S cm"1 are in good agreement with published data (Johnston, 1985). The second 
peak for dickite was at 3642 cm"1 which corresponds well with the infrared data (Frost, 1993 
and Prost, 1989). The band profile centred at 3695 cm"1 is complex and is structure 
dependent. The Raman spectrum of kaolinite shows two bands at 36S8 and 3695 cm'1 for 
Kga-1 and two bands at 3685 and 3692 cm"1 for Kga-2. This particular set of bands is at 
higher frequencies for dickite and halloysite and is centred at 3705 cm"1 and 3702 cm"1. The 
3705 cm"1 band is in good agreement with the infrared spectra previously published 
(Prost, 1989). The 3702 cm"1 band is at higher frequency in the Raman than in the infrared 
(3695 cm"1) (Frost, 1993). 

Conclusion: 

FT Raman spectroscopy using near infrared excitation has been shown to be very useful for 
the study of the vibrational spectrum of kandite clays. The technique has several unique 
advantages (a) no sample treatment as the spectra can be obtained from the solid or 
powdered samples; (b) low wavenumber vibrational bands which are inaccessible to mid IR 
spectrometers are easily measured; and (c) vibrational bands which are not infrared active 
are observable. The low frequency band at 143 cm"1 was shown to be intense and kandite 
clay structure dependent. The low frequency region from 200 to 1200 cm"1 is useful for 
distinguishing between the kandite clay minerals. Definitive structural information on the 
kaolin clay hydroxyls was obtained. The band intensity and position is kaolinite clay 
structure dependent. The FT- Raman spectra of kandite hydroxyl region is reported and is 
shown to be complex and sensitive to the variations in clay mineral structure. The 
FT-Raman spectrum of the lattice region of the kaolinite clay minerals provides new 
information on the structure of these clay minerals. 
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4. THE EFFECT OF CHEMICAL COMPOSITION ON PROPERTIES OF 
KAOLINITE STRUCTURES 

Ljudmila D. Taranukbina and Ljudmila A. Pavlova 
Institute of Colloid and Water Chemistry, National Academy of Sciences, 
Vernadskiy av. 42, 252142 Kyiv, Ukraine 

Introduction 

Creation of new materials with advanced properties on the basis of natural clays is a subject 
of current interest. Earlier the relative concentration of surface active sites of the kaolinite 
was measured and its relation with the regularity of spatial structure formation was shown. 
The aim of the research was to study the mechanisms of interparticle contacts formation 
during coagulation-crystallization structure transformation. 

Methodology 

Materials- Natural clay mineral kaolinite of Ukrainian deposit and its cation-substituted 
forms with Mg2', Ca2\ Sr ' , Ba2' and Al1f as exchangeable cation were the objects of the 
investigation. 

Techniques 

Coagulation structures formation and their transformation into crystallization during heating 
in temperature interval 293-1273 K was investigated. To calculate structure parameters in 
three-phase " kaolinite-water-air" system the model of porous solids was used, the model 
allows to count the mean thickness of water shell of particles depending on liquid phase 
content. 
The surface area, porosity, water vapour adsorption, specific electroconductivity and 
wetting head were measured after the standard techniques. The number of active sites on 
the natural and modified kaolinite surface was studied by the method of IR-spectroscopy of 
adsorbed molecular probes. 

Results and Discussion 

To achieve the specific goals of the research we studies the structure formation in natural 
kao-linite dispersion in dependence on chemical composition and thickness of hydrated films 
on particle surface. The main results are: 
1. Dependence of the number x and strength F of individual contacts on the mean thickness 
of hydrated film on the kaolinite particles surface has extremal character. Maximum F value 
corresponds to the thickness near 100A. A just above 100A a little thickness of hydrated 
shells is in favor of developed coagulation structure formation because of ease overpacking 
of particles getting. Structural components of disjoining pressure in the case takes in 
negative values. 
2. The relative concentration of Bronsted and Lewis acidic sites on the kaolinite surface 
depends on chemical nature of exchangeable cations and temperature of thermovacuum 
pretreatment. 
3. Specific electroconductivity curves via temperature evidence on destruction of special 
structure of water boudary layers under 345-365K. and minimization of charge carriers 
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concentration at 423-443K. it coincides with the strain state of spatial structures. 
4. Adsorption of sodium, ethyl- and methylsiliconates and polyethylhydridsiloxane (silico-
organic liquids-SOL) on the hydrated kaolinite surface as mono layer weaken interparticle 
bonds effectively. The specific wetting heat was decreased to 0.03J/m2 . 
Changing of chemical composition of the kaolinite surface by SOL molecules decreases 
strongly the strength of interparticles contacts. This high mobility of modified partcles 
causes their optimal overpacking. Futher distinction of SOL molecules under heating leads 
to formation of structures of high density. 

Conclusion 

Regularities of coagulation-crystallization structure formation and their transformation in 
highly concentrated dispersions "kaolinite (and its cationsubstituted forms)- water" was 
studied. 
It was show that protonic active sites on the clay mineral surface condition the specificity of 
coagulation contacts formation. 
Experimental data evidence that mechanism of coagulation-crystallization structure 
transition is due to transformation of protonic sites into aprotic ones. 
It was stated that purposeful regulation of structures properties became possible by the way 
of surface active sites inactivation by SOL and futher modifier molecules thermodestruction. 
The results may serve for scientific optimization of activation methods of surface active 
sites structure and purposeful regulation of advanced ceramic material properties. 
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5. HYDRATED NACRITE: STUDY OF THE 001 REFLECTIONS 

A BEN HAJ AMARA 

Ecole Normale superieure de Bizerte - 7021 Zarzouna -TUNISIE 

Potassium acetate (KAc) complexes of kaolin minerals have been the subject of several 
investigations ( Wada,1965, Deeds & al, 1966, ) These studies have shown that for each 
type of kaolin mineral the removal of intercalated KAc by washing with water resulted in 
different products such as fully hydrated form with a spacing of 10.1 A for the halloysite, a 
partially hydrated form for the kaolinite, anhydrous form for the dickite and a stable 
hydrated nacrite with basal spacing equal to 8.35 A. The aim in this work is to determine 
the water distribution along the normal to the (a,b) plane of an air dried hydrated nacrite 
using an indirect method based on the comparaison of the experimental 001 reflections 
obtained from a powder pattern with those calculated from models This method, applied to 
a hydrated nacrite, enabled us to find the amount of water per unit cell and to determine the 
atomic levels of the water molecules with an accurarcy better than 7% . 
The hydrate was prepared from a Tunisian nacrite (Tejrouine, le Kef) The particle size used 
in this work is greater than 5 urn. An homogeneous hydrate was obtained after treatment by 
KAc and washing with water ( wada 1965 ). The hydrated nacrite was studied by XRD and 
infrared spectroscopy The XRD patterns were obtained by reflection with a Philips 
automatic powder diffractometer. Nine basal reflections were obtained with an oriented 
powder. 
In a first step, five reflections (002,004, 0010) were used to determine the number of 
water molecules and their levels. The atomic levels of the nacrite used in this work are taken 
from Blount & al (1969). 
The values of FWHM indicated no anomalies for all 001 reflections. The FWHM are 
enlarged with increasing 1 index. This variation must be related to the apparent diminution 
of the coherent domain with increasing 0. The examination of the 001 reflections shows a 
single basal spacing of 8.42A which is in agreement with all reflections positions. 
To determine the number and level of the water molecules intercalated we studied the ratios 
(W/IIHMI 'o()2̂ o()6.... I002/I0010) m terms of the number water molecule crystallographically 
bound to the layer at the level z =5.5 to 7 A. Results show that the ratio iml/\mA is insensiti
ve to the amount of the water per unit cell. A similar study of these ratios for fixed number 
of water molecules per unit cell revealed the influence of their levels. The ratios I,m2/Ioo6 and 
W/'oos a r e v e ry sensitives to the water molecules positions It therefore appears that the use 
of the relative intensities of the five recordable 001 reflections of the hydrated nacrite is 
sufficient to determine its hydration parameters without any ambiguity. 
The best agreement between experimental and theoretical patterns for the nine 001 reflecti
ons is obtained with following structural parameters: 
a) M = (8 + 1) layers correspond to an average diffracting domain of L=(135A ± 16A). The 
statistical weight distribution of the stacking with M layers is symmetric around 8 layers and 
extends from 1 to 16 layers 
b) The mean square deviation of the distorsion parameter 52 = 0.004A2 

c) the water content per Si2AI205(0H)4 is 1 and situated at (6.5+ 0.05)A. parallely to c* The 
coherence domains are respectively 515, 390 and 135 A for untreated, KAc intercalated and 
hydrated nacrite . 
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In the infrared spectrum of the nacrite there are three bands attributed to v(OH) at 3702, 
3648 and 3630 cm"1 similar to those previously reported by Farmer (1974) The infrared 
absorption spectaini of the hydrated nacrite shows displacement of these bands to 3690 and 
3620 cm"1. The bands at 3545 and 1657 cm"1 are equivalent to those observed by Costonzo 
& al (1985) in the 8.6 A hydrated kaolinite. These bands were assigned by the authors 
respectively to the stretching and bending of the water hydroxyls in the hole. 
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6. DIFFERENTATION OF HALLOYSITE FROM KAOL1N1TE BY 1R 
SPECTROSCOPY 

Vesna A. Poharc-Logar and Mihovil M. Logar 

Faculty of Mining and Geology, Mineralogy Department, Djusina 7, 
11000 Belgrad, Yugoslavia 

Introduction 

Studies of numerous authors indicate that halloysite occurs in mixtures with kaolinite more 
frequently than it is expected. Brindley and Souza Santos (1963) claimed that it can be 
overlooked even if its content is as high as 75%. 

Methodology 

Specimens were prepared bv the following procedure. Pure kaolinites (Georgia, Cornwall, 
Rudovci-Yu) and halloysites (Mariovo-Bitolj and China) were treated with formamide 
vapour in a desiccator, to avoid direct contact with formamide, which has its own characte
ristic spectaim. All the IR spectra were recorded with a double beam IR spectrophotome
ter, Perkin-Elmer, Model 597, using the KBr pressed pellet method. 

Results and Discussion 

Kaolinite is easily identified on the basis of its very characteristic spectrum, in the region of 
OH stretching vibrations, with regards to number, intensity and relationship of absorption 
bands. If only kaolinite is present, then the relations of the intensities of absorption bands at 
3700-3620 cm "' vary within 1.5 - 1.6 . If lower values are obtained (what is the result of 
the increase of the band at 3620 
cm"1) and the band remains sharp, the presence of halloysite must be confirmed using 
formamide treatment. The adsorbed formamide can be observed already after one hour in 
the halloysite spectrum on the basis of the weak, but clearly noticeable band at 1685 cm "' 
This band is assigned to a very strong CO stretching mode in pure formamide by Evans 

(1954) and Puranik and Ramiah (1959). After 24h this band becomes very intense, but it 
disappears completely from the spectrum by heating halloysite for one hour at 80°C. 
Reaction of kaolinite with formamide can hardly be observed even after 48h, as can be seen 
in the Fig. 1. 

Conclusion 

IR spectra proved to be very sensitive for detecting of kaolinite or halloysite clays. The 
basic problem is how to determine the presence of separate mineral types with overlapping 
bands, when they occur in a mixture, what is in fact the most frequent case in nature. The 
adsorption rate and binding strength of formamide in kaolinite and halloysite are different 
to such an extent, that this difference may serve for their identification and differentiation 
when they occur in mixtures. 
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Fig. IR spectra of kaolinite (Cornwall) and halloysite (Mariovo) in 1800-1500 cm"1 

region after treatment with formamide: 
a) untreated, 
b) after Ih, 
c) after 24h, 
d) heated at 80 °C, 
e) after 48h. 
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7. QUANTITATIVE ESTIMATION OF KAOLINITE BY MEANS OF IR-
SPECTROSCOPY 

Vesna A. Poharc-Logar and Mihovil M. Logar 
Faculty of Mining and Geology, Mineralogy Department, Djusina 7,11000 Belgrad, 
Yugoslavia 

Introduction 

The method described for quantitative estimation of kaolinite is based on a fundamental 
property of the mineral - the hydroxyl stretching vibration in the 1R region. For determining 
kaolinite quantitatively a method was developed, in which the 3700 and 3620 cm"' band 
intensitis were measured as a function of kaolinite content. 

Methodology 

The pure kaolinites from five different localities (Georgia, Czek-1, Cornwall, BZ and 
Rudovci-Yu) previously investigated, were homogenized with quartz in various proporti
ons (5-95%). For each prepared sample three spectra have been obtained in the region 
4000-3500 cm"1. All the spectra were recorded with a double beam IR spectrophotometer, 
Perkin-Elmer, Model 597, using KBr pressed pellet method. 

Results and Discussion 

The spectra of such standard mixtures indicated that the intensities of mentioned bands are 
directly proportional to the kaolinite concentration and that in this case Beer's law can be 
applied (Van der Marel, Beutelspacher, 1976). Graphic presentation of calculated absorban-
ces for the bands A 3700cm'1 and A 3620 cm"1 versus kaolinite concentration in the samples 
indicates that the relation of these two values is of a linear character, as can be seen in Fig. 1. 
Since there are very little mono-mineral kaolinites in nature, a differential technique must be 
used, by which the bands of the clay minerals which overlap with those of kaolinite ones, 
are eliminated from the spectrum. 

Conclusion 

The region of OH stretching vibrations is very sensitive with regard to the number, intensity 
and half-width of individual bands . In kaolinite, the four bands characteristic for OH 
stretching vibrations indicate an absolute reproducibility in both the intensity and position. 
The intensity is directly proportional to the content of the OH groups in the mineral. 
Therefore it may be taken as an adequate parameter for quantitative estimation of kaolinite, 
even if it is a question of relatively small content in the sample. 
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8. KAOLINITES OF DIFFERENT CRYSTALLINITY CHARACTERIZED 
BY EMANATION THERMAL ANALYSIS. 

Vladimir Balek* and Michel Murat** 

* Nuclear Research Institute p.I.e., 250 68 Rez, Czech. Republic 
** Institut National des Sciences Appliquees (1NSA) de Lyon, GEMPPM -URA CNRS No 

341, 20 av. Albert Einstein, F-69621, Vil leurbanne Cedex, France 

Introduction 

Thermal behaviour of two kaolinite samples of different crystallinity were investigated by 
means of Emanation Thermal Analysis (ETA ) wilh the aim to distinguish the kinetics of the 
processes taking place during the heat treatment of the kaolinite. 

Methodology 

Materials - The kaolinite samples of different crystallinity were supplied by AGS Co, 
Charentes, France, namely: sample No. 1 of English origin ( high crystallinity) and sample 
No.2 of French origin (poor crystallinity). The Hinkley index of the samples were 1.3 and 
0.7 and surface area 13.8 and 54 m2/g, respectively. 
Techniques - The ETA is based on the measurement of the radon atoms released from the 
solids previously labelled with traces of thorium -228 and radium -220. This method makes 
it possible to obtain information about changes in surface area, microporosity, morphology 
as well as about formation of new phases taking place during sample heating or cooling. 
The fine and hyperfine changes in the solids and on their surfaces resulting in the changes of 
the surface and/or the radon diffusivity can be revealed by this method under "in-situ" 
conditions of their thermal treatment. Description of the theory and of the potential of ETA 
has been given in the review paper (1) and the monograph (2) by one of the present authors. 
For the ETA measurements the samples were labelled by adsorption of traces of Th-228 
and Ra-224 from aceton solution. The samples were actually labelled by Ra-224 and 
Rn-220 to a depth of max 80 nm, due to the recoil energy of the mentioned radionuclides 
formed by the spontaneous alpha decay. Before the proper ETA measurement, the samples 
were stored for 3 weeks to allow radioactive equilibrium to be reached. The O.lg samples 
were placed into alumina crucibles and measured during heating from 20 to 1250°C and 
subsequent cooling in air at the heating/cooling rate 5 K/min; flow rate of air was 40 
ml/min. 
Differential Thermal Analysis, thermogravimetry; X-ray diffraction and surface area 
measurements were used for comparison with the ETA results. 

Results 

The ETA curves measured during heating of the samples reflect differences in the thermal 
behaviour of the samples wilh various crystallinity. We have observed that the crystallinity 
degree of kaolinite influences the kinetics of the changes due to annealing of surface and 
structural defects during the sample treatment from 20 to 600°C, when predehydroxylation, 
dehydroxylation and formation of metakaolinite take place. Changes in the diffusion 
properties for radon were observed in the kaolinite samples studied, when heated in the 
temperature range above 600°C, where evolution of the structural disorder in metakaolinite 
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and the segregation of amorphous silica take place and when precursors of the high 
temperature phases are formed, as described by Lemaitre et al. (3) and Murat et al. (4). 
Finally, the crystallization of mullite and cristobalite is indicated by the change in the radon 
release rate from the sample on heating. A significant difference in the reactivities of the 
high temperature phases on heating above 1200°C was found for the originally poorly and 
well crystalline kaolinite samples: much higher sinterability being found with the precursors 
originating from the poorly crystalline sample. 
The ETA curves measured on cooling of the samples heated to 1250°C reflected the 
diffusion properties of the mullite based ceramics prepared from the kaolinite of different 
crystallinity. This result of ETA can be used for the determination of the permeability of the 
mullite ceramics with regard to radon ( atom size 0.38 nm) or atomic and molecular species 
of comparable size. 

Conclusion 

Emanation Thermal Analysis has been demonstrated as a suitable method for characterizati
on of the processes taking place during thermal treatment of kaolinite samples. The 
differences in the kinetics of the changes of surface, morphology and radon diffusion 
properties were observed with kaolinites of different crystallinity. Moreover,the ETA can be 
advantageously used in the assessment of diffusion properties of the ceramic phases 
prepared by high temperature treatment of the kaolinitic clay. 
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9. CHARACTERIZATION OF DISORDERED KAOLIN1TES FROM 
SOIL-SAPROLITE COMPLEXES BY DMSO INTERCALATION 

Peter Felix-Henningsen 

Institut fur Bodenkunde und Bodenerhaltung, Justus-Liebig Universitat, Wiesenstr. 3-5, 
35390 Giessen, Germany 

Introduction 

Remnants of autochthonous kaolinitic weathering mantles, which can be subdivided into the 
two genetic sections "solum" and "saprolite", are fairly spread in old land areas outside the 
recent humid tropics, e g. in Middle Europe or South Africa. They developed under warm 
and humid (tropical) climatic conditions, mainly during Cretaceous and Tertiary. Kaolinites 
are the typical mineral neo-formation and, according to their structural properties, several 
ordered and disordered types can be subdivided. The latter are typical for soils and saproli
tes. Intercalation of kaolinites with Dimethyl-Sulfoxide (DMSO) allows a distinction 
between different types of kaolinites by x-ray diffraction. While well ordered as well as 
b-axis-disordered kaolinites (s. BRINDLEY, 1961; BAILEY, 1963; RANGE et al., 1969) 
change their basal spacing from 0,72 nm to 1,2 nm due to intercalation of DMSO, "fireclay 
minerals" show no reaction and therefore an "intercalation disorder" (RANGE et al. 1969). 
Systematic investigations of the type and quantity of disordered kaolinites in soil-saprolite 
complexes from slates of the Rhenish Massif (Germany) and from crystalline rocks in 
Swaziland (Southern Africa) were carried out. The results are discussed with respect to the 
genesis of the weathering mantles and stratigraphically correlated sediments. 

Methodology 

The mineral composition of silt and clay sub-fractions was detected with orientated, Mg and 
Glycerol treated samples by XRD. Primary Fe-Mg chlorite, occurring in samples of lower 
saprolite horizons from slates, was eliminated by treatment wit HC1 in order to identify a 
kaolinite peak at 0.72 nm. A maximum of DMSO intercalation of oriented kaolinite 
samples was reached by DMSO vaporation at 70°C after 72 hours. 

Results and Discussion 

In the up to 100 m thick saprolites from Lower Devonian slates of the Rhenish Massif 
kaolinite derived from weathering of the primary Fe-Mg chlorite and illite, which occur in 
fresh slates beside muscovite and quartz. As an intermediate stage in lower saprolite zones 
smectites may occur in small amounts (< 10 %). In upper saprolite zones (10-20 % clay) the 
maximum content of kaolinite in the total fraction amounts to 20 - 30 % and increases up to 
95 % in the soil horizons (65 % clay) of an Lower Tertiary ferralitic Paleo-Gleysol. The 
kaolinites of all soil horizons and saprolite zones are of b-axis disordered type with Hinckley 
indices < 0.3 in soils horizons and 0.5 - 0.3 in saprolite zones. 
With regard to intercalation of DMSO there are distinct differences between kaolinites of 
soil horizons and of saprolite zones. About 90 - 100 % of the amount of kaolinites from all 
saprolite zones show a shift of the basal spacing from 0.72 to 1.1 nm, due to the intercalati
on of DMSO, while only up to 10 % of the kaolinites are characterized by intercalation 
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disorder. 
Kaolinites of the Tertiary paleosoil display an increasing proportion of "fireclay-minerals" 
with intercalation disorder from the bottom horizon (about 10 % ) to the uppermost horizon 
(about 80 %). Within the silt and clay subfractions there is an increasing amount of "fireclay 
minerals " with decreasing grain size. The maximum amount of "fireclay minerals" is to be 
found within the fraction < 0.02 nm of the soil horizons. 
These differences in kaolinite disorder between saprolites and ferrallitic soils seem to be 
typical and independent of the type of parent material, since kaolinites of soil-saprolite 
complexes from crystalline plutonic rocks (granite, diorite) in Swaziland (Southern Africa) 
show the same differences and quantities of disorder. 
According to RANGE et al. (1969), intercalation disorder of kaolinites results from 
irregular isomorphic tetrahedral substitution of Si by Al. Additional positive charges are 
gained from K+ or FT ions in the neighbourhood of those tetrahedral sites, leading to 
distortions and partial strengthening of bonding energies between the silicate layers, which 
the polarizing forces of the DMSO molecules cannot overcome. Furthermore an octahedral 
isomorphic substitution of Al by Fe* ' ions (HERBILLON et al. 1976) may enhance the 
bonding energy between tetrahedral and octahedral layers, due to the bigger ion radius of 
the Fe"' ions. 

Conclusions 

The preferential neo-formation of "fireclay minerals" in horizons of ferrallitic soils indicates 
different chemical conditions compared to those in the saprolite. The ferrallitic soils, rich in 
hematitic iron oxides, are characterized by relatively strong acidity, desilication and 
congruent dissolution of kaolinite. SiO2:Al203 molar-ratios < 2 of the NaOH-soluble soil 
fractions prove, that secondary kaolinite, which predominantly occurs in the fine clay 
fraction, obviously crystallized under conditions of Si deficiency in the soil solution. 
Additional Fe"* ions were present, due to oxidizing conditions in the soil horizons with 
consequence of ferrihydrite formation as a precursor of hematite. Therefore tetrahedral and 
octahedral isomorphic substitution in primary and secondary kaolinites of the soil horizons 
was probable. On the other hand kaolinites in saprolite zones developed under moderate 
acid conditions and a relatively high Si activity of the pore solutions, have a lesser extent of 
isomorphic substitution. 
Besides the pedogenetic aspects, the type and quantity of kaolinite disorder enables to 
subdivide between ferrallitic soil horizons and saprolites as sources for kaolin sediments and 
periglacial superficial layers in Middle Europe. Because the formation of "fireclay minerals" 
is a characteristic of soil horizons, also the sedimentary kaolins of the Rhenish Massif, 
which derived from erosion of the Tertiary soil cover since Upper Oligocene, are rich in 
kaolinites with intercalation disorder. 
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10. NACR1TE: DIVISO AND NMA INTERCALATES 

A.BEN HAJ AMARA1, J. BEN BRAHIM1 ,G BESSON2 and C.H. PONS2 

1 - Ecole normale supérieure de Bizerle 7021 Zarzouna -Tunisie 
2-CRMD Université d'Orléans -France 

A considerable number of polar organic molecules such as urea, hydrazine, formamide, 
N-methylformamide dimethylsulfoxide ... can penetrate into the interlayer space of kaolinite 
and expand the basal spacing ( Weiss & al., 1966, Olejnik & al., 1971) Complexes with 
kaolinite can be divided into three classes- namely. ( 1 ) with substance introduced directly 
from a liquid (2) with substance introduced in the form of solution in a so-called "entraining 
agent" (3) with substance introduced by displacement of a previous complex. Among the 
polar organic molecules DMSO is very popular because it is one of a unique group of small, 
higly polar molecules which can be intercalated directly and gives a 3-D ordered structure. 
For these reasons DMSO-kaolinite complex was investigated by many methods. Infrared 
studies of Jacobs and Sterckx (1970) showed that >S=0 band is normal to the basal plane 
in agreement with the Fourier analysis of Weiss & al. (1966). Recently collected solid state 
UC nuclear magnetic resonnance (Thompson 1985) showed that ,3C of the two methyl 
groups are non equivalent. The use of the polarized infrared spectroscopy permitted 
Raupach & al. (1987) to measure the angle between >S=0 and ab plane (40° ) 
In this work nacrite was intercalated directly with two polar organic compounds: Dimethyl
sulfoxide (DMSO) and N-methylacetamide (NMA). NMA and DMSO have similar dipolar 
moment but different dielectric constants (49 for the DMSO and 179 for the NMA). The 
rate of the intercalation has been measured and found to increase in order NMA>DMSO 
The interlamellar nacrite complexes have been studied with XRD and IR. The IR spectra 
show that interaction between nacrite layer and DMSO is similar to that obtained in the 
kaolinite DMSO complexes The infrared spectrum of the nacrite NMA complex shows 
three absorption bands at approximately 3500, 3543 and 3590 cm'1 and a considerably 
decrease of the 3702 cm'1 The (N-H) frequencies of the NMA in the complex are intermedi
ate between those of dilute non polar solution and the liquid. This could arise from 
association between NH and O-Si. By XRD, 13 basal reflections were obtained for each 
complex. The direct method involving a mono-dimensionnel electron density projection on 
the Z-axis for each homogeneous complex, enabled us to find the amount of organic 
compound per unit cell and to determine the atomic levels of the intercalated organic 
molecules. The studies of the R (reliability factor) in terms of the S=0 (C=0) orientation 
with the normal to ab plane and their oxygen level show that S=0, C=0 are respectively 
oriented by 40 and 10° and their oxygen is situated at 6.30 Â for SO and 6.20 Â for CO. 
The number of organic molecule per Si2AI205O(H)4 is 1. In the Fig 1 we give the agreement 
between the electron density derived from the observed and calculated intensities The 
values of z parameter of nacrite are these published by Blound & al (1969). 
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1 l.SYNTHESIS, STRUCTURAL FEATURES AND PROPERTIES OF 
KAOLINITE-(HB0,)n INTERCALATES 
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Ukraine, Kiev, Ukraine 

Introduction 

Wide application of intercalation as a highly effective method of regulation of kaolinite 
properties is limited by the low stability of intercalates. The aim of this research is the 
synthesis and comprehensive investigations of structural features and properties of kaolini-
te-(HB02)n intercalates having improved chemical and thermal stability. 

Methodology 

Kaolinite-(HB02)„ intercalates with variable intercalation degree a were obtained by heating 
of H,B03 together with kaolinite. Reaction products were investigated using XRD, DTA 
and DTG, IR and NMR spectroscopy, microcalorimetry, chromatography and adsorption 
methods. Intercalates with different were pressed into tablets and density, porosity, linear 
shrinkage and compression strength were measured. Sorbents were obtained by selective 
leaching of intercalates and their structure was investigated using adsorption and gas 
chromatography methods. 

Results and discussion 

Kaolinite-(HB02)n intercalates with a = 0.05 - 0.98 were prepared by heating mixtures of 
kaolinite and H3BOa with variable composition at 523-643 K. They are characterized by the 
basal spacing d,)0, = 1.10 nm. (HB0,)n intercalation in kaolinite results in weakening of the 
endothermic effect of the mineral structure dehydroxylation (823 K) and a decrease of the 
temperature of the exothermic effect of the Al-Si- spinel crystallization by 150 K (from 
1253 to 1103 K), while the weight losses (13.5 - 14.5 %) remain constant irrespective of a. 
Unlike well-known intercalating agents (carbamide, NH4C1, dimethylsulfoxide and other) 
IR-spectra display shifts for vibrational frequencies both of OH-groups situated at the inner 
surfaces of mineral (bands at 940 and in region 3640-3700 cm'1) and of internal hydroxyls 
(bands at 920 and 3620 cm'1). NMR-spectra indicate the presence of the three-fold and 
four-fold oxygen coordination of B atoms. 27A1 spectra confirm the invariability of the 
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six-fold Al coordination after intercalation. Increased content of the phase with highly 
mobile protons after the intercalation was established using 'H NMR spectra. 29Si spectra 
show that in addition to the silicon nuclei of initial kaolinite 29Si nuclei with signal shifted by 
21 ppm appear. At a = 0.98 their ratio reaches about 2/3 of total silicon in the sample. IR 
and NE spectra indicate that (HB02)n as intercalating agent creates a layer of polymerized 
BnOm-groups. The polymerized intercalating agent is firmly bounded between the layers of 
kaolinite. The kaolinite-(HB02)n intercalate is highly thermally stable: 1.10 nrn peak remains 
on difractograms even above 900 K. 
Intercalation of kaolinite by (HB02)n results in hydrophilicity rise with heat of wetting 
increasing from 5.50 to 32.97 kJ/kg. Sorbents with regulated porosity and specific surface 
up to 185 m2/g were obtained by selective leaching of intercalates. 
Microelectrophoretic mobility measurements have established displacement of zero charge 
point from 3.2 for kaolinite to 7.2 for intercalate, testifying to decrease of surface acidity 
after intercalation. Measurements of density and shrinkages of burned off samples show 
dead burning temperature decreasing by 150 - 300 K depending on a. 

Conclusion 

Kaolinite intercalates with polymerized (HB0,)n layer having different composition were 
synthesized. Degree of polymerization and protonization of intercalates depends on the 
synthesis conditions. In contrast to well-known intercalates, (HB02)n is bonded in kaolinite 
by an interlayer chemisorption mechanism. Kaolinite-(HB0,)n intercalates possess higher 
chemical and thermal stability which allow extension of their practical applications. 
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12.RIRs OF KAOL1N1TES WITH VARIOUS DEGREE OF DISORDER THAT 
ARE CORRECTED WITH RESPECT TO THE CHEMICAL COMPOSITION 
OF STANDARDS 

Karel Melka1 and Jana Zoubkova2 

1 Nad Hercovkou 419/26, 182 00, Prague 8, Czech Republic 
2 Czech Geological Survey, Klarov 3, Prague I, Czech Republic 

Main Principles 

The quantitative X-ray diffraction analysis of mineral phases in a mixture can be carried out 
by means of the experimental Reference Intensity Ratios (RIR values). These are defined as 
coefficients characterizing each mineral for the quantitative comparison in a diffraction 
pattern. The ratios \mi„/lc„r express the intensity relations between the most important peaks 
of minerals under study and the corundum standard (usually 113 peak at d=2.085 A). These 
values are summarized in some publications. The corundum standard is added in 1:1 weight 
proportion to the respective mineral. The concentrations of individual crystal phases, for 
instance in three components mixture A+B+C, are then calculated according to the 
relationship: 

VARIRA) UBJURB) (VCR1RC) 

It is possible to calculate in a similar way the concentrations of components B and C under 
the supposition that 

ConcA + Conc„+ Conc(. = 100 per cent. 

RIRs are largely dependent on methods of the treatment and on properties of samples 
examined. Especially, clay minerals show enormously great variabilities in their chemical 
composition, in structure regularities, in the occupation of interlayer spaces, in a hydration 
state, etc. It is necessary to check the particle size of constituents as much as possible 
and the influence of experimental conditions. All these effects have their portion on 
resulting X-ray diffraction intensities. It is essential to isolate a part of the intensity 
belonging only to the amount of the mineral phase present in a mixture under the examinati
on. 

Results 

In our experimental study we were interested in changes of RIR coefficients for 001 peaks 
of kaolinites (d=cca 7.15 A) - how they are influenced by the structure disorder of kaolinite 
layers. The degree of the disorder was checked by the Hinckley crystallinity index. In case 
of poorly crystallized kaolinites another index, according to Hughes and Brown, is recom
mended. A dependence of RIR values on the crystallinity indices was expressed in the 
diagram for several specimens of kaolinite standards. Artificial mixtures with alpha-alumina 
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(corundum) were homogenized in a wet state. Unoriented preparations were used for the 
RIR determinations. The sample was mixed with the cementing solution (nitrocellulose 
dissolved in acetone), dispersed in water after drying and grinding and then spread over the 
surface of a specimen holder (glass slide). Measurements were several times repeated and 
the statistical evaluation of the reproducibility carried out by the standard deviation. 
Chemical analyses for samples of kaolinite (halloysite) standards were at our disposal. Also 
thermogravimetric determinations were carried out. The comparison of theoretical values of 
AUO, (in some cases of SiO,) and H,0 with their experimental amounts, found out for these 
standards, corrected RIRs in respect of their chemical composition. 

Tab, la 

Hi 

0.1 

0.2 

0.3 

0.4 

0.5 

RIRjorr 

0.41 

0.45 

0.49 

0.54 

0.58 

H. 

0.6 

0.7 

0.8 

0.9 

1.0 

R'Rcorr 

0.62 

0.66 

0.71 

0.75 

0.79 

H, 

1.1 

1.2 

1.3 

1.4 

1.5 

RlRcr,. 

0.83 

0.87 

0.92 

0.96 

1.00 

Tab, lb 

Hur 

10 

20 

RIRforr 

0.36 

0.58 

HBr 

30 

40 

RIRcorr 

0.80 

1.01 

Tab. la gives into the relation corrected RIRom values and Hinckley crystallinity indices of 
kaolinite minerals. Tab.lb expresses the same dependences with the distinction that 
crystallinity indices in this case were derived by Hughes and Brown, The former indices are 
suitable for well crystallized kaolinites, the latter for their poorly ordered forms and 
halloysites. 
X-ray diffraction apparatus Dron 3 with CuK-alpha radiation was used for the study in this 
contribution. 
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2.4.SMECTITES 

1. THE EFFECTS OF STRUCTURAL CATIONS ON THE INFRARED 
SPECTRAL FEATURES OF SMECTITES 

Janice L. Bishop 

D. L. R., Institute for Planetary Exploration, Rudovver Chaussee 5,12489 Berlin, 
GERMANY. 

Introduction 

The spectral features due to structural OH and H20 in clay silicates are frequently used to 
identify them in soils on the Earth and Mars via remote sensing. Cations in smectites bound 
to structural OH and H,0 influence the spectral hydration features. The goal of this study is 
to explore the relationship between the cations bound to structural OH and the spectral 
character of OH bands in the infrared spectra of smectites. A previous spectral experiment 
showed a relationship between the relative amounts of Al, Mg and Fe cations and the 
spectral features due to structural OH near 900 cm"1 (-11 urn) and near 4500 cm'1 (-2.2 uni) 
[1]. Similar studies have been performed on the interlayer cations in montmorillonites [2], 
bentonites [3] and hectorites [4]. These studies have shown that the spectral features due to 
bound and adsorbed water in smectites are dependent on the type of interlayer cation, its 
adsorption isotherm and its ability to polarize water molecules. 
The fundamental vibrations in the mid-infrared (mid-IR) spectral region are directly related 
to chemical and structural parameters of smectites, and these mid-infrared vibrations are 
then related to the combination and overtone bands in the near-infrared (NIR) spectral 
region. Remote sensing measurements generally cover the NIR region, where the spectral 
reflectance is much stronger than in the mid-IR region. Chemical information about 
smectites can be determined from remote sensing measurements when the influence of 
cations on the structural OH and water bands in spectra of smectites is understood. 

Methodology 

The smectites analyzed in this study include SWy-1, STx-1 and SAz-1 montmorillonites and 
NG-1 nontronite obtained from the Clay Minerals Society, Source Clay Minerals Reposito
ry, as well as samples from Gramelkam and Appersdorf in Bayern [5], and samples from 
Steinegg and Pauli berg in Austria [5]. Each sample was dry sieved to < 45 um aggregate 
size for the spectral measurements. Major element analyses were determined through XRF 
analyses for these smectites. 
Reflectance spectra were measured relative to a rough gold surface using a Nicolet 740 
FTIR in a H26- and CO,- purged environment at Brown University [2], A PbSe detector 
was used from 0.9 um - 3.2 um and a DTGS detector from 1.8 um - 25 um. Bulk powde
red samples are measured horizontally in this system. 

Results and Discussion 

Reflectance spectra have been measured of the eight samples in this study in the NIR and 
mid-IR regions. Reflectance spectra are shown for three of these samples in Figure la from 
1000 - 300 cm"1 (10.0 - 12.5 um) and from 4750 - 4300 cm'1 (2.1 - 2.35 um) in Figure lb. 
The spectral character of the structural OH bending features in Figure 1 a are dependent on 
the amount of Mg and Fe replacement for Al in the montmorillonite octahedral sites. Three 
bands are observed in Figure la due to bending vibrations of the structural OH. Band 
assignments for these bending modes are given as: -920 cm"1 for OH bound to two Al 
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cations, -880 cm"1 for OH bound to one Al and one Fe cation, and -850 cm"1 for OH bound 
to one Al and one Mg cation [6]. 
The NIR feature shown in Figure lb is a combination band due to structural OH bending 
and stretching modes. The shape and position of this combination band are related to the 
bending features observed in Figure la. The SAz montmorillonite has the highest Mg 
content and exhibits a strong bending feature near 880 cm"1 (11.75 jam) and a combination 
band at 4520 cm"1 (2.22 urn). The SWy montmorillonite has more Fe and less Mg and 
exhibits stronger bending bands near 920 cm"1 (10.75 um) and 880 cm'1 (11.3 um)and a 
combination band near 4540 cm"1 (2.21 ^m). 

Conclusions 

The spectral combination band in the range 4350 - 4600 cm"' (2.2 - 2.3 urn) exhibits 
variation in band depth, breadth and position for the eight samples studies here. These 
differences in spectral character parallel the spectral behavior at 800 - 950 cm"' (10 - 12.5 
um). The intensity and position of the structural OH bending features is related to the Al, Fe 
and Mg composition of these samples. Understanding the influence of cations on the 
structural OH and water bands in spectra of smectites will allow determination of chemical 
information about soils from remote sensing measurements. 
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[1] Bishop J., Pieters C. & R. Burns (1993) Geochim. Cosmochim. Acta 57, 4583. 
[2] Bishop J., Pieters C. & J. Edwards (1994) Clays Clay Miner. 42, in press. 
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Figure 1 Reflectance Spectra of Three Montmorillonites 
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2. MAS NMR STUDIES OF MODIFIED LAPON1TES 

Dean Mitchell, Robert C T. Slade and Kevin E Young 

Department of Chemistry, University of Exeter, Stocker Road, Exeter EX4 4QD, U.K 

Introduction 

Direct methanol fuel cells are highly suited for transport applications; meihanol can be easily 
stored and is a liquid with a high volumetric energy density. Conventional methanol fuel 
cells are based on liquid electrolytes. In order to improve power density, solid electrolytes 
which can operate at around 100° C are needed. Modified Laponites are good ionic 
conductors (for 'tin Laponite' o(100% RH, SOX) = S x 10-3 S cm'1) 
Laponite RD is a synthetic hectorite made by Laporte Inorganics, Widnes, Cheshire, U.K. 
The material has a very small particle size and a consequent high surface area approaching 
400 m2 g"1 The cation exchange capacity is = 50 meq (100 g)"'. Laponite has a high protonic 
conductivity at 100% relative humidity (a > 10'1 S cm"1) arising from liquid-like surface 
conduction. It is not a suitable candidate for incorporation into fuel cells, however, as 
Laponite swells considerably on exposure to moisture (it is marketed as a gelling agent). 
Treatment of Laponite in acidic conditions removes this swelling property but causes a 
degree of degradation of the clay's structure. Characterisation of modified Laponites by 
powder X-ray diffraction is not particularly informative, owing to the small particle size, but 
does indicate some structural breakdown. 
Solid state, magic angle spinning, nuclear magnetic resonance (MAS NMR) spectroscopy 
has been used to investigate structural changes that might occur to the silicate layers during 
production of the modified Laponites. 

Methodology 

Modified Laponites were synthesised, via simple ion-exchange: a) Ammonium ions were 
incorporated into the Laponite interlayer by multiple ion exchange, at room temperature, in 
aq. ammoniumchloride solution (0.1 mol dm""'). [Fourier transform infrared spectrophoto
metry showed that ammonium ions had indeed been ion-exchanged, as expected.] b) 'H' 
Laponite' was produced by calcination at 350° C of NH4' exchanged Laponite. c) The 
aluminium-Keggin-cation, [Al1104(OH)24(H2O)1J

7' (AKC), was ionexchanged into the 
Laponite interlayer. The clay was then calcined at 350° C (in order to form permanent 
bonds). [Pillaring of clays exposes the surface of the interlayer region which may improve 
the conductivity of the clay.] 
MAS NMR spectra were recorded at the EPSRC National Solid State NMR Service 
(Durham, U.K.) on a Varian VXR 300 spectrometer (B() ~ 7 T). 2''S\ spectra were recorded 
at v = 59.58 MHz, with spin rates of 4.5 kHz, and shifts relative to a (CH3)4 Si standard. 
27Al spectra were recorded at v =78.15 MHz, with spin rates of 12 kHz, and shifts relative 
to a 1 mol dm"3 AICl,(aq) standard.7Li spectra were recorded at v = 116.57 MHz, with spin 
rates of 4.5 kHz, and shifts relative to a 1 mol dm"' LiCl(aq) standard. 'H spectra were 
recorded at v = 299.95 MHz, with spin rates of 12 kHz, and shifts relative to a (CH3)4Si 
(TMS) standard. 

Results and Discussion 

The 29Si NMR spectrum of Laponite RD showed a strong peak at -94.1 ppm and a weaker 
peak at -85.2 ppm; the strong peak was attributed to the Q3 resonance of Si within the 
layers and the weak peak to the Q2 resonance of Si at the layer edges. The Q2 resonance 
was observable because of the small particle size. There was no significant shift from these 
values for materials produced by simple ion-exchange of the Laponite. For 'H' Laponite', 
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the Q3 Si resonance (-96.9 ppm) occurred slightly upfield of that observed for Laponite RD. 
Talc, Mg3(OH)2Si4O10, can be viewed as the first member of a series of laponites in which 
the degree of Li* substitution for Mg2* increases. The talc Q3 Si resonance occurs at - 98.5 
ppm indicating that an increase in the layer negative charge has a deshielding effect on the 
Si nuclei. In 'H+ Laponite', non-hydrated protons attach themselves to silicate oxygens. The 
layer charge is now less negative and an upfield shift, as observed, is expected. When the 
'FT Laponite' was aged for 6 months, then the Q3 Si resonance (-95.3 ppm) shifted back 
towards that observed for Laponite RD. Interlayer, hydrated protons reform as the material 
absorbs water from the atmosphere. For clays in acid media, leaching of Li' from the layer 
has been reported. Some further NMR experiments are presently being carried out with the 
aim of elucidating this problem. 
The 29Si NMR spectrum of AKC-Laponite was similar to that observed for Laponite. On 
calcination, the Q3 Si resonance (-97.5 ppm) shifted upfield of that observed for Laponite. 
This shift may be caused by formation of Q4 Si environments (3Si + 1 Al), the resonances for 
which occur at higher field. It is not expected that such an effect would be averaged over 
the Si nuclei. A more likely explanation follows from the discussion for 'FT Laponite'. On 
heating, dehydration of the AKC leaves residual, charge-balancing, protons which attach 
themselves to the silicate layer. 
The 27AI NMR spectrum of AKC-Laponite showed a strong peak at 2.3 ppm which was 
attributed to octahedral Al. A weaker peak at 58.2 ppm, assignable to tetrahedral Al, was 
also observed. The ratio of the octahedral:tetrahedral peak intensities was lower than is 
consistent with the actual sites present in the AKC; distortion of some of the Al octahedra, 
with consequent increase of the quadrupolar coupling constant, leads to such sites escaping 
detection. On calcination, little change in the shift for these peaks was observed (2.9 and 
57.9 ppm). The intensities were, however, now comparable. The pillaring process is not 
well understood. On pillaring, a larger percentage of the Al may be in tetrahedral environ
ments, or more of the octahedral sites may escape detection due to further distortion. 
The 7Li NMR spectrum of Laponite RD showed a single peak at -0.36 ppm which was 
assigned to Li in octahedral coordination. No significant differences in peak shape or shift 
were observed for materials produced by simple ion-exchange. The 7Li spectra of 'FT 
Laponite' and calcined AKC-Laponite were significantly broader indicating greater structu
ral disorder. The structural disorder is probably the consequence of distortion of the Si local 
geometry caused by protons attaching themselves to the layer. 
The 'H NMR spectrum of 'H+ Laponite' showed a sharp peak at 0.5 ppm with a broad, 
downfield, shoulder. The broad shoulder implies that calcination leaves the protons in a 
range of different environments. On ageing for 6 months, the same sharp resonance at 0.5 
ppm was observed. The broad shoulder has now developed into a slightly broadened peak 
at 4.3 ppm. Clearly, the protons are either rehydrating or migrating to other sites. The sharp 
peak at 0.5 ppm is tentatively assigned to the layer hydroxyl groups which complete the 
octahedral site coordination. Further 'H NMR experiments are being performed in order to 
facilitate analysis of these results. 

Conclusion 

29Si and 7Li MAS NMR spectra show that simple ion-exchange of the interlayer sodium ions 
of Laponite RD has little effect on the lithium magnesium silicate layers. Upfield shifts in the 
29Si resonance and broadening of the 7Li peak were observed for calcined samples of 
AKC-Laponite and NH/-Laponite; protons attach themselves to silicate oxygens which 
reduces the layer charge and causes structural distortions. 27A1 MAS NMR indicated 
incorporation of the alumina pillaring species. Calcination of AKC Laponite causes an 
apparent change in the octahedral:tetrahedral Al ratio. The results of further 'H MAS NMR 
experiments are needed before a definitive picture can be formed. 
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3. THE HOFMANN-KLEMEN EFFECT: A SPECTROSCOPICAL 
RE-ASSESSMENT 

A. Mulaba-Bafubiandi1, J.A.Helsen1, A. Maes2, G. Langouche3 and R.Prost4. 
1 Dept. Metaalkunde en Toegepaste Materiaalkunde, KULeuven, de Croylaan 2; B-3001 
Leuven (Belgium). 
2 Laboratorium voor Colloidchemie, KULeuven, Kard.Mercierlaan 92, B-3001 Leuven 
(Belgium). 
3 Instituut voor Kern-en Stralingsfysika, KULeuven, Celestijnenlaan 200D, B-3001 Leuven 
(Belgium). 
4 Institut National de la Recherche Agronomique, Route de St-Cyr, F-78026 Versailles 
Cedex (France). 

Introduction 

Heating a lithium montmorillonite to temperatures >200° C results in a greatly irreversible 
reduction of its residual charge or cation exchange capacity. It is the "macroscopic" result 
of the well-known Hofmann-Klemen effect. It is explained as a migration of the lithium ions 
to sites where the lithium is no longer exchangeable e.g. the "empty" octahedral cavity in 
this dioctahedral mineral. To the best of our knowledge the position of the migrated ion, Li' 
or other ions with ionic radii <0.7 A, is not well known. In this paper a spectroscopical 
re-assessment of a reduced charge montmorillonite was made. Explored were the infrared 
spectra in the bending region, NMR spectra of aluminum and lithium, Mössbauer spectro
scopy on iron and EXAFS in the soft x-ray region between 0.8 and 4 keV on the ions 
magnesium, silicon and aluminium. Reported here are the IR and Mössbauer data. The 
results of NMR and EXAFS are currently being analyzed and will be reported elsewhere. 

Experimental 

Materials: aqueous dispersions of sodium and lithium montmorillonite of Camp-Berteau 
were prepared. They were mixed in appropriate proportions in order to obtain Li/Na ratios 
ranging from 0/100 to 100/0. Charge reduction was performed by heating to 240°C for 24 
hrs. 
Infra-red spectra: spectra were recorded from KBr discs or from selfsupporting films by a 
FT-IR spectrometer. The spectra of the films were recorded under controlled atmosphere 
and at programmed temperatures. In order to compensate for baseline drift only diference 
spectra were recorded using the film itself but in a stable earlier state as reference. By this 
technique it was possible to detect very small spectral changes and moreover, to follow the 
kinetics of the migrati on process. 
Mössbauer: transmission spectra were recorded at room temperature in constant accelerati
on mode. A 10 mCi 57Co(Cu) source was used. The spectra were decomposed with three 
doublets. 

Results and Discussion 

Mössbauer spectra: The main feature of the spectra is the change in area of the main 
doublets (eis and trans sites, from 85.5% to 60.3% for eis and from 10.6% to 24.4% for 
trans) as a result of migration of Li ions. The third doublet has a low intensity (and as such 
subject to some doubt) but consistently observed. It shows the characteristics of tetrahedral 

64 



iron. It is explained by the electric field distortion brought about by the migrated Li+. All 
other parameters are nearly constant. 

FT-IR spectra Fig.l is an example of a difference spectrum. It was recorded for a 
Li-montmorillonite film, heated at 200°C for 90 min. 
From this type of spectrum it could be found that the vibrations of SiO near 1150, 1080 
and 1040 cm"1 do not change position, those of Si-0 and Al, Fe-OH near 1120 and 800 cm"1 

increase while those of Si-0 and Al-OH near 1020, 920 cm"1 decrease in wavenumber on 
progressing migration and Al,Fe-OH and Al, Mg-OH bands near 880 and 840 cm'1 are 
uncertain. The band at 800 cm-1 is only changing intensity on progressing migration and 
was used to monitor the kinetics of the process. Fig.2 is an example of a kinetic curve; from 
these observations an hypothesis on the rate determining steps in the process could be 
formulated. 
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4. EMPIRICAL EQUATION FOR THE ASSIGNMENT OF QUADRUPOLE 
SPLITTINGS OF Fe3+ TO ITS LOCAL CATION ARRANGEMENTS 
IN DIOCTAHEDKAL MICAS 

Lydia G. Dainyak 
Geological Institute of Russian Academy of Science, Pyjzhevsky 7, Moscow, Russia 

Introduction 

The interpretation oi' fylbssbauer spectra of micas with complex isomorphism that causes 
wide variety of the local cation arrangements around Fe3' needs a detailed assignment of the 
quadrupole doublets of Fe3* . The purpose of this paper was the empirical equation for the 
assignment. 

Methodology 

Minerals - Red muscovite, Sagn, Western Norway, of the composition (Ca()mK0 

«J2)(Si_v,sAl.a85) (AlMKTi0()4Fe;,'o.25Mnai,,Mg„.24) 01() (OH)2, celadonite Zavalie, Russia, of the 
composition (Ca„.nlK„.OT) (Si, .Jf)Al().n4)(Al(UI5Fe,'0.w,Fe2'02f, Mg„„) 0,„ (OH),, glauconite 60, 
the South Ural, Russia, of the composition (Na(UMKn77)(Si,f,, Al„,7) (Al, ,2Fe3"„ 
uFe2\„7Mg(,.,s)0U)(OH), 
Techniques - Mossbauer and IR spectroscopy, computer simulation of cation distribution 
using IR-data (Dainyak et al., 1992). 

Results and discussion 

The interpretation of Mossbauer spectra of Red muscovite and Zavalie celadonite was 
carried out using electric field gradient calculations and a priori known assignment of the 
main doublets to the local cation arrangements around Fe3'. Several so-called standard 
quadrupole splittings A were obtained. A = 0.74 mm/s for the arrangement 3A1 in 
muscovite, A =0.17 mm/s for the arrangement 3Fe3 , A = 0.36 mm/s for the arrangement 
3R2* and A= 0.5 + 0.6 mm/ s for the arrangements (2R2+1R3+2R3' 1R2') in celadonite. In 
accordance with computer simulation of cation distribution using integrated optical densities 
of the bands that correspond to the different cation pairs for celadonite (Besson, Drits, 
1994), the arrangement 3R2' is presented by 3Mg and 2MglFe2* with approximately equal 
occurrence probabilities. The group (2R2+1R3,+2R3'1R2) consists of the arrangements 
2MglFe3~ (-50 %), MgFe2'Fe3- (-35 %) and IMg2Fe3, (-15 %). The above A values testify 
their dependence both on nearest cation charges and individual cation-anion bond lengths in 
nearest octahedra. Let (3-z,lV) be a measure of a charge heterogeneity for the given arrange
ment where zav' is the charge averaged over three nearest cations. Let (dav -1.93) be a 
measure of a size heterogeneity for the nearest octahedra where dav is the bond length 
averaged over bond lengths of three nearest octahedra bearing in mind that d,.v,t = 1.98, 
dIc2. = 2.12, dMg = 2.06 and dA1 = 1.93 A (Drits, 1975). Then from the elementary arguments 
it follows that the maximum A value should be expected for the arrangements with (3- zav) 
* 0 and minimal (dlV -1.93), i.e. for the arrangements MgFe'AI and 2AllMg. The quadru-
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pole doublet with A = 1.2 mm/s is present among fitted Mossbauer parameters for 

glauconite 60. Taking into account the IR-data for this mineral (Besson, Drits, 1994) the A 

= 1.2 mm/s may be attributed only to the arrangement 2AllMg. 

The known data make it possible to assume the A value dependence on the nearest cation 

surrounding as following: A (mm/s) = 0.74 - k (d" - I .93) m + (3 - z n ) n . T o find factors k, m 

and n, the consecutive combination of the known A values was performed. In particular, the 

A value averaged over A values for arrangements 3Mg and 2MglFe2~ with their relative 

weights had t o be equal to A = 0.36 mm/s. The similar condition had to be satisfied for the 

arrangement (2R 2 +1R J '+2R U 1R 2 ") . Such a procedure yielded k = 6.9, m = 0.83 and n = 

0.15 . The Table illustrates, as an example, some calculated Acak values and their correlation 

with A " p values for the fitted Mossbauer spectrum of Zavalie celadonite: 

Arrangement 

Acxp 

Arrangement 

A"p 

3Fe-v 

0.17 

3Fe34 

0.18 

3Mg 

0.47 

2MglFe2^ 

0.31 

3R2 

0.37 

2 M g l F e 3 ' 

0.63 

MgF.e 2 Te 3 ' 

0.47 

lMg2Fe3* 

0.77 

(2R2+1R3++2R3MR2+) 

0.59 

Conclusion 

The equation was obtained in rather formal way but it complies with the standard data and 
may be applied to the interpretation of Mossbauer spectra of dioctahedral micas. 
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5. THE EFFECT OF TEMPERATURE OF PREPARATION ON Li FIXATION IN 
MONTMORILLONITE 

Jana Madejova1, Peter Komadel1, Juraj Bujdak1 and Will P. Gates2 

'Institute of Inorganic Chemistry, Slovak Academy of Sciences, 842 36 Bratislava, Slovakia 
department of Agronomy, University of Illinois, Urbana, IL 61801, USA 

Introduction 

Reduction of layer charge and a loss of exchangeable Li is observed after heating 
Li-saturated montmorillonites to about 250°C (Hofmann- Klemen effect). Several studies, 
using various experimental techniques, have analyzed the mechanism of Li fixation. Some of 
them concluded that Li is trapped in the empty octahedra, others that it is in the hexagonal 
cavities of the tetrahedral sheet. Reaction of Li with water or structural hydroxyls with 
liberation of protons were also reported. Most of these assays presented results of Li 
retention after heating the samples at one temperature only, mostly in the range 2O0-3O0°C. 
Little is known of the effect of temperature on Li fixation. The aim of this work was to 
prepare a set of reduced-charge montmorillonites with different CEC by thermal treatment 
of Li-montmorillonite at various temperatures and to characterize structural modification 
using IR and 2'}S\ MAS NMR spectroscopies 

Methodology 

Materials: Ca2'-saturated bentonite Jelsovy Potok (Slovakia) was fractionated to <2 urn, 
washed free of excess salts and devided into two parts. One was dried at 50°C, ground to 
pass a 0.2 mm sieve, and used as sample Ml. Montmorillonite was the only crystalline 
phase identified by XRD in Ml. The other part was Li'saturated, washed free of excess 
salts, dried and ground as with M1, and used for preparation of the reduced charge samples 
M2-M8 by heating for 24 hours at temperatures listed in Table 1. After the heating 
exchangeable Li' in M2-M8 was back exenang ed for Ca2' and the samples were washed, 
dried and ground as M1. 
Techniques: The samples were characterized by chemical analysis, CEC, IR and 29Si MAS 
NMR spectroscopies. 

Results and Discussion 

Heating temperatures of Li-montmorillonite used for preparation of M2-M8, amounts of 
fixed Li and cation exchange capacities are listed in Table I. The amount of fixed Li 
increased and the CEC values of the samples gradually decreased from M2 to M8, i.e. with 
increasing temperature of preparation. This confirms successful preparation of a set of 
samples b̂f variable layer charge from the same parent Li-montmorillonite by varying only 
the temperature. Using the same parent clay minimizes differences in possible admixtures, 
tetrahedral Al for Si and octahedral Mg and Fe for AI substitutions, etc. The differences 
observed within such a set of samples can then be^ascribed directly to the different fixed Li 
content or invoked changes of the layer charge.29Si MAS NMR and IR spectroscopies, 
which are sensitive to short-range ordering, were used for further characterization of the 
samples. 
The 29Si MAS NMR chemical shifts are reported in Table 1. The NMR spectrum and the 
corresponding chemical shift of M1 is in good agreement with reported literature values for 
the same clay and other similar montmoritlonites. This signal corresponds to Q3(OAI) units, 
i.e. SiO, groups cross-linked in the tetrahedral sheets. No evidence of other Si sites was 
found. A progressive downfield chemical shift of the Q' signal occurred with increasing 
levels of Li fixation (Table 1) and was attributed to the decrease in layer charge of the 
montmorillonite with the treatment. This shift with Li-fixation is likely due to the migration 
of Li into either the hexagonal cavities or octahedral vacancies adjacent to sites of isomorp
hic substitution, or both. As such, these results indicate that 20Si MAS NMR is relatively 
insensitive to the location of charge (or charge reduction processes) within layer silicates. 
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Table 1. Temperature of preparation, amount of fixed Li, CEC values and chemical shift to 
TMS in 2<,Si MAS NMR spectra of the samples 

Sample 

T/"C 

Li,0/% 

CEC/meq.g"1 

o /ppm 

M l 

-

0.00 

0.83 

-93.4 

M2 

105 

0.17 

0.71 

-93.6 

M3 

110 

0.20 

0.65 

-93.6 

M4 

120 

0.39 

0.60 

-93.9 

M5 

130 

0.52 

0.50 

-94.2 

M6 

135 

0.65 

0.46 

-94.3 

M7 

160 

1.08 

0.26 

-95.1 

M8 

210 

1.35 

0.14 

-95.7 

The IR results reflect the differences in the structure of reduced-charge montmorillonites of 
various CEC and Li content. The alteration of positions and intensities of OH and Si-0 
bands show that Li fixation in the structure or heated montmorillonites is not a simple 
phenomenon. The changes in IR spectra cannot be explained by the fixation of Li in only 
one discrete position. In the first step Li is thought to penetrate the hexagonal holes of the 
tetrahedral layer. Changes in the Si-0 stretching region support this supposition. A broad, 
complex band centered at 1035 cm"1 for Ml moved stepwise to 1048 cm: for M8, appro
aching the frequency at which pyrophyllite absorbs. Decrease of the layer charge due to 
Li-fixation produced a pyrophylhte-like structure for M7 and M8. Moreover, a distortion of 
the silicon-oxygen framework when Li cations migrate into and/or through the hexagonal 
holes can also contribute to the shift of the Si-0 band. 
Although negligible changes in OH vibrations for M1-M4 reflect absence of Li in vacant 
octahedra, significant changes were observed for samples heated at higher temperatures 
(M5- M8). In the OH stretching region a shift of the band from 3619 cm"1 (M1-M6) to 3625 
cm'1 and 3634 cm"1 was observed for M7 and M8, respectively. Moreover, a band near 3660 
cm"1 appea red in the spectrum of M7 and increased in intensity for M8. The OH stretching 
band of smectite is not a single band but is rather formed by several unresolved components 
corresponding to OH groups coordinated to specific groupings of octahedral atoms. The 
results obtained from the analysis of the OH component bands showed that both reorientati
on of OH groups (at least in OH associated with AIA1 pairs) and the development of a local 
trioctahedral configuration (AlMgLiOH) took place. The latter hydroxyls do not contribute 
to the absorptions of dioctahedrally coordinated OH groups. This is reflected in the 
decrease of the OH bending band intensities in the 950-800 cm'1 region. However, this 
decrease is considered to be too high to be related only to the fixation of Li in the octahe
dra. On penetrating into the octahedral layer, Li+ might interact with the available OH 
groups. This results in partial deprotonation, which may contribute to the observed decrease 
in the OH bending intensity. 

Conclusion 

A set of reduced-charge samples was prepared from Li-montmorillonite by heating at 
various temperatures for 24 hours. Infrared analysis revealed that Li migrated into both 
hexagonal cavities and octahedral sites during the heating process. Li was identified in the 
hexagonal cavities of the tetrahedral layer in all samples Heating above 125° C resulted in 
partial deprotonation of the samples and Li in the previously vacant octahedra was identi
fied in samples prepared above 150°C. The 29Si MAS NMR data provided information on 
the degree of charge reduction but failed to allow assignment of the sites of Li migration. 
More detailed, multinuclear MAS NMR work is necessary to further describe the Li 
migration process. 
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6. EXTENT AND REVERSIBILITY OF Fe(III) REDUCTION IN NONTRONITE 

Peter Komadel1, Jana Madejoval and Joseph W. Stucki2 

'institute of Inorganic Chemistry, Slovak Academy of Sciences, 849 36 Bratislava, Slovakia 
department of Agronomy, University of Illinois, Urbana, IL 61801, USA 

Introduction 

Oxidation-reduction processes of iron in clays, which are common in nature, significantly 
affect many physical and chemical properties of the clays, including layer charge, cation 
exchange and fixation capacities, surface area, swelling, and color. Several methods are 
being used in laboratory studies to reduce Fe(III) in nontronites. The achieved extent of 
reduction varies widely and the electron transfer may depend on the reducing agent used. 
Reduced iron can be completely reoxidized but the question of reversibility of other 
structural changes and properties remains open. 
The purposes of this study were to reduce as much of the structural Fe as possible in three 
nontronites, to examine the rate of reduction and reoxidation by monitoring continuously 
the concentration of Fe(II)-Fe(III) pairs, and to compare the amount of structural OH and 
the symmetry of the structural Fe environment in untreated, reduced, and reoxidized 
samples to determine the extent to which these properties in untreated clay could be 
restored after reduction and reoxidation. 

Methodology 

Materials - Three nontronites were used: NG- 1 (Hohen Hagen, Germany), SWa- 1 (Grant 
County, Washington, USA), and GAN (Garfield, Washington, USA). Each nontronite was 
fractionated to <2um, Na'-saturated, washed, and freeze-dried. The magnetic Fe-oxide 
fraction was removed from NG-1 using a hand magnet. 
Techniques - Each sample was suspended in citrate - bicarbonate buffer in an inert-atmosp
here reaction vessel, kept at 75°C, and purged by N2 during reduction and by 0 2 during 
reoxidation. Iron was reduced by adding solid sodium dithionite. Continuous flow of N2 

protected the suspension from contact with air and from sedimentation, and swept gaseous 
reaction products out of the system, thus enabling high reduction. The rate of Fe reduction 
and reoxidation was followed by continuously monitoring the absorbance of the suspension 
at 730 nm (the position of the intervalence electron transfer transition between Fe(II) and 
Fe(III) in adjacent octahedral sites). Reduced and reoxidized samples were analyzed for 
Fe(II) and total Fe by wet chemical analysis and Mossbauer spectroscopy and characterized 
by infrared spectroscopy and thermal gravimetric analysis. 

Results and Discussion 

The absorbance at 730 nm increased sharply immediately after the addition of sodium 
dithionite, reflecting the increase of Fe(II)- Fe(III) pairs. The color changed from yellow 
through green to dark blue. The maximum reducing conditions used (dithionite/clay mass 
ratio 3) produced very high levels of Fe(II) - chemical analyses showed 90-94% of total Fe 
as Fe(II) in three nontronites, while Mossbauer spectroscopy yielded 84-89% This slight 
discrepancy could be caused by partial reoxidation of the samples when they were transfer
red from the freeze-dryer to the Mossbauer sample holder and/or by unequal recoil-free 
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fractions of Fe(II) and Fe(III). The absorbance at 730 nm decreased with increasing lack of 
Fe(IlI) in the system and the color continued to change with time progressively from dark 
blue to light blue than light gray. 
The substitution of 02 for N2 in the purge gas brought about immediate, rapid reoxidation, 
causing the absorbance to increase rapidly to a maximum with the initial conversion of 
Fe(II)-0-Fe(II) to 
Fe(lI)-0-Fe(IlI) and further to decrease until only Fe(III)-0-Fe(III) remained and the 
yellow color of the suspension was restored. Complete reoxidation was confirmed by 
chemical analysis - less than 0 2% of total Fe was found as Fe(II) in all three reoxidized 
clays. The Mossbauer spectra of untreated and reoxidized samples were fitted with two 
doublets The isomer shifts of all doublets was in the range 0.32 to 0.36 mm/s. The quadru-
pole splittings of the reoxidi zed samples were larger than of the untreated ones (Table 1) 
indicating that the symmetry surrounding Fe(III) was decreasec' in the reduction-reoxidation 
process. 

Table 1: Mossbauer parameters of untreated and reoxidized nontronites. 

Nontronite 

untreated 

reoxidized 

Peaks 

1,4 
2,3 

1,4 
2,3 

NG-1 

IS QS 

SWa-1 

IS QS 

GAN 

IS QS 

mm.s"' 

0.34 
0.35 

0.35 
0.32 

0.75 
0.26 

1.18 
0.55 

0.33 
0.34 

0.33 
0.33 

0.78 
0.28 

1.17 
0.55 

0.35 
0.35 

0.36 
0.34 

0.67 
0.26 

1.17 
0.55 

Both the OH stretching band at about 3550 cm"' and the Fe2OH bending at about 820 cm'1 

were lost during reduction and only partially restored upon reoxidation. The intensity of the 
FeAlOH deformation modes at about 875 cm'1 decreased slightly from the unaltered to the 
reoxidized states of the clay. These results indicate that the structural OH content in 
reoxidized samples is less than in the original clay. This was further confirmed by TGA, 
which revealed a weight loss due to dehydroxylation that was about 20% less for the 
reoxidized samples than for the untreated nontronites. Limited reversibility of the reducti-
on-reoxidation cycle was verified also by changes observed in the region of Si-0 bending 
vibrations. 

Conclusions 
Citrate-bicarbonate-dithionite treatment of N2-purged suspensions is a very effective 
method, for the reduction of structural Fe in nontronites, producing materials with over 90% 
of total Fe as Fe(II). The reduced clays are readily reoxidized by oxygen. The color of 
Fe-rich smectite is indicative of the level of reduction because of the intervalence elec
tron-transfer bands which occur due to mixed and variable oxidation states of Fe in 
octahedral sites The original nontronite structure is unrestored after reduction and reoxida
tion, and is partially dehydroxylated. 
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7. ROLE OF ORGANIC MATTER IN THE STABILITY OF TRIOCTAHEDRAL 
Fe-SMECTTTE . 

Elena Golubovskaya 

Geological Institute of the Russian Academy of Sciences, Moscow, 109017, 
Pyzhevski per. 7, Russia 

Introduction 

The aim of the research is to study the nature of the organic matter, the forms in which it is 
found in the interlayers of Fe2, -containing trioctahedral smectite from Kerch oolitic iron 
ores. This mineral is "instantly" converted by oxidation to dioctahedral Fe-smectite. 
Previously it was supposed that Fe2,containing trioctahedral smectite exists due to the 
presence of organic matter, which creates a reducive environment and functions as a sort of 
buffer, shielding Fe2' from oxidation. 

Methodology 

Materials - The samples are from the "tobacco" oolitic iron ores from the Kerch deposits. 
Smectite mine rals are mostly associated with the cement of these ores. Specimens where 
conservated in argon during field sampling. Argon creates an inert medium and prevents the 
rock from oxidation. 
Techniques - In order to establish the organic matter present in the "tobacco" ores, a 
number of chromato-mass- spectrometric analyses were made on a LKB 2091 (operator 
D.C.Zaika, Analitic Centre, GiTN RAS) and from nonoxidized sample, preserved in argon; 
from samples oxidized under air during 24 hours; and from samples oxidized under air 
during 7 days. Analyses were done in a helium atmosphere at temperature conditions 
between 0 to 250°C. The detection limit of the compounds is 0,01 mg/kg. The samples 
were preliminary dried in nitrogen atmosphere, T=50-60°C. 

Results and Discussion 

On the chromatogramme of non-oxidized samples, a number of reflections are fixed. They 
are due to hydrocarbons and their derivatives and also to carbon dioxide and disulfide. 
Hydrocarbons and their derivatives refer to several classes: alkanes - pentane, heptane, 
decane, undecane, dodecane; derivatives of alkanes - methylpentane, 2-methylpentane, 
3-methyl pentane, 2methylhexane; non-saturated hydrocarbons (alkenes) - butene, heptene, 
octene, dodecene; derivatives of alkenes - methylbutene; diene hydrocarbons - hexadiene; 
aroma tic hydrocarbons - benzene, toluene; spirits - ethanol; esters - ethyl acetate; aldehydes 
- acetaldehyde, butyl, hexyl, octyl, nonyl aldehyde; ketones - acetone, methylhexanone, 
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cyclohexenone; cyanides methylbenzonitrile; heterocyclic compounds - pentylfuran. The 
total content of hydrocarbons and their derivatives is 5,49 mg/kg. On the chromatogramme 
of the sample oxidized in air during 24 hours, aromatic hydrocarbons, esters and aldehydes 
are detected. The chromatograme of the sample oxidized under air conditions during 7 
days does not qualitatively differ from the previous one, however, additional peaks appear 
(acetic acid and ester - butyl acetate). The hydrocarbons and their derivatives ratios vary. 
The experiment on the determination of hydrocarbons in "tobacco" ore samples from the 
Kerch oolitic iron deposits showed that the disapearence of the main mass of organic 
compounds occurs in the process of oxidation under air conditions. Previously it was shown 
that under natural conditions Fe2~ containing trioctahedral smectite mineral in the interlayers 
contains, in addition to exchange cations, organic matter, which is desintegrated by 
oxidation. During oxidation, the trioctahedral Fe2, -containing smectite was converted to 
dioctahedral Fe3*-containing variety, which leads us to reconstruct this process. At the 
beginning of oxidation, organic matter in interlayers was destroyed with the aid of air 
oxygen (1). Thus, the presence of organic matter (hydrocarbons) in the "tobacco" oolitic 
iron ores, probably, allow the trioctahedral Fe2, -containing smectite to exist in fossil 
conditions. 

Conclusion 

In the experiment, we determined the nature of organic matter, the forms in which it is 
found in the non-oxidized oolitic iron ores and its alteration during oxidation. 
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2.5. V ERMICULITES / ILLITES / GLAUCON1TES / MICAS 

1. STACKING ORDER IN A TWO-WATER LAYER PHLOGOPITIC 
VERMICULITE SATURATED WITH VARIOUS CATIONS 

J. Beyer and H. Graf v. Reichenbach 
Institute of Soil Science and SFB 173, University of Hannover, Herrenhausers Str.2, 30419 
Hannover, Germany 

Introduction 

In two water layer vermiculites the arrangement of adjacent layers is characterized by 
differents tacking orders. For lM-vermiculites saturated with divalent cations de la Calle et 
al. (1978) derived one ordered (V3) and three semi-ordered (VI, V5, V7) structural 
varieties. Layer stacking is generally assumed to depend on internal factors (cation species, 
layer charge, charge distribution) as well as on external conditions (relative humidity). The 
present study aims to follow structural changes induced by a variation of external conditions 
(Pn2o,T) by in situ measurements. 

Methodology 

Measurements were conducted on the 6-20 um particle size fractions of vermiculites 
prepared from a 1 M-phlogopite (Bamle, Norway) by saturation with Mg2', Ca2' and Sr2* 
cations. The structural formula of the parent mica is: 

Kn.9.1Naan5(Ti(U)f)Aln.uFe(III)(M8Mg252)(Si2.71iAl122)O10(OH)l7F(,..,n 

The structural varieties as well as the transition between different stacking sequences were 
studied by varying both relative humidity and temperature during in situ X-ray diffractome-
try. 

Results and Discussion 

(1) At 100% RH the highly hydrated semi-ordered structural varieties of Mg-, Ca- and 
Sr-vermiculites show the same diffuseness of hkl reflections with k*3n, whereas sharp 
reflections are obtained for k=3n Following the indication of Shirozu and Bailey (1966), 
the stacking sequence VI can be assumed for this group of structures. 
(2) For Ca- and Sr-vermiculites the reduction of RH at 20°C leads to an ordered structure 
with the stacking sequence V3. During the transition from the semi-orderd to the ordered 
variety sharpness and intensity of hkl reflections with k=3n are fully preserved. Thus, layer 
displacement during the transition between the highly hydrated varieties of Ca- and 
Sr-vermiculites can be excluded. Their stacking sequence must equal the one of the ordered 
structure. Possibly, irrespective of the type of cation saturation at the state of highest 
hydration an ordered arrangement of interlayer constituents is related to the observed 
disorder and the stacking sequence VI is not realized. 
(3) Increase of temperatures to more than 20°C changes the arrangement of adjacent silicate 
layers in two water layers Mg- and Ca-vermiculites to the stacking sequence V7 an V5 
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respectively. For both minerals, the change of stacking sequence as connected with the 
transformation is documented by hkl reflections which become diffuse due to the relative 
displacement of silicate layers. In this case, the diffuseness of hkl reflections with k*3n 
indicates semi-order in the resulting structural varieties. 

20 30 40 
°2Theta, CoK(a1) 

50 

Figure: Diffractograms of Ca-vermiculites with two water layers together with their 
transitional states, (a) semi-ordered structure, stacking sequence V3, (c) ordered stacking 
sequence V3, (e) semi-ordered stacking sequence V5, (b) and (d): transitional states. 

Conclusions 

In situ measurements of structural transformations confirm that disorder phenomena to be 
observed on vermiculites are not only caused by certain stacking sequences of adjacent 
layers. At an ordered stacking sequence (V3) the arrangement of interlayer components is 
shown to produce phenomena of disorder similar to those brought about by semi-orderd 
stacking. Structural models based on the stacking sequence V 1 should be reconsidered. 
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2. MIXED-LAYER CRYSTAL VERSUS COHERENT SCATTERING DOMAIN OF 
ILLITE/SMECTITE 

Vladimir Sucha1 Jan Srodon2 and Francoise Elsass' 
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Introduction 

The relations between the thickness of mixed-layer crystals and coherent scattering domains 
of illite/smectite were tested on hydrothermal clays from Dolna Ves deposit (the Western 
Carpathians, Slovakia) using transmission electron microscopy. 7 samples representing the 
full range of X- ray expandabilities known from the deposit (45 to 6%) were selected for 
TEM (Pt- shadowing technique) and HRTEM study. 

Results 

The histograms of frequencies of thickness of fundamental particles and the mixed-layer 
crystals were obtained by TEM and HRTEM measurements. The measurements are 
internally consistent. The samples dominated by 2nm fundamental particles (bilayers) display 
local maxima of crystal thickness distributions at even numbers of layers (the highest 
probability to find nx2 layers in the mixed-layer crystals). With decreasing %S, the 
distributions of fundamental particles become more diffuse (a maximum frequency is less 
dominant) and, correspondingly, local maxima become less pronounced. Mean thickness of 
crystals is always bigger than mean thickness of fundamental particles. With decreasing 
expandability the two values converge. All these observations are valid for the mixed-layer 
crystals measured in the bulk rocks and in the <lum fraction. Both measurements produced 
very similar histograms The only major difference is a general shift towards thinner crystals 
and a big increase of percent bilayers in <lum fraction of the most smectitic sample. 

Discussion and Conclusions 

More smectitic samples from Dolna Ves are characterized by substantially higher %SNRD for 
given maximum expandability (or fixed cations content) than the values measured for 
bentonites by Srodon et al (1992). For the most smectitic sample %SMAX and %SXRD are 
almost identical. This means that the coherent scattering domains are so thick, that the short 
stack effect (Eberl & Srodortl 1988) is almost eliminated. This conclusion does not 
correspond to the measurements of mixed-layer crystal thickness by HRTEM: the average 
numbers of layers per crystal are 3-5, so they are smaller than reported by Srodon et al. 
(1990: 5-7) for bentonites of comparable expandability. Correspondingly, c a l c u l a t e d 
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minimum expandabilities (%SxnN) are smaller than %SXRD . It is also in contradiction with 
Srodon et al. (1990) who reported very close values of the both measurements. The only 
explanation of these observations we can offer is assuming that the coherent scattering 
domains of Dolna Ves clays do not correspond to the mixed-layer crystals observed by 
HRTEM, but they are thicker. We must assume that the Dolna Ves crystals produce 
"intercrystal diffraction effect" resulting from their high ability to build face-to-face contacts 
in the course of preparation of the oriented specimens for XRD. It may well be that the 
large a,b dimensions of the Dolna Ves clays ( 0 220-300 nm as opposed to 0100-150 nm 
in bentonites for the same expandability range) together with high flexibility of these thin 
particles are responsible for this unusual behaviour. The closest %SMIN and %SXRD values 
were obtained for the least expandable sample. In this sample the mean thickness of 
fundamental particles is the highest and the mean diameter of particles is the smallest. It 
implies that particles are more rigid and produce less face-to-face contacts. 
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3. SOME NEW ASPECTS IN THE STRUCTURAL STUDY OF ILLITES AND 
1LL1TE-SMECTITES 

Victor A.Drits 

Geological Institute of the Russian Academy of Sciences, Pyzhevsky per. 7, 1O9017 
Moscow, Russia 

Introduction 

Until recently it was assumed that 2:1 layers of illites and illite-smectites (I/S) have vacant 
trans- octahedra. Comparison between experimental and simulated diffraction data has 
shown that illites and I/S may consist of 2:1 layers having different distribution of octahe
dral cations over the trans- and cis-sites available. For this reason the conventional approach 
to XRD identification of illite polytypes and polymorphs needs to be modified. The 
structural features of 2:1 layers shouid be taken into account in order to reveal new details 
in the dynamics and mechanism of 1/S structural transformations. 

Structural and diffraction features of illite varieties 

Three groups of models have been analysed: 
(1) structures containing one layer type, e.g. tv-IM, tv-3T, cv-IM, cv-3T, m-IM with and 
without stacking faults (tv and cv stand for varieties consisting of trans-vacant and 
cis-vacant 2:1 layers respectively, and letter m corresponds to varieties whose 2:1 layers 
have a random cation distribution over trans and cis-sites); 
(2) tv/cv 1M structures consisting of tv and cv 2:1 layers that may alternate within 
coherent scattering domains or illite fundamental particles (in case of I/S) regularly or at 
random; 
(3) physical mixtures of illite polymorphs and polytypes. 
Different structural distortions of 2:1 layers having different cation distributions over trans-
and cis-sites lead to a peculiar relationship between the unit cell parameters, e.g. [cosp/a] 
values for tv-IM, cv-IM and m-IM are 0.40 ±0.01, 0.30 ± 0.01 and 0.333 respectively. 
Therefore HI reflections with the same 1 value have different positions in XRD patterns 
corresponding to one-layer iliite varieties. In order to distinguish between different periodic 
structures the unit cell parameters should be determined using precisely measured d-values 
ofhkl reflections. 

The intensity distribution of 111 and 02 1 reflections is another criterion for determination of 
the illite varieties. For example XRD curves for tv-IM illites contain strong 020, 112 and 
112 reflections and a very weak 111 reflection. The 111 and 113 peak intensities are 
stronger for the cv-IM species than they are for tv-IM polymorph. Diffraction curves 
calculated for the m-IM illite contain 111, 112, 112 and 113 reflections with nearly equal 
intensities. Certain varieties (e.g. tv-IM and cv-3T, cv-IM and tv-3T) were found to have 
similar 11 1 and 02 1 reflection intensity distributions. Application of the criteria mentioned 
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above has shown that some illite samples described as tv-3T are in fact c-lM. Interpretation 
of XRD patterns similar to that of 3 T is more complicated, as nearly identical XRD effects 
correspond to different models including tv/cv-lM Hikes. Several techniques will be 
considered for determination of the tv- and cv- 2:1 layer content in tv/cv mixed-layer 
structures. In particular the relationships between Wcv and d(l 1 1) obs, d(l 1 1) tv and d(l 1 
l)cv values were established where Wcv is the content of cv 2:1 layers in a tv/cv structure 
and d(l 1 l)obs, d(l 1 l)cv and d(l 1 l)tv correspond to the d-values of 11 1 reflections in the 
XRD patterns for tv/cv-, cv- and tv-lM illites, respectively. 
In order to determine the content of tv- and cv- 2:1 layers in illite fundamental particles the 
three- dimensional structure ordering of I/S must be increased. Therefore I/S samples 
should be saturated by K and subjected to wetting and drying cycles. Geological environ
ments having illite varieties with cv- or cv and tv- 2:1 coexisting layers will be described. 

Conclusion 

Application of the structural and diffraction criteria described should help to reveal a 
diversity of I/S and illite samples relating to the conditions of their formation and transfor
mation. Moreover the determination of structure and stacking of 2:1 layers helps to explain 
some properties of illite and I/S for which the nature is not clear, e.g. to explain different 
thermal stabilities of dioctahedral 2:1 layer silicates. 
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4. ILLITE CRYSTAL THICKNESS MEASUREMENT BY XRD 

Victor Drits*, Jan Srodori** and Dennis D. Eberl*** 

* Institute of Geology RAN, Pyzevskij 7, 109017 Moscow, Russia 
** Institute of Geological Sciences PAN, Senacka 1, 31002 Krakow, Poland 
*** US Geological Survey, WRD, Boulder Pouch, Boulder, CO 80303, USA 

Introduction 

Since 1976, the "illite crystallinity" measurements (the width at half maximum of 001 illite 
reflection - so called "Kubler index") have been interpreted in terms of illite crystal 
thickness by applying the Scherrer equation. In the last ten years, the thickness of illite 
"fundamental particles", i.e. the smallest physically separable particles of illite/smectites, 
was measured by Pt-shadowing and high resolution transmission electron microscope 
techniques and it was calculated from fixed cations content. All three techniques produced 
close results, while the measurements by Scherrer equation gave very different numbers. 
More rigorous study was then undertaken to verify the use of XRD techniques for 
measuring the mean crystal thickness of clay minerals. 

Methodology 

Materials - We studied a set of pure mono-mineral samples of illites and illite-smectites, 
separated from altered pyroclastic rocks and sandstones, characterized chemically and by 
TEM in our previous papers. 

Techniques - The samples were studied by XRD in air-dry, glycolated and K'exchanged and 
dehydrated form and compared with NEWMOD-generated theoretical XRD patterns. All 
experimental patterns were registered on a Siemens D-500 diffractometer, using NEWMOD 
default run conditions. Both experimental and theoretical data files were processed using 
the PLOTMOD subroutine of NEWMOD. 

Results 

The use of the Scherrer equation to calculate the mean thickness of coherent scattering 
domain (CSD) from Kubler index data is unjustified, even if the swelling has no effect on 
peak broadening, because the Scherrer equation is valid only if all CSD's have the same 
thickness. For different laws of the thickness distribution, the Scherrer constant K has very 
different values. Knowing a priori the law of thickness distribution one can calculate both 
the mean value of thicknesses and the distribution of thickness from the XRD peak 
broadening data. 
Such situation exists for illites and illite/smectites. The analysis of the fundamental particle 
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thickness data, accumulated by means of electron microscopy, has shown in all samples a 
unique type of log normal distribution, and experimental relationships between the distribu
tion parameters and the mean thickness were established. These relationships were used in 
this study to design a technique of calculating the mean thickness of CSD from the Scherrer 
width or integral width (integrated intensity/maximum intensity) data. 
The experimental errors were avoided by calibrating the technique using NKWMOD 
simulated XRD patterns of illites. The effect of mixed-layering was avoided by proper 
selection of analytical reflections (003 of glycolated samples, 001, 002 or 003 for dehydra
ted K-samples). In case of mixed-layer clays, the measured value of CSD corresponds to 
the mean thickness of the mixed- layer crystal. The mean thickness of fundamental particles 
can be calculated from this value if the percent age of smectitic interlayers has been 
measured by XRD. 

The measurements produced good agreement between the estimates of mean thickness of 
fundamental particles from the glycolated and the dehydrated K-samples and the values 
obtained from the TEM data or calculated from the fixed cations content (Fig. 1). The 
application of this technique to the traditional Kubler index measurement produces 
underestimated values of CSD, due to the mixed-layering effect. 

Fig. 1 Fundamental particle thickness N calculated from 001-005 reflections of heated 
K-samples and 003 of glycolated samples, plotted against the values calculated from 
fixed cations content (Mix). 
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5. "CRYSTALLINITY", CRYSTALLITE SIZE AND LATTICE STRAIN OF ILLI-
TE-MUSCOVITE AND CHLORITE: COMPARISON OF XRD AND HRTEM 
DATA FOR THE RANGE OF GRADE FROM DIAGENESIS Ul» TO EPIZONE 

Péter Árkai1, Richard J. Merrimatr, Brinley Roberts3, Donald R. Peacor4 and Maria Tóth1 
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Introduction 

Illite and chlorite "crystallinity" indices (i.e., the calibrated half height-width values of the 
X-ray diffractometer basal reflections of illite-muscovite and chlorite) have been widely 
used for determining diagenetic and very low-grade metamorphic zones in pelitic and marly 
rocks, and have proved to be useful empirical indicators of metamorphic grade (^temperatu
re). As to the general theorem, the line-broadening of an X-ray difrractometer reflection is 
the result of three main factors, namely: instrumental effects, crystallite size and lattice 
strain, each of which is complex. The aim of the present work is to compare the average 
crystallite size and lattice strain values obtained by various calculation methods based on 
XRD data, and crystallite size distributions measured directly on HRTEM lattice fringe 
images. 

Techniques 

Materials - Three metapelite samples from the NE-Hungarian Paleozoic and Mesozoic 
formations (Biikk Unit, innermost Western Carpathians) affected by Alpine (Cretaceous), 
low- to medium- pressure regional metamorphism were investigated. These samples cover a 
relatively wide temperature range from late or deep diagenesis through the anchizone up to 
the epizone. Microstructural, mineral paragenetic and coal rank data have also been 
obtained on this series. 
Procedures - The XRD measurements were carried out on the <2 urn grain-size fraction, 
using untreated~air-dried, Ca-saturated—air-dried, and Ca-saturated~ethylene gly-
col-solvated samples, using a Philips PW-1730 diffractometer. The component profiles of 
the basal reflections were produced by Stokes' (1948) deconvolution method based on 
Fourier coefficients. For calculating the average crystallite size and lattice strain values, the 
Scherrer equation, the variance method (Wilson, 1963), the Voigt deconvolution method 
(Langford, 1987) as single-line methods and the Warren -Averbach analysis (Warren & 
Averbach, 1950) as a multi-line method were applied, using programs written for the Lab. 
for Geochem. Research, Budapest, and the Philips APD-1700 software package. Lattice 
fringe images were obtained with a Philips CM 12 scanning-transmissi on electron microsco
pe. 

Results and discussion 

As expected, Ca-saturation and ethylene glycol-solvation had perceptible effects on the 
shape of the basal reflections of illite-muscovite and chlorite only in the lowest temperature 
(diagenetic) sample, indicating the presence of small amounts of interlayered smectite. The 
numerical values obtained by the various XRD-based methods are strongly dependent on 
the natural "standards" used for instrumental correction. Thus, the average crystallite size of 
the illite-muscovite in the epizonal rock varies between 2067 and 915 A, while that of the 
diagenetic sample varies between 234 and 272 Â, using the Scherrer equation. Using 
muscovite and chlorite powder "standards" Nos. SL-8 ana CHL-1, the following averages 
were obtained. For comparison the mean and median values obtained by HRTEM measure
ments are also given: 
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illite-muscovite: 

zone 

B 

A 

D 

sample 

NIIA-1 

NIIA-2 

NHA-3 

MRTl-M(A) 

mean 

1051 

303 

232 

median 

549 

220 

140 

XRD (A) 

(1) 

1057 

524 

244 

(2) 

718 

596 

229 

(3) 

1022 

715 

365 

(4) 

n. m. 

248 

220 

XRD .strain (%) 

(2) 

0.70 

0.48 

1.14 

(3) 

2.36 

1.98 

3.21 

(4) 

n.m. 

0.24 

0.29 

chlorite: 

zone 

I< 

A 

I) 

sample 

NHA-1 

NIIA-2 

NIIA-3 

IIRTBM(A) 

mean 

887 

212 

230 

median 

341 

170 

185 

XRD (A) 

(1) 

705 

280 

204 

(2) 

603 

264 

188 

(3) 

860 

500 

268 

(4) 

n.m. 

n.m. 

n.m. 

XRD strain (%) 

(2) 

0.93 

1.47 

1.84 

(3) 

3.82 

3.90 

4.17 

(4) 

n.m. 

n.m. 

n.m. 

XRD-based calculations using the Scherrer equation (1), the Voigt method (2), the variance 
method (3) and the Warren-Averbach analysis (4). D - diagenetic, A - anchiand E - epizone; 
n.m. - not measured. 
The trends in values and the mean values as measured on HRTEM lattice fringe images 
agree fairly well with values obtai<Qd by analysis of XRD data, especially considering that 
HRTEM measurements were made on small, selected areas of whole-rock samples. Chlorite 
generally shows greater strain values than white mica, consistent with observations we have 
made elsewhere. 

Conclusions 

The average crystallite size increases and the lattice distortion decreases with increasing 
meta- morphic grade (=temperature). Concerning the petrogenetic application of the results 
obtained by the various, XRD-based methods applied, it is the relative differences in mean 
crystallite size and lattice strain calculated with a given method, rather than the absolute 
values which may provide new information about the conditions ( first of all, temperature) 
of metamorphic crystallisation, as compared to the conventional "crystallinity" studies. 
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6. THE COMPONENTS OF THE OH STRETCHING BAND IN THE IR SPECTRA 
OF ILLITES, ENHANCEMENT BY DECONVOLUTION OF THE SPECTRAL 
CURVE 

S Shoval 
Geology Group, The Open University oflsrael, 16 Klausner St., Tel-Aviv, Israel 

Introduction 

The components of the broad OH stretching band in the infrared spectra of illites were 
enhanced and identified by deconvolution of the spectral curve. Deconvolution and second 
derivatives were previously used to distinguish and identify the individual OH-stretching 
components of the broad OH-stretching band of smectites [1]. 

Methodology 

Samples - The examined illites were supplied by Ward's and by Source Clay Minerals 
Repository: Morris Illinois (Ward's 36); Fithian, Illinois (Ward's 35); and Silver Hill, 
Montana (IMt-l). The bulk clay samples after carbonate removal with diluted HC1 were 
examined. 
Techniques - A Nicolet FT-IR spectrometer was used. The IR disks containing 1 or 5 mg 
of a sample in 150 mg of KBr were dried for 24 hours at 110 C. Immediately after heating, 
the dried disks were re-pressed (without re-grinding). Deconvolutions of the spectral curves 
were obtained using the FT-IR programs. 

Results and Discussion 

The examined clay samples contain only illite, without kaolinite. Representative baseline 
corrected IR spectra and deconvolution curves in the OH stretching and deformation 
regions are shown in Figure I. The results show that the deconvolution of the spectral curve 
makes it possible to distinguish and identify the individual OH-stretching components which 
compose the broad band of the illites. 
Diocthcdral sites: The OH-stretching components of the illites were assigned by correlati
on with the intensity of the OH deformation bands and according to the locations of the 
bands and shoulders in dioctahedral clay minerals reported in the literature. The locations of 
the components correspond to those in smectite [2]. The strong component at 3624 cm'1 is 
connected with Al20H vibration and the relatively weak components at 3595, 3565 and 
3539 are probably connected with the MgAlOH, MgFe'OH and Fe' \OH vibrations, 
respectively. The FevA10H component is not observed. The absence of this component 
indicates that the distributions of Mg and Fe*' are not random and they are located in the 
same dioctahedral sites in the illite structure which gives priority to the MgFe^'OH vibration 
and possibly Fe-,'20H vibration. 
Triocthedral sites: The components at 3660 and 3702 cm"1 in the deconvolution curves are 
probably connected with Mg2Fe2'OH and Mg,0H vibrations, respectively. A very weak 
band of kaolinite traces at about 3696 cm"1 may also be present. The appearance of those 
components indicate the presence of some trioctahedral sites. The Mg and Fe2" are located 
in the same trioctahedral sites, which gives priority to the Mg2Fe3'0H vibration and possibly 
to MgjOH vibration. 
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Conclusions 

The individual OH-stretching components of the broad OH-stretching in the infrared spectra 
of illites were enhanced and identified by deconvolution of the spectral curve. The observed 
component includes A120H, MgAlOH, MgFe'OH and possibly Fe3OH vibrations of 
dioctahedral sites and Mg2Fe2rOH and possibly Mg30H vibrations of some trioctahedral 
sites The distributions of Mg and Fe are not random and they are located in the same 
octahedral sites in the structure of the examined illites. 

• • i • • • * • • • i • • • i •"• • i • • • i • • • i • • • i • • • i • • • I • • • i • • • i • • • i • • • i • • • i • • • i • • • i • • • i • • • i • 
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Figure 1: Baseline corrected IR spectra and deconvolution curves in the OH stretching and 
deformation regions of illite from: (A) Fithian, Illinois (Ward's 35) and (B) Silver Hill, 
Montana (IMt-1). 
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7. TRANSMISSION ELECTRON MICROSCOPY STUDY OF MIXED-LAYER, 
CHLORITE/SMECTITE (CORRENSITE) IN OPHIOLITE ROCK ALTERATI
ON PRODUCTS 
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Introduction 

The present paper reports a transmission electron microscopy (TEM) study of Taro Valley 
(Northern Apennine, Italy) corrensite combined with complementary X-ray diffraction 
(XRD) data obtained for the same bulk sample, in order to verify the mixedlayer stacking 
sequence model and/or to provide further understanding of mixed-layer clay formation. In 
particular, the TEM study was carried out on the same clay fraction (<2um) which showed 
by XRD analysis, 1:1 regular interlayering between chlorite and smectite. 

Methodology 

Materials-The corrensite-like mineral investigated was an alteration product from ophiolite 
rocks outcropping near Borgotaro (Taro Valley, Northern Apennine, Italy). The ophiolite 
rocks mainly consist of basalts and serpentinites extensively fractured. The samples studied 
were found in the clay-size fraction which is common in veins and cracks between resistant 
blocks of the rock. Corrensite, previously described by Alietti (1957), is widely distributed 
and is associated with serpentine, chlorite and saponite. Its structural formula, based on 50 
negative charges, is: 

|,2|(Ca(U4Na(U)6K(M),)
,(•|(Mg7.A5Fe2•n.55Fe•,• . ^ A U M n ^ J C . ) | 4 l(Sif,,iriAl,,,4)O20( OH)10 

Techniques-The fraction <2um was used for all experiments. Samples for TEM use were 
pre-pared following a modified version of the procedure described by Bell (1986). Clay 
particles were embedded in gelatine capsules with L.R. White (hard grade) acrylic resin and 
ultra-thin sections (~ 500 A thick) were ultramicrotomed along the [001] crystallographic 
axis. Samples were examined by means of a Philips EM400T transmission electron 
microscope equipped with a field emission gun and working at either 100 or 120 kV. In 
some areas the material was beam sensitive and the lethal dose has been measured to be 
about 5. 1022 e"/m2 at 100 kV. Consequently, it was not possible to record both selected 
area electron diffraction (SAED) and lattice fringes images from the same crystal area. The 
condenser lens aperture used was 100 (am in diameter; various apertures were used for the 
objective lens (30-50 urn), while apertures ranging from 1 to 5 urn were employed for 
SAED patterns. XRD analyses were performed with a Philips PW1729 automatic diffracto-
meter using Ni-filtered CuKa radiation. Ci4H2,,OH and quartz were used as standards. XRD 
tracings of heated samples were performed on oriented films using an in-situ heating-stage. 
Giycolated samples were prepared by placing the oriented mounts in a dessicator jar 
containing ethylene glycol, heating them at 50°C for 36 hours and then keeping them at 
room temperature for five days to allow complete saturation by the vapour. 
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Results and Discussion 

XRD analysis- On the basis of XRD tests proposed by AIPEA Nomenclature Committee 
(Bailey et al., 1982) the corrensite-like mineral studied can be defined as well ordered 1:1 
chlorite/smectite interlayering. The mineral exhibits several orders of basal reflections; the 
shift of the basal reflections as a function of ethylene glycol solvation demonstrates the 
mineral's propensity to swell, whereas the contraction of the c dimension on heating 
excludes the possibility of swelling chlorite layers being present in the structure. The 
regularity of higher-order spacings was examined by the coefficient of variation (CV, 
CV=0.36 for air dried sample and CV=0.24 for glycolated sample). 

TEM study-TEM data demonstrate that our "corrensite" mostly consists of mixtures of 
elementary particles of smectite-, chlorite- and/or serpentine-like layers. All SAED patterns 
consist of well defined rows of 001 spots; additional hkl spots were absent. This last feature 
indicate that the mineral is made up of very thin crystallites. The lattice fringes images show 
several chlorite domains ranging up to 1000 A and individual crystallites with a highly 
irregular structure, which show 7 A and/or 10 A periodicity. In this case, the crystallites are 
only a few unit-cells thick, lie parallel to the c axis and contain coherent zones 100-200 A 
thick. In some cases, thicker crystallites are aggregates of thinner crystallites analogous to 
the elementary silicate particles reported by Nadeau et al. (1984). The arrangerrients of 
alternating chlorite and collapsed smectite layers are uncommon, thus there is no general 
agreement with the interpretation of the XRD data obtained for the same sample. The 
stacking sequence relationships reported for Taro Valley corrensite, suggest the following 
tentative conclusions regarding its kinetics and reaction mechanisms. The disordered 
sequence of smectite-, chlorite- and serpentine-like layers indicates metastable 
low-temperature phases, in that the coexistence of heterogeneous structures is evidence of a 
lack of chemical equilibrium (Shau et al., 1990). Therefore, the microstructure heterogenei
ty testifies to the superposition of some solid-state reactions under non-equilibrium 
conditions where kinetic factors favour the disordered phases. 
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8. SURFACE M1CROTOPOGRAPHY OF RECTOR1TE (ALLEVARDITE) FROM 
ALLEVALD, FRANCE 

Ryuji Kitagawa 

Department of Earth and Planetary Systems Science, Faculty of Science, Hiroshima 
University, Kagamiyama, 724 Higashihiroshima,Japan. 

Introduction 

The microtopography of the surfaces of clay minerals such as kaolinite and mica minerals 
has been studied by many investigators with the objective of elucidating the growth 
mechanisms of the crystals(Baronnet, 1972; Sunagawa, 1977; Tomura et al., 1979; 
Kitagawa, et al., 1983). Recently the surface microtopographies of interstratified mineral of 
mica and smectite have been observed by Kitagawa and Matsuda (1992) and Kitagawa et 
al.(1994). According to them, spiral growth patterns are observed on the crystal surfaces of 
1:1 regularly interstratified minerals of mica and smectite collected from a hydrothermal 
clay deposit. They are closely similar to those of 2M sericite crystals. However on the 
crystal surfaces of rectorite (allevardite) from Allevard, France, normal crystal growth 
patterns such as those of kaolinite and sericite are seldom observed. 
In this presentation, the surface microtopographic characteristics of the rectorite (allevardi
te) from Allevald, France are reported and a possible growth mechanism is proposed. 

Methods 

The specimen was examined by X-ray diffraction in the natural state and after ethylene 
glycol treatment. The specimen consists of pure rectorite, and the percentage of expandable 
layers is almost 50%. The chemical composition of the specimen was obtained by XMA. 
Among the interlayer cations, Ca is much more abundant than Na and K. The composition 
is as follows; 

SiO,: 54.45, Ti(),: 0.02, A 1,0,: 38.84, FcO: 0.08, MnO: 0.06, MgO: 0.23, CaO:1.61, Na,(): 4.34, K,(): 0.39. 

Transmission electron micrographs show characteristic folded ribbon morphology. The 
specimen is easily separated into thin particles which are about 20A thick in distilled water. 
For the Au decoration technique, the specimen was dispersed in distilled water and 
collected on a thin coverglass. After drying, the cover-glass with specimen was heated in a 
vacuum at 400-500°C for 2-3 hours. Gold was flash-evaporated from a tungsten coil heater. 
After a carbon coating was applied, the specimen was removed and immersed in a solution 
of HF. The thin films were collected on copper mesh grids and were then ready for 
observation by TEM. 

Results and Discussion 

The surface microtopograph of a rectorite (allevardite) crystal is shown in Fig. 1. Gold 
grains are preferentially nucleated along steps, thus clearly imparting step patterns on the 
surface. The steps have rectangular forms which are similar to the crystal morphology. 
However they are different from other growth patterns such as the regularly interstratified 
mica and smectite mineral from a hydrothermal clay deposits studied by Kitagawa, (1994). 
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Under the suspension in distilled water, a specimen is easily separated into particles (ribbon 
morphology) which are about 20A thick. The step patterns are not observed on these 
particles. Gold grains are nucleated only along edges of particles. 
Based on these observations, a particle of about 20A thick with characteristic folded ribbon 

'morphology was separated from a growth step on a single crystal (more than 20A thick). 
Therefore the rectorite (allevardite) from Allevard, France has characteristically very thin 
particles (folded ribbon morphology) which corresponds to one growth-layer. According to 
Fig.l. the growth center is not recognized. The growth of crystals seems to take place by the 
layer by layer growth mechanism. However it is unclear at the present. 

Fig. 1 
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9. 57 Fe MOSSBAUER STUDY OF THE CATION DISTRIBUTION IN ANCIENT 
GLAUCON1TES: A RELATIONSHIP WITH RETENTION OF THE K-Ar AND 
Rb-Sr SYSTEMS 

O.V.Yakovieva and I.M.Gorokhov 
Institute of Precambrian Geology and Geochronology, RAS, nab. Makarova 2, 
St.Petersburg 199034. Russia 

Introduction 

Glauconite contains radioactive 4I,K and s7Rb and may be used for the dating of sedimentary 
rocks. Yet many measured K-Ar and/or Rb-Sr dates of glauconite do not correspond to the 
age of sedimentation but to a more recent point in time. Mineralogical criteria of glauconite 
feasibility to numerical stratigraphic investigations proposed by Odin (1982) have failed at 
least for ancient rocks (Semikhatov et al., 1987). This work is a new attempt to find such a 
criterion based on the crystallochemical study of glauconite. The fine structure of Riphe-
an,Vendian. and Cambrian glauconites from the East European Platform and Siberia has 
been studied. Based on the K-Ar and Rb-Sr dates the minerals are classified in two groups: 
(1) "non-rejuvenated" glauconites with isotopic dates conforming to their stratigraphic ages, 
and (2) "rejuvenated" glauconites which have lost radiogenic 40Ar and K7Sr at some point in 
their geological history. The technique proposed allows to consider and compare the 
structural peculiarities of the two mineral groups. By this technique, the relative weights of 
diverse environments of Fev octahedral ions by the cations of all the structural layers can 
be found for each specific glauconite using its structural formula as the base. 57Fe Mossbau-
er study revealed that these weights are widely different for "rejuvenated" and 
"non-rejuvenated" minerals. 

Methodology 

Fine structure of glauconite. Within a 2:1 mica package, there are two tetrahedral and one 
octahedral layers. The projections of the apical O2' anions of SiO^AlO.,)" tetrahedrons 
coincide with those of their central cations and combine into the net of hexagonal rings on 
the interlayer plane. The projections of the O2* anions of tetrahedral lids fall onto sides of 
such rings, and those of both OH-groups and two cis-octahedral cations occur inside them, 
together with the interlayer cations. Trans-octahedrons in glauconites are assumed to be 
vacant (Tsipursky, Drits, 1984) Two extreme types of octahedral cations distributions are 
discussed: (1) "random", and (2) "ordered" one that is achieved by such rearrangements of 
adjacent cis-octahedral cations which cause the amount of homogeneous, i.e. (3R3+) and 
(3R2t), cation combinations around each octahedral cation to increase. When the relative 
weight of homogeneous environments ceases to increase, the octahedral layer becomes 
domain-like. The domains made up only of Rv cations and of R3\R21 cations are abundant. 
In the latter domains each R1' cation is in (3R3') environment, and each R2' cation is in 
(3R2) environment. 
Charge balance. Isomorphous substitutions of Si4' by Al3' within a tetrahedral layer and of 
R3' by R2'; cations within an octahedral laver result in an incomplete compensation of the 
negative charges for some O2' anions and OH-groups. These uncompensated charges add 
up to give the combined negative charge of hexagonal ring. The charge deficiency is fully or 
partially compensa ted by the interlayer K'. Yet some of interlayer positions remain vacant, 
potassium content in glauconite being less than 1 f.u. In charge balance terms the K1 

cations most likely fill the rings containing one or two R2' octahedral cations or tetrahedral 
Al3'. The latter primarily enters the rings which do not incorporate octahedral R2f cations, 
because, if R2' cation and Alv enter the same ring, this ring acquires a negative charge far 
beyond the charge of K'. For the ordered distribution of octa-cations. all rings of (R3+ 
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R~")-domain are filled by K\ as they have the most negative charges. Yet since the number 
of K* cations in studied glauconites is more than that of these rings, K* fills some rings of 
(R3*)-domain as well. It is just such rings which contain tetrahedral Al3\ 
Mossbauer spectra. Spectra of glauconite were computer fitted to five quadrupole 
doublets. Two doublets with the greatest quadrupole splitting (QS) values are assigned to 
Fe2' ions but they can not be associated with any particular type of cation environment. The 
doublet with QS value of 0.85-1.05 mm/s which disappears at -186°C may be attributed to 
Fe"3' ions. The doublet with QS=0.27-0.35 mm/s is assigned to Fe3' ions which are in 
(3R3~) and (3R2~) cis-octahedral cation combinations and not adjacent to Al3*-containing 
tetrahedron. The doublet with QS=0.50- 0.80 mm/s is assigned to Fe3' ions in all other 
possible cation environments. These latter assignments were done in accordance with the 
calculated values of QS for nontronite and celadonite (Daynyak et al., 1984a,b). 

Results and Discussion 

The calculated relative weights of octahedral Fe3* ions in particular cation environments are 
compared with measured integrated intensities (S) of corresponding spectral doublets for 
the two above-mentioned groups of glauconites. 
"Non-rejuvenated" glauconites. Assuming a random distribution of octahedral cations, the 
S-value of the doublet with QS=0.27-0.35 mm/s is higher than the calculated proportion of 
Fe3* ions which are in homogeneous octahedral environments without adjacent tetrahedrons 
occupied by Al3*. These measured and calculated values, however, are in good agreement 
for the ordered distribution. This suggests that the ordered distribution of cations and the 
domain-like structure of the 2:1 package are the distinguishing features of glauconites with 
undisturbed K-Ar and Rb-Sr systems. 
"Rejuvenated" glauconites. The S-value of the doublet with QS=0.27-0.35 mm/s is well 
above the calculated proportion of homogeneous octahedral environments of Fe3' ions both 
for the ordered and especially for the random distribution of octa-cations. This result 
appears to be due to higher Fe27Fe3* ratios in primordial ordered glauconites which later 
were oxidized and have lost their radiogenic '"Ar and s7Sr. Model calculations prove that 
subsequent oxidation of Fe2* together with a new ordering in the octahedral layer can result 
in the present Fe27Fe3' ratios with the retention of a "memory" about the initial fine 
structure of these glauconites. 

Conclusion 

The loss of 4<)Ar and li7Sr from glauconites is accompanied by rearrangement of their 
structure in response to oxidation of Fe2*. Analysis of their Mossbauer spectra allow one to 
estimate, whether the present-day Fe27Fe3* value is primordial or whether it resulted from a 
secondary alteration. Hence it is possible to discriminate between the isotopic dates 
compatible with requirements of the numerical stratigraphy and those which are representa
tive of the secondary geological events. 
This work was supported by the International Science Foundation (Grant MLO-000). 
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10.COMPARISON OF CATION DISTRIBUTION IN GLOBULAR 
GLAUCONITES AND Fe3MLLITE USING MOSSBAUER AND IR DATA 

Lydia G. Dainyak,* G. Besson** 
*Geological Institute of Russian Academy of Science, Pyjzhevsky 7, Moscow, Russia 
**C R M D, University of Orleans, B P 6759, 45067 ORLEANS, FRANCE 

Introduction 

Reconstruction of cation distribution (CD) in octahedral sheets of dioctahedral micas with 
vacant trans-octahedra is possible by the combining Mossbauer spectroscopy and IR 
spectroscopy in the region of OH-stretching frequencies. Computer simulation of the CD 
(Dainyak et al, 1992) and the empirical equation for the assignment of quadrupole splittings 
A to the different local cation arrangements around Fe3~ (Dainyak, 1995) make a basis for 
such a combination. Our aim was the investigation of the CD in globular glauconites and 
Fe3'-illite at the spectroscopic level. 

Methodology 

Materials - Glauconites 655, shelf of the South-West Africa, Piltene, Latvia (I. V. Nikolae-
va collection), 40/7, the Utchuro-May Region, Russia, 60, the South Ural, Russia (T.A. 
Ivanovskaya collection) of the compositions : 
(K(W1Nacu)4Ca()I4) (Si.Ul7Al„,.,) (Al(U1Fe1-,niFe:!

(,21Mg()(l7) O.^OH),, 

(K„.7,Na,).06Mg,u,s)(Si,.fi6Al0..M)(Al0.(i)Fe3,,).7.,Fe2,
(M,Mg(UI)O|0(OH)2, 

(K.n.f,2Na0,BCaon2Mg(,n5)(Si,.70Al(,.,())(Ala!{9Fe3,
(l57Fe2'nioMga24)010(OH)2, 

(K()77Naa01Mg(U17) (Si3,MAJ„.,7) (Al^Fe'V^Fe2-,, 17MglUlf) O10(OH)2; 

Fe3'-illite Ch-71, Syria (V I Muraviev collection) of the composition 

(K0.71Na(u)2Ca(M)5) (Si.,.4gAl„.S2) (Alu,,Fe3-(U,7 Fe2
(,w,Mg()24) O10(OH)2 

Techniques - Mossbauer spectra of the glauconites and Fe3 -illite, being quite different even 
visually, were fitted to three or four doublets Fe3" with limited regions of the A values: 
regions A, B, C and D with Agxp

A= 0.16-0.18, Acxp
H = 0.33* 0.41, Ae\ = 0.61- 0.70 and 

A"p„ = 1.07- 1.2 mm/s. Correspondingly, the A values calculated from the empirical 
equation were grouped as Aralc

A = 0.0 - 0.17, Atalc„ = 0.31- 0.47, AC3]\. = 0.60 - 0.78 and 
A"k

D= 0.92-1.09 mm/s The integrated optical densities of the bands assigned to the 
different cation pairs coordinating OH in the A-direction ( Besson, Drits, 1994) were used 
as the initial parameters in the CD computer simulation. As the final parameters of the CD 
simulation, the occurrence probabilities for the arrangements consisting of three octahedral 
cations nearest to the central Fe3" were obtained. These probabilities were summed up in 
accordance with four regions for Aca,t and then were compared to the areas under peaks in 
the fitted Mossbauer spectra. This procedure was repeated for various CD models satisfying 
each set of the IR data. The CD model was accepted when it answered both Mossbauer and 
IR data. 
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Results 

From the above analysis it is confirmed: 
In the glauconites, R2* cations preferably occupy one of the two cis-positions (under fixed 
/(-direction). 
It yields relatively small Al-domains, Fe3~-domains and celadonite-like domains with 
perfectly ordered R3~ and R2~ cations in Al-glauconites 
The CD model for the Fe3*-illite may be presented as rather large illite-like 

(AI,.SIFe-v„i36Fe2"ao7Mga06) and glauconite-like domains (Alo^Fe'^gMgo.58). 
Maximum isolation of Fe3* cations from each other is the peculiarity of the illite-like 
domains The equivalence of the cis-positions with respect to occupancy by different cations 
is inherent to the glauconite-like domains 

Conclusion 

The glauconites and the Fe3*-illite are characterized by the quite different ordering of 
octahedral cations 
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ll.THE STRUCTURE VARIATIONS OF THE MICA CRYSTALS WITH DIFFE
RENT DEGREE OF HYDRATION IN THE PROCESSES OF HEATING AND 
STRAIN 

V.A. Liopo, V.V. Voyna 
Physical department of Grodno state university. 230023,Grodno,Belarus 
M.S. Metsik, G.A.Kuznetsova, V.M.Kalichman, A.V.Orechov. 
X-ray laboratory of Irkutsk state university. 660003, Irkutsk, Russia. 

Introduction 

The aim of this research is the investigation of the crystal structure variations of the di- and 
trioctahedral micas (muscovite (M) and phlogopite (Ph) respectivly) heating and mechani
cal strain. 

Methodology 

The methods of investigations are x-ray diffractometry, electron diffraction, transmission 
electron microscopy, micro-hardness test and lR-spectroscopy. The diffraction patterns 
were produced in the temperature interval from 20°C to 1500°C and under mechanical 
action up to crystal failurel.We have investigated the correlations between crystal composi
tions and their reciprocal lattices (RL). There are three types of RL-exchanging: 1) the 
changing of the weights and profiles of RL-centers, 2) the regular displacements of 
RL-centers from the ideal possitions and 3) their irregular displacements from the ideal 
possitions. We have used both the poly and monocrystal methods. The structural variations 
were determined by Fourier method and profile analysis method. 

Results and Discussion 

The hardnesses of Ph crystals (H), their basal interplanar distances (d(00.12)=d), the 
relative altitude of K-maximum on the Z-electron density projections (Z), the IR-absoption 
factors for 3400 sm"' (K.), the degrees of hydration (P) depend on 

H~l/d-ZM/K~l/P. 
For M these dependences have been not detected. The changes of basal interlayer distances 
of Ph with temperature have three types. (1) The linear relation d(00.12) with temperature 
(T). It takes place for Ph with d(00.12)<10.003 A. (2) The function Ad/d = f(T) has a 
plateau in temperature interval from 200°C to 400°C (10.003 A < d(00.12)< 10.090 A). (3) 
For very hydrated Ph crystals (d(00.12) > 10.090 A) Ad/d<0 in temperature interval from 
150°C to 250°C. For Ph of the 2-nd and the 3-rd types the changes of d(00.12) with 
temperature are irreversible.The symmetries of the thermal expansion tensor and the tensor 
of elasticity for Ph and M are °° mm and mmm respectively. The ratio of the major axes of 
the thermal expansion tensor for M is d[100]: a[010]: a[001] = 1.4: 1.0: 2.2 and for Ph it 
is a[uvo]:a[001] = 1.0: 2.0. The P-value of Ph was calculated with Hendricks-Teller's 
formula by numerical method 
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2/;(l p)sia2JcS(dl d2) 

1 pcosl-nS^ (1 p)cos2itSd2 2p(l p)sm2nS(.dx rf2) 

F~-experimental structural factors; S=l/dcxp, dmp - experimental interplanar distances; d r 

interplanar distances of ideal vermiculate, d : - the same for ideal phlogopite. The scheme of 
all type mica crystals thermal destruction is next: (1) OH-OH octahedron edge changes 
more than other ones; (2) there are distortions in octahedral layer and tetrahedrons turn; (3) 
the reaction OH"1 +OH"1 - H,0 + O- takes place and some water molecules escape from 
crystal; (4) the distortion in octahedral layer is not reduced by turning of tetrahedrons. The 
crystal desintegrates. The thermal structural stability of Ph is more than of M. May be this 
distinction of thermal properties occur for other tri- and dioctahedral pairs of clay minerals. 
For example, this fact is detected for pyrophillite and talk. The ratio D=R/M<1 for the same 
deformation force. We think that it is always for mica and for other clay minerals. R is Ad/d 
and is determined by electron or X-ray diffraction methods. M=AI/1 is fixed by macrometri-
cal methods.(d-interplace distance, 1-crystal length). The D-value may be taken as an 
indicatione of mica crystals defects. For perfect crystals K is equal to one. The structural 
changes of mica crystals in the processes of mechanical deformation relate with distortions 
of octahedrons in inner layer. Tetrahedrons do not distort but rotate from their initial 
positions. The geometrical network of external tetrahedral sides gets of ditrigonality and 
corrugativity.The structural variations in the heating and strain processes for the mica 
crystal with the different hydration degree occur mostly in interlayer space. The changes of 
geometrical size of structural polyhedron and their turning depend on the crystal compositi
on and external action. The difference of Ph and M tetrahedron network was determined by 
electron microscopy method. We have investigated the etching figures. The etchant was 
10% water solution of HF and HN03 acids mixture. Magnification was about 30000. The 
etching figures had forms of convex and concave polygons. The statistial distributions of the 
polygons angles [P(a)] have two maxima at a, = 60° and a2 = 120° . The ratio of M and 
Ph P(a) - dispersions is equal (oM : o,,h)I2() = ( oM : aPh)60 = 3 : 1 , because Ph- hexago-
nality is more than M. 

Conclusion 

The principal difference of the tri- and diotahedral mica crystals structural changes in the 
processes of heating and strain are conditioned by possibility of trioctahedral mi
ca.(phlogopite in our case) to form mixed-layer structures.The construction tetrahedral net 
in dioctahedral muscovite does not permit penetration of water molecules into the interlayer 
region and mixed layer structures are hardly probable. 
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12.THREE-COMPONENT INTERSTRATIFIED MINERALS AS LATE PRODUCT 
OF MICA ALTERATION 

Elzbieta Dubinska, Jacek Jelitto, Grzegorz Kapron, Andrzej Kozlowski 
Institute of Geochemistry, Mineralogy and Petrography, Faculty of Geology, 
Warsaw University, al. Zwirki i Wigury 93, 02-089 Warsaw, Poland 

Vermiculite, hydrobiotite, saponite etc. are common products of Mg-rich trioctahedral mica 
alteration and they are frequently considered as members of transformation sequences. Such 
mineral successions were described from the contact zones granite/serpentinite, e.g in Wiry 
(Lower Silesia, SW Poland). The zones in Wiry usually record polygenetic evolution with 
abundant vermiculite and interstratified mica/vermiculite as early products of phlogopite 
alteration (Jelitto et al. 1993). The aim of the study is identification of late products of 
alteration and their relation to early ones. 

Methods 

Minerals were identified using combined X-ray diffraction patterns of samples saturated 
with Na- ions, heated and treated with liquid ethylene glycol. Mineral chemistry was 
determined using microprobe and conventional wet chemical analysis. Deconvolution of the 
overlapping diffraction bands was performed assuming Pearson VII peak profiles. ASN 
program kindly supplied by Dr. B. A. Sakharov, was used to simulate diffractograms. 

Results and discussion 

Samples rich in vermiculite and/or in interstratified mica/vermiculite often contain 
mixed-layer chlorite/smectite/serpentine in fine-grained fraction (Fig. A & D). The simulati
ons using two- component models such as chloritc/vermiculite, chlorite/smectite, chlori
te/serpentine, S=0, S=l, S=2 (according to Drits & Sakharov 1976 and Drits & Tchoubar 
1990 notation) and different ratios of layers were unsuccessful. The best conformity 
between experimental and simulated patterns was obtained for chlori-
te55/smectite25/serpentine20 interstratification with S= 1, where iron was preferentially 
located in outer octahedral layer of chlorite. However, the conditional probabilities for 
heated sample slightly differ from the probabilities for glycolated one (Fig. B & C). The 
discrepancies could result from defects, e.g. interlayer contaminants similar to the interme
diate chlorite-smectite type of layers (MacEwan & Wilson 1980). 

Genetical remarks 

Chlorite/smectite/serpentine overprints the coarse grained vermiculite as well as interstrati
fied mica/vermiculite. It suggests late and unconstrained formation of the three component 
mixed- layer mineral on the mineral precedor. Asymmetric location of iron in chlorite layers 
and particularly its preferential position in outer octahedral sheet implies an increase of iron 
mobility during a separate geological event. 
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2.6 HYDROTALC1TES 

I. A NEW MIXED-LAYER MINERAL CHRYSOTILE-HYDROTALCITE 

Victor A.Drits*, Anatoliy l.Gorshkov**, Andrey V.Mokhov** 
* Geological Institute of the Russian Academy of Sciences, Pyzhevsky 7, 109017 Moscow, 
Russia 
** Institute, of Ore mineralogy of the Russian Academy of Sciences, Staromonetny per. 35, 
109017 Moscow, Russia 

Introduction 

Two features are common for interstratified layer silicates described in the literature: first, a 
plate- like form of their particles; and second, a presence of water molecules and exchange
able cations in hydrated interlayers. The aim of this contribution is to describe a new 
mixed-layer mineral with an unusual crystal staicture and particle morphology. 

Methodology 

A sample containing a new mineral has been found among peridotite serpentinization 
products (Mamontovsky intrusive, Voronege region, Russia). The sample has been studied 
by TEM, HRTEM, SAED, EDA, XRD and IR spectroscopy. 

Results 

Two types of tube-like particles have been observed in EM images: short, thick tubes 
corresponding to orthochrysotile; and longer, thin tubes corresponding to the mineral under 
study. SAED patterns of these particles were quite similar except for the presence of 001 
reflections with 1 = 2n + 1 in the patterns corresponding to the thin particles. In vacuum the 
mineral unit cell parameters were: a = 5.30A, b = 9.20A, c = 13.8A. 
The 14A periodicity along the c axis and empty channels inside the tubes have been 
observed in HRTEM lattice images corresponding to thin particles. According to the EDA, 
chemical compositions of orthocrysotile particles, within errors, corresponded to the 
formula: Si2Mg,05(OH)4 . Chemical analysis of the thin particles differs from that of 
orthochrysotile tubes by a higher content of Mg and a lower content of Si, by a high 
concentation of Al and CI and by the presence of Ca and S. XRD patterns for oriented 
samples contained two rational series of basal reflections corresponding to two different 
hydrated states of the mineral under study. The periodicity of these series corresponded to 
16.0A and I8.2A respectively. The IR spectrum contained the band corresponding to the 
S04 vibration. 
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Interpretation 

In the mineral under study serpentine layers 7.2A thick alternate regularly with hydrotalcite 
layers 8. 8A or 1 l.OA thick. In such a structure basal oxygen atoms of 1:1 layers and OH 
groups of hydrotalcite layers are bonded by hydrogen bonds. Water molecules, Ca cations, 
CI and S04 anions are located between OH surfaces of the adjacent layers. 
The structural formula of the mineral under study may be represented in the form: 

Mg5.I8Ma72Fe(UnSi4.(nOI0(OH)8 1:1 layer 

Cl13ll(SO4)(U7Ca0I4nH2O interlayer 

Mg4 92A10 71Fe010Ca0 25(OH)|2 brucite-like sheet 

Different thin particles have different periodicities along the c axis equal to 16.0A(7.2 + 8.8) 
or 18.2A(7.2 + 11.0). In vacuum, the water molecules have been removed from the 
interlayers and the periodicity along the c axis is equal to 13.8A for all particles. The good 
correlation between calculated and observed reflection intensities confirmed the validity of 
the structure model descri bed. The tube-like structure of the mixed-layer particles was 
formed as a result of a turning into spirals of ribbons represented by the sandwich consisting 
of serpentine and hydrotalcite layers. 

Conclusion 

Application of different techniques and in particular TEM, SAED and EDA has permitted 
us to reveal a new mixed-layer mineral which was in a mixture with orthochrysotile. In the 
structure of the mineral serpentine and hydrotalcite layers alternate regularly. 
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2. SYNTHESIS AND CHARACTERIZATION OF ANIONIC CLAYS WITH THE 
HYDROTALC1TE- LIKE STRUCTURE CONTAINING Cr AND Co 
IN THE LAYERS 

M. del Arco, M. V. G. Galiano, Vicente Rives'* and Raquel Trujillano 
Departamento de Quimica Inorganica, Universidad de Salamanca, Facultad de Farmacia, 
Salamanca, Spain. 

Introduction 

Anionic clays with the hydrotalcite-like stmcture are an important type of solids due to their 
applications (and those of the products obtained upon calcination) as catalysts and catalyst 
supports. They consist of brucite-like layers, where partial substitution of the divalent cation 
by trivalent ones leads to an overall positive charge, balanced by interlayer anions, and so 
they are known as "layered double hydroxides", LDH. Their general formula can be written 
as: [Me",.xMein

s(OH)2]
x' [A"-].v„ m H,0 , where Me=metal and A= anion (Cl\ OH', CO,2', 

V|()02(i
f", Mo70,/'', carboxylate, etc.). We report on the synthesis and characterization of 

two series of anionic clays with Co2" and Cr1' in the layers, containing carbonate (series 
CoCrC) or decavanadate (series CoCrV) in the interlayer, that lead to high specific surface 
area mixed oxides after calcination at high temperatures. 

Experimental 

Synthesis of the solids was carried out by addition of an aqueous solution of the metal 
nitrates to an aqueous solution of sodium carbonate and hydroxide, the suspension being 
stirred for 3 days at ca. 330 K. The suspension was then split into two portions: one was 
filtered and washed to give the samples CoCrC: the other was acidified with 0.5 M HC1 
until pH=4.5, and a solution (also at pH=4.5) of NaVO, was added. The suspension was 
stirred at room temperature and pH=4.5 for two days. The solid was filtered and dried at 
room temperature, leading to sample CoCrV. Both samples were then calcined in air at 
increasing temperatures up to 923 K. 

Results and Discussion 

Chemical analysis indicate a Co/Cr atomic ratio of 1.8 (sample CoCrC) and 1.6 (sample 
CoCrV), values within the expected values for well crystallized hydrotalcites, uncontamina-
ted with coprecipitated hydroxides; the different atomic ratios may arise from a selective 
dissolution of Co during the ionic exchange treatment. Chemical analysis and FT-IR and 
Raman spectroscopies indicated that complete CO,27V1()02K

6' exchange had been attained. 
The layered structure of both samples is confirmed by X-ray diffraction studies, which 
indicate an increase in the basal spacing upon the carbonate/decavanadate exchange, due to 
oligomerization of VO," under the experi mental conditions used. When both samples are 
calcined at 493 K, the layered structure is destroyed, leading to poorly-crystalline solids that 
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undergo phase transformations to Co2Cr04 (from sample CoCrC) and a mixture of CoCr204 

and Co2V207 ( sample CoCrV), when calcination is performed at or above 733 K. During 
calcination in air, Cr3^ cations are oxidized to Cr6+, reduced again to Cr1' when calcined at 
higher temperatures. This is due to formation of Cr20_,. 
The FT-IR spectaim of sample CoCrC shows absorption bands due to the presence of 
water, hydroxyl groups and carbonate species (in addition to those of Me-0 and Me-O-Me 
and O-Me-0 bonds), these carbonate bonds are shifted from the values reported for free 
carbonate, due to restrictions in the interlayer space. For the calcined samples, water and 
carbonate removal leads to spectra where only the bands due to mixed oxides are recorded. 
Bands due to carbonate are absolutely absent in the spectrum of sample CoCrV, and peaks 
are recorded at 965, 812, and 739 cm"1, confirming the presence of decavanadate species. 
Calcination at 433 K leads to decomposition of decavana date and, at 673 K, bands at 530, 
675, and 920 cm"1 are assigned to polymeric species, (-V03. )n

n". 

Surface texture of the samples was studied by nitrogen adsorption at 77 K. High specific 
surface areas are found, and isotherms correspond to type II in the IUPAC classification, 
indicating the absence of micropores. Hysteresis loops corresponding to type H2 are also 
observed, although they change to type H3 as the calcination temperature is increased. 
Completly reversible isotherms are measured for samples calcined at 923 K. 

This work is within the CEA-PLS scheme. Financial support from CICYT (MAT91-767) 
and Junta de Castrilla y Leon (Cons. Cultura y Turismo) is acknowledged. 
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3. NEW ANIONIC CLAYS WITH HYDROTALCITE-LIKE STRUCTURE 
CONTAINING Ni AND Mn IN THE LAYERS . 

C. Barriga1, J.M. Fernandez', F. M. Labjos2, MA Ulibarri' and V. Rives2 

'Departamento de Quimica Inorganica e Ingenieria Quimica, Facultad de Ciencias, 
Universidad de Cordoba. 14004-Cordoba. Spain. 
2Departamento de Quimica Inorganica, Facultad dc Farmacia, Universidad de Samalanca, 
37007 - Salamanca, Spain. 

Introduction 

In the search and development of new and more efficient catalysts for use in the petroleum-
related industry in particular, layered compounds have gradually emerged as an important 
potential alternative to the presently available industrial catalysts Most Mn oxides can be 
produced by a variety of pathways, and interconversion between different oxides are an 
important feature of this class of compounds. 
In the present work, new Layered Double Hydroxides (LDHs) containing Ni and Mn have 
been synthesized at room temperature and constant pH. During precipitation, Mn(ll) ions 
undergo partial oxidation to Mn (111), giving rise to the LDH structure, that was confirmed 
by X-ray powder diffraction. The aim of this study is to utilize the layered compounds as 
precursors of Ni-Mn oxides and to study their thermal stability. 

Experimental 

Synthesis of the hydroxycarbonate was carried out by dropwise addition of 100ml of a 
solution containing Ni(NO,)2.6H20 (0.09M) and MnCl2.2H20 (0.03M) to 100ml of a 0.2M 
NaOH, 0.1M Na,C03 solution for the so-called "Ni3Mn" samples, the number indicating 
the integer closest to the Ni/Mn atomic ratio; for the "Ni2Mn" samples the Ni2' and Mn2' 
salts concentrations were 0.08M and 0.04M, repectively. The precipitate thus obtained was 
centrifuged and washed several times with distilled, deionized water, until no infrared band 
due to nitrate was detected; a final washing with acetone was also performed, in order to 
eliminate excess water. The solids were finally dried in an oven at 60°C. 
The Ni/Mn ratio was determined by atomic absorption. Powder X-ray diffraction (PXRD) 
diagrams were obtained with a Siemens D500 instrument. Transmission electron micro
graphs (TEM) were obtained in a JEOL 200CX microscope. The Fourier transform infrared 
spectra (FT-1R) of the samples were recorded in a Perkin-Elmer FT1R 1730 apparatus. 
Differential thermal analysis (DTA) and themorgravimetric analysis (TG) were recorded in 
Perkin Elmer DTA 1700 and TGS-2 instruments respectively. Specific surface areas of the 
samples prepared have been measured by the single-point method. 

Results and Discussion 

Chemical analysis results for both samples are given in Table I; the Ni/Mn ratios were close 
to the values in the starting solution. 
X-ray diffraction patterns of both samples indicate a layered structure, peaks due to several 
order diffractions being observed at 7.77A, 3.88 A, 2.60 A, together with the characteristic 
doublet at 1.54 and 1.51 A. The first three peaks are due to diffraction by planes (003), 
(006) and (009), while the doublet is originated by planes (110) and (113), respectively. The 
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positions are very close to those reported in the literature for hydrotalcite (a layered Mg-Al 
hydroxycarbonate), takovite (a layered Ni-Al hydroxycarbonate) and desautelsite (a layered 
Mg-Mn hydroxy carbonate). The a dimension can be calculated from the position of the 
(110) peak as 3.08A. These findings confirm the hydrotalcite-like structure of the materials 
synthetized, and so the (at least partial) oxidation of Mn2* during synthesis. 
The FT-IR spectra for both samples confirm the presence of carbonate anions, in agreement 
with the d spacings calculated from XRD patterns. It should be concluded that carbonate is 
the anion located in the interlayer space, balancing the positive charge of the brucite-like 
layers. 
Chemical analysis for C indicates a content of 1.66% for sample Ni2Mn. According to the 
formula for this anionic clay where M27M3^ sustitution takes place, this value corresponds 
to a 91 % of Mn3r in the layer. It can be concluded that almost all Mn has been oxidized to 
the trivalent state during synthesis. 
DTA profiles recorded in N, show two endothermic effects at 195°C (dehydration) and 
300°C (dehydroxylation and decarboxylation), their position coinciding with TG weight 
losses. Two additional peaks at 580°C (exo) and 800°C (endo) were observed when the 
analysis was carried out in air. 
We have checked the phases existing after calcination at increasing temperatures. The 
PXRD patterns of samples Ni2Mn and Ni3Mn calcined in air at 450, 700 and 1000°C show 
that at 450°C the structure of the hydrotalcite is destroyed in both samples and the metallic 
oxides are formed: ilmenite type (NiMnO,) at lower Ni/Mn ratio and the correponding 
spinel at higher ratio, together with rock-salt structure (NiO) in both cases. The crystallinity 
of the phases increased markedly with the calcination temperature, as confirmed by 
transmission electron microscopy and specicific surface areas. The phases present depend 
on the Ni/Mn ratio; the oxide NiMnO, is formed as an intermediate and its content increases 
when the Ni/Mn ratio decreases. 
The PXRD of the samples calcinated at 700°C and different heating times were recorded. 
These patterns show that NiMnO, remains after 30 hours in sample Ni2Mn, whereas in 
Ni3Mn an spinel phase is observed. At 1000 °C cubic phases (NiO and spinel Ni-Mn) with 
different proportion were obtained, as it can be concluded from the relative intensities of the 
correponding lines in the XRD patterns. 
Tablel. Chemical Analyses data and Specific Surface Areas of LDHs. 

Sample 

Ni2Mn 

Ni3Mn 

%Ni 

37.3 

41.7 

% Mn 

16.7 

11.8 

Ni/Mn* 

2.00 

3.08 

•^BHT 

70 

69 

(*) atomic ratio; (**)nr/g. 

Reference 

F. Cavani, F. Trifiro and A. Vaccari, Catal. Today 11 (1991) 17 
H.C. B. Hansen and R.M. Taylor, Clay Miner. 26 (1991) 507 
Authors thanks finantial support from CICYT (MAT93-797) 
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4. THERMAL DECOMPOSITION OF NATURAL HYDROTALC1TES. 

Tatjana N. Moroz, Diana K. Arkhipenko 
Laboratory X-ray, 1R and Raman Spectroscopy, United Institute of Geology, 
Geophysics and Mineralogy, 630090 Novosibirsk Russia 

Introduction. 

The hydrotalcite, Mg()Al:CO,(OH),f) 4H,0 is composed of positively charged layers of di-
and trivalent metal hydroxides, the charge being compensated by interlayer anions and 
water It is a member of a large group of natural and synthetic clay minerals of brucite-like 
structure in which the cations occupy the octahedral positions. Hydrotalcites (HTs) find 
applications as antacid or antipeptin in pharmaceutical chemistry, as a catalyst support, 
flame retardant, absorbing agent and anion exchanger, stabilizers for polymers etc. The 
purpose of the present work was to study the chemical composition and structure, ion 
exchange, the effect of impurities on the properties and thermally destruction of natural 
hydrotalcites. 

Methodology. 

Crystal structure and composition of HT samples from different Russian deposits, namely 
Ural (1), Yakytia (II) and Khabarovsk region(III), obtained from Museum of United 
Institute of Geology, Geophysics and Mineralogy (Novosibirsk) were studied by X-ray 
powder diffraction ( diffractometer DRON-3, Cu Kcc radiation), infrared ( spectrophotome
ter SPECORD 75IR with the samples as KBr pellets) and Raman spectroscopy (spectrome
ter RAMANOR U1000, Ar ' ion laser, 514.5 nm). The X-ray patterns indicate hydrotalcite 
with chlorite, magnetite (I and II), quartz (II) and serpentine (III) impurities. Sample III 
differs considerably from those of I,II in contents of H, C atoms as well as in content of 
main cations and is a mixture (50/50) of HT and serpentine (ortochrysotile and lisardite). 
According to the spectral analysis all the samples contain Mn,Ti, Fe (<0 3%), i.e. there is a 
possibility of isomorphous replacement of Mg and Al in HT structure by Mn, Ti, Fe. All 
samples have the Me^/Me'" chemical ratio of about 3/1. The determination HT in natural 
samples by X-ray diffraction method is not an easy task because more than one crystal type 
is present. It is beset also with problems of X-ray amorp hous, of preferred orientation and 
disorder in clay minerals. These reasons make is impossible to use only XRD method for 
estimation of content of HT in mixture. In this case we used IR spectroscopy. The 
quantitative determination HT is based on measurement of the relationship between 
intensities of v3 vibration CO, ions ( at 1375 cm"1) and vibration Si-O(Si), Si-O(Mg) (at 
980-1060 cm"' ) in IR spectra, the former being absent in serpentine (chlorite), the latter - in 
HT. Temperature points were chosen according to changes of HTs determined by the 
thermal analysis. All spectra and diffractograms of samples after heat treatment in air were 
recorded at rcom temperature. 

Result and Discussion. 

X-ray diffraction patterns show the dynamic of change of C03
2'-H20 interlayer space of HT 

up to 260°C after T-treatment and up to 300 °C after p+T treat ment/Reflections dtm, d(„lf, 
decrease from 7.71 A, 3.84 A to 660^ 3.64 A and increase after pressure influence in 
autoclave (T=300°C, 24h) to 8.6, 4.31 A; (sample III, fig.). We observed 6.6 and 5.52A 
reflections for 1,11 samples after heating at 250 ° C, 5h, the latter being absent in III sample. 
300-600°C temperature interval HTs are X-ray amorphous. It has been observed that the 
structure of resulting products depends on impurities in natural samples, conditions of 
treating (in atmosphere or in aqueous solution), joint T+p influence or separately, regime of 
heating (dynamical or isothermal) and time of treatment. In X-ray amorphous temperature 
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interval we can observed the transformation of structure and formation of new phases by 
means of IR spectroscopy. 

Conclusion. 

The thermal decomposition of HT is complex. Analysis by diffraction and non-diffraction 
methods determined such fragments of the structure that were the first to be destructed. 
Resulting products depend on nature of accompanying substances in the starting material 
and on regime of treatment. As a consequence it is possible to choose such regime of T 
influence which may give the necessary products, to offer an explanation for anomalous 
combination of minerals in nature, to model the different geological processes. 

—• 1 1 , « • I QQ 

10 20 30 40 50 60 

Fig. Powder X-ray diffraction pattern of Hts samples heated at 1 - 20°, 2 - 250°, 3 -300°, 4 
- 500°, 5 - 600°, 6 - 1000°C under a- dynamic, b - isothermal heating in air and c - in 
autoclave at 300°C in water 24h, d - 48h. ///// - hydrotalcite; ® serpentine, Mg3Si205(OH)4; 
O -forsterite, Mg,Si 04 ; • -enstatite, MgSiO,; * - a A1203; * - YA1203; »-gibbsite, 
Al(OH)3; • -periclase, MgO;. - spinel, MgAl204. 
This work was supported by RFF1 grant N° 94-05-16537a and in part by Program "Univer
sities of Russia" ( 3H384-92 ). 
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111. ADSORPTION ON CLAYS 
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3.1. cation exchange 

1. THE CATION EXCHANGE PROPERTIES OF PHYLLOMANGANATES: 
EXPERIMENTAL RESULTS AND COMPARISON WITH PHYLLOSILICATES 

Laurent Charlet1, Ewen Silvester1, Alain Manceau' and Philippe Baveye2 

1 Laboratoire de Geophysique Interne et Tectonophysique (LGIT IRIGM), Universite 

Joseph Fourier, B.P. 53X, F 38041 Grenoble Cedex, France. 
2 Laboratory of Environmental Geophysics, Bradfield Hall, Cornell University, Ithaca, 

New York 14853-1901, U.S.A. 

Phyllomanganates (birnessite, vernadite and "5-Mn02") are ubiquitous in surface waters 

and in soils and subsurface materials, where they influence significantly the cycling of 

numerous elements, in particular of metal ions. The objective of the present paper is to 

review the data available on the exchange properties of these minerals and to present and 

discuss critically the results of a recent series of experiments on birnessite. The exchange 

behavior of phyllomanganates is compared and contrasted with that of typical phyllosilica-

tes, particularly in terms of exchange selectivity and degree of apparent irreversibility 

(hysteresis). Observed similarities and differences are explained on the basis of the surface 

charge density of the phyllomanganates and the localisation of their structural charge. 

Introduction 

Phyllomangarates (birnessite, vernadite and 6-Mn02") are ubiquitous in natural waters and 

in the clay-sized (<2.0um) fraction of soils, sediments and subsurface materials. Their ability 

to adsorb aqueous metal ions, and their active role in the cycling of metal elements, have 

been the object of a sustained research effort for over a century. 

The objectives of the present paper are, (1) to review briefly and to re-analyze partially the 

available literature on the cation exchange properties of phyllomanganates, (2) to report the 

results of a series of batch Na-Zn exchange experiments on birnessite, carried out under 

carefully-controlled constant-pH conditions, and finally, (3) to compare and contrast the 

observed cation exchange properties of phyllomanganates with those, abundantly described 

in the literature, of phyllosilicates. 

Methodology 

Birnessite (Na4Mn14O27.9H20) was obtained via a procedure based on the reaction O, + 
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2Mn2' + 40H" - 2 "Mn02" + 2H20. 

EXAFS spectra were recorded at the LURE synchroton facility (Orsay, France) and 

processed to yield information on the local structure of the resulting mineral. 

Sodium birnessite samples were reacted at 25 ± 0.3°C (in two replicates) under argon with 

mixed NaNO,/ZnNO, salt solutions, maintained at a total cation normality of 0.1 N and at a 

pH of 4.0 ±0.1 by addition of 0.1 N HN03 with an automatic titrator. After equilibration, 

assessed via monitoring of the potential drift, and alter centrifugation, the supernatant 

solutions were analyzed by Inductively Coupled Plasma (ICP) spectrophotometry. The clay 

slurries were digested with a mixture of 10% NH,0H.HC1 and 10% HNO„ and the 

supernatant solutions were also analysed via ICP. 

Results and Discussion 

The exchange of Na" for Zn2' on birnessite is characterized by an H-curve isotherm and 

reflects a very high relative affinity of birnessite for the Zn2' ions. Previous experiments 

reported in the literature showed that Ni and Ba are strongly preferred by birnessite over 

Mg2' These observations are consistent with the Kd affinity sequence 

Ba2*»Sr2*>Ca2>Mg2' observed for"6-Mn02" and are directly comparable with results 

found with tetrahedrally-substituted phyllosilicates. 

Isotherms for the Ba-Ca and K-Na exchange reactions on birnessite exhibit hysteresis, i.e. 

the shape of the isotherms depends on the direction of the exchange reactions. In the case of 

the K-Na exchange, this hysteresis is accompanied by a reversal of selectivity. The observa

tion that on birnessite, unlike on smectites, the Ba-Ca exchange shows hysteresis may be 

due to the formation of inner-sphere complexes between the cations and the birnessite 

surfaces, resulting from the localization of the structural charge in this mineral. 
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2. INTERACTION OF Zn2+ AND Pb2+ AQUEOUS SOLUTIONS WITH SEPIOLITE 

Maria Franca Brigatti, Luca Medici, Luciano Poppi 

Department of Earth Sciences-Modena University-Largo S. Eufemia, 19, 1-41100 Modena, 
Italy. 

Introduction 

In recent years there has been a resurgence in adsorption and/or exchange research induced 
by increasing emphasis on environmental health and safety. One example is the use of 
natural and common materials to remove ions, such as Pb2+ and Zn2', often found in the 
effluents from factories. This work presents the results of experiments performed to 
describe the interactions between sepiolite and Zn2t or Pb2' solutions and the resultant 
changes in the clay-solution system and the crystal chemistry of the mineral. 

Methodology 

Materials - Sepiolite from El-Bur (Central Somalia) was used to investigate the crystal 
chemical variations produced by interaction between Zvr* and Pb2f in aqueous solution and 
clay, since it contains only small amounts of impurities, whereas the removal of Pb2+ and 
Zn2' from aqueous solutions was studied by dynamic treatments through fixed beds 
consisting of sepiolite from Tolsa (Spain). Zn(CH,COO)2 2H20, Pb(CH3COO)2-3H20 and 
Mg(CH,COO)2 were used to obtain the following solutions: [Zn2f] = 2N and 10-2N; [Pb2*] 
= 2N and 10"2N, [Mg2<] = 2N and 10"2N. 
Techniques - The following tests were carried out on El Bur sepiolite: a) 5 g of natural 
sample were suspended in 100 cm3 of aqueous solutions of [Zn2'] = 2N and [Pb2*] = 2N. 
The two suspensions were shaken for 2 days at constant temperature (25°C) and pH (pHZn 

=6.4; pHI>b = 6.6). The treated samples were separated from the solutions by centrifugation 
and repeatedly washed with distilled water until the washings were free of excess exchange 
salts. The samples were air dried and the amounts of Ca2\ Mg2r and Si"", as well as of Pb2f 

and Zn2\were determined in both the exchange solutions and the exchanged samples by a) 
atomic absorption spectrophotometry; b) X-ray diffraction, at controlled temperature and at 
controlled relative humidity; c) differential thermal and thermogravimetric analyses. 
Weighed amounts of Tolsa sepiolite were placed in PVC tubes partially filled with water 
and then IO'2 N [Zn2*] and IO'2 N [Pb2*] solutions were percolated through the beds. When 
exhausted the beds were regenerated with Mg2" solutions and, at the end of the 
breakthrough, the treatment with Zn2+ and Pb2+ solution was repeated. In all runs the 
solution flow rate was about 9BV/h (BV=bed volume; each BV=100cm3). Each effluent 
sample was taken at known volume for the determination of Mg2\ Ca2\ Zn2\ and Pb2+ by 
atomic absorption spectrophotometry and Si4" by UV-Visible spectrophotometry . 
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Results and Discussion 

The structural formula of El-Bur sepiolite is: '4'(Si„ 77AI„,yFe3'„(I4)
 |f'l(Fe,"(M|,lvlg797) 

|,2,(K,M)7Ca,M)c)0,()(OH)4- The exchange treatment produces Mg2' and Ca2' decrease. 
Nevertheless, Mg2' removal is mostly evident when sepiolite is treated with Zn2' solutions. 
The unit cell dimensions, refined on the basis of the structural hypothesis of Brauner and 
Preisinger (1956) in the space group Pium, are for a natural sample: a=l3.472(2); 
b=26.970(3); c=5.244(l). They vary in accordance with the ionic radius of the cation used 
in the exchange treatment, i.e. for Zn2'-exchanged sepiolite: a= 12.795(5); b=24.04(l); 
c=5.006(2) and for Pb2'-exchanged sepiolite: a=l 3.683(8); b=27.!9(2); c=5.234(2). This 
behaviour indicates an overall reduction in the volume of the structure for the Zn2'-treated 
sample and only an increase in channel volume for the Pb2'-treated sample. Nevertheless, in 
Zn2'-exchanged sepiolite, heated at various temperatures, the d(m)), reflection (d(n())=ll.5 A at 
25°C) collapses to 9.9 A at a temperature of350°C, whereas in the natural (d(„n,=12.1 A at 
25°C) (d(llo)=12.1A at 25oC)and in the Pb2exchanged sample (d(ll())=l2.3 A at 25°C) the 
shift to the lower spacing occurs at temperatures of 300°C. Thus, the Zn2,-exchanged layer 
is more stable at higher temperatures Thermal analyses suggest that Pb2'-exchanged 
sepiolite contains less water than the natural and Zn2'-exchanged mineral. This is probably 
due to the lower hydration energy of the Pb2' ions. Furthermore, in addition to the 350°C 
reaction, attributed to the loss of the first two combined water molecules, Zn2'-exchanged 
sepiolite exhibits a reaction at about 245°C. This behaviour can be linked to differences in 
Mg2' - and Zn2'-1-1,0 bond strength produced by Zn2' for Mg2' exchange in edge atoms 
inside the channels. 
The chemical data on the effluent, obtained by percolation of the sepiolite beds with Zn2' 
solutions, show that the pollutant cation level is very low at the beginning; it reaches slightly 
lower values than those of the influent at about 10 BV (1 1) and then continuously increases 
until about 60 BV. A similar trend is observed in Pb2'-treated sepiolite, though the mineral 
removes Zn2' more easily than Pb2'. The Mg2', SI4', and Ca2' concentration curves show 
that Mg2' and Ca2' are the cations predominantly exchanged in the natural sample. The Si4' 
elution curves show a maximum in the range 1-10 BV, whereafter the trend remains quite 
constant. Two different behaviours are observed in Zn2'- and Pb2'-exchanged beds after 
regeneration with Mg2' solution: the cation exchange and adsorption capacity is quite 
constant for the Pb2'-treated sepiolite, whereas it decreases in the case of that treated with 
Zn2'. 

References 

Brauner K, Preisinger A. (1956) Struktur und Entstehung des Sepioliths. Miner, u. Petrogr. 

Mittlgn., 6, 120-140. 
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3. FIXATION AND RELEASE OF Zn2+ AND Pb:+ BY SMECTITE THROUGH 
IONIC EXCHANGE 

M. AUBOIROUX12, P. BA1LL1F1, J.C. TOURAY1, and F. BERGAYA2 

'- URA-CNRS n°1366, Université d'ORLEANS, Ecole Supérieure de l'Energie et des 
Matériaux, rue Léonard de Vinci - 45072 ORLEANS, Cedex 2, FRANCE 
2- CNRS, Centre de Recherche sur la Matière Divisée, In rue de la Férollerie - 45071 
ORLEANS, Cedex 2, FRANCE 

Introduction 

Numerous works on natural polluted sediments showed that clay minerals play an important 

role in the fixation and the transport of heavy metals by particular matter. Experimental 

studies about fixation and release of Zn2* and Pb2" by a purified (in Na form) montmorilloni-

te of Wyoming (ulteriorly exchanged in Ca-form) may contribute to a better understanding 

of these processes. 

Methodology and results 

i) Adsorption isotherms of Zn2" and Pb2~ alone or in binary mixtures, have been established 

at constant ionic strength (metal+Ca2l=lO"2 M). The results show different adsorbed 

amounts of metals with a higher affinity of Ca-montmorillonite for lead than for zinc, 

ii) Samples of Ca-montmorillonite were saturated through cation exchange by Zn2" (Zn-

montmorillonite) and Pb2' (Pb-montmorillonite). Exchange isotherms, (Zn-

montmorillonite)-Pb and (Pb-montmorillonite)-Zn, were established on these clays. They 

illustrate a competition between both metals with a selective adsorption of lead. 

A systematic XRD and IR Spectroscopy investigation on exchanged samples was conduc

ted. This study allows us to determine the hydration state and the adsorbed amount of water 

which are strongly dependent on the nature and the relative proportion of the exchangeable 

cations. 

In a second time, we study a sequential desorption of highly saturated clays (>100 ppm) and 

of clays containing amounts comparable to those observed in natural polluted sediments 

(about lppm). Different behaviours were observed for Zn2+ and Pb2", and for poorly and 

highly polluted samples. The release of metals seems to be dependent on the nature and the 

concentration of the adsorbed metals. 
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4. EQUILIBRIA OF THE ION EXCHANGE REACTION BETWEEN CALCIUM 
AND ZINC IN DEPENDENCE OF THE TEMPERATURE 

Milanka Miladinovic, Ljiljana Kostic-Gvozdenovic, Marija Tecilazic-Stevanovic 
15000 Sabac,Faculty of Technology and Metallurgy, 11000 Belgrade 

Introduction 

Reactions of cation exchange which include traces of transion elements of zinc and copper 
are significant from the environmental viewpoint and for studying the role of zinc and 
copper as microelements in plants metabolism and in recultivation of barren soil.There are 
different ideas about cation exchange reaction: whether the reactions of ion exchange, are in 
fact chemical reactions or whether they are a redistribution between solution and exchan
ger. The aim of this paper is to study the mechanism of ion exchange of calcium by zinc on 
Ca-montmorillonite (Wyoming) in dependence of temperature.In this work cations were 
determined by atomic absorption and flame photometry. The method of linear regression 
was used in the processing of experimental results. 

Methodology 

The calcium exchange by zinc was studied on Ca-montmorillonite at three temperatures, 
20°C,40°C and 60°C in the suspensions containing 2 g of montmorillonite and CaCl2 and 
ZnCl3 at four different mole ratios. 
At each temperature equilibrium isotherms, selectivity coefficients and standard free energy 
of reactions were defined. From the temperature dependence of equilibrium constant the 
standard enthalpies of exchange reaction was calculated for the temperature interval under 
investigation. 
The starting material was Wyoming montmorillonite with a particle fraction below 3 urn. 
The exchange capacity (CEC), determined by the ammoniun acetate method, was 78 
mmoles M7100 g. The exchangeable cations Ca, Mg, Na and K were determined by atomic 
absorption and flame photometry. 
The homoionic form of Ca-montmorillonite was obtained by multiple exchange of Wyoming 
montmorillonite with 0,5 M CaCl2 solution. 
Exchange reactions were carried out by continuous shaking-of the suspensions during 24h. 
This was the time calculated to equilibrate 3 um particles with the solutions, assuming a 
diffusion coefficient of the ions of D=10"12 cm2 s"1). After exchange, suspensions were 
centrifuged and the cation content of the supernatant was determined. 

Results and Discussion 

Figure 1. Equilibrium isotherms Ca-Zn exchange at 20,40,60°C 

.Table 1.Coefficient selectivity of ion exchange. Cu-Zn at 20,40,60°C and standard free 
energy. 

The experimental results are shown in figure 1 and table 1. For the equilibrium of Ca2* ~ 
Zn2~ a linear isotherm was found at 20°C whereas at 40°C and 60°C the isotherm indicated 
a strong preference for -Zn2* . The selectivity coefficients are dependent on the Zn2+ 
loading. This indicates site heterogeneity. 
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T('C> 

20 

40 

60 

XZn 

0,19 
0,37 
0.54 
0.65 
0.48 
0.59 
0,57 
0,70 
0.4G 
0.5B 
0.69 
0.75 

K£ 

0,86 

4.22 
1,B4 
0,92 
0,52 

4.20 
2.32 
1,74 
0.77 

kKir-rrR^) 

lrKc»= 0,34-l,46Xz , 

taKJ£= 5,12-S.3SJZll 

Wfcr=4.15-5.56XZ« 

AG(kJlraJ) 

0,37 

-3.75 
-1.95 
0,22 
1.42 

-3.99 
-2.34 
-1.53 
0,69 

Figure 1. Equilibrium isotherms Ca-Zn Table 1.Coefficient selectivity of ion exchange 
exchange at 20.40,60°C. Cu-Zn at 20,40.60°C and standard free energy. 

Conclusion 

Based on the temperature dependence of the exchange reaction of calcium by zinc, it can be 

calculated that: 
- reaction equilibrium at 20°C is linear, at 40°C and 60°C it is in favour of zinc; 
- temperature increase has a positive effect on the exchange reaction; 
- increase of selectivity coefficient, follows the order 

K/-n
c a 60°C 

KZn 
Ca40°C 

K Z n 
Ca20°C 
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5. KINETICS OF THE ION EXCHANGE OF Cd(Il) AND Pb(II) AT CLAY 
MINERALS 

A Pohlmeier, H. D Narres 
Institute for Applied Physical Chemistry, Research Center Jiilich, D-52425 Jiilich, Germany 

Introduction 
The mobility of heavy metals in the environment is mainly controlled by adsorption and ion 
exchange processes at colloid particles in soils and waters e g clay minerals or humic acids 
While the equilibrium properties of such reactions are widely investigated, less knowledge 
exists on the kinetics of such processes. However, the interpretation of kinetic experiments 
in colloid dispersions is often complicated by the fact that the observed process (adsorption, 
desorption or ion exchange) takes place at a heterogeneous surface, not in a homogeneous 
medium. Therefore the interpretation in terms of classical kinetics often fails. In this 
presentation an alternative approach, termed kinetic .spectrum method, is employed It was 
originally developed for the analysis of metal ion dissociation^from humic acids (1). In this 
work it will be applied to describe the binding of Cd2' and Pb2' at montmorillonite and illite 
and a more convenient algorithm is employed for the analysis of data. 

Methodology 
Mg-montmorillonite and Na-illite was purified by fractionation and ion exchange. The ion 
exchange isotherms were recorded by the batch technique with AAS analysis of the metal 
ions. The kinetics of ion exchange were investigated bv^a Stopped-Flow apparatus with 
optical detection where the concentrations of Cd"' and Pb2' in the solution were monitored 
by the indicator PAR The kinetics were measured at least at 5 different temperatures. 

Results and Discussion: , 
As an example Fig 1 shows a typical Stopped-Flow experiment of the exchange of Cd" 
against Mg2' for montmorillonite. The dashed, dotted and straight curves represent the best 
fit curveslbr the assumptions of the parabolic diffusion law, Elovich's equation and first 
order kinetics, respectively. 

80-

- 60-
•O) 

o 
E 3. 

— er 
40-

t 

..-•' ... r^ 
.'I 
•1 
I 
j 
f 
f 

) 50 

t / S 

100 

Fig. 1: Stopped Flow experiment of the.reaction of 5xl0"(' mol dm"' Cd(N03)2 with 0.05 g 
L'1 Mg-montmorillonite at pH=6.7., q: amount Cd2' bound; t: time; X: exp. data; —: 
parabolic diffusion law, ....: Elovich's equation;-: 1st order 

It can be clearly seen that none of these interpretations can describe the reaction correctly. 
For the analysis of such data a different approach is employed in this work: The surface is 
regarded as consisting of many different reaction sites, L;, this system is also termed a 
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homologous complexant(l) where each site has its own affinity for the reacting metal ion. 
The whole affinity of the homologous complexant must not be described by a unique value 
of AG or log K^ as in classical complexation chemistry, but with the distribution of 
affinities. The affinity spectrum is then the probability of each site to be occupied plotted 
versus AG or log K. 
The same idea can be applied to the kinetics of such a system. In this case, the contribution 
of each site is plotted versus its specific rate constant yielding a continuous kinetic spectrum 
(2,3). This kinetic spectrum can oe obtained directly from time domain kinetic experiments 
by performing an inverse Laplace transform into the frequency domain This is done by the 
Contin software (4), which allows the calculation of a model independent distribution 
function from low noise experimental data. 
For the first time the kinetic spectrum method is employed to investigate the ion exchange 
of Cd2~ at montmorillonite (3) and at illite. Fig 2 shows such a kinetic spectrum 
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Fig. 2: Kinetic spectrum for the reaction of 1.5xl0~5 mol dm"3 Cd(N03), with 0.05 g dm"-1 

Mg-montmorillonite. A(k) is the distribution function in arbitrary units' log k is the rate 
constant 
At montmorillonite two groups of processes can be distinguished the fast ion exchange at 
the outer surface with a mean rate constant of about 20 s and the slower exchange in the 
interlayer space with rate constants in the range 0.1 s"1 to 3 s'1. This process is controlled by 
hindered diffusion through the interlayer space as can be seen from the activation energy 
and -entropy (20 kJ mol"1 and -180 J mol'1 K"1 resp.) At illite, which has no accessible 
interlayer space, only a fast process with a rate constant of about 10s"1 is observed as 
expected, because no intercalation occurs The reaction of Pb2+ with montmorillonite is of a 
different nature: it is not bound by simple ion exchange but rather by precipitation as 
carbonate or hydroxide as can be seen from the higher activation energy (60 kJ mol") and 
the remarkable pH-dependence. 

Conclusions: 
The combination of the stopped flow method, which allows to accumulate many different 
experimental runs to improve greatly the s/n ratio. The data analysis by the Contin algorithm 
is very convenient to analyze the ion exchange kinetics of heavy metals in diluted suspensi
ons of clay minerals From temperature dependent measurements, mean activation energies 
can be calculated. These informations allow to differentiate between diffusion- and reaction 
controlled rate limiting steps. 

T Buttle, J., Complexation Reactions in Aquatic Systems: An Analytical Approach, 
Chichester, UK, 1988 
2. Olson, D L., Shuman, M S. Anal. Chem. 55, 1103 (1983) 
3Pohlmeier, A. Progr. Coll Polym. Sci. 95, 113 (1994) 
4. Provencher, S. Comp. Phys. Comm. 27, 213-42 (1982) 
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6. DYNAMICS OF THE FORMATION AND BREAKDOWN OF MONTMOR1L-
LONITE QUASI-CRYSTALS in RELATION TO CATION EXCHANGE 

HYSTERESIS. 

Kirsten Verburg', Philippe Baveye2, and Murray B. McBride2 

1 CSIRO Div. of Soils, Cunningham Lab, St. Lucia, Qld 4067, Australia 
2 Dept. Soil, Crop and Atmospheric Sciences, Bradfield Hall, Cornell University, Ithaca, 

NY 14853, USA 

Introduction 

The exchange of cations on clays and soils is generally regarded as a thermodynamically 
reversible process. In the relevant literature, however, several reactions have been reported 
where the isotherms for the forward and backward reactions were markedly different. This 
phenomenon of cation exchange hysteresis seems to suggest that in such cases exchange is 
characterized by extremely slow reactions. This is in direct conflict with the fast equilibrati
on times that have been reported in the literature in recent years. These seemingly contra
dictory observations have been reconciled recently in a conceptual model in which the 
exchanger is assumed to first undergo a fast reaction, followed by a much slower second 
stage (Verburg and Baveye, 1994) This conceptual model links cation exchange hysteresis 
to hysteresis in the formation and breakdown of quasi-crystais during the forward and 
backward exchange reactions. The objective of the present study was to assess the 
dynamics and long-term kinetics of these processes. 

Materials and Methods 

Batch K-Mg exchange experiments were performed in both forward and backward 
directions with dilute Camp Berteau montmorillonite suspensions. The samples were 
saturated with K or Mg using 0.5N solutions, while the total normality during the exchange 
reaction was 0.025N. The suspensions were continuously shaken for periods ranging from 
48 hours to 3 months, during which the solution phase was refreshed three times. 
Additional samples involving K-Mg and Na-Ca exchange (equilibration times up to 5 
months) were used for light transmission measurements. The transmittance of 1:7 diluted 
suspensions was measured at 650 nm A number of samples were saturated with K using 
KC1 solutions of different normalities. The transmittance of these samples was also 
determined; in some cases after lowering the electrolyte concentration. Portions of the K-
Mg montmorillonite suspensions were also analyzed using X-ray diffraction and Transmissi
on Electron Microscopy (TEM) 

Results and Discussion 
After 3 months of continuous shaking, a hysteresis gap is present between the forward and 
backward K-Mg exchange isotherms and is not significantly different from that observed 
after 48 hours equilibration. A hysteresis gap is also still present between the forward and 
backward isotherms of the light transmission data, although this gap becomes smaller with 
time (Fig. 1). Initial rates of quasi-crystal formation and breakdown are fast, but the 
processes proceed thereafter at a slower rate for at least 5 months. 
The light transmission curves for K-Mg exchange show a cross-over, while this is not the 
case for Na-Ca exchange. Since Na-saturated smectites have a much smaller tendency to 
form quasi-crystals than do K-smectites, this cross-over may be related to the formation and 
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breakdown of K-quasi-crystals. The fact that at a solution fraction of K equal to unity the 
transmittance is higher for samples that have undergone the forward reaction than those 
prepared for the backward reaction suggests that perhaps the formation of quasi-crystals in 
the former case may have been somehow hampered. This suggestion was tested using the 
KC1 saturated samples. The results indicate that the formation of K-quasi-crystals is 
strongly dependent on the electrolyte level at which the clay is saturated with K. Furthermo
re, because breakdown of the K-quasi-crystals is slow, they will remain intact for some time 
upon reduction of the electrolyte concentration This means that the samples on the 
backward isotherm (Fig.la) contain K-quasi-crystals that are inherited from the K-saturated 
step, rather than being quasi-crystals in equilibrium with the conditions of the experiment. 
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Fig. 1: Light transmission data for K-Mg (a) and Na-Ca (b) exchange on Camp Berteau 
after 48 hrs, 1 week, 3 weeks, and 3 or 5 months equilibration. 

Conclusions 

Although initial rates of quasi-crystal formation and breakdown may be fast, these processes 
proceed thereafter at a slower rate for at least five months. This not only causes exchange 
hysteresis to persist for long periods of time, but also allows quasi-crystals to be inherited 
from the preparation procedure This aspect should be taken into account when interpreting 
data on the size, shape, and organization of clay particles in suspension, and the experimen
tal procedures of such studies should be carefully scrutinized. 
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7. THERMODYNAMICS OF Na-Ca ION EXCHANGE BETWEEN 
MONTMOR1LLONITE AND AQUEOUS SOLUTION 

Eugenii N.Samarin, Olga 1. Raksha, Natalia V. Kumachiova. 

Department of Engineering Geology, Moscow State University, Vorobiovy Gory, Moscow, 
119899, Russia. 

Introduction 

In soil science practice a number of equations have been used to describe the cation-
exchange equilibrium in soils and clays. All of them have some assumptions which lead to 
uncertainties in the interpretation of experimental results. At present time Thomas and 
Gaines equation is a common method for evaluation of thermodynamic functions of cation 
exchange processes. It is, however, only a standardized method for experimental data 
presentation and does not permit an actual prediction of the exchange behavior of a 
particular system besides the situations, analyzed experimentally beforehand (Bolt, 1967). 
In this investigation the applicability of the regular "solid" solution theory proposed by 
Truesdell and Christ (1968) for cation exchange equillibrium analysis, is investigated. 

Methodology 

Materials - Two montmorillonites (Wyoming type) were used in the exchange experiments. 
One of them was sampled in the vicinity of Bakhchisaray town, Crimea peninsula and 
another was taken from the quarry near Makharadze, Georgia. Both montmorillonites 
originated as a result of volcanic ash halmyrolysis. Their CEC is 1.15 and 1.02 me/g 
respectively, calcite content does not exceed 2% and andesine - 1.5%. Two particle 
fractions were prepared. One of them consisted of particles with diameter less than 5 mm 
after sieving and another one was represented by particles with the diameter less than 5 urn 
and was obtained by sedimentation method. Ca-saturated clays were prepared by adding 
Ca-ion, in form of hydroxide, to the freshly prepared hydrogen-saturated clay suspension. 
To prepare the H-saturated form, the clay suspension was treated with 2% HC1 solution (to 
eliminate carbonates excess) for one-two hours. The freshly prepared homoionic clay 
suspensions were dried on the steam bath at about 40°C. 
Techniques - To obtained exchange isotherms 100 ml of Ca-clay suspension with different 
concentration (1,3 and 5%) was placed into glass flasks and stirred until the full precipitati
on (about 24 hours) and 50 ml of pure solution were removed for analysis. Then sodium 
concentration of the external solution was successively increased by adding NaCl (1.0 N 
solution was used), and Ca2^ content, extracted from suspension, was determined. The 
volume of solution removed from suspension for analysis always equalled that of added 
NaCl solution, so that clay suspension volume remained constant. This procedure was 
repeated untill all Ca2+ was extracted from exchanger. The regular solution theory was used 
to estimate thermodynamic constant values. The activity coefficients of specific cations in 
equillibrium solution were estimated using Pitzer equations. 
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Results and Discussion 

According to regular solution theory heterovalent exchange process is given by: 
Ca(cx) + 2Na(s) = 2Na(ex)+Ca(s) ^ (1) 

and the expression for thermodynamic constant can be written as following: 
Log K = log Ks - W / 2.303RT (N^ +1)2 + 2W / 2.303RT (2) 

in which K,. is the selectivity coefficient; NCa is the equivalent fractional Ca-ion amount 
absorbed; W is a constant, independent of composition; R is the gas constant and T is the 
absolute temperature. 

The results of experimental data processing are given in Table 1. 

Table 1. Parameters of the equation (2). 

Sample W/2.303RT log K 
Bakhchisaray (<0.5 mm) -0.0957 -2.086 
Bakhchisaray (<5 urn) -0.0866 -2.027 
Makharadze (<0.5 mm) -0.1415 -2.290 

Experimentally obtained parameters allow to calculate exchanger composition as a function 
of external electrolyte one to the nearest 2-3 percentages at any absorbed ion content and 
ionic strength of contact solution up to 1. It is interesting that thermodynamic constants, 
calculated from models of both regular and ideal solution were found to be equivalent for 
Na-ion content in exchanger varying from 20 to 70%. 
As can be seen from Table 1, grain-size composition has no effect on experimental results 
accuracy, regular solution model being used, because estimated constant values differ by 
0.059 log unit. However, the <0.5 mm clay fraction contained about 1.5% of andesine, 
therefore recalculation for pure montmorillonite content gives constant value equal to -
2.049 log unit, so the values considered vary for 0.022 log unit only. Moreover,the 
experiments with 1 and 3% Makharadze clay suspension gave log K value -2.223 and -
2.245 respectively. Thus, it might be proposed that suspension concentration in general 
does not influence the experimental constant value of log K. 
The differences in thermodynamic constant values for Bakhchisaray and Makharadze 
samples were not subject of a separate study. Nevertheless, it might be supposed that this 
fact is caused by various beidellite content in tested montmorillonite samples which differs 
from montmorillonite in respect of Na-ion adsorption. 
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8. THE CATION EXCHANGE CAPACITY - A SUITABLE CHARACTERISTIC 
FOR FUNCTIONALIZED HECTORITE ? 
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1 lnstitut de Chimie, Universite de Neuchatel, Avenue de Bellevaux 51, 2000 Neuchatel, 
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Introduction 

The characterization of functionalized hectorite, a suitable heterogeneous catalyst [1], 
turned out to be incomplete, considering the cation exchange capacity (CEC) without 
distinction between interlayer-bonded and edge-bonded cations. Using the method of cation 
exchange with alkyl ammonium ions [2], we showed that the ratio between interlayer CEC 
(CECj) and total CEC (CEC,) influences the extent of functionalization reactions. 

Methodology 

The determination of the CECj for synthetic Na'(aq)-hectorite was carried out by cation 
exchange of the sodium ions with alkyl ammonium ions with different carbon chain lengths. 
Afterwards, the carbon content of the exchanged hectorites gave the possibility to calculate 
the CEC, of Na~(aq) -hectorite [3]. The knowledge of the CECj / CEC, ratio allowed a more 
precise characterization of phosphine functionalized hectorite, prepared by reaction of the 
free hydroxyl groups of Ca2'-hectorite with diphenylchlorophosphine. 
Materials: The Na'(aq)-hectorite was synthesized using the method of WOLDT [4]. 
Techniques: The exchanged as well as the functionalized hectorites were characterized by 
X-ray-powder diffraction and elemental analysis. 

Results and Discussion 

Corresponding to the alkyl ammonium method of TRIBUTH and LAGALY [3], the 
determination of CECS is based on the calculation of the averaged layer charge £,. This 
value could be calculated for Na"(aq)-hectorite by analysis of the expansion of the interlayer 
distance which depends upon the carbon chain length (Figure 1). In application of the peak 
migration curves for smectites [5], the charge distribution for Na+(aq)-hectorite was 
determined and the averaged layer charge was calculated to be £ = 0.257 meq / Si40l(). This 
value corresponds to a CEQ of 67 meq / 100 g, being significantly lower than the CEC, 
value of 104 meq / 100 g, calculated with the known carbon content. It was surprising, that 
the CECj value, which corresponds to 65 % of the CEC,, is even lower than the typical 
value for clay minerals (CECj = 80 %), described by WEAVER and POLLARD [6]. 
The determination of the CECj / CEC, ratio simplified the characterization of functionalized 
hectorite, which was prepared by reaction of the free hydroxyl groups of Ca2*-hectorite with 
diphenylchlorophosphine according to Figure 2. In a second step nickel chloride was 
anchored coordinatively. The determination of the calcium content showed, that 65 % of 
the calcium ions in Ca2'-hectorite were retained after the functionalization reaction. The 
missing amount (35 %) of calcium, initially present, was replaced by a corresponding 
quantity of phosphine groups. This agrees with the elemental analysis of the phosphinated 
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hectorite. The concurrent value of 65 % for the CEQ as well as for the remaining calcium 
ions in functionalized hectorite supports our interpretation, that phosphine groups are 
exclusively anchored on the edges and the outside surface of the hectorite layers. 

Conclusion 

The results of our investigations showed that the distinction between CEQ and CEC, allows 
a better characterization of functionalized hectorite. 
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9. ADSORPTION OF A Cu II ETHYLENEDIAMINE COMPLEX ON CLAYS. 
SIMPLE METHOD OF CEC DETERMINATION. 

F Bergaya and M. Vayer 

C R M.D-C.N.R S, Universite d'Orleans, lb. Rue de la Ferollerie 45071 Orleans Cedex 2, 
France 

ABSTRACT 

The Cation Exchange Capacity (CEC) is the quantity of exchangeable cations expressed in 
milliequivalent per lOOg of ignited weight of clay. The determination of the CEC is generally 
a multiple-step process which usually involves the saturation of the clay with an index 
cation, the displacement of this index cation by an extraction solution, and the determination 
of the index cation extracted in the solution. The method developed in our laboratory is a 
single step procedure involving a cation strongly adsorbed by the clay. 

Methodology 

A titrated solution of copper (II) ethylenediamine, Cu(En)2
2', was added to the clay. After 

vigorous mixing, the suspension was centrifuged and the pellet discarded. The amount of 
the copper (II) ethylenediamine in the supernatant was determined either by atomic 
absorption or iodometry and related to the CEC of the clay. 

Results and discussion 

The method described was compared with other classical methods generally used for CEC 
determinations, and gave comparable results. 
We have used this method on bi-ionic [ (l-f)Ca - (f)Li ] montmorillonites treated by the 
« Hofmann-Klemen effect » to obtain samples of the same clay with variable CEC. In figure 
1, the CEC of these clays, after exchange with Cu(En),'', was determined by analysing the 
supernatant i) the sum of the cations released ( Ca-Li-Na ) by atomic absorption (AA) and 
ii) the excess of Cu(En),2" by AA and by volumetry. All the CEC obtained by different 
means are in good agreement. 
The advantages of this method are: 
(1) copper (II) ethylenediamine is able to replace irreversibly a great number of exchangea 
ble cations in the conditions of the exchange 

(2) low cost materials are used. 

(3) errors are limited owing to the single-step-procedure. 
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Conclusion 

The method described in this work, is a reliable and low cost, simple procedure to determi
ne the CEC of a large vatiety of clay minerals. 
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Figure 1: CEC of bi-ionic samples measured by atomic absorption (AA) and by volumetric (vol) 
titration in function of the initial fraction of Li in the clay (f). 
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3.2. sorption of organics 

1. SERS SPECTROSCOPIC STUDY OF THE ADSORPTION OF SURFACTANTS 
AND ORGANIC POLLUTANTS ON CLAY MINERALS 

E. Koglin, A.Tarazona, H.-D. Narres 
Institute of Applied Physical Chemistry ( IPC ) Research Centre Juelich (KFA), D-52425 
Juelich, FRG 

Introduction 

Cationic surfactants are currently being considered for their synergistic effects in migration 
and deposition of organic pollutants in soils and sediments. These surface-active molecules 
alter the adsorption properties of layer silicates by means of ion exchange, physisorption 
and surface hydrophobing. Therefore, the interaction between surfactants and clay minerals 
is of great importance for environmental -, waste disposal -, and technical research. New 
techniques that appear to be promising for answer to some basic questions regarding 
surfactant and organic pollutants adsorption on clay minerals is Fourier Transform Surface-
enhanced Raman Scattering (FT-SERS) and Surface-enhanced resonance Raman scattering 
microprobe analysis (Micro-SERRS). 
The purpose of this work is: (a) Utilisation of the FT-SERS technique for obtaining detailed 
information on the adsorption mechanism of two cationic surfactants, Cetyltrimethylammo-
nium bromide (CTAB) and cetylpyridinium chloride (CPC), on kaolin, (b) Application of 
the Micro-SERS spectroscopy for obtaining detailed information on the interlayer reactions 
of aniline on Cu(Il)-montmorillonites 

Experimental 

The silver colloids used for the clay mineral SERS activation ("Ag staining") were prepared 
by reduction of silver nitrate with sodium citrate: —Lee-Meisel colloids with a mean 
diameter of 15 nm 
FT-SERS spectra were recorded with the Rruker I-'RA 106 FT Raman module attached to 
an IFS 66 FT-IR spectrometer. A diode pumped Nd.YAG laser (1064 nm, max. 700 mW) 
at sample location was used as the excitation source. Electrode-Micro-SERRS spectra were 
obtained with an Instrument S.A. MOLK-S-3000 spectrometer. The MOLE-S 3000 is a fully 
computerised, triple spectrometer system with multichannel (E-IRY 1024) acquisition of 
data. The actual laser focus used in obtaining the reported spectra was ca. 1 urn. 

Results and discussion 

Since the positively charged Ag marker binds non-specifically to the negatively charged 
basal planes of the layer silicate kaolin, the FT-SERS spectra can give information about the 
location of the cationic surfactants on the clay minerals. In order to utilise FT-SERS 
spectra to study surfactant / clay mineral adsorption processes, it is necessary to have 
reasonable good assignments of the Raman vibrational modes of the surfactant molecules. 
Prominent head group bands in the CPC molecule are the in plane ring deformation 
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vibration at 651 cm"1; the intense symmetrical and trigonal ring breathing mode at 1028 cm"1; 
the ring stretching vibration at 1638 cm'1; and the CH ring stretching mode at 3084 cm'1. 
The characteristic tail group vibrations are located around 1062, 1132, 1301, 1458, 2852 
and 2881 cm"1. 
The characteristic head group marker vibrations { RT(i-(N

+-C) } in the CTAB molecule are 
seen for gauche (721 cm"1) and trans (762 cm'1) conformation. 
CPC adsorption on kaolin 

As an example of the adsorption process on clay minerals the FT-SERS spectra of CPC 
adsorbed on the negative charges on the basal planes of kaolin are investigated. Comparing 
the relative intensities of the FT-SERS bands and the normal Raman lines, we clearly see a 
strong enhancement of the pyridinium ring breathing mode of the pyridinium head group. In 
addition, we found that the enhancement of the pyridinium ring vibrations and the hydrocar
bon modes are quite different. The characteristic tail vibration at 1301 cm"1 ({CH2}n-chain 
twisting motion ) is completely absent in the adsorbed state and the CH2-scissoring SERS 
vibration at 1448 cm"1 shows a very low intensity. On the basis of the short-range sensitivity 
of the SERS enhancement, we can conclude that the pyridinium head group in the kao-
lin/CPC/Ag-colloid complex is attached to the basal planes of kaolin, leaving the hydrocar
bon chain directed away from the surface. 

CTAB adsorption on kaolin . 

FT-SERS spectroscopy has been used to study, in situ, the adsorption behaviour of the 
cationic surfactant with the trimethylammonium head group on the Ag hydrosols and the 
SERS "Ag stained" kaolin mineral. The adsorbed CTAB surfactant molecule in the 
kaolin/CTAB/Ag-colloid complex exhibits a large number of trans conformations (intense 
FT-SERS band at 767 cm'1: RTd-(N

f-C) mode) with respect to the Ca - CB hydrocarbon 
chain segments close to the nitrogen. 
The observation of a strong SERS enhancement for the 1453 cm"1 scissoring vibration mode 
of the alkyl chain indicates that the chain has most bonds nearly parallel to the surface. 
Therefore, this cationic surfactant is adsorbed with the ionic trimethylammonium head 
group pointing towards the charged basal plane of the layer silicate kaolin and the planar 
zig-zag hydrocarbon chain is flat adsorbed in which the hydrophobic -(CH2)n-tail is running 
parallel to the surface. 

Micro/SERRS spectroscopy 

Micro/SERRS measurements are made of the adsorption of aniline from aqueous solution 
by Cu(II)-montmorillonite and the formation of species in the interlayer of this montmorillo
nite clay mineral are investigated after SERRS activation with the Ag colloidal solution. 
These investigations have shown that a benzidine dicalion is formed in the montmorillonite 
interlayer. 
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2. THE EFFECT OF IONIC SURFACTANTS ON THE WATER-PERMEABILITY 
OF SEDIMENT 

Agnes Patzkd and Imre Dekany 
Department of Colloid Chemistry, Attila Jozsef University, H-6720 Szeged, Hungary 

Introduction 

The structure of sediments is considerably affected by the adsorption of tensides. Research 
works on this subject are currently of great practical interest. The aim of this work is to 
report on some model experiments related to the various phenomena taking place in subsoil 
and underground water. 
The adsorption of ionic surfactants on Ca-montmorillonite was investigated first. This study 
was followed by basal spacing, swelling and disaggregation measurements of organophilic 
montmorillonites in various dispersion media as well as measurements of the water 
permeability of the sediment. 

Methodology 

Materials - The clay is Ca-montmorillonite (Siid-Chemie). Organocomplexes of Ca-
montmorillonite were prepared from an aqueous solution of the cationic surfactant 
hexadecylpyridinium chloride (HDPC1) and anionic surfactant sodiumdodecylbenzene 
sulphate (SDBS; Fluka AG., manufactured-quoted purity, 98%). 
Techniques - The ionic surfactants concentrations were determined by two-phase titration. 
The air-dry organocomplexes of montmorillonite were examined in both aqueous and 
organic media with a Philips X-ray diffractometer, using Cu Ka radiation (wavelength 
X= 1.54 A). The swelling of the organophilic clay minerals were measured in toluene at 293 
± 0.5 K in 10 cm3 tubes of equal diameters, graduated in units of 0.1 cm3. The water 
permeability of the organophilic clay minerals were measured in a sedimentation tube with 
stopcock, 2.5 cm in diameter and 30 cm long, graduated in units of 0.1 cm. 

Results and Discussion 

It was found that cationic surfactants adsorb both on the external and internal surfaces of 
the clay. While ion-exchange takes place on the inner surfaces, molecular adsorption 
prevails on the outer surfaces. The adsorption of anionic tensides is restricted to the outer 
surfaces only. The organophilic montmorillonites were studied in various dispersion media 
by X-ray diffraction experiments (Fig. 1). The adsorption of cationic surfactants considera
bly increases the basal space distance of the clay while some decrease can be observed for 
the adsorption of anionic surfactants. The water permeability of hydrophilic Ca-montmoril
lonite is slight but it becomes considerable after tenside adsorption (Fig.2). 

Conclusion 
The sediment volume and its permeability depend on the nature of the dispersion medium 
and the amount and chemical composition of the adsorbed tensides. The structure of the 
sediment depends on the wetting, swelling and disaggregation processes. 
The experimental results showed that the sediment volume and permeability measurements 
can be correlated with the adsorption and X-ray diffraction data. 
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Fig.l. Basal spacing of organophilic montmorillonites with different amounts of ionic 
surfactants: o HDPC1, • SDBS. 
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Fig.2. Water permeability of organophilic montmorillonites with different amounts of 
ionic surfactants: o HDPC1, • SDBS. 
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3. INTERCALATION OF N-ALKYL AMMONIUM CHLORIDE INTO 
SWELLING FLUORO-MICA 
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Introduction 

Layer silicates intercalated by organic molecules, e.g. organo-clay complexes exhibit a wide variety 
of novel properties which are applicable to various fields(l-3). The properties of organo-layer 
silicates complexes are strongly influenced by the physiochemical nature of the host crystal(4-5). 
Some synthetic fluoro-micas are swollen with water in a similar manner to smectites, having an 
interlayer charge density higher than that of smectites. Unlike clay minerals, the fluoro-mica has 
high crystallinity, controllable composition and less impurities. Use of such micas as host material 
is, therefore, expected to be more advantageous than that of clays, especially for precise applicati
on. However, there have been few studies on the intercalation chemistry of synthetic fluoromicas. 
In this work, quarternary ammonium cations (n-alkyl trimethyl-ammonium chlorides ) with a 
variable chain length are intercalated into synthetic fluoro-taeniolite and hectorite. The structures of 
the organo-mica complexes are discussed on the basis of their XRD observations. 

Methodology 

Preparation offluoromica-quarternary ammonium complexes - Synthetic micas used were fluoro-
taeniolite(FTN) and fluoro-hectorite(FHT) with the ideal formulae of M'(Mg2Li)Si401(1F2 and 
M'().xi(MgU3Li,u,) Si401()F2, respectively (Topy Industries Co.,Ltd.), where M' is excheangable 
monovalent cation (Nar or Li'). The cation exchange capacities (CEC) of FTN and FHT were 
about 250 meq/100g, 60 meq /100g, respectively. 
These were independent of the kind of interlayer cation, sodium or lithium and corresponded well 
to those calculated. Carbon numbers of n-alkyl trimethylammonium chlorides were 
n=4,6,8,12,16,18,22 in the formula of [CH,(CH2) „., N (CH3),]Tr ( NOF Co., Ltd.). A fine 
powder of the fluoro-micas was stirred with an aqueous solution of the respective ammonium 
chlorides for 24 hours. Solid phase was separated from the suspension by centrifugation. Free 
ammonium ions were removed by washing with dionized water three times. Finally the product was 
lyophylized in vacuo(<10"2torr) . 
X-rtty diffraction (XllD) - The XRD data of the samples were collected under a relative humidity of 
10% and temperature of 30°C using a powder X-ray difFractometer with a Ni-filtered Cu-Ka 
radiation (RINT 2000, RIGAKU). 

Results and Discussion 

XRD observations exhibited that all of FTN and FHT having Na' and Li' as exchangeable cation 
form the intercalation complexes with n-alkylammoniums with variable chain length. 
The 001 reflections of all these complexes, except FHT with C-16 and C-18 alkyl ammonium, were 
sharp indicating their well-ordered structures. The basal spacings, d(001), of the complexes are 
plotted against the number of carbon atoms in n-alkyl ammonium (Figure 1 and Figure 2). For Na
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and Li-FTN the basal spacings expand linearly with increase of carbon numbers in the range from C 
=4 to 22. Na- and Li-FHT complexes show also a linear relation between basal spacing and carbon 
number in the range from C =8 to 22 but the spacings for C-4 and C-8 are almost constant at 14A. 
Assuming that the molecular configurations of n-alkyl ammoniums are unchanged in the silicate 
layer, we can interpret the linear increase of the d-spacing with carbon number as that the long 
chains of two n-alkyl ammonium molecules are opposite to each other in the silicate layer. The 
chains incline at about 30° to the silicate surface in FTN and about 50° in FHT, respectively. 
In the interlayers of low charge density silicates such as smectite, it has been reported that a 
monolayer of n-alkyl ammoniums is formed and their long chains are parallel to the silicate layer.(4) 
The monolayer structures are characterized by basal spacing of about 13.5A. As described before, 
FTN shows completely different intercalation characteristics which can dominantly be attributed to 
the high layer charge of the mica. FHT is an intermediate. In the FHT complexes, monolayer of n-
alkyl ammoniums of C-4 and C-8 arrange parallel to the interlayer space. FHT has, therefore, some 
similarity in the intercalation characteristic with smectite, as expected from their layer charges. 
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Conclusion 

FTN forms intercalation complexes with n-alkyl ammoniums (n=4~22). In the complexes, double 
layers of alkylammoniums are arranged with their long chains incline about 30° to the silicate 
surface. FHT forms similar complexes with those of FTN for n=8~22 and alkyl chains incline about 
50°. Short alkyl ammoniums of C=4 and 8 are intercalated also in FHT but form a monolayer, in 
which alkyl chains are arranged parallel to silicate sheet. The difference in the intercalation 
characteristics of organo-mica and organo-smectite complexes is attributed to the layer charge 
density and the layer charge distribution of the host materials. 
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4. SELECTIVE LIQUID SORPTION AND WETTING STUDIES ON PILLARED 
MONTMORILLONITE 
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Klaus Beneke and Gerhard Lagaly 
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Introduction 

The adsorption of benzene-n-heptane and ethanol-cyclohexane liquid mixtures was studied 

on pillared montmorillonite. The adsorption excess isotherms were determined for two 

pillared clay systems. To characterize the solid - liquid interactions, immersional heats of 

wetting were determined by microcalorimetry. In conjunction with these experiments, 

changes in the basal plane distances caused by the wetting process were measured by X-ray 

diffractometry. The results of these three different investigative methods give an excellent 

control system for the study of solid - liquid interactions in the pores of pillared clays. 

Having determined the adsorption excess isotherms and the heats of wetting (enthalpy 

isotherms), the adsorption entropy function can be calculated for binary liquid mixtures. 

These calculations provide information for determining the structural properties of and the 

adsorption exchange processes on the porous materials. 

Methodology 

Materials - The two pillared montmorillonite adsorbents used in theses experiments were 

prepared by heating the clays in an oven at either 110°C or 300°C. The organic liquids (pa.) 

were dried over molecular sieves before use. 

Techniques - In our experiments, the adsorption excess isotherms were determined by the 

immersion method, using a Zeiss interferometer to detect the changes in the liquid mixture 

composition. The microcalorimetric measurements were performed in an LKB 2107 

sorption microcalorimeter for the pure liquids and the liquid mixtures. The same systems 

were investigated by X-ray diffraction experiments (Phillips PW 1830) for both the 

powdered clays and the clays in suspension in the pure liquids and the liquid mixtures. 

Results and Discussion 

The selective adsorption of the polar components of the liquid mixtures (ethanol from 

cyclohexane, benzene from n-heptane) was established from the excess isotherms. The 

adsorption capacity for the different liquids was calculated from the excess isotherms by the 
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Everett - Schay function. These data correlated well with the interlamellar free liquid 

volumes calculated from the X-ray diffraction experiments. Therefore, from the adsorption 

capacity and the interlamellar free volume, the micropore volumes and the volumes of the 

pillars between the montmorillonite layers may be determined. 

The microcalorimetric data obtained provided accurate data on the solid - liquid interaction 

and the role of the micropores in the interlamellar space. The molar enthalpy and entropy of 

wetting can be calculated for these adsorbents. 

Conclusions 

The selective adsorption and the adsorption capacity of benzene and ethanol were establis

hed for the pillared clays. On the basis of the determined basal distances, the interlamellar 

free liquid volume can be calculated between the silicate layers. The solid - liquid interacti

ons were characterized by free energy, enthalpy and entropy functions. The thermodynamics 

of the selective adsorption of liquids and the structural properties of the interlayer space 

may therefore be characterized by these experiments. 
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5. THE ROLE OF LONG CHAIN ALKYL CATIONS IN SELECTIVE 
ADSORPTION OF 1-BUTANOL ON SMECTITES 
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Introduction 

Numerous studies have been devoted to clay-organic complexes. However, only a small 

amount of data has been assembled out to study the quantitative aspects of adsorption of 

organic molecules from aqueous solution by clay minerals. Studies of adsorption of water 

soluble organic compounds on hydrophilic surfaces from aqueous solution show that not 

only does chemical character influence adsorption but also the chain length of the molecule. 

The two effects were thought to act independently. 

Many scientists have recently shown that amines in ionic form can penetrate between the 

layers of clays, resulting in the production of interlamellar complexes. They suggest that in 

these complexes the amine chains are inclined to the plane of the layer. In the interlamellar 

space adsorption can take place between the organic cations as demonstrated by the 

expansion of the clay layers which may also be characterized by further increase of the basal 

spacing. 

Methodology 

Materials - The hydrophilic clays, Na-montmorillonite, Na-hectorite and Na-vermiculite 

were rendered organophilic by exchanging the inorganic interlayer cations for hexadecylam-

monium (C10-NH3) ions. The organoderivatives were washed with alcohol-water mixtures 

(1:1) and were dried in a vacuum dessicator before use. 

Techniques - The excess amounts of 1-butanol on surfaces were analyzed with a Zeiss liquid 

interferometer and an AP vibration density meter simultaneously for both hydrophilic and 

hydrophobic clays. The changes in the interlamellar swelling were followed by X-ray 

diffraction measurements (Philips X-ray diffractometer). 
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Results and Discussion 

The adsorption excess values of 1-butanol molecules on hydrophilic mineral surfaces were 

insignificant over the whole concentration range indicating the low adsorption affinity for 1-

butanol. This was supported by the results of X-ray diffraction experiments showing that the 

basal spacing remained nearly constant with increasing 1-butanol concentration for 

unmodified clays. The surface modification by cation exchange renders the hydrophilic 

montmorillonite, hectorite and vermiculite hydrophobic. The interlamellar adsorption of 1-

butanol from water was strongly preferential in the whole investigated composition range 

for these fully hydrophobic surfaces. The density of the hydrocarbon chains in the interla

mellar space, which is a function of cation exchange capacity of clay minerals, affects the 

adsorbed amount of 1-butanol. Gradual lamellar expansion of the hydrophobic clays was 

determined from X-ray diffraction experiments. This may be attributed to the adsorption of 

1-butanol molecules around the alkyl chains on the modified surfaces. 

Conclusion 

Short uncharged organic molecules (e.g. alcohols) do not adsorb from aqueous solution to 

the hydrophilic clay surfaces significantly. The inorganic interlayer cations may be exchan

ged for long hydrocarbon cations (e.g. C16-NH3) which bind to the mineral surfaces 

rendering them hydrophobic in character. The presence of bound long chain hexadecylam-

monium cations, which form a structure between neighbouring lamellae similar to surface 

micelles, promotes the accumulation of 1-butanol molecules at the solid surface via an 

adsolubilization process. This phenomenon is frequently found in nature, and may have 

importance in environmental pollution! 
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6. ADSORPTION OF AROMATIC HYDROCARBONS AND NONIONIC SUR
FACTANT ON CLAY AND SILICA SURFACES 

W. Backhaus, E. Klumpp and M.J. Schwuger 

Institute of Applied Physical Chemistry, Research Centre Jiilich (KFA), 
52425 Jiilich, Germany 

The high amounts of surfactants, which are emitted into the environment (several hundred 

thousand tons per year [1]), make it necessary not only to think about the fate and physi-

cochemical behaviour of the surfactants themselves, but also to gain insight into the 

influence of those substances on other contaminants in the soil. 

It is known that the adsorption of cationic surfactants on clay minerals leads to hydrophobic 

surfaces and consequently to an enhancement of the adsorption of contaminants like 

phenolic compounds [2]. Furthermore, the kinetics of adsorption processes is influenced by 

amphiphilic surface layers [3]. The adsorption of phenols and nonionic surfactants each for 

themselves on silicates and oxides is quite well investigated, but the interaction of contami

nants with nonionic surfactant layers is not that well understood. Therefore, in this study we 

investigated the thermodynamic and kinetic behaviour of the adsorption processes of 

phenols and nonionic surfactants in mixtures on the surface of Ca-Montmorillonite (< 2 um) 

and, for reasons of comparison, on silica gel. We were especially interested in the influence 

of environmental parameters like pH and salt concentration. 
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7. INTERLAMELLAR ADSORPTION OF N-PENTANOL AND NITROBENZENE 
FROM WATER ON HYDROPHOBIC CLAY MINERAL 
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Introduction 

The adsorption of organic pollutants and surface active molecules on clay minerals plays a 
very important role, because the clays with high specific surface area are one of the most 
reactive components in the soil. The study of adsorption on hydrophobic and hydrophilic 
layer silicates may also be a succesfui model investigation to get more information about the 
interaction of organic molecules with surfaces of environmental relevance. 

Methodology 111 

Materials: To prepare the organo-clay (CIS-vermiculite), sodium-vermiculite from South-
Africa (CEC= 1.97 mmol/g) was hydrophobized by cation exchange with octadecylammoni-
um-chloride. 
Techniques: On this organo-clay the adsorption excess of n-pentanol and nitrobenzene from 
water were measured by batch technique. In adsorption equilibrium the swelling of the 
organo-clay was measured by X-ray diffraction. The integral enthalpy of displacement was 
determined in a flow sorption microcalorimeter. 

Results and Discussion 

0 0.2 0.4 0.6 0.8 1 

Fig. a: Adsorption excess isotherms of n-pentanol (circle) and nitrobenzene (triangle) from 
water on octadecylammonium vermiculite at 25°C. b: Basal spacings of the organo 
vermiculite in aqueous solutions of n-pentanol (circle) and nitrobenzene (triangle) 
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The adsorption excess isotherms of n-pentanol and nitrobenzene are of S-shape. Both 
substances intercalate into the silicate layers and increase the basal spacing depending on the 
equilibrium concentration in the bulk phase (Fig. a and b). To control the entropy change 
due to the intercalation, flow microcalorimetric experiments were made and enthalpy of 
displacement isotherms (adsorption and desorption) were determined. Getting the informati
ons from these three different measuring techniques, the composition of the interlamellar 
space - in volume fraction of the intercalated molecules - and the thermodynamics of 
adsorption and intercalation are discussed. 
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8. ADSORPTION OF CHLOROBENZENE ON CATION EXCHANGED AND 
PILLARED MONTMORILLONITE 

J. T. Kloprogge, L. Korbijn and T.P.M. Koster 
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Introduction 

Purification of wastewater and contaminated groundwater containing chlorinated hydrocar
bons is difficult to accomplish by conventional biological purification techniques. Therefore, 
concentration and possibly recovery of the chlorinated hydrocarbons using modified clay 
adsorbentia can offer an interesting alternative. Smectite clay minerals are capable of 
binding numerous organic compounds by interactions like adsorption, ion exchange and 
intercalation. The adsorption capability is partly governed by the organophilic nature of the 
interlayer cations or complexes. Chlorobenzene has been used as a model agent because it is 
a compound frequently found in industrial wastewaters at relatively low concentrations and 
biological degradation is rather difficult. In this preliminary investigation the adsorption of 
chlorobenzene on modified smectites has been studied. 

Methodology 

Materials - Montmorillonite K10 has been cation exchanged by 4M NaCl, 2M CaCl2, 4M 
NH4C1, followed by extensive washing until free of residual ions and freeze drying. Al-
pillared montmorillonite was prepared by the addition of a partly hydrolyzed Al solution 
(OH/A1 molar ratio 2.5, prepared by slow addition of a 0.2 M NaOH solution to a 0.2 M 
A1(N03), solution under vigorous stirring) to a 3.5 wt% clay suspension. The exchanged 
clay was washed until free of Nar and N03, freeze-dried and calcinated at 500°C (a detailed 
description is given in Kloprogge et al., 1994). An organophilic montmorillonite was 
prepared by cation exchange with tetrabutylammonium bromide, followed by washing and 
freeze-drying. The zeolite clinoptilolite was added for comparative reasons. 
Techniques - 5 ml of a stock solution (210 mg chlorobenzene in 500 ml distilled water) was 
added to increasing amounts of clay (21 to 420 mg) and shaken for two days. The remaining 
chlorobenzene concentration in the solutions have been analysed by means of head-space 
gas chromatography at 40°C. 

Results and Discussion 

Table 1 shows the amounts of chlorobenzene adsorbed on the various clay and clinoptilolite 
samples (in % adsorbed chlorobenzene). The accuracy is believed to be approximately 3 %. 
All samples exhibit a constant low level of chlorobenzene adsorption, except for the TBA 
pillared montmorillonite, which shows a regular increase of adsorption with increasing 
amount of clay. The constant low levels of adsorption may be explained by reduced 
accessibility of the aromatic molecules to the interlamellar region due to strong hydration of 
the interlayer cations or complexes (Lee et al., 1990). 
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Table 1. Percen 

mg clay 
21 
210 
315 
420 

amount of 
chlorobenzcne 
adsorbed in 
mji/g 

tage of chlorobcnzene adsorbed 
Na-
mont. 

0.0 
5.4 
5.8 
4.7 

0.29 

NH4-
mont. 

0.0 
8.8 
8.3 
9.3 

0.47 

Ca-
mont. 

0.0 
4.1 
5.8 
5.1 

0.29 

on various adsorbentia. 
A113 
pillared 
mont. 

0.0 
8.7 
8.1 
10.4 

0.52 

TBA 
pillared 
mont. 

1.8 
15.9 
20.0 
25.1 

1.26 

clinoptilite 

0.0 
8.8 
9.5 
9.6 

0.48 

Recalculation of the percentages adsorbed chlorobenzene to the amounts adsorbed per gram 
clay gives the following order of amounts adsorbed: Na-montmorillonite Ca-montmorillo-
nite < NH4-rnontmorillonite _ clinoptilite All3 pillared montrnorilloniTe < TBA pillared 
montmorillonite. The differences between the various samples can be explained by differen
ces in surface area (pillared clays and the zeolite) and hydrophobicity or hydration shells 
(NH4 and TBA-montmorillonite). The amount of approximately 11 umol/g chlorobenzene 
adsorbed is comparable to the values observed for the adsorption of monochlorophenols on 
other alkyl ammonium clays (e.g. Michot and Pinnavaia, 1991) 

Conclusion 

Tetrabutylammonium (TBA) pillared montmorillonite exhibits the best chlorobenzene 
adsorption properties compared to cation exchanged and inorganic pillared montmorillonite. 
The maximum amount of 1.26 mg/g adsorbed chlorobenzene indicates that the TBA pillared 
montmorillonite in its present form is not yet suitable for industrial applications. The 
adsorption capacity may be increased by applying larger alkyl ammonium ions to pillar the 
clay, increasing the basal spacing, the surface area, and the pore volume (Mercier and 
DetelHer, 1994) or by applying an organic surfactant to increase the organophylicity.. 
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9. INFLUENCE OF PARTICLE SIZE OF VERMICULITE ON THE 
DEGRADATION OF INTERCALATED ALKYLAMMONIUM 
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Instituto de Ciencia de Materiales de Sevilla, Centro Mixto Consejo Superior de Investiga-
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Introduction 

Alkylammonium cations intercalated in clay minerals produces a hydrophobic material 
which has many practical applications. Some organic compounds are easily intercalated in 
alkylammonium clay complexes previously formed. 
Studies about the degradation of alkylammonium cations under special conditions of 
pressure, temperature and storage have been previously carried out by the authors. The aim 
of this work is to compare the degradation of alkylammonium intercalated in vermiculite. 
Both, larger vermiculite flakes and ground samples, were studied. 

Methodology 

The vermiculite used was from Santa Olalla, Spain. It was slightly ground using a cutting-
mill and sieved under 80 (am. 
The samples of vermiculite were treated with 1M NaCl solution at pH = 7 during different 
times and heated under refluxing conditions. After washing the product with deionized 
water to eliminate CI" ions. The samples were treated with 2M n-butylammonium hy
drochloride aqueous solution at pH = 7 and heated under refluxing conditions. 

Results and Discussion 

Analysis by X-ray diffraction of vermiculite < 80 urn treated with butylammonium under 
reflux during 120 minutes and dried at 110 °C, shows a basal spacing d(002) = 1.447 nm. 
This diffraction is practically constant after heating in air to 220 C and decreases at 600 °C, 
when decomposition by oxidation of n-butylammonium ions takes place. The study by IR 
spectroscopy confirmed the presence of characteristic -CH2, -CH3 and -NH, ' bands 
corresponding to alkylammonium ions. Thermogravimetric (TG) and Differential Thermal 
Analysis (DT A), performed in air, confirmed as well the presence of this ion in the samples. 
These data are in agreement with the presence of alkylammonium in the interiayer space, 
remaining stable during a long time storage at room temperature. 
The formation of complexes using large vermiculite flakes was found also possible. 
Alkylammonium ion is located in the interlayer space. However, the experimental conditions 
play an important role in the formation or this complex. Thus, ammonium vermiculite is 
obtained using the same conditions as in the minus 80 urn sample described above. The 
d(002) diffraction appears at 1.034 nm. IR spectrum shows only absorptions corresponding 
to -NH4

+ groups. Using shorter times than in minus 80 um samples, under refluxing 
conditions or after heating at lower temperatures, several X-ray diffraction patterns were 
observed which are in agreement with the formation of interstratified materials. The 
application of a computer program of modelization, based on the method of Fourier 
transforms of interstratified structures, shows different phases constituted by layers with 
alkylammonium, and others with ammomum ions. 
These data are interpreted assuming that the alkylammonium is degradated in the interiayer 
space to ammonium and alkyl radical. 

Acknowledgments: Financial support by DGICYT research project PB91-0144 is gratefully 
acknowledged. 
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10. ADSORPTION OF PHENOL ON PALYGORSKITE 
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Introduction 

In this paper we present the results of an interaction of an organic compound, like phenol, 
on a fibrous clay, palygorskite, in a short time of reaction. 
These kind of clay minerals have a high specific surface area, being a function of theirs 
structure with pores and channels. This property is important in the use of a fibrous clay 
mineral as sorbent. 
Mere some reactions are described of organic compounds with clay minerals. This study is 
important in the extraction of the waste elements in gas or liquid fractions, when the waste 
is a mixture of an organic compounds. 
The size and the reactivity of the organic compound must be considered in the study of the 
interaction with the clay sorbent. 

Methodology 

The clay mineral used was a natural palygorskite from Ciudad Real (Spain). The phenol 
used was an analytical quality product. 
The specific surface area of the sample was determined by the corresponding nitrogen 
adsorption isotherms at 77 °K, after outgassing the samples at different temperature, from 
50 °C to 300 °C for 24 h, with a residual pressure of 10"3 mm Hg. The B.E.T. method was 
used for the corresponding calculations. 
The clay mineral was used after in two thermal activations: 

1 - Heating at 100 ± 5 °C for 2 h. At this temperature the sample presents the biggest 
specific surface area. 

2 - Heating at 150 ± 5 °C for 2 h. At this temperature the sample is activated for 
adsorption (Shuali, 1991). 
The adsorption reaction was taken in two forms for each activated clay: 

1.- 1 gr of clay in a 50 cm3 of an 1 M phenol solution. 
2.- 1 gr of clay in a saturated phenol atmosphere at 80 °C. 

The samples were taken at 2, 6, 24 and 48 hours of reaction time and then, were analysed in 
a simultaneous Thermogravimetric - Differential Thermal Analysis and a Fourier - Trans
form Infrared (FT - I.R.) Spectrophotometer, using the KBr pellet technique. 
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Results and Discussion 

The thermograms of the samples showed that the variations appeared in the bands which 
corresponded to the loss of zeolitic water. This variation is different for the samples which 
were in the phenol saturated atmosphere than for the samples in the liquid solution. 
The first kind of samples showed a wide band in the thermogram in the place of the zeolitic 
water band. The band is looked clearly defined in relation to the others band in thermogram. 
Meanwhile, the second samples showed a big band which join the first and second band of 
the clay thermogram and showed a shoulder on it. 
The weight loss observed in the samples are a function of the time interaction. In samples 
with liquid solution, the percentage of weight loss were the same for each sample, but, after 
a long time, the samples activated at 100 °C showed bigger weight loss than the 150 °C 
activated samples. 
For the samples at saturated atmosphere the weight loss were bigger than the liquid solution 
samples. 
The FT-IR results showed the characteristic band of phenol from 1600 to 500 cm"1 in the 
clay samples diagrams. These bands are more clear in the saturate atmosphere samples. 

Conclusion 

The interaction of phenol with paligorskite was in the external surface and in the first part of 
the channels. 
The interaction was more important when the organic compound was in a vapour form. 
The thermal activation of the clay has no effect in the first 48 hours of interaction. 
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Introduction 

Sepiolite is a natural hydrated magnesium silicate clay mineral with microfibrous morpholo
gy. Structurally it is formed of blocks and channels extending in the fibre direction. This 
structure makes sepiolite an excellent candidate for pesticide formulations since it may be 
expected that molecules captured inside the channels will be released relatively slowly. This 
Spanish-Israeli collaboration is intended to study the interactions of organic cations with the 
clay mineral. Organic cations have already been employed in stabilizing pesticide formulati
ons against photodegradation (1). We present results for the adsorption to sepiolite of two 
monovalent organic cations, the dyes methylene blue (MB) and crystal violet (CV), and two 
neutral molecules Triton X-100 (TX100) and crown ether 15C-5. 

Methodology 

These results have been analyzed in terms of a model which combines electrostatic equati
ons with specific binding, and considers neutral and positively charged complexes between 
surface sites and organic cations in a closed system (2). The model also considers dye 
aggregation in solution (3). By using a relatively dilute suspension of sepiolite (0.2% w/v) 
the maximal amounts of dyes adsorbed increased above previously reported values (4) to > 
0.6 mmole/g clay, i.e., more than four-fold in excess of the cation exchange capacity (CEC) 
of the clay (0.14 mmolc/g). Previous results indicated no release of Mg2+ upon the adsorpti
on of TX100 (5). Hence our starting point was that the organic molecules primarily sorb to 
neutral sites, denoted NS. From an analysis of the adsorption of TX100 to sepiolite we first 
determined that the number of these neutral binding sites was 3.4- fold larger than the CEC. 
Next we employed this value in calculations of the adsorption of MB and CV to sepiolite. In 
the calculations we assumed that the organic cations can form complexes of the following 
types: 

p- + r = [PX]" [i] 
[PX]°+ X+ = [P-X,]* [2] 
NS + X' = [NS-XJ- [3] 

with binding constants K, K and ^respectively. 

Results and discussion 

In view of the large excess of neutral binding sites the effect of changing the parameters K 
and K by two orders of magnitude was relatively small: we fixed K and K at the values 
determined for montmorillonite (3). The value 1^=3 106 M'1 gave the best fit to the 
experimental data. The value of the binding constant for TX100 was 3600 M-l. The results 
in Fig.l demonstrate that the model employed can quantitatively explain the adsorption to 
sepiolite of the neutral and charged molecules. MB maximum adsorbed amounts (not shown 
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in the figure) are 10% lower from those of CV (0.5S and 0.63 mmole/g, respectively). This 
slight difference is quantitavely explained in the model by the formation of aggregates of 
MB in solution. 

Conclusions 

Both TXlOO and the organic dye MB can enter the sepiolite channels, whereas the bigger 
neutral molecule 15C-5, can only bind to a fraction of the external neutral binding sites, up 
to 0.7-fold of the CEC. The entry of CV into the channels is difficult to reconcile with 
geometrical considerations. This issue is under further investigation. Currently we test the 
ability of the model to predict adsorbed amounts in competition experiments, and explain 
UV-Visible and FTIR spectra. 

Figure 1: Adsorption of CV, TXlOO and 15C-5 to sepiolite. Points represent measured 
data, and lines- calculated values. 
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3.3 ORGANOPHILIC CLAYS 
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Introduction 

A great part of the soil organic matter is associated with minerals to organo-mineral 
complexes (greenland 1965), which are of pronounced importance because of their sorption 
capabilities. For the first time the cation exchange capacities (CEC) of naturally occuring 
organo-mineral complexes were determined by Leinweber et al. (1993). 
Earlier investigations by Mortland et al. (1986), Jaynes and boyd (1991) as well as Bors and 
Gorny (1992) predominantly using model substances, revealed that organo-mineral 
complexes are capable of sorbing nonionic organic compounds as well as anions. 
Since then intensive experiments are being carried out to study the sorption mechanism of 
anions and cations by these soil components and to improve the knowledge on the role of 
soil organo-mineral complexes as buffer substances for plant nutrients, pollutants and 
radionuclides. In this paper experimental results on sorption experiments using hexadecylpy-
ridinium-clays (HDPY-clays) and synthetized clay humic complexes are presented. 

M ethology 

For the investigations a vermiculite, a bentonite and the clay fraction of a loess were used. 
Organo-mineral complexes were prepared by adding a solution of HDPY-C1 in different 
parts to the CEC of these materials. Alternatively, in current studies soil extracted humic 
acids were applied to the clays under consideration. The samples were washed with water 
and different mixtures of ethanol/water, respectively, to remove excess organic material. 
The anion and cation exchange capacities were determined. 
Sorption and desorption of anions (12SI") and cations (134Cs\ 45Ca2') were investigated using 
the batch method and characterized by the distribution coefficients (RD-values). For the 
determination of isotherms the ions of concern were applied at initial concentrations 
between 10'8 and 10'2 mmol*mr'. 
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Results 

In a wide range of ion concentration the amounts of sorbed anions and cations were found 
to be in correlation to the HDPY content of the clays: with increasing HDPY content the 
amounts of sorbed anions increase, while the amounts of sorbed cations decrease to the 
complimentary extent. Furthermore, there is a linear relation between the amounts of sorbed 
ions and their equilibrium concentration. 
Measurements of the sorption of alkylammonium cations by clays have shown that highly 
charged clay minerals will sorb these organic cations not only in the interlayer space but a 
sorption is also possible to the layer surface. In this case, electroneutrality is maintained by 
simultaneous adsorption of anions. To estimate the contribution of those HDPY-C1 ion pairs 
to the sorption behaviour of organo-mineral complexes different washing solutions were 
used. On the basis of these results, the iodide sorption by HDPY-clay may be related to the 
amount of HDPY-C1 ion pairs. The sorption mechanism seems to be a ligand exchange 
process. 
The introduction of soil extracted humic acids to the clays also resulted in an increased 
sorption of anions. 
The cation adsorption experiments with the synthetized ciay-humic substances are 
Underway. It is intended to correlate the quantity of sorbed cations to the saturation level of 
the clays with organic material. Cation exchange isotherms and the effects of sorption 
modifying factors will be discussed. 
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2. THE INTERACTION OF POLYMERS WITH CLAYS IN WATER-BASED 
DRILLING MUDS. A ,5JCS AND aNA SOLUTION PHASE NMR STUDY. 
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Introduction 

Traditionally oil based muds (obm) have been used in the oilfields of the North Sea to 
prevent the swelling of clay-based shale components and their resultant disaterous effects on 
the mud's characteristics. An approach receiving considerable attention is the development 
of water based muds (WBM) which contain cationic polymers. We have evaluated l33Cs and 
23Na solution phase NMR as an 'in-situ' probe to study the adsorption of polycations, and 
other ions, onto clays in aqueous suspensions containing 2.5 wt% of a low-iron Texas 
bentonite, Westone-L (WL). The advantage of this technique is that the system is not 
disturbed by centrifugation or other sample treatments. In particular we have studied how 
effective the polycations FL15 and FL17, [(Me2NCH2CHOHCH2)„]"+, and Magnaflocl697, 
(CH2CHCH2N(Me)2CH2CHCH2)n]"\ are at displacing Cs - and Na'-ions from the Texas 
bentonite compared to K', Me4N' and paraquat2'. This information has been correlated with 
that obtained from particle size and electrophoretic measurements in aqueous suspension 
and compared with adsorption isotherms, variable temperature x-ray diffraction and thermal 
analysis data from powdered samples. 

Methodology 

The nominally < 2 um fraction of the low iron WL was separated using standard sedimenta
tion techniques and the Na\ Cs' and K' forms were prepared by washing three times with 
the appropriate chloride salt. XRF analysis confirmed that these samples, after washing to a 
residual conductivity < 20 us, were homoionic in the exchange cation. XRD traces were 
recorded on a Philips PWl 130 diffractometer using CoKa radiation. Adsorption isotherms 
were determined using a Gerhardt Vapodest Kjeldahl Autoanalyser and Zeta potentials and 
particle size distributions were recorded on a Malvern Zetasizer II and a Leeds and 
Northrup Microtrac Particle Size Analyser, respectively. NMR spectra were recorded on a 
Bruker WH400 NMR spectrometer, B„ = 9.4T, at a frequency of 52.488 MHz for ,33Cs and 
105.85 MHz for 23Na. In a typical experiment 800 transients were acquired in IK points, 
with a typical sweep width of 20 KHz, which were transformed with 16 K points. The 
proportion of M'-ions associated with the clay was determined by reference to a 0.01 mol 
dm"1 MCI solution saturated with cuso4 to broaden the peak. 
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Results and discussion 

FL15, FL17 and 1697 all exhibited high affinity adsorption isotherms on all the cation-
exchanged forms of WL, whereas the adsorption of TMA* ions, which represents the 
cationic portion of the polymers, was of lower affinity. The maximum amount of polymer 
adsorbed, Qnilx, depended on the resident exchange cation, varying as Na>K>Cs, and the 
molecular weight of the polymer. Qmax on the Na-clay approached twice the amount of 
polycation required to fulfill the cation exchange capacity (CEC) of WL. XRD profiles 
confirmed that in general, after drying, the polycations resided between the clay lamellae 
except at low loadings on the Cs*-clay. In the absence of competing (poly)cations the 1-"Cs-
NMR exhibited a broad (1500Hz), weak signal. The proportion of Cs" associated with the 
clay was determined by reference to a 0.01 mol dm"3 CsCl solution saturated with CuS04 to 
broaden the peak. The amount of Cs+ ions visible by nmr in the absence of (poly)cation was 
equivalent to 20% of the total Cs* ions present. As (poly)cation was added the signal 
narrowed, eventually to 15 Hz, and grew considerably in intensity. As the adsorption 
isotherms suggested the polycations were extremely effective at displacing the resident Cs' 
ions closely followed by paraquat2'. Me4N

+ ions were considerably less effective and Na* 
and K* ions, as anticipated, were very ineffective. XRF analysis of samples saturated with 
FL17 in the plateau region of the isotherm confirmed that >96% of the exchangeable Cs -
ions had been displaced by the polycation. Magnafloc 1697 was not as effective at displa
cing Cs*-ions as the FL series of polymers and this was reflected in the Zeta potential and 
particle size measurements. This data suggested that the FL polycations were able to 
penetrate the interlayer more effectively than the bulkier 1697, which was only adsorbed up 
to 60% of the CEC. Consequently, whilst the FL polycations adsorbed onto Cs"-WL via a 
charge neutralization mechanism 1697 adsorbed, at least in the early stages, by a particle 
bridging mechanism. 

The "'Na NMR studies suggested that FL17 adsorbed via a particle bridging mechanism at 
loadings up to 35% of the CEC and after that charge neutralization became the dominant 
mechanism. This, too, was in accord with the particle size and zeta potential measurements. 

Conclusions 

This investigation has shown that data obtained using 'in-situ' solution phase NMR of 
aqueous dispersions of Na- and Cs'-exchanged montmorillonite was sensitive enough to 
reflect small changes in behaviour suggested by more established techniques and was, in the 
case of the 2,Na NMR studies, able to distinguish a change in the adsorption mechanism 
with coverage. Thus, we conclude that these NMR studies provided a significant insight into 
clay polycation interactions at a molecular level. 
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Introduction 

Clay - humate complexes formed by interactions of humic substances with clay minerals 
strongly influence clays properties and reactions with other compounds in the soil system 
(Weber 1988). 
The goal of this work was the investigation of some metals sorption onto the clay - humate 
complexes incorporated into the carbon paste electrode. Although the clay - humate 
complexes were already prepared (Jouany 1991), this is the first report on their use as 
electrode modifiers. The carbon paste electrodes modified with various clay - humate 
complexes were used for voltammetric study of Cu(II) interactions with these complexes. 
The study was intended as comparative with the voltammetric study of cu interactions by 
means of clay-modified carbon paste electrodes (Kula, Navratilova 1994). 

Methodology 

Materials - Montmorillonite (MMT), deposit Wyoming, USA was in natural form and 
particle size < 5 urn. Na Salt Humic Acid (HA1) commercial preparation Serva and home 
made preparation of humic acid (HA3) isolated from North Bohemia oxidized brown coal 
(procedure described in: Navratilova, Kula 1993) were used for clay-humate complexes 
preparation. All chemicals were analytical grade (Merck), redistilled water was used in all 
experiments. 
Techniques - Clay-humate complexes were prepared by adding proper amount of humic 
acid (as Na salt) to a solution of 500 mg MMT in about 50 ml water. After diluting of the 
suspension to 100 ml volume, pH was adjusted to the value 1.6 by consecutive adding of 
cone. HC1. The suspension was slightly shaken for about 2 min and left for 24 hours at 
room temperature. After centrifuging at 3,000 rpm for 15 min clay-humate complex was air-
dried and the supernatant was analyzed for humic acid residual content. The clay-humate 
complexes (MMT-HA) contained 0.1 - 20 % humic acid (% w/w). Spectrophotometry at 
wavelength 400 nm was used for the HA determination in the supernatant. 
X-ray powder diffraction (XRD) was used for the characterization of the prepared com
plexes. 
Carbon paste electrodes modified with clay-humate complexes MMT-HA were prepared 
according to the procedure for the preparation of clay-modified electrodes (Kula, Navratilo
va 1994). Cyclic voltammetry (CV) and repetitive cyclic voltammetry (RCV) on this 
electrode were performed with three-electrode system (CPE, saturated Ag/AgCl and Pt 
electrode) on PA4 polarographic analyzer (Lab. Instr., Prague). 
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Results and discussion 

Humic acids intercalated into the MMT significantly changed its properties. Basal spacing of 
12.5 A for mint gradually increased with increasing humic acid content till the value 14 A 
for the clay-humate with 10 % HA1. The XRD patterns of MMT-HA1 complexes exhibited 
broad bands at about 3.3 A characteristic for HA (Singer, Huang 1990). The MMT-HA1 
complexes sorbed much more water than MMT. 
RCV on the CPE modified with MMT-HA complex showed significant decrease of Cu 
sorption onto the MMT-HA complexes in comparison with sorption onto the MMT (Kula, 
Navratilova 1994). The sorption decrease depends on HA content in the clay-humate 
comp)ex. 
Sorption dependences on pH for MMT-HA have a different course than those obtained for 
MMT. Similar course of pH dependences was obtained in the case of complexation of Cu 
with HA in the surface of CPE (Navratilova, Kula 1993). It is supposed that Cu sorption 
onto the MMT-HA takes place via ion exchange as well as by Cu complexation with HA 
intercalated into the MMT. 

Conclusion 

Metals interactions with clay-humate complexes can be studied by means of carbon paste 
electrode modified with this complex. Humic acid intercalated into the clay strongly 
influence the sorption mechanism. 

The work was supported by Grant Agency of Czech Academy of Sciences, Grant no. 316 
104. 
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3.4 Clay Polymers 

1. ADSORPTION OF THE NEUTRAL POLYMER POLYV1NYLPYPRROLIDONE 
AT THE CLAY MINERALS Na-KAOLINITE AND Na-MONTMORILLONITE 

Alexandra Hild, Jean-Marie Sequaris, and Hans-Dieter Narres 
Institute of Applied Physical Chemistry Ipc, Forschungszentrum Jiilich, D-52425 Jiilich 

Introduction 

In regard to their high reactivity and specific surface area, clay minerals play an important 
role in physicochemical investigations of model systems of soil/environmental chemicals. 
The neutral polymer polyvinylpyrrolidone (PVP) has found several industrial applications, 
which lead it to possible interactions with clay fractions of soils and sediments. Investigati
ons have been carried out to obtain insights about the adsorption behaviour of PVP on na-
kaolinite and na-montmorillonite. 

Methodology 

Materials: 
- PVP of different molecular weights (Mv from 5,000 to 600,000 g/mol, supplied by BASF) 
- Na-montmorillonite (bet surface area: 96 nr/g, available surface: ^750 m2/g) 
Na-kaolinite (BET surface area: 16.8 nr/g) 
Techniques. The investigations were performed at a low ionic strength ofD.01 m, which is 
close to environmental soil conditions. The adsorption isotherms were indirectly calculated 
from the measurements of the amount of non-adsorbed PVP by using a total organic carbon 
analyser (Rosemount DC 190) or a Kontron UV spectrophotometer (A, = 196 nm), A lazer 
Zee Meter (PEN KEM Model 501) was used to study the electrokinetic effects by 
microelectrophoresis. XRD investigations (d()(M-determination) were performed with an X-
ray diffractometer (Seiffert XRD 3000) using cu-ka radiation. Raman spectra were taken 
with a Bruker FT-raman spectrometer. 

Results And Discussion: 

The high affinity adsorption isotherms (H-type isotherm ') for the PVP/Na-kaolinite system 
are typical of polymer adsorption on non-porous adsorbents. The amount of adsorbed PVP 
increases with increasing chain length (for example with Mv-5,000 g/mol: adsorbed amount 
10 mg/g kaolinite; with Mv=400,000 g/mol: adsorbed amount = 18 mg/g kaolinite). 
However, in the case of the highest Mv, deviations from the H-type isotherms can be related 
to the polydispersity of the commercial products2. 
The electrokinetic measurements (zeta potential) show a marked dependence of the 
calculated electrokinetic thickness (6E) on the adsorbed amount of pvp. Up to 0.6 mg/m2, 
the adsorbed polymer adopts a rather flat conformation 2 regardless of Mv, while for higher 
amounts of adsorbed PVP, the formation of loops and tails shifts 6IC to higher values. 
In the case of swelling na-montmorillonite, depending on Mv, variably pronounced two-step 
adsorption isotherms (H2C-type isotherm ') can be reported. Up to an adsorbed PVP 
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amount of 400 to 600 mg PVP/g Na-montmorillonite, the first part is characteristic of an H-
isotherm, while the second part shows a nearly linear dependency of the amount of adsorbed 
PVP on the free concentration (C-type isotherm '). The shape of these isotherms can be 
satisfactorily explained by an intercalation of PVP into the interlayer space of the Na-
montmorillonite. The intercalation of PVP is also confirmed by FT-raman spectroscopy and 
XRD \ The interlamellar spacing of Na-montmorillonite measured by XRD increases from 
d,„„=1.2 nm (air-dried) to 2.4 nm with increasing adsorbed amount which corresponds to a 
double-layer PVP adsorption. 

Conclusions: 

The neutral polymer PVP shows a high affinity to the investigated soil minerals na-
montmorillonite and Na-kaolinite. Due to the fact that PVPp is able to intercalate into Na-
montmorillonite, the amount of adsorbed PVP per gram clay is more than ten times the 
amount of adsorbed PVP on Na-kaolinite. 
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Introduction 

Recently, it is a world consensus to minimize the ecological change due to the man-induced 
flow of materials from the Earth's crust to surface by mining, utilizing, and abandoning of 
metals and petroleum. These materials have not been on the Earth's surface before industri-
a 1 development and do not consist of the natural cycle in the biosphere. These materials 
would better be replaced by something affinitive for ecological system. 
On such a background, strengthening of a porous clay was studied for substitution of 
polystyrene foam(Nakazawa et a 1,1987). The porous clay is made by a lyophilization of a 
thixotropic clay sol. The compressive strength of the porous clay without any additive was 
not strong enough compared with a polystyrene foam commercially available. Its reinforce
ment has been succeeded by addition of humic acid (Fujita et a 1,1990) and by forming 
complexes with organics that have high potentiality to substitute polystyrene foam (Ohta 
and Nakazawa, 1994). Porous clay-agar composites showed even higher strengths than that 
of polystyrene foam. These previous studies used a rapid freeze process(I.5xl0"2 ml/sec) by 
contacting with liquid nitrogen for minimizing pore size which is the determinant of the 
strength of porous clay. The method of the rapid freeze is, however, too expensive for 
practical application. 
In this paper, porous clay-organic composites are prepared by conventional lyophilization 
but various kind of organics reproducible in the biosphere are used as composite partners of 
clay for strengthening. 

Methodology 

Materials - The organics used in theses experiments are agar and gelatin of analytical grade 
and starch, sodium alginate and carboxymethyl cellulose for industrial use. Starting clay was 
Na-montmorillonite which is commercially available(Kunipia-F, Kunimine Ind). The 
montmorillonite was purified bentonite(Tsukinuno mine, Yamagata Prefecture, Japan) by 
hydraulic elutriation. 
Techniques - Clay sol and organic solution were prepared by mixing the powder with water 
in a weight ratio of 1:9. These were mixed, filled in cylindrical stainless tubes of 19mm in 
diameter and 30mm in length, and slowly frozen in a refrigerator with freezing speed of 
1.2x10'3 ml/sec. Then, the samples were dried in a vacuum. 
Porous clay-organic composites so prepared were dressed into a rod-like shape 
(0l9mm,'25mm), and their compression behaviors were observed by using a mechanical 
testing machine(Shimazu AGS-1000A). The distribution of pore size of the porous clay-
organic composites was measured by means of a Hg porosimeter(Carlo Erba Model PO-
200). 
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Results and discussion 

Variations of the compressive strength and average pore size are shown for the clay-starch 
composites with various amounts of clay and starch(fig.l and 2).Other organics used as 
composite partner of clay were sodium alginate, carboxymethyl cellulose, agar and gelatin. 
They were more or less effective for strengthening the porous material. Porous clay-starch 
composite made by the conventional lyophilization shows compressive strength comparable 
to or better than that of polystyrene foam commercially available when the starch content is 
larger than 60% (Fig.l). The reason why the complex formation of clay and hydrophilic 
organic molecules increases the strength of porous material has previously been discussed in 
detail (Ohta and Nakazawa, 1994). What the present results demonstrate, is that porous 
clay-organic composites applicable for some practical use can be prepared even by a 
conventional lyophilization which is more easy for fabrication and less expensive than the 
rapid-freeze using liquid nitrogen. 

Conclusion 

Porous clay-organic composites were prepared by conventional lyophilization. They have 
the compressive strengths comparable to that of polystyrene foam. This suggests that they 
have the potentiality to substitute polystyrene foam by an industrial fabrication. 
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3. HYDROPHOBIC INTERACTIONS BETWEEN METHYLATED ALBUMIN 
AND MONTMOR1LLONITE 

Siobhan Staunton and Herve Quiquampoix 
U.f.r. De Science Du Sol, lnra, PI Viala, 34060 Montpeller Cedex 01, France 

Introduction 

Soil extracellular enzymes, like other proteins, are adsorbed on many surfaces, particularly 
on clay minerals which have high specific surface areas, and so are likely to be predominant
ly in an adsorbed state. This fact has important consequences for the transformation of the 
fractions of the soil organic matter which they break down. The catalytic activity may be 
altered directly as a consequence of conformational changes of enzymes following adsorpti
on on soil mineral surfaces (1). In addition the decrease in mobility of adsorbed enzymes 
involved in the degradation of insoluble substrates also results in reduced overall activity. 
There is clear evidence of the importance of electrostatic interactions for clay mineral 
surfaces (2). However the participation of hydrophobic interactions cannot be completely 
ruled out. In this investigation the effect of methylation of the lysine residues of the protein 
on the time dependence of co-adsorption of methylated and non-methylated forms of an 
albumin on montmorillonite have been studied (3). 

Methodology 

Materials - bsa and 14CH,-BSA were obtained from sigma (A-7638 and A-7417 respective
ly) and used without further purification. A Wyoming montmorillonite with a size fraction < 
2 urn and specific surface area of 800 nr.g*1 was saturated with sodium and dialysed to give 
a salt-free suspension. 
Techniques - The general procedure adopted was the following batch method: 
A BSA solution prepared in a phosphate/acetate buffer, which had been adjusted to the 
desired pH was added to a montmorillonite suspension. The final concentration of BSA was 
2.3 g.dm"3 which was sufficient to saturate the mineral surfaces of a clay suspension 1 g.dm" 
\ This mixture was incubated for a period, x 1, in the range 0-96 h. After this pre-equilibra-
tion period, a trace amount of 14CH,-BSA was added. A value xl=0 indicates the addition 
of a solution of mixed BSA and 14CH,-BSA to the clay suspension. The interaction of 
14CH3-BSA with the clay-BSA suspension was allowed to proceed for a period, x2, in the 
range 2-96 h. At the end of the desired period the suspensions were centrifuged for 30 min 
at 40 000 g. The concentrations of BSA and l4CH,-BSA in the blank and supernatant 
solutions were measured by uv spectroscopy and liquid scintillation respectively. 
Using this basic protocol, the effects of pH, x 1, x2, BSA and 14CH,-BSA concentrations on 
the co-adsorption and exchange mechanisms were investigated separately. All experiments 
were carried out at 20°C. 
The quantities of BSA and ,4CH,-BSA adsorbed are denoted by ys and ys* respectively, 
and the fraction of the total quantity of l4CH,-BSA introduced which is finally adsorbed by 
fs*. 
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Results and discussion 

Ph dependence of adsorption 
Adsorption maxima of both BSA and its methylated form are observed near the isoelectric 
point (i.e.p.) which is at pH=4.6. The methylated form exhibits a marked affinity for the 
surface. This enhanced affinity is pH dependent, and is particularly marked at pH above 6 
when no adsorption of BSA is detectable. 
Effect ofx2 on the co-adsorption of'4CHrBSA 
Fs* increases with time, furthermore the time dependence varies according to the pH. At pH 
near the i.e.p. An equilibrium distribution of 14CH,-BSA appears to be achieved within 2 h. 
However as the pH is either decreased or increased, the change in fs* with time increases. 
The pH dependence of fs* therefore decreases with increasing adsorption period. 
Effect of x I on the co-adsorption ofNCHrBSA 
At pH below the i.e.p. The pre-incubation period prior to addition of ,4CH,-BSA greatly 
decreases the readily exchangeable fraction of BSA. A similar but lesser effect is observed at 
a pH above the i.e.p. Near the i.e.p., when adsorption is maximum, x 1 has no effect. 
Evidence of the importance of hydrophobic interactions 
Neither the molecular weight nor the molecular size are substantially changed by methylati-
on. In addition the i.e.p. of the protein is not substantially modified by the process of 
reductive methylation. Thus, in the pH range studied, which is far below the pka of the 
lysine groups, the electric charge of the two forms of the protein must be the same at a 
given pH and therefore both proteins experience the same electrostatic interactions with the 
electronegative surface of montmorillonite. The observed differences in the affinities of the 
two proteins for the mineral surface must therefore be due to hydrophobic interactions. 
Hydrophobic interactions may overcome the electrostatic barrier to adsorption 
At pH above the i.e.p. The negatively charged protein is submitted to strong electrostatic 
repulsion from the electronegative surface. The increased hydrophobic interactions 
experienced by the methylated form allow it to overcome this energy barrier. 
The concept of hydrophobic interactions involving montmorillonite, which is well known for 
its hydrophilic character, is surprising. However it may be explained if the exact nature of 
the hydrophilic centres of montmorillonite is considered. The cations which compensate the 
charge resulting from isomorphous substitution in the phyllosilicate structure are responsible 
for its hydrophilic properties. The siioxane surface is hydrophobic. The adsorption of 
proteins is accompanied by the exchange with the charge compensating cations leaving a 
hydrophobic siioxane surface. 
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4. MICROSTRUCTURE OF HUMIC ACID / NA-MONTMORILLONITE 
COMPLEX 

Hiroko Ohashi1 and Hiromoto Nakazawa2 

'institute of Science and Technology, Tsukuba University(present Address; Nihon 
Koken Kogyo Co.,Ltd. L -2-6 lchibancho,Tachika\va,Tokyo 190 Japan) 
2National Institute for Research in Inorganic Materials,l-L Namiki,Tsukuba,lbaraki, 305 
Japan 

Introduction 

Humic substances are the major components of soils, in which the}/ interact with clay 
minerals to form organo-mineral complexes. They account for 70% of soil organic matter 
(1), and largely affect the physical and chemical properties of soils such as soil aggregation, 
mechanical properties, exchange capacity. Many studies have been reported so far, 
dominantly on chemical characteristics of humic acids and interaction mechanism between 
humic substances and clay minerals. Detailed studies have, however, been scarce to observe 
characteristics of microstructure in humic acid/Na-montmorillonite complex. This study 
focuses on the form and microstructure of humic acid/na-montmorillonite complexes by 
observation of Transmission Electron Microscopy (TEM). Their X-ray and electron 
diffraction patterns are also used for the precise interpretation of their microstructure. 

Experimental 

Montmorillonite, commercially available was used for the present work (Kunipia F, 
Kunimine Ind.). It was fractionated from a Tertiary pyroclastic rock (Ymagata Pref. Japan) 
and was saturated with sodium. Humic acid was also a commercial one (Telnite co.) in the 
form of NH4-humate which contains 41.61wt%C, 3.83wt%H, 3.61wt°/oN (Present analy-
sis,Chemical analysis Center of Tsukuba University). The complexes were prepared as 
follows; (l)Na-montmorillonite and humic acid were dissolved in 15ml pH stock solution. 
Concentrations of Na-montmorillonite and humic acid were 0.3wt% and 0.03-0.6\vt%, 
respectively. pH values of the sample solution ranged from 3 to 14. (2) These samples were 
agitated for 24hrs at room temperature. (3) The resulting precipitates of the samples were 
humic acid/clay complexes. They were collected by centrifugation (15000rpm) for 30 min 
and then washed with distilled water. (4) Finally, the complexes were freeze-dried to store 
them for further treatments. 
In order to estimate the yield of the complex depending on pH, concentrations of humic acid 
in aqueous phase were measured by uv absorbance at 254nm using 1-cm quartz cells. The 
amount of the complex was calculated from the difference between initial and final concen
trations of humic acid in solution. 
X-ray diffraction (XRD) pattern of each complex was taken for the stored samples oriented 
preferentially on a glass slide (Ni-filtered CuKa, at 40kV and 20mA).the measurements 
were carried out under 10% relative humidity. 
The samples for the observation of electron micrograph (EM) and electron diffraction (ED) 
were prepared to prevent structural deformation and the formation of artefacts as folllows. 
A small amount or the stored complexes were dispersed in distilled water and about 1ml of 
the solution were pipetted onto a glass slide. The specimen was then rapidly immersed in 
liquid N, and placed on a cold stage (- 100°C) of freeze-dryer for 24hrs. The freeze-dried 
samples'were picked up on 300-mesh copper grids for EM and ED observation (JEOL, 
JEM2000EX at 200kV). 

Results 

The relationship between pH and the yield of humic acid which forms the complexes is 
shown in Fig. 1 . This figure shows that humic acid forms a complex with montmorillonite 
only at low pH. XRD patterns of the complexes show a significant decrease in intensity and 
broadening of reflections from montmorillqnite, typically those prepared at pH3. A typical 
EM of pH3 complex is reproduced in Fig.2. The complex seems to be aggregated in 
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spherical form, of which the ED pattern shows very weak diffraction spots scattered at 
random in the reciprocal space and an extremely weak halo. 

Discussion 

The present ED and EM as well as XRD observations give obvious aspect for form and 
microstnicture characteristics of the complex. The results of XRD and ED indicate that 
montmorillonite is cleaved into extremely thin films as a silicate sheet. The scattered 
diffraction spots indicate a bent or curled reciprocal net, i.e. Bent or curled thin film of 
montmorillonite. 
The form of the complex is concluded as that humic acid combines bent or curled montmo-
rillonites in a spherical aggregate. In the previous studies, humic acid has two types of 
structure which can accommodate the changes of pH (2),(3). At low pH, humic acid tends 
to aggregate through van der Waals forces forming a sphere. As pH increases, some 
functional groups such as COOH or OH are dissociated and then dispersed. From these 
facts, the spherical form of the complex may be attributed to the chemistry of humic acid at 
low pH where many functional groups in the molecule are terminated positively. 

Conclusion 

Humic acid/Na-montmorillonite complex can be obtained only at low solution pH. From 
EM and ED, the complex forms spherical aggregate at low pH as a result of the interaction 
between positively charged spheric humic acid and montmorillonite. 
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5. REMOVAL OF TURBID1TYAND COLOR OF SUGAR JUICES BY USING 
SOME TURKISH BENTONITES AND SEPIOLITE 

Demirci S.\ Erdogan B.2 And Akay Y.3 

'Middle East Technical University Arts and Science Faculty, Chemistry Department G6531 
Ankara-Turkiye 
2Gazi University,Arts and Science Faculty, Chemistry Department 06500 Ankara -Turkiye 
'Sugar Institute 06790 Ankara-Turkiye 

Introduction 

Color is one of the parameters for white sugar quality. Color of the sugar depends on the 
color of juices from which the sugar is produced. Turbidity of juices is also effective on the 
sugar quality. It may cause to a reduction in purity and difficulties in crystalization. 
It is known that bentonites are being used to remove color and turbidity in oils and wine. 
Sepiolite is another adsorptive material which can be used for the similar aims. This study 
aimed to use bentonites and sepiolite for the removal of color and turbidity in sugar juices. 
The efficiency of five different Turkish bentonites, namely Karakaya Beyaz, Karakaya 
Cankiri, Karakaya Resadiye, Samas, Canbensan and a sepiolite, have been investigated. 

Methodology 

Color of sugar juices was measured by spectrophotometers. The most suitable wavelength is 
around 420 mm. 
Dry substance content effects the color of juice. So, it is necessary to measure the dry 
substance content of the juices. Otherwise it is impossible to compare the color of the same 
quality juices with different dry substance content. For the measurement of dry substance 
content refractometric dry substance method has been used during the experiments. The 
results of color and dry substance measurements are interpreted by using "Beer's Law". 
To observe the effects and to obtain the optimum amounts of bentonites and sepiolite, 
increasing amounts, changing from 0.25 g/100 ml up to 1.5 g/100 ml, are added to sugar 
juice. In the addition of bentonites and sepiolite, two methods have been tried. In one of 
them clays were added to juice in dry form. After stirring the mixture at 1000 rev/min for 10 
minutes, samples were heated up to 85°C in a water bath and filtered from filter paper under 
vacuum. Measurement of the difference between the color of untreated and treated samples 
gives the color reduction effect of clays used in the experiment. In the second method 
suspensions of clays were prepared and added to juices. The rest of the experiment was 
done in the same way as in the first method. The same procedures have been repeated with 
the acid activated bentonites. 
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Results and discussion 

Color reduction increases with the increasing amounts of bentonites and sepiolite. But the 
rate of removal of color isn't proportional to the amount of bentonites and sepiolite used in 
the experiments. At low concentrations of clays up to 0.600 g/100 ml a sharp drop in color 
is being observed. After this concentration, addition of more clay has less effect on color 
reduction. 

Maximum color reduction obtained by unactivated clays at 1.5 g/100 ml concentration is 
around 25 %. At the same concentration sepiolite is more effective and supplies a color 
reduction of 33 %. Activated bentonites reduces ihe color by 29 %. Use of bentonite 
suspensions instead of dry clays caused a reduction in the effectiveness of bentonites. For 
the sepiolite, use of suspension or dry povder didn't change the effectivenes of color 
reduction. 

Conclusion 

It is certain that the effects of clays change with their sources and properties. The clays 
which were used in this study supplied a color reduction in juices between 25-33 %. The 
reduction in the effectiveness of clays with the increasing amounts added shows that clays 
are effective only on some color forming substances. It means it has a selective adsorption. 
As the concentration of this substances reduces by the adsorption on the previously added 
clays, addition of new proportions of clays has less chance to adsorb color substances. 
Higher effectiveness of sepiolite with respect to bentonites is due to its higher adsorption 
ability. 

Use of previously prepared suspensions of bentonites shows less effective color reduction. 
For being adsorbed on clays, organic substances compete with water molecules. Immersion 
of bentonite in water causes the active adsorption centers of clay to be surrounded by water 
molecules. 
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6. EFFECT OF PI1 ON THE INTERACTION OF HUM1C SUBSTANCES WITH 
MONTMOR1LLON1TE, KAOLIN1TE AND ALUMINIUM-OXIDE 

Etelka Tombacz, Marta Szekeres, Istvan Kertesz and Agnes Dobos 
Department of Colloid Chemistry, Attila Jozsef University, H-6720 Szeged, Hungary 

Introduction 

Interaction of humic substances with clays and oxides is of great importance in natural 
water systems, soils and geochemical processes. The situation is inherently complicated 
because of the complexity of participants. Both the organic and the inorganic components 
have pH-dependent properties [1]. Humic materials are poly-disperse, multifunctional 
aromatic ring systems with weak acidic groups, their ionization state is strongly influenced 
by pH and all the related properties, e.g. Conformation, colloidal stability, are also ph-
dependent. Solid materials, like clays or oxides have significant variability in aqueous 
medium, too, regarding their amphoteric surface sites such as Al-OH on edges of montmo
rillonite and kaolonite or the whole hydrated surface area of aluminium-oxide. In the case of 
extreme acidic pHs dissolution of mobile atoms from crystal lattice of oxides or from the 
broken edges of clays can also take place. Considering the possible reactions taking place 
besides the adsorption of humic materials on solid surfaces, such as dissolution, complexati-
on of dissolved metal ions, precipitation, coagulation, almost all are incident to a decrease in 
solute concentration. All the loss from liquid phase is often interpreted as adsorption. 
In this work a systematic study on pH-dependence of interaction between humic acid or 
humate and montmorillonite, kaolinite, aluminium oxide will be presented drawing attention 
to the experimental conditions, spontaneous side reactions and other possible interactions 
between organic and inorganic components. 

Methodology 

Materials - Natural clay samples (montmorillonite from Kuzmice and kaolinite from Zettiitz 
(Czechoslovakia)) were fractionated after peptization with sodium carbonate. Fractions with 
particle size smaller than 1 and 2 urn for montmorillonite and kaolinite, respectively, were 
used. The preparation and characterization of H- and Na-forms are described elsewhere [2]. 
Aluminium oxide (Brockmann, pa. Reanal) was used after grinding of stock suspensions at 
appropriate pH's to attain high specific surface area. Humic acids were obtained from 
brown coal (Tatabanya, Hungary) and a commercial product "Humitan F" ( Czech) by 0.1 
M NaOH and purified in the usual way [3]. 
Techniques - adsorption measurements were carried out over the concentration range of 
humic acid or humate between 0 and 3 meq/1 expressed in equivalents of acidic groups, in 
an excess electrolyte-free medium, at different pHs (from 3 to 10), at room temperature. 
The amount adsorbed was determined from the decrease in solute concentration determined 
spectrophotometrically (absorbance measured at 450 nm) after ultracentrifugation (10000 
rpm (3800-7500 g) for 30 min). 

Results and discussion 

Both the solid materials holding permanent and/or pH-dependent surface charges and the 
humic substances with weakly acidic functional groups were characterized by the pH-
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dependent charge state determined from acid-base titrations. Montmorillonite proved to be 
permanently negatively charged over a broad pH region at low ionic strength [2]. The 
amphoteric behaviour of aluminium oxide is well-know in literature [1]. The point of zero 
charge (pzc) value was at pH=8.67. The kaolinite sample showed the character of both 
permanent and pH-dependent charges with pzc-5.5, since the amount of amphoteric edge 
sites is comparable with the permanent lattice charge. Under acidic condition, the dissoluti
on of alumina and kaolinite begins and AJ3+-ions as well as its various hydrolysis products 
appear in the liquid phase [4]. The humic acids are negatively charged polyions over a broad 
region of pH, from the fully to the partially ionized state depending on the amount of acidic 
groups and their ionization constants. The total acididy of humic acids was 5.39 (Tatab-
anya) and 4.56 (Humitan F) meq/g involving carboxylic (pK~4) and phenolic hydroxy) 
(pK~8) groups. The adsorption isotherms seem to be L-type according to the classification 
of giles at al. Comparing the pH-dependence of adsorption at low ionic strength (the 
adsorption capacities were 12.4 ueq/g at pH~2.7 and 4.2 ueq/g at pH~7.5 on montmorillo-
nite; 62 ueq/g at pH- 4.5 and 12 ueq/g at pH ~ 9 on kaolinite; and 143 ueq/g at ph~5.5, 
107 ueq/g at pzc, pH~8.6 and 27 ueq/g at pH~9.7 on alumina), the adsorption of anionic 
organic material decreases definitely with increasing pH as have been expected. However, 
the differences between the isotherms and the adsorption excesses are smaller than that 
previously published [3]. The experimental adsorption capacities are in quite good harmony 
on the one hand with the amounts of active sites (Al-OH, Al-OH/) on the edges of 
montmorillonite and kaolinite particles, and on the other hand with the amount of positively 
charged surface sites of alumina. It can be concluded that the coulombic interaction between 
polyanions and positively charged surface sites is dominant under acidic condition, but 
above pH~4, anion exchange process with the Al-OH2

f sites and ligand exchange reaction 
with the AJ-OH sites can be supposed [1]. A significant decrease in solute concentration, i.e. 
Disappearance of humic acid from solution phase, can be measured at pH's lower than ~4, 
which is often interpreted as adsorption. In these cases the shape of experimental adsorption 
isotherms becomes linear or stepped. Our equilibrium calculations show that besides 
adsorption other processes take place simultaneously depending on the solution conditions, 
but mainly at low pH's, namely the complexation of dissolved Al-species with humic acid, 
homo- and heterocoagulation of destabilized organic and inorganic components, for which 
the overall process is the precipitation of dissolved humic materials. 
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3.5. Metal Complexes 

1. VARIABLE TEMPERATURE 57Fe MOSSBAUER SPECTROSCOPIC AND 
RELATED STUDIES OF THE ADSORPTION OF DIMETIIYLAMINOME-
TIIYLFERROCENE ON CLAYS AND PILLARED CLAYS 

Christopher Breen, John S Brooks, Susan Forder And Julian C.e. Hamer 
Materials Research Institute, Sheffield Hallam University, Sheffield SI Lwb, U.k. 

Introduction 

We are currently engaged in a systematic study of the preparation and characterisation of 
organo-iron compounds supported on clays and pillared clays. Recent studies by this group 
(Breen et. al. J. Mat. Chem. in press) have shown that (i) half-sandwich organoiron cations 
are adsorbed at levels up to 30% of the CEC, (ii) iron is not volatilised during thermal 
decomposition of the organoiron/clay complex and (iii) the organoiron cations are held 
more loosely in the interlamellar space than in the parent hexafluorophosphate salt. In this 
study we have investigated the incorporation of the title compound in a low iron Texas 
bentonite, Westone L (WL) via a variety of routes including cation exchange and formation 
of the conjugate acid of the dimethylaminomethylferrocene. The latter approach has been 
used to incorporate dimethylaminomethylferrocene in an aluminium pillared interlayer clay. 

Methodology 

The nominally < 2 urn fraction of the low iron WL was separated using standard sedimenta
tion techniques and the Na'-exchanged form was prepared by washing three times with 0.5 
M NaCl. XRF analysis confirmed that, after washing to a residual conductivity < 20u.s, the 
clay was in the Na-form. Dimelhylaminomethylferrocene (i) was converted to (ferrocenyl-
methyl)dimethyIammonium chloride (FMDMACI) by treatment with aqueous hcl. The 
introduction of (ferrocenylmethyl)dirnethylammonium (FMDMA) ions into the interlamel
lar space was achieved via a number of routes from both methanol and water, although the 
latter solvent routinely resulted in higher loadings. Variable temperature XRD profiles were 
recorded using a Philips PW1130 diffractometer using Co Ka radiation. TG traces 
wererecorded on a Mettler TG50 thermobalance and Temperature Programmed Solid 
Insertion Probe Mass Spectra (TP-SIP-MS) were recorded using a VG Micromass 12 
spectrometer. 57Fe Mossbauer measurements were made using a constant acceleration 
spectrometer with a 25 mCi "Co source in a rhodium matrix. All isomer shifts in this study 
are quoted with respect to the source. Variable temperature studies were performed using a 
closed cycle helium displex cryostat in the temperature range 13 - 300 K. The data were 
fitted with lorentzian functions by a non-linear least-squares fitting program. Absorbers 
were prepared by dispersing the powdered sample in iron-free graphite to produce thin 
samples with a Mossbauer thickness, t < 1. 
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Results and discussion 

C, H, N analysis established that the quaternisation of I had been successful and that contact 
of FMDMA* with Na~-WL resulted in a loading of 80% of the cation exchange capacity. 
This value agreed with the amount of Na displaced, determined by XRF, but not with the 
amount of Fe adsorbed. However, mass fragments at m/z of 200 (CH,Cp,Fe), 186 (Cp2Fe) 
and 134 (CH2CpFe) in the Tp-SIP-MS spectra indicated that some organoiron was 
volatilised at temperatures below 300°C thus accounting for the discrepancy between the C, 
H, N analysis figures which were obtained from a sample heated at 60°C and the XRF data 
determined on samples fused with LiB407 at 1250°C. Variable temperature XRD profiles 
confirmed that FMDMA* was indeed situated between the layers resulting in a d-spacing of 
15.0 A which was stable up to 200°C whereupon it decreased to 13.5 A. The increase in 
spacing to 15.0 A suggested that the cation lay with the planes of the cyclopentadienyl rings 
perpendicular to the basal surface clearly, both the FMDMA+ ions and their decomposition 
products resided between the layers since the spacing did not reach 9.6 A even at 400°C. 
The Mossbauer spectrum of FMDMAC1 consisted of a single symmetric doublet with an 
isomer shift, 6, of 0.414 mm s'1 and a quadaipole splitting, A, of 2.24 mm s'1, relative to 
"Co source in a rhodium matrix. Variable temperature Mossbauer spectroscopy (VT-MS) 
yielded a debye temperature, 0D, of 144 ± 5 K with an associated recoil free fraction at 291 
K, f,,,|kof 0.15. Incorporation of the cationic unit of this salt in wl did not affect these values 
appreciably which suggested that there was little difference between the freedom of the 
resonating mass in the hydrochloride salt and that when FWDMA* was exchanged onto 
The clay. 

As a prelude to incorporating the organoiron compound into an aluminium Pillared 
Interlayer Clay (PILC) the neutral dimethylaminomethylferrocene was contacted with WL 
which had been treated with 1M H2S04 for one hour at room temperature. The resulting 
complex exhibited similar layer spacings and thermogravimetric curves together with 
Mossbauer parameters identical to FMDMA"-exchanged WL. Moreover, XRF data 
confirmed that >80% of the exchange sites were occupied by FMDMA". Unfortunately, 
after contacting the PILC with dimethylaminomethyl ferrocene the amount of organoiron 
compound adsorbed was only equivalent to 30% of the original CEC of the clay. Clearly, 
the presence of FMDMA* ions between the layers of the PILC could not be confirmed by 
variable temperature XRD, but the TP-SIP-MS spectra indicated that the organoiron cation 
was strongly adsorbed. The values of A and 6 in the Mossbauer spectra of organoiron 
compound on wl were essentially identical with those for FMDMAf-WL but the VT-MS 
data revealed that the Debye temperature, 0D, had decreased from 144 ± 5 K to 118 K and 
f2!m was 0.057 compared with 0.13. This data is commensurate with a model in which the 
FMDMA' ions reside in a much freer environment in the PILC where the interlayer spacing 
is considerably greater than the size FMDMA+ compared to FMDMA-WL where the 
organoiron compound itself determines the layer expansion. 
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2. INTERACTION OF BINUCLEAR IRON(III)-COMPLEXES AND THEIR 
PEROXO-ADDUCTS WITH MONTMORILLONITE 

Armin Weiss And Stefan Dick 
Institut ftir Anorganische Chemie der Universitat Miinchen, Meiserstrasse 1, 
80333 Munchen, Germany 

Introduction 

The aim of our work was 
- to confirm that (u-hydroxo)diiron complexes can reversibly be introduced into the 

interlayer region of montmorillonite 
- to study the properties of the resulting clay derivatives 
- to gain information about differences between the peroxo-adducts of two such com

plexes by fixing them in the interlayers of the smectite. 
(u-oxo)diiron or (u-hydroxo)diiron sites are the common structural features in the active 
centers of enzymes like hemerythrin, ribonucleotide reductase, methane monooxygenase or 
purple acid phosphatase. The most prominent of these enzymes is hemerythrin, this being 
the respiratory protein in some marine invertebrates. In the proposed mechanism of 
dioxygen activation by this enzyme an hydroperoxo(u-oxo)diiron(IH) species plays an 
important role. Unfortunately the search for inorganic model complexes with that structural 
feature has up to now only led to relatively unstable intermediates. 
The binuclear iron(III)-complexes of N,N,N',N'-tetrakis(2-pyridylmethyl)-2-hydroxy-l,3-
diaminopropane (HPTP) and N,N,N\N'-tetrakis(2-benzimidazolylmethyl)-2-hydroxy-l,3-
diaminopropane (HPTB) were used in our studies. Both form blue-violet adducts with 
H202, the first being surprisingly more unstable (and giving rise to a high catalase activity) 
than the latter. 

Methodology 

Materials - a bentonite sample from linden/bavaria was purified and made homoionic with 
na by standard methods. Cec, layer charge and its distribution were determined by well-
known procedures. The iron complexes [Fe2(HPTP)(p-OH)(NO,)]2' 1 and [Fe,(HPTB)(u-
OH)(N03)]

2 2 were prepared as described in literature. 
Techniques - exchange isotherms of 1 and 2 with na-montmorillonite were determined by a 
method similar to that published recently. The stability of the peroxo-adducts of 1 and 2 was 
studied by UV/VlS-spectroscopy. Smectite-complex compounds were characterized by X-
ray diffraction, gravimetrically followed uptake of water vapour, IR-spectroscopy and 
thermal analysis. 

Results and discussion 

Cation exchange - Both binuclear complexes I and 2 can be introduced into the interlayer 
region of montmorillonite by cation exchange from CH,CN and water solutions, respective
ly. Both isotherms exhibit a steep increase of CE at low equilibrium concentrations while 
much higher concentrations ( > 6. lO'-'M) are needed to reach the maximum of exchange 
(CEC). The integrity of the complexes can be proven by IR-spectra of the resulting smectite 
samples. The basal spacing of the montmorillonite increases to 18.4(3) and 18.8(3) A for 

\M 



maximum exchange of 1 and 2. The complexes can be removed from the interlayers by 
treatment with highly concentrated solutions of NaC104 or KC104, showing the reversibility 
of the ion exchange. 
Properties of the clay derivatives - the molecules of I are arranged in the interlayer region in 
a rather loosely packed way creating zeolite-like channels; these can be filled with water 
molecules resulting in a mass increase of 40 %. When the clay sample is heated in an Ar/02-
atmosphere the Fe-coordinated nitrate is removed between 160 and 260 °C and the organic 
ligand is cracked between 350 and 450 °C. These reactions were followed by DTA, TG, 1R-
spectroscopy and XRD. 
Catalase activity - when 1 in montmorillonite reacts with H202 the initial rate of O, formati
on is, at constant CE of complex, a linear function of cII202. In contrast at constant c,,,02 the 
rate is a function of CE2. Therefore the rate of 0 2 formation depends not only on the total 
amount of adsorbed complex in the reaction mixture, but also on the mean distance of the 
active molecules in the smectite. 
The peroxo adducts - the peroxo adducts of I and 2 can be fixed in the interlayer region of 
the smectite in two ways: first by treating the smectite derivatives of the complexes with 
H,02 or, second, by direct cation exchange of freshly prepared, cooled solutions of the 
peroxo adducts with Na-montmorillonite. Both adducts seem to be more stable in the 
smectite than in solution. Ir-spectra of the smectite derivates at room temperature indicate 
that the adduct of 1 cannot contain Fe-coordinated nitrate while the adduct of 2 can. In the 
case of I that has been proven by I:>N isotopic substitution in the nitrate ion. This is the first 
observation of differences in the constitution of the two peroxo adducts that could explain 
the enormous difference in stability. 

Conclusion 

The binuclear u-hydroxo bridged Fe(III)-complexes of HPTP and HPTB and their peroxo 
adducts can be reversibely introduced into the interlayer region of montmorillonite. The 1-
clay-complex can be seen as a pillared clay with zeolite like channels. The thermal stability 
of those channels, however, is rather low and the thermal degradation of the complex is 
completed in two distinct steps. 
The stupendous discrepancies in stability between the adducts of the HPTP- and the HPTB-
complex could be explained by the difference in binding nitrate or not. This and the results 
of measurments of catalase activities give rise to new models for the adducts that have not 
yet been discussed in literature (e.g. A tetranuclear, bis(u-peroxo) bridged structure). 
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3. CEC-DETERMINATION: PROPOSAL OF A NEW SILVER-THIOUREA 
METHOD 

Reiner Dohrmann and Wolfram Echle 
Institut fur Mineralogie U. Lagerstattenlehre, Rwth Aachen, Wtillnerstr. 2, 52056 Aachen 

Introduction 

The silver-thiourea method (AgTu) was first proposed by CREMERS and PLEYSIER 
(1973a) in order to determine cation exchange capacity (CEC). Because of its excellent 
selectivity compared to hydrated cations in clays and sediments the cationic silver-thiourea 
complex allows the determination of CEC and exchangeable cations in only one extracting 
step (CHHABRA et al. 1975). 

Methodology 

Materials - the clay studied is a greek bentonite (Milos) with a smectite content of- 95%. 
Other constituents are feldspar and detrital mica (DECHER et al. 1994). Techniques - the 
exchange solution was prepared following CHHABRA et al. (1975). Ag is measured by 
ICP-AES-spectroscopy and CEC is determined by the difference between the initial and the 
measured Ag content. The proposed new method differs from that of CHHABRA et al. 
(1975) in so far as that the sequence of adding the ingredients for the preparation of the 
exchange-solution has changed: as a first step AgNO, is slowly added to the soluted 
thiourea and then secondly the NH4OAC-buffer. After the cation-exchange procedure is 
completed the suspension is centrifuged and the supernatant filtered. The remaining clay is 
washed twice with deionized water (50 and 25 ml), shaken for 10 minutes, centrifuged and 
filtered again. The filtrates are combined and filled up to 250 ml. Ag is measured in this 
solution and CEC is determined by the difference between the initial and the measured Ag 
content. For details see DOHRMANN and ECHLE (1994a). 

Results and discussion 

Regarding the results of CREMERS and PLEYSIER (1973b) and PLEYSIER and 
CREMERS (1975) it is evident that CEC values are about 10-30% too high by using the 
silver-thiourea method. New own data show that the method described by CHHABRA et al. 
(1975) produces superelevated CEC values depending on solution/solid ratios (fig. 1). At 
increasing solution/solid ratios, CEC values reach a plateau of excess adsorption. At low 
solution/solid ratios AgTu-selectivity and AgTu/smectite ratios decrease leading to lower 
CEC values. The mechanism for the excess adsorption can be described by the following 
model: silver-thiourea cations replace the exchangeable cations completely up to CEC 
(chemisorption). By that the smectites become hydrophobic and additional silver-thiourea 
cations are adsorbed exceeding CEC (physisorption). It is possible to desorb the wea
kly-bound silver-thiourea cations that exceed CEC with the proposed method by two 
washing steps with deionized water (DOHRMANN and ECHLE 1994a). Those silver-
thiourea cations adsorbed for charge neutralisation are not removed. CEC values of a 
Milos-bentonite using this revised new method are in very good agreement with layer 
charge values determined by n-alkylammonium ions (£ = 0.33-0.34; DECHER et al.1994) 
and the sum of exchangeable cations of this carbonate-free bentonite. For samples contai
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ning Ca-carbonates, an additional new method is described using a CaCOj-saturated AgTu 
(DOHRMANN and ECHLE 1994a, b). 
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Fig. I; CEC-values of a milos-bentonite determined by the AgTu method described by 
CHHABRA et al. (1975) and by the proposed AgTu method with two washing 
steps. 

Conclusion 

Determining CEC with the AgTu method described by CHHABRA et al. (1975) leads to 
superelevated values depending on the solution/solid ratio. This can be avoided by using the 
proposed method with two washing steps. 
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IV. CLAY COLLOIDS 

16S 



4.1 TECHNIQUES 
1. SPECTROPHOTOMETRY STUDY OF THE COLLOID PROPERTIES OF 

SAPONITE TREATED WITH ACRIDINE ORANGE 

Diana Garfinkel-Shwekv and Shmuel Yariv 
Department of Inorganic and Analytical Chemistry 
The Hebrew University of Jerusalem 
91904 Jerusalem, ISRAEL 

ABSTRACT 

The adsorption of the cationic dye acridine orange (AO) by saponite leads to changes in the 

colloid properties of this mineral in aqueous solutions. The organic cation is adsorbed by the 

mechanism of cation exchange. Adsorption of small amounts of the dye leads to the 

peptization of the clay. Adsorption of greater amounts of AO results in the neutralization of 

the electric charge of the clay platelets, and their flocculation. In excess AO the charge of 

the clay becomes positive and the clay is peptized. The colloid properties are studied by 

absorbance curves in which the absorbance is described as a function of the degree of 

saturation of the clay by the dye. In the absorbance curves three regions can be identified. 

The transition between the first and second or the second and third regions depend on the 

exchangeable metallic cation initially present in the clay. Metachromasy (the appearance of 

band 13) is characteristic for the first and second regions. Band a also appears in these 

regions. The location of band a is used to identify the presence ot tactoids and flocculation 

mechanism, whether it results in card-house or in book-house floes. 
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2. ELECTRONIC AND 1R SPECTROSCOPY STUDY OF THE BASICITY OF 
THE OXYGEN PLANE OF Na-SMECTITES TREATED WITH ACRIDINE 
ORANGE 

Diana Garfunkel-Shweky and Shmuel Yariv 
Department of Inorganic and Analytical Chemistry 
The Hebrew University of Jemsalem 
91004 Jeaisalem, Israel 

ABSTRACT 

Basicity of the oxygen plane of clay minerals is determined by the electron density on the 

oxygens. It was previously related to the tetrahedral substitution of Al for Si. The purpose 

of the present investigation was to study if basicity is also dependent on whether the mineral 

is di- or trioctahedral. In a trioctahedral clay the O atoms which bridge between the 

tetrahedral and octahedral sheets are involved in an sp2 hybridization and make no contribu

tion to a d„ - prt bond with the Si atoms. In a dioctahedral clay these O atoms are involved 

in an sp2 hybridization and make a small contribution to the d„ - pn bond with the Si atoms. 

This should inductively affect the contribution of O atoms from the oxygen plane to a d„ -

p„ bond with the Si atoms. It is assumed that the non-bonding electron donation from 0 

atoms of the oxygen plane to the tetrahedral Si atoms is smaller in dioctahedral clays and 

consequently the electron density at the non-bonding orbitals of the oxygen plane should 

become higher when compared to the density at non-bonding orbitals of trioctahedral clays. 

To prove this assumption the electronic spectra of the acridine orange adsorbed by the 

dioctahedral smectites, montmorillonite and beidellite were compared with the spectrum of 

this dye adsorbed by the trioctahedral smectite saponite. From the location of the metachro-

mic band it was concluded that the basic strength decreased in the order beidellite>montmo-

rillonite>saponite. This was supported by the IR spectra of acridine orange adsorbed by 

these different minerals. 
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3. SPECTROSCOPIC STUDY OF THE ADSORPTION OF RHODAMINE 6G ON 
AQUEOUS CLAY SUSPENSIONS 

F. Lopez Arbeloa, M. J. Tapia Estevez, T. Lopez Arbeloa and I. Lopez Arbeloa 
Departamento de Quimica Fisica, Universidad del Pais Vasco-EHU, Apartado 644, 
48080 Bilbao, Spain 

Introduction 

The adsorption of dyes on clays leads to the metachromatic effect in the absorption spectra, 
i.e. the replacement of the main absorption band by a band at higher energies. This effect 
has been attributed to the aggregation of the dye and/or to a TT-interaction between the 
aromatic system of the dye andthe oxygen electron lone-pairs of the silicate layer. 
The metachromasy of rhodamine 6G (R6G) on clays was not observed by other authors. 
However, we have observed this effect in trie adsorption of R6G in several smectites type 
clays. The main aim of this work is to characterize the adsorption of R6G on several 
smectites and to study the metachromasy. 
The clays used are smectite type because the adsorption is performed by cation exchange 
with a high ability to form complexes with water and with many organic molecules. 
Moreover, these clays present the tactoid structure with an interlamellar space in which the 
dye can be also adsorbed. 

Methodology 

Laponite B (LapB) was supplied by Laporte Industries Ltd. and used as received. Montmo-
rillonite of Wyoming (Wym), hectorite (Hect) and saponite (Sap) were provided by Clay 
Minerals Society (U.S.A.) and were saturated in Naf with NaCl. The <0.2 um particle 
fraction was separated by centrifugation and submitted to a further freeze-drying. R6G, 
laser grade, was supplied by Kodak and was used without additional purification. 
The dye/clay suspensions were prepared by dropwise addition of the adequate amount of a 
stock dye solution (5x104 M) to a proper amount of a previously diluted stock clay suspen
sion (2.5 g/1). The loading range studied was from 0.1 to 100% CEC. 
Absorption and emission spectra were recorded on a Shimadzu Spectrophotometer (model 
UV-240) and on a Shimadzu spectrofluorimeter (model RF5000), respectively, using 1 cm 
plastic cells. 

Results and Discussion 

The spectroscopic characteristics of R6G adsorbed on clays are strongly dependent on the 
relative dye-clay concentration and the suspension stirring time, as it is shown in the Figure 
for the R6G/LapB system. From the changes observed in the absorption and emission 
spectra with these two factors the different R6G adsorbed species are characterized. 
Fluorescence spectroscopy is a very useful technique to study the adsorption of the 
monomeric form of the aye since the aggregate of R6G on clays does not emit. From the 
shift of the emission maxima it can be concluded that R6G monomer can be adsorbed on the 
external and on the internal surface of the studied smectites. 
From the changes observed in the absorption spectra, the metachromatic effect, i.e. 
absorption bands at about 470 and/or 500 nm, can be analyzed and attributed to the 
absorption of R6G dimers which can also be adsorbed on both the external and the internal 
surface. In most of the cases the absorption spectrum of the dimer can be calculated. 
Exciton Theory applied to the calculated absorption spectra of the dimer leads to a sand
wich-type dimer with the planal xanthene ring or the chromophore in parallel planes twisted 
at an angle of about 80° and a distance between 3.5 and 5.5 A, the shorter distance being 
for the dimer adsorbed in the interlamellar space of the clay. 
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Figure- Evolution of absorption spectra of R6G with the relative R6G/LapB concentration 
(A): (a) 0.23% CEC, (b) 1% CEC, (c) 3% CEC, (d) 5% CEC, (e) 12% CEC, (f) 15% CEC 
and with the sample stirring time for a 10% CEC (b) sample stirred: (a) 10 min, (b) 1.5 h, 
(c) 5 h, (d) 8 h, (e) 1 day, (f) 2 days, (g) 1 week. Dashed curve represents the absorption 
spectrum of R6G(I0'6 M) in aqueous solution. 

The absorption characteristics of the R6G monomer and dimer adsorbed on the external and 
internal surfaces of several smectites are summarized in the Table. 

Table.- Wavelengths (A., in nm) of the absorption maxima of the monomer (mon) and dimer 
(dim)of R6G adsorbed on the external (ext) and the internal (int) surface of smectites. 

System 

Amo"(ext) 
XmDn(int) 
Adim(ext) 
A.dim(int) 

R6G/LapB[l,2] 

528 
533 

506-551 
478-528 

R6G/Hec[3] 

529 
545 

500-555 
470-520 

R6G/Wym[4] 

534 
557 

480-537 

R6G/Sap 

534 
>550 

501-547 
468-532 

The monomeric form of R6G is supposed to be firstly adsorbed on the external clay surface. 
The internally adsorbed monomer could be formed by clay stacking after the dye adsorption 
'21, and/or by migration of the monomer from the external to the internal surface of tactoids 
4J. The internally adsorbed dimer is assumed to be formed only by stacking of two clay 
^articles with a monomer adsorbed on each one. 

Conclusions 

The monomeric and dimeric forms of R6G can be adsorbed both on the external and internal 
surface of the smectites studied. 
The metachromatic effect is observed in the absorption spectra of R6G/clay systems and it is 
attributed to dye aggregation on the smectite surfaces. 
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4. TIME DEPENDENT SPECTROPHOTOMETRY STUDY OF THE 
INTERACTION OF CATION1C DYES AND CLAY PARTICLES IN 
AQUEOUS SUSPENSION 

Carla C. Schmitt-Cavalheiro, Miguel G. Neumann, Fergus Gessner 
Instituto de Quimica de Sao Carlos - Universidade de Sao Paulo- Brasil 
Av. Dr. Carlos Botelho 1465 - Caixa postal 780 
13560-970 Sao Carlos, SP, Brasil. 

Introduction 

It is well known that organic compounds, like cationic dyes, have great affinity for the 
surface of clay particles in suspension. When a dye solution is added to a clay suspension 
the dye molecules adsorb preferentially at the external surfaces of the particles, and the dye 
absorption spectra show a strong dependence with time(l). The properties of the cationic 
dyes, in homogeneous solutions, depends on factors like pH, polarity, concentration of the 
dye, etc, and when the dye molecule adsorbs on the clay particles, their properties change 
depending on the characteristics of the clay particles. In this way, the dye molecules can act 
as a probe for the clay surface 

Methodology 

We want to report results for the interaction of the cationic azine dyes, safranine and 
neutral red, adsorbed on motmorillonites (SWy-1, STx-1, SYnl) and hectorites (SHCa-1, 
Laponite). All clays were from The Source Clays, University of Missouri,USA, except 
laponite, which was from Laporte Industries, UK 

Neiiral Red Safranine 

UV-Vis spectra were recorded on a Hitachi U-2O00 spectrophotometer, using plastic 1 cm 
pathlength cuvettes. 

Results and Discussion 

When the dye molecules are added to a clay suspension, the molecules adsorb preferentially 
at the external surfaces, and depending on the dye/clay ratio, aggregation of the dye on the 
external surface of the particle also occurs immediately. For neutral red, the results indicate 
that, as time passes, the dye molecules migrate as monomers to the intalayer region, and an 
equilibrium is established between monomers and protonated monomers. For safranine, the 
spectral changes are quite different, leading to the conclusion that the dye molecules do not 
migrate to the interlayer region as do other dyes(l,2), but instead, as time passes, the 
safranine molecules aggregate on the external surfaces of the clay particles. The presence of 

173 



an additional benzene ring linked to the nitrogen in safranine, is believed to be the reason for 
the different behaviour of this dye, when adsorbed on the clay particles. 
The spectra of the dyes also show different time dependencies, depending on the nature of 
the clay, as shown for example, in the spectra for neutral red adsorbed on Stx-1 and on 
laponite. The times are expressed in minutes (tlO,t60,t540) and in days (dl, d4, d30). The 
arrows indicate the direction of the changes as the time increase. 
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The changes in the spectra of the dye in Stx-1 reflect the fact that the particles of Stx-1, are 
organized as tactoids, composed of several layers with the interlamellar space avaiable for 
the dye adsorption. For the system containing laponite, the spectral changes reflect the fact 
that this clay is initially delaminated in suspension, with clay particles tending to aggregate 
as time increases. 

Conclusion 

When the dye molecules adsorb on clay particles in suspension, different processes can 
occur, depending on the dye as well on the clay nature. Characteristic time dependent 
spectra are observed depending on the particular dye/clay pair. 
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5. EFFECT OF FREEZE DRYING AND AIR DRYING ON MICROSTRUCTURE 
OF CLAYS 

E.T. Stepkowska*, A. Pozzuoli**, J. Perez-Rodiguez*** 
* Institute of Hydroengineering PAS, Koscierska 7, 80-953 Gdansk-Oliwa, POLAND 
** Department of Geophysics and Volcanology, Largo S.Marcellino 10, 80 138 
Naples, ITALY 
*** Instituto de Ciencia de Materiales de Sevilla CSIC, Apdo 1115, 41080 Sevilla, SPAIN 

Introduction 

The microstructure of clay samples can be studied in SEM after predrying. This operation 
may influence the microstucture which must be taken into account on interpretation of test 
results. Most frequently various methods of freeze-drying are used. These authors prefer 
appropriately slow air drying: a gradual collapse of parallel clay particles is assumed as the 
diffuse layer repulsion prevents the change in their mutual orientation, whereas the edge-to-
face contacts remain unchanged. 
To check the influence of drying method on the observed micostructure, samples were 
prepared by air drying and freeze drying and they were studied in SEM. 

Methodology 

A dredged sludge of a high water content, exceeding liquid limit was taken from the bottom 
of a canal in Holland [1]. It was (a) air dried at 30°C or at 45°C and (b) frozen in liquid 
nitrogen (-196°C), evacuated in a Cryo-system at about 10'12 mbars, heated to -90°C under 
a cold plate (-190°C), followed by the study in SEM Philips 535 (Mr K. Holsteijn, at TFDL 
Wageningen) Two expansive clays [2] were treated similarly. 

Results and Discussion 

In the dredged sludge many artifacts due to freezing were observed and consequently the 
arrangement of particles and structural elements has been changed in the freeze drying 
operation due to Cryo-suction. Macrofissures and macropores were big, whereas at high 
magnification the structure was rather homogeneous (Fig la). 
After drying at 45°C a slightly fissured microstructure and isodimensional, well defined 
aggregates of the size of 10-50 um were visible at all the magnifications (Fig. lb). In 
previous study of bentonite suspensions a good preservation of plane-parallel fissure shape 
was observed in this case [3] 
The most homogeneous is the sample dried at 30°C: the slow drying process eliminated 
most of the microstructural features of the initial sample. Some preferred orientation is 
clearly visible in Fig lc, which was induced by the drying operation. 
Microstructure of expansive clays with a water content close to the plastic limit was little 
influenced by the drying method. 
The less expansive clay (Nr 1) was in both cases clearly aggregated (Fig 2a). The more 
expansive clay (Nr 4) was cracked after freeze drying and particles on its surface were 
bigger and in more parallel arrangement than those in air dry clay (Fig 2b and c). 
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Conclusion 

The air drying, preferably at 45°C, preserves the microstructural features of clay samples 
better than freeze-drying. At lower temperature the effect of aggregation may disappear as 
the fissures between aggregates close in the slow drying procedure. 

Fig 2. SEM of two expansive clays after freeze drying(top) and air drying(bottom): less 
expansive Nr 1 (a) and more expansive Nr4 (b and c). 
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4.2 RHEOLOGY 
1. SEPIOLITE: A RHEOLOGICAL ADDITIVE FOR THE BUILDING INDUSTRY 

Julio Santaren, Antonio Alvarez and Pedro Diaz del Castillo 
TOLSA, S.A., R&D Department, P.O.Box 38017, 28080 Madrid, Spain 

Introduction 

Many building applications require an adequate rheological behaviour to be conveniently 
processed or applied. Thickeners and additives used for viscosity and rheology modification 
include modified cellulosics (hydroxyethylcellulose, methylcellulose), inorganic products 
(clays, fumed silica), gums (guar, algin) and synthetic compounds (polyacrilates). The most 
used clays for this purpose are smectite clays (montmorillonite and hectorite) and need
le-like clays (sepiolite and attapulgite). Rheological products obtained from sepiolite 
produce pseudoplastic and thixotropic suspensions even in systems with alkaline pH and 
high concentration in electrolytes. These properties make 
sepiolite a suitable additive to be used in the building industry. In this paper the use of 
sepiolite-based rheological products is studied in three building applications: shotcrete, 
fiber-reinforced cement products and water-based paints. 

Methodology 

Materials - The sepiolite-based rheological product studied was Pangel TM, supplied by 
Tolsa, S.A., and obtained by wet micronization of pure sepiolite from Vallecas Vicalvaro, 
Madrid, Spain. 

Techniques 
Shotcrete: 
Sepiolite was used in concrete and mortar formulations in percentages ranging from 0.5 to 
2.0%, Dry-process spraying tests were carried out and the effect of sepiolite on the 
rebound and mechanical strength after 28 days was studied. 
Fiber-reinforced cement products: 
Laboratory tests have been carried out in order to study the filtration behaviour of fi
ber-reinforced cement slurries composed of cement, polyacrylonitrile fibers, cellulose pulp 
and sepiolite. The effect of sepiolite on the retention of cement particles during filtration, 
sediment volume and filtration rate has been studied. Corrugated sheets of cement reinfor
ced with polyvinyl alcohol (PVA) fibers were also produced using a Hatschek machine. A 
slurry at 15% containing Portland cement, PVA fibers, cellulose pulp and sepiolite was 
prepared and fed into a Hatschek machine. Sheets with a thickness of 6.2 mm were formed 
and corrugated in a atmospheric corrugator. The effect of sepiolite on the density of the 
final products and flexural strength was studied. 
Water-based paints: 
Sepiolite was studied as the only thickener in a vinyl-acrylic latex texture paint and as 
co-thickener, along with an urethane associative thickener, in an acrylic latex semi-gloss 
enamel. The effect of sepiolite on the viscosity, and rheological behaviour (leveling and sag 
resistance) was studied. 
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Results and Discussion 

Shotcrete: The use of small doses of sepiolite (0.5% to 2.0%) significantly reduces the 
rebound up to 50%. In order to allow an adequate consistency for the application by spray, 
a larger water/cement ratio had to be used when using sepiolite. Sepiolite increases the 
viscosity of the system and the percentage of water had to be increased to maintain the same 
consistency as the control. The increase in the water/cement ratio gives rise to a more 
elastic application surface where the projected particles can be embedded and, as a conse
quence, the rebound is reduced. On the contrary, the addition of sepiolite produces a 
reduction in the mechanical strength, probably due to the increase in the water/cement ratio, 
which can be significant for high percentages of sepiolite. The use of plasticizer additives 
which reduce the water/cement ratio allows to avoid the mechanical strength reduction 
maintaining a low rebound. 

Fiber-reinforced cement products: The addition in percentages of up to 3% of sepiolite 
reduces the percentage of cement particles lost through the filter during filtration from 5.2% 
to 1.9%. Sepiolite also increases the slurry sediment volume, from 55% in the control to 
94% in the formulation with 3% of sepiolite, increasing the stability of the slurry and their 
homogeneity. This fact and the reduction in the filtration rate allow to obtain more homoge
neous sheets during the manufacture in the Hatschek machine. The density corrected 
flexural strength also increases with sepiolite, most probably as a consequence of the greater 
retention of cement and the reduction in the dry density of the final product. 

Water-based paints: Polyurethane associative thickeners have flow properties which are 
more Newtonian and less pseudoplastic. The relatively low viscosity at low shear conditi
ons, contributes to better leveling properties but can produce excessive sagging. These 
thickeners add very little viscosity to the aqueous phase of the paint and they can cause poor 
shelf stability due to syneresis. The addition of sepiolite increases the pseudoplastic 
behaviour of the paint avoiding sagging in low shear conditions maintaining an adequate 
leveling. Addition of 0.33 to 0.5 g/1 of sepiolite to acrylic latex semi-gloss enamels thicke
ned with a polyurethane thickener allows to avoid sagging (sag resistance of <12 mils on a 
Leneta meter) with a leveling of 9 on a Leneta Levelness scale (maximum value of 10). The 
greater pseudoplasticity provided by sepiolite produces a decrease in the ICI high shear 
viscosity which is reduced from 0.95 Poise to 0.85-0.83 Poise. 

Conclusions 

The addition of sepiolite as a rheological additive in shotcrete, fiber-reinforced cement and 
water-based paint formulations modify the flow properties of these systems, increasing 
pseudoplasticity, thixotropy, and viscosity of the system, which allows a more convenient 
handling and processing. 
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2. EFFECT OF SALT CONCENTRATION ON AGGREGATION OF ULTRA FINE 
CLAYS 

L.S. Kotylar*, B.D. Sparks* and R. Schutte** 
* Institute for Environmental Research and Technology, National Research Council, Ottawa, 
Ontario, Canada; 
** Syncrude Research Limited, Edmonton Alberta, Canada 

Introduction 

The Hot Water Extraction process is presently used in Alberta to extract bitumen from oil 
sands. The tailings, remaining after bitumen extraction, is transported to sedimentation 
ponds where the solid-liquid system stabilizes to produce a fine tailings fraction with a 
gel-like structure. The gel forming propensity of these fine tailings has been attributed to the 
presence of ultra-fine, inorganic components found in oil sands ores. This fraction comprises 
de-laminated, colloidal, aluminosilicate clays only a few layers thick. Particle sizes are in the 
range of 20 to 200 nm. During processing the ores are subjected to mechanical dispersion 
forces which result in mobilization, or liberation, of some of these ultra-fines into the 
aqueous phase. At this point the potential of ultra-fines to flocculate, and ultimately gel, is 
dependent on the amount and type of electrolytes in the process water. The objective of 
preventing, or mitigating, sludge formation therefore requires an understanding of the 
colloidal stability of suspensions of ultra-fine clays in the presence of the salts normally 
found in process water. 
Flocculation of dilute (0.06 volume percent) suspensions of ultra-fines in model tailings 
pond water, containing different concentrations of NaCI, has been studied by means of 
photon correlation spectroscopy (PCS). Samples of the same suspensions, in measuring 
cylinders, were monitored over a period of several months. Settling rates, as determined by 
the position of the interface between sediment and clear water, and the equivalent final 
volumes, or volume percentage of solids in the sediment, were measured. 
We also examines the effect of salt concentration on the gel forming propensity of ultra-
fines by the 2H NMR method (Ripmeester et al., 1993). Suspensions used for this study had 
solids concentrations ranging from 0.4 to 3.1 volume percentage. Final sediment volumes 
were determined for these more concentrated suspensions. 

Experimental 

Ultra-fines, in the form of aqueous colloidal suspensions, were separated from the bulk fine 
tailings sample by vigorous mechanical agitation followed by centrifugation for two hours at 
500xg. The colloidal suspensions were de-flocculated by replacing the pond water with 
distilled water in a series of sequential washing and centrifuging steps. A concentrated (3.1 
volume percentage) suspension was prepared by high speed centrifugation. Dynamic light 
scattering experiments on diluted suspensions were performed using a Malvern 4700 PCS 
system, utilizing a 15 mW 633nm He-Ne laser. 
For use in the 2H NMR gelation studies the samples were prepared by replacing the distilled 
water in the stock suspension with model pond waters. Suspensions of ultra-fines used for 
this study had solids concentrations ranging from 0.4 to 3.1 volume percentage. Deuterium 
Nuclear Magnetic Resonance spectra were recorded with a Bruker MSL 300 spectrometer 
in a magnetic field of 7.1 Tesla at a frequency of 46.07 Mhz. 
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Results and Discussion 

The flocculation behaviour of dilute suspensions was monitored by PCS measurements of 
the mean hydrodynamic radius, R, of the growing floes. The radius for ultra-fines dispersed 
in distilled water remained constant over the test period, denoting a suspension with high 
colloidal stability. In the presence of < 10 mM NaCl an exponential growth in floe size 
corresponding to a reaction limited aggregation regime, occurred. At a salt concentration of 
20 mM two different flocculation regimes are apparent: an initial exponential growth is 
followed by a diffusion limited regime. These two regimes of aggregation are common for 
colloidal systems (Weitz et al, 1991). A similar feature for both regimes is that they produce 
open fractal clusters in which packing density decreases with increased cluster size. The 
diffusion limited aggregation mode (> 20 mM) resulted in a rapid initial aggregation 
followed by fast settling. Under these conditions the settling interface was typically distinct 
and the supernatant water was completely clear. For salt concentrations of < 20 mM, so 
called differential settling behaviour is observed. 
The fractal floes, formed in both aggregation regimes, settle freely until a concentration of 
around 1 volume percentage solids is reached. At this point, defined as the critical gel 
concentration (CGC), the inter-floc distances are small and the clusters begin to overlap. 
Steric hindrance then substantially reduces the mobility of the growing clusters and 2H NMR 
can be used to monitor the sol-gel transition period. In this work we monitored the growth 
of gel networks for ultra-fines, dispersed in salt solutions, having concentrations ranging 
from 5 mM through 50 mM. Suspensions in 5 mM solution displayed substantial thickening, 
resulting in a mobility loss of up to 85%. These samples did not produce a stiff gel during 
the measuring period. At 20 mM NaCl, gelation was complete after 1000 minutes at all 
solids concentrations. At a salt concentration of 50 mM it took only 8 minutes for a stiff gel 
to form. 
The ultimate objective of this work was to determine the effect of salt concentration on final 
sediment volumes, or equivalent solids contents. Water release was followed until no further 
change was detected. For the case of < 1.5 vol % solids suspensions settling of the floes 
continued until the CGC was reached. Where the solids content was initially greater than the 
CGC (1.5 to 3.1 volume percentage) water release was insignificant. 

Conclusion 

The rate of aggregation of ultra-fine clays in diluted suspensions is dramatically affected by 
the amount of electrolyte present in the system. Both the reaction and diffusion limited 
aggregation regimes lead to formation of fractal clusters from ultra-fines. These clusters 
settle freely until steric interference between them produces a weak gel structure. The 
gelation process is dependent on time as well as salt concentration and ultra-fine solids 
concentration. 
Owing to their fractal nature, individual floes are voluminous and the overall gel is capable 
of immobilizing correspondingly large amounts of process water. For those systems 
containing ultra fines in amounts exceeding the critical gel concentration the final sediment 
volumes, and the equivalent solids content, are virtually independent of salt and ultra fines 
concentration. 
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3. STABILITY OF SOME ORGANO-SMECTITES IN HCI SOLUTION 

Zenon Klapyta 
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University of Mining and Metallurgy, al. Mickiewicza 30 
30-059 Krakow, Poland 

Introduction 

Numerous studies have been reported on the interaction of smectite with organic cations. 
These cations modify the surface properties of clay, especially hydrophobicity and swelling 
in organic liquids. Several publications have also dealt with the reactions of smectites with 
acid solutions. It is well known that acid-activated clays are used as sorbents, catalysts and 
bleaching earths in industry and environmental protection. On the other hand, reactions of 
organo-clays with acids have not been frequently studied. The aim of this work is to 
investigate the effect of some organic cations adsorbed on smectite on the solubility of this 
mineral in HC 1 solution. It is interesting from scientific point of view and in the case of 
sorbents working at a low pH also for practical reason. 

Methodology 

The smectite used in this study was separated as a fine fraction from bentonite of Chmielnik 
(Poland) and then transformed into the sodium form. Aqueous suspensions of smectite were 
mixed with pyridinium chloride, methylene blue and hexadecylpyridinium bromide respecti
vely, in various ratios (0,1 to 1,5 mmol/g clay). The reaction products were washed and 
dried. The organo-clays and starting smectite were heated on the water bath in HCI 
solution for 8 hours, then washed and dried. X-ray powder diffraction, infrared spectrosco
py and nitrogen determinations were used for characterization of solids whereas solutions 
were analyzed for Mg, Al and Fe by atomic absorption spectroscopy. 

Results and Discussion 

As evidenced from nitrogen determinations, the synthesized organo-smectites contained 
various amounts of adsorbed organic cations in the range from 0,08 to 0,92 mmol/g clay. 
X-ray diffraction patterns have shown various arrangement of the organic species in the 
interlayer spaces of the smectite depending both on the cation type and amount. Infrared 
spectra have indicated decrease of the amount of adsorbed water in the organo-smectites in 
comparison with the sodium form. This was observed especially in the case of hexadecylpy-
ridinium-smectites. 
The X-ray diffraction patterns of the starting material and pyridinium smectites, all of them 
treated with HC 1, display weak and broad reflections testifying to intense amorphization of 
the mineral. It indicates that adsorption of pyridinium cations does not affect the destruction 
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of the smectite staicture. On the diflfractograms of samples modified with methylene blue 
and hexadecylpyridinium bromide, the intensities of basal and general reflections increase 
after reaction with HC1, with the increasing content of organic cations on the exchange 
sites. It is evident that these ions reduce the solubility of the smectite in HC1 solution. 
Infrared spectra of HCl-treated smectite and pyridinium smectites fail to display the 850 cm* 
1 absorption band of AlMgOH groups and show a lower intensity of the 920 cm"'absorption 
band of A1A10H groups. A band typical for the dissolution products of the smectite 
(amorphous silica) is observed at 810 cm"1. It provides evidence that substantial amounts of 
Mg and Al have been removed from the octahedral sheet of the smectite. After introducing 
the methylene blue and hexadecylpyridinium cations onto exchange positions, the intensity 
of the 850, 920 and 3630 cm'1 bands increase with the increasing content of organic cations 
in spite of the HC1 treatment. 

Chemical analyses of the solutions obtained after treatment of smectite and pyridinium 
smectites with HC1 have shown that amount of leached Al, Mg and Fe is very similar. The 
higher the content of the methylene blue and hexadecylpyridinium cations, the lower the 
content of Al, Mg and Fe ions in the solutions. For instance, for fully exchanged orga-
no-smectites the amount of leached ions was about 1/3 of that obtained in the case of 
Na-smectite. These results are consistent with the data obtained from X-ray and IR investi
gations. 

Conclusions 

Organic cations adsorbed on the exchange sites affect the solubility of smectite in the acid 
solution depending on the cation size. The amount of Al, Mg and Fe passing into the 
solution from Na- and pyridinium-smectites is practically the same. Introduction of large 
cations (methylene blue and hexadecylpyridinium) onto the exchange positions enhances 
considerably the resistance of the smectite to the action of HC1. Adsorbed organic species 
form a layer that covers the surface of smectite and makes presumably the reactive sites 
inaccessible to the hydrogen ions. 
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4. PHOSPHATIDE CONCENTRATE INFLUENCE ON RHEOLOGICAL 
PROPERTIES OF MONTMORILLONITE DISPERSIONS 

S.V.Pakhovchyshyn, V.F.Grytsenko, 
Institute of Surface Chemistry, Prospect Nauki 31 
252028 Kyiv, Ukraine 
O.V.Bacherykov 
Ukrainian Oil and Gas Institute, Palladin ave. 44 
252068 Kyiv, Ukraine 

Introduction 

The influence of phosphatide concentrates upon rheological properties of concentrated 
aqueous montmorillonite dispersions is discussed. Interparticle interaction energy between 
montmorillonite particles is evaluated from rheological parameters and mechanical energy 
dissipation. It is shown that the interparticle interaction between montmorillonite particles in 
aqueous dispersions in the presence of phosphatide concentrate differs from the interaction 
in a filtration crust. The behavior of this crust provides the lubricating properties of 
montmorillonite dispersions. 

Methodology 

Materials - Na-Form of Cherkassky montmorillonite and phosphatide concentrate of 
sunflower oil containing mainly lecitins and phosphatidylethanolamines with sunflower oil 
were chosen for investigation. 
Techniques - Rheological measurements were carried out by means of Rheotest-2.1 
rotational viscometer from MLW, Germany at 293 K. 
Effective viscosity r\ was calculated from values of the velocity gradient, y, and shearing 
stress, x. Intensity of mechanical energy dissipation, w, in montmorillonite dispersions per 
unit time providing the flow in a unit volume was calculated according to the following 
relationship: 

w i. y * 

Results and Discussion 

It is evident from the Table that the addition of 2% wt. of phosphatides results in increasing 
interparticle interactions in dispersion. As the results show shearing stress, effective 
viscosity and w rise. 
The filtration crust obtained from this montmorillollite dispersion shows an inverse 
dependence.lt is shown using electrophoresis and IR-spectroscopy methods that the 
phosphatides adsorption on the surface of montmorillonite particles surface results in 
decreasing interparticle interactions in filtration crusts and in improvement of the lubricating 
properties of these crusts. 
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Conclusion 

Decreasing of interparticle interactions in the filtration crust obtained from aqueous 
montmorillonite dispersions due to the addition of phosphatide concentrates is demonstrated 
by the rheological data. A mechanism of interaction of the montmorillonite surface with the 
phosphatide concentrate is proposed. 

Table 
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-
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5. ZETA (C) POTENTIAL OF CLAY - WATER MICELLE IN MARINE 
ENVIRONMENT 

Ahmet Tuncan and Mustafa Tuncan 
Assistant Professor 
Anadolu University, Faculty of Engineering and Architecture 

Introduction 

Important physical and mechanical properties of marine clays depend on the pore fluid 
composition and chemistry, because they influence surface characteristics of clay minerals 
such as surface charge density which depends on pH and (-potential. Particle size distribu
tion, type of clay minerals, solid concentration and electrolyte concentration affect 
(-potential of clays in post-depositional phase in marine environments. Measurements of (-
potential can give the magnitude of the repulsive interaction between colloidal particles and 
help to assess the stability of colloidal solutions. Double layer thickness around the clay 
particle is important for the behavior of the clay particle, because it is a measure of the 
amount of immobilized fluid around the particle and a measure of the repulsive force 
between the particle and the adjacent one. Physico-chemistry of particles and the chemical 
environment is important in development of clay fabrics. The chemical nature of the fluid 
medium during sedimentation and subsequent consolidation is important with respect to 
electrostatic interactions among clay particles which ultimately determine the fabric of clays, 
particularly in a dynamic marine environment. If the response of C-potential of clay-water 
micelle to chemical changes in the pore fluid is understood, the interactions between 
sediment particles and various inclusions can be predicted better. If the double layer 
thickness is known, some engineering properties and behavior can be predicted and better 
understood. 

Methodology 

Materials - Marine clay was prepared using a clay mixture of 50% illite, 21% 
Ca-montmorillonite, 16% kaolinite and 13% chlorite by weight. The percentages of clay 
minerals in the marine clay were based on average percentages of these clay minerals 
typically found in Atlantic Ocean clays. Illite clay was obtained by crushing 95% illite 
bearing shale to -No .100 sieve size . The kaolinite clay was all passing -No.200 sieve. The 
kaolinite, chlorite and Ca-montmorillonite clays were obtained commercially in powder 
form. 
Methods - The suspensions were prepared using distilled water in order not to complicate 
mixture. The suspensions were made in various solid concentrations ranging from 100 g/1 to 
500g/l. The 'C-potential measurements were conducted using MET AC ESA-8000 devi-
ce.The MET AC ESA system can characterize colloidal suspensions by their electrokinetic 
sonic amplitudes (ESA). Measurements can be made in concentrated suspensions, up to 50 
% by volume, and with particles ranging in size from 150 microns to molecular dimensions. 
Measurements can be made in aqueous or non-aqueous systems as well. The system can be 
used to determine the zeta potential, pH, conductivity, and temperature of a clay system 
simultaneously.Double layer thickness was calculated according to Helmholtz and Gou-
y-Chapman theories. Surface charge density was calculated dividing cation exchange 
capacity by the surface area. Surface area was determined with a Monosorb Surface Area 
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Analyzer. Cation exchange capacity (CEC) was determined by sodium saturation method. 
First, clay samples were saturated with sodium acetate to replace the cations held on the 
clay surface and in the interlayer positions. Secondly, clay samples were washed with 
isopropyl alcohol to remove of the excess saturating salts. Thirdly, clay samples were 
washed with ammonium acetate, by which adsorbed sodium was released into the solution. 
The amount of sodium was determined by an atomic adsorption instrument. CEC was 
measured at pH 7. Results are expressed in meq/lOOg dry soil. 

Results and Discussion 

When different concentrations of illite clay suspensions in distilled water are titrated with 
hydrochloric acid, the pH curves intersect at or very close to a common pH point around 4. 
Initial Cpotential value of illite is around -80 mV at pH 9.5. When the solution pH increases 
C-potential of the solution also increases. The C-pH curves show an inversion as pH 
decreases. This phenomena is attributed to anion adsorption. Conductivity increases with 
decreasing solution pH. 
C-potential of Ca-montmorillonite decreases with decreasing pH. When the solid concentra
tion increases, C-potential decreases. Initial C-potential of Ca-montmorillonite is around -15 
mV at pH 5.5. Conductivity increases with decreasing solution pH. 
C-potential of kaolinite decreases with decreasing pH, and it decreases with increasing solid 
concentration. Initial C-potential of kaolinite is around -13 mV at pH 5.6. Conductivity 
increases with decreasing pH. When the solid concentration changes, conductivity remains 
more or less constant. 
Below, pH of 7, C-potential increases sharply with decreasing pH. This is attributed to the 
adsorption of chloride ions with the addition of HC1. C-potential decreases with increasing 
solid concentration. Initial C-potential of chlorite is around -30 mV at pH 9.4. Double layer 
thickness of chlorite is about 0.44 Angstroms at pH 7.6. Conductivity increases with 
decreasing pH. 
Influence of changing chemistry of marine environment on C-potential and conductivity of 
marine clays were investigated. Results indicate that addition of HC1 and HN03 to the 
marine clay solutions decreases the C-potential of the solutions but increases the conductivi
ty of the solutions as expected. For both of the acids used to vary pH of the clay-water 
systems, data showed that below a pH value in the region of 2 to 4, C-potential increases 
with decreasing solution pH. This phenomen was unexpected. The inversion of the curve is 
attributed to the anion adsorption of the clay in the presence of strong acids such as HC1 
and HNCv 
The structure of the double layer is of great interest for understanding the colloidal behavior 
of systems. The thickness of the double layer is affected by the magnitude of the C-potential 
and pH of the medium. It can be seen that the negative C-potential decreases with increasing 
electrolyte concentration in aqueous phase because of increasing amounts of counter-ions 
on the particle surface. This causes a decrease in the thickness of the double layer. Double 
layer thicknesses decrease,and the particles approach each other closely. Therefore, they 
adhere to each other. When the double layer is compressed, shift of counter-ions toward to 
clay surface also increases. Double layer thickness represents the fictitious thickness of the 
firmly attached ionic layer in the Helmholtz theory. That's why double layer values are small, 
close to monomolecular thickness. 
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6. RHEOLOGICAL BEHAVIOR OF SEPIOLITE AND FIBROUS AMORPHOUS 
SILICA GELS OBTAINED BY ULTRASONIC TREATMENT. 

A. Gouami, A. Mourchid, P. Levitz, F Bergaya. 
C.RM.D-C.N.R.S,Universite d'Orleans lb, Rue de la Ferollerie 45071 Orleans cedex2. 

ABSTRACT 

Rheological experiments are performed in order to study the influence of the morphological 
character (size and shape) of the anisotropic clay particles on their mechanical properties, 
and to probe the behavior of fibrous clays (sepiolite of Vallecas from Spain) as a function of 
ultrasonic conditions. 
Ultrasonic treatments of sepiolite allow us to obtain stable suspensions or gels depending on 
the concentration of the clay and the ultrasonic preparation (ultrasonic power, time of 
ultrasonification.. ). The rheological data are collected either with an imposed stress 
rheometer (Carri-med CSL50), or an imposed shear rate rheometer (Haake RV20). 

The measurements, under shear oscillatory procedure with sample concentration ranging 
from 0.5% to 5%, determine the viscoelastic moduli, G' and G". 
The two rheometers give similar results as shown in figure 1. Characterization of the 
samples shows a sol/gel transition from a viscous fluid to a viscoelastic gel at 0.33 % clay 
concentration, after 5 minutes of ultrasonification. The evolution of this transition is 
followed with the variation of the time of ultrasonification. 
Rheological behavior of fibrous silica obtained by acid digestion of sepiolite is also presen
ted as a clear extension of the former work. As shown in figure 1 in the gel where the 
suspensions are viscoelastic, the storage modulus (G') and the yield stress (T) grow with 
clay concentration according to the power law: 

G7Toc (C -C 0 ) a (l) 

where the exponent a<* 2.7 
The power law evolution of the storage modulus allows us to estimate C„ and a. C„ is the 
clay concentration threshold where elastic properties appear. Looking also to the evolution 
of the yield stress, this concentration is the threshold where a solid-like behavior appears. In 
other words, the mutual evolution of G' an t through eq (1) permit to determine with a 
good accuracy the sol/gel transition point. 
It has to be mentioned that the apparent ratio of G'(0)LanH.nK.d /T£Jni.„lcJ = 45 is constant all 
along the two solid lines. Such a ratio is also observed for other colloidal systems such as 
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laponite or spherical silica suspensions. 
What is the real meaning of eq (I) ? We do not have a clear and definitive interpretation. 
Anyhow, such an evolution is often encountered in sol/gel transition. More extended 
experimental characterization of the microscopic structure of the suspension, all along the 
transition, is needed to explain the value of the a exponent. 

0.2 

i I ^ I i i i i | 

0.4 0.6 0.8 1 3 

Concentration (C-Co) in % 

Figure 1: Variation of G'(0) [ A ] and G'(IOO) [ A ] and x versus the clay 
concentration. The solid and the dotted lines show, for each case, the best fit 
according to equation (1). 

• x obtained with an imposed stress rheometer 
D x obtained with an imposed an shear rate rheometer. 
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7. ADSORPTION OF SURFACTANTS ON SMECTITES COLLOIDAL STABILI
TY IN AQUEOUS AND ORGANIC PHASES 

A. Tahani, B. Gherardi, P. Levitz and F. Bergaya 
C.R.M.D-C.N.R.S, Universite d'Orlcans; lb, Rue de la Ferollerie 45071 Orleans Ccdcx 2 

ABSTRACT 

Smectites, especially montmorillonites, offer a wide range of applications as adsorbent 
materials. Organoclays are widely uzed as rheological control agents for organic systems 
(cosmetics, paints, tertiary oil recovery...). 
Montmorillonite organo-complexes are formed by exchanging the cations on the clay 
platelets by surfactant cations (alkyl benzyl dimethyl ammonium chloride, ABDAC). In the 
water phase, these complexes give flocculated systems. The physico-chemical studies were 
based essentially on adsorption isotherms. The results obtained in Figure I show that in the 
range of low coverages, highly energetic adsorption domain exists up to a coverage of 8.10"4 

mole per gram of clay. This value corresponds to the cationic exchange capacity (CEC) of 
the clay. At this stage, the floes are hydrophobic and float. Above this domain and below the 
CMC, the increase in adsorption with increasing equilibrium surfactant concentration is less 
pronounced, characteristic of lateral interactions between the alkyl chains. At the CMC, a 
plateau appears corresponding approximately to two times the value of the CEC. The 
particles remain flocculated in the full range of the adsorption isotherm. The presence of the 
co-ions (CI") in the adsorption layer was detected above the CEC, suggesting molecular 
adsorption after the CEC is reached [1], X-ray measurements on air-dried suspensions show 
an increase of the interlamellar spacing of the clay with the adsorbed surfactant concentrati
on up to a surfactant concentration equal to the CEC. After that, this distance remains 
constant along the isotherm. Polarity of the adsorption layer was investigated by the 
fluorescence of pyrene solubilised at the interface of the clay. Above the CEC, the polarity 
decreases in relation with the appearence of a molecular adsorption layer. 
All these observations indicate that in the interlamellar space, adsorption starts by a cationic 
exchange. The surfactant molecules are organized in a head- to- tail monolayer. Clearly in 
this regime, the adsorption process is driven by hydrophobic interactions; but we have not 
yet a clear description of the staictural evolution of the adsorption layer above the cationic 
exchange regime. 
In the case of laponite, the plateau of adsorption isotherm is reached for a concentration 

equivalent to more than twice the CEC and the particles redisperse progressively in the 
domain of high adsorption levels. However the dispersion is not complete. These results 
corroborate those obtained with the cethyl trimethyl ammonium chloride (CTAC) on the 
same substrate [2], 
-Stable dispersions of smectite clays in aqueous medium are obtained by adsorption of 
non-ionic surfactant (TX100). On laponite, the adsorption depends on the method used and 
on the solid/liquid ratio of the clay. Addition of a calibrated surfactant solution to a laponite 
suspension (lgl"1) gives clear dispersion along the adsorption isotherm (S/L = 0.09%). In 
contrast, by adding the surfactant solution directly to laponite powder (S/L = 0.1%), a 
turbid suspension appears in a certain range of surfactant concentration. The maximum 
turbidity is obtained at the CMC of the surfactant. About the CEC the turbidity decreases 
and the suspension becomes clear. 
On montmorillonite, adsorption of TX100 increases above the CMC and reaches a plateau 
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with a high adsorption value. The plot of the turbidity versus equilibirium concentration of 
surfactant has the same shape than the adsorption isotherm. 
- With organo-clay complexes, the conditions to obtain stable dispersions in organic phases 
and thixotropic gels are studied. Phase diagrams of sol-gel transition in wich S/L ratio varies 
wich percentage of polar agent in the apolar phase are established. Organo-clays in apolar 
solvent are swollen by adding the polar agent. 
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Figure I: Adsorption isotherm of ABDAC on montmorillonite-Na 
S/L=0.4%; pH=9 - 10. 
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V. CLAYS AS CATALYSTS AND CATALYSTS 
SUPPORTS 
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5.1 CLAY 

I. ACID-TREATED AND ION-EXCHANGED MONTMORILLONITE 
CATALYSTS: DEPENDENCE OF ACTIVITY ON COMPOSITION 

D. R. Brown and C. N. Rhodes 
Catalysis Research Unit, Leeds Metropolitan University, United Kingdom. 

Introduction 

Solid acid catalysts, in particular acid-treated montmorillonites, can be used to catalyse a 
wide range of important industrial processes such as isomerisation, liquid refining and 
Friedel-Crafts alkylation. These materials will play an increasing role in the move towards 
establishing envi-ronmentally friendly technologies. Although the procedure for acid treating 
clays for adsorp-tive purposes is well known relatively little has been published concerning 
the catalytic pro-perties of acid treated montmorillonites and the changes which occur in the 
mineral staicture during acid treatment. Ion-exchange of these acid treated materials enables 
further control of their acidity. This work is directed towards the characterisation of acidic 
catalysts prepared by the systematic acid treatment and ion exchange of montmorillonite 
clay. By studying a series of montmorillonites from different geological sources, the 
dependence of catalytic activity on chemical composition has been investigated. 

Methodology 

Three samples of montmorillonite clay from different geological sources were progressively 
acid treated. Acid treatments were carried out with a 1 % suspension of clay in a 30 % 
solution of sulphuric acid at 95 °C. In order to fully characterise the Bronsted acid sites in 
these ma-terials the catalytic activities were measured in two contrasting model reactions. 
The first reaction involved a non-polar reactant molecule, a-pinene, whereas the second 
reaction utilised highly polar reactant molecules, methanol and dihydropyran. The catalytic 
activities of the acid treated clays in both reactions were followed as a function of time of 
treatment. To examine the role of exchangeable ions in generating catalytic activity we have 
tested the activities of acid treated clays after ion exchange with Zn2\ Na+ and Fe3t ions. 
Due to the poorly crystalline nature of these clay materials, and the complexity of the clay-
organic systems, characterisation often proves difficult and a variety of techniques has to be 
employed. In this study we report some of the results we have obtained from acidity and 
cation exchange capacity (CEC) measurements. In conjunction with XRF and surface area 
measurements these techniques provide a valuable insight into the physical and catalytic 
properties of acid-treated and ion-exchanged montmorillonites. 
The surface areas of the acid treated clays were measured by nitrogen adsorption at 77 K on 
a Micromeritics ASAP 2400 porosimeter and by application of the BET equation. CEC's 
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were measured by monitoring the adsorption of the coloured [Co(H20)J2' ion using a Cecil 
CE1010 spectrophotometer.We have developed a novel technique using a simultaneous 
DSC/TG (differential scanning calorimetry and thermogravimetry) instrument to measure 
the surface acidity of clay catalysts. This technique measures both the mass and energy 
changes which occur when ammonia is chemisorbed on to the clay. 
It would be reasonable to. Expect that acid treatment would produce a clay in which all the 
original exchange cations were replaced by protons. However, the resultant H' exchanged 
montmorillonite is known to be unstable and converts to a ciay containing exchangeable 
ions exsolved from the lattice 2 Solid state 27A1 MAS NMR serves as a useful tool to follow 
the transformation of lattice Al to exchangeable Alv ions. 

Results and Discussion 

The catalytic activity of acid treated montmorillonite clay is shown to be highly dependent 
on the degree of acid treatment received by the clay. The optimum acid treatment conditions 
vary from one clay to another and chemical composition appears to be a factor controlling 
the susceptibility to acid treatment. The rate of acid dissolution is largely determined by the 
iron and magnesium content of the original clay. 
The acid treatment conditions corresponding to maximum catalytic activity also depend 
upon the precise reaction being catalysed1 . The polar reaction between dihydropyran and 
methanol is catalysed most effectively by clays acid treated for quite short times whereas the 
rearrangement of a-pinene requires more severely acid treated clays. 
The polar reaction capitalises on the large number of acid sites available on the internal 
surfaces of the mildly acid treated clays. Only mild acid treatment is needed to bring the clay 
into a catalytically active form exchanging the original weakly polarising Ca2' ions for 
polyvalent metallic ions and/or protons. In contrast the surface area accessible to non-polar 
molecules is much less and consists of only the external face and edge areas of the clay 
platelets. Moderate acid treatment increases this area, but prolonged acid treatment leads to 
a gradual decrease in external surface area. Catalytic activity appears to depend on the 
subtle balance between changes in surface area and decreasing cation exchange capacity. 
The ageing studies on acid treated clay reveal that the transformation of lattice Al to 
exchangeable Alv ions occurs very rapidly and is accelerated at high levels of humidity. The 
ageing process is accompanied by a steady decline in the overall cation exchange capacity. 
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2. REDOX CATALYSIS BY VANADIUM-CONTAINING PILLARED 
MONTMORILLONITES 

*Krzysztof Bahranowski and "Ewa M. Senvicka 
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Academy of Mining and Metallurgy, al. Mickiewicza 30, 30-059 
Krakow, Poland 

"Institute of Catalysis and Surface Chemistry, Polish Academy of Sciences, 
30-239 Krakow, ul. Niezapominajek 1, Poland 

Introduction 

Pillared clays (PILC) are characterized by high surface area, accessibility of the interlayer 
space to gases and vapours, and significant concentration of acid centres. These qualities 
have led to numerous attempts at application of PILC materials in catalysis, mainly of 
acid-base type. Potential use in catalytic processes of redox nature would require PILC 
structure to accommodate transition metal elements known to change easily their oxidation 
state, e.g. vanadium. Vanadia, the most popular component of industrial redox catalysts, is 
generally deposited on oxidic supports. Materials most frequently used in this capacity, i.e. 
alumina, silica, titania and zirconia, are also known to form stable PILC structures. The aim 
of the present work was to design and test a new class of supported vanadia catalysts where 
alumina or titania pillars would serve as support particles. One may expect such systems to 
display unique properties because small dimensions of individual pillars offer surface-to-bulk 
ratio unattainable with conventional supports while their separation and firm bonding to the 
silicate layers should improve resistance to sintering. 

Methodology 

The montmoriUonite used in this study was <2um fraction of bentonite from Milowice, 
Poland, of 76 meq/lOOg cationic exchange capacity (CEC). Alumina-pillared samples were 
prepared according to the procedure described by Vaughan [1], titania-pillared following 
the method of Sterte [2]. Vanadium was introduced into montmorillonite matrix by: a) 
cationic exchange with VO2* ions of calcined pillared montmorillonite, b) cationic exchange 
with VO2' ions of uncalcined pillared montmorillonite, c) use of pillaring agent containing 
VO2* (co-pillaring) [3]. Samples were characterized with XRD, ESR, BET surface area 
determination and chemical analysis. Their catalytic activity was tested in selective catalytic 
reduction of nitrogen oxides, oxidative dehydrogenation of propane and ammoxidation of 
m-xylene. 

Results and Discussion 

ESR data show that introduction of vanadium into the pillared montmorillonites leads to a 
rigid association of the dopant with pillars, irrespective of the method of preparation. The 
electronic structure of vanadyl centres in alumina-pillared samples does not depend on the 
mode of preparation while in titania-pillared montmorillonite different preparative procedu
res result in different types of vanadyl species. Catalytic tests show high activity of vanadi
um-doped PILCs in all investigated reactions. Selective catalytic reduction of nitrogen 
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oxides was conducted in a flow reactor in the temperature range 423-773K with ammonia 
gas serving as the reducing agent. Results show that, for comparable vanadium loadings, 
vanadium-containing alumina- or titania-pillared montmorillonite catalysts perform better 
than catalysts containing vanadia deposited on conventional alumina or titania supports. 
Oxidative dehydrogenation of propane was tested in a flow reactor in the temperature range 
453-773K. Results show that also in this reaction the V-Ti-pillared samples perform in a 
different way than conventional V/titania catalysts. Both the selectivity to propene and the 
propene yield depend on the method of catalyst preparation. Among various V-containing 
PILC samples catalysts obtained by V-Ti-copillaring show highest selectivities at high 
conversions pointing to specific properties of active centres created in these samples. These 
samples show also particularly high activity in catalytic ammoxidation of m-xylene to nitrile 
product, as monitored by IR [4]. On the ground of ESR analysis of the electronic structure 
of vanadyl centres the differences in catalytic performance are associated with the presence 
of different types of vanadyl species formed during catalyst preparation. 

Conclusions 

ESR shows that all investigated samples contain immobilized vanadyl species bound to the 
pillars. The electronic structure of these centres in alumina-pillared samples does not depend 
on the mode of preparation while in titania-pillared montmorillonite it does. Deposition of 
vanadium onto alumina or titania pillars in montmorillonite matrix results in materials with 
improved catalytic properties in selective catalytic reduction of nitrogen oxides with respect 
to conventional supported vanadia catalysts. In the reaction of oxidative dehydrogenation of 
propane and of m-xylene ammoxidation the catalytic performance of vanadium-doped 
Ti-pillared catalysts depends on the mode of introduction of vanadium. This phenomenon is 
attributed to the presence of vanadyl centres of different electronic structure. 
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3. MONTMORILLONITE CATALYZED PEPTIDE BOND FORMATION. 

Juraj Bujdak and Bernd M Rode* 
Department of Inorganic Chemistry, Faculty of Natural Sciences, Comenius University, 

842 15 Bratislava, Slovakia 
•Institute of General, Inorganic and Theoretical Chemistry, University of Innsbruck, 

Innrain 52a, A-6020 Innsbruck, Austria 

Introduction 

It is not yet clearly known, how the first proteins were prebiotically formed from amino 
acids. Several theories have been developed. One of them is the "clay theory" claiming that 
peptide formation could have been catalyzed by clay minerals. Several works have been 
done applying wetting/drying/heating cycles, where oligomerization of glycine (gly) or 
alanine (ala) was observed. The goal of this work was to reinvestigate this theory and to 
investigate possibilities of peptide chain prolongation, when short oligomers are used as 
starting compounds. 

Methodology 

Materials - The Ca form of montmorillonite (Jelsovy Potok, Central Slovakia) was used. 
Reduced charge montmorillonites were prepared using lithium thermal treatment. Ca 
exchange forms were prepared by ion exchange. 
Techniques - Evaporation/drying/wetting cycle experiments of oligopeptide (amino acid) -
clay suspension (1 ml 10 mM solution + 0.01 g montmorillonite) were done at temperatures 
below 100 °C. The cycles were adjusted to 24 hours. After reaction the solid was treated 
with CaCl, solution and the released oligomers were analysed using an Hewlett-Packard 
HP-1090M HPLC apparatus. Gly oligomers were analysed directly, those containing ala 
were analyzed after derivatization with o-phtalaldehyde (OPA) / 3-mercaptopropionic acid. 
Detection was performed with diode array detector at 195 nm, OPA derivatives at 338 nm. 
Peptides were identified both by retention times of reference substances and UV- spectra. 

Results and discussion 

The oligomerization of the short peptides gly2 gly3 gly4 and ala2 (at 80°C) was compared 
with the reaction of amino acids, and the catalytic effect of montmorillonite was found to be 
much more efficient in the case of oligopeptides. Whereas the yield of gly oligomerization 
did not exceed 0.5 % (gly, and gly3 were formed), the yield of higher oligomers formed 
from gly, after 3 weeks was about 10 %. In detail 2.6 % gly„ 7.2 % gly4, 0.3 % gly5 and 0.5 
% gly6 were produced. Also gly3 and gly, formed higher oligomers, already after one cycle. 
Ala, produced both ala, and ala4, whereas ala does not produce any oligomers under the 
same conditions. Heterooligomerization was also observed: ala-gly-gly is formed from ala 
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and gly2. The association of small peptides to higher units catalyzed by clays is thus by far 
more efficient than the formation of peptides from amino acids. This preference of peptide 
chain prolongation compared to the reaction of amino acids can be explained by the 
assumed mechanism of reaction. It is supposed that after drying of clay - amino acid 
mixture, the reaction proceeds between hydroxyl groups at the edges of clay particles and 
carboxyl groups of organic molecule. The product of this condensation reaction is the salt 
of the amino acid, acyl aluminate or silicate, respectively. These salts are considered to be 
activated intermediate compounds for the connection of amino acids to peptides. However, 
the centres of 2 bound amino acids are mostly too distant for the reaction of the amino 
group of the first molecule with the activated acyl group of the second one. This distance 
between reaction centres is not too large for gly, or higher oligomers. Another explanation 
could be that a cyclic anhydride is the intermediate compound of the oligomerization. 
Relatively high yields of the cyclic anhydride of gly- diketopiperazine (DKP), are found after 
the oligomerization of both gly and gly2 (even higher than oligopeptide yields). A further 
proof of cyclic anhydride formation is the observed sequence inversion of ala-gly (gly-ala) 
to gly-ala (ala-gly). According to the mechanism involving activated molecules at the edges 
of clay particles gly-ala-gly should be formed preferentially from ala-gly + gly. However, all 
possible trimers ala-gly-gly, gly-ala-gly and gly-gly-ala are formed, with similar yields. This 
indicates that the reaction proceeds through cyclic compounds containing ala and gly 
segments, since gly-gly-ala cannot be formed from ala-gly + gly directly. Gly2 oligomerizati
on was therefore also compared with the reaction, starting from a mixture of DKP and gly2 

was used. The yields of this reaction were higher than those starting from gly2 alone. 
Oligomerization of gly and gly2 on reduced charge montmorillonites was also studied. The 
charge reduction and the collapse of interlayer spaces in the least charged clay did not much 
affect the reaction yields. It is concluded therefore that the peptide bond formation is 
catalyzed mainly at the edges of clay particles, since interlayer spaces are unavailable for the 
molecules in the least charged montmorillonite. A study of the oligomerization of gly and 
gly2 at different temperatures showed that the yields of higher oligomers formed from gly2 

increase with increasing reaction temperature. Contrary to gly2 oligomerization, a lower 
temperature is more suitable in the case of gly reaction. Higher temperatures probably 
convert more of the produced gly, to DKP and thus lower the reaction yield. 

Conclusion 

The catalytic effect of clays is much more efficient for the oligomerization of short oligo
peptides than for the formation of dipeptides from amino acids. This leads to the conclusion 
that clays could have played a main role in the chain prolongation and chain connection of 
prebiotically present oligopeptides. The reaction probably proceeds through peptide salts 
formed after the condensation reaction with hydroxyl groups at the edges of clay layers 
and/or through cyclic anhydrides formed from dipeptides. 
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4. ACID-TREATED MONTMORILLONITE: OPTIMISATION OF CATALYTIC 
PROPERTIES 

Christopher N Rhodes, Jarrod Massam and David R Brown 
Catalysis Research Unit, Leeds Metropolitan University 
Leeds LSI 3HE, UK 

Introduction 

Acid-treated montmorillonites are active solid acid catalysts, particularly for liquid phase 
reactions1. They are also effective supports for many inorganic salt catalysts, including the 
Lewis acid ZnCU2. The objective of this study was to identify the structural features in 
acid-treated montmorillonite important in conferring both intrinsic catalytic activity and 
effectiveness as a support, and to optimise these catalytic properties. 
A number of factors are thought to control the intrinsic catalytic activity of acid treated 
montmorillonite in Bronsted acid catalysed reactions, including: the extent of acid treatment 
received by the clay, the nature of the exchangeable cation, the level of hydration, and the 
composition of the parent clay. In addition, activity depends on the ability of the reaction 
medium to swell the clay, so optimum acid treatment conditions are expected to be different 
for reactions carried out in swelling and nonswelling solvents. 
The structural features of an acid-treated montmorillonite which are important in conferring 
effectiveness as a support (for ZnCl2) are expected to be different from those controlling 
intrinsic activity. In studying acid-treated clay supports for ZnCl2 one requirement is to 
identify the properties in the support which bring about the dramatic enhancement in Lewis 
acid activity exhibited by ZnCl2 in the adsorbed form compared to the bulk form, and a 
second requirement is to characterise the role of Bronsted acidity on the clay support in 
supplementing the activity of the ZnCl2. 
In the reported work, both the intrinsic catalytic activity of progressively acid-treated 
montmorillonites and their effectiveness as catalyst supports have been correlated with a 
number of structural features, and optimum acid treatment and other preparative conditions 
for the catalysts have been established for a range of reactions. 

Methodology 

Montmorillonites from the UK, Texas and Spain were used for the study. They were treated 
in boiling 30% H2S04 for times of from one minute to 40 hours. Surface areas, pore size 
distributions, cation exchange capacities and surface acidities (by calorimetric measurements 
following ammonia adsorption and through IR study of adsorbed pyridine) were measured 
on each clay3. 
The intrinsic catalytic activities of the acid-treated montmorillonites were tested in two 
reactions, both Bronsted acid catalysed. The first, involving swelling polar reactants, was 
the pyranolysis of methanol using 3,4-dihydropyran, carried out in excess methanol. The 
second was the rearrangement of a-pinene to camphene, using the reactant as solvent. In 
this reaction no swelling of montmorillonite is expected.Catalytic activities were also 
measured in both reactions following ion exchange with Al3+. 
The activity of ZnCl, supported on acid-treated montmorillonite was tested in simple 
alkylation reactions between benzyl chloride and benzene, and benzyl chloride and anisole. 
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Results and Discussion 

Maximum intrinsic catalytic activity of the acid-treated montmorillonite in the nonswelling 
reaction medium was achieved after prolonged acid treatment. The maximum activity 
correlated well with the maximum N2 BET surface area of the clay, suggesting that reactant 
could only access external clay surfaces. In contrast, the maximum activity in the swelling 
medium was achieved after very short acid-treatment times, suggesting that the reactants 
could swell the clay and access interlayer, as well as external, surfaces. 
Ion exchange with ALV had little effect on the activity of acid-treated clays in the nonswel
ling medium. However, it significantly enhanced activity in the swelling medium for the 
parent clay and for clays subject to short treatments. The most active catalyst in this 
reaction was the A l v exchanged parent clay. Thus, in a swelling medium, optimum catalytic 
activity was achieved, not through acid treatment, but simply through ion exchange with 
acidic cations such as A\ir. 
Maximum activity of supported ZnCU Lewis acid catalyst towards the benzyl chlori
de/benzene reaction was found with acid-treated clay supports subject to very long treat
ments (typically 20 h). The most effective supports exhibited almost no clay character and 
relatively low surface areas. Activity appeared to depend on the porosity of the support. 
Extended acid treatment resulted in the formation of mesopores in the treated clay, and a 
requirement for an effective support was evidently a significant volume in pores in the 10-14 
nm range. Active ZnCl, appeared to be that which was adsorbed in pores of this size. 
When anisole was used instead of benzene, optimum activity was achieved with clay 
supports subject to shorter treatments and, in contrast to the results for benzene alkylation, 
evidence was found for significant participation of the Bronsted acid sites on the clay. This 
result, together with the lower than expected activity of the catalyst in this reaction, 
suggested that the ZnCl2 Lewis acid sites may be quite strongly coordinated by anisole, 
significantly reducing their ability to catalyse the reaction. 

Conclusion 

There are several very effective applications of acid-treated montmorilionites in catalysis of 
liquid phase reactions, and for maximum activity it is necessary to optimise the preparation 
of the acid-treated clay for each application. 
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5. PILLAR INTERLAYERED CLAYS AS CATALYSTS OR CATALYST 
SUPPORTS FOR SELECTIVE CATALYTIC REDUCTION OF NO 

S. Perathoner* and A. Vaccari 
Dipartimento di Chimica Industriale e dei Materiali, 
Universita degli Studi di Bologna, 
Viale del Risorgimento 4, 40136 Bologna, Italy. 

Introduction 

Pillar interlayered clays (PILCs) are a class of two-dimensional porous and high surface area 
solids of scientific and industrial interest [1,2]. These solids can be prepared with larger pore 
openings than most commercially used Y-zeolites catalysts, and have a huge potential for 
cracking the large molecules of the heavier oil fractions. On the other hand, the properties 
of these solids may be modified by appropriate choice of the nature and amount of the 
pillaring species [3,4]. In a recent paper [5], it has been claimed that PILCs may be 
promising catalysts for selective catalytic reduction (SCR) of NO by NH3, due to their high 
activity and potential poison resistance. 
The aim of the study reported here, was to investigate the reactivity of PILCs, as catalysts 
or supports, in the SCR of NO by NH3 or propane, reactions of high industrial and environ
mental interest [6,7]. In order to have more general examples, the reactivity of an Al-PILC 
(AZA) and a mixed Fe/Al-PILC (FAZA), used as references by the Concerted European 
Action-Pillared Layered Structure (CEA-PLS), was investigated. It is worth noting that the 
PILCs represent an intermediate situation between the threedimensional ordered channels 
present in the zeolites and the random pore distributions of the oxides, both largely 
employed as catalysts or supports in the above mentioned reactions [7]. 

Methodology 

AZA and FAZA were supplied by Straton hi-tec, Athens, Greece [specifications: both 
calcined at 500°C; BET (N2) surface area= 210± 10 nrg"1 (AZA) and 240±10 nrg"1 (FAZA); 
d()01 (interlayer distance)= 1.83±0.02nm (both)]. Copper was introduced by either ion 
exchange or incipient wet impregnation. 
The catalytic tests were carried out using 0.25g of catalyst in a quartz flow microreactor, 
operating at atmospheric pressure. The inlet and outlet gases were continuously monitored 
by a on-line VG-SX200 mass quadrupole spectrometer. The feed mixtures were prepared 
starting from calibrated mixtures of each reagent diluted in helium. The same mixtures were 
also used to calibrate the mass quadrupole and check periodically the instrument response. 
Fluctuations in the operating pressure of the mass quadrupole detector were compensated 
using helium as an internal standard. The catalytic tests were performed at different contact 
times and temperatures, using the following gas mixtures: i) NO= 1000 ppm, NH3= 1100 
ppm, 02= 3%, He as balance; ii) NO= 1000 ppm, C,H8= 3300 ppm, 02= 3%, He as balance. 
The surface acidity has been investigated by FT-IR spectroscopy, after chemisorption of 
appropriate probe molecules [8]. A Perkin Elmer 1750 spectrophotometer was used, 
equipped with a cell connected to evacuation and gas manipulation grease-free lines. The 
self-supporting disk technique was used. 
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Results and Discussion 

Surprisingly both PILCs were fully inactive in SCR of NO by propane, for all the temperatu
res and contact times investigated. On the contrary they exhibited good activities in SCR of 
NO by NH,, with maximum conversion at 400°C for AZA and at higher temperatures for 
FAZA. Both catalysts gave rise to N20 as by-product and exhibited similar values of 
maximum conversion of NO, notwithstanding the presence in FAZA of iron ions. It is the 
high activity of AZA worth noting unlike that previously reported in the literature [5]. 
Taking into account the good catalytic performances in the SCR of copper-supported 
catalysts [7], in a following step, AZA and FAZA were used to support different amounts of 
copper ions. Also for these samples no activity was observed in the SCR of NO by propane, 
regardless of the reaction conditions employed. On the contrary, the presence of copper 
ions clearly improved the catalytic performances for the SCR of NO by NH,. However two 
different behaviours were observed; for Cu-AZA samples maximum activity was observed 
up to about 2% (wAv) of copper, while by increasing the copper content a dramatic 
deactivation occurred. No deactivation was observed for all Cu-FAZA samples investigated, 
which showed full conversion of NO for a wide range of temperatures. Furthermore, by 
comparing the catalytic behaviour of a 3% Cu-FAZA sample with those of some typical 
SCR copper-containing catalysts, it was shown that Cu-FAZA catalysts may be successfully 
employed in the SCR of flue gases at high temperatures, at which the other catalysts give 
rise to NH, combustion. 
Taking into account that the lack of activity of propane cannot be attributed to steric 
hindrances or propane combustion, the surface acidity of AZA and FAZA was investigated, 
with the aim to obtain useful information for other possible applications [1,2,9]. No 
significant difference was observed between the two PILCs using NH,, pyridine and CD,CN 
as probe molecules. Both samples showed weak Bronsted acid sites and two types of strong 
Lewis acid sites. On the contrary, the adsorption of (CH3)3C-CN showed the presence of 
three different Lewis acid sites in the FAZA sample and only two in the AZA sample. 
On the basis of the data presented here and in some recent papers [5,7,9,10], the different 
catalytic behaviours observed in SCR of NO by NH, or propane, the role of the surface 
acidity in these reactions as well as in other possible catalytic applications of PILCs are 
discussed. 
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6. UTILIZATION OF EGYPTIAN CLAYS AS CATALYSTS IN 
HYDROFINISHING OF NEUTRAL LUBE OILS 

S. Mikhail, A. Farag, S. Sultan and I.K. Abdou 
Egyptian Petroleum Research Institute 

ABSTRACT 

The main objective of this study is the preparation of catalysts from local clays to be used 
for hydrofinishing of lubricating oil instead of imported catalysts. Clay deposits suitable for 
such purposes should contain more than 30% alumina. High grade clays with alumina 
contents more than 30% are present in various localities in Sinai peninsula. 

Five different metal loaded catalysts : Cobalt, Molybdenum, Nickel, Nickel-Molybdenum 
and Nickel-Copper/ clay were prepared. The metal was incorporated on the support by 
impregnation technique. 

The raw clay and the prepared catalysts have been examined by thermogravimetric analysis, 
differential thermal analysis, X-ray diffraction and chemical analysis. These analyses were 
carried out to reveal any relation between the metal added and the structural phase changes 
occuring in the clay minerals. 

Hydrofinishing experiments were carried out for the heavy dewaxed raffinate using the 
industrial and the prepared catalysts. 

The hydrofinishing operating conditions were as follows: 

Temperature : 300,325,350,375,400 & 425°C 
Pressure : 20,30,40,& 50 atmosphere 
Hydrogen/hydrocarbon . 4, 8 & 12 molar ratio 
Liquid hourly space velocity : 0.5 hr"1 

Resutis indicate that the prepared catalyst NiO-CuO/Clay is the most suitable one for 
hydrofinishing the heavy dewaxed raffinate under study. 
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7. THE UPPER CRUST ORIGIN OF LIFE, A HYPOTHESIS BASED ON 
MISCELLANEOUS ROLES OF CLAYS IN CHEMICAL EVOLUTION 

Hiromoto NAKAZAWA, Hirohisa YAMADA and Hideo HASHIZUME-

National Institute for Research in Inorganic Materials, Namiki- 1, Tsukuba-shi, 305 
JAPAN 

Introduction 

Clays are attracting attention in the studies on the origins of life mainly for their capabilities 
of catalysis and adsorption of organic molecules. In this paper, the other roles of clays in 
chemical evolution are considered: clays can transport organic matter deep into the upper 
crust of the Earth. The argument based on the data published so far derives an hypothesis, 
the upper caist at the origin of life. 

Dehydration polymerization in water 

The appearance of simple organic molecules in an inorganic world of the early Earth has 
successfully been simulated by Miller(l) using electro- and photo-chemical reactions. 
Similar experiments followed and assumed other sources of energy and other compositions 
for the ancient atmosphere. Amino acids, in all more than 30 species, were proved to be 
formed in such a relatively simple process. The extraterrestrial origin of simple organic 
molecules is also possible, as indicated by recent radioastronomical results and analyses of 
meteorites. At present it would seem almost certain therefore that simple organic molecules 
could have appeared in the early Earth. They might then have been dissolved in the primitive 
ocean. 
The second step, namely to explain how such simple organic molecules could polymerize, is 
the next puzzle we are now facing. Many theories and experiments have been reported so 
far which attempt to overcome the difficulties of dehydration polymerization in water. For 
example, it has been proposed that there might have been precursors of polyglycine (2) or 
prussic acid (3), simple heating (4), condensing agents (5) and a special sea water enriched 
with transition metal ions (6). Although these theories and experiments may explain 
polymerization, they introduce convenient suppositions which are chemically probable but 
are not easily accepted as common geological phenomena of the early Earth. The deep-sea 
hydrothermal vents at the plate boundaries have recently attracted attention as a plausible 
environment for the origin of life (7). However, even at high temperature and pressure, the 
condition is still aqueous. Therefore, we have to accept that not much progress has 
occurred to date. 

Miscellaneous role of clays in prebiotic evolution 

Previously, Bernal (8) pointed out "an absolute necessity" of concentration of the simple 
molecules "for any further evolution" and proposed a reasonable mechanism, i.e., "adsorpti
on of the simple molecules in fine clay deposits" in marine water. His idea, however, seems 
to have attracted not much attention in subsequent studies of chemical evolution. 
Present progress in plate tectonics has described the three- dimensional mass flow of the 
Earth's crust. Some of the recent reports suggest that plate tectonics might have functioned 
also in the early Earth, probably from 3.9 billion years ago or more (9,10). Its activity, 
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shown by the volume of sediments at that time, might have been higher than that during 
Phanerozoic eons (II). Under this type of process, simple organic molecules within the clay 
deposit would have experienced the conditions of compaction, dehydration and increases in 
pressures and temperatures. How high temperature and pressure the clay deposit reached, 
would have determined whether the organic molecules polymerized by dehydration to 
bigger molecules or decomposed to the gas phase. Subsequent movement of the plates 
could have returned the big molecules formed to the surface. Thus, the upper crust would 
have been the place of the prebiotic evolution, where clays played the role of transporters of 
prebiotic simple molecules and also of enzyme (catalyst) for their polymerization reactions 
(12). 

Evidence in support of the present hypothesis 

Evidence that materials which were accumulated in marine sediments and were subsequently 
subducted into the upper crust are now on the surface, has commonly been known in 
geology and mineralogy. The most extreme example is the observation of coesite in 
sedimentary rocks. The depth at which the coesite formed is estimated to be about 100 km 
and temperatures in the range 600 to 710°C (13). These temperatures may be too high for 
stabilization of organic molecules. Common sedimentary rocks have experienced similar 
conditions but not at such depths. 
The presence of organic matter in the upper crust is well known for petroleum source rocks, 
although it is of biotic origin. Another indication can be seen in a recent analysis of the 
N2/Ar ratio of volcanic gases. Those in a restricted area have a relatively high N2 content 
which is explained as part of the N2 being a decomposition product from organic matter 
subducted in the crust (14). These examples provide evidence that simple organic molecules 
of a prebiotic origin could have experienced higher P and T conditions if subducted into 
crust together with clay minerals. 

Conclusion 

A role of clays in prebiotic evolution was the transportation of simple prebiotic molecules 
deep into the Earth's crust, where the molecules were polymerized under the conditions of 
compaction and dehydration. Subsequent tectonic movements moved up the products to the 
Earth's surface. 
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8. CORRELATION OF CATALYTIC ACTIVITY WITH INFRA-RED, 29Si MAS 
NMR AND ACIDITY DATA FOR ACID-TREATED FINE FRACTIONS OF 
MONTMORILLONITES. 

Christopher Breen1, Jana Madejova2 and Peter Komadel2 

"Materials Research Institute, Sheffield Hallam University, Sheffield SI 1WB U.K. 
"Institute of Inorganic Chemistry, Slovak Academy of Sciences, 842 36 Bratislava, 
Slovak Republic 

Introduction 

Interest in acid-treated clays is currently enjoying a renaissance due to their use as supports 
in environmentally benign Friedel-Crafts alkylation and acylation catalysts. The aim of this 
study was to systematically investigate how the extent of acid attack was affected by the 
structural composition of the clay. To this end two clays of differing composition have been 
chosen. SAz-1 is a standard clay with low tetrahedral aluminium content and a magnesium 
rich octahedral layer. In contrast Jelsovy Potok (JP), a Slovakian montmorillonite, has a 
higher tetrahedral aluminium content but a lower magnesium content. The concentration of 
acid together with the contact time and temperature were specifically chosen to ascertain 
how SAz-1 withstood conditions which are known to cause minor, moderate and severe 
depopulation of the octahedral sheet of JP. Both samples were purified prior to use so that 
the elemental composition data could be used to assess the sensitivity of instrumental 
techniques such as x-ray diffraction (XRD), infra red (IR), and 29Si MAS NMR to the extent 
of structural attack and to correlate the number of acid sites, determined from the thermal 
desorption of cyclohexylamine, with the catalytic activity for ether formation in the reaction 
of 2,3-dihydropyran with methanol. 

Methodology 

The <2 um fractions of SAz- 1 and JP were saturated with either Na or Ca ions and washed 
free of excess salt. The Na saturated samples were treated with 1M H2S04 for 30, 120 or 
360 minutes at 95°C, whereas the Ca-saturated samples were treated with 6M HC1 for 30, 
300 or 900 minutes at 95°C. All samples were washed free of acid and excess salt. The 
elemental compositions of these samples were determined using a Phillips PW2400 XRF 
spectrometer. XRD profiles were recorded on a Philips PW1830 diffractometer using Cu K 
a radiation. TG traces were recorded on a Mettler TG50 thermobalance. Samples (7mg) 
were exposed to cyclohexylamine vapour for 24 hours then transferred directly out of the 
vapour and into the thermobalance. IR spectra were recorded on a Perkin Elmer 983G 
spectrometer using the KBr pressed disc technique. High resolution solid-state 2'JSi MAS 
NMR spectra of untreated and acid-treated samples were recorded on a Bruker MSL 400 
spectrometer at 79.49 MHz. The sample spinning frequency was in the range 3.5 to 4 kHz 
and chemical shifts for 29Si are referred to TMS. 
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Results and Discussion 

The XRD profiles exhibited no evidence of any crystalline phases other than montmorilloni-
te and as anticipated XRF analysis confirmed that SAz-1, which contains a higher octahedral 
magnesium content, was leached more readily than JP in both the moderate (1M H2S04) 
and harsher (6M HC1) treatments. 
Treatment with 1M H2S04 

The depopulation of the octahedral sheet of both montmorillonites increased with treatment 
time. After 360 mins 16% of the octahedral magnesium was leached from SAz-1 compared 
with only 7% from JP. XRD and the acidity determination using the desorption of cyclo-
hexylamine proved insensitive to this level of acid attack but IR, 29Si MAS NMR and the 
yield from the test reaction reflected this level of depopulation of the octahedral sheet. A 
shift in the Si-0 band from 1032 cm"1 in untreated SAz-1 to 1040 cm"1 in the 360 min treated 
sample signalled an increase in the amorphous silica content and the appearance of resonan
ces at 6 = -102 and -112 ppm, in the 29Si MAS NMR spectra, provided evidence of 
(SiO),SiOH and Q4(OAl) units occurring alongside the usual Q3(OAl) units (8 = -102 ppm). 
Treatment with 6M HCI 
This treatment was considerably harsher than that detailed above. After 300 min SAz-1 was 
transformed to amorphous silica and exhibited no appreciable acidity or catalytic activity. 
XRD, XRF, IR, TG and 29Si MAS NMR all reflected the transformation of SAz-1. There 
were no discernible peaks in the XRD profiles, the Si-O band shifted from 1032 cm"1 in 
untreated SAz-1 to 1099 cm'1 and the weight loss associated with the desorption of 
structural hydroxyls in the TG trace was no longer evident. Furthermore, the 29Si MAS 
NMR spectrum was dominated by a resonance at 8 = -112 ppm diagnostic of Q4(OAl) 
units. In contrast, the XRD pattern of JP still exhibited 001, 110, 020, 130, 310 and 060 
reflections confirming that some montmorillonite character was retained even after 900 min 
in 6M HCI. The acidity decreased from 1.07, through 0.74 to 0.20 mmol g"1 as the treatment 
time increased from 30 through 300 to 900 minutes and the corresponding yields of 
dihyropyranyl ether were 90, 71 and 17 %, respectively. The IR spectrum of the 300 min 
treated sample still exhibited strong clay bands at 521, 625, 843 and 916 cm"1. 

Conclusion 
Both JP and SAz-1 were partially decomposed when treated with 1M H2S04 at 95°C, but 
SAz-1 which contains a higher proportion of octahedral magnesium, was more susceptible to 
acid attack. XRD was insensitive to this level of acid attack, but XRF, IR and 29Si MAS 
NMR reflected the depopulation of the octahedral sheet. The test reaction was a more 
sensitive indicator of change in clay acidity than the desorption of cyclohexylamine from 
acid sites. SAz-1 was transformed into amorphous silica after 300 min in 6M HCI whereas 
JP still retained some layered character. A reduction in both acidity and catalytic activity 
was observed after longer treatment times and this was attributed to the presence of fewer 
exchange sites due to the depopulation of the octahedral sheet. 
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9. CHARACTERIZATION AND SURFACE AREA ANALYSIS OF THE SOLIDS 
OBTAINED FROM ACID LEACHING OF A SAPONITE. 

M. A. Vicente Rodriguez (1, 2); M. Suarez Barrios (3); J. de D. Lopez Gonzalez (1) and 
M.A. Baiiiares Munoz (2). 
(1) Dep. Qca. Inorganica. UNED. Sendadel Rey, s/n. 28040-Madrid (Spain). 
(2) Dep. Qca. Inorganica. Plaza de la Merced, s/n. 37008-Salamanca (Spain). 
(3) Dep. Geologia (Mineralogia y Cristalografia). Plaza de la Merced, s/n.3700S-Salamanca 
(Spain). 

Introduction. 

Saponite is one of the most important trioctahedral smectites. In recent years, the study of 
this silicate has attracted much interest and an excellent ability to form pillared clays has 
been reported (Chevalier et al, 1992; Schoonheydt and Leeman 1992). However, very little 
has been reported from the acid leaching point of view. Recently, we described the treat
ment of the ferrous saponite known as griffithite (Vicente Rodriguez et al., in press ). In this 
report, a description of the acid leaching of a low iron content natural saponite and the 
characterization of the products are presented. 

Results and discussion. 

The mineral used was a natural saponite from the Yunclillos deposit (Madrid Basin, Toledo 
province, Spain), supplied by TOLSA, S.A. This saponite was highly crystalline, with quartz 
and feldspars, in very low quantities, observed as impurities. 
The percent composition of the mineral was: Si02: 52.90; A120,: 4.35; Fe20,: 1.18; MgO: 
18.24; Ti02: 0.23; MnO: 0.03; CaO: 1.01; Na20: 0.11; K20: 0.55 and loss by ignition: 20.8 
wt.%. 
Typical leaching treatment consisted of mechanically stirring five grams of the clay in 150 
ml of 0.62 and 1.25 % wt. solutions (0.17 and 0.34 M, respectively) of HC1, at 25°C for 2, 
6, 24 and 48 hours. 
During the attack, Mg(II), Al(III) and Fe(III) are removed in a progressive way, in 
percentages of 75, 36 and 30%, respectively, in the most intense conditions. On the other 
hand, Ca(II) is immediately dissolved in a high percentage (about 85%), while only about 
50% of Na(I) is dissolved and most of the K(I) remains in the solid. These amounts 
correspond to the cations present in the sample as exchangeable cations (Ca and Na) or 
insoluble impurities, mainly feldspars (Na, K and an small amount of Ca). Due to the 
insolubility of silica in acid solutions, only a small quantity of this compound, less than 1%, 
is removed in each treatment. 
In the corresponding X-ray diffractograms, it can be observed that when the time of 
treatment is increased, the crystallinity of the samples decreases. At the same time, there is 
an increase in the quantity of free silica in the samples, as shown by the appearance and 
increase in intensity of the broad characteristic band of this compound situated between 
2O<20<3O°. 
The thermal curves of treated solids show, when most of the saponite is transformed to 
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hydrated silica having the structure of the natural parent mineral, two phenomena: the 
dehydratation of silica at about 130°C and the dehydroxylation and later crystallization of 
the original remaining structure at 815°C. 
The study of the acid activated solids by FT-IR spectroscopy confirms the presence of free 
silica when the saponite structure is being destroyed, with bands assigned to silica at 
1200-1000, 795 and 470 cm"1. At the same time, the disappearance of the water molecules 
bonded to metallic cations can be observed. 
Natural saponite has a high surface area (161 nr/g), higher than that usually found in natural 
saponites. The surface area increases continuously with the time of treatment in the two 
series considered, reaching a maximum of 392 nr/g, when treating with 1.25% wt. HC1 for 
48 hours, the most intense of the treatments. This suggests that more intense treatments 
may produce solids with higher surface area. The increase in surface area is especially 
significant at early stages of the treatment, after 2 or 6 hours; while with longer treatments, 
24 or 48 hours, the surface area continues to increase, but at a lesser rate. All leached 
samples have surface areas up to 275 nr/g, even when treated with a solution as dilute as 
0.62% (0.17 M) for only two hours. 
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10.SILICA FROM SEPIOLITE: A SUITABLE NICKEL SUPPORT FOR THE 
HYDROGENATION OF BENZENE. 
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Introduction 

It is known that the acid treatment of sepiolite gives rise to the lixiviation of the octahedral 
magnesium, and the obtention of the siliceous skeleton. Under determined experimental 
conditions, a very high specific surface area silica (close to 600 nr/g) with a high purity (> 
90%) can be obtained, which is able to be successfully used as metals support for certain 
catalytic reactions. In this work we present the results obtained when different silica samples 
have been prepared under different experimental conditions and they have been tested as 
nickel support in the reaction of hydrogenation of benzene. We have studied the influence 
that the degree of extraction of magnesium has on the catalytic activity, and it hase been 
demonstrated that the better activity is obtained when the sepiolite is lixiviated by at least 
70% of the magnesium. Furthermore, the prepared silica hase been compared to other 
commercial silicas, finding a higher activity for the catalyst under study, with respect to the 
other commercial catalysts, which can be attributed to a good dispersion of the metal on the 
silica surface. 

Methodology 

A high purity sepiolite (>90°/0) from Vallecas-Vicalvaro (Spain), supplied by TOLSA, 
S.A., has been selected for this study. It possesses minimal contamination of carbonates 
(1.77%) and quartz. The BET specific surface area is 306 nr/g. 
The lixiviation reactions have been carried out in a 1 1 reactor provided of mechanical 
agitation and temperature control. The required quantity of acid is heated at the reaction 
temperature within the vessel, and the sepiolite is added. When the reaction time is finished, 
the reaction mixture is filtrated, and the solid washed in the filter until the conductivity of 
the silica is about 10 uS. 
The silica obtained has been completely characterized, by XRD, chemical analysis, surface 
area and porosity, SEM, TEM, 2';Si solid-state NMR. 
The nickel catalysts have been prepared supporting nickel (2%) on the silica, by treatment 
with nickel nitrate hexahydrate solution (100mg/5ml). For the determination of the activity 
of the dispersed nickel, the catalytic test of hydrogenation of benzene to cyclohexane was 
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used. In a continuous flow tubular reactor, 200 mg catalyst are introduced, the nickel nitrate 
is reduces to Ni° by hydrogen flow (60 ml min"1) during 4 hours at 400°C; when the catalyst 
is cooled at room temperature by the hydrogen, a flow of hydrogen saturated with benzene 
(66: 10) is passed, maintaining the relation of 60 g benzene/g catalyst.hour. The reaction 
temperature is increased at 2°C min"1". The reaction products are analyzed by gas chroma
tography. 

Results and Discussion 

The influence that the extraction degree of magnesium in the sepiolite has on the activity of 
the nickel in the reaction of hydrogenation of benzene to cyclohexane, is presented in figure 
1 .Thus, it can be deduced that for obtaining conversion degrees of 100% it is necessary to 
reach an extraction degree at least of 0.7, while for higher extraction values, the conversion 
is independent on the destruction level of the sepiolite. On the contrary, if pure sepiolite is 
used as support (extraction degree 0), the conversion is only of 40%. 
However, the thermal stability of the samples is a function of the extraction degree, and 
only when extraction values greater than 0.9 are reached, it is possible to assure constant 
catalytic activities till temperatures of 500°C (Figure 2). 
On the other hand, the catalytic activity of the silica obtained by leaching of sepiolite 
(extraction degree 0.9), has been compared with commercial silicas, by supporting the 
nickel in all of them in comparable conditions, and the results obtained indicate that the 
silica from sepiolite has a better activity that most of the commercial silicas in the market. 

Conclusion 

It is possible to prepare from sepiolite, silicas that can be successfully used as nickel support 
in the reaction of hydrogenation of benzene to cyclohexane, showing a catalytic behavior 
better than the most part of the silicas in the market. 

100 
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Temperature (°C) 

Fig. 1.- Influence or the extraction degree of the 
scpiolitc on the catalytic activity. 
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Fig 2. Same as Fig. 1 after pre-calcination 

of the supports at 500 °C 
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U.CATALYTIC PROPERTIES OF A SAPONITE FROM VICALVARO 
(MADRID): NATURAL AND PILLARED WITH ALUMINIUM 
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Introduction 

Clay minerals belonging to the family of the saponites are known to have a relatively high 
acidity due to the presence of aluminum substitutions in the tetrahedral layer of the clay, this 
acidity being very useful when these clays are used as catalysts for certain acid catalyzed 
reactions. In this work, we present the catalytic properties of a saponite extracted from the 
Vicalvaro deposit of TOLSA, located in Madrid, Spain. It is associated to sepiolite, and 
presents as special characteristics a very high surface area (>200 m2/g) and a high percenta
ge of tetrahedral aluminum (90% of the total aluminum in the sample). The clay has been 
used as extracted, exchanged with Al1' cations, and pillared with Al,, polyoxocations. 
The Vicalvaro saponite gives rise to high conversion rates when used as catalyst in the 
reaction of alkylation of benzene with 1-dodecene, increasing the conversion percentages 
when exchanged with Al3' cations, and when pillared with Al,, polyoxocations. These 
materials have been tested also in the cracking of gas-oil (microactivity test), giving good 
conversion rates and high selectivity towards the gasoline fraction, especially in their 
exchanged forms. 

Methodology 

The saponite in the natural form which contain sepolite as main contaminant (10.20%) has 
been used as extracted, without purification. The Al'" exchange has been carried out by 
treating the clay with Al(NO,), solution at 70°C, and washing out the excess of aluminum 
salt to a conductivity of about 300uS. The pillared saponite has been prepared by the 
standard methods, using commercial aluminum solutions (Clorhydrol, PAX 18, ALIADA 
QU1MICA). 
The alkylation of benzene with 1-dodecene has been carried out at 130°C in a continuous 
flow reactor, with a benzene/dodecene ratio of 10:1, and a LHSV of 2, the clays being 
previously calcined for 3 h at 350°C. The microactivity tests have been carried out following 
the ASTM Standard Method: D3907-80 for testing cracking catalysts. 

Results and Discussion 

The Vicalvaro saponite has been completely characterized in order to determine its exact 
nature. Taking into account the chemical analyses and the exchangeable cations, the 
structural formula of the saponite, subtracting the water content and the sepiolite contributi
on, is 
(Si3.73Al(,27)(Al()(),Mg27l(Fe().()9Ti(M)1)(Na(U)ICalu)flMg(M)4) 
It has been confirmed by XRD that the sample is a trioctahedral smectite, with the 001 
diffraction peak located at 14.6A , which swells upon treating with ethylene glycol. The 
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sepiolite contamination is in the range of 10-20% (peak at about 12 A). The 001 peak 
appears as a broad band, indicating low cristallinity or small particle size. The raw sample 
has a very high specific BET surface area (202 nr/g), which can also be attributed to the 
small particle size of the sample. 
The contribution of tetrahedral and octahedral aluminum of is saponite has been measured 
by 27AI-NMR. 
The pillaring of the saponite was carried out by incorporation of aluminum polyoxocations. 

The samples have been completely characterized, and show an important increase in the 
basal spacing (18.1 A), is stable up to 500°C and the BET surface area is 230 nr/g. 
The catalytic activity of the natural, aluminum-exchanged and Al-pillared saponite has been 
evaluated in the reaction of alkylation of benzene with n-dodecene in continuous flow 
reactions. The result; after one hour reaction are presented in the figure. Raw saponite 
64% conversion with a selectivity in linear alkyl benzene of 75%. 
The reaction over aluminum exchanged saponite and pillared saponite is gives nearly 
quantitative and the selectivity towards the high added value (linear alkyl benzene) is close 
to 80%. 
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When the pillared saponite is used as catalyst in the cracking of gas-oil (MAT), conversions 
of 60% are obtained, with a selectivity in the gasoline fraction of 85%. 

Conclusion 

The results presented in this work show that the saponite from the Vicalvaro deposits is 
associated with sepiolite. It has a very high specific surface area, and a high percentage of 
tetrahedral substitution (90% of the total aluminum). It can be pillared by the conventional 
methods and with commercial aluminum polyxocations, and successfully used as catalyst for 
certain organic reactions with industrial interest, such as the alkylation of benzene. 

• Conversion 

D Lineal 
alkylbenzene 
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5.2 HYDROTALC1TES 

1. DECOMPOSITION OF METHYLBUTYNOL AND CYCLOHEXANOL 
TO PROBE ACID-BASE PROPERTIES OF HYDROTALCITE-LIKE 
ANIONIC CLAYS 

S.Velu and C.S.Swamy 
Department of Chemistry, Indian Institute of Technology, Madras- 600 036, INDIA. 

Introduction 

Catalysis by clay minerals has attracted much interest because of their synthetic versatility, 
high selectivity and low cost. Hydrotalcite (HT) is one of the naturally occuring anionic clay 
minerals with general molecular formula of [M(1I),.X M(II1)X (OH)2]

x* [Axn,n'mH20]x; 
where M(1I) and M(III) are divalent and trivalent cations respectively, A'" is the interlayer 
gallery anion and x = 0.17 to 0.33. Thermal calcination of these materials above 400°C 
produces well dispersed homogeneous mixed oxides with strong basic sites (Hn -17), high 
surface area and good thermal stability. The acidity and basicity of these compounds are 
very important in determining the catalytic activity and selectivity. The aim of the present 
investigation is to compare the results of 2-methyl-3-butyne-2-ol (Methylbutynol or 
MBOH) and cyclohexanol decomposition reactions to probe acid-base properties of 
thermally calcined hydrotalcite-like compounds. 

Methodology 

MgAlHT with Mg/Al = 2,3,4,5 and ZnAlHT with Zn/Al = 3 were synthesised by coprecipi-
tation technique and characterised by XRD, 1R, TGA, DSC and BET surface area 
measurements. The decompositions of MBOH and cyclohexanol were carried out in a 
fixed-bed flow reactor containing 1.5 g of calcined hydrotalcites (CHTs). The products 
were analysed by GC, GC-MS and Quadrapole mass spectrometer. Details of the experi
mental procedure are reported elsewhere [1] . 

Results and Discussion 

The XRD of CHTs showed a poorly crystalline MgO (in MgAlCHTs) or ZnO (in 
ZnAlCHT) whose lattice parameter values are less than that of pure MgO or ZnO. This may 
be due to the dissolution of some of the aluminium in the oxide lattice to form solid 
solution. The results of the decomposition of MBOH shows that it undergoes only the base 
catalysed cleavage reaction over MgO, ZnO and on CHTs. A120, gave 37% of acetone and 
63% of 3-methyl-3-butene-2-one (MIPK) characteristic of amphoteric oxide [2]. If the 
activity of MBOH reaction is taken as standard test for the base strength [3], then it is clear 
from our results that, among the Mg-containing CHTs, MgA13CHT is the most active. 
Corma et al [4] have reported the maximum basicity for the same compound in the conden
sation of benzylacetone with ethylacetoacetate. It is also seen from our results that the 
basicity of MgA13CHT is even higher than that of pure MgO, demonstrating that incorpo
ration of Al in HT framework play a role in contributing to the appearance of strong basic 
sites. The effect of different bivalent metal ions on the acid-base properties of CHT has been 
studied. The results indicated that, ZnA13CHT is a stronger base than MgA13CHT. The 
higher basicity of ZnA13CHT could be due to the lower charge/radius ratio. 
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Table 1 Decomposition of MBOH and Cyclohexanol 

Sample 

MgO 

ZnO 

MgA12CHT 

MgABCHT 

MgA14CHT 

MgA15CHT 

ZnA13CHT 

d M 'M 

2.0 

2.98 

3.72 

4.89 

2.94 

"""BET 

"» -1 

nrg 

157 

1 

319 

187 

110 

125 

158 

77 

MBOH decomposition1' 

conversi
on 

Mole% 

63.8 

21.7 

9.5 

40.5 

54.3 

41.2 

44.1 

100.0 

Specific 
activity 

mmolm"2!!"1 

0.078 

0.348 

0.006 

0.042 

0.128 

0.063 

0.054 

0.250 

Cyclohexanol decomposition* 

Conversi
on 
% 

3.5 

5.3 

97.0 

17.9 

13.3 

14.3 

21.5 

31.4 1 

^c-nonc 

100 

100 

0 

85.3 

73.7 

98.6 

96.3 

97.8 

*-*C-XfItL* 

0 

0 

100 

14.7 

26.3 

1.4 

3.7 

2.2 

Specific 
activity 
mmolm" 

-v 
0.004 

0.079 

0.055 

0.017 

0.029 

0.021 

0.024 

0.073 

a M27M3~ atomic ratio determined by ICPES. 
b Reaction temperature = 180°C 
c Reaction temperature = 300°C 
d Gave 63% ofMIPK and 37% of acetone in the MBOH reaction. 
Sc-nnnc ~ selectivity for cyclohexanone 
Sc-xene= selectivity for cyclohexene 

The decomposition of cyclohexanol over CHT gave cyclohexanone as the major product 
indicating that these compounds possess predominantly basic sites. The formation of small 
amounts of cyclohexene over CHT coula be due to the presence of the acidic centers [5] 
introduced by the incorporation of aluminium in the framework. These acidic sites are less 
active (by several orders of magnitude) towards MBOH reaction. An interesting observation 
noticed is that MgA13CHT, showed highest basicity in MBOH reaction and highest 
selectivity for cyclohexene in the cyclohexanol decomposition reaction. Further investigati
ons are in progress to understand this behaviour. 

Conclusions 

1. The MBOH decomposition reaction could be envisaged to probe the actual basicity of the 
calcined hydrotalcite-like compounds. 

2. The presence of acidic centers in calcined hydrotalcites is evidenced by the cyclohexene 
formation in the decomposition of cyclohexanol. 
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2. HYDROTALC1TE-TYPE ANIONIC CLAYS AS CATALYST PRECURSORS 
FOR SELECTIVE HYDROGENATION OF MALE1C ANHYDRIDE. 

Gian Luca Castiglioni, Alberto Guercio and Angelo Vaccari* 
Dipartimento di Chimica Industriale e dei Materiali, Universita degli Studi di Bologna, 
Viale del Risorgimento 4, 40136 Bologna (Italy) 

Introduction 

y-Butyrolactone (GBL), tetrahydrofuran (THF) and 1,4-butanediol (BDO) are three 
examples of small volume commodities of considerable industrial interest [1,2]. In particu
lar, GBL itself or its derivatives represent an interesting alternative to the chlorinated 
solvents, the use of which will be subjected to increasing restrictions as a result of their 
environmental impact. Furthermore, the production of these compounds provides good 
examples of how plants that make interdependent products operate, taking into account that 
GBL, THF, and BDO may be produced in different amounts as a function of the reaction 
conditions. Vapour phase hydrogénation of maleic anhydride (MA) is the most direct way to 
produce GBL and does not require the use of hazardous materials [1]. MA may actually be 
considered a feedstock because of its availability and lower price made possible by the 
construction of large fluid-bed plants [3]. 
However, in vapour phase hydrogénation of MA many different less valuable byproducts 
may also be obtained. For the development of new catalysts it is necessary to take into 
account the appropriate requirements of activity, selectivity, life, and of the reaction 
conditions [4,5]. Hydrotalcite-type (HT) anionic clays have the general formula [M(II)], 

xM(IH)x(OH)2r 
[An"]xll.mH20 (where M=metal and A=anion, usually carbonate). One of the most interesting 
industrial applications of HT compounds is their use as precursors of multicomponent 
catalysts [6]. 
The aim of this study was to point out the advantages of HT anionic clays as precursors of 
active and selective catalysts for vapour phase hydrogénation of MA, favouring synergetic 
effects between the elements, or to evidence the specific role of each element, without any 
interference related to physical inhomogeneity and/or phase segregation. 

Methodology 

All the HT precursors were prepared by coprecipitation at pH=8.0 of a solution of the 
nitrates of the elements with a slight excess of NaHCO,. The resulting precipitate was 
washed until the sodium concentration was lower than 0.1% (as Na20), dried at 363K and 
calcined at 653K for 24h. The XRD powder patterns were recorded using a Philips PW 
1050/81 diffractometer and Ni-filtered CuKcc radiation (À=0.15418nm). IR spectra were 
recorded using the KBr disk technique and a Perkin-Elmer 1700 FT-spectrometer. Surface 
areas were determined by N2 adsorption using a C. Erba 1740 sorpty. The temperature 
programmed reduction (TPR) analyses were carried using a Perkin-Elmer TGS-2 thermoba
lance to monitor the weight loss during reduction. Before the catalytic tests, the samples 
were activated in situ at atmospheric pressure in a flowing H2-N2 (5:95 v/v) stream, while 
the temperature was progressively increased from 298 to 603K. The catalytic tests were 
carried out using about 2g of catalyst in a tubular fixed-bed microreactor, operating at 
atmospheric pressure in the 485-548K range. The reactor was feed with a stream of 

213 



MA/GBL solution (60:40 w/\v) in hydrogen (total flow 5.0dm7h, with a H,/C, molar ratio 
equal to 170). The reaction products were analyzed on-line without condensation using a C. 
Erba gas chromatograph equipped with FID and two columns fitted with Porapak QS. 

Results iinil Discussion 

Reduced copper chromite catalysts containing some physical and chemical promoters are 
currently used as catalysts in vapour phase hydrogenation of MA or its esters [7,8]; 
however, they are becoming increasingly difficult to use because of the toxic nature of the 
spent catalysts. Therefore, at first the attention has been focused on the role of the trivalent 
element and the possibility of chromium replacement. Some Cu/Zn/MHT precursors (having 
Cu/Zn atomic ratio=1.0 and M=Cr, Al and Ga) were synthetized and fully characterized, 
both before and after calcination. In the catalytic tests, MA was introduced as solution 
because of the difficulties involved in maintaining heated pumps to feed melted MA in a very 
low flow range. GBL was used as the solvent considering that most of the usual solvents 
react preferentially with MA; therefore the catalyst in GBL hydrogenation was in a 
preliminary step. 
The Cr-containing sample shows two negative behaviours in MA hydrogenation: i) an 
incomplete conversion of the intermediate succinic anhydride (SA) at the lower temperatu
res investigated; ii) low yields in GBL due to high overhydrogenation and hydrogenolysis 
activities towards GBL, with formation of unwanted and low cost byproducts. On the 
contrary, the highest yield in GBL has been obtained with the Al-containing catalyst at 
518K, on account of a dramatic reduction of overhydrogenation and hydrogenolysis 
reactions. Also this catalyst shows an incomplete conversion of intermediate SA at the 
lower temperature, while the presence of gallium boosts the hydrogenation activity towards 
SA. However, it is worth noting that very similar GBL yields were obtained in the best 
conditions for the Al- and Ga-containing catalysts. Therefore, taking into account the higher 
price of gallium salts, the attention was focused on the Al-containing catalysts, by investiga
ting the role of the catalyst composition. An optimum range of composition has been 
evidenced, for which the catalytic performances of the Al-containing catalysts are better 
than those of some commercial catalysts. 
Finally we reported the results of the study on a Ni-containing catalyst, as an example of the 
use of HT precursors to screen the specific catalytic behaviour of the elements, without 
interferences related to inhomogeneity or phase segregation. A Ni/Mg/AI HT precursor was 
prepared, ie. containing Ni2' ions "diluted" in an inert Mg/Al matrix. The catalytic tests 
evidenced very different behaviours as a function of the activation procedure, which, on the 
basis of TPR analyses, may be attributed to the presence in the catalysts of N r ions or 
nickel metal, respectively. 
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3. CATALYSIS OF OLEFIN EPOXIDATION BY LAYERED DOUBLE HYDROXI
DE SUPPORTED W AND Mo 

Dirk E. De Vos, Bert F. Sels, Dominic L. Vanoppen and Pierre A. Jacobs 
Center for Surface Chemistry and Catalysis, K.U.Leuven, K. Mercierlaan 92, 3001 
Heverlee, Belgium. 

Introduction 

Metal-catalyzed olefin epoxidation with peroxides is a valuable alternative for the widespre
ad stoichiometric peracid route. Fixation of a metal complex on a support not only limits 
waste problems, but may also allow to change its catalytic activity. While most inorganic 
supports have cation exchange properties, excellent epoxidation catalysts (e.g. high-valent 
W or V) rather form anions. However, inorganic anion exchangers, such as layered double 
hydroxjdes (LDH), have hardly been explored as supports in liquid phase oxidation 
catalysis. Apart from two reports on thiol autoxidation, a heteropolyoxo anion pillared 
LDH has been used in the epoxidation of cyclohexene and I-hexene.2 

Our research aim was to evaluate the combination of LDH, W or Mo and peroxides in the 
epoxidation of water soluble or apolar alkenes. We focused on (i) heterogeneity of the 
catalytic effects, (ii) pH dependence of activity, (iii) finding a match between the polarities 
of substrate, support and oxidant, and (iv) optimization of oxidant efficiency. 

Methodology 

Materials. LDHs were prepared following reported recipes. (Mg,Al)-LDH was exchanged 
at pH 10 with sufficient WO.,2' to occupy 25 % of the A.E.C. Eventually tensio-active 
anions, e.g. p-toluenesulphonate (Tos") or dodecylsulphate (C|2SO.,'), were introduced 
together with WO.,2' by exchange,,at 395 K. Spacings increased only whennan excess of 
surfactant was used (e.g. 24.9 A for (WO.2")0,5(CpS04")()75-LDH; 16.1 A in case of 
(WO,2')(,25(Tos'),,75-LDHr '" " 
Catalytic Procedures. Olefin oxidations were performed in water, methanol or without a 
solvent. When reactions were performed in aqueous media, the pH of the catalyst suspensi
on was adjusted before addition of olefin and oxidant (= pHj,,). 

Results and Discussion 

In the presence of aqueous H,02 and tungstate exchanged hydrotalcite, allylalcohol is 
selectively converted into glycid6l."For an olefin: H,0,: W stoichiomety of 900: 330: 1, W 
turnover numbers after 5 h at 293 K are 17 (pHj,= 2), "18 (pHjn= 6) or 19 (pH = 10); at high 
pH the activity is somewhat lower (8 turnovers at pHn= 12). Removing the LDH from the 
medium stops the epoxidation at initial pH values of 10 and 12, while the reaction goes on 
at low pH. This trend is paralleled by the detection, exclusively at low pH, of W in the 
reaction fitrate. It was demonstrated that the leaching of W from the catalyst in acidic 
conditions is specifically due to the interaction between W and the peroxide. Hence there 
seems to exist a not too broad pH domain (at an initial pH of 10) where the catalyst is really 
heterogeneous and active. 
Several approaches were outlined to extend the substrate range of this catalytic system to 
apolar alkenes, typified by cyclohexene. Firstly, reactants were dissolved in one solvent, e.g. 
methanol. However, activity and selectivity (for epoxidation vs. allylic oxidation) were low. 
Secondly, W was replaced by Mo compounds, which are expected to be reactive with 
organic hydroperoxides as well. For the different metal complex-oxidant combinations 
tested, the fixation of Mo on LDH seriously affected the Mo activity.4 Probably in the two 
former approaches, accumulation (and decomposition) of the peroxides at the polar LDH 
surface, together with depletion of the apolar olefin, is at the basis of the low reaction rates. 
A third, challenging possibility consists of translating Pinnavaia's triphase catalysis concept 
to our system.5 The approach is based on the increased hydrophobicity of layered double 
hydroxides, exchanged with organic anions/' These organophilic LDHs are capable of 
stabilizing emulsions of two liquid phases, e.g. an apolar olefin and aqueous H202. Several 
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catalysts were designed incorporating both a phase dispersion function (e.g. RS03") and an 
oxidation function (e.g. WO.,""). These materials catalyze cyclohexene epoxidation in the 
absence of a solvent, even at 298 K (e.g. 1.28 % epoxide yield with 
(WCV7-WTos-)().75-LDH, vs. 0.04 % for (W04

2)();!5(C1-)(I75-LDH, and 0.07 % for (Jos' 
), ,,,,-LDHY This proves that the metal and organic anions are both needed to have a 
substantial catalytic effect. Moreover, far better oxide selectivities are observed with 
organophilic LDHs. 
In a system with a single liquid phase, the adjustment of the support polarity can also be 
advantageous. The figure below presents H20, efficiencies in the aqueous allylalcohol 
cnoxidation over different tungstate LDHs. For (WO,2'),ivj(Cr)„7J-LDH or 
(WO/'Xi^Tos'V^CO.urLDH, the accumulation of H A at the polar solid-liquid interpha
se gives rise to an .important peroxide decomposition^, b). A much better efficiency is 
obtained with (W04

2")n 25(Tos')() 7<-LDH ; with this material over 100 turnover numbers are 
obseryed (c). Finally (VVO4

2")025(C|2SO4')ll75-LDFI (d) seems too apolar: the catalyst is not 
well dispersed in the aqueous medium, and the reaction is sluggish. 
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Conclusions 

In slightly alkaline conditions, W04
2' exchanged LDH is an active and truly heterogeneous 

catalyst for epoxidation with hydrogen peroxide of water-soluble olefins. Co-exchange of 
tensioactive anions allows to perform the same reaction with apolar olefins even in the 
absence of a solvent. Tailoring of the support polarity is also helpful in improving the 
efficiency of the oxidant use. 
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4. MIXED OXIDES OBTAINED BY CALCINATION OF HYDROTALCITE-LIKE 
MATERIALS CONTAINING Cr(III) IN THE LAYERS 

Francisco M. Labajos and Vicente Rives' 
Departamento de Quimica Inorganica, Universidad de Salamanca, Facultad de Farmacia, 
Salamanca, Spain 

Introduction 

Anionic clays with the hydrotalcite-like (HT) structure represent the counter part of the 
well-known cationic clays. Their general formula can be written as: [Me11,. xMeni

x(OH)2]
x% 

[A""]x n . m H20 -as water molecules are also present in the interlayers-, where Me=metal 
and A= anion. The presence of different cations in the brucite-like layers, different anions in 
the interlayers, and different hydration degree, lead to isostructural solids with varying a and 
c parameters, and polytopic crystals, depending on the packing sequence. Their thermal 
decomposition leads to mixtures of pure and mixed oxides that may recover the original 
layered structure, and undergo transformation to highly reactive oxides (catalysts) upon 
calcination at high temperatures. We report here on these materials, where Cr(III) was 
introduced in the brucite-like layers of Mg(OH), or Ni(OH), by isomorphic substitution, and 
on the decomposition products prepared by high-temperature calcination. 

Experimental 

Solids with the hydrotalcite-like structure were obtained by the so-called "constant pH" 
method, with a M27M"V ratio close to 2.0, and the slurry was hydrothermally treated to 
improve the crystallinity. Characterization was carried out by Powder X-ray diffraction 
(PXRD), FT-IR and Vis-UV spectroscopies, Thermal Analysis (DTA and TG), and Specific 
surface area determinations . 

Results and Discussion 

The solids synthetized possess the formulae: 

Mgl [Mg(,61iCr(UI(OH)2][CO3]0.lf,.0.86H2O 
Nil [Nio.f>5Cr0.35(OH)2][C03]0,ii 0.99 H20 
Indexing of the PXRD diagrams indicates the hydrotalcite-like structure with parameters 
c=22.92 A, a=3.08 A and polytopism 3R for sample Mgl, and c=15.00 A, a=3.06 A and 
polytopism 2H for sample Nil. FT-IR and Vis-UV spectroscopies data indicate the presence 
of carbonate, and location of Ni(II) cations in octahedral sites of the brucite-like structure. 
Thermal analysis reveals (in addition to the expected endothermic effects due to dehydration 
and dehydroxylation/decarboxylation) a third peak at 700-900K only when the analysis is 
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carried out in air, but not in nitrogen, that is associated with oxidation of Cr(lII) species. 
Original solids were calcined in air at temperatures corresponding to the presence of 
thermally stable phases (i.e., temperatures corresponding to a plateau in the TG and DTA 
profiles). 
For samples obtained from Mgl, the layered HT structure is maintained up to 573 K; MgO 
and Cr(Vl)-containing oxides can be identified in the poorly crystallized material obtained 
upon calcination at 773 K. However, when the sample is calcined at 1000 K. the recorded 
PXRD peaks correspond to MgCr,04 and MgO; higher calcination temperatures lead to an 
improved crystallinity. Decomposition of the high-temperature stable spinels is recorded as 
an exothermic peak in the DTA profile recorded in air. PXRD does not indicate the 
presence of Cr(VI)-containing oxides for sample Nil calcined at 623-723 K, although FT-IR 
spectroscopy shows a band at 1000-800 cm"1, due to CrO,. Higher calcination temperatures 
lead to formation of a NiO+NiCr204 mixture. 
Specific surface areas increase for the calcined solids, reaching a maximum 150 nrg"' when 
calcination is performed at 623 K, then it decreases. 

Conclusions 

Thermal decomposition of Cr(III) containing hydrotalcites at 1000 K leads to formation of 
MO+MCr204 (M=Mg, Ni) mixtures, through intermediate formation of Cr(Vl) species. The 
polarizing ability of the anion (oxide) favours the almost non-inverse structure of the spinel, 
with the highly stable location of Cr(III) ions (d') in octahedral coordination. 

This work is within the CEA-PLS scheme. Financial support from CICYT (MAT91-767) 
and Junta de Castilla y Leon (Consejeria de Cultura y Turismo) is acknowledged. 
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1. CHARACTERIZATION AND CATALYTIC EVALUATION OF AZA AND 
FAZA PILLARED CLAYS 

M. J. Hernando, F. Gonzalez, I. Benito, C. Blanco and C. Pesquera 
Department of Chemistry. Faculty of Sciences. University of Cantabria. 
Avda. de los Castros s/n. 39005- Santander. SPAIN. 

Introduction 

The objective of this work is to characterize and evaluate the catalytic potential of two 
pillared clays: AZA and FAZA, prepared with a Greek bentonite in the frame of a Concerted 
European Action (CEA-PLS). We will also compare the behaviour of these two samples 
with other PILCs synthesized in our lab. An attemp will be made to correlate the catalytic 
activity with structural ( interlayer distance, acidity) and textural (surface area, micropore 
volume) properties of the materials. 

Methodology 

Materials: 

AZA and FAZA are a Greek montmorillonite pillared with respectively and aluminium and 
aluminium-iron solutions partically neutralized with NaOH. The two samples supplied by 
Straton (Athens) have been proviously calcined at 500°C for 2 h. The other two samples 
were an Al-PILC and an Al-Ce-PILC from a Spanish montmorillonite. 
Techniques: 
The structural characterization of the samples was made by powder X-ray diffraction using 
a Philips PW 1710 diffractometer with Cu Ka radiation. Acidity was studied using pyridine 
as a probe molecule with a Perkin-Elmer FTIR 1605 spectrometer. For the textural analysis 
adsorption-desorption isotherms of N2 at 77K. were done in a Micromeritics ASAP 2000 
instrument. The specific surface area was determined by application of the BET equation to 
the first points of the isotherms. The mesoporosity was studied by analyzing the N2 

adsorption isotherms up to a relative pressures close to 1, by application of the BJH 
method. The microporosity was determined using different methods applied to the adsorpti
on data for relative pressures lower than 0.30. 
Finally, a catalytic test of the hydroisomerization and hydrocracking reaction of n-heptane 
has been performed on those samples. For this, the materials were impregnated with an 
ammoniacal complex of Pt (1% w/w). The samples were heated at 400°C for 2h under an 
air flow of lOOcc/min and then reduced in a flow of H2 at 400°C for 2h. The catalytic 
reaction was carried out in a continuous flow system with a fixed bed of catalyst (200 mg) 
at atmospheric pressure, under a constant flow of 1 Occ/min of H2 saturated with n-heptane 
at 27°C. The products were analyzed with a Varian 3300 gas chromatograph using He as 
carrier gas provided with a thermal conductivity detector. 
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Results and Discussion 

The X-ray diffractograms show that quartz and feldspar inpurities are present in the AZA 
and FAZA samples. The peak corresponding to the basal spacing 001 is broad and has low 
intensity. The values are 18.2 and 18.3A for AZA and FAZA, respectively. 
Analysis of the pyridine adsorption data indicates the presence of Lewis and Brbnsted acid 
centers in both samples, treated at 200°C for 2h. But, the bands of the spectrum of the 
FAZA sample are more intense. When the samples are outgassed at 400°C for 2h, pyridine 
in no longer detected in the AZA sample, while in the FAZA sample, the band associated 
with pyridine coordinated to Lewis acid sites is still observed. 
The hysteresis loop of the isotherms of N2 of the two samples is of type H3, which is 
attributable to adsorbents having slit-shaped pores between parallel layers. The specific 
surface areas are 203 m2/g and 176 nr/g for AZA and FAZA samples, respectively. The 
micropore volumes, are 0.071cc/g for AZA and 0.058 cc/g for FAZA . The micropore 
surface areas are 137m2/g and 94m2/g for AZA and FAZA, respectively. 
The catalytic results are presented in the figure. The AZA sample reaches a maximum 
conversion of 62% at 375°C and only 39% for FAZA. In contrast, the Al-Ce-PILC shows a 
complete conversion at 350°C and for the Al-PILC, the maximum conversion is about 46% 
at 400°C. 
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Conversion of n-heptane vs. temperature over the different samples 

The selectivity in cracking products v.s. conversion of n-heptane for AZA is only about 
15% and 29% for FAZA. For Al-PILC, it is about 24% while for Al-Ce-PILC it reaches 
93% at 400°C. 

Conclusion 

From these results we may conclude that the selectivity of AZA is mainly toward isomeriza-
tion products, while for FAZA sample, isomerization selectivity is less. These results are 
consistent with the IR data showing that at 400°C, acidity was no longer detected in AZA, 
whereas in the FAZA sample, acid centers were present at this temperature. 
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2. PILLARED AND M1CRO-MESOP0ROUS MATERIALS FROM INDIAN AND 
OTHER LAYERED CLAYS 

Vyomesh P. Pandya and Tushar B. Mandalia 

Central Salt & Marine Chemicals Research Institute; Bhavagar 364002, India 

Introduction 

The physico-chemical properties of an Indian montmorillonite, a saponite and a hectorite 
were examined by XRD, CEC, IR and chemical compositions. These clays were upgraded 
and used in homoionic form to prepare various pillared and microporous materials by 
interaction with (1) inorganic aluminium polymer complex, (2) organic-quaternary ammoni
um salt, and (3) by simultaneous inteaction of reactant (1) and (2). The end products were 
characterised by XRD, surface area measurement, IR spectroscopy, benzene uptake, water 
sorption isotherms and swelling in liquid nitrobenzene with the aim to establish their 
suitability as sorbents or catalysts. 

Methodology 

Materials'. The starting clays were an Indian montmorillonite, from HAMLA, Gujarat state. 
Whereas saponite and hectorite were detained from Source Clay Minerals Repository 
(Missouri Univ, USA). Aluminium salt, sodium hydroxide, cetyl methyl benzyl ammonium 
chloride were analytical grade reagents. 
Techniques: Currently reported conditions were taken for the preparation of (a) Al-pillared 
clay. Successful attempts were made to optimise the synthesis conditions of (b) organo-
clays, and (c) Inorgano-Organo clays which were prepared from the reactants used in (a) & 
(b) simultaneously added to the homo-ionised clay under pre-optimised conditions. BET 
surface area was determined from N2 at 77K (single point method) with a micromeritics 
flow sorb 2300 apparatus. XRD, IR and chemical analysis results were supplied by the 
Petrography & Mineral Chemistry Laboratory, Gujarat State, Gandhinagar, India. Benzene 
and water sorptions were determined following standard gravimetric methods. 

Results and Discussion 

The main results obtain for the differend clay systems are summarired in the following table 
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(A) 

HUT SA 
(nrg1) 

Benzene 
(mniol g"') 

Swelling 
nitro-benzene 

(ml/2gm) 

HAMLA-MontM. 

P 

18.66 

220 

0.63 

-

0 

18.66 

.1 

4.09 

86 

IO 

19.01 

19 

2.48 

30 

SAPONITE 

P 

18.40 

255 

0.41 

-

O 

18.40 

n 

3.00 

53 

IO 

18.40 

20 

1.00 

9 

HECTORITE 

P 

17.00 

172 

0.30 

-

O 

17.00 

12 

2.34 

18 

IO 

17.60 

35 

1.50 

6 

p = Pillared clay, O = Organo clay, IO = Inorgano-Organo clay. 

Microcrystalline pillared clay formation is indicated in all cases by d()01 values in the 17-19 A 
range of the products calcined at 250°C. Room temperature dried organo-clays show 
interlayer spacings of 17 to 19 A.. Calcined Inorgano-organo clays (250°C) show 17.6 to 19 
A spacings indicating their stable structure. The lowest surface areas are obtained for the 
organo- clays, and the highest for the pillared clays. Inorgano-organo clays, as expected, 
have small surface areas 
Among the sets of products prepared from the different starting clays the organo-clays have 
high benzene uptakes, inorgano-organo intermediate, and the pillared clays low values 
respectively. Nitrobenzene swelling volumes show a similar trend. 
In practice, the removal of adsorbed organic molecules (toxicants) by heating without 
alteration of the structure of the adsorbent is essential for the cyclic uses of adsorbents. 
Further research on Inorgano-organo complexes is desired. 

Conclusions 

Pillared, organo and inorgano-organo clays of comparitive qualities can be prepared from 
Indian montmorillonite clays. For toxicant removal from aqueous effluents by inorga
no-organo clays more investigation is required. Also, applications in catalysis need futher 
work. Replacement of A120, by Ti02-Si02 'as well as 'Al203-Ti02-Si02' oxide systems as 
pillaring or expanding reagents is under progress. Encouraging results were obtained with 
Indian montmorillonite clay. 
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3. ELECTROCHEMICAL IMPEDANCE TECHNIQUE APPLIED TO PILLARED 
CLAY STUDIES: THE FORMATION MECHANISM AND THE CONDUC
TIVITY BEHAVIOURS. 

Eduardo Ruiz-Hitzky, Juan Carlos Galvan, Ricardo Jiminez and Blanca Casal 
Instituto de Ciencia de Materiales, CS1C, Serrano 115-bis, 28006 Madrid, Spain. 

Antonia Jimenez-Morales and Pilar Aranda 
Escuela Politecnica Superior, Universidad Carlos 111, 28911 Leganes, Spain. 

Introduction 

Much work has been devoted to characterize pillared clays using analytical tools such as 
XRD, TEM and SEM, gas adsorption isotherms, thermoanalytical techniques, 1R, EPR, 
solid state NMR and Mossbauer spectroscopies, which have also been used to elucidate the 
formation mechanism of those materials (1-3). Neverthelesss some aspects still remain 
unclear, mainly related to alumina pillar formation from "Al,," Keggin ions. With the aim to 
try and clarify some of these aspects, Al,3-smectite intercalated samples have been studied 
by electrochemical impedance during thermal treatment from 298 to I073K. As it is known 
the impedance technique has a high sensibility to ion-transport of the electrical signals, and 
in our case it is expected to find relationships between the changes of the impedance 
response, i.e., the proton mobility during the pillars consolidation, and the corresponding 
structural modifications. 
On the other hand, the inclusion of crown ethers and poly(ethylene oxide) into the galleries 
of pillared clays could be useful for the preparation of modified electrodes. 

Methodology 

Al-Pillared Clays have been prepared from Wyoming montmorillonite (SWy-1) previously 
purified and Na' exchanged. The Plee's method (4) was applied using an OH/A1 ratio 
between 1.2 to 2.4. Oxy-ethylene macrocyclic compounds ( 12-crown-4,12C4; 15-crown-5, 
15C5, 18-crown-6, 18C6; dibenzo-24crown-8, DB24C8) and polyethylene oxide), PEO of 
100.000 Daltons were adsorbed from methanol or acetonitrile solutions. XRD, chemical and 
thermal analyses, specific surface area and porosity analysis, 1R and solid state NMR 
spectroscopies were applied to characterize the pillared samples. 
Impedance studies were performed over the 0.1 MHz- 1 Hz frequency range by using a 
Solartron 1255 frequency response analyzer coupled to a Princeton Applied Research 273A 
potentiostat, and applying a 100 mV amplitude signal. Samples were sputtered with Au 
coating and studied in the 300-HOOK temperature range under N, flux. 

Results and Discussion 

When pre-pillared clays (Al,, exchanged smectite) were thermally treated, the impedance 
response varies as a function of the temperature increase. Very low electrical conductivity 
values were found (around 10"l(l S/cm) for samples treated at temperatures higher than 
400K. Below this temperature, the impedance plots showed a greater conductivity which is 
related to the water content. Overpassing that temperature, the most salient feature is that 
the impedance values show a significant increase with temperature reaching a maximum 
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value at around 475K followed by a continuous decrease associated with typical Arrhenius 
behaviour. Figure 1 show the Arrhenius plots in the 475-650K range indicating that at least 
two mechanisms are involved in the conductivity process, the first one in the 475-550K 
range and the second mechanism taking place between 550 and 625K. The corresponding 
activation energies are Ea(l)= 0.19 eV and Ea(2)= 0.45 eV, respectively. Low activation 
energy can be related to proton controlled diffusion processes. These results agree with the 
H* release from the A1B Keggin cages during the alumina pillars formation process. 
Guinier-Lenne XRD techniques carried out in parallel experiments in the same temperature 
range, show two contractions of the initial basal spacing (18A) at around 375 and 525K, 
respectively, that correspond to the loss of water molecules and hydroxyl groups, lntracry-
stalline adsorption of oxyethylene compounds such as crown ethers and poly(ethylene 
oxide) into the pillared montmorillonites has been successfully carried out. The electroche
mical impedance technique has also been applied to characterize these systems in the same 
way that were previously adopted to characterize clay oxyethylene intercalation compounds. 
In a preliminary study we have observed that these organo-inorganic materials present 
electrical properties of interest as solid electrolytes. In facts the electrical conductivity 
associated to proton mobility is changed due to the oxyethylene-FT interactions. 
The main conclusion of this work is the applicability of the impedance technique to the 
study of the electrochemical behavior of pillared clays and their organo-derivatives. 
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4. INTERLAYER PILLARING AND GRAFTING OF LAYERED SILICATES: 
PREPARATION, CHARACTERIZATION AND ENVIRONMENTAL APPLICA
TIONS. 

Louis Mercier and Christian Detellier 
Dept. of Chemistry, University of Ottawa 
Ottawa, Ontario, Canada, KIN 6N5 

Introduction 

Layered silicates are naturally occurring minerals possessing high internal surface areas 
which are accessible to interlayer modification, thus making them ideal materials from which 
effective new adsorbents and catalysts can be designed. The covalent attachment of moieties 
to the interlamellar surfaces of such compounds is desirable since such modified clays would 
benefit from having both high chemical stability (i.e. no leaching of the intercalated 
molecules) and the capability of being functionaiized. In this work, the covalent grafting of 
montmorillonite and magadiite have been examined. The potential of these materials as 
environmental adsorbents has also been investigated. 

Methodology 

Montmorillonite SWy-1 (Clay Source Repository, U.of Missouri) was treated with 0.15 M 
HC1, then dried and refluxed in toluene with chloropropyltrimethoxysilane. The resulting 
material ("chloromont") was isolated and refluxed in ethanol with NaSH, producing a 
thiolfunctionalized smectite ("thiomont"). 
Magadiite was synthesized in an autoclave by hydrothermal synthesis (NaOH, Si02 and HX) 
at 180°C for 21 hours). Acid treatment of this compound produced the layered silicic acid 
H-magadiite. This material was swollen in NMF and refluxed in various a,o)-diols (ranging 
from ethylene glycol to 1,5-pentanediol) to produce a diol-grafted layered silicate. 
All of the above materials were characterized by X-ray diffraction, infrared spectroscopy, 
solid-state UC and 29Si NMR spectroscopies, thermogravimetric analysis, X-ray fluorescen
ce and elemental analysis. 
Solutions containing heavy metals were prepared (0 to 25 ppm with Hg(II), Pb(Il), Cd(II) 
and Zn(II)) and batch adsorption tests were performed with thiomont in order to test its 
affinity for each metal. Metal concentrations before and after treatment were measured by 
ICP. 

Results and Discussion 

The XRD pattern for thiomont showed an interlayer spacing of 2.5 A, corresponding to the 
presence of a monolayer of carbon chains. TGA results show that the material is stable up to 
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310°C, suggesting a covalent-type bonding of the organosilane moieties to the clay layers. 
Significant differences in behaviour between H-montmorillonite and thiomont upon thermal 
treatment suggest that profound structural changes have occurred to the smectite structure, 
including the loss of structural hydroxyl groups. XRF and elemental analysis data have 
permitted the deduction of the thiomont formula as: 
Si7.8Al33Fe(,3Mgn:|Ol(,(OSi(OH)2(CH,).,SH)8. 
Thiomont was found to bind 73 and 71 mg/g of Pb(Il) and Hg(II), respectively. Interaction 
with Cd(ll) and Zn(II) was considerably weaker, with adsorption levels of about 25 mg/g. 
The lowering of the pH caused a reduction of the metal adsorption, possibly due to 
competition of hydrogens for the chelating sites. 
The XRD patterns of the diol-magadiite series showed an increase in the basal spacing as a 
function of the length of the diol carbon chain length. TGA results have shown that these 
composites are stable up to 500°C. Solid-state NMR informations (13C and 29Si) have 
concluded that the interlayer diols are rigid and that interlayer hydroxyl groups are removed, 
plausibly via the condensation of the diols forming Si-O-C linkages. 

Conclusion 

Thiomont was found to have exceptional affinity for the adsorption of heavy metals, 
particularly for mercury and lead. Such a material would thus be useful for the remediation 
of polluted water systems. 
A novel class of organo-silicate nanocomposites were prepared by the condensation of diols 
to the interlamellar hydroxyls of H-magadiite. 
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5. CONTRIBUTION TO AII3 PILLARING PROCESS OF SYNTHETIC BEIDELLITE 

Jocelyne Miehe, Daniel Saehr, Jacques Baron, Ronan Le Dred 
Laboratoire de Materiaux Mineraux, URA CNRS 428, ENSCMu-UHA, 3 rue Alfred 
Werner 68093 Mulhouse Cedex. France 

Introduction 

Synthetic Beidellites were used as starting materials in the synthesis of A1,,-pillared clays. 
The effect of volume of pillaring solution and ion exchanging time was investigated to 
determine the best and easiest conditions to obtain pillared Beidellite. 

Experimental 

Na-Beideilite was synthesized in an acidic fluoride medium under hydrothermal conditions 
(Huve et al, 1992a). After 7 days of crystallization at 220°C under autogenous pressure, the 
product obtained was studied by X Ray diffraction. The ,9F, 2<,Si and 27A1 MAS-NMR 
spectra were recorded on a Bruker MSL300 spectrometer. 
The synthetic Beidellite was directly used without preliminary sedimentation and fractionati
on. The pillaring solution was prepared from Al1' solution 0.2 M according to Urabe et al 
(1991). One g of dry synthesized Na-Beidellite was added to 77 cm1 of pillaring solution. 
After 8, 14, IS, 36 or 63 min of stirring, the samples were filtered, washed and dried. In a 
second experiment, Na-Beidellite was fully dispersed in 18.5, 37 or 77.5 cm1 of the pillaring 
solution. After 8 min of stirring, the samples were filtered, washed and dried. Products 
before and after calcination are studied by X Ray diffraction. The B.E.T. surface area was 
determined for some calcined samples. 

Results and discussion 

A pure synthetic Beidellite was obtained with yields as high as 95 %. The dool value at 
room humidity is 1.25 nm and the dQf)„ is 0.149 nm. Only one type of fluorine with a 
chemical shift 8 of-132.5 ppm/CFCl, has been evidenced by l9F MAS NMR (Huve et al., 
1992b). The 29Si MAS-NMR spectrum showed three signals at about -93, -88 and -82 ppm, 
( 8/TMS) corresponding to Si(OAl)IV, Si(lAl)IV and Si(2Al)IV respectively. The presence of 
Al in the octahedral and tetrahedral layer was confirmed by 27A1 MAS-NMR, the 6 values 
were respectively 1.5 ppm and 66 ppm (5 /A1(H,0)6

3'). The chemical formula per half-unit 
cell is Na()5[Si,5A1()5)(Al,)0,n(OH, 5!jF042)]2H2O.The d()nI values of Al„ exchanged samples 
during 8, 14, 18, 36 or 63 min were in the range 1.85-1.95 nm, with a value of 1.89 nm after 
only 8 min ion exchange. Four hours calcination of these samples at 500°C led to a decrease 
of the basal spacing (1.65 nm) . The pillar height is estimated to be near 0.8 nm. Chemical 
analysis showed that the ratio amount of Na in the partially exchanged Beidellite, NaBX, to 
the amount of Na in the as-synthesized Beidellite, Nals, (figure 1) remains constant after 8 
min of ion exchange. The B.E.T. surface area of the products obtained after 8 min was 
already 188 nr.g"1. A microporous volume of 0.074 cm3.g'' (found by application of the 
Dubinin equation) was obtained for this pillared beidellite. 
In the second experiment, the XRD results show that even for small volumes (18.5 cm3) of 
pillaring solution, d„m values are 1.9 nm. Microporous volumes of 0.1 cm3.g"' and a B.E.T. 
surface area of 234 nr.g"1 were obtained. Whatever the volume of the pillaring solution, 
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filtration durations were less than 2 min. After calcination at a temperature in the range 
500-800 °C, the d00, values decreased to 1.6 nm. 
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Figure I: Evolution of ratio Nacx/NaM throughout ion exchanging time 
Nacx amount of Na in the partially exchanged Beidellite 
Naas amount of Na in the as-synthesized Beidellite. 

Conclusion 

The sodium in a Na-Beidellite synthesized in acidic fluoride medium can be exchanged in a 
very short time with small volume of solution with Aln polycation. After calcination, the 
BET. surfaces are of the same order than these mentioned in literature for natural clays. 
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6. STUDY OF ME-PILC ACIDITY BY PYRIDINE ADSORPTION-DESORPTION 

Rosario Sun Kou and Sagrario Mendioroz 
Instituto de Catalisis y Petroleoquimica.CSlC. Campus Univ. Autonoma Cantoblanco. 
28049. Madrid. Spain 

Introduction 

Pillared clays are members of the smectites family of 2:1 layered silicates which are prepared 
by replacing the interlayer cations with oligomers derived from the hydrolysis of polyvalent 
cations. After heating, these exchange complex ions are converted into oxides which keep 
the silicate layers apart by the intercalated pillars. Calcination of pillared clays produces 
protons, which are the source of acidity and potentially catalytically active sites. 
The aim of this work is to determine the influence of pillaring agents on the staictural 
acidity of a sample of Spanish montmorillonite. 
Spectroscopic studies of adsorbed bases are well established and frequently used for 
investigating the surface acidity of catalysts. Here, pyridine chemisorption and TPD is used 
to quantify the number and strength of the acid sites. 

Methodology 

The starting mineral was a montmorillonite (CEC=61.6 meq/lOOg, Smn~ 87 nr/g, Vp= 
0.121 cc/g), from la Serrata de Nijar, Almeria, SE of Spain. It was provided by Minas de 
Gador S.A. 
In order to prepare the pillared materials, the Na-montmorillonite fraction less than < 2um 
size has been used as starting material. In this study, three different pillaring agents were 
used: (1) Hydroxy aluminum cations prepared from AIC1V6H20 (0.2M) and NaOH (0.5M) 
in the appropiate quantities so as to obtain OH/A1 molar relations of 1.6, 1.8, 2.0; a relation 
Al/clay of 20 meq/g was always used. (2) Hydroxy zirconium cations prepared from 
hydrolysis of ZrOCl2.8H;,0 (0.1M) aged for lh,TA. Zr/clay ratios of 20, 5 and 2 meq/g were 
tested. (3) Hydroxy copper cations, prepared from hydrolysis of (CH3C02)2Cu (0.IM). 
Cu/clay ratios were also 20, 5 and 2 meq/g. 
Surface acidity of the samples was studied by thermoprogrammed desorption of adsorbed 
pyridine on samples previously activated at 675 K in N2 stream. The equipment used in the 
experimentation was a Perkin Elmer thermobalance TGS-2. 
Adsorption of pyridine was effected at ambient temperature during 3h, using a N2 stream 
(100 cc/min) as a carrier. Once the physisorbed fraction was removed by N2 up to equilibri
um, the acid strength was determined through thermal desorption of the chemisorbed 
fraction, using a heating rate of 10°C/min up to 673 K in an inert atmosphere. The number 
of acidic centres at each temperature is expressed as the remaining (sites/g)xl02(l.. 

Results and Discussion 

The isotherms obtained show a higher pyridine adsorption on the pillared samples than on 
the parent material (Na-Mont) and also a different shape and equilibrium time of the curves. 
The near S shape of the curves (meqpvridinc/g vs time) denotes pyridine transfer limitations in 
most of the materials which, at least qualitatively, could be related to the pillaring degree 
and the size of the oligomeric cations present in the interlamellar domain. All the pillared 
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materials present a higher acidity than that of Na-Mont (6.22 sites/g xlO20) as shown in table 
1. From the corresponding derivatives of the desorption curves, information can be obtained 
on the acid strength of the sites involved .' 

Table 1: 

Sample 

Al-P/2.0 

Al-P/1.8 

Al-P/1.6 

* AcidT 

7.99 

8.93 

9.76 

Sample 

Zr-P/20 

Zr-P/5 

Zr-P/2 

AcidT 

8.11 

8.40 

8.64 

Sample 

Cu-P/20 

Cu-P/5 

Cu-P/2 

Acid,-

5.02 

6.96 

7.67 

* The number of acidic centres is expressed as (sites/g)xl021 

Thus, a second type of acid centres adsorbing at around 400 K is generated on Al-Pilc with 
respect to Na-Mont in which only one peak at around 373 K is visible. Depending of the 
OH/A1 ratio, this second peak is more or less visible, being perfectly differentiated on the 
sample prepared with an OH/A1 ratio of 1.6, on which also the total acidity is highest; all 
pyridine is lost at around 573 K. With respect to Zr-Pilc, all the samples present more or 
less the same total number of acid sites as Al-Pilc but with higher strength, the main peak 
varying with the metal/clay ratio. Apparently the sample obtained with a ratio of 5, presents 
the strongest acidity of all, whereas the one obtained with ratio of 2, show a better resoluti
on of the peaks 373 (coming from Na-Mont), 450 and 573 K, respectively. In contrast, the 
acidity of Cu-Pilc is smaller and weaker and no pyridine is retained above 525 K. 
The increase in the acidity of the pillared clays must be related to the pillaring cation and is 
currently accepted as of Lewis type resulting from thermal dehydration of the polymeric 
interlamellar cations constituting the pillars. The acidity can be explained by the effect of the 
metal on the water molecules constituting the hydrated precursor of the oxides, according 
to the following scheme: 

Zr02xH,0 <===>Zr02.(x-y)H2OyH+ + yOH" 

Conclusion 

Adsoption of pyridine has shown useful to determine the acidity of the pillared materials. 
From it, not only a knowledge of the number and strength of the acid sites involved, but 
also some qualitative insight into the pillaring degree of the sample can be acquired. From 
this study, it may be concluded that the acidity of the pillared clays is always higher than 
that of the parent clay, and dependson: i) the nature of the pillaring cation, ii) the pH of the 
starting solution, iii) the metal/clay ratio. 
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7. PILLARING OF MONTMORILLON1TE WITH DIFFERENT OXO-
HYDROXO-ALUMINIUM CATIONS 

V. Seefeld, R Bertram, VV. GeBner 
Institute of Applied Chemistry Berlin-Adlershof, Rudower Chaussee 5, 12484 Berlin, 
Germany 

Introduction 

The treatment of smectites with solutions of oxo-hydroxo-aluminium cations leads to the 
formation of pillared clays. The literature often mentions the Keggin ion Al,, derived from 
the commercial product Chlorhydrol is the pillaring species. But such solutions do not 
contain preferentially the tridecameric species. In most cases the main component rather 
consists of polymeric Al-cations with unknown staicture (Alpoly). We have studied the 
behaviour of different Al-species during the pillaring process using solutions containing 
either Al,, or Alpo,v-cations. 

Methodology 

The following natural clay minerals (Na-form, 2um-fraction) were used: Wyoming 
Bentonite/U.S.A., Bentonite Jelsovy Potok/Slovakia and Bentonite Neukirchen/Germany 
(with CEC=73.4meq/100g, 93.4meq/100g and 108.0meq/100g, respectively). 
The solution containing only Al,, was obtained after hydrolysis of an AlCl3-solution with 
NaOH (Al-conc. 0.1M) whereas the solution of Alpoly was prepared from Al and HC1 
The starting solutions as well as the solutions remaining after pillaring were studied by 
27Al-NMR-spectroscopy and ferron assay. Additional attempts were made to re-exchange 
the intercalated species with 1M KG. 
The pillared clays were investigated by X-ray diffraction, adsorption measurements 
(determination of specific surface area) and 27Al-NMR-spectroscopy. 

Results and Discussion 

The treatment of a montmorillonite suspension with a solution containing only Al,, leads to 
the formation of a pillared clay. The product shows a basal spacing of = 18A and a specific 
surface area about 300m2/g after thermal treatment at 573K1 . 
The amount of intercalated Al per CEC corresponds practically to the theoretical charge of 
the tridecameric species [AlIVO4AlVI|2(OH)24(H20)|2]

7\ Therefore, it is assumed that Al,, is 
intercalated as uniform species. They could be re-exchanged up to 90% with 0.1M KC1. In 
this solution as well as in the solution remaining after pillaring, only Al,, has been detected 
by 27A1-NMR spectroscopy and ferron assay. No clue of hydrolysis was found under the 
chosen pillaring conditions; the Al„-cation seems to be stable during the process. A solution 
of polymeric Al-cations also yields pillared clays after reaction with suspensions of 
montmorillonite. The products also exihibit basal spacings near 18A after thermal treatment 
at 573K. The surface areas are higher on the average than for the products obtained from 
Al,,. Values up to 420m2/g are achieved for the pillared Bentonite Neukirchen. 
Using Alpolv for the intercalation it becomes evident that the intercalated amount of Al is 
variable, contrary to the Al,,-montmorillonite system. It increases with the amount of Alpillv 
present in the system at the beginning of the pillaring process and decreases with reaction 
time. The dependence on time could be expected because of an alteration, characteristic for 
Alp()ly-species in dilute solutions. Because the exchange of the original interlayer cation was 
always complete, it is possible to calculate an average charge per Al for the intercalated 
species (figure 1). The lower average charge per intercalated Al in the products obtained 
from attempts with higher starting amounts of Alpoly could be explained as follows: The 
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polymeric Al-cations aren't uniform species; they may differ in size and charge. We assume 
that species with a lower charge per Al which should be enriched under these conditions are 
preferentially intercalated in the interlayer space of the montmorillonites. Consequently, the 
pillaring seems to be a possible way to separate different fractions of polymeric Al-cations. 
This hypothesis is supported by the behaviour of the pillared clay-precursors to 0.1M KC1. 
It was possible to re-exchange about 40% of the intercalated Al from the products with a 
relatively low Al-content but only = 10% from those rich in pillar-Al (for samples after 24h 
reaction time). This fact implies a different strength of interaction between the negatively 
charged clay sheet and the intercalated cations. 

Conclusions 

Despite the different behaviour of the oxo-hydroxo-aluminum cations, Alu and Al_oly during 
the pillaring-process, both give pillared clays with similar surface areas and X-ray data 
(basal spacings) after thermal treatment at 573K. 

- o ~ Wyoming Bemonite ! 

0,30-1 , 1 , , , 

1,50 2,50 3,50 4,50 5,50 6,50 

starting amount Al / meq CEC 

Figure l Dependence of the charge per Al of the intercalated species on the starting amount 
of Al , (reaction time 24h) 
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8. Al-PILLARED CLAYS AS HYDROiSOMERISATION CATALYSTS. INFLUEN
CE OF THE STARTING CLAY 

S. Moreno, R. Sun, and G. Poncelet 

Unite de Catalyse et Chimie des Materiaux Divises, Place Croix du Sud, 2/17, 1348 
Louvain-la-Neuve, Belgium 

Introduction 

Al-pillared clays have been synthesised over 20 years ago from clay suspensions and 
partially titrated aluminium solutions or commercial solutions of chlorhydrol (1). Potential 
industrial uses for these bidimensional microporous acid solids were soon looked for in the 
domain of heterogeneous catalysis, as catalysts for cracking of gas-oil fractions (2) and 
upgrading of light cycle oils(3). Rapid coke formation, insufficient acidity and poor 
regenerability soon appeared as major weaknesses of these solids (4). Since this early work, 
numerous pillared materials differing in the nature of the pillars, nature of the clay (synthetic 
and natural), method of preparation have been described in the literature. Beside catalytic 
applications, other areas in which pillared clays could be useful have been considered. 
Examples are gas separation, chromatography, etc.. 
About 10 years ago, we showed (5) that the nature of the starting clay had a major impact 
on the acidity and catalytic properties of the Al-pillared form. Indeed, in several catalytic 
reactions, Al-pillared beidellites were found superior to Al-pillared montmorillonites 
prepared under identical conditions. The better performances of pillared beidellites were 
attributed to the nature and location of the acid sites. 
This study summarises a few recent catalytic results obtained over different Al-pillared 
montmorillonites and saponites, in the frame of a EU programme. 

Materials and Methods 

Two saponites (Esmectita de Yunclillos (EY), Spain, and SapCA-1, from the Source Clay 
Minerals Repository, Univ. of Missouri, Columbia, U.S.A) and motmorillonites from 
various origins (Chile, Spain,..) were pillared with partially titrated aluminium solutions 
(OH/A1 = 1.6 - 2.4) and chlorhydrol solutions. 
The pillared clays were characterised with several techniques including X-ray diffraction, 
X-ray photoelectron spectroscopy, nitrogen adsorption-desorption measurements. Residual 
CEC's were determined on ammonium exchanged pillared samples, using micro-Kjeldahl 
method Brbnsted acid content was established by ammonia sorption. 
Catalytic evaluation was done with heptane hydroisomerisation-hydrocracking test. Details 
on the procedures may be found elsewhere (6). As reference catalysts, zeolite H-Y (CBV 
500, from PQ Corp.,U.S.A.) and H-mordenite (ZM101, from Societe Grande Paroisse,Fran-
ce) were selected for their best performances in this reaction. Prior to catalytic evaluation, 
the samples were impregnated with platinum tetrammine complex in order to load the solids 
with 1 wt/wt % of Pt. 
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Results 

A few typical catalytic results are compared in the figures. 
Fig. 1 shows the evolution of the total conversion of heptane vs. reaction temperature for 
the two reference catalysts (H-Y CBV500,H-Mordenite ZM101/600), two Al-pillared 
saponites (AIPEY, AlPSapCA-1) and an Al-pillared montmorillonite (Serrata Blan-
ca,AIPSB) 
The catalytic performances of the Al-pillared saponites and of the reference zeolites are 
obviously similar, the curves of saponites being, however, translated toward higher tempera
tures. Al-pillared montmorillonite (which is the best performing one among the montmoril-
lonites so far investigated) is much less active. Total conversion is not reached. 
The most interesting results are shown in Fig. 2 which presents, as a function of reaction 
temperature, the evolution of the heptane isomers produced during the reaction. Not only 
the pillared saponites exhibit significantly higher yields of isomers at maximum isomerisation 
conversion (higher selectivities) than the reference catalysts, but also the temperature range 
wherein the isomers are formed is much broader than for the zeolites. Al-pillared montmoril
lonite forms much less isomers than the pillared saponites. 
Over bifunctional catalyts such as those presented here, isomerisation is followed by 
hydrocracking, in a consecutive reaction. It is of importance to limit as much as possible this 
latter reaction in order to maximise the production of isomers. 
Fig. 3 shows the yields of hydrocracked products vs. reaction temperature.The production 
of hydrocracked products follows a much steeper temperature dependence over zeolites 
than over Al-pillared saponites. In other words, the selectivities toward heptane isomers 
keep higher values over the pillared saponites, which, of course, is most favourable. 
In terms of relative activities, the reference zeolites are more active than the Al-pillared 
clays. This reflects the sequence of acid strength and content of the different catalysts. 
In conclusion, the results briefly summarised confirm that Al pillaring of clays with lattice 
tetrahedral substitutions (beidellites, saponites) generate more acid and, consequently, more 
active catalysts than the analogues prepared from clays with lattice octahedral substitutions 
(montmorillonites, hectorites,laponites, e tc .) . 
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9. SYNTHETIC SAPONITES AS MODEL CLAYS FOR PILLARING STUDIES 

L. Bergaoui', J.F. Lambert1, H. Suquet1, R. Franck1, J.L. Robert2, L. Michot3 and F. 
Villiéras3 

1. Laboratoire de Réactivité de Surface - URA 1106 CNRS, UPMC - 4 Place Jussieu, 
75252 Paris Cedex 05 - France 

2. Centre de Recherches sur la Synthèse et la Chimie des Minéraux, CNRS 1A, 
Rue de la Férollerie, F45071 Orléans Cedex, France 

3. Laboratoire d'Electrochimie et de Minéralurgie - URA235 CNRS, BP40, 
54501 Vandoeuvre Cedex, France. 

Introduction 

The preparation of pillared clays is a domain where empirical know-how has long preceded 
fundamental understanding. However, it would be desirable to rationalise the existing 
preparation recipes in order to guide further studies. 
We have shown in previous papers u that Ballarat saponite constitutes a choice material to 
investigate the mechanism of [Al13] intercalation (ion exchange of the polycation into the 
interlayer) and pillaring (anchoring of the [Al,3] moieties to the clay layers), by spectrosco
pic methods such as IR and 29Si and 27AI solid-state NMR. 

In this work, we submitted to a standard pillaring procedure a series of synthetic saponites 
of general formula Nâ  (Si8. x Alx) (Mg3)O20(OH)4, with increasing degrees of tetrahedral 
substitution (0.8<x<1.6). This allowed us to follow precisely the influence of the clay layer 
charge on [Al13] intercalation. 

Results and discussion 

Even the clays with the highest layer charge can be successfully intercalated and pillared but 
the amount of Al intercalated never exceeds 1 [Al13] per 6 unit cells. This limit appears to 
be due to steric constraints at the interface between the intercalating solution and the 
delaminated clay. Furthermore, there is a competition between flocculation and [Al13] 
intercalation; the low layer charge saponites flocculate quickly and polycation intercalation 
proceeds only slowly thereafter. Thus, the difficulties encountered when pillaring vermiculi-
te are probably due to particle size rather than to layer charge effects. 
Some properties of the pillared clays are well correlated to the layer charge (29Si chemical 
shifts) while others are correlated with the amount of [A1I3] intercalated: crystalline 
organisation, appearance of new OH stretching bands in the IR corresponding to Brönsted 
acidic sites, surface area and microporosity. The latter data must be interpreted with 
caution: CO, physisorption does indeed provide microporous volumes in agreement with 
theoretical expectations but N2 physisorption data cannot be exploited in such a straightfor-
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ward manner. 
Our data confirm the earlier observation that the basic architecture of the [Al,3] polycation 
is but little affected when heating to 500°C. The [Al]3] pillar loses some (H20) ligands, 
forming Lewis acidic 5-coordinated Al's, but this reaction is reversible by exposure to water 
vapour at room humidity . 
As a consequence, the aluminic phase constituted by the pillars may be considered as a 
highly dispersed form of Al oxyhydroxide, with similarities to, but also significant differen
ces from conventional phases such as A1203 or Al(OH)3. Indeed, initial results show that 
Al-pillared saponites have interesting properties for heavy metals adsorption, with possible 
applications to depollution and to the preparation of supported metal catalysts. 

Conclusions 

The use of variable layer charge saponites has shown that high charge layered materials can 
be pillared by [Al13]; however, there exists a limit on the pillars density in the interlayer. 
Structural properties of the pillared samples may be correlated with either the pillars density 
or the layer charge; estimates of surface area and microporosity should be deduced from 
CO, adsorption rather than N2 adsorption. The basic architecture of [Al13] pillars is 
preserved after anchoring to the saponite layers, resulting in materials with interesting 
properties for metals adsorption . 
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lO.Cu CLAYS and PILLARED CLAYS BY MIXED AI-Cu SOLUTIONS: PREPA
RATION AND PHYSICO-CHEMICAL PROPERTIES. 

N. Frini Srasra, M. Ayadi* D. Messad** M. Crespin, H.van Damme and F. Bergaya*** 
*INRST, Tunisie 
**INH, BOUMERDES, Algerie 
***C.R.M.D-C.N.R.S, Universite d'Orleans, lb. Rue de la Ferollerie 45071 

Orleans Cedex 2; France 

ABSTRACT 

The purpose of the present work is the preparation of copper and mixed copper-aluminium 
pillared clays with new properties in catalysis or in other areas. 

Samples and preparation methods 

Three crude bentonites are used in this study, a Tunisian interstratified illite-smectite (H), an 
Algerian montmorillonite (MR) and a Wyoming montmorillonite (W). 
Some of these samples (MR) are exchanged two times at 60°C with a 1M copper solution. 
The crude samples are also pillared by the Al Keggin oligomer cation and then exchanged 
with Cu" as described above. 
Three methods are used to obtain mixed copper-aluminium pillared clays, which are called: 
-«AP» : where the pillaring solution is slowly added to a 2% clay suspension. 
-«API»: where the powdered clay is directly added to the pillaring solution. 
-«C» : which corresponds to the concentrated method, this method prevents the dispersion 
of the powder in the pillaring solution by the use of dialysis bags. 

Characterisation results 

Some methods are used to characterise the exchanged and pillared clays: Chemical analysis, 
X-ray diffraction, N2 BET surface area and porosity measurements. 
-BET surface areas increase from 56 m2/g to about 150 m2/g with the H clay and from 39 
nr/g to about 200 nr/g with the W clay The micropore volume also increases and reaches 
0.035 cnrVg for H clay and 0.038 cnrVg for W clay with NAPI method (N representing 
Nitrate anion). 
-The X ray diagrams of the pillared samples after heat treatment at 300°C shows that 
pillaring occurs with all tbe methods for Al and Al-Cu PlLC's. Qualitatively the best result 
(symmetrical peak at about 19 A) is obtained with the method «API», for the hydrolysis 
ratio (OH / Al+Cu) R=2 and for 5% Cu on W and H. 
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The XRD high temperature study of those samples shows a basal spacing which remains 

unchanged (17A) up to 600°C, showing the stability of the pillared clay. 
-The X ray diagrams of the pillared-exchanged samples (MR Al-Cu) after heat treatment at 

300°C show a chlorite type d-spacing. 
All these samples are tested for their catalytic oxidation properties ( in the catalytic 
oxidation reaction at room temperature of phenol by H20, in diluted aqueous media) which 
are related to the method of preparation and to the irreversibly retained copper content. 
The best result (70% of Total Organic Carbon) shown in the following figure was obtained 

with Copper exchanged MR samples 
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1. STUDY OF THE THERMAL BEHAVIOUR OF CLAYS BY GRINDOSONIC 
MEASUREMENT (ELASTIC MODULUS) DURING HEATING AND COOLING. 

R. Ottenburgs and W. Viaene 

Laboratorium voor Mineralogie, K.U.Leuven, Celestijnenlaan 200C, 3001 Heverlee 

Introduction 

The thermal behaviour of clays and of clays mixed with non-clay mineral additives depends on the 

chemical composition, the nature and the relative amounts of the minerals present, the grain size 

of the minerals, the shaping water content, the firing and cooling rate and the oven atmosphere. 

Dilatometry and high-temperature X-ray diffractometry are well known techniques used to obtain 

an insight in the thermal behaviour of clays. The aim of this investigation is to perform grindosonic 

measurements during the heating and cooling of clay objects and to relate the results with 

dilatometry and HT-X-ray diffractometry. 

Methodology 

Grindosonic curves (flexion mode) of the reading-values (R-values) during heating and cooling 

of samples may give indications about the reactions and regions where increase or loss in strength 

is obtained. The test object is pneumatically activated to vibration and the grindosonic signal is 

transmitted by means of a silica rod. The reading value (R) equals two periods of the basic wave 

travelling through the object after slight deformation. Dilatometric analyses delineate the 

temperature fields and the amount of shrinkage and/or expansion of the test objects, as well as the 

rate of these thermal phenomena. 

High-temperature X-ray diffractometry informs us about the temperature stability fields of the 

original mineral phases, the formation temperature of new crystalline phases and eventually 

changes in their relative amounts during firing and cooling. 

Results and discussion 

An example of the grindosonic measurements during the heating and cooling of a kaolinitic clay 

consisting of about 60 % kaolinite, 20 % illite and 20 % quartz is given in figure 1. Heating and 

cooling rate were 2°C/minute and the dwell time was 2 hours. 

Two types of phenomena can be distinguished i.e. temperature intervals with variable or unstable 
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signals and inflection points on the curve. 

With the help of dilatometric and high-temperature X-ray diffraction diagrams the different 

phenomena could be interpreted. They are: 

* between 20° and 300°C: unstable signal due to the lost of adsorbed water; 

* between 400° and 500°C: dehydroxylation of kaolinite, which hampers the shrinkage of 

the object; 

* between 500° and 800°C: small decrease of R-value due to shrinkage after 

dehydroxylation of kaolinite; 

* between 800° and 880°C: small increase of strength following the decomposition of illite; 

* from 900° on up to 1100°C strong increase in strength due to the sintering of the mass, 

accompanied with strong shrinkage. The highest strength is reached early at 1100°C. This 

implies that the dwell time can be much shorter than 2 hours;. 

* the highest strength (lowest R-value) persists during cooling until about 600°C; 

* the deterioration of strength starts with the P-a quartz transition (inflection point near 

570°C) and continues down to 100°C, where the final value is reached. The inflection near 

220°C corresponds with the cristobalite transition. 

The grindosonic curve of the example demonstrates the important increase of strength between 

900° and 1100°C, its stability down to 600°C and the important loss in strength during further 

cooling to room temperature. 

The P-a quartz transition at - 570°C and its shrinkage and to a lesser extent the transformation 

of cristobalite at - 270 °C result in a decrease of strength of about 30 %. Examples of smectile-

and illite-rich clays will also be displayed, discussed and compared. 

Conclusion 

Grindosonic measurements during heating and cooling and dilatometric curves are very helpful in 

determining the optimal heating and cooling rate, the proper sintering temperature and dwell time. 
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2. EVALUATION OF A SEQUENTIAL EXTRACTION METHOD FOR TRACE 
AND RARE EARTH ELEMENT DISTRIBUTIONS IN CRETACEOUS AND 
TERTIARY KAOLINS FROM GEORGIA (U.S.A.) 

Jessica Elzea', Jeffrey C. Brims', and Haydn H. Murray2 

'Thiele Kaolin Company, Sandersville, Georgia 
Indiana University, Bloomington, Indiana 

A three step extraction process to liberate the trace and rare earth elements (REE) associated with 

three distinct geochemical phases in kaolin has been developed and evaluated. The objective of 

this investigation was to develop a method that would allow us to determine the abundances of 

elements absorbed on the surface of kaolinite versus those associated with iron oxyhydroxide 

minerals and the organic fraction of a Cretaceous and Eocene kaolin. Surface absorbed elements 

were extracted using HNO,. This extraction step was followed by HC1 digestion to solubalize the 

REE and trace elements associated with goethite and hematite. The final extraction consisted of 

treating the clay residue with HNO, and H20, to liberate elements bound to the organic fraction 

of the kaolin. After each extraction the solutions were analyzed by ICP-MS for a suite of 31 

elements. Reproducibility was measured by comparing the results obtained from five replicates of 

each sample. Total REE and trace element abundances were also determined. 

Approximately 0.1 to 3.4% of the total REE and approximately 0.4 to 31% of the trace metals are 

absorbed on the surface of the kaolinite. Approximately 8.4 to 100% of the REE and trace 

elements are released as a result of the dissolution of goethite and hematite. Plots of the REE 

normalized to the North American Shale Composite reveal higher abundances of HNO, soluble 

REE in the Tertiary kaolin compared to the Cretaceous kaolin. This difference in abundances is 

most likely related to the higher surface area of the fine grained Tertiary clay. Both clays exhibit 

similar soluble REE patterns characterized by the depletion of the light REE (LREE) and the 

enrichment of the heavy REE (HREE). The Tertiary kaolin exhibits a slight depletion in Eu. Total 

REE patterns show that the Cretaceous clay is depleted in both LREE and HREE relative to the 

Tertiary clay. These differences may reflect differences in the source material from which the 

kaolins were derived. 
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3.CARBONATIC CLAYEY BODIES IN POROUS TILES MANUFACTURING 

Tiziano Manfredini and Marcello Romagnoli 
Department of Chemistry, Faculty of Engineering, University of Modena, Via G. Campi 183, 
41100 Modena (Italy). 

Introduction 

A clay-based ceramic body usually consists of one or more clays or clay bearing minerals mixed 
with non-clay mineral powders such as fluxes (feldspars) and fillers (i.e. silica). Clay can have 
various forms and contributes to the plastic forming (mechanical properties of unfired tiles) and 
fired characteristics (mechanical properties and phases of fired tiles) of the body. In the ceramic 
industry, porous tiles ("monoporosa") obtained by single firing technology, have become very 
popular. They are used in large quantities in new application fields and in particular for interior 
decorations. These tiles are prepared using bodies containing clay bearing minerals, quartz (to 
control the expansion and the shrinkage during firing), and alkali-earth carbonates which increase 
the dimensional stability. 
With interest in understanding the evolution of the unique properties of these tiles, this paper 
concentrates on investigating the chemical reactions and the physical transformations of the 
components of the bodies and the effects of the carbonates on the microstructure development. 
The objective is to determine the physico-chemical transformations and the microstructural 
properties of the bodies, which would be a useful reference and guideline to obtaining tiles having 
a high porosity and high dimensional stability. 

Experimental 

As a representative model for studying the transformation occurring in the bodies during firing and 
to transfer the results into industrial practice, a typical kaolinitic clay used in the ceramic 
manufacturing was taken. The calcite was added to the kaolinitic clay in varying amounts up to 
20 wt%. At higher wt% calcite becomes a true body constituent, strongly modifying the bulk 
physical-chemical properties of clayey minerals. 
Thermal analysis, dilatometric measurements, and firing at different temperatures and times were 
carried out on unfired powdered samples and their compacts pressed at 25 N/mm2. Fired samples 
were characterized by XRD, porosimetric analysis and SEM observations. Linear shrinkage and 
water absorption were measured. 

Results and discussion 

The TG/DTA curves recorded at the standard heating rate of 10 K/min show, in the 25-1200°C 
temperature range, two evident endothermic chemical reactions: the dehydroxylation 
corresponding to the elimination of the -OH groups from the crystalline lattice of the kaolinitic 
minerals in the region 500-650°C, and the decomposition of the calcite in the region 650-800°C. 
All these transformations are also observed by dilatometric analysis. In particular the kaolinitic clay 
without carbonates, starting from about 900°C, show a steady and progressive dimensional 
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decrease due to the beginning of densification processes. Because of the formation of mullite the 
shrinkage is particularly evident at temperatures higher than 1100°C. In the presence of calcite the 
calcium oxide derived from the decomposition of the carbonate reacts with the dehydroxylation 
products giving rise to new bulky phases which grow and balance the shrinkage of the tiles. This 
is experimentally evident as the sample expands in presence of calcite. 
According to the literature [1] and with the phase diagram of the ternary CaO- Al20,-SiO2 system 
[21, calcium plagioclase of chemical composition corresponding approximately to that of anorthite 
(CaO A120, 2Si02) is formed during firing. The formation of crystalline anorthite decreases the 
amounts of mullite, since the reaction between silica, alumina and calcium compounds for the 
anorthitic phase formation occurs at lower temperatures than that necessary for the mullite 
formation. As expected, the increase of the calcium ion contents in the body, added as calcium 
carbonate, favours the anorthitic phase amount. Heating rate and grain size of calcite change the 
temperatures of the transformations but do not change the new crystalline phases. 
The level of strengthening of the tiles obtained using these compositions can be followed by 
plotting the linear shrinkage, the water absorption and the apparent density of the fired tiles as a 
function of the firing temperature. The results are consistent with the dilatometric measurements 
and show a thermal dimensional stability (linear shrinkage near zero) up to about 1100°C. Tiles 
exhibit an high porosity expressed as % of water absorbed, measured by porosimetric analysis and 
estimated by SEM technique. The linear shrinkage and the decrease in water absorption starting 
from about 1100 °C are explained by the presence of abundant low viscosity glassy phases, 
causing the tile deformation. 

Conclusions 

Dehydroxylation products derived from clay minerals are characterized by an high reactivity 
towaid calcium oxide obtained by decomposition of calcite. This paper demonstrates that by using 
kaolinitic ceramic bodies containing proper amounts of calcite, it is possible to obtain ceramic tiles 
with high porosity. Calcium plagioclase of chemical composition corresponding approximately to 
that of anorthite (CaO A120, 2Si02) is formed during firing. The optimum amount of calcite can 
be considered to be 6-14 wt%. These amounts are fundamental in anorthite formation and to 
determine the optimum porosity and the dimensional stability of the industrial tiles. 
The porous single-fired tiles for interiors ("monoporosa") can be surely considered a new product 
but, notwithstanding its very recent history, it has already proved to be able to meet the technical 
and aesthetical requirements of the market. Technological development in harmony with graphic 
designs and colours can lead to new color combinations and unlimited creative possibilities. 
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4. ASSESSMENT OF THE EFFECT OF MECHANO-CHEMICAL PROCESSING 
ON PHYSICAL, STRUCTURAL AND TECHNOLOGICAL PROPERTIES OF 
KAOLINS 

Jose Velho, Celso Gomes and Jose Carvalho 

Departamento de Geociencias, Universidade de Aveiro, 3800 Aveiro, Portugal 

Introduction 

One of the main goals of the producers of kaolin pigments for paper applications is to produce 

diver ;e quality grades that fulfill paper mills demands. There has been remarkable research in this 
matter, emphasizing the importance of the development of refining and beneficiation kaolin 
processes. 
The use of mechanical treatments such as ultrasound in the preparation of kaolin-water 
suspensions in the laboratory, is very usual. 
The action of ultrasonic waves of variable intensity in association, or not, with the effect of 
a chemical intercalation agent (in order to modify the energy of the cohesion bonds between 
kaolinite structural layers), is evaluated in kaolin suspensions with different solid concentrations 
through the modification of kaolinite structure as well as several physical properties of 
technological interest. 
The main goal of this work is to report the results of mechanical and mechano-chemical 
treatments which have been applied, on a laboratory scale, to refining and beneficiation 
processes in different residual and sedimentary kaolins. 

Methodology 

Experimental work was carried out on < 2fum fractions of four kaolins differing in properties, two 
of residual type and two of sedimentary type. 
Kaolin-water suspensions with different solid contents (38%-76%) were submitted to ultrasound 
treatments of variable energy (100-200 watts) and residence time (1-3 hours). 
The mechano-chemical treatments were carried out by using the combined effects of ultrasound 
and hydrazine hydrate intercalation. 
Treatment effects were appraised using physical properties (particle size distribution, specific 
surface area and density determinations), structural properties (crystallinity determinations) and 
technological properties (abrasivity, fluidity, viscosity concentration and defloculant demand 
determinations). 
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Results 

Experimental data indicates a major influence of both ultrasonic energy and solid concentrations. 
It could be shown that changes do occur in the particle size distribution, either due to the 
increase in fine particles reflected in a lower mean particle size, or to the increase of the 
open particle size distribution parameter ((D75D25)/2.D50) or both. The specific surface 
area increases whereas density diminishes. 

Abrasivity increases in so far as the number of fine particles increases. The same happens 
with fluidity and deflocculant demand. On the other hand, viscosity concentration increases. 
Kaolinite crystallinity (assessed by the Hinckley index in the residual kaolins) shows a remarkable 
reduction. At the end of a three hour treatment the kaolinite triclinic structure becomes pseudo-
monoclinic-like. 

Discussion 

Kaolins with different genesis, geological setting and properties did react differently to the 
mechanical and mechano-chemical treatments. 
In residual kaolins, in comparison to sedimentary kaolins, the effects of the treatments on 
the assessed physical, structural and technological properties are more developed. Differences 
could also be found in kaolins belonging to the same genetic type but having a different geological 
setting. 

Conclusions 

The research that has been carried out provides results showing the possibility of using 
mechano-chemical treatments in kaolins as a refining process (modifying the grain size 
distribution and specific surface) and as a beneficiation process (modifying other properties 
such as density, abrasivity and rheology). 
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5. "ECOLOGICAL BRICKS" MADE WITH CLAYS AND STEEL DUST 
POLLUTANTS OF SIDERCA AND ACEROS PARANA; ARGENTINA 

Eduardo A Dominguez1 and Rosa Ullmann2 

'Dto. of Geology,U.N. del Sur, San Juan 670, (8000) Bahia Blanca, Argentina 
2 Losa/Techint, Casilla de Correos 51, (7400) Olavarria, Argentina 

Introduction 

According to reports by the Environmental Protection Agency (EPA) more than 2.700 tons of 
hazardous steel dust wastes are generated each year in the steel mills of Siderca and Aceros 
Parana. The melting process in the electric arc furnaces generates about 2 % of the product mass 
of fine dusts containing a wide variety of elements, including Zn, Pb, Cd, Ni and Cr among others. 
Consequently any dumps and landfills will produce water contamination. 
The main purpose of this work was to test the use of clays in the formulation of a ceramic body 
that could incorporate steel dust and meet the EPA disposal regulations. Although many solutions 
had been proposed for the technical treatment of the steel dusts (Barcza and Nelson, 1990), in this 
case the use of ceramic and vitrification processes seems to be the best for environmentally friendly 
disposal . 

lVlethodolo2v 

Three high plasticity clays were selected for the first tests. The samples were taken from the stock 
piles in the ceramic plant. The clays selected were APM 112 (Neuquen), LA-AM and Greda 
(Buenos Aires). The mineralogy of the clays and steel dust was studied in powders by XRD 
methods, using Cu and Fe radiation. The semi - quantitative clay mineralogy was determined using 
the Chung (1974) method. 
Steel dust samples were taken from several locations from the mill dumps in San Nicolas (Buenos 
Aires). Chemical analyses were taken from the mills' internal reports . Moisture content, specific 
weight and ignition loss, DTA/TG/DTG were obtained. Qualitative XRF elemental analyses of 
natural and calcined steel dust were performed using a Phillips PW 40 apparatus to ascertain the 
changes. 
Ceramic analysis were performed following the ASTM specifications on extruded laboratory 
bricks that contained 20 % steel dust, 60 % clay and 20 % fine sands,. Lixiviation tests were done 
according to the EPA Appendix II, Toxicity Test Procedures for powders and structural disposals; 
lixiviates were analyzed using atomic absorption . 
The gas emission quality was controlled through high sensitivity chemical analyses on crude and 
fired bricks. The ICP determinations were made on 42 elements by "Activation Laboratories Ltd.", 
Canada. 
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Results and Discussion 

APM 112 clay is gray, composed of kaolinite (64 % ), with quartz (36 %) and traces of I/Sm. This 
clay is formed in a Jurassic fluvial environment. LA-AM clay is yellow and composed of illite (63 
%), kaolinite (19 %), quartz (18 %) and hematite . This clay belongs to a Paleozoic marine 
sequence. Greda is a brownish recent clay that occurs in the "B" horizon of a soil inside the 
Pampeano (Pleistocene) loess. It is composed of an allophane type clay (40 %) with traces of illite, 
kaolinite or smectite, and quartz (45 %), K feldspar (3 %) and plagioclase (10 %). 
The steel dust is a mixture of Mg/Ca fenites, hematite and scarce calcite, graphite and zincite, with 
a specific weight ranging between 3,S 1 and 4,21 g/cin1 and a highly variable moisture content (1 ,S-
24,9 %), depending on its storage time. Its chemical analyses indicate contents of: Fe20, = 46,6 
%; PbO = 1,7 %; ZnO = 12,9 %; C = 1,8%;S = 0,39 %; Cr = 0,09 %; Ni = 0,01%; Cd = 
0,01 %;F = 0,01 % and Cu = 0,09 %, accompanied by other less hazardous elements. Sieve 
analysis are highly variable because of the agglomeration tendency of the finely particulated 
powders (< 10 /urn according to the SEM photographs). XRF tests indicate that minor quantities 
of C, Zn, Pb, CI, Cu, P, Ca, were lost during calcination. Lixiviation results indicate that contents 
of Ba, Cd, Pb, Cu and Zn did not meet the EPA disposal regulations. 
In the initial ceramic runs the allophanic clays were discarded because of severe problems in their 
mixing and drying conditions, and kaolinite clay because of its non-commercial brownish fired 
colour. The brick made with the LA-AM illitic clay fired at 830°C has the following 
characteristics: Drying shrinkage = 7 %; drying strength = 4,20 - 66,60 Kg/cm2; firing shrinkage 
= 0,69-0,32 %; firing strength = 82-116 Kg/cm2; compressive strength = 235-249 Kg/cm2; water 
absorption = 16-18 %; fired colour = red-light red. Results of lixiviation tests indicate that Cu, Pb, 
Zn and Cd solubilities are below those of EPA regulations. The balance between the crude and 
fired bodies reveals emission of 6,88 % water, 1,20 % CO,, 0,17 % CI, 86 ppm Br and 85 ppb Hg 
to the atmosphere. 

Conclusion 

The results of the study indicate that these clays and this ceramic process are suitable for the 
disposal of hazardous steel dusts. The "Ecological bricks" incorporating 20 % of steel dusts meet 
the most stringent EPA lixiviation regulations, with low gases emission. The steel dust lowers the 
vitrification range. Alternative ceramic bodies using other types of clay must be tested. The clays 
must have high plasticity, be capable of incorporating steel dusts of high densities and yield a good 
fired colour. 
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0. A NEW KIND OF CLAY RESOURCES FOR SYNTHETIC MULLITE-STUDIES 
ON APPLICATIONS OF KAOLINITIC CLAY (TONSTEIN) IN PERMO-CARBO-
NIFEROUS COAL MEASURES OF NORTH CHINA 

Shuang Tang and Zhi Zheng 
Institute of Mineral Deposits, Chinese Academy of Geological Sciences, Baiwanzhuang Road 26, 
Beijing, 100037, P.R.China 

Introduction 

During the last 10 years, characteristics and applications of kaolinitic clay (tonstein) in Permo-
Carboniferous coal measures of North China have been investigated. The experimental result 
shows that this kaolin-coal-tonstein is a relatively pure kaolinitic clay material. Its chemical 
composition (wt.%) is: Al20, 37-39, SiO, 44-46, Fe203 0.06-0.13, Ti02 0.3-0.5, RO+R20 0.1-0.2, 
LOI 15-17. It is similar to that of the refined kaolin. The tonstein is notable not only for its low 
impurities content and stability in quality, but also for its thick-bedded deposits with very large 
geological reserves. Most of the kaolinitic clays were abandoned for a long time and piled up like 
small hills around the coal mines. We consider that this kaolinitic clay can be used to make 
synthetic mullite. 

Methodology 

Traditionally, electrofused mullite is formed by fusing the oxides of silicon and aluminum. 

3A120, + 2SiO, = 3AU0,. 2SiOa 

industrialalumina pure quartz mullite 

By our method, the fused mullite is made of kaolin-coal-tonstein and industrial alumina 

3A1203 • SiO, • 2H,0 + 2A1203 = = 3A120, • 2Si02 + 2 H20 

tonstein industrial alumina sinthetic mullite 

Electrofusion takes place in a water cooled arc furnace with melting temperature in excess of 
2000°C . 

Results and Discussion 

Synthetic mullite has been studied and analysed by XRD, XRF, TEM, EPMA. Its chemical and 
phase composition is shown in table 1. 
The fused mullite made of tonstein (K-M) is mainly composed of massive crystals and has a lower 
glass content compared to the fused mullite made of oxides of aluminum and silicon (S-M). Based 
upon the results of EPMA and XRD analysis, it can be deduced that about 60-70% of the TiO, 
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content in the tonstein enters into the mullite crystal structure to form a solid solution. Thus the 
fused mullite made of tonstein possesses high quality in purity. The consumption of industrial 
alumina decreases to 2/3 for K-M manufacturing compared to S-M. The new materials have been 
produced in factories and have received favourable comments. 

Table 1 Composition of fused mullite 

Sample 

chemical composition (%) 

phase composition (wt %) 

unit dell parameters 

space group 

Bulk density 

Refractoriness 

A1A 
Si62 
Fe,6, 
TiO, 
RO 
R20 

Mullite 
Glass 

A 
B 
C 
V(A)1 

a/b 
c/b 

(g/cm3) 

(°C) 

K-M 

74.24 
24.94 
0.08 
0.18 
0.12 
0.35 

97.61 
2.39 

7.5843 
7.6859 
2.6887 
168.39 
0.9868 
0.3758 

Pbam 

3.03 

1850-1880 

S-M 

73.89 
25.76 
0.06 
0.03 
0.10 
0.40 

96.61 
3.39 

7.5852 
7.6869 
2!887 
168.33 
0.9867 
0.3756 

Pbam 

3.03 

> 1850 

Conclusion 

The tonstein in Permo-Carboniferous coal measures of North China is an excellent material for 
synthesizing mullite and fibre of aluminsilicate and for manufacturing high quality ceramic 
products. It can also be used as a refractory material in making crucibles for melting optical glass. 
As a new kind of moulding material, it has a bright future in the casting industry and is expected 
to replace the fused corundum. 
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7. MULLITE BASED COMPOSITES FROM CLAY MATERIALS CONTAINING 
PYROPHYLLITE 

Jose, L.Perez-Rodriguez, Maria del C.Jimenez de Haro, A.Ruiz-Conde, Miguel A.Aviles, 
A.Justo and Pedro J.Sanchez-Soto. 
Instituto de Ciencia de Materiales de Sevilla, Centro Mixto Consejo Superior de Investigaciones 
Cientificas-Universidad de Sevilla, Apdo. 1115. 41080-Sevilla, Spain. 

Introduction 

Mullite is an interesting material for high-temperature composite development, as a substrate in 
multilayer packaging and as an infrared transparent window especially for high-temperature 
applications. The preparation of mullite based composites from SiO2-Al20, mixtures involves 
treatments at high temperatures (1600°C) and long heating times. Sol-gel routes produce the 
formation of mullite at relatively lower temperatures but the reactive precursors are of high-purity 
and cost-elevated. The preparation from clays and aluminium silicates is a commonly used 
alternative route to fabricate mullite based composites. Experiments have been carried out to 
diminish the temperature of mullite formation from this kind of precursors. 
Thus, mechanical treatment by grinding of clay minerals produces important changes on 
powdered materials and influences their behaviour in further processing steps, in particular 
after thermal treatment which is interesting to produce mullite at low temperatures. Chemical 
treatments can be also combined with mechanical and thermal ones to produce more reactive 
mullite precursors. 

Methodology 

The aim of this work is to study the formation of mullite based composites from clay materials 
containing pyrophyllite using: a) intensive mechanical treatments and b) chemical treatments to 
produce compounds incorporating fluorine, which act as mullite reactive precursors. Both kinds 
of reactive precursors are subjected to thermal treatments in air. The phases produced were 
examined by X-ray diffraction. 

Results and Discussion 

Mechanical treatments of mixtures containing illite-kaolinite-pyrophyllite at varying times 
produce changes in lattice distortions, amorphization, important decrease in particle size 
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and variations in surface area. The reactivity of the ground material is thus enhanced, producing 
the formation of mullite based composites at lower temperatures than that found in unground 
materials. 
Chemical treatment with hydrofluoric acid of the original material yields a mixture of isolated 
pyrophyll'te and aluminium fluorides. After thermal treatments, mullite is formed between 600° -
700°C. According to the proportion of pyrophyllite and aluminium fluorides formed, mullite-
corundum composites can also be obtained. These results were also studied and compared using 
pure clay minerals. 
These mullite synthesis routes are of great interest, especially in the preparation of composites and 
advanced materials based on modified clay reactive precursors. 

Acknowledgements: Financial support by DGICYT research project PB91-0144 is gratefully 
acknowledged. 
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8. THERMAL TRANSFORMATION OF INTERSTRATIFIED CLAYS USED FOR 
FLOOR TILES. SCANNING ELECTRON MICROSCOPY STUDY. 

Persio de Souza Santos1, Simone Perche de Toledo2, Shirley Cosin1 and Helena de Souza Santos2 

1 Department of Chemical Engineering, Polytechnical School, University of Sao Paulo, Sao Paulo, 
Brazil 
2 Laboratory of Electron Microscopy, Institute of Physics, University of Sao Paulo, CP 20516, 
01452-990 Sao Paulo, SP, Brazil 
3 Windlin Ceramics, Jundiai, Sao Paulo, Brazil. 

Introduction 

Interstratified illite-smectite clays are used in Brazil for the production of porous red body 
floor tiles by firing them in the 1150°C-1200°C temperature range. The aim of the communication 
is to present the morphological transformations that crystals of these clays undergo between 
900°C and 1200°C in several conditions: dispersed crystals, booklets of crystals as found in 
deposits, spheres of spray-dried clay slips and pressed green tiles. 

Methodology 

Six samples of illite-smectite clays (shales) of different colours, from deposits from Jarinu, 
Jundiai County, State of Sao Paulo, Brazil were collected in the deposits. They were blended 
to be used for production of pressed ceramic floor tiles; green tiles were also studied, before 
and after firing. The firing of the powdered samples and of the pieces of clays and bodies 
were fired in a programmed electric kiln for 3 hours at the maximum temperature in an 
oxidizing atmosphere. All the samples were characterized by powder XRD and DTA and 
examined in a Jeol JSM 840A scanning electron microscope at 25 kV. 

Results and Discussion 

The scanning electron micrographs of the original clay samples show that they consist of 
plates of irregular profile, ordered in piles in the shale. This organization is maintained in 
the hollow spheres of the spray dried clays, in the platy crystals forming the external surface 
of the spheres; internally, the spheres have packets of parallel plates. After firing at 900°C 
and 1000°C, either in the clays or in the spheres the morphology of the plates is maintained. 
After 1100°C, the plates show a loss of angular profile and start to coalesce, forming bridges 
between them. In excess of 1200°C, the coalescence is very intense and the external shape 
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is changed, with several collapsed regions. 
The figures show a sphere without treatment, internally (A) and externally (B) 

Conclusions 

Scanning electron microscopy allows the observation of the morphological changes that, 
occur in firing illite-smectite clays from Jarinu, Jundiai, Sao Paulo, Brazil in the temperature range 
of 900°C-1200°C The platy morphology of the crystals is maintained in the 900°C-1000°C 
range; the coalescence begins at 1100°C and it is completed at 1200°C. These changes occur, 
either in packets of platy crystals, inside the spheres and in the pressed bodies for production of 
porous red floor tiles. 
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9.CERAMIC APPLICATIONS OF MIDDLE ORDOVICIAN SHALES FROM CENTRAL 
SPAIN 

J. Parras1, M. Rodas2, F.J. Luque2and C. Sanchez-Jimenez1 

1 Dpto. Ingeniera Geoiogica y Minera. E.U.P.A. Univ. Castilla-La Mancha. 
2 Dpto. Cristalografia y Mineralogia. Fac. Geologia. Univ. Complutense. Madrid. 
3 Area de Cristalografia y Mineralogia. Fac CC. Qufmicas. Univ. Castilla-La Mancha. 

Introduction 

Raw materials used in the manufacturing of red stoneware mainlv consist of illitic and kaolinitic 
clays, containing 6-8% of iron oxides. Quartzitic sands and feldspars are commonly added to 
improve their physico-chemical properties. 
This paper deals with the ceramic applications of altered shales and with the influence of 
different additives on their ceramic characteristics. The studied materials have been traditionally 
used by the local brickmaking industry and we intend to establish the conditions under which they 
could be possibly used in the manufacturing of stoneware tiles. 

Materials and methods 

The studied materials crop out within a thick Middle Ordovician sequence of shales with 
sandstones and pyroclastic rocks interbeddings. The selected outcrops occur in the southern 
part of the province of Ciudad Real (Central Spain) and geologically they belong to the 
Centro-Iberian Domain defined by Julivert et al. (1972). 
The analytical methods applied in this study comprise: (A) Characterization of the bulk 
composition and clay mineral composition of the raw material by means of XRD techniques, 
and chemical analysis of major oxides by XRF; (B) Ceramic characterization, establishing 
the firing properties in the range 900°C to 1250°C and including the determination of the 
following parameters: i) Linear shrinkage (L.S.); ii) water absorption (W.A.); iii) bulk density; iv) 
open porosity, and v) high-temperature phases. The parameters were determined on samples 
obtained by pressing the raw material at 300 kg cm"2. Different additives have been used along 
with the raw material to improve some of its properties: a) two types of sands collected from 
Quaternary alluvial deposits located close to the studied shale outcrops (sand AL, mainly 
composed of quartz and traces of illite and kaolinite; sand AC, with quartz, illite and kaolinite and 
minor amounts of smectite and feldspar), b) commercial quartz (sieved to size less than 40 ^m), 
and c) fly ash, obtained as a residual product after coal combustion. AH these materials were added 
in a proportion of 20% . Firing characteristics were determined using two different firing cycles, 
a rapid one (similar to that used by ceramic industries) performed at 20°C/min and maintaining 
the sample at Tma)i for 6 minutes, and a slow-firing cycle at 200°C/h and maintaining the sample 
at Tmnx during 2 hours. 
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Results and discussion 

The raw materials studied in this paper consist of altered reddish brown shales, composed 
of quartz and phyllosilicates (illite ± kaolinite ± chlorite ± paragonite ± chlorite/vermiculite 
or muscovite/paragonite mixed-layer) and minor amounts of haematite and feldspar. The 
chemical composition (in weight percent) of the samples is rather uniform: SiO\= 50-60%, 
AL0,= 20-27%. Fe,0,= 5-9%, Na,0 + K 2 0 5 % , and CaO + M g O 1-1.5%. 
It can be generally established that samples under a rapid-firing cycle show a different behaviour 
than those under a slow-firing process The formation of mullite, for instance, is clearly dependent 
upon firing velocity (Gualtieri and Bertolani, 1992), and during these experiments it crystallises 
at T = 1050-1100°C in rapid-firing processes and at T = 950-1000°C in slow-firing cycles. In 
addition, from the values of L.S. (7-8%) and W.A. (0-1%) may be stated that the temperature at 
which stoneware forms is higher for rapid-firing cycles (1200-1250°C) than for slow-firing ones. 
Above these temperatures, during rapid-firing processes both quartz and mullite coexist, but in 
slow-firing experiments only mullite is obtained. This observation could be explained in terms of 
reaction kinetics, which influences a more advanced mullitization process at slow-firing conditions. 
L.S. and W.A. characteristics can be modified by adding the previously mentioned materials. AL 
and AC sands decrease the L.S. values but they cause a slight increase of the temperature of 
vitrification (1150-1200°C). The addition of quartz does not improve any of these parameters, 
even causing the opposite effect probably due to its granulometry. The addition of fly ash does not 
substantially affect the original properties of the raw material, despite of a decrease in the W.A. 
value. 

Conclusions 

On the basis of the mineralogical characterization and taking into account the chemical 
composition and the firing characteristics of the studied materials (W.A. close to zero, and 
L.S. _10%), it can be established that these clays have the specifications required by the 
ceramic industry for their application in the manufacturing of red stoneware. 
The values of L.S. and W.A. are clearly dependent upon firing conditions. The temperature 
to keep these values within the optimal range for such application is lower for slowfiring 
cycles (1100-1150°C). Finally, AL and AC sands appear to be the most appropriate additives, 
since they decrease the L.S. of the original clayey raw materials. 
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10. MOSSBAUER SPECTROSCOPY SIGNATURES OF IRON IN SOME 
EGYPTIAN KAOLINS AS GUIDES FOR INDUSTRIAL APPLICATIONS. 

A.K.M. Attia',N.H. Sheta2,M.S. Hassan', S.N. Boulis', and N.A. Eissa.1 

1 Central Metallurgical Research and development Institute P.O. Box 87 Helwan, Cairo, Egypt. 
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City, Cairo, Egypt. 

Introduction 

Iron, in the trivalent state is one of the most common and damaging impurities in commercial 
kaolins. Particularly, iron is generally an unwanted pigment and it detracts from visual whiteness 
of kaolinite materials, and thus from its commercial value. 

Methodology 

X-ray diffraction, X-ray fluorescence, dissolution analysis (DCB) and Mossbauer spectroscopy 
allow analysis of the iron in kaolinite materials. From studies of raw and bleached materials, it is 
possible to get an accurate picture of the various forms under which iron is associated with 
kaolinite. 

Results and Discussion 

Chemical analysis of studied kaolinite samples shows an iron content as high as 2% Fe20,. 
Mineralogical and dissolution analysis by DCB show, however, that only a fraction of this amount 
of iron is present as iron oxide, the balance occurring as substituted in the kaolinite lattice. 
Mossbauer spectroscopy parameters of natural and bleached samples at room temperature and at 
liquid nitrogen indicate that the trivalent iron, the most abundant impurity in kaolinite particles is 
present as well in two distinct substitutional sites in the kaolinite lattice as in the form of iron 
oxide-like or Fe-gel like phases occluded between kaolinite lamellae. This can be explained by a 
dissolution-recrystallization process during steady state diagenesis. 

Conclusions 

The investigated properties can be used to define some simple guides for prospection and 
industrial applications with respect to iron impurities. 



1 l.CENOZOIC CLAYS OF BELARUS: COMPOSITION AND PROMISING USE 
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2201419, Minsk, Belarus 

Introduction 

Clays found within Belarus are formed under various facies conditions and are confined to 
definite stratigraphic horizons. We have studied clays from sedimentary strata ranging in 
age from the Oligocene to the Pleistocene. Comprehensive investigations were aimed at the 
reconstruction of the Cenozoic clay sedimentogenesis conditions and elaboration of suggestions 
for mineral resources searching. 

Methodology 

A number of field and laboratory methods including petrographic, granulomere, mineralogical 
and chemical ones have been applied. Scanning electron microscopy (Jeol JSM-35C) and 
microprobe REM-100U have been used. 

Results and Discussion 

It was found that clays of Belarus are polymineral. Vertical zonality observed in the Cenozoic clay 
minerals distribution is typical for the southern regions of Belarus. A stratigraphic zone of kaolinite 
clays with smectite admixture confined to the Late Oligocene- Middle Miocene describes the 
brown coal formation. The mineral composition of clays agrees well with their belonging to 
freshwater lakes. A zone of smectite clays with kaolinite and hydromica admixture characterizes 
the Late Miocene smectite clay formation. Pleistocene deposits typically show hydromica clay 
composition. Zonal variation of the clay mineral composition in the vertical section corresponds 
to lithological and facies variation and to the sedimentation environment changes. Clay minerals 
are mostly allothigenic but the authigenic kaolinite and gibbsite occurrence is quite possible on 
contacts with brown coals. The presence of mixed-layered hydromica-montmorillonite mineral is 
indicative of diagenetic transformations. Major sources of clay minerals are Paleogene glauconite-
quartz rocks, weathering crust developed over crystalline rocks of the Mikashevichy-Zhitkovichy 
horst, Mesozoic kaolinic crusts of weathering on the northern slope of the Ukrainian Shield and 
leaching crusts overlying marl-chalk rocks. Investigations carried out have distinguished the 
following major types of clay rocks among Cenozoic deposits of Belarus, which are used in 
industry or showing potentially useful properties. 

1. Upper Oligocene kaolinite-smectite refractory, more seldom fire clays. They occur under 
favorable mining conditions and are used at present for brick, refractory brick and pottery 
manufacturing. 
2.Upper Miocene-Lower Pleistocene strata of smectite lacustrine clays are widespread 
within the Pripyat Trough, especially in its south-eastern part. These clays can hardly be 
used for brick manufacturing because of a low resistance to drying. New technologies need to 
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be used. 
3. Speckled kaolin refractory and fire clays. Associated with it are quartz monomictic sands 
and sandstones with kaolin cement, which can be used for kaolin and high-quality sand 
manufacturing. Some clay varieties can be used for manufacturing brick, pottery and refractory 
earthenware. 
4.Pleistocene aqueoglacial, mainly hydromica varved clays are widespread in the territory 
of Belarus. They are used for manufacturing building materials and ceramics, concrete 
aggregates, adsorbents and catalysts, binder production, etc. 

Conclusion 

Further prospection investigations of clays and clay minerals of Belarus will be aimed at revealing 
mostly monomineral finely-dispersed clay varieties for industrial utilization. 
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12. THE EFFECTS OF BENTONITES DEPOSITED IN UNYE PROVINCE ON 
CERAMIC STRUCTURAL PROPERTIES 
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2 Istanbul Technical University. Faculty of Chemistry-Metallurgy, Department of Metallurgical 
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Introduction 

The aim of this work is to demonstrate the applicabilitiy of bentonite deposited in Ordu 
city-Unye province - Karahamza regions for a casting slip recipe, and perform the physical, 
chemical and mineralogical characterization. 

Methodology 

The base composition contains 22% Na-Feldspar, 46% A404 casting kaolin, and 28% quartz, has 
been used in experimental investigations due to its most suitable cast property. In prepared 
mixtures, feldspar ratio has been kept as constant, the amount of kaolin and quartz have been 
decreased with the increasing of bentonite addition. The prepared mixture was formed in a 
(20x2x1.5cm.) rectangle prism mold. Drying-shrinkage properties were determined. Dried tablets 
were fired to 1200°C in a furnace. Their dimensional changes, and water absorption were 
investigated. The dry strength of the tablets were obtained. Furthermore, casting rate of the 
prepared slip was determined 

Results and Discussion 

It has been observed that drying shrinkage increased from 6% to 27% and plasticity from 16% to 
75% while the bentonite in the mixture was increased from 4% to 24%. With increasing bentonite 
content, water absorption reaches zero value. The highest dry strength values were determined 
as 65kg/cm2, 41 kg/cm2 and 58kg/cnr for 24% Karahamza-3, Karahamza-4 and Karahamza-6 
bentonite addition, respectively. The results are shown in Table 1 and Figure 1. 
It has been established that bentonite samples could remain 80-90 percent hard and non-plastic 
materials in mixtures as a suspension and formed slip could keep casting properties. Maximum 
usage ratio of Karahamza bentonites for 3, 4 and 6 regions can be employed 5%, 10% and 7% 
respectively. Casting rate of prepared slip decreased with increasing bentonite content and 
obtained values were a maximum of 4.75mm2/min. and minimum of 0.50mm2/min. 
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Table 1. Plasticity, dry shrinkage, total shrinkage and water absorption properties of the mixture 
containing bentonite from 4% to 24%. 

Bcntunite (%) 

Kll-3 
KII-4 
KII-6 

Kl 1-3 
K I M 
Kl 1-6 

Kll-3 ' 
KIl-4 
Kll-6 

Kl 1-3 
Kll-4 
Kl 1-6 

4 

30.25 
16.64 
27.37 

2.30 
1.45 
2.00 

7.40 
6.40 
7.00 

3.50 
4.36 
4.00 

Plasticity(%) 

8 

38.66 
30.88 
33.00 

12 

45.80 
38.96 
42.60 

Dry shrinkage (%) 

7.30 
3.00 
3.00 

14.10 
4.70 
5.35 

Total shrinkage (%) 

12 22 
11.00 
12.50 

20.39 
12.30 
16.00 
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Figure l Dry strength properties of the mixture containing bentonite from 4% to 24%. 

Conclusion 
The use of bentonite from Unye was investigated in a casting slip, while keeping the feldspar 
ratio constant. Dimensional shrinkage and plasticity were observed with the increase of the 
bentonite content in the mixture. The highest dry strength values were determined as 65kg/cm2, 
41 kg/cm2 and 58kg/cm2 for 24% Karahamza-3, Karahamza-4 and Karahamza-6 bentonite 
addition, respectively. The casting rate of prepared slip decreased with increasing bentonite 
content, obtained values were maximum 4.75mnr/min and minimum 0.50mnr/min. 
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13.THERMAL CONDUCTIVITY OF CLAYS LINDER THERMO-
HYDROMECHANICAL LOADING 

Irini Djeran-Maigre*, BehroozBazargan-Sabet** Serge Chanchole** 
*IUP - GC, Université de Cergy Pontoise, 95033 Cergy Pontoise Cedex, France 
**G.3S - LMS, Ecole Polytechnique, 91128 Palaiseau Cedex, France 

Introduction 

In the safety assessment of a nuclear waste repository in a clay, the diffusion phenomena are of 
primary importance. The evaluation of those phenomena requires a detailed knowledge of the 
thermohydromechanical couplings in the porous media. For instance, the thermal field in the 
medium depends on the thermal conductivity which is a function of temperature, of the mechanical 
stress and the pore pressure. In this paper we study the evolution of the thermal conductivity of 
clays as a function of temperature under constant hydraulic and mechanical loadings. We present 
results of experiments carried out in an original cell specially designed for the study of the 
thermohydromechanical properties of clays. 

Methodology 

Material - Our experiments are made on a 100% saturated Provins clay which is a 95% kaolinite, 
with an initial density of 2.14 and an initial porosity of 0.33. 
Cell - The experimental cell is designed for cylindrical samples, 100 mm diameter and 200 mm 
height A heat disposal made up by five resistances allow us to create an homogeneous temperature 
field (AT<0.1°C) in the sample up to 200°C. The confining pressure can reach 50 MPa. An 
independent hydraulic system controls the sample pore pressure . 
Measurement Method - In order to measure the thermal conductivity of clay, we use a non steady 
state method called "thermal impact": Heat is liberated at a constant rate from the heat source and 
flows into the test specimen. Temperature rise at a given time is a function of the rate of heat input, 
geometry of the system and the thermal conductivity of the clay sample to be tested. We use a ring 
heat source probe which is a ring shaped heater, 2 cm in diameter. A thermocouple is mounted in 
the exact centre of the probe. The probe is placed between the two parts of the sample, the latter 
is big enough to ensure that no heat crosses the boundaries. For a ring probe, the calculation of 
thermal conductivity is expressed by: 

4nAr 4oi 

Q: thermal flow of the heat source; AT: temperature increase; r: probe radius; t: time 
a: thermal difüisivity which is calculated by a= r/6tm 
tnl: time corresponding to maximum of the dT/dt 

Results and Discussion 

A cylindrical cored sample in a non remoulded saturated clay is placed in the cell. 2 MPa isotropic 
confining pressure is applied by means of a highly accurate volume/pressure controller set. The 
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pore pressure is imposed and kept constant at 0.7 MPa by means of another volume/pressure 
controller. Due to the five heat sources a homogeneous fixed temperature is applied to the sample. 
After stabilisation of the whole system we proceed with the thermal conductivity measurements. 
We made measurements for 6 different levels of temperature: 20, 30, 40, 50, 60 and 100°C and 
each result is an average of 20 measurements. Figure 1 shows the evolution of the thermal 
conductivity versus temperature. One can see that the decrease of K is a non linear function of 
temperature. A simple modelling to relate this phenomenon could be: 

K = Kf lexp(-P(T-Tn)) 
represented by the curve in dotted line in the figure 1. 

•£ 2.1 

Conclusion 
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Figure I : Thermal conductivity versus temperature. 

This experiment emphasizes the role of the temperature in the evolution of the thermal 
conductivity, for a natural saturated clay.The results have a great importance for the nuclear waste 
storage application. The experiment seems to prove that the temperature of the rock mass in the 
vicinity of the exothermic waste must increase constantly. Indeed the heat flow emitted by the 
waste in the intimate contact with the clay generates the temperature rise. This induces a decrease 
of the thermal conductivity and so implicates a new increase of the temperature. 
We can conclude that in the case of a kaolinitic material in the range of temperature between 20 
and 100°C the decrease of the thermal conductivity is about 10%. Such a result should be 
compared to other clays, specially those having hydrated layer spacings as smectites. 
Nevertheless, in this work the pore pressure and the confining pressure are held in a constant value 
for all temperature levels. That means that we do not take into account the influence of those two 
pressures in the evolution of the thermal conductivity. 
The next step of this work will be the introduction of the contribution of other coupled parameters 
with temperature, such as confining pressure and/or particularly the pore pressure. 
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l.MICROTEXTURE, SURFACE ROUGHNESS AND MECHANICAL PROPERTIES OF 
SMECTITE DEPOSITS AND FILMS 

Mokhtar Zabat', Marylene Vayer-Besancon1, Rachid Harba2, Gerard Jacquet2, Sylvie Bonnamy1 

and Henri Van Damme1 

1 Centre de Recherche sur la Matiere Divisee, CNRS and Universite d'Orl,ans, 45071 Orleans 
cedex 2, France 
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Introduction 

Our aim is to understand and establish quantitatively the relationships between the short 
range (subnanometer) interlayer interactions and the global transport (diffusion, permeability) and 
mechanical properties of solid smectite deposits at larger length scales. The link between the two 
aspects is clearly the knowledge of the (micro)texture. This problem is relevant to many natural 
or technological situations including formation of sedimentary rocks, oil migration, swelling of 
shales, nuclear waste disposal, filtration, thin film growth for ceramic coatings, nonlinear optics, 
electrochemical sensors or slow release in plant seed pelletization. 
In a previous work, we showed that the sample size dependence of the nitrogen BET surface 
area and open porosity of more than twenty different cation-exchanged solid smectites 
could be quantified in terms of scaling exponents (or fractal dimensions, D). Thus, property 
X (nitrogen BET surface area, open porosity) measured on mechanically cohesive samples 
of size R between a few £/m and a few mm was found to scale as X~RD, with D ranging from 
2.4 to 3. Furthermore, the scaling exponents could be related to the coherence length lc of 
the layer stackings at nanometer level, as measured from 001 diffraction line width. The two 
extreme situations are low charge and/or strongly hydrated cations on one hand (type I, 
such as Li+ or Na+) and strongly polarizing and/or weakly hydrated cations (type II, such 
as La3+, A l v or Cs") on the other hand. The former are characterized by small lc, non trivial 
scaling exponents (close to 2.5), and a compact structure (small total porosity, small open 
porosity and small accessible surface area). The latter are characterized by a large lc, a scaling 
exponents equal or close to 3, a low compacity (large total porosity) and an open texture (large 
surface area and open porosity). The two extreme cases were described as en/angled clays on one 
hand and stacked clays on the other hand. Local stacking order (local orientational and positional 
correlations) is weak in the first case, but may propagate with a gradual decrease over long 
distances without large defects, whereas it is strong in the second case, but collapse abruptly 
beyond a distance equal to the stack thickness. Stacked clays are properly described as open card-
house-type assemblies of thick and rigid "quasicrystals", whereas entangled clay samples are better 
considered as giant and quasicontinuous assembly of flexible units 
In this paper, we will address specifically two complementary aspects -surface roughness 
and tensile stength- in order to reinforce (or to question) the previous picture and to correlate it 
with mechanical properties. Both types of measurements were performed on self-supporting films. 

Methodology 

Materials - The samples were prepared by purifying and cation-exchanging (with Li, Na, 
Cs, Ca, Mg, Ba, Al, La) a Wyoming bentonite according to classical procedures. The films 
were casted by filtering 1% (by weight) suspensions through a 0.22 fum Millipore filter. The 
weight of the air-dried films was close to 3 mg/cm2 

Methods r The surface profiles (upper sides of the films) were measured with a Park Scientific 
Instrument atomic force microscope in the air. The tensile mechanical behavior was tested with 
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a home made apparatus adapted to very small loadings. The 5 mm long x 10 mm wide samples 
were glued on two metal sliders which were horizontally pulled apart with increasing load under 
an optical microscope. Strain was monitored with a displacement sensor in contact with one of 
the metal sliders. 

Results 

Surface roughness - A first qualitative examination of the surface profiles show distinct 
differences between cations. Na- and Li-exchanged samples (type 1) have surfaces with long 
(small frequencies) fluctuations (x and y axis) of relatively small amplitude (z axis), but with 
fluctuations extending to small scale. On the other hand, Cs-, Al- and La-exchanged materials 
(type II) exhibit much larger peak-to-valley amplitudes and fluctuations, with a prismatic-like 
profile i.e. with quasi linear profiles between big accidents. Divalent cations induce an intermediate 
behavior 
Many rough surfaces generated by irreversible growth (fracture, deposition) exhibit a profile which 
may be modeled in terms of fractional gaussian noise, which is a selfafhne fractal function such 
that the amplitude of z-axis fluctuations relates to x-axis increments by <AZ2>-Ax2H. H is the 
Hurst exponent. H=l is the limit of very "persistant" profiles. Fluctuations in one direction 
(increasing altitude for instance) tends to continue in the same direction. H=0 is the opposite limit 
of very "antipersistant" surfaces where a fluctuation in one direction is very rapidly rolllowed by 
a fluctuation in the opposite direction. 
All profiles could be satisfactority described using such functions, from 5 zm to a few tens 
of nm. Type I samples have H values close to 0.8 whereas type II samples have II values 
close to 0.9. 
Mechanical behavior - All samples exhibit visco-elasto-plastic behavior with creep hardening to 
a variable extent. The plastic deformation at rupture is much larger with type I ions than with type 
II ions. The stress at rupture is also much larger in the former case. 

Discussion and conclusion 

The trend that we obtained for the surface profiles is in good agreement with the qualitative 
morphomechanical picture outlined in the Introduction. The cations inducing strong local 
stacking order are also those which lead to very persistant surface profiles with roughness 
of large amplitude. This is the type of profile that one expects when sedimenting rigid ("brick"-
like) particles. The internal details of the structure at small length scales are screened by the 
rigidity of each brick. On the other hand, the cations which do not impose strong interparticular 
correlations are also those which lead to film surfaces with small roughness amplitude and less 
persistant profiles, but the roughness extends to small scales (large frequencies). This is the type 
of profile that one expects when sedimenting thin and flexible ("sheet"-like) particles. All the 
undelying details of the texture are revealed on the surface. 
As far as tensile mechanical behavior is concerned, our results show that the entangled clays 
have a much larger cohesive strength and visco-plastic behavior than the stacked clays, 
which approach fragile behavior. 
In conclusion, we have shown that simple clues, confirmed by experiments, allow for the 
qualitative prediction of mechanical property trends in smectite films or deposits. As pointed out 
in the introduction, the real challenge is to develop a quantitative model of compression, shear, and 
tensile properties based on the knowledge of the molecular surface forces and the mechanical 
properties of individual clay layers. At present, computer simulation seems to be the only tractable 
way to build the microtexture and to calculate macroscopic properties. 



2.PERMEATION THROUGH POLYMER/Na-MONTMORILLONITE-MODIFIED 
ELECTRODES 

Jean-Marie Sequaris 
Institute of Applied Physical Chemistry IPC, 
Forschungszentrum Julich, D-52425 Julich, Germany 

Introduction 

Clay minerals in soils and sediments act as natural barriers to the transport of pollutants. However 
the adsorption of natural and synthetic polymers may modify their filtration properties. To 
approach the mechanism of permeation of pollutants, the utilization of a claymodified electrode 
(CME) has been proposed [1]. In this study, the permeation properties of Na-montmorillonite 
CME have been investigated after mixing anionic or neutral polymers: polyacrylic acid (PAA) and 
polyvinylpyrrolidone (PVP) respectively, into the clay film .The voltammetric redox electrode 
reaction of Fe(CN)f)

3", an industrial contaminant, is used to examine the permeation of clay films 
spin-coated at a Pt electrode. Indeed, the highly negatively charged iron cyanide complex is 
expected to be totally repelled by clay surfaces and thus freely penetrate Na-montmorillonite clay 
films. 

Methodology 

Materials 
- PVP (BASF) and PAA (ALDRICH) of different molecular weights 
- Na-montmorillonite 
- Pt-electrode (METROHM) 
Techniques 
- CME was prepared by transferring 2ul of the Na- montmorillonite dispersion (10g-40g/L) to 
the surface of the Pt electrode. The coating was allowed to dry in air by rotating the Pt electrode 
at 1000 rpm for 30 min. 
- Voltammetric measurements were performed with a BAS 100 A. 

Results and Discussion 

Fundamental characteristics of CME: 
Fundamental characteristics of the CME must first be defined before investigating the effects of 
polymers. Conditions for the mass transport regime were studied by varying the linear potential 
sweep rate in cyclic voltammetry or the rotation rate of CME. In cyclic voltammetry, a transition 
from a steady-state plateau-shaped voltammogram onto a classical well defined peak-shaped 
voltammogram is obtained at low potential sweep rates, depending on the thickness and the 
structure of the clay film. Indeed not only is the adsorbed amount of clay decisive but also the 
dimensions of the tortuous channels in swelling clay films. 
In 0.2M KC1, under low swelling conditions for montmorillonite, transitions are observed at 
critical linear potential sweep rates varying from 0.2Vs"' to 0.01 Vs"1 when the adsorbed amount 
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amount of clay increases from 0.25 mg/cnr to 1 mg/cnr. 
The existence of a plateau-shaped cyclic voltammogram is related to the formation of a constant 
diffusion layer outside the film. The CME operates as a niicrohole array electrode. For higher 
linear potential sweep rates, the presence of a peak-shaped voltammogram is characteristic of a 
time-dependent diffusion layer residing in the microchannels of the clay film. These latter 
experimental conditions, fixed by a potential sweep rate of 0.05 Vs*1 and an adsorbed clay amount 
of 1 mg/cnr, allow a better comparison of permeation properties inside the clay films [2]. 

Effect of NaCl on the swelling of CME: 
The effect of NaCl concentration on the permeation of the clay films was investigated by 
measuring the ratio of the cyclic voltammetric current peak intensities obtained at CME against 
the response obtained at a bare electrode. In a salt concentration range from 4M to 10*2M NaCl, 
an increase of the permeation can be related to an increase of the swelling properties of Na-
montmorillonite clay films (1 mg/cnr) measured by XRD and of the corresponding sedimentation 
volumes of clay solutions (40g/L Na-montmorillonite). 

Effect of polymers on the permeation of CME: 
The effect of the addition of polymers on the permeation of clay films was investigated in 0.2M 
NaCl solution. Anionic or neutral polymers, PAA and PVP, were added in Na-montmorillonite 
solution in a weight to weight concentration range of up to 5% or 0.05 mg/cm2 in CME. A relative 
increase of the voltammetric response (Ip/Ip„=2) can be shown in the presence of a low molecular 
weight PAA (Mw 2000), while PVP lowers the voltammetric signals (Ip/Ip„=0.4 for Mw 45000). 
From adsorption studies and XRD measurements, it can be proposed that neutral PVP induces 
shrinking and blocking effects due to an intercalation into the interlayer space of Na-
montmorillonite. In the case of low molecular weight PAA, an exclusive adsorption at edge faces 
may favour the swelling of the clay film by breaking edge to face interactions. 

Conclusion 

The sensitive response of CME to the addition of polymers shows that the permeation of 
modified Na-montmorillonite films can be easily followed by voltammetric methods. 

References 

1. P. Subramanian and A. Fitch, Environ. Sci. Techno!., 26, (1992), 1775-1779 
2. A. Fitch and J. Du, J. Electroanal. Chem, 319, (1991), 409-414 

264 



3.AN1SOTROPIC ELECTRICAL PROPERTIES OF TRIOCTAHEDRAL 
PHYLLOSILICATES 

S Gall and H. Graf v. Reichenbach 
Institute of Soil Science and SFB 173, University of Hannover, Herrenhauser Str. 2, 30419 
Hannover, Germany 

Introduction 

In order to preserve an equivalent charge distribution the chemical oxidation of biotites has 
to imply the transport of negative as well as of positive charges within the structure. For the 
transport of electrons, hopping mechanisms either between structural Fe'l/Fe™ in the midplane of 
the octahedral layer or, under appropriate conditions, between interlayer ion species deserve 
special attention. From both mechanisms a considerable anisotropy of the electrical conductivity 
can be expected to result, the extent of which should in the case of charge transfer along the 
octahedra distinctly depend on the content of structural iron. 
The aim of this study was to compare the electrical properties to be obtained parallel (±001) 
and normal (||001) to the layer plane. 

Methodology 

Flakes of two natural biotites (Moen, Norway and Miask, Russia) and two natural vermniculites 
(Benahavis and Sta Olalla, Spain) were cut into sections of 4*2 cm in area and 0.5 cm in thickness 
for measurements parallel to the layer plane. For those in the perpendicular direction, crystals were 
thinned to about 100(im and cut into discs 0.7 cm in diameter. A phlogopite single crystal (CNRS, 
Orleans, France) was used as an iron-free reference Pt electrodes were attached to the sample 
surfaces. The ac conducting properties were determined by using an impedance analyser (HP 
4192 A parallel RCmode, 1-1,000 kHz). Dc measurements were carried out using an arrangement 
of power supply (Jaissle 10 000TB) and voltmeters (Keithley, DMM 172 and 197) The 
temperature was varied between 290 and 880 K/l/. 

Results and Discussion 

The Arrhenius plots of the ac conductivities observed at 1, 10, 100 and 1,000 kHz for biotite 
Miask are shown in figure 1. Comparison between the data obtained with the electrical field 
(±001) versus (11001) reveals strong anisotropy favoring the charge transport along the layer 
plane by several orders of magnitude. 
The observed conductivity can be separated according to the equation olot = odc(T) + a3C(w,T) 111. 
The values of adc were deduced from the low frequency ac contributions The dc part, which is 
indicated by the dotted line in figure 1, follows roughly the Arrhenius law with an activation 
energy of about 0.6 eV. Similar results are obtained with biotite Moen, for which odc was directly 
determined. The relation between o.c and the occupancy of the octahedra with iron is shown in 
figure 2, for selected conditions (T = 573 K, v = 1 kHz, ±001) and a number of trioctahedral layer 
silicates varying widely in their iron contents. In addition to the strong increase of conductivities 

265 



shown in figure 2, also its anisotropy is found to be considerably enhanced with increasing iron 
contents. 

2.0 2.5 
1000/K 

Fig. 1: Arrhenius plot of ac conductivity at 1, 10, 100 
and 1000 kHz labeled circles, triangles down, 
squares and triangles up, respectively. Dotted 
lines indicate the dc contributions. Hollow sym
bols obtained parallel to the layer plane, filled 
ones obtained normal to the layer plane. 
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Fig. 2: Electrical conductivity parallel to the layer as 
a function of the octahedral (Fe/Fe+Mg) -ratio 

for biotite Miask (circle), Moen (septan), vernii 
cttlitc (triangle up), Sta.Olalla (triangle down), 
phlogopite (square upright); T=573 K, v^lkllz. 

Conclusions 

The observed directional and compositional effects upon the conductivity of trioctahedral 
layer silicates can be explained by a two-dimensional percolation model with conducting 
paths related to the iron content in the octahedral layer /I/. The conductivity perpendicular 
to the layer plane is suggested to be mainly defect controlled and to depend less on the iron 
content 
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4.INTERLAMELLAR POLYMERIZATION OF SILICATE IN LAYERED DOUBLE 
HYDROXIDES. 

F.Z. El Metoui1, C. Forano' A. de Roy1, J. Dupuy2 and J.P. Besse1 

'Laboratoire de Physico-Chimie des Matriaux, URA CNRS 444. 
2 LASMEA, URA CNRS 1793, 
Universite, Blaise Pascal, 63177 Aubiere cedex - FRANCE. 

Introduction 
The Layered Double Hydroxides (LDH), also denoted as anionic clays, are the only familly 
of inorganic lameljar compounds formed by a stacking of positive sheets of composition 
[M"1.xM

m
x(OH)2]

x" separated by solvated anionic species [Xq"x,q.nH20]. The simplified 
nomenclature [lCl"-Mm-X] is often used to abbreviate the chemical formula? 
These materials find applications mainly in heterogeneous catalysis, but promising developments 
are expected for electrochemical analysis, electrocatalysis, protonic conduction and separation 
processes. 
The LDH opened structure involves nonselective anionic exchange and intercalation properties 
and then can accomodate a wide variety of interlamellar species. Such materials are ideal 
precursors of new nanocomposite pillared structures. However the limited size and charge of the 
Bigger oxometallate anions and the high charge density of the host structure has prevented 
attaining consequent interlamellar microporosity. Indeed the basal spacing for the oxopolyanions 
containing LDH never exceeds 14 A while intercalation of Alu hydroxo cations in cationic clays, 
for example, yields to higher interlamellar expansion . In order to obtain new microporous 
nanoreactors, attempts to pillar [Zn-AI] and [Zn-Cr] LDHs by anionic silicate nanoparticules has 
been investigated. 

Methodology 
Materials - Intercalation of silicate - species in [Zn-Cr] and [Zn-Al] LDHs has been obtained either 
by anionic exchange reactions on a chloride LDH precursor or by the direct coprecipitation of a 
mixed solution of Zn2' and Al3* salts by a sodium hydroxide solution at constant pH. Such 
reactions occur provided the pH of the solution is greater than 9.0, value over which silicates are 
soluble. 
Techniques-Characterization of the resulting new nanocomposites has been performed by 
PXRD (figure 1) FTIR and 'H 27A1 and 29Si solid state NMR. 
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Figure 1: PXRD of [Zn-Cr-Si04] and [Zn-Al-Si04] prepared by exchange reaction on chloride 
phase at pH= 12.0. 

Results and Discussion 

Powder X Ray diffraction patterns of the silicate LDH phases are related to typical L0DH 
diffractograms (figure I). For the [Zn-Cr-SiOJ, a unique interlayer distance of 11.84 A is 
observed; while for the [Zn-AI] system depending on both the method of preparation and 
the synthesis pH value, LDHs with two different interlayer spacings, 12.45 A or 7.65 A, can 
be prepared. An analogous 12 A LDH phase has been reported for the chemical composition 
[Mg3Al(OH)8r [HSi2Os] 
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r J I J \ n a t a j ^ ? in agreement with two different types of silicate interlayer condensations in 
[Zn-AIJ and [Zn-Cr] matrix, respectively based on normal and inverted Si,07 units (figure2). 

Figure 2: The two condensation modes of Si04 unit in a) [2n-Cr-Si04] and b) [Zn-AlSi04]. 

For both silicate containing [Zn-Al] LDHs, >H, ~}S\ and 27A1 NMRresults confirm the intergrowth 
of silicate layers between the brucite-hke sheets resulting in a spontaneous condensation of the 
° u

c t ^ d r a l a n d t e t r a h e d r a l layers >n a similar manner of 1:1 or 2:1 phyllosilicates (figure3) Indeed 
the ~ Si NMR spectra of these phases are well resolved in a series of overlappinc peaks shifted bv 
values less than 5 ppm typical of Q3 (Si(OSi), v(OAl)v(OH)) and Q4 (Si(6Si), v(OM)v(OM')) Si 
condensation order. This condensation is made possible by compatible distances of condensable 
groups. Hexagonal symmetry should be retained after the reaction 
Moderate thermal activation, followed by PXRD and FTIR leads to different behavior of 
the new, lamellar sihcated [Zn-Al] and [Zn-Cr] structures. In the former cases the basal 
spacing remains unaffected under moderate thermal treatment while, for [Zn-CrSiO.] a 
strong interlayer contraction (~ 4.20 A) occurs, simultaneous to a quantitative water loss 
observed on the TGA curve. This is indicative of an important structural change of the 
interlamellar domain, arising from an analogous layer to layer condensation process which 
occurs spontaneously in [Zn-Al-Si04]. 

Figure 3: Hexagonal symmetry retention under brucite and silicate layers condensation. 

Conclusion 

The attempts to pillar LDH by silicate nanoparticules has failed but unexpected 
interpolymerization of layered silicates in brucite like LDH layers results in the obtention 
of novel clay-like structures. This appears as a promising synthetic approach to prepare, 
via a "chimie douce" route, new synthetic clays with tunable metal cation compositions 
Expected new structural and chemical properties would result in interesting catalytic applications 
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5.SYNTHESIS AND ELECTROCHEMICAL STUDY OF ANIONIC CLAYS 
INTERCALATED WITH FERROCENE D1SULFONATE 

S. Therias et C. Mousty 
Laboratoire d Electrochimie Organique, URA 434, Universite Blaise Pascal 63177Aubiere 
Cedex (France) 

Introduction 

Since 1980 research has arisen focusing on the preparation and characterization of electrodes 
modified with inorganic structured materials, such as zeolites and clays. Most of the studies on 
clay modified electrodes have been done with swelling cationic clays known as smectite clays 
Since 1987, several papers have dealt with electrodes modified with synthetic hydrotalcite-like 
clays such as Layered Double Hydroxides (LDH). In particular, we have reported a structural and 
electrochemical characterization of LDH exchanged with organic electroactive anions bearing a 
sulfonate group, such as nitrobenzene sulfonate, anthraquinone mono- and disulfonates [1] and 
ABTS (2,2'-Azinobis (3-ethyl benzothiazole sulfonate)) [2] In the aim to better understand the 
electronic transfer in these insulator materials, we have intercalated the ferrocene disulfonate 
(FDS), which constitutes a good reversible electrochemical probe and a redox mediator to test a 
model reaction in electrocatalysis 

Methodology 

Materials The precursor material Zn2Cr(OH)6Cl, 2 H20 denoted [Zn-Cr-Cl], was synthesized by 
the co-precipitation method [1]. FDS was intercalated in to the host structure either by an 
exchange reaction or by a direct co-precipitation as previously reported for ABTS [2] . 
Techniques Anion-exchanged LDHs [Zn-Cr-FDS] were been characterized by IR spectroscopy, 
powder X-ray diffraction (PXRD), elemental analysis and XPS spectroscopy. Anionic clay 
modified electrodes were prepared either by a film coated on a glassy carbon surface [ 1 ] or by a 
mixed carbon paste (EPC)[2] Electrochemical studies were made by cyclic voltammetry . 

Results and discussion 

Structural characterization 
The IR spectra of [Zn-Cr-FDS] show characteristic bands due to FDS, which gives evidence of 
the presence of FDS. The indexation of the PXRD patterns of anionexchanged LDHs leads to a 
d spacing of 15.0 A which is nearly two times larger than that of the precursor [Zn-Cr-Cl] (d = 
7.71 A) This increase in the distance between two successive sheets strongly indicates the 
intercalation of FDS. The results of elemental analysis indicate that a high degree of intercalation 
is attained (83-1 00 %). In the case of the co-precipitated sample, the discrepancy between the 
iron present in FDS and the iron detected in the sample leads us to think that part of the iron could 
be placed in the sheet with Zn and Cr. The supposed formula would be Zn, fiFe0 38Cr(OH)6(FDS)o.55 

5 H20. XPS spectra have actually shown two kinds of iron one corresponding to FDS, the other 
to an iron linked with oxygen. Further investigations to confirm this fact are being carried out, in 
particular with Mossbauer spectroscopy . 
Electrochemistry of the incorporated FDS 
The shape of the voltammogram obtained with the [Zn-Cr-FDS] modified electrode (Fig lb) is 
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compared to that given by FDS in solution at a bare electrode (Fig la). The potential of 
the oxidation peak is more positive, which shows that FDS's oxidation becomes slightly more 
difficult and the peak potential difference (AEp) increases showing a decrease in the reversibility 
of the electron transfer. The apparent diffusion coefficient for FDS intercalated in the LDH has 
a very low value (2 x 10"11 cmV), (as well as with anthraquinones [1]). An electrolyte effect has 
shown that, as for ABTS [2], LiC104 was the most appropriate one. In order to test the 
potentialities of these materials in redox catalysis, we have tried to oxidize the D-glucose in the 
presence of glucose oxidase (GO) enzyme at a [Zn-Cr-FDS] modified electrode. Preliminary 
results show a loss of reversibility for the redox process of FDS which suggests its role as redox 
mediator. 

- a : I x 103 mol r1 FDS 
at unmodified EPC 

1 b : [Zn-Cr-FDS]/EPC 
j Electrolyte : 0.1 mol l"1 LiCIO, 
! v = 50n'iVs'' 
1 
I 

(Fig.l) 

Conclusion 

These results demonstrate that LDH can be exchanged with organic electroactive anions 
which form pillared layered structures vvithin electron transfer occurs. These electro-active 
materials have potential applications in electrocatalysis. We plan to study biomimetic oxidation 
processes with water soluble porphyrins supported on LDH matrices. 
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Introduction 

The increasing demand for chemicals and products for protection from "hard" C-ultraviolet 
radiation, mainly due to the increased of skin cancer, has led to research on compounds formed 
by different chemicals. Known for their properties as ultraviolet absorbers, with clay minerals, 
in order to develop easy, cheap, and efficient systems for these purposes. We have previously 
reported on the preparation and properties of N-methyl-8-hydroxyquinoline adsorbed on 
montmorillonite [1] and sepiolite [2]. Methyl cinnamate is a common component of sun 
protectors as a filter. We report the preparation of the methyl cinnamate/montmorillonite 
complex, in order to assess if its protective properties are improved when supported on this clay. 
Instead of the method usually followed to obtain the drug-clay systems, we propose two 
alternative routes, consisting of grinding both components togetther and the melting of the drug 
on to the clay. 

Experimental 

Methyl cinnamate (hereafter MC) is a white solid (m.p.=34-36°C) soluble in acetone and 
benzene, and insoluble in water. Samples were prepared with drug/clay ratios from 1:100 
to 90:100. Samples G (grinding) were obtained by grinding mixtures of both components for 
10 min, while samples M (melting) were prepared by heating over 24 h. Grinding and heating 
times were checked beforehand to be sufficient to obtain the desired samples. 
The samples prepared were characterized by Powder X-Ray Diffraction, Thermal Analysis 
(Differential and Thermogravimetric) and FT-1R spectroscopy. 

Results and Discussion 

Visible-Ultraviolet spectra of the solids prepared (recorded by using the Diffuse Reflectance 
technique) indicates that the absorption ability was increased in the 290-190 nm. When 
compared to that of the unsupported drug. Adsorption isotherms (obtained by plotting the 
absorbance of the solid at an absorption maxima vs. the amount of drug in the sample) correspond 
to type "L" in the Giles' classification, indicating that adsorption sites are saturated as the amount 
of drug is increased. 
The basal spacing of montmorillonite increases by 4.2 Á in samples M, but only by 3.4 Á in 
samples G. Melting somewhat favours (more so than grinding) the introduction of the drug 
molecules into the interlayer space of the clay. FTIR spectroscopy and thermal analysis indicates 
that the amount of interlayer water decreases as the drug content in the samples increases, thus 
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confirming that water molecules are displaced from the interlayer space: The intensity of the 
endothermic DTA peak close to 100°C (due to molecuar water removal) decreases on increasing 
the amount of drug; on the other hand, the IR absorption band around to 1630 cm"1 (due to 
SH-,0 mode) weakens. 
FT-1R spectra of the drug/clay complexes formed indicates that the drug has not decomposed 
in any of the samples (M or G), its IR absorption bands merely increasing in intensity as 
the drug content increases. 
In order to assess the eftectiveness of the drug/clay complexes prepared, desorption in an 
aqueous medium with characteristics similar to those of human sweat (2.9 g NaCl and 0.75 
g KC1/1. and pH=5.5) was studied by soaking at 40°C a portion of the drag with this solution. 
After 6x15 min soaking treatments, only 4.3% of the drug in samples G, and 5.8% in samples M, 
had been desorbed. This indicates that, in addition to improving and even maintaining its ability 
for UV shielding, the dnig/clay complexes formed are stable and do not decompose when 
liberating the daig, under experimental conditions close to those of real use. 
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Introduction 

There are many studies on the intercalation of organic dyes in to phyllosilicates. Intercalation 
varies according to the combination of guest and host molecules, and many models which 
describe the orientation of guest molecule in the gallery of the silicate layer have been proposed. 
Arrangement of cationic guest molecules may be effected by the change of host charge 
because the Coulombic force also changes. Clays with a cation exchange capacity (CEC) of 
70 to 115 meq/100g were used as hosts for dye molecules in several studies. In this study Li 
fluor-taeniolite (LiTN. LiMg2LiSi4O,0F2) with its CEC of 149 meq/100g was used as a host for 
rhodamine 6G (R6G: C28H3]N20,C1) in which positively charged nitrogen atoms located on both 
sides of its longer axis. The purpose of the present work is to study the effect of high CEC on 
the orientation of R6G. 

Methodology 

Materials- LiTN used as the host was prepared from the synthetic Na-taeniolite 
(NaMg2LiSi4O10F2: Topy Industries) by ion exchange. The smallest fraction of dispersed LiTN 
was separated by centrifugation. The CEC of this fraction was measured by ammonium adsorption 
and was noted to be 149 meq/100g. A suspension of the fraction was pipetted onto a glass plate 
to form a thin film, and was used as the host material. A laser grade R6G ( Lambda Phsik GmbH) 
was used without further purification. 
Techniques - The clay-dye complexes were prepared by immersing the LiTN film in the R6G 
solution. The weight of host film was fixed at 50mg. R6G of 4, 12, 38 and 120mg in weight 
(which corresponds to 0.07, 0.2, 0.65 and 2 times the host CEC) was dissolved in de-ionized 
water. Ion exchange runs were made at 106 - 110°C, under lOOMPa for 2 days by the rapid-
quench type hydrothermal apparatus. After the run the taeniolite film was retrieved from the Au 
capsule and was washed with ethanol to remove the adsorbed R6G on the film surface. X-ray 
diffraction patterns were obtained at 30°C under controlled relative humidity of 20% by RINT 
2000, Rigaku. The integrated intensities of 001 reflections up to 11 were used for one dimensional 
Fourier analysis and the least-squares refinements assuming that (1) the long axis of R6G is vertical 
to the silicate layer and its occupancy is variable, and (2) the axis is parallel but its position and 
occupancies are variable. The TGA-DTA measurements were performed by TAS-200 thermal 
analyzer (Rigaku), operated at heating rates of 10K/min, from room temperature to 1000°C in air. 
A weight loss at 1000°C was used as a check from carbon analysis. 
The R6G content was determined by carbon analysis, which was measured by an automatic 
analyzer RW-12, from LECO, U.S.A. 
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Results and Discussion 

Basal spacings of the obtained R6G-LiTN complexes were found to be constant between 21.6-
22.3A, independent of R6G content varying from 10 to 33 wt% (in mole ratio of R6G to LiTN, 
from 0.1 to 0.45 ). The vertical alignment of R6G to the silicate layers in the complex was deduced 
from the following reasons: (1) With the assumption that the R6G molecule is rectanguler,the area 
ratios R6G / LiTN were calculated to be 0.59- 2.35 for a parallel orientation of R6G, and 0.31 -
1.25 for a vertical one. In the case of the parallel arrangement, change from single to double 
layered intercalation is expected; on the other hand, the vertical orientation keeps a single layered 
state for the whole range of R6G content. The vertical model is compatible with the constancy in 
the basal spacings. (2) The long axis length of R6G is 12A, which is consistent with the distance 
between silicate layers in the 22A complex. (3) Structure refinement reached to a final R-factor 
of 1.2% was obtained for the vertical model, but to as much as 20% for the parallel case. Fig.l 
shows the result of Fourier synthesis together with the proposed orientation model of R6G. (4) 
The layer spacing in the 22A complex would correspond to the three layers of R6G for parallel 
orientation; however, the formation of a R6G trimer has not been recognized so farl). 
R6G-clay complexes with 21A basal spacing ( R6G-montmorillonite and R6GLaponite XLG2)), 
which were supposed to have a vertical orientation of R6G molecule, are known only at narrow 
composition range of the (organic molecules) / (host silicates) ratio. The basal spacings of these 
complexes were found to change gradually from 14 to 21 A. In contrast, the present R6G-LiTN 
maintains 22A for a wider composition range. This vertical arrangement may be more stabilized 
by the more negatively charged silicate layer of LiTN than the other hosts which causes the 
stronger Coulomb force between positively charged nitrogen near the end of R6G and the host. 

Conclusion 

R6G orientation in the interlamelar of Li-
fluor taeniolite was revealed to be vertical in 
the range of R6G loaded from 0.01 to 2 
times of the host CEC. High CEC of LiTN 
leads to the wide stability range of a vertical 
arrangement. 

Fig.l Result of the one dimensional Fourier synthesis and the orientation model of R6G 
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8. CLAY MODIFIED OPTRODES AND ELECTRODES 
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Introduction 

This report details the development of a sensor for studying clay processes in situ in a time 
resolved manner using thin clay films. The primary goal is to understand diffisional processes in 
hydrated clay films as affected by the swelling of multiple clay structural types. The sensing 
elements used in this lab have been primarily amperometric detection of probe molecules arriving 
at a Pt electrode underlying a 30um thick hydrated clay film. In this study a dual detector relying 
upon both an amperometric mode and a UV-Vis detection system is developed. 

Methodology 

A combined clay-modified electrode-optrode system was constructed using Oriel component 
parts (xenon lamp, 2 scanning monochromators, chopper and PMT). The fber bundle sheath was 
removed and the fiber and Pt wire glued together with Torr Seal. The amperometric system used 
PAR potentiostat and signal generator. The entire system was held under computer control using 
a 486 clone. 
The swelling and srying of an Swy-1 clay was investigated using both the Fe(CN)6

3" probe 
amperometric and clay diffuse reflectance measurement. The effect of added salt was also 
investigated. 

Results and Discusssion 

The UV-VIS detector is shown to obtain time resolved swelling data which corresponds well 
with previous studies of swelling using Fe(CN)6'" as a pore volume probe molecule.The clay-
modifed fiber optrode has an additional advantage in that the signal depends intrinsically 
upon the clay film and not upon an added probe molecule. The signal depends upon the 
diffuse reflectance of the clay since the signal increases, then achieves a constant value with 
added clay. The optimal thickness was about 0.5 mm of clay. The drying of the wetted clay 
could be observed in the optrode only mode. Preliminary results suggest that phase changes 
and translocations within the film during drying could be monitored as an unusual change 
in the intensity of the reflected light. 
Initial results indicate that the fluoresence originating from iron sites within the clay can 
also be monitored. Finaly, the dual mode (electrode/optrode) allowed us to confirm the time 
resolution of the swelling processes. 

Conclusions 
Future work will focus in two separate areas: diffusion of UV-Vis or Fluorescence active 
probes through clay films of various types and modifications; kinetics of swelling and phase 
changes on drying of the clay films. 
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9. CLAY-MODIFIED CARBON PASTE ELECTRODES FOR USE IN CLAY - METALS 
INTERACTIONS STUDY 

Petr Kula and Zuzana Navratilova 
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Introduction 

Carbon paste electrodes (CPEs) modified with clay minerals are successfully used in voltammetric 
analyses (Kalcher 1990). They can also serve for an electrochemistry study of compounds 
intercalated into the clay modifier. Clay-modified electrodes offer a possibility to contribute to the 
study of sorption processes on the clay minerals. Clay saturation with metal complexes was 
studied by means of ion exchange voltammetry on the clay-film electrode (Fitch 1990). The CPE 
modified with clay was used as a model system of cations preconcentrating under the open circuit 
conditions (Kalcher et al. 1994). 
The aim of this work was to study the sorption of some metals on various types of clay minerals 
incorporated into the carbon paste. There were two problems in this investigation - methodology 
and procedure of the voltammetric measurement with this type of electrode and the ability of the 
obtained results to describe the clay - metals interactions. 

Methodology 

Materials - Montmorillonite (MMT, deposit Wyoming, USA), kaolinite (KA, deposit Sedlec, 
Czech Rep.) and vermiculite (VER, deposit Letovice, Czech Rep.) in their natural forms with 
particle size < 5 urn were used as modifiers. Wetting of the clays at room temperature in the 
atmosphere saturated with water vapour shown to be suitable for paste preparation. Clay modifiers 
exhibited H20 content: 23.5 % (MMT), 9.5 % (VER) and 11 % (KA) (% w/w). All chemicals 
used were of analytical grade (Merck). 
Techniques - Clay-modified CPE was prepared by thoroughly mixing 4.5 g carbon powder, 0.5 
g wetted clay and 2 g nujol in a glass mortar dish for about 2 hours. A portion of the paste was 
inserted in to a plastic tube provided with a brass screw that ensured electrical contact and 
extrusion of the paste. The effective electrode area was 2.27 mm2. A PA4 Polarographic Analyzer 
(Lab.Instr.,Prague) with three-electrode system (CPE, saturated Ag/AgCI and Pt electrode) were 
employed for all voltammetric measurement. 

Results and Discussion 

Aprevios study (Kula, Navratilova 1994 ) showed the possibility to describe metals sorption onto 
clays by means of repetitive cyclic voltammetry (RCV), as well as by means of voltammetry after 
the preliminary accumulation under open circuit conditions. 
A mettal incorporated into the clay during soaking the of the clay CPE in metal solution exhibits 
anodic and cathodic current response if the cyclic voltammogram is recorded in the background 
electrolyte. Current dependence on the accumulation time of the metal on the clay; the influence 
of Hgands can also be studied. The current dependence on number of cycles during RCV on clay. 
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CPE gives curve typical for various types of clays. 
Both methods were used in this work. MMT showed the highest Cu sorption, the lowest sorption 
was found for kaolinite. Different dependences were also obtained for various metals. The metals 
sorption decreases with increasing content of humic ligands present in the solution due to metal -
humic complexation as well as due to humic intercalation into the clay in the CPE. All these 
processes are strongly influenced by ionic strength and pH of the solution. 
As the highest Cu(II) sorption was found on the montmorillonite, the method of voltammetric 
determination was worked out on the CPE modified with this clay. A detection limit of 10'8 mol 
I"' was obtained after 5 min of accumulation under open circuit conditions. 

Conclusion 

Cyclic voltammetry on the clay-modified carbon paste electrode showed to be a suitable method 
for the study of metals interactions with clay minerals. Innovation of the method is the possibility 
to investigate these interactions under the conditions close to real soil system conditions. The 
montmorillonite-modified electrode enables easy and sensitive determination of copper(II). 
Voltammetric studies on clay minerals can contribute to a better understanding of metals 
behaviour and reactions in the soil. 

The work was supported by Grant No. 203/93/0363, Grant Agency of Czech Republic. 

Authors thank to Dr. P. Martinec (Inst, of Geonics) for gift of clay minerals samples. 
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10. FORMATION OF A CLAY-ORGANIC COMPLEX MONOLAYER WITH AN 
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Introduction 

In this work, clay-organic complexes have been researched as functional materials for application 
in clay-modified electrode (CMEs). The electrochemical redox reaction of a metal complex 
adsorbed into a clay film was first reported by Bard et al(l). Since this work, much research has 
been done on CMEs. The mechanism on CMEs is, however, still uncertain how electron transfer 
reactions occur in a clay film. One of the problems is difficulty in preparing a clay film 
reproducibly. In order to solve this problem, we synthesized a clay-organic complex, saponite-3-
aminopropyldimethylethoxysilane-stearoyl chloride. The material is of hydrophobic nature so that 
it can be dispersed in chloroform. We made CMEs by LangmuirBlodgett method in which the 
monolayer of the clay-organic complex was transferred on to an electrode substrate. 

Methodology 

Materials: Synthetic saponite was purchased from Kunimine Ind. Co. Japan. Saponite-3-
aminopropyldimethylethoxysilane-stearoyl chloride was prepared as follows: dehydrated saponite 
was added to toluene and 3-aminopropyldimethylethoxysilane and refluxed for 48 hours under 
nitrogen. The product was washed with toluene and diethylether and air-dried. The product was 
added to triethylamine and dichloromethane and stearoyl chloride The mixture was stirred for 
several hours. The product was washed three times with amounts of slightly basic water. It was 
filtered under vacuum and the precipitate was washed with n-hexane and dried in air. 
Techniques: Surface pressure-area ( TT-A) curve for the product (0.01g/10-ml} was measured 
with Langmuir troughs (Joyce-Lobel, U.K and U.S.I., Japan). Cyclic voltammogram (CV) for the 
clay-organic complex was measured with a three-electrode cell. The reference electrode was a 
saturated calomel electrode (SCE), the counter electrode was a Pt net, and the working electrode 
was a glassy carbon electrode or a CME. The electrolyte used was an aqueous 0.05M Na2S04 and 
1.0 x 105M Ru(bpy)3CU solution.. CV was measured in the range from 0.8V (vs.SCE) to 1.3V 
(vsSCE) 

Results and Discussion 

Figure 1 shows some surface pressure-area ( it-A) curves when various amounts of a CHC13 

dispersion of saponite-3-aminopropyldimethylethoxysilane-stearoyl chloride was developed on a 
subphase. Despite of varying the amount of the developed solution, the surface pressure was 
saturated about 20mN/m.. The relationship between the amount of the developed solution (V) and 
the starting point of the area (Ai) is indicated in Figure 1. It is concluded that the dependence 
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of Ai on V is nearly identical with the ideal line obtained under the assumptions that (1) the 
particles of clay-organic complexes form a monolayer of clay at an air-water interface and (2) 
the particles are in contact with each other at the area of Ai. From the result of CV with CMEs, 
it is found that the charge transfer process at a clay-organic complex film is not coupled with 
the diffusion process(2). 
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Figure!: Surface pressure-area (7t-A) isotherms when a volume(V) of a chloroform dispersion 
of a sapollite-3-aminopropyldimethylethoxysilane-stearoyl chloride(0.01g/100ml) is spread on pure 
water: V=0.5(a), 1(b), 1 5(c),2(d),2.5(e),3ml(f). (first measurement) . 
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Introduction 

A few years ago, dielectric losses experiments were performed on hydrated clays in order to find 
their essential characteristics and some of their properties such as mobility of compensating ions 
( 1 -3). In the present work we used the same general approach and by means of an additional 
technique we tried to elaborate a model wich can explain the experimental results of polarization 
conductivity obtained on clays. In this model the charge carrier responsible for the conductivity 
is supposed to be trapped in a potential well. It passes from one site to another by hopping over 
a potential barrier. 

Methodology 

Sumpfe. The studied clay is a rftontmorillonite obtained from Mostaganem (M'zila,Algeria). It is 
an homoionic Na-montmorillonite with a particle size <2nm after sedimentation . 
Characterization techniques . The polarization conductivity is determined by means of an 
impedance analyzer (HP 41292 A) in the frequency range lKHz- 10MHz. The temperature domain 
ranges from 20°C to 160°C. 
The thermally stimulated depolarization current (TSDC) experiments are performed with the help 
of a spectrometer SOLOMAT model 9100+ (4). 

Results and Discussion 

The original clay is heat-treated under vaccum up to 160°C during 72 hours then cooled at room 
temperature for the thermal variations studies. 
Fig 1 represents the variation of the polarization conductivity ,o'(w), (log-log scale) as a function 
of frequency, of a dry Na-montmorillonite at different temperatures. 
The experimental results show clearly that the conductivity is a linear function of frequency . The 
experimentally observed law is: o'(co)= Ao>s .where A and s are parameters and w the circular 
frequency. As shown in figure 1, the exponent s, is temperature independent (parallel solid lines); 
this behaviour is characteristic of an hopping conductivity of charge carriers hopping between 
localised states. It corresponds to a specific distribution of the activation energies W¡, which 
characterize the relaxation times t¡,such as T¡= T0exp[W¡ /kT] where v0 = T0"' is the phonon 
frequency and k the Boltzmann constant This has been verified by TSDC measurements (map 
analysis). The activation energies are temperature dependent (fig 2) . Indeed, there is a 
characteristic plateau showing that between 75°C and 125°C, W¡ is constant . This particular 
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distribution of activation energies is in agreement with the fact that s is temperature independent. 
This result will be used for the modelling of the medium in terms of displacement of charge 
earners. 
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Dielectric losses measurements, as a function of frequency and temperature, as well as TSDC 
experiments, have been performed on a dry Na-montmorillonite . 
Thanks to these two techniques a qualitative understanding of the conduction mechanism can be 
proposed. Then a representative model characteristic of the polarization of these solids can be 
envisaged. 
This study is actually extended to hydrated and Cs-exchanged montmorillonites, for the purpose 
of correlating the dielectric properties to the thermodynamic properties (5). 
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9.1 ORGANICS 

1. SEPARATION OF CHLOROPHENOLS BY USING COLUMNS OF A1-P1LLARED 
CLAYS 

T.G. Danis, T.A. Albanis and P.J. Pomonis 
Department of Chemistry, University of Ioannina, 45110, loannina 

Introduction 

In a previous CEA-PLS meeting relevant to porous materials [1] it was shown that the 
Al-pillared clay (Athina) material is a very good adsorbent for di-(DCP), tri-(TrCP) and 
pentachlorophenol (PCP). Furthermore the adsorption of the above chlorophenols on the 
day from equimolecular mixtures of them proceeds to different extents in equilibrium. Namely the 
PCP is adsorbed by about 95% the TrCP by about 75% and DCP by about 26%. The above 
adsorption measurements took place in aqueous conditions, in batch experiments. 
Equally important is the fact that desorption of the adsorbed species takes place easily using 
acetone or mixtures of acetone-water depending on the kind of chlorophenol. These results 
indicate the possibility of testing such adsorbents as materials for the separation of the above 
chlorophenols. We notice that similar separation techniques are the focus of intensive research, 
since they provide the possibility for better- and easier separation of chlorophenols by liquid 
chromatography. 

Methodology 

Experiments carried out in a column containing 1 gr of Al-pillared clay (Athina) indicated 
that separation is possible. Initially an equimolecular mixture of the three chlorophenols 
totalling 30 ug (10 ulg of each phenol), was poured on to the top of a glass column of 1 cm 
ID. The elution of the three chlorophenols took place by using water, 10 % acetone in water 
and pure acetone respectively. The analysis of the collected fractions took place by extracting the 
sample with dichloromethane, changing the solvent to acetone and finally by acetylation of the 
chlorophenols with acetic anhydride. The chromatography was performed on a Varian 3300 
equiped with an electron capture detector (ECD). The temperature conditions were injector 
220°C, column 150°C and detector 300°C. 
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Results and discussion 

After several trials we reached the following procedure for separation: 100 mL of water was 
allowed to pass through the column and the extract was collected for gas chromatographic 
analysis. The results showed that only DCP exists in this fraction with 85% recovery. Next 
a mixture of 20 mL of 10% acetone in water passed through the column and the extract 
contained the total amount of TrCP (nearly 96% recovery) plus the remaining DCP. Finally 
the PCP was extracted totaly with 10 mL of pure acetone (see figure 1) 
The above methodology applied to Al-pillared clay (Athina) is a promising technique which 
might also be applied to other organic mixtures which, up till now, are usually separated 
using the traditional liquid-liquid extraction methods 
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Figure 1. Seperation of DCP, TrCP and PCP by using columns of Al-pillared 
clay (Athina) protype material. 
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2.CLAY MINERALS IN SOILS STRONGLY POLLUTED WITH FUEL AND OIL 
PRODUCTS 

Tadeusz Chodak and Jaroslaw Kaszubkiewicz 
Institute of Soil Science and Agricultural Environment Protection, Agricultural University, 
50-357 Wroclaw, ul Grunwaldzka 53, Poland 

Introduction 

Until quite recently a great number of Soviet Army military bases and training areas were 
situated on the territory of Poland for more than 40 years. Most of these areas have been 
strongly polluted with heavy metals and organic compounds such as fuels and other oil 
products. An airfield in the vilage of Skarbimierz near Brzeg Opolski (Lower Silesia) was 
one of the largest Soviet bases where soils have been polluted, to various extents, with fuels 
due to leakages, general bad state of the fuel tanks as well as careless handling and pouring 
out the spare fuel directly to the drainage ditches after airplane tanking. Large amounts of 
oil compounds are now found in continuous layers on the surface of underground water or 
fill soil pores in the aeration zone. 

In this work, the effects of organic contaminants, such as fuels or other oil products, on the 
properties of soil clay minerals were investigated. An attempt was also made to apply 
thermogravimetry and X-ray methods for detecting and determining oil compounds in soils. 

Methodology 

Materials - Samples to be investigated were taken from selected soil profiles, where strong 
pollution with oil products was observed. In some of those profiles, oil products constituted 
a continuous liquid layer on the surface of underground water which lies at the depth of I 
- 4 m. In other profiles oil residues occured only in the aeration zone in forms of lumps, 
grains or spots, redolent of oil compounds. 

Comparative soil samples were also collected from other sites, situated beyond the limits of 
the polluted zones, and characterized by textures and other properties similar to those of 
the polluted soils. 
Techniques - Clay minerals were determined both in the "total" soil samples as well as in 
the separated clay fraction (< 2 micrometers), by using X-ray diffractometry method. 
Measurements were made in 3 different variants: dealing with untreated samples, after 
glycerine saturation and after heating at various temperatures (< 350°C). Furthermore, 
each soil sample was characterized by its DTG, DTA and TG curves obtained in the air. 
Basic physical and physicochemical properties of all samples, as well as their specific surface 
values, were also determined in the experiment. 
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Results and discussion 

Analysed samples of soils polluted with oil products, which predominant by contained illite 
and smectite types of minerals in their day fraction, differed significantly when compared 
with similar soil samples taken from unpolluted areas. 
Hydrophilic properties of polluted samples were not as strong as those observed for unpolluted 
ones. Cation exchange capacities of polluted samples and their affinities to the particular cations 
were also considerably changed in comparison with unpolluted soils and their clay fractions. Oil 
compounds present in soil samples affected the shapes of X-ray diffraction curves. This effect was 
particularly well-marked in those samples, which had previously been roasted (heated) or saturated 
with glycerine. Thermal analysis of polluted and unpolluted soil samples also showed some 
significant differences between them. Particular thermal effects were observed in the case of 
polluted soils which could be put down to oxidation of hydrocarbons. These effects can probably 
be used with the aim of identification hydrocarbons, especially these of oil compounds. 

Conclusion 

From the preliminary analyses involved in the experiment it could be seen that oil compounds 
present in soil for a long time could cause vital changes in crystal lattices of clay minerals. These 
resulted in some well-marked effects in both X-ray and thermal analysis results. 
The X-ray diffractograms of polluted samples showed a significant shift of the diffraction 
lines towards the lower angles. DTA curves of these samples were characterized by stronger 
exothermic effects in comparison with similar unpolluted samples. Clay minerals in soils 
polluted with oil products show changed water affinity and other features typical for hydrophobic 
minerals. Their cation exchange capacity also changed significantly. As the polluted soils could 
be easily peptized, their electrokinetic potentials were considered to be of relatively high values. 
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3.SORPTION OF HIGHLY VOLATILE HALOGENATED HYDROCARBONS 
AND CHLORINATED PHENOLS ON CLAY BARRIER MATERIALS 

Heinz Froschl, Bernd Schwaighofer, Franz Ottner and Harald W. Miiller 
Universitat fur Bodenkultur, Department of Applied Geology, Gregor Mendel StraBe 33, A-l 180 
Wien, Austria 

Introduction 

Modern waste disposal techniques require well characterized and highly impermeable barrier 
materials. Clays are commonly used in combination with synthetic membranes as sealing 
components for waste containment. One of the most frequently found contaminants in waste site 
leachate are volatile organic compounds such as perchloroethylene. These xenobiotic substances 
have a great potential for groundwater contamination because of their high toxicity and 
persistence. Therefore, it is very important to investigate the interactions between these pollutants 
and potential barrier materials. 

Methodology 

Two different types of natural clay samples from Austria (Freydegg, Hennersdorf) were used in 
this study, as well as commercial products from Siid-Chemie AG, Munich, Germany. The clay 
material from the Freydegg deposit is of quaternary age and developed in the Austrian 
Molassezone. The sediment from Hennersdorf was formed during the Pannonian in the Vienna 
Basin. The industrial clays Montigel and Tixosorb were used for comparison with the natural 
samples. Montigel is a Ca-smectite that is currently used as a barrier component material. Tixosorb 
is a partly organophilic clay prepared by exchange of the inorganic interlayer cations (Ca2+) with 
an organic quaternary ammonium compound (dimethyl-diotadecylammonium). 
The samples in this study were treated with the following substances: trichloromethane, 
trichloroethene, 1,1,1-trichloroethane, tetrachloroethene, tetrachloromethane, 4-
monochlorophenol, 2,4-dichlorophenol, 2,6-dichlorophenol, 2,4,5-trichlorophenol, 
pentachlorophenol and 2,4-dichlorophenoxy acetic acid. 
The mineralogical analyses were made with a Philips PW 1710 diffractometer. The concentrations 
of the highly volatile organic compounds were determined using headspace gas chromatography 
in conjunction with electron capture detection. The chlorinated phenols were analysed with 
high-performance liquid chromatography and UV detection. 

Results and Discussion 

All sorbents were characterized for major, minor and trace element composition, organic carbon 
content, cation-exchange capacity, pH, specific surface area, grainsize distribution, total mineral 
and clay mineral content. Batch and percolation tests were performed in order to detect the 
sorption characteristics of the substances on the clay samples. Distribution coefficients for all the 
chemicals were determined. 
The clay material from the Freydegg deposit contains primarily kaolinite, with secondary 
amounts of illite and vermiculite. The sediment from Hennersdorf has a high smectite content. 
Therefore, the Hennersdorf sediment has a higher specific surface area and a higher 
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cation-exchange capacity. Additionally, this material contains carbonate minerals (calcite and 
dolomite), which cause a higher pH compared to the clay from Freydegg. 

The Freydegg sample exhibits no sorption capacity for the organic compounds whereas the 
material from Hennersdorf has a high retardation potential. The chlorinated phenols have 
a higher sorption rate compared with the highly volatile chlorinated hydrocarbons except 
for tetrachloroethene. Figure 1 presents the adsorption isotherms for tetrachloroethene, 
trichloroethene and 1,1,1-trichloroethane on the Hennersdorf clay. Acidic substances such 
as chlorinated phenols tend to ionize; thus, the sorption parameters are influenced by the 
pH of the solution and the pKa value of the compound. Due to hydrophobic binding mechanisms 
the organo-clay Tixosorb was exceptionally effective in adsorbing the chlorinated phenols even 
at high concentration levels. 
Low hydraulic conductivity is an essential parameter of sealing components. The hydraulic 
conductivity is more than 20 times higher for the Freydegg clay than for the Hennersdorf 
clay sample, where k= 9 x 10'" m/s. 

Conclusions 

Detailed analyses have shown that the clay mineral composition and the content of organic 
carbon dominate the interactions between organic contaminants and clay materials. It is 
shown here that organophilic clays are good adsorbents for numerous organic pollutants 
because of their hydrophobic nature. Further research is necessary on long term stability 
against aggressive leachate or micro-organisms before practical use can be established. 

• N 1N1N 2M 2M 3*0 3» 4M 4M 5M 55* *•• <» TM 
Equilibrium concentration Oig/1) 

"^TttratUtncthot + TrickltrattktM * 1,1,1-TricUtimaut 

figure 1. Adsorption of tetrachloroethene, trichloroethene and 1,1,1-trichloroethane onto the 
clay from Hennersdorf 
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4. USE OF CLAYS AND CLAY MINERALS IN WASTE DISPOSALS 
ADVANTAGES AND LIMITATIONS 

Armin Weiss and Ursula Gossner 
Institut flier Anorganische Chemie der Universitaet Muenchen 
Meiserstrasse 1, 80333 Muenchen, Germany 

Introduction 

Clays and clay minerals are powerful seals of water soluble salts deposits and ground water 
levels. Correspondingly they are used as bottom seals for waste and/or sewage sludge. Their 
low water permeability should protect the underlying water table from contaminations. 
However, transformations or degradation of the clay minerals by ingredients of the leachates from 
the landfills have been neglected so far. The present paper deals with reactions of the clay minerals 
with phosphates in the presence of potassium ions. Reactions of this type have already been 
reported in phosphate fertilizing experiments. Some of the reaction products could be responsible 
for more or less irreversible phosphate fixation. 

Methodology 

Materials - Kinetic studies were performed with kaolinites from USA (Mc Namee) and 
Austria (Kamig), montmorillonites from Bavaria (Linden) and Greece (Collin Stuart), sericite 
(Lohrheim), feldspar (Norflot) from Norway, chlorite (Thuringite) from Austria, synthetic 
pyrophyllite (Fa. Ceramtec) and gibbsite (Fa. Merck). The minerals were treated with aqueous 
solution of H3P04, KH2P04 and/or KOH at defined pH values and different temperatures. The 
concentration of potassium was kept constant in all experiments by adding the calculated amount 
of KC1. At different times a sample was taken, filtered, washed with water, dried at ambient 
temperature and characterized by x-ray powder diffraction. 

Results and Discussion 

Results are summarized in table 1. All clay minerals examined so far react with phosphates. 
The kind of phosphate phase formed depends on pH and temperature. At pH 4 transformation of 
the clay minerals into taranakite K3Al5(P04)g. 18H20 is predominant. The reaction rate depends 
not only on the crystal structure but also on crystallinity and particle size. In distinct cases 
nucleation can be affected by epitactic relationships. Plots of the fraction of reacted clay mineral 
versus interaction time exhibit S-shaped curves with a more or less pronounced induction period 
(tfad) 
At pH 2 KA1(HP04)2.H20 is formed. In this case epitactic effects on nucleation have not 
been observed. 
At pH 5,5 OH-minyulit KA12(0H)(P04)2.4H20 was formed. At temperatures > 80°C a phase 
with lower water content KA12(0H)(P04)2.2H20 was obtained which corresponds to an 
Al-leucophosphite. The structural relationship between the 4 H20 and 2 H20 compound still 
need further studies. 
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Tabel 1: Transfomation of clay minerals in aqueous solutions, containing phosphate and 
potassium ions 

Clay mineral 

knolinite: 
AU(OH),SijO, 

hnlloysite: 
AU(6M).,S¡:O,.H,O 

pyiTophyllitc: 
Al2(OIi);Si,Ol0 

montniorillonite: 
Nv,.,Mgnj1Al16,(0H)2Si4Oin 

mica (illitc, scricitc): 
KAl2|AlSi,0,n(OH)2| 

chlorite: 
(Fe2TevAl)6(OH)8 

lAl.AOJ 
aluminiumhydroxides 
(gibbsile, baycrile, bochmitc): 
Al(OH)j, A1ÖOII 

feldspar: 
KAlSij08 

pll 

pH2: KA1(HP(34)J.IIJO 
pi 14: taranakile 
pII-.-5.5:OH-minyulucorKAl,((>M)(P()t):.H:C) 

pi 12: KA1(HP01)2.HÎ0 
pi 14: taranakitc 
pllL-5.5: OH-minyulite orKAl2(OH)(PO,)2.H20 

pH2: taranakile - KA1(HP04)2.H20 
pH4: taranakite 
pi b5.5: OM-minyulite or KA1,(0H)(P04)2.I-I20 

pI12: KA1(HP04),.H30 
pi 14: taranakite 
pM:-.5.5: 011-minjiilite or KAI:(OH)(P04)2.I-I,0 

pII2: KA1(HP0.,)2.M20 
pU4: taranakite 
pl-h5.5: 011-minyulite or KA12(011)(P0.,)2.I KO 

pi 12: KAl(HPO,),.l!,0 
pU4: ? 
pl-I>5.5: ? 

pi 12: taranakite • KAl(HPO.,)2.1120 
pi 14: taranakite 
pll¿5.5: Ol-I-mimiilite or KAU(0II)(P0,)2.H20 
pI17: KA12(0H)(P04)2.I-I,0 

no reaction 

t¡nd 

0.5 - 2d 
1 -2d 
1 -3d 

1 - 2h 
lh 
l -2d 

8 - 10m 
20 - 40m 
5- l()h 

8h - 2d 
l -2d 
8- 16d 

1 -4d 
4-8h 
16d 

6- 12h 

30m 
Id 
1 -2d 
8h- id 

_ 

Conclusion 

Clay seals can be destroyed by the interaction with phosphates in the presence of potassium 
ions. Destruction rate and type of newly formed phases depend on the type of clay mineral, 
crystallinity, particle size and temperature. Phosphate concentrations as applied in phosphate 
fertilizing are sufficient to induce such reactions of the clay minerals. 
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5.THE CHEMISTRY OF ORGANOCLAYS AND THEIR APPLICATION TO 
ENVIRONMENTAL REMEDIATION 

Stephen A. Boyd 
Department of Crop and Soil Sciences, Michigan State University, East Lansing, 
Michigan, 48824-1325, USA 

Introduction 

The hydration of native inorganic cations on the exchange sites of clays creates a hydrophilic 
environment at the clay surfaces and interlayers. As a result naturally occurring clay minerals are 
ineffective sorbents of aqueous phase nonionic organic contaminants (NOCs). However, the 
sorptive capabilities of clays can be greatly improved by simple chemical modifications that take 
advantage of the cation exchange properties of clays. An organophilic surface and interlayer 
environment can be produced by replacing naturally occurring inorganic exchange cations with 
a variety of organic cations. The resultant organoclays exhibit strong sorptive capabilities for 
removing NOCs from water. We have used quaternary ammonium and phosphonium cations as 
organic pillars to produce stable organoclays that have high affinities for NOCs. Chemical 
reactions leading to the formation of organoclays, the sorptive mechanisms of organoclays as 
sorbents for NOCs, and the roles of layer charge, onium cation type and cation hydration on 
sorptive mechanisms and properties will be discussed. 

Methodology 

Adsorption of HDTMA (Hexadecyltrimethylammonium) by soils and clays was examined. 
using MC-labelled HDTMA to determine cation selectivity coefficients of Na (or Ca) -
HDTMA exchange. The amount of HDTMA adsorption in batch slurries was determined 
by the difference between the amount of l4C-HDTMA added initially and that remaining 
in solution at equilibrium. The amount of Na or Ca liberated was measured with flame emission 
or atomic absorption spectrophotometry. The electrophoretic mobility of clay particles and 
turbidity of supernatant solutions from the HDTMA adsorption experiment were measured to 
monitor changes in surface charge and associated clay dispersion as HDTMA loading increased. 
Sorption of volatile aromatic and chlorinated hydrocarbons by anhydrous organo-clays was 
measured using a McBain balance. Sorption of these same compounds as solutes from water was 
determined by the difference between the initial amount added and that remaining in solution at 
equilibrium using gas chromatography. The biodegradation of 14C-labelled NOCs (e.g., 2,4-D, 
naphthalene) in soils treated with HDTMA was measured to evaluate the toxicity of HDTMA to 
pollutant degrading bacteria. HDTMA was added either directly to the soil at a given percent of 
the soil cation exchange capacity (0, 30 and 70%) or an equivalent amount of HDTMA was added 
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in the form of an HDTMA-clay complex. Mineralization was monitored over time by measuring 
the release of 14C02. 

Results and Discussion 

The HDTMA generally had a much higher affinity for the clay surface than native inorganic 
cations resulting in low residual HDTMA concentrations in solution. HDTMA was adsorbed by 
two mechanisms", cation exchange and hydrophobic bonding. The former caused clay aggregation 
and tended to distribute HDTMA on the internal surfaces. The latter mechanism caused a build 
up of positive charge on external surfaces and led to clay dispersion. Cation type and the type and 
concentration of electrolytes affects the relative amount of HDTMA adsorbed by either 
mechanism. 

Organic contaminants may interact with drganoclays in two basic ways: either with the 
organic functionality of the cation itself (e.g., the C)f) alkyl chains of HDTMA) or with the 
mineral surfaces between the organic pillars. The former mechanism occurs when large 
hydrophobic organic cations are used such as HDTMA. Uptake of aromatic solutes from 
water by HDTMA-clays involves solvation of the C16 chains, a reorientation of the chains 
to a more vertical position, solvation of the revealed mineral surface, and simultaneous 
partitioning into the phase formed by the agglomeration of the C16 tails in the interlayers. 
When smaller organic cations, e.g., trimethylphenylammonium (TMPA), are used as pillaring 
agents, NOC sorption occurs predominately on the mineral surfaces between the organic cations. 
High surface charge density clays manifest a higher packing density of TMPA which effectively 
reduced the size of the adsorptive sites and hence decreases NOC sorption. Hydrating the organic 
pillars also shrinks the size the sorptive sites and reduces NOC uptake. 

We are evaluating the feasibility of creating subsurface sorptive zones via in-situ injections 
of cationic surfactant solutions. Such zones could remove NOCs from contaminant plumes. 
This, coupled with contaminant biodegradation, could provide the basis for a comprehensive 
in-situ remediation technology. Although, quaternary ammonium compounds like HDTMA are 
toxic to bacteria, this toxicity is virtually eliminated when HDTMA binds to clays. This suggests 
that in field applications, the treated zone may be repopulated by active or introduced degradative 
bacteria leading to the biodegradation of target contaminants. 

Conclusions 

Clays pillared with organic cations are effective sorbents for removing organic contaminants, either 
as vapors from air or as solutes from water. Soil clays can be similarly converted in-situ to 
organoclays, resulting in greatly enhanced immobilization of common organic groundwater 
contaminants. This coupled with subsequent biodegradation may be an effective means of 
managing contaminant plumes and remediating contaminated aquifers. 
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6. PURIFICATION OF AROMATICS: AN INDUSTRIAL APPLICATION OF CLAY 
CATALYSTS 

Dr. Thomas Engelhardt 
SUD-CHEM1E AG, Research & Development D-85368 Moosburg / Germany 

Introduction 

The aromatics benzene, toluene, and xylol are the most important aromatic base chemicals. 
Worldwide, about 50 million tons of them are produced annually. At the synthesis of these 
aromatics, small amounts of olefins are formed as by-products. These olefins hinder the further 
processing of the aromatics and must therefore to be eliminated. Due to an identical boiling point 
of both olefins and aromatics, separation by distillation is however not possible. 
The removal of these olefins by means of catalysts has become common worldwide, as it proved 
to be the most economical as well as ecological processing method. For catalysts, only acid clay 
catalysts are applied. These clay catalysts should excel by having a high activity, i.e. long shelf 
life and good selectivity. 

Methodology 

For systematic tests of clay catalysts for the aromatics purification process, a lab device was 
developed that allows the simulation of the technical process on a lab scale. By means of this test 
device it was possible to determine the activity and selectivity of various clay catalysts. 
Furthermore it was possible to clarify and explain the chemical mechanism of catalytic olefin 
removal. 

Results 

By means of gas chromatographic / mass spectroscopic investigations we were able to find out 
about the chemical mechanism of catalytic olefin removal. During this process the aromatics are 
alkylated by the olefins and the reactive double binding is disintegrated. To a smaller extent, 
could also be observed a dimerization of the mentioned olefins during our experiments. 
Depending on the aromatic fraction to be purified, various requirements have to be met by the 
clay catalysts. For instance, it was shown during the purification process of xylol fractions that 
clay catalysts with a very high activity, larger amounts of benzene and toluene are created. These 
by-products are undesirable and have to be restrained as far as possible. By a specific adjustment 
of the surface properties of a suitable clay catalyst, it becomes possible to find a good 
compromise between high activity and good selectivity. 
For the purification of benzene and toluene fractions, selectivity plays no role. No by-products 
are created here, as we could see from our experiments. For this application, the utmost activity 
should be aimed at because this will guarantee a long shelf life. It is possible in this case too, to 
achieve a high catalytic activity by taking pointed influence on the physical and chemical 
properties of the clay catalysts. The acidity of the catalyst surface area plays a special part in the 
process. 

Conclusion 

This systematic investigation with regard to the purification of aromatics has helped us to 
understand more clearly the relations between catalytic activity and selectivity on one hand, and 
the physical and chemical properties of clay catalysts on the other. These findings will help 
develop ecologically beneficial and cost saving clay catalysts for other important technical 
processes. 
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7. ASSESSMENT OF RED MUD FOR COMPACTED CLAY LININGS FOR 
WASTE CONTAINMENT FACILITIES 

David Rubinos, Teresa Barral, Eugenio Lopez, Manuel Arias, Avelino Nunez, Benedicto 
Soto and Francisco Diaz-Fierros. 
Departamento de Edafologia y Quimica Agricola. Facultad de Farmacia. 
15706 Santiago de Compostela, Spain. 

Introduction 

In recent years, increased awareness of the long term effects of pollution has led to a growing 
interest and social demand for adequate isolation of waste containment facilities. One approach 
to isolation is to line the containment facility with a clayrich material that acts as a hydraulic 
barrier, limiting water infiltration into buried waste (cover system) and the release of leachate from 
the waste (liner system). To be effective, the compacted clay liner, which to date have generally 
been constructed from fine-textured natural soil materials, must maintain low hydraulic 
conductivity over a long period. 
Red mud (RM) is a fine-textured residue from bauxite refining and is currently dumped in 
holding ponds, for which large areas of land are required. Previous evaluations of RM for 
utilization in wastewater treatment systems showed it to be highly efficient in removing 
water-borne pollutants, especially P and heavy metals (Ho et al, 1992; Barral et aJ, 1994). 
In this work, the possibility of using RM for compacted clay linings was assessed by the 
evaluation of its mechanical and physical properties, in particular those related to hydraulic 
conductivity, which is critical to the performance of clays as hydraulic barriers. 

Methodology 

Materials. Red mud was obtained from Alumina-Aluminio of San Ciprian (Lugo, Spain). 
When sampled, its water content was 47% and its pH 10.2. X-Ray fluorescence revealed the 
main chemical constituents of this RM to be Fe20, (31.8%), Ti02 (22.6%) and A120, (20.1%). 
Analysis by X-ray diffraction identified hematite, rutile and minor amounts of ilmenite, magnetite 
and sodalite. A salt-free preparation of the RM has a PZC at pH 6.9 fidetermined by 
potentiometric titration) and a cation exchange capacity of 18 cmol(+) kg"1 at pH 7 in ammonium 
acetate. 
Techniques. Particle-size distribution (PSD) was determined by wet sieving and by the 
pipette method. Specific surface area (SA) was estimated from EGME adsorption experiments; 
Atterberg limits were determined by ASTM D423 and D424; compaction behaviour was evaluated 
using the standard Proctor test (ASTM D698); hydraulic conductivity of compacted specimens 
was measured using a falling-head permeameter; vulnerability of RM to acid-base attack was 
evaluated by extraction (for 24 h) with HCl (pH 3) and NaOH (pH 12); solubility of RM at low 
redox potential (Eh) was determined in 0.2% aqueous hydroxylamine hydrochloride (1 h) and in 
dithionite-citrate-bicarbonate (DCB) (20 min; Eh=-490 mV). 
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Results and Discussion 

To be effective, a compacted clay liner should have a low hydraulic conductivity (HC), the 
limiting value is generally considered to be lxl0"7 cni/s. According to Darnel (1993), such low 
HC can be achieved if the lining material meets the following requirements: >20-30% fines 
(<75um), s30% gravel, a maximum particle size of 25-50 mm and a plasticity ^7-10%. The 
properties of red mud listed in Table 1 meet the above requirements. 
Minimum hydraulic conductivity of RM occurred with the moisture content on the wet side 
of optimum for maximum dry density in the Proctor test and reached its lowest measured 
point (8.9x10"8 cm/s) at a water content of 29.4%. 
Assessment of clay liner performance should also take into account its compatibility with 
landfill leachate, since this may attack and destroy the integrity of earthen linings, so leading to 
increased hydraulic conductivity. The RM under study showed a high capacity to neutralize acid, 
due to its sodium and calcium content (4.7% Na,0 and 4.8% CaO). The RM contained 1.29%, 
1.10% and 0.01% acid-soluble Al, Si and Fe respectively, but only 0.11% and 0.02% 
alkaline-soluble Al and Si, respectively. 
Reducing conditions (low Eh) can prevail at the bottom of disposal facilities containing 
waste rich in organic components. However, RM seems to be quite resistant to such reducing 
environments, as only 1300 ug/g Fe and 200 ug/g Mn were soluble in hydroxylamine, and only 
1800 ug/g Fe and 40 ug/g Mn were soluble in DCB. 

Table 1. Some index properties of the red mud studied. 

PSD ( % w/w) 

<2um 2-50um 50-2000um 

38 50 12 

SA 

2 -1 

nrg 
58 

Atte.lim. (%) 

PL LL PI 

33 41 8 

Proctor* 

DD W 

1.8 26 

PL: plastic limit; LL: liquid limit; PI: plasticity index; DD. dry density (gem1); 
W: water content (%). * Values at optimum compaction. 

Conclusions 

These preliminary results demonstrate the suitability of red mud from bauxite for lining 
waste containment facilities. The index properties of red mud and laboratory values for the 
hydraulic conductivity of the suitably compacted material meet the minimum requirements 
outlined above. RM also shows high chemical stability under reducing or basic conditions, 
and moderate long-term stability under acidic conditions. 
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8. FABRIC CHANGES OF CLAYS AFTER CONTAMINATION BY MINERAL OILS 

Haus, R. & Czurda, K.A. 
Karlsruhe University, Dept. of Applied Geology, Kaiserstr. 12, D-76128 Karlsruhe, Germany 

Introduction 

The contact of clays with nonpolar hydrocarbons induces major changes in soil fabric. In 
the case of environmental hazards due to leakages at refineries, service stations and damages in 
the solvent manufacturing chemical industries, the clayey subsurface does not correspond with the 
opinion of a "natural-tight" barrier for soil and groundwater. 
For the dissemination process of nonpolar liquids the changes in microstructure of the clays 
are of particular interest. Nevertheless consequent investigations in this field are missing. 

Methodology 

Materials: To analyse the influence of nonpolar pollutants on the fabric and microstructure 
of clayey soils, two organic liquids were selected as representatives of the mineral oil composition. 
I-Octane, an aliphatic hydrocarbon, and o-Xylene, one of the most important BTX-aromatic 
monocyclic hydrocarbons, were used to percolate soil columns in specially designed fixed wall 
double-ring permeameters. 
The clayey soils were each dominated by one of the common clay minerals, namely kaolinite, illite 
and a Ca-rich montmorillonite. All these minerals are part of the clay fraction of a natural 
Keuper-clay from Germany. These allow a transference of the results of the single mineral 
dominated clays to a clay with mixed compounds. 
Methods: Intrinsic permeability and changes in microstructure were evaluated using demineralized 
water and the two organic liquids. The permeability coefficients were determined on clay samples 
which were compacted at different water contents in the permeameters. 
When a constant permeability was measured, or breakthrough after shrinkage was detected, the 
microstructure of the soil samples was investigated by scanning electron microscopy, mercury 
injection porosimetry and dynamic nitrogen sorption metiiods. The combination of these methods 
allows the qualitative and quantitative analysis of the main pore size distribution for convective 
and diffusive transport of the pollutants . 
Gas sorption isotherms of o-Xylene verify the influence of clay organic interactions on clay 
microstructure which was not only controlled by diffuse double layer but also by specific 
adsorption upon contamination by diffusive transport. 
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Results and Discussion 

The contamination of clayey soils by nonpolar hydrocarbons induced major changes in the 
soil fabric, pore size distribution, pore volume and specific surface area, depending on the 
clay mineral composition. The reactivity of the clayey soils decreased with an increasing 
water content. As a result of the contamination an aggregation of the clay minerals could 
be determined. For this reason large interaggregate pores and, with increasing water content, 
shrinkage fissures imply a fast convective transport through "natural-tight" clay barriers. Intrinsic 
permeability was measured for a few months and proved to be dependent on decreasing water 
content, increasingly higher for the pollutants than for water. Furthermore, shrinkage occured 
whenever contaminated soils with the water content of the plastic limit were in contact with the 
leachate. Chemical interactions and changes in pore size distribution are, therefore, the main 
factors in controlling the permeability. 

Conclusion 

The fate of pollution with nonpolar hazardous hydrocarbons above subsurface clay barriers 
are mainly influenced by the water content and degree of saturation of the sediments. 
Low saturation values support a quick infiltration of the contaminants in the subsurface 
and, due to microstructural changes, to a fast convective transport through "natural-tight" 
clay barriers. 
For higher saturation values the contaminant transport is reduced but nevertheless, distinctively 
higher than for water. Moreover permeability increases with increasing time of contamination. 
Under water saturated conditions a time dependent tightness of the clayey subsurface can 
be supposed. Attention has to be paid to the fact that surface tension forces and diffusive 
contamination slowly lead to progressive aggregation of the clay minerals and the formation 
of microfissures. After a breakthrough of the contaminants also highest permeabilites can 
be detected. 
For this reason clays may not be declared as impermeable for nonpolar hydrocarbons. Subsurface 
clay sediments can retard the contamination for a short time but never offer permanent security. 
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9. EFFECT OF SALT CONCENTRATION ON AGGREGATION OF ULTRA FINE 
CLAYS IN TAILINGS PRODUCED DURING BITUMEN SEPARATION FROM 
OIL SANDS 

L.S. Kotylar*, B.D. Sparks* and R. Schutte# 
* Institute for Environmental Research and Technology National Research Council of Canada, 
Ottawa, Ontario, Canada 
# Syncrude Research Limited, Edmonton, Alberta, Canada 

The Athabasca oil sands deposit in Alberta contains about 5xl09 m3 of bitumen accessible 

by surface mining. Currently, two commercial plants are operating to produce about 20 

percent of Canada's petroleum requirements. During bitumen separation from the mined 

ore, ultra fine, < 0.2 urn, aluminosilicate clays are mobilized and become dispersed in the 

process water. These clays are capable of forming thixotropic gels to produce tailings with 

a high water holding capacity, requiring large sedimentation ponds for storage and recycle 

water recovery. The degree of ultra fines flocculation and gelation, and hence amount of 

tailings sludge formation, is dependent on the amount and type of electrolytes in the process 

water. 

Sodium chloride is the major electrolyte constituent in tailings water. Consequently, the 

aggregation of ultra fine clays, separated from oil sands tailings has been investigated as a 

function of salt concentration. At relatively high salt levels, > 20 mM, clay flocculation is 

diffusion limited; the suspensions are extremely unstable and the rapid aggregation results 

in fast settling rates. The behaviour of ultra fines at lower salt concentrations, < 20 mM, is 

reaction limited and characterized by slow aggregation and concomitant differential settling. Floes 

formed in both aggregation regimes settle freely until steric interference between particle clusters 

produces a weak gel structure. After gelation the reduced mobility of growing clusters allows the 

use of a 2H NMR technique to demonstrate that both electrolyte concentration and amount of ultra 

fines are the critical factors governing gelation rate. Owing to their fractal nature, individual floe 

clusters are voluminous and the overall gel is capable of immobilizing correspondingly large 

amounts of process water. For systems containing more than 3 to 4 weight percent of ultra fines 

the equilibrium volume is practically independent of salt concentration. 
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10. SEPIOLITE IN THE SOLIDIFICATION/STABILIZATION OF SLUDGES 
CONTAINING ORGANIC COMPOUNDS 

Elvira Gutierrez(l), Chris Cheeseman(2) and Antonio Alvarez( 1) 
(l)TOLSA, S.A, R& D Department, Ctra. Vallecas a Mejorada del Campo, km. 1,6, 
28031 Madrid, Spain. 
(2)Centre for Environmental Control & Waste Management, Imperial College of Science, 

Technology and Medicine, London SW7 2BU, U.K. 

Introduction 

Slurries and sludges are normally produced at the end of wastewater treatment processes 
which often contain hazardous components, and require disposal in an appropriate landfill. 
Liquid sludges are a particular problem and should ideally receive some form of 
stabilization/solidification to ensure the slurry is suitable for landfill disposal and prevent 
leaching of the contaminants into the environment. Various solidification systems have been 
used, many of which are based on ordinary Portland cement combined with various types 
of pozzolans Other materials such as bentonites, diatomaceous earth, vermiculite, and expanded 
mica have also been used. Liquid wastes which may contain high concentrations of dissolved 
organic compounds are generally not well retained within these systems and may separate as 
supernatant on the surface of solidified wastes during transport, storage or after disposal. 
In this work we present the results obtained when sepiolite and sepiolite combined with 
Portland cement are used in the solidification/stabilization of synthetic organic-containing 
aqueous wastes. Much lower quantities of the solidification additives are required to prevent 
separation of organic containing liquids if sepiolite is present in the mix. Organic solutions of 
phenol and cationic dyes have been effectively solidified using sepiolite containing mixes, although 
these were not treated effectively by using the same amount of Portland cement. 

Methodology 

Sepiolite T-1-400 (TOLSA) and ordinary Portland cement (OPC) supplied by Blue Circle 
Ltd, have been used for this study. Samples containing different solids contents have been 
mixed for up to 30 minutes in a Cowles type mixer and in a domestic Taurus mixer The 
viscosity of the mix was measured using a Brookfield viscometer. Samples were cast into 
plastic containers which were sealed and left to cure. The degree of set after different curing 
times was assessed using cone penetrometry. 

Results and Discussion 

The influence of the type of mixing and the applied shear on the amount of sepiolite required to 
"solidify" a liquid waste has been investigated. These parameters will influence the sepiolite 
addition required to achieve a high viscosity suspension. Fig. 1 shows the viscosity of 
waste-sepiolite samples which were mixed for 5 minutes and allowed to stand for 30 minutes. The 
results show that the viscosity is significantly affected by the type of mixer. 
In order to detemline the minimum quantity of additives required to solidify a liquid waste, 
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increasing amounts of different sepiolite-cement mixes have been mixed into the waste and 
the supernatant formation measured after 3 days. The results show that, for low shear mixing, as 
the relative amount of sepiolite to cement in the solidification additive increases, the amount of 
additive required to eliminate supernatant fomlation decreases. A 50% weight % addition of 
sepiolite to the liquid waste eliminates supernatant, while for a solidification additive containing 
just cement a 150 weight % addition is required. These observations result from the excellent 
gelling behaviour associated with sepiolite. 
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The relative hardness of solidified wastes have been assessed using cone penetrometry. 40 
ml samples of water have been mixed with 15g of sepiolite to form a gel, and these have been 
hardened by adding increasing amounts of cement. Penetrability has been determined after 
curing for 24 and 96 hours. To achieve negligible penetration it was necessary to add 15 g 
of cement for a 24 hour cure and 1 Og cement for a 96 hour cure. A non-penetrable solid can 
be achieved after 3 days by adding approximately 150 g of cement to lOOg of water. For 
comparison, adding only 37g of sepiolite and 25g of cement (total of 62g of solidification 
additive) were required to produce a nonpenetrable solid. The addition of sepiolite to a 
cement-containing solidification mix therefore results in a significant reduction (40%) in 
the total weight of additive required to cause solidification. 
For some organic compounds such as cationic dyes or phenols, there is a reduction in leaching 
when they are solidified using sepiolite or sepiolite-cement additives compared to just using 
cement. This suggests that the organic molecules are being held on the sepiolite by adsorption 
forces and are not easily leached. 

Conclusion 

From the results obtained there may be considerable advantages in the use of sepiolite in 
solidification additives for treating liquid wastes. Sepiolite reduces the total weight of additive 
necessary to cause solidification compared to additives containing just cement. This is due to the 
ability of sepiolite to form a gel when it is mixed with liquids, and suggests the use of sepiolite in 
solidification could simultaneously maximise the benefits of this technique and minimise the 
volume increase involved. 
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11. DINITROPHENOL SORPTION BY ORGANOCLAYS 

M. C. Hermosin and J. Cornejo 
Instituto de Recursos Naturalesy Agrobiologia de Sevilla. CS1C. 
Apartado 1052. Sevilla 41080. Spain. 

Introduction 

The study of possible new sorbents for the removal of toxics from water or to prevent or decrease 
their mobility far from the source of pollution is being a subject of inmediate attention. Activated 
carbon is one of the most effective sorbents for organic pollutants (OP), but organoclays have been 
also studied as sorbent for OP (Cowan, 1963; Miller and Faust, 1972; Robert et al. 1973). In the 
past few years there has been an incresing interest for organoclays as sorbent for non-polar organic 
pollutants (NPOPs) (Mortland et al. 1986; Boyd et al. 1988; Jaynes and Boyd 1991; Srinavasan 
and Fogler, 1990), and in less extension for polar or ionizable organic pollutants (PIOPs) 
(Hermosin and Cornejo 1992 1993 1995; Sparks 1995). 

The objective of this work was to assess the sorption capacity and mechanisms of the PlOP 
dinitrophenol on different organoclays as a function of the type of clay charge and saturating 
alkylammonium cation. The knowledge of the interaction mechanism sorbent-pollutant at a 
molecular level as shown in this communication can contribute to establish the basis for sorbent 
design. 2,4-Dinitrophenol is highly produced in the synthesis of dyes, explosives, wood 
preservatives, photochemicals and pesticides and thus can reach waters from different sources 
(Moore and Rammoorthy, 1984). 

Methodology 

The organoclays were prepared from the standard of CMR (CMS) smectites, SWy and SAz and 
hectonte SH-Ca and a vermiculite from Santa Olalla (Spain) deposit by treatment with 
ethanolic/water solution of the following alkylammonium: tetrabutylammonium (TB), 
hexadecyltrimethylammonium (HDT) and octadecylammonium (C18). The 2,4-Dinitrophenol was 
purchased from Merck as analytical grade and alkylammonium from Sigma. The sorption kinetics 
and isotherms were measured by batch techniques using different DNP concentrations and 
duplicate samples (with blank controls) and the concentration was determined by VIS (360nm) 
spectroscopy. X-ray diffractograms and FT-IR spectroscopy were obtained on organoclays 
saturated with DNP by three successive treatements. 

Results and Discussion 

The kinetic study indicated that two or three steps (first order reactions) with decreasing slope are 
involved in the sorption mechanism suggesting interlamellar sorption. The first step was faster in 
low charge smectite (SWC18), showing a unique step, and the second step was slower for high 
charge vermiculite (VC18). The sorption isotherms showed an initial step of C-type indicating 
hydrophobic partition mechanisms at low concentration, followed by an L-shape second part 
suggesting also specific interactions. Table 1 summarizes the characteristics of the organoclays, 
the total Langmuir sorption capacity Cm from the isotherms and the same parameter, in the organic 
carbon basis, named Cm^ or efficiency. The higher sorptions were found for organoclays showing 
the higher basal spacing, this is thicker organic interlayer (paraffinic structure, d()(„> 20, 
Lagaly, 1987), even having high layer charge (SAC 18,). However the efficiency Cma,, as measured 
on the basis of organic carbon content (assuming sorption only due to the organic moieties of the 
organoclays), was higher for low layer charge smectite (SWC18 and SWHDT) indicating 
interlamellar sorption. This fact is confirmed in the paraffinic organoclays (SWC18 and SAC 18,) 
by the expansion of their basal spacing after phenol sorption as shown in Table 1. 
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Tabic 1. Organoclay and herbicide-organoclay complexes properties and parameters. 
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;,C 18-octadecytammonium, HDT=hexadecyltrimethylammonium, hoc=organic carbon content, 
'LC=laycr charge, OC=organoclay, OC-DNP=organoclay-DNP complex 

The FT-IR spectrum of DNP-OC complex showed differences with respect to that of DNP 
indicating strong polar interactions sorbate-sorbent: a)the decrease in the vv.„ DNP bands from 
1540 and 1334 cm"1 to 1524 and 1324 cm"1 indicated H-bonds of the nitro groups with the amino 
groups of the interlayer alkylammonium;b)the increase in frequency of 6().„band from 1348 to 
1373 cm'1 would suggest phenolic group be H-bond to the basal oxygen of the silicate layers which 
would interact also with electrons or the aromatic ring changing also the frequency of the ring 
breathing modes (v r c . from 1627 and 1598 to 1609, 1568 and 1560 cm"1). 
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9.2 IONS and RADIONUCLIDES 

1. FIXATION OF RADIOCAESIUM IN AN ACID BROWN FOREST SOIL 

Emmanuel MAES( 1), Yves THIRY(2) and Bruno DELVAUX( 1) 
(1) UCL, Unite des Sciences du Sol, Place Croix du Sud, 2/10, 

1348 Louvain-la-Neuve, Belgium. 
(2) SCK-CEN, Unite de Radioprotection, Boerentang 200, 2400 Mol, Belgium. 

Introduction 

A highly selective adsorption of radiocaesium is often reported in the surface horizons of 
acid forest soils. Consequently, the soil humus content is often considered as a key parameter in 
modelling the Cs behaviour in these soils. The present study illustrates how both clay minerals and 
organic matter influence radiocaesium sorption and desorption in an acid brown forest soil. 

Materials and methods 

Materials consist of 7 horizons sampled from a Belgian acid forest soil (derived from schist) 
in which 137Cs distribution indicates a large accumulation in the surface OAh horizon. OAh 
and Ah horizons are strongly acid (pHWalcr < 4.0) and have high organic matter contents 
(6-17%). The exchange complex of both surface and deeper horizons is dominated by Al 
and the base saturation is very low (< 5%). Clay content decreases from 26% in the surface 
Ah horizons to 16% in the deeper BC horizons. 
Clay fractions (< 2 um) are extracted from OAh, Ah and Bw horizons by the Na-resin method, 
i.e. without destruction of organic matter. They are characterized by X-ray diffraction, total 
analysis, CEC measurement and selective extraction by hot Na-citrate. 
The clay materials are made homoionic with K+ and Ca2' respectively after equilibration 
with the respective KCI/CaCI, 10'3N solutions. At equilibrium, solutions are labelled with 
l37Cs (10'8N). Csf sorption-desorption kinetics are determined using dialysis membranes. 
After a 7 days sorption, desorption is carried out using the infinite bath technique (NH+

4-resins 
Dowex 50). 

Results and discussions -

For each clay fraction, the Cs net retention is higher after Ca2t saturation. The clay materials 
exhibit very similar with high sorption properties (similar Kd values) but differing desorption 
yields. Desorption yields are indeed much lower in the clays extracted from the hemiorganic 
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horizons, as compared to the clays extracted from the mineral Bw horizons: the Cs net retention 
is higher in the surface hemiorganic horizons. 
Clay minerals common to these hemiorganic and mineral horizons are kaolinite, micas, and 
traces of chlorite. Bw horizons contain HIV minerals (Hydroxy Interlayered Vermiculite) 
identified by a 14A reflection after both K and Mg saturation, and a progressive collapse 
to 10A after increasing temperature through thermal treatments In the surface OAh and 
Ah horizons. X-ray diffraction patterns indicate a more pronounced vermiculitic character 
of HIV minerals (collapse to 10 A after K saturation and thermal treatments). 

A hot Na-citrate treatment of the Bw-clay results in the extraction of Al and a stronger 
collapse to 10 A after K saturation and thermal treatment. The citrate treatment of the Bw-clay 
has also a strong influence on Cs' desorption yields: Cs net retention is higher than the 
one observed in the untreated OA.h/Ah-clay samples. In the acid brown forest soil investigated, 
acid weathering of 2:1 and 2:1:1 minerals in Bw horizons release Al and produce HIV clays in 
which Al polymers are blocking high charged sites in the interlayer space of the 2:1 vermiculitic 
units. In the organic layers, Al complexation by organic matter enhances the degradation of HIV 
minerals, hence liberating specific interlayer sites for Cs+ fixation. 

Conclusions 

The Ca2'-clay fractions extracted from the surface hemiorganic horizon and the deeper 
mineral horizons of an acid brown soil exhibit similarly high Cs' sorption properties. Desorption 
yields are, however, much lower in the surface layers, resulting in higher net retention of 
radiocaesium. 
Organic matter dynamics in this soil containing HIV minerals has an indirect effect on 
radiocaesium retention properties through Al complexation by organic acids. Acidocomplexolysis 
of Hydroxy Interlayered Vermiculitic clays indeed results in the formation of "degraded 
vermiculite" in the topsoil layers, inducing a larger amount of high charged interlayer sites for Cs' 
specific adsorption. 
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2.COMPLEX FORMATION PROCESSES ON THE LAYER SILICATE SURFACE 
WITH DIFFERENT DEFECTS: THEIR ROLE IN RADIONUCLIDE AND HEAVY 
METAL IONS MIGRATION IN ENVIRONMENT 

Boris Yu. Kornilovich 
Institute of Colloid Chemistry and Chemistry of Water 
Vernadsky blvd., 42, Kiev -142, 252680 Ukraine 

Layer silicates as main inorganic components of soil determine the migration character of 
different types of polluting substances in the environment. One of the chief means to bond 
various substances by layer silicates are surface complexing reactions with metals and ligands. 
However, their investigation is rather difficult because even close if the chemical composition 
of natural layer silicates is similar their posse surface a different chemistry. The reason behind this 
is the presence of various isomorphic substitutions and different types of defects, introduced by 
different conditions of mineral formation. That is why it seemed expedient to purposely change 
the wide range concentration and acid-basic properties of surface active sites over a investigate 
on sample which otherwise remain identical in chemical composition and isomorphic substitution. 
To simulate active sites on the silicate surface with various concentration and acid-basic 
characteristics a mechano-chemical attack was applied. 
Both natural and simulated samples of kaolinites montmorillonite, palygorskite and others were 
investigated. The physico-chemical characteristic were established from acidimetric-alkalimetric 
titration and nitrogen and aqueous vapour adsorption experiments. For example, the surface 
characteristics of montmorillonite were modified in the following intervals : adsorptive volume 
Vs determined by nitrogen 0.024 - 0.125 cmVg , Vs determined by water 0.03 - 0.24 cnr'/g ; 
specific surface area SBHI 26 -134 nr/g, medium radius size X 0.86-1.28 nm ; mesopore surface 
S.ML- 16- 99 nr/g, concentration of primary adsorptive centers A 0.2 - 1.3 mmol/g. 
Sorption isotherms of heavy metal cations ( Pb, Cu, Ni, Co, Mn, Cd ) and radionuclides ( U, 
Th, Pu) versus pH were determined on natural and modified samples and surface complex 
formation constants, accounting for the anionic composition of the original solutions, were 
calculated. 
Using spectroscopic methods (ESR, solid-state NMR method of high resolution ) we 
characterized the transition metal cation bonding with the silicate surfaces in terms of the 
contribution of electrostatic (with free hexa-aquacomplex participation ) and coordinate ( 
because of donor atom edge interaction) bonding mechanisms. 
Obtained data on composition and stability of radionuclide and heavy metal complexes on the 
surface of natural silicates depending upon water anionic composition, pH and organic 
complex-forming ligand content were provided the possibility to clarify physico-chemical 
peculiarities of said element migration in environment. It was analyzed, in particulars chemical 
aspects of spreading from zone, surrounding emergency Chernobil atomic station, of such 
dangerous for people toxicants as Pu and Am, which at rather great amount have been thown 
out of the reactor after the break downs and also Pb and Cd , which have been used to extinguish 
atomic fire. 
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3.COUPLING ANALYSIS OF MACROSCOPIC AND MICROSCOPIC BEHAVIOUR 
IN HIGHLY COMPACTED LAPONITE-Na CLAYS. 

M. AL Mukhtar, Y. Qi-Chu, J.F. Alcover, F. Bergaya 
CNRS Centre de Recherche sur la Matiere Divisee - University of Orleans 
IB, Rue de la ferollerie, 45071 Orleans cedex 

Introduction 

The great importance of problems related to the storage of chemical and radioactive wastes 
requires better understanding of all the processes affecting the behaviour of natural geology 
where these wastes are stored, but also of manufactured materials used in the construction of 
barriers. 
The option of storage of highly radioactive waste at large depths below ground requires the 
study of the behaviour of these highly compacted materials (mainly clays at 800 m of depth). 
Researches are conducted on clays due to certain physico-chemical properties: permeability, 
expansion, ions exchange, plasticity, long-term chemical and mineralogical stability, thermal 
conductivity. 
The construction of storage facilities by tunnelling in clays formations induce unsaturated zones 
around the tunnels. The unloading and the hydraulic effect plus the ventilation of a tunnel system, 
built in a saturated clay formation to maintain the relative air humidity below saturation, cause 
the creation of unsaturated zones and evaporation of water through the tunnel walls. 
The discontinuous nature of the clay medium and the possibility of fluid phases (liquid and gas) 
induce coupling between hydraulic and mechanical properties. The application of mechanical 
stress or hydraulic suction on such materials induces water release due to the contraction of the 
solid matrix and subsequent decrease of the pore size, but mainly due to the rearrangement of 
particles closer to each other. 
It is recognized that the mechanical and hydraulic properties of clays are mainly controlled by 
their texture (microstructure), their mineral composition and their physicochemical properties 
(interaction between interstitial iluid and solid matrix). 

Methodology 

As the study of different phenomena in natural soil is very difficult, we have chosen, as a first 
step, a synthetic model clay "laponite" for the study of various microscopic mechanisms affecting 
macroscopic behaviour. 
In this paper we present the analysis of macroscopic behaviour of compacted LaponiteNa. This 
analysis is based on data given by microscopic studies. 
The apparatus employed in the macroscopic study is an odometer cell, figure 1. It is designed for 
applying axial pressure up to 200 atm. Samples are directly prepared in the odometer beginning 
with clay powders which have been initially stored in dessiccators up to an equilibrium hydraulic 
state. For the study of fully saturated material, clays are saturated with distilled water. 
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Results and discussion 

Odometers tests have been performed at pressures up to 10 MPa on compacted laponite in 
saturated and unsaturated states. Macroscopic behaviour is analysed as a function of mechanical 
and hydraulic effects. 
Tests conducted on samples prepared with different axial pressure 1, 2, 5 and 10 MPa for 
the determination of the distribution of pore spaces and the types and amount of water in 
side them. In fact, depending on the size of the pore spaces and the interactions with the 
solid matrix, interstitial water exhibits different physico-chemical properties governed by 
different thermodynamic potential. Investigations have been realised with different methods 
such as X-ray diffraction, TAG (figure 2), TDA, N2 BET, NMR and TEM. 

5ituratcd all cell -

Poroui meulk breiue 

Pison 

Oil prurure clumber -

Figure 1 
Oedometre device 

Axial pressure (atm.) 

Figure 2 
Results of ATG tests on samples prepared with different axial pressures 
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4. INFLUENCE OF HUMIC SUBSTANCES ON THE CAPACITY OF CLAYS 
TO IMMOBILISE POLLUTANTS: THE CASE OF RADIOCAESIUM 

Camille Dumat and Siobhan Staunton 
U.F.R. de Science du Sol, 1NRA, pi Viala, 34060 MONTPELLIER Cedex 01, FRANCE 

Introduction 

Clay minerals play an important role in the disposal of waste, including radioactive waste. 
Their high sorption capacity and their hydraulic properties greatly restrict the migration 
of cations. They are likely to be exploited in both the land and sea emplacement of waste 
and as backfill materials in other repositories. They would thus form an additional barrier 
should the performances of disposal containers designed to hold radioactive waste evolve 
with time. 
Adsorption of pollutant cations is essentially an ion exchange phenomenon, and therefore 
is sensitive to the composition of the exchange complex and of the pore water. In addition 
to the influence of the inorganic constituents, humic substances may modify the speciation 
of pollutant cations in several ways; solubilisation by the formation of solution complexes 
metal ions, particularly transition metals and actinides; weathering of clay minerals; and 
formation of organic coatings which may modify the properties of the clays. 
Our aim in this work was to study the effect of two humic substances on the capacity of two 
clay minerals to adsorb caesium. We are particularly interested in the adsorption of trace 
quantities of radiocaesium. We have concentrated on very short term adsorption in order 
to avoid any interference from weathering of the clay minerals. There is little direct information 
on the role of organic matter in clay adsorption, however considerable indirect evidence from soil 
studies suggests that the presence of organic matter greatly reduces the immobilisation of caesium 
by clay minerals. A montmorillonite has been studied because the high cation exchange capacity 
and swelling properties of smectic clays make them particularly suitable for waste disposal. An 
illite was studied because it is known to possess a small number of highly selective sites for 
caesium. 

Methodology 

Materials: Two clays (both gifts of the 1NRA, Versailles) have been investigated; a Wyoming 
Montmorillonite (CEC, 0.94 mmolc g'1) and a Le Puy Illite (CEC, 0.30 mmolc g'1). Both clays 
was made homo-ionic in either Na, K or Ca. Two humic substances have been studied; a 
commercial humic acid (Aldrich) and a soil extracted fulvic acid (gift of M.V. Cheshire, MLURI, 
U.K.). '"Cs was obtained from Amersham International. 
Techniques: Dilute aqueous suspensions of clay were shaken for short periods at constant 
temperature (20°C) under aerobic conditions. The ionic strength (10'4-1 M) and pH of the 
solutions were varied as were the concentrations of Cs and humic material. After separation 
of the solid and liquid phases by centrifugation the supernatant solutions were analysed; 
[I37Cs] by liquid scintillation and humic or fulvic acids by UV-spectroscopy. 
Trace concentrations of 137Cs and varying concentrations of stable Cs (0-10'3 M) have been 
used. Results are expressed as the distribution coefficient, Kd or in the form of the Freundlich 
adsorption isotherm. The adsorption isotherms and distribution coefficients, Kd, of caesium have 
been measured for each clay with and without addition of humic material. 
Some short term kinetic studies have also been carried out, t=2-24 h). 
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Results and Discussion 

Clays in the absence qflmmic material 
The usual trend in selectivity is observed for both uncoated mineral clays, namely decreasing 
affinity of the clay in the order Cs>K>Na>Ca. The trend may be masked by the effects of ionic 
strength and [Cs] if the data are presented as Kd instead of the selectivity coefficient of the 
exchange reaction between Cs and the charge compensating cation. The heterogeneity of the 
adsorption sites gives rise to non-linear adsorption isotherms. 
Clays in the presence of humic material 
Only a small proportion of either humic or fulvic acid is adsorbed on the clay. Adsorption 
is pH dependent and increases with increasing valence of the charge compensating cation. 
The adsorption isotherms of Cs remain non-linear, with no significant change in the gradient of 
the Freundlich isotherm, indicating that the degree of surface heterogeneity is unchanged. 
The influence of humic material on the adsorption properties of clays is highly sensitive to 
the experimental conditions; ionic strength, pH and charge compensating cation. Although 
the adsorption of both humic material and Cs is pH dependent, there is no correlation between the 
amount of organic matter adsorbed and the change in Cs adsorption as pH is varied. 
In general, the addition of organic matter to a clay leads to a decrease in Cs adsorption 
capacity. This is in contrast to its effect on the adsorption of actinides which are thought 
to be retained in organic films. The effect of soil fulvic acid is more marked than that of 
commercial humic acid. This decrease is observed over a wide range of levels of Cs. However the 
effect is relatively small, and may not be apparent when adsorption data is presented on a log-log 
scale (Freundlich adsorption isotherm). 
For those clays that manifest a change in Cs adsorption in the presence of organic matter, 
the change increases with increasing amounts of humic matter added. 
The presence of humic substances appears to affect the short term kinetics of adsorption 
of caesium (2-24 h). 
Investigation of the clay-humic interaction 
Humic substances have a low affinity for clay minerals, the interaction is electrostatic, however 
adsorption is generally found to be largely irreversible. This suggests a significant contribution of 
entropy to the free energy of adsorption. We intend to use various techniques to investigate the 
clay-humic interaction in order to elucidate the mechanism by which coatings of humic material 
modify the capacity of clay minerals to adsorb trace quantities of caesium. In particular we hope 
to explain the different effects of the fulvic and humic acids studied to date. Among the techniques 
which will be tried are temperature dependence of adsorption, microcalorimetry, FTIR 
spectroscopy, 13C-NMR MAS spectroscopy. 

Conclusion 

In some circumstances the presence of humic substances appears to modify the adsorption 
of trace amounts of radiocaesium on clay minerals. The short term effect is relatively small, 
but appears to depend on the nature of the humic or fulvic acid as well as the clay; it is 
therefore impossible to generalise from our observations until further work has been carried 
out. 
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5. MICACEOUS CLAY APPLICATION AS A POTENTIAL COUNTERMEASURE 
TO REDUCE RADIOCAESIUM AVAILABILITY IN SOIL. 

Yves Thiry(l), Xavier Pirson(2), Christian M. Vandecasteele(l) and Bruno Delvaux(2) 
(1) Radiation Protection Research Unit, SCK-CEN, Boeretang 200, B-2400 Mol, Belgium 
(2) Soil Science Unit, UCL, Place Croix du Sud 2/10, B-1348 Louvain-la-Neuve, Belgium 

Introduction 

Countermeasures used in contaminated environments aim mainly to prevent the production 
and use of foodstuffs or other non food products which would exhibit unacceptable concentration 
levels of radioactive pollutants. When large areas with moderate contamination levels, although 
still too high for unrestricted use, are considered, limiting the transfer from soil to plant by 
decreasing the radionuclides solubility in soil, and hence their bio-availability for plant uptake, by 
the addition of specific binders will probably be preferred. 
In this context, the use of clay minerals to reinforce the soils potential to trap radiocaesium 
is of particular interest with micaceous clay minerals which show a high affinity for large 
monovalent cations. This selectivity is usually attributed to wedge cation exchange sites and 
to the fact that weakly hydrated ion like Cs can diffuse into the lattice and become "fixed". 
The effectiveness of clays minerals to reduce the radiocaesium availability in soil were 
experimentally studied in a podzol with 3 types of 2: 1 clay minerals. 

Methodology 

The l57Cs behaviour in 3 surface horizons (Of, Ah, E) of a sandy podzolic soil (developed 
under a pine stand) were compared before and after addition of 3 types of micaceous clay: 
Vermiculite (Transvaal), Illite (Puy-en-Velay), and Bentonite (Wyoming). Soil (lg) and clay 
(40mg) samples were introduced into dialysis membranes and equilibrated with a 10'3N 
K-Ca solution (Potassium Adsorption Ratio - PAR = 0.25). Such a bi-ionic scenario simulates 
semi-realistic chemical conditions reproducing the ionic composition of the soil solution so far 
concerned. Partitioning of radiocaesium between soil and clay was studied according to the 
following procedure: soil samples were first contaminated by equilibration with the above solution 
(200ml) labelled with U7Cs (7days end-over-end); changes with time of the radiocaesium sorption 
was followed by monitoring the activities in equilibrium solution. Countermeasure was then 
simulated by introducing the clay sample. In this new system, a l37Cs redistribution proceeded 
during 7 days of re-equilibration. The pool of available radiocaesium on the soil, or after 
re-equilibration both on soil and clay, was measured by a displacement procedure. The desorption 
process was based upon the generation of "infinite bath" boundary conditions created by 
introducing a high affinity Cs binder in the system. Use was made of Giese Granulate 
(Ammoniumcopper-hexacyanoferrate) showing exceedingly high sorption properties for 
radiocaesium. The disruption of solid-liquid equilibrium leads to an activity gradient which, 
in turn, induces a radiocaesium desorption flux. At the end of the procedure, we were able 
to distinguish 3 pools of '"Cs: Soluble, Exchangeable and "Fixed" radiocaesium. These 3 
pools constitute our basis of comparison between soil and clay considering their respective 
efficiency to adsorb and fix radiocaesium. 
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Results and discussion 

Concerning the different soil horizons tested, the total amount of '37Cs not removed during 
the extraction procedure ("irreversibly" fixed) have shown the following sequence: Ah(29.6%) > 
E(18.6%) > Of( 11.4%). It was not possible to linearly relate the ability of the different substrates 
to fix radiocaesium to main soil parameters. However, the high level of organic matter, or, in other 
qualitative terms, the very low clay content, of the Of layer can partly explain the very weak Cs 
fixation efficiency of this substrate. In comparison to the most efficient horizon (Ah: hemi-organic 
layer), the low fixation in the eluviate mineral horizon (E layer) has certainly to be related to 
acido-complexolysis which could alter the Cs fixation by clay particles and/or to the presence of 
hydroxy-Al vermiculite which are observed in this layer. 
The comparison of the sorption effectiveness of Vermiculite, Illite and Bentonite when 
submitted to different chemical scenario is discussed elsewhere (see "Fixation of radiocaesium by 
2:1 clay minerals in various K-Ca scenarios" by Froment et al., this conference): the interaction 
between changes in PAR conditions, consequent ions competition for Cs sorption sites and 
induced-effects on clay micro-structure are related to the respective l17Cs sorption and fixation by 
each clay. 
From previous physico-chemical characterisation, vermiculite is thus assumed to show the 
highest efficiency to improve '"Cs fixation in the different soil as far as the experimental 
chemical conditions mentioned above are concerned. As shown from our experimental 
conditions, the enrichment of the Of, Ah and E substrates with Vermiculite increases the 
total |17Cs fixation respectively by a factor 5.2, 2.3 and 3.6. The soluble pool of radiocaesium 
is concurrently reduced by a factor 3.0, 4.2 and 8.7. Generally, vermiculite contributes to 
enhance the l17Cs fixation into the soil-clay system 1.5 to 2 times more efficiently than Illite 
clay. On the other hand, regardless of the different clay types added to the soil and of the 
subsequent |,7Cs transfer from soil to clay, the percentage of the soil l,7Cs not removable by 
extraction remains fairly constant. This observation validates the desorption procedure as 
a good means to determine the amount of radiocaesium which can be "fixed" and thus excluded 
from the biochemical cycle. 

Conclusion 

In radioactive site restoration, a consensus appears for giving the priority on ecologically-based 
approaches to the problem of clean-up techniques and post-accident management. In this context, 
the use of natural Cs binders like clay minerals appears as a practical and promising mean to trap 
radiocaesium and to reduce its transfer to forest and agricultural products. Vermiculite, in 
particular, shows an original reliable structure to sorb and fix radiocaesium, even when 
equilibrated for the expected chemical conditions of the soil considered. From a practical point of 
view, vermiculite is available in industry in large quantities and is assumed to induce minimal 
secondary effects if applied in natural environments. 
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6. FIXATION OF RADIOCAES1UM BY 2:1 CLAY MINERALS IN VARIOUS 
K-Ca SCENARIOS 

Pascal FROMENT, Nathalie KRUYTS and Bruno DELVAUX 
UCL, Unite des Sciences du Sol, Place Croix du Sud, 2/10, 1348 Louvain-la-Neuve, Belgium. 

Introduction 

2:1 Clay minerals, either present or added as counter-measures, are potential sinks for 
radiocaesium in ecosystems polluted after radioactive fallout. For a given clay mineral, the 
ionic composition of the solid-solution interface has a key role on Cs* sorption properties. 
This paper aims at characterizing the retention of radiocaesium by clay minerals differing 
in their large charge, in contrasting K-Ca scenarios. 

Materials and methods 

The clay minerals tested have the following values of layer charge per half unit cell (x) and 
CEC (cmol(+)/kg clay): 

Illite du Puy (1) 

Transvaal Vermiculite (V) 

Wyoming Bentonite (S) 

X 

80 

62 

35 

CEC 

266 

1210 

764 

A batch technique is used to equilibrate the clay materials with 4 mixed KCl-CaCl2 10"3N 
solutions with respective K equivalent fractions of 0.0, 0.04, 0.16, 0.51 and 0.97. The 
clay/solution ratio is 200 mg/200 mL. At equilibrium, the solutions are labelled with 137Cs(1.4.10" 
l('N). After a 7 days sorption, desorption (15 days) is carried out using a K-Ca saturated resin 
(Amberlite IR120, 6.5 g), previously equilibrated with the same respective KCl-CaCU mixed 10"3N 
solutions. 

Results and discussions 

lllite (I) and Transvaal Vermiculite (V) exhibit fast, high and similar Cs+ sorption properties. The 
K-Ca scenario has little influence on Cs" sorption yields: Kd range is 930 - 990 mL/g and sorption 
yields amount to 94 - 99% of initial Csr loading. Cs~ sorbed quantities are however slightly higher 
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in Ca-rich scenarios. 
As compared to I and V clays, Cs* sorption is slower and much lower on Wyoming Bentonite (S): 
Kd range is 259 - 508 mL/g. K-Ca scenario strongly influences Cs~ sorption yields. The CsT net 
retention values are higher (35 - 50%) in both Ca-rich and K-rich scenarios, but lower (25 - 30%) 
in intermediate K-Ca scenarios. These differences are due to a change in the smectite particle 
organization with increasing K loading (Tessier, 1984). 
Desorption yields discriminate both clay minerals and K-Ca scenarios (Table). For the illite 
material, desorption yields linearly decrease with increasing K equivalent fraction. The net 
Cs' retention on the Ca2* saturated vermiculite is low: the presence of K ions is necessary 
to induce interlayer collapse and higher Cs* retention (Jacobs and Tamura, I960). 
Increasing K* loading results in an increase in K"-Csr competition on exchange sites and a 
decrease in the number of layers per particle: both factors may explain a decrease in net Cs+ 

retention. 

Table. Net Cs* retention values after 15 days desorption (% initial loading). 

K/(K+Ca) solution 

0.0 

0.04 

0.16 

0.51 

0.97 

V 

29 

81 

86 

68 

67 

1 

93 

75 

62 

36 

17 

S 

9 

6 

8 

2 

8 

Desorption yields are invariably very low on the Wyoming Bentonite (S). 

Conclusions 

Cs+ sorption properties and related Kd values discriminate the tested high charge versus, 
the low cha rge 2: 1 clay minerals. Kd values do not discriminate illite and vermiculite at any 
K-Ca scenarios. Desorption yields clearly discriminate both the tested clay minerals and the 
K-Ca scenarios. Application of vermiculitic clays onto soils present a promising interest in 
ecosystems contamined after a radioactive fallout. 
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7. CADMIUM ADSORPTION ON ILLITE IN PRESENCE AND ABSENCE OF ALDRICH 
HUM1CACID 

Sacha Van den broeck, Geert Van Beek, Andre Maes 
Laboratorium voor Colloidchcmie, Katholiekc Universiteit Lcuvcn 

Introduction 
To make speciation calculations of Cd in soils containing clay minerals, it is important to quantitatively 
understand the proces of Cd binding to the clay surface. In addition, the influence of organic matter on 
the binding of Cd with the clay surface needs to be studied in order to understand the Cd behaviour in 
field conditions. 

Methodology 
Silver Hill Illite was ground and subsequently treated to remove organic matter, free iron oxides and 
carbonates. Finally, the day was ion exchanged into the sodium form and then fractionated. Only the 
fraction between 2 and 50 urn was used. 

Adsorption experiments of Cd on Silver Hill Illite were performed with very low Cd concentrations (2 
10-7 N, 1.5 10"7 N, ID'7 N, 8 10s N and 4 10"° N). An Ulitc suspension which contained the 
aforementioned Cd(N03)2 (spiked with 109Cd) concentration and 0.01 M NaC104 was prepared and 
brought to pH 4. A sample of 40 ml was taken and equilibrated for 2 days. The stock suspension was 
then brought to higher pH values and each time a 40 ml sample was taken and equilibrated. After 
equilibrium, the samples were centrifuged and the amount of109 Cd in the supernatant was determined. 
All experiments were performed in the pH range 4 to 8. 
The same experimental set up was used to investigate the influence of two Aldrich HA concentrations (5 
and 10 ppm) on the adsorption of 2 10"7N Cd. 

Results and discussion 
The distribution coefficient Kj (l/kg) for Cd on Illite gradually increased with pH as shown for some 
low Cd concentrations in figure 1. Similar results were obtained for other Cd gifts. 

These results were interpreted in terms of the contribution of two adsorption processes : a pH 
independent ion exchange process on the permanently charged isomorphic charge centers and a pH 
dependent surface complexation process on the broken edges (and eventual residual oxide coatings). 
Therefore the available functional group capacities (CEC and surface OH groups) needed to be known. 
Both were estimated from the pH dependent Cobaltihexammine CEC of Illite. The CEC at pH 2 (0.09 
eq/kg) was identified with the permanent charge capacity. The capacity of the oxidic sites was estimated 
as the difference between the total capacity and the capacity of the planar sites (= 0.19-0.09 = 0.10 eq/ 
kg). 

The distribution coefficient Kj for the Na-Cd ion exhange mechanism can be written as 

(equation 1) K JK^CEC} 

in which CEC (eq/kg) is the Cobaltihexammine capacity of the planar sites and mN. (eq/1) the molarity 
of Na in solution. The value of Kc was set equal to 1.7 and corresponds to the Kc values obtained in 
presence of high Cd concentrations and low pH values and also agrees with K« values obtained on the 
planar sites of montmorillonites. 

The surface complexation reaction was modeled with two sites and the distribution coefficient was 
therefore written as: 

Kd=[Kx *\SXOH\*\H+\'\ + [K2 *\S2OH\*\hr\X\ (equation 2) 
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wiui I SiOH | and IS2OH | the surface concentration (eq/kg) of the Si oxidic and Al oxidic surface 
groups respectively. The number of SiOH and AlOH groups were taken as 2/3 and 1/3 of the total 
number of oxidic functional groups. Ki and K2 are the respective surface complexation constants, 
which were fitted by trial and error and were equal to 0.15 and 0.01 respectively. 
The overall distribution coefficient is the sum of the Kj values from equation 1 and 2 and is seen to 
describe the data sufficiently well (see figure 1). 

The distribution coefficient for Cd on illite in presence of humic acid can be fitted using the following 
equation: 

~Kr*CEC' 
1 4 . / f » i H > a 

lad* 

Kd = 
( A : 1 . | 5 l O i / | - | ^ | - , ) + ( A : 2 . | 5 j O H | . | / / ^ | - , ) + ( ^ ^ ] + /?-|//J4L 

(equation 3) 

with B (1/eq) the interaction constant for the Cd-Aldrich HA interaction, HA^ the concentration of 
Aldrich HA adsorbed onto the Illite surface (eq/kg) and HAjoi (eq/1) the concentration of Aldrich HA in 
solution. The comparison of the calculated with the experimental data is shown in figure 2 for the case 
of 5 and 10 ppm Aldric 1 HA. The agreement is insufficient. 
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figure 1 : 
Experimental and calculated Kd values for the adsorption of Cd on Illite in absence of Aldrich HA. 

1600-J 

1400 

1200-

1000 

5 800 

600-

400 

200 

0-

a 

• D 

P ° or 

# D 

3 2 4 6 8 

PH 

• experimerta! 

a calciialod 

16001 

1400-

1200-

1000 • 

5 800 

eoo 
400-

200 

0 

( 

• • ° 
o i l 

• 
• 0 

0 . ° 
O D Q 

D 

3 2 4 6 8 

PH 

•experimertal 
DcalcUaled 

figure 2: 
Experimental and calculated Cd distributions on Illite in presence of 10 (left) and 5 (right) ppm Aldrich 

HA. 

Conclusions 
The proposed model for the Cd binding on Illite (figure 1) can describe the experimental results 
satisfactorily only in absence of humic acid 
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8.RADIOCHEMICAL STUDIES OF THE SORPTION BEHAVIOR OF 
STRONTIUM AND BARIUM IN VARIOUS CLAYS 

H.Gokturk1, C.Eylem1'2, S.Hatipoglu1 and H.N.Erten2 

1 Department of Chemistry, Middle East Technical University, 06531 Ankara-Turkey 

2 Department of Chemistry, Bilkent University, 06533 Ankara-Turkey 

The sorption behaviour of strontium and barium on kaolinite, bentonite and 

chlorite-illite mixed clay was studied by radioanalytical techniques using the batch 

method. t"1Sr(tl/2 = 29.1y) and '"Ba ( t l /2 = 10.5 y) were used as radiotracers. 

Characterization of the solid matrices was done by FTIR and XRD spectrometries and 

specific surface area measurements. The experimental CEC of the kaolinite, bentonite 

and chlorite- illite were found as 6, 21, 15 meq/100 g respectively. Synthetic 

groundwater was used as the aqueous phase. The variation of the distribution ratio 

Rd, as a function of metal ion loading was examined. The maximum uptake of Ba2+ 

in these experiments were observed in the case of chlorite- illite clays (Table 1). The 

experimental data were fitted to Freundlich and Dubinin-Raduskevich isotherm 

models (1,2). The sorption energies were calculated using the Dubinin-Redushkevich 

constant k using the relation, sorption Energy = (2k)"1/2. They are all within the range 

of ion exchange type reaction (8-16 kj/mole). 

In detailed experiments, chlorite-illite mixed clay was first presaturated with K\ Sr2+, 

Ca2+ and A13+ ions respectively prior to sorption studies with Ba2+ ion. The sorption 

results of Ca2+ pretreated chlorite-illite clay were very similar to those of natural 

chlorite-illite type of clay suggesting that in the natural systems Ba2+ ion exchanges 

primarily with the Ca2+ ion on the clay minerals. 

The effect of pH on the sorption process was also studied with the experiments that 

were carried out at constant pH values. No significant change in the sorption 

behaviour of Ba2+and Sr2+is observed between the pH range of 3.0- 8.5. At pH of 11.0 

and above the Rd values increase, probably due to the formation of carbonate 

complexes (Table 2). 
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Table 1: Isotherm constants for the sorption of Ba-+ and Sr^+ on kaolinite, bentonite 

and chlorite-illite clays. 

Sorbcd 

Ion 

Sr2+ 

Sr2+ 

Ba2 + 

Ba2+ 

Ba2+ 

Matrix 

Kaolinite 

Bentonite 

Kaolinite 

Bentonite 

Chlorite-illite 

Freundlich 

N 

0.91 

1.06 

0.97. 

1.03 

0.89 

K 

29 

2576 

118 

325 

98.5 

I s o t h e r m s 

Dubinin-Rcduskevich 

r ° 
(mol/g) 

9.82xl0-4 

1.40xl0-3 

1.19xl0-4 

2.20x10-4 

8.0x10-4 

k 
(mol/kJ)2 

6.97xl0"3 

5.69xl0"3 

5.38xl0-3 

5.20xl0-3 

4.95x10-3 

Saturation 

Rd 
(mL/g) 

113 

1022 

170 

454 

745 

Sorption 

Energy 

kJ/mol 

8.6 

9.4 

9.6 

9.9 

10.1 

Table 2: The variation of the distribution coefficients with pH for the sorption of Ba2+ 

and Sr2+ ions on clays. 

Solid matrix 

Kaolinite 

Bentonite 

Chlorite-illite 

Bentonite 

SorbedIon 

Ba2+ 

Ba2+ 

Ba2+ 

Sr2+ 

1.6 

-

-

-

50 

3.0 

63 

837 

388 

1300 

Rd (g/mL) 

at various pH values 

5.0 

57 

780 

434 

1800 

8.5 

66 

454 

461 

1259 

11.0 

119 

1080 

461 

832 

13.5 

-

-

-

1905 
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1. CONTRIBUTION OF CLAY MINERALOGY TO THE PALEOENVIRONMENTAL 
INTERPRETATION OF UPPER MIOCENE DETRITAL SEDIMENTS. 
SOUTHWESTERN OF THE IBERIAN PENINSULA. 

Galan, E.(*), Gonzalez, I.(*), Mayoral, E.(**) and Muniz, F. (**) 
(*) Departamento de Cristalografia y Mineralogra. Facultad de Quimica. 
Universidad de Sevilla. Apdo. 553. 41071 Sevilla. Spain. 

(**) Departamento de Geologia. Facultad de Cicncias Experimentales. 
Universidad de Huelva. 21819 Palos de la Frontera, Huelva. Spain 

Introduction 

Sandy silt sediments from the SW Guadalquivir basin (Huelva) have been investigated in 
sedimentological, paleontological and paleoichnological terms. However, no mineralogical data 
for this area was so far been reported. The occurrence of glaucony in these materials is of great 
interest for determining the absolute age of the sediments using isotopic methods, which may 
allow one to establish correlations with the glaucony of neighbouring areas in Portugal (Algarve) 
and NW sectors of the Guadalquivir Basin (Huelva). The aim of this work: was to study clay 
minerals in these sediments in order to derive a paleoenvironmental interpretation of the basin. 

Materials and Methods 

The materials studied belong to the Neogene Guadalquivir basin and were deposited in 
unconformity with the underlying substratum, which is made up of Carboniferous rocks (Culm 
facies). The section shows the following intervals from bottom to top: 1) Bioclastic sands with 
carbonate nodules, very rich in fossil remains (bivalves, gastropods, scaphopods, marine 
vertebrates); 2) Burrowed reddish sands with intercalated conglomerate layers, that are changing 
laterally to black fossiliferous clays; 3) White sandy silts. Burrowed horizons and ferruginous 
lumachellic surfaces are very frequent, 4) Highly burrowed glauconitic sands containing no 
macrofossils, and 5) Kaolinitic sands. 
The mineralogical composition was determined by X-ray diffraction (XRD). The < 20um 
fraction was analysed using oriented aggregates and standard tests (untreated, ethyleneglycol 
solvation, and heating at 550°C). The glauconite fraction obtained by magnetic separation was 
studied by: a) XRD, b) Scanning electron microscopy (SEM), and c) K/Ar isotopic 
determination. 

Results 

The mineralogical associations found in the 20 (am fractions were as follows: 
Black clays: Phyllosilicates > Quartz > Feldspars; Smectites > Illite > Kaolinite 
White sandy silts: Quartz » Phyllosilicates > Feldspars; Illite > Smectite > Kaolinite 
Glauconite sands: Quartz > Phyllosilicates > Feldspars. The mineralogy of the < 20um fraction 
is smectites, kaolinite and mica (identified as glauconite). 
Kaolinitic sands: Quartz> Phyllosilicates > Feldspars. The major clay mineral was kaolinite. 

Glaucony: Habits: Seventy percent of glauconitic grains are concentrated in the 420-177 um 
fraction. Glauconite morphology can be: irregular grains, pop-corn, ovoidal and capsular. The 
glauconitized substrates are: 1) minerals grains 2) faecal pellets 3) internal moulds. 
Mineralogy: XRD provided specific information on the stage of morphological evolution of 
green grains. The position and shape of the 001, 020 and 003 reflections, the lowintensity of 112 
and 112 peaks relative to the 001 peak, and the small number of diffractions obtained may be 
indicative of structural disorder. 
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The potasium content ranged from 5.9 to 6.8% according to the position of the diffraction 
peak, the shape of hkl peaks (112 and 112) and the analytical data obtained by EDX. The 
variation of the 001-020 distance versus K.,0 content (derived from XRD measurements) 
suggests slightly evolved to evolved glauconitic mica. The isotopic study (K/Ar) indicates 
that the analysed glauconies were probaoly formed between 6.6-6.7± 0.3 Ma. 

Origin and Paleocnvironmental contribution 

Glauconitic micas were formed authigenically from a rich kaolinite-smectite bearing substratum. 
Kaolinite is detrital and originated from alteration of Culm shales under a warm, wet climate 
Based on the mineralogical data and reported paleontological, paleoichnological and 
sedimentological data, we can draw the following conclusions, a) the terrigenous basal unit 
(intervals 1 to 3) represents the transgressive shallow marine and nearshore deposit of high-energy 
conditions and a moderate sedimentation rate; b) intervals 2 (black clays) ana 3 (sandy silts) may 
reflect the end of transgression in a slightly reductant confined marine environment (probably a 
very shallow, small bay), c) the glauconitic sands (interval 4) may be related to relatively deeper, 
highly oxygenated waters with a low sedimentation rate. The microenvironment where the 
glauconitic clays formed is mainly characterized by a semi-confined environment. A temperature 
below 15°C and a pH of ca. 8 proved favourable, d) Kaolinitic sands (interval 5) were continental 
deposits. The occurrence of kaolinite may indicate a warm, wet climate and a well-drained 
environment, possibly pointing to the beginning of post-Neogene sedimentation in the area. 
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2. FEATURES OF AUTHIGENIC CLAY MINERALS IN EVAPORATE 
ENVIRONMENTS 

A.Rasskazov, I.Chramtcov. 
Institute of the Lithosphere, Russian Academy of Sciences, Staromonetny per. 22, 
109180 Moscow, Russia 

Introduction 

The processes of authigenic clay formation in evaporate environments are of a great variety. 
Compositions and structures of the clay minerals are controlled by conditions of sedimentation and 
post-sedimentary processes and so they may be used as indicators for the reconstruction of 
physico-chemical environments of the rock-formation. Some peculiarities of the authigenic clay 
mineral-formation in different evaporate environments are examined. This paper also deals with 
the features of authigenic clay minerals. The authors discuss the reasons and genetic peculiarities 
of the authigenic clay mineral formation in the specific geological environments. 
The processes of the authigenic clay mineral formation during different stages of increasing 
of a salinity in the evaporate basins of the chloride type (an example from the Devonian 
kali-bearing deposits in the Pripyatsky depression) are discussed. In particular, Fe-illite 
from the kali-salt horisons was less ferrigeneous than Fe-illite from the nonkali-salt zones. 
This fact indicates that the transformation of Fe-illite into normal illite took place when 
salinity of the evaporate basin increased. The enhanced concentration of Mg-chlorite in the 
deposits related to the processes occurred during the "postkali-bearing" stages of basin 
development. The results were compared with the data of compositions and crystallochemical 
features for authigenic clay minerals from the Permian salt-bearing basins of the sulphate type 
(Prikaspiyskaya depression, Preduralsky trough). 

The formation of authigenic leucophyllite is the typomorphic process of the transformation 
of alkali volcano-pyroclastic material within the evaporate environment. The palygorskite 
was formed by chemogenic mechanism related to the alkalized conditions and occurred 
during the, early stages of the halogenesis with an abundance of carbonate material in the 
basins. 

The processes of authigenic zeolite-formation in natron conditions of ancient and the modern 
lacustrine basins are considered by particular examples. The authors demonstrated that the 
zeolite-formation took place during interaction between alkali mineralized waters of the paleolakes 
and acid (or low alkali) glass of volcanic origin. 
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3. TRACE ELEMENTS IN THE LOWER SILESIAN KAOLINS (POLAND) 
GEOCHEMICAL AND ENVIRONMENTAL APPROACH 

Piotr Wyszomirski 
University of Mining and Metallurgy, al.Mickiewicza 30, 30-059 Krakow, Poland 

> 
Introduction 

In Poland kaolins occur only in Lower Silesia. Their Tertiary deposits are mainly developed 
on the granitoids of Strzegom (kaolin from Zarow, Kalno, Boleslawice, Golaszyce, Gola 
Swidnicka, Wirki), Strzelin (kaolin from Wyszonowice and Gieralcice) and Rumburk (kaolin from 
"Turow II" brown coal open pit). Some kaolin deposits originated from strongly greisenised rocks 
(e.g. Kamien deposit) Moreover, Santonian kaolinitic sandstones of North-Sudetic Depression 
("Maria III" deposit) are considered to be kaolin raw minerals. Actually, the "Maria III" deposit 
is the only one exploited in Poland. 

Methodology 

Materials - analysed samples come from the fourteen Lower Silesian kaolin deposits. 
Techniques - Trace element contents were determined using the following methods: 
(1) AAS (Li, Rb), (2) INAA (Cs, some REE, i.e. Ce, Nd, Sm, Eu, Tb, Yb, Lu, actinides (U, 
Th), Au, As, Cr), (3) PIGE (proton induced y-ray emission) (F), (4) PIXE (proton induced 
X-ray emission) (mainly Zr, Y). International geostandards were applied. 

Results and Discussion 

Trace alkali elements (lithium, rubidium, caesium) in the studied kaolins occur in variable 
amounts. Their contents are: 4-39 ppm, <20-379 ppm and cO.5-8.2 ppm, respectively. Trace 
alkali elements occur in kaolins in minerals such as micas, kaolinite and relict feldspars. As 
far as kaolinite is concerned these elements can also be incorporated into the kaolinite structure 
(lithium) can be bound by sorption mechanisms (rubidium, caesium). Such conclusions may result 
from the examination of size fractions - especially the finest ones - separated from kaolins of 
Zarow, Kamien and Wadroze Wielkie. 
During the kaolinization process, a tendency of decreasing REE content is observed. Accessory 
(zircon, titanium minerals) and secondary minerals (phosphates of the crandallite group) play an 
important role in the concentration of these elements. Moreover, the sorption mechanism is also 
important in this respect. In most cases, we observe a strong negative Eu anomaly. This is due to 
the presence of the above mentioned accessories and can be usually caused by postbiotitic 
influence on the kaolinite 
Generally increased content of thorium (when compared with other Lower Silesian kaolins) 
is characteristic of Wyszonowice kaolin - 17-60 ppm. The main clay mineral of this rock, i.e. 
kaolinite, was formed predominantly from biotite - an important component of parent 
granitogneisses. It is known that this mineral and the zircon inclusions are often thorium 
carriers. In kaolinitic weathering crusts - including those of the Lower Silesian there is a 
tendency of diminishing Th and, particularly, U content when compared with the parent 
rocks. During hypergenic processes, uranium forms a mobile uranyl ion, which can be removed 
from the kaolinization environment by circulating waters. However, under favourable conditions, 
secondary minerals enriched in adsorbed uranyl ions can crystalline. This phenomenon was 
observed recently in an abandoned kaolin open pit in Zarow, where during warm and rain-free 
summer periods efflorescences of uranium-bearing copiapite appeared. Kaolinitic sandstone from 
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the only active "Maria III" open pit is rather poor in actinides (Th - 7.5 ppm, U - 1.9 ppm). This 
is due to relatively low kaolinite content (ca. 14 wt.%), and the origin of this rock, formed in 
fluvial environment under conditions of intense washing. 
Kaolinitic sandstone from the "Maria III" deposit, particularly its <40um size fraction, 
contains increased amounts of As (6.8 and 12.6 ppm, respectively). The presence of this 
element is related, probably, to the occurrence of minerals of the crandallite group in this 
rock. In their structure the isomorphic substitution of phosphorus by arsenic is sometimes 
observed. However, the form of bonding of As in other Lower Silesian kaolins can be completely 
different. This can be exemplified by post-granitogneissic kaolin of Wadroze Wielkie which is 
enriched in gold (79 ppb) - especially its finest size fraction 2-0.5 um (600 ppb). The latter fraction 
is also enriched in As (7.6 ppm) whereas all the others, for the content of this element is about or 
below 2 ppm. This phenomenon can be due to a genetic relation of Au in Wadroze Wielkie kaolin 
with gold-bearing pyrites occurring in quartz veins cutting locally kaolinized granitogneisses of 
this deposit. 
Examination of size fractions separated from some Lower Silesian kaolins (e.g. from those 
of Wyszonowice deposit and "Turow IF'open pit) has shown that zirconium concentrates 
predominantly in the 60-20um fraction. Besides, the high Zr content (117 ppm) was found 
in the finest < 0.3 urn fraction of kaolin from "Turow II" open pit. The observed positive 
correlation of Zr and Y can be due to a heterovalent diadochy of zircon ZrfSiOJ and xenotime 
Y[P04]. 
Fluorine is a very important element both from geochemical and environmental point of 
view. Its content in Lower Silesian kaolins varies in the range of 100-600 ppm. Only in 
non-exploited post-greisen kaolin of the Kamien deposit is it extremely high (10000 ppm). 
The use of fluorine-enriched kaolins in the ceramic industry, especially for the production 
of china, can be dangerous for the environment due to the emission of this element during 
firing. In this respect one may regard as advantageous the only Polish washed kaolin KOC 
produced from kaolinite sandstone from the "Maria III" deposit. It contains only 430 ppm 
F, whilst British washed kaolin STANDARD, imported in considerable amounts by the 
Polish ceramic industry reacher- 1460 ppm of fluorine. 

Conclusions 

- Trace alkali elements occur in Lower Silesian kaolins in such minerals as: micas, kaolinite 
and relict feldspars. As far as kaolinite is concerned, these elements can be incorporated into 
its structure (lithium) or can be bound by sorption mechanisms (rubidium, caesium). 
- During the kaolinization process a tendency of diminishing REE content is observed. In 
the majority of cases a strong, negative Eu anomaly is observed. 
- Post-granitogneissic kaolin of the Wyszonowice deposit is characterized by elevated amounts 
of thorium. This is the result of post-biotitic origin of kaolinite in this rock. 
- Different behaviour of uranium during kaolinization of the various rocks is caused by 
considerable mobility of uranyl ions in such environments. 
- Among the Lower Silesian kaolins examined, post-greisen residual kaolin from the Kamien 
deposit shows peculiar geochemical properties. 
- Kaolinitic sandstone from the "Maria III" deposit as characterized by the moderate content of 
is such trace elements as uranium and fluorine. 
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4. THE ORGANIC MATTER IMPORTANCE FOR THE CLAY MINERAL 
EVOLUTION IN THE BROWNCOAL FORMATION OF BELARUS 

Svetlana D. Astapova and Yadviga I. Anoshko 
Institute of Geological Sciences af the Academy of Sciences of Belarus 
Zhodinskaya 7, 220141, Minsk, Belarus 

Introduction 

Amongst the continental deposits of the browncoal formation widespread in the South of 
Belarus, facies of lacustrine and lacustrine-boggy water bodies represented by Mid-Miocene 
clays overlying browncoal beds are discussed. Clays are of various colours ( from light-grey 
to dark-grey and black ), heavy, rarely lumpy, with pelitic material content ranging from 
50 to 95% and occur as lenses at depths from 20 to 30 m according to the browncoal distribution 
contours. 

Methodology 

The composition of clay material, as well as the organic matter composition and content 
have been studied in a supracoal, horizon from the Zhitkovichy and Brinev coalfields, by 
granulomeres, mineralogical, thermal, X-ray and chemical analyses. 

Results and Discussion 

Investigations have shown the clay colour variations are due to different organic matter 
contents. The gray clay variety includes up to 1% Cor(,:inji:,0.6% humic acids, 0.007% bitumen A, 
0.006% bitumen C. Dark-grey clay shows C0IB. as hign as 5% of humic acids, 3.73% bitumen A 
1.53, and C- 0.48%. The black variety (carbonaceous clay) includes 36.6% CORG , 34.4% humic 
acids, 6.71 bitumen A anld 1.37% C. Besides, clays of different colours typically show distinctive 
features in the clay minerals composition. In the grey clay, montmorillonite dominates among other 
clay minerals differentiated in XRD patterns by its (001) reflections at =14.3 A, which becomes 
as high as 17.6 - 18.4 A wich a maximum intensity, after glycerine solvation. In dark-grey and 
black clays, kaolinite is dominant and shows its (001) reflection wich a maximum intensity at 7.07 
to 7.18 and 3.52 to 3.56 A, which disappear after the calcination. Kaolinite of dark coloured clay 
is distinguished by its more perfect structure, which is shown by sharp exopeaks of heating curves 
at t=920°C (DTA), as wel as by its reflections on the diffraction patterns. Dark coloured clay is 
also characterized by a higher A1203 content. Hydromica is not abundant in clays and its 
represented by the mixed-layer hydromica-montmorillonite phase. 
The above distribution of clay minerals in clays, namely the montmorillonite predominance 
in grey and kaolinite-in-dark-grey and black varieties, is due to the sedimentation environment. 
In those cases, where an introduced mineral comes in contact with a environment rich in organics 
and with mainly authigenic pyrites and siderite (pH 5-6), the equilibrium of the physical and 
chemical parameters of the mineral formation and sedimentation are disturbed. This result from 
chemical and structural changes of feldspars, hydromicas and clay minerals, and from the in 
authigenic formation of kaolinite. Hydromica appeared to be unstable with organic matter and 
degraded into mixed-layers whereas chlorite was transformed into vermiculite. 

Conclusion 

So, lacustrine facies accumulated a set of clay minerals nearly the same as found in sources-rocks 
sources. Stagnant boggy environments kaolinite formation. 
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5. OXYGEN AND HYDROGEN ISOTOPE COMPOSITIONS IN CLAY MINERALS: 
A POTENTIAL SINGLE-MINERAL GEOTHERMOMETER 

Antonio Delgado and Emilio Reyes 
Estacion Experimental del Zaidin, CSIC, Prof. Albareda 1, 18008-Granada, Spain 

Introduction 

The present study is to stress the importance of jointly studying the_2H and _180 isotope values 
of clay minerals, with a view to discovering the isotopic composition of the waters from which 
they originated, and consequently the formation temperature. This methodology has been used in 
order to gain information about the waters and temperatures involved in the genesis of the 
bentonite deposit at Cortijo de Archidona (Serrata de Nijar, Almeria, SE Spain). 
If we consider that, in clay-water systems the equations relating the isotopic fractionation factor 
to temperature have opposed slopec and that the isotopic compositions of the oxygen and 
hydrogen are related via the Meteoric Waters Line (Craig, 1961), equations can be derived which 
enable us to determine the isotopic composition of the water in equilibrium with which these 
minerals have formed. Thus, a mineral such as clay might be considered as a geothermometer of 
the type referred to as "single-mineral" (Delgado, 1993). With smectite, for example, the following 
equation is obtained: 

J80„;1,L, =0.0078125(-2464.46+16_2I! - |(2464.46-16_2H)'2 - 256(7584.03+_:H2 -209.4_2H-789.26_"!O)]"2) 

where, in order to obtain the _180,vati:r against V-SMOW, it is necessary to know the _2H and 
_180 values of the smectite against V-WMOW. 
This equation is derived from the three following equations: 

1) The equation for meteoric waters: _2H = 8_l80 +10 (Craig, 1961). 
2) The equation relating the isotopic fractionation of oxygen to the temperature in the 

smectite-water system: 
10001n_oxsmectite-water = 2.60(106T2) - 4.28 (Savin and Lee, 1988). 

3) The equation relating the isotopic fractionation of hydrogen to the temperature in the 
smectite-water system: 
10001n_ = -45.3(103/T) + 94.7 (Capuano, 1992). 

To a large extent the applicability of the previous equation is based on the existence of geological, 
mineralogical and geochemical criteria which guarantee the genesis of these minerals in systems 
involving meteoric waters, and under formation conditions in which a relatively high water/rock 
ratio guarantees that no significant exchange has taken place between the oxygen of the water and 
that of the rock. Furthermore, a significant amount of evaporation would cause the isotopic values 
of the waters to diverge from the line of the meteoric waters and therefore this equation is not 
applicable. 
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Methodology 

The isotopic determinations were carried out in the Geochemical Isotopic Laboratory in the 
Estacion Experimental del Zaidin (C.S.I.C, Granada). Oxygen was extracted from the clay 
minerals by leaching with C1F3. Hydrogen was extracted by heating a sample (previously 
desiccated at 200°C) at 1000°C in a quartz tube. The water extracted was used to determine the 
_2H. The isotopic ratios were determined using a Finnigan Mat 251 mass spectrometer. 
Experimental error for _180 was lower than 0.2%o and for _2H was lower than 4%o. 

Results and Discussion 

The isotopic composition of 10 bentonite samples have been analyzed with a view to discovering 
the isotopic composition of the waters and temperatures at which the bentonite deposit at Cortijo 
de Archidona (Serrata de Nijar, SE Spain) originated,. Isotopic analysis of the oxygen was carried 
out over the lower 2p.m fraction, with a montmorillonite content of greater than 95%. Isotopic 
analysis of the hydrogen was carried out on the bentonite, since the montmorillonite content was 
high (greater than 85%) and no other hydrous minerals were present. 
From the _ ,H0 values (+23.2%o a +2 l%o) and _2H values (-102%o a -87%o) of the smectite, 
and applying the equation cited above, we have calculated the isotopic composition of the waters 
from which the deposits originated. The values obtained range between -4.3%o and -5.8%o 
(V-SMOW), with a mean value of-5.2%o. The figures are very similar to those found for the 
meteoric waters of the region and latitude (Delgado, 1993). Environmental temperatures ranging 
between 9°C and 21°C were obtained from the _1!iO values of the smectite and the water it 
originated from. (The calculation of the temperature was made via the equation of Savin and Lee, 
1988.) 

Conclusions 

From the _lsO and _2H values of the smectite we can calculate the isotopic composition of 
its waters of origin and hence the formation temperature. In the case of the Cortijo de Archidona 
bentonite deposit the value obtained for the waters (-5.2%o) is to be expected for the latitude of 
the zone. 
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6.CLAY MINERALS IN THE QUATERNARY SEDIMENTS OF LAKE BAIKAL 
AS INDICATORS OF CLIMATE CHANGE 

Richard Yuretich 
Department of Geology and Geography, Box 35820, University of Massachusetts, 
Amherst, MA 01003, USA 

Introduction 

Lake Baikal, in eastern Siberia, is the deepest lake in the world, containing some 20% of all 
freshwater on Earth. It is also a rift-valley lake; by analogy with its tectonic counterparts in Africa, 
an extensive sedimentary record within the basin is expected. Since the water in the lake is of such 
low salinity, the clay mineralogy in the lake sediments should reflect conditions of weathering in 
the surrounding drainage basin. Outcrop data from the vicinity of the lake show a variety of 
lacustrine deposits as old as the Miocene. In an effort to further explore the paleoenvironmental 
changes in the latest Cenozoic, the subaqueous sediments were collected and analyzed in several 
installments. These investigations culminated in the start of the Baikal Drilling Project, an 
international effort to study the paleoclimatic history and tectonic evolution of the Lake Baikal 
sedimentary basin. 

Methods 

During the summers of 1989 to 1992, the U.S. Geological Survey and the Russian Academy 
of Sciences collected piston cores (up to 5 m long) from all parts of the lake in conjunction with 
a shipboard seismic survey of the basin. In the spring of 1993, a drilling platform was erected on 
the ice near the mouth of the Buguldeika River along the southwestern coast and two 
100-meter-long cores (BDP93-1 and BDP93-2) were extracted using an advanced hydraulic piston 
corer. As part of the comprehensive plan to analyze the sedimentary sequence for paleoclimatic 
information, the clay mineralogy of both the short piston cores and the BDP93-1 core have been 
examined. Sediment samples were suspended in distilled water and the < 2 um size fraction was 
separated by centrifugation. Oriented mounts were prepared by smearing a clay paste on glass 
slides, and the sand and silt separates were weighed to provide general grain-size information. 
X-ray diffraction of the samples was undertaken using a Siemens XRD updated with a Databox 
digital data processing system. Samples were scanned untreated and after solvation with ethylene 
glycol. Selected samples were also heated to 550°C or Mg-saturated and solvated with glycerol 
to further assist in the identification of the clayminerals. Relative abundance of clay minerals was 
determined by ratios of diffractogram peak height and peak area of the 001 diffraction line on 
glycolated slides of each sample. Although this does not provide a true estimate of the actual 
amount of each clay mineral, it is very reliable for comparing relative changes among the samples. 
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Results and Discussion 

The clay minerals in the <2uxn size fraction in piston cores from all parts of Lake Baikal comprise 
four principal types: illite, smectite, chlorite and kaolinite, with scattered hydrobiotite. There is 
little differentiation of these clays geographically, which means that sediment input has been 
homogenized over the lake basin and changes in claymineral assemblages should reflect 
large-scale changes in the lake basin and not simply local source areas. Preliminary examinations 
of piston cores 305 (Selenga Delta) and 333 
(Academician Ridge) demonstrate a distinct correlation between the relative abundance of 
smectite and biogenic silica with depth in the sediments This suggests that, in some instances, 
smectite may have been produced in the soils around Lake Baikal during the same (warmer?) 
episodes which stimulated the productivity of siliceous microorganisms. 
The relative proportions of the clay minerals also vary with depth in Baikal drill core BDP93-1. 
The smectite abundance fluctuates considerably over the length of the core, but two patterns are 
evident. First, there is a noticeable and persistent decrease in smectite abundance below about 50 
m depth, which correlates with a lithological change in the core that corresponds to a transition 
from prodelta sediments and turbidites below to pelagic lake sediments in the upper part. 
Secondly, in the upper 50 m, there are several high-frequency increases and decreases in smectite 
abundance, which could have climatic significance related to rates of hydrolysis of the primary soil 
minerals. Kaolinite abundance fluctuates around a slightly increasing mean until a depth of near 
35 m, after which it undergoes a large decrease, remaining relatively constant to the bottom of the 
core. This is the inverse pattern of illite, which points to the greater detrital influx of the latter 
mineral during times of high deltaic sedimentation rates. Chlorite tends to increase more 
gradually down the core. Comprehensive environmental interpretation of these data must 
await correlation with other proxy climatic data; however, preliminary correlations with 
biogenic silica reproduce the associations in the short cores, with elevated smectite occurring 
contemporaneously with an increase in biogenic silica. Interpreting these data in conjunction with 
AMS radiocarbon dates extrapolated from the upper part of the drill core indicate relatively warm 
climatic episodes at ca. 100,000 and 40,000 years B.P., whereas cold periods occurred at 18,000 
and 65,000. A more detailed record of clay mineralogy and environmental changes will emerge 
from the parallel core (BDP93-2) which is presently undergoing intensive study. In addition, a 
300-meter long coring attempt is planned for the Academician Ridge area in the northern part of 
the lake which could yield a paleeoenvironmental record in excess of 2 million years duration. 

Conclusion 

The clay minerals in the sediments of Lake Baikal are products of weathering in the surrounding 
drainage basin. Changes in their relative abundances record temporal changes in weathering 
intensity which are indicative of paleoclimatic fluctuations. 

320 



7.CLAY-MINERAL CORRELATION ACROSS THE PALEOCENE-EOCENE 
BOUNDARY: EVIDENCE FOR GLOBAL PALEO-OCEANOGRAPHIC 
TURNOVER 

ADATTE Thierry, Institut de Geologie, 11 rue Emile Argand, 2007 Neuchatel, Switzerland. 
KELLER Gerta, Dept. of Geological and Geophysical Sciences, Princeton University, Princeton, 
NJ 08544, U.S.A. 

Faunal and carbon isotopic data from Caravaca and Zumaya (Spain) indicate that the 
Paleocene-Eocene (PE) event in the western Tethys which affected the entire water column 
leading to the sudden extinction of 50 % of benthic foraminifera and the more gradual extinction 
of 33 % of planktic foraminifera, corresponds to an abrupt change in stable isotopes, whole rock 
and clay- mineral composition (Fig.l). 

The Paleocene-Eocene transition at Zumaya (northern Spain) consists of 20 m of homogenous 
grey marls intercalated with calcarenite layers (biozones P4 to upper P6a) and 20 m of marls 
alternating with grey limestone beds (upper Zone P6a and P6b). A dark grey shale layer marked 
by carbonate dissolution and the main benthic extinction event characterizes the onset of the 8I3C 
short term negative shift. At Caravaca (southern Spain), sediments consists of 40 m of grey marls 
intercalated with thin grey limestone beds (Zone P4) and two laminated dark grey shale layers 
marked by carbonate dissolution and condensation that characterized the 8I3C shift and 
subsequent low 8DC values. A small hiatus is detected in a limestone layer 82.5 m below the 813C 
shift, where the zone P5 and the lower part of P6a are missing. 8180 data are less reliable, probably 
because of recrystallization of the foraminiferal tests. 
Whole rock components are identical in the two sections with calcite, quartz, plagioclase, 
K feldspars and clay. An abrupt change is observed in both sections marked by an increase 
in quartz (up to 50 %), phyllosilicates and feldspars, coinciding coinciding with calcite 
decrease. This increase in detrital influx takes place in the upper Zone P6a in both sections, 
just below the 5,3C negative excursion and reflects significant paleoenvironmental change. 
Clay minerals recognized at Zumaya consist of smectite, mica, mixed-layers, kaolinite and 
chlorite. Kaolinite appears 6 m below the PE boundary, corresponding to significant decrease in 
smectite and chlorite amounts. Kaolinite, chlorite, smectite and mica are present at Caravaca, as 
well as palygorskite and sepiolite. Similar to Zumaya, significant amounts of kaolinite are present 
2m below the PE transition coinciding with a decrease in sepiolite, palygorskite and smectite. 

In both sections, kaolinite occurence is restricted to the P6a-lower P6b interval and therefore 
correlates with the short term 613C negative excursion.The kaolinite/smectite ratio, calculated 
from row intensities, is the best way to emphasize the relation between kaolinite occurence, the 
subsequent decrease in smectite and the general P/E event (Fig.l). Palygorskite and sepiolite are 
generally indicative warm and arid climates associated with enhanced evaporation. In contrast, 
kaolinite typically develops in tropical soils on well drained surface which receive high 
precipitation. Moreover palygorskite and sepiolite are commonly found in the adjacent continental 
areas where kaolinite is not present, indicating arid environments. These data suggest that only a 
global turnover of oceanic circulation (change in source area of bottom water) can explain the 
massive extinction of benthic community and the presence of kaolinite close to coastal areas in low 
and middle latitudes, where arid conditions prevailed during the Paieocene-Eocene transition. 
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8.CLAY MINERALS IN WEATHERING PROFILES OF BASALTS FROM CENTRAL 
AND SOUTHERN PORTUGAL 
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Joao C. Waerenborgh' 
1 Departamento de Química, ICEN-INETI, 2685 Sacavém, Portugal 
2 Departamento das Ciencias da Terra, Universidade do Minho, 4719 Braga, Portugal 
3 Centre de Sédimentologie et Géochimie de la Surface (CNRS), Institut de Géologie de 
l'Université Louis Pasteur, 1 rue Blessig, 67084 Strasbourg Cedex, France 

Introduction 

Mineralogical and chemical changes which occur during the alteration of continental alkaline 
basaltic rocks from central (especially the Lisbon volcanic complex) and southern Portugal were 
studied. Both regions have a temperate climate (mediterranean type), but the Algarve is more arid, 
with higher temperatures. 
The weathering profiles selection looked for were: (1) different types of texture; (2) lavas, 
necks, ashes and sedimentary deposits; (3) columnar jointing and spheroidal weathering; 
and (4) different geographic locations (central to southern Portugal) and topographic sites 
(bottom, middle and top of the hills). 
In this paper a general view of the minerals present in the fraction < urn, especially the clay 
minerals (their chemistry and structure, and the differences observed between central and 
southern regions), is given. 

Methodology 

Twenty eight profiles (135 samples) were studied. For a complete analysis of the fraction <2 
Um, several methods were employed, namely: random and oriented mounts X-ray diffraction 
(XRD), infrared (IR) absorption spectroscopy, TEM and SEM (transmission and scanning electron 
microscopies) observations coupled with EDS (energy dispersive spectrometry) analysis and 
Mössbauer spectroscopy. 

Results and Discussion 

The clay minerals present in the fraction < 2 urn are smectites (dominant), kaolinites (halloysites), 
micas (illite) and palygorskites. 
Smectites - Smectites are well crystallized, which is normally found in vertisoils. They have 
an intense peak in the d-spacing range of 14.5-15.2Â (oriented aggregates), swelling to 
17.5-18.0Â when glycolated. Heating (490°C) causes a collapse to 10Á. Smectites are 
dioctahedral in agreement with the high Fe content in basalts The peaks corresponding to 
the planes (060) are between 1.49Â and 1.50Â (powder diffraction). IR spectra snowed that 
smectites from the Lisbon region have octahedral Fe3f (OH deformation band of AJFe3+OH 
groupings at 890cm'). A band at 815cm'1 appears in some cases indicating the existence of 
Fe3+Fe3+OH groupings. The existence of bands at 840cm"1 was also detected suggesting the 
presence of octahedral Mg. Smectites from the Algarve are clearly different - only Al was 
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found in the octahedral site (band at 916cm"' corresponding to (AlOH) groups). Mossbauer 
spectra of Lisbon smectites showed that 97% of the total iron is in 3+ oxidation state and 
is present both in the octahedral sites, substituting Al and in the interlayers probably as 
intergrowths of Fe oxides. All the Fe2^ is in the octahedral sites. Chemical analysis by EDS-SEM 
of isolated particles (selection made by TEM with microdiffraction) of the Lisbon region was 
done. Table 1 shows the composition in tetrahedral and octahedral cations (assuming all the iron 
is present asFe3 ') 

Table 1. Tetrahedral, octahedral and interlayer composition of smectites from the Lisbon 
volcanic complex. Calculations based on 11 oxygens. 

Tetrahedra 
Si Al 

3.75 0.25 
3.63 0.37 
3.30 0.70 
3.24 0.36 
3.65 0.35 
3.49 0.51 
3.66 0.34 
3.82 0.18 

Octahcdra 
Al Fe^ Mg N=E« 
1.63 0.27 0.24 2.14 
1.63 0.27 0.24 2.14 
0.05 1.90 0.06 2.01 

0 2.39 - 2J9 
0.78 1.04 0.10 1.92 
1.64 0.35 0.18 2.17 
1.32 0.32 0.52 2.16 
1.37 0.52 0.09 1.98 

Intcrlayers 
K Ca 

0.13 
0.11 

0.03 0.36 
0.05 0.37 
0.06 0.31 
0.03 0.07 
0.06 0.16 
0.07 0.12 

The analyses confirm a dioctahedral composition (1.92 < £ oct s 2.39); octahedral Fe3' 
varies between 0.27 and 2.39 Eq to 1 1 oxygens. Some of the particles maybe considered as 
nontronites. 
In general, the smectites are montmorillonites with iron and iron-rich smectites. 
Kaolinites - 1:1 minerals are mainly halloysites (7.3A), with 3.85A peak > 7.3A peak in the 
powder XRD spectra. 
SEM-EDS spectra showed the presence of Fe in halloysites. The presence of Fe3", confirmed 
by Mossbauer and IR spectroscopies, refers to a meteoric origin of the kaolinites. 
Palygorskite - The palygorskite was identified in the Lisbon region by XRD (10.5A, 6.40A 
and 4. 14A) and confirmed by TEM. 
Associated minerals - The most frequent Fe and/or Ti oxides are maghemite and anatase. 
Goethite, hematite, magnetite and rutile may occur. Analcime (in Algarve), alkali feldspars, 
calcite, Pb minerals, rare earth elements phosphated particles, and Au and Pt particles were 
also found. 
Weathering is the predominant alteration process of the basaltic rocks studied from central 
and southern Portugal. The mechanisms are similar to those found in temperate climates 
with dry and wet seasons. Smectites are the dominant clay minerals. These minerals are 
associated with kaolinites (mainly halloysite), illites and palygorskite. 
In general halloysites occur in the higher lands, whilst smectites dominate in the lower lands. 
Smectites from the Algarve have a higher Na content and a lower Mg content than those found 
in the Lisbon region, which may explain the presence of analcime in the fraction < 2^m in the 
south and of palygorskite in central Portugal. Geochemical mechanisms may explain the formation 
either of analcime or of palygorskite by instability and transformation of smectites according to 
different'climatic conditions (higher aridity in Algarve). 
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l.CLAY MINERALS YIELDED FROM THE WEATHERING OF CORDIERITIC 
GRANITE OF ROUET, TANNERON (PROVENCE, SE FRANCE) 
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'Laboratoire de Pétrologje et Minéralogie, Faculté des Sciences, Avenue Valrose, 
^006034 Nice, URA 903 CNRS, Aix-en Provence, France. 
2 Cátedra de Pedología, Facilitât de Biología, Universität de Barcelona, Avenue 
Diagonal 645, 08028 Barcelona, Spain 

Introduction 

The Rouet granite, exposed over a surface of 7.5 km2, is intrusive by faulty contact 
within diorites and gneisses of occidental Tanneron mountains (Var, SE France). This 

f ranite is 325 M. years old and is hyperaluminous as the presence of cordierite can 
e seen. 

The exposure shows two faciès: one porphyroid faciès of big grain and abundant 
cordierite and another faciès of fine grain with scarce cordierite. 
The alteration of cordierite and the consequent weathering products are not very well 
known. The aim of this study is find out more about the weathering of cordierite in 
the Mediterranean granitic area of Provence (SE of France). 

Material and Methods 

13 samples of cordierite were studied. One was dug out and separated from fresh 
rock and the other 12 were taken from regolith. The fresh cordierite has a dark 
brown colour, idiomorphic, it has a hexagonal prism shape and it is beween 0.3 to 2 
cm long and 0.1 to 0.5 cm wide. The fresn mineral is easily distinguished due to its 
XRD lines 8.55-3.15-2.66 Á. 
The cordierite usually appears very altered. It shows cracks parallel to (001), the 
presence of small grains or quartz intergrown and the colour of the altered mineral 
is green or red. In a thin section the orthogonal cleavage planes are emphasized by 
some flakes of muscovite that occasionally appear in abundance in the periphery of 
the mineral. 
The altered cordierites occur in two faciès: porphyraceous or coarse grain and fine 
grain. Of the first (coarse grain) there are two varieties some red, some green. The 
Fine grain ones are always green. 
The mineralogical analysis involved: polarizing microscope, X-Ray diffraction, 
thermogravimetric analysis (TGA), differential thermal analysis (DTA), together with 
specific treatments to identify Al-vermiculite. The total and external surface areas 
and the cationic exchange capacity were also determined. For the quantative 
chemical analysis a Technicon auto-analyser and atomic absorption spectrometry 
were used. 

Results 

The fresh Provence cordierites are more calcic, potassic, ferric and hydrated and less 
silicic, aluminic, magnesian and sodic than most of the examples quoted in the 
literature. The values of SiOo/Al203 range from 2.44 to 2.70 and the ratio Fe2Oa/MgO 
is 0.63. On the other hand, tne composition of alterated cordierites may vary widely 
if they are green or red porphyroid faciès or green fine grain. 
From the chemical point of view, red faciès is much richer in total Fe, free Fe and K¡ 
(3.52). Reiche index is -16. Hydration is moderate, 6% and the K20 values between 
6.49 and 7.39. Green faciès show Kj values ranging from 2.27and"2.65, Reiche index 
figure is -39 in the fine phase and -32 in the porphyoid, strong hydration (9-10%) and 
less K,0 (3.33-4.58%). 
From the mineralogical point of view, there are no smectites, nor 10-14M or 14C-14M 
mixed layer nor gibbsite. Between the green and the red faciès several differences are 
observed: 
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Red cordierite porphyroid facies. There are hematites and the illite dominates; 
chlorite present in the alterated rock (30%), disappears gradually with alteration 
(10%). A transitional phase represented by the 14C-14V exists. Weak hydration 
agrees with the illite predominance. 
Green cordierite porphyroid facies. There are traces of goethite, dioctahedral illite 
(70%), ferriferous chlorite and kaolinite (5-15%). The 10-14V and 14C-14V ( mixed 
layer 20%) are formed in a first stage from the chlorite and, afterwards, from the 
illite. There is also scarce vermiculite (s.s.). This fact is confirmed by the differences 
between total and extern mineral surfaces. 
Green cordierite fine facies. It contains less illite (30-45%) and more kaolinite 
(20-40%). There is no chlorite. Mixed layers represent up to 5-25% of the argilic 
phase. This is 25% of the regular mixed layer and 5-10% of 14C-14V. 

Discussion and Conclusions 

Geochemically, the medium is unsaturated in MgO, but rich in CaO, an instability 
factor for the cordierite, which does not allow Ca into its structure. 
The environment is relatively poor in silica and alumina. Silica deficit prevents the 
presence of smectites. Smectite absence also agrees with Kj values below 3.52 (most 
smectites in the literature show Kj values higher than 4). Although at the beginning 
the material is hyperaluminic, it does not yield gibbsite. It cannot lose enough silica. 
Moreover, there is quartz in the parallel fractures at (001) and the mineralogical 
balances confirm the increase of the quark throughout the alteration. 
In the cordierite alterites of green ana red porphyroid chlorite is clearly present. It 
also exists in the green porphyroid and fine. In the* red porphvroid facies there is no 
vermiculite, but the mixed layer, very irregularl4C-14V more chloritic than 
vermiculitic is present. In the green facies the mixed layer 10-14V is also present. 
Among the alteration products of the cordierite of Provence (SE of France) there are 
no smectites, nor 10-14M or 14C-14M mixed layer, nor gibbsite and they are different 
depending 
on the size of the grain and colour in the 3 facies studied. 

Red cordierite porphyroid facies. Is richer in total Fe and free Fe, Kj =3.52, 
moderated hydratation (6%), K20 = 6.49-7.39, Reiche index = 16. There are hematites 
and also illite, whose proportion (70-100%) rises with the alteration degree of the 
cordierite. Chlorite decreases from 30% to 0 in the most altered cordierite. In the 
latter there are traces of kaolinite. In the intermediate weathering phase there are 
small amounts of 14V-I4C and traces of 10-14V. 

Green cordierite porphyroid facies. Kj values are 2.27 - 2.65. There is strong 
hydraHon (9-10%), less K20 (3.62-4.58%). Reiche index= -32 to -36. Goethite traces. 
There is a lot of illite 
(75%) in the less altered cordierite, the proportion decreasing to 40%. The chlorite is 
less present than the illite and also decreases with the alteration (25% to 5%). There 
is little vermiculite. In the most altered cordierites some kaolinite (15%) has been 
detected. In the intermediate phases of the alteration there is a 14V-14C mixed layer 
(10-15%), values which 
increase with alteration to 20%. 

Fine facies of green cordierite. K, =2.43, strong hydraHon (10%), 3.33 of K,0, Reiche 
index of -39, the highest absolute value, which in addiHon to the 10% hydraHon, 
points to a high alteraHon state. There is less illite than in the other facies (40-45%) 
5-10% of 14V-14C and 25% of 10-14V. 

Because of the minerals found, the degree of hydration and the Kj and Reiche index 
values, it seems that the green cordierite fine facies is the most altered, the green 
porphyroid is parKally altered and the red one is the least altered. 
Among the factors responsible for the diverse degrees and types of alteraKon may 
be cited the mediterranean climate, the parent rock type, the texture, local 
characterisKcs and the paleomorphology. 
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2. SCANNING ELECTRON MICROGRAPHS OF CERTAIN TURKISH KAOLIN 
DEPOSITS WITH SPECIAL REFERENCE TO GENESIS 

§. A. Sayin 

General Directorate of Mineral Research and Exploration, Laboratory of Mineral 

Analysis and Technology, 06520 Ankara, Turkey 

Abstract: 

In this study, mainly the Yeniqaga and partly the Sindirgi, Mihaliqqik and Can kaolin 

deposits were investigated by Scanning Electron Microscope. The texture of the clay 

specimens from the Asagl Kuldan, Yayla Dere and Erenler Camligi Kaolin deposits 

(Yeniqaga) are dominantly characterized by the tight packing of kaolinite crystals and 

relatively low inter-crystal porosity. Since kaolinization has taken place mainly at 

depth under hydrothermal condition, the high overburden rock pressure would not 

allow substantial porosity in the parent rocks ( here mostly tuffs and lesser 

andesites), and therefore the kaolinite would develop in a closely interlocked texture. 

The loosely packed well-formed hexagonal kaolinite with moderate porosity between 

crystals would seem to indicate that kaolinite formed under a low hydrostatic 

pressure near the surface. Same textures are observed from the Sindirgi and 

Mihaliccik kaolinites. The Can kaolin deposit also formed by an hydrothermal 

process, consists dominantly of tubular, elongate and spherical halloysites. High 

porosity, random orientation and broken vermiform-type kaolinite masses within the 

Giicukler and Calkoyii clay deposits in the Yeniqaga region suggested a deposition 

of a predeveloped kaolinite in a lake environment 

( reworked kaolin deposit). 

Introduction 

Geological field observation related to genesis of kaolin deposits of Yeniqaga, 

Sindirgi, Mihaliccik and Can were discussed in detail by Seyhan (1977) and Sayin 

(1984). Here, specimens taken from these deposits have been studied by Scanning 

Electron Microscope. 

The alteration process of parent rocks, the transition from solid phase to kaolinite and 

morphological properties of the kaolin group minerals were illustrated with electron 

micrographs. These micrographs emphasied that certain textures of kaolinite deposit 

generally characterize particular environments of genesis. 
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Method 

Scanning electron microscopy was the only method of study, used extensively here. 

Specimens were prepared for Scanning Electron Microscope by breaking the clay 

samples in the hand, or chipping with a small hammer, to yield a tensile fracture. The 

fresh surface of the specimen was then coated with a thin film of evaporated gold to 

conduct excess charge away when exposed to the electron beam. 

The dominant magnifications used vary between 3000 and 8000X (useful range for 

interpretation of the texture). Some more highly magnified micrographs were also 

obtained in order to show detailed features of the crystals. 

Results and Discussion 

The majority of the studied kaolinite crystals are well-formed hexagonal in shape. 
However, some flaky and ill-formed hexagonal shaped kaolinite plates are also 
present. The platy and hexagonal shaped kaolinite crystals generally occurred in 
single plates with usually smaller than 15um in diameter. Some large kaolinite plates 
up to 15um were also admixtured with them occurring single or in books, sheaves, 
packets, accordions and vermiform-type. 

The texture of the altered feldspar observed (shattered and corrosion - pitted) might 
be due to incongruent dissolution. It is assumed that there was a morphological 
relationship between the original montmorillonite flakes and newly formed kaolinite 
crystals. Same relationship was also present between halloysite and kaolinite crystals. 

Conclusion 

Textures of the kaolinites show that the formation of the kaolinites is most probably 

controlled by their genetic environment and their parent rocks. The closely and more 

tightly interlocked texture of kaolinite crystals of Asagl Kuldan, Yayla Dere, Sindirgi 

and Mihaliccik kaolin deposits suggest a hydrothermal process. Relatively loosely 

packed kaolinite crystals or books of the Erenler CJamiligi and upper section of the 

Sindirgi kaolin deposit might be attributed to the low overburden pressure of the 

cover rocks. 

Tubular, elongate and spherical-type halloysite crystals of the Q»n kaolin deposit was 

hydrothermal in origin. 

The texture of the kaolines of Qalkoyu and Giiciikler represented reworked clay 

deposits in a lake environment. 
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3.MACROSCOPIC DETERMINATION OF THE PROPERTIES OF 
CLAYEY ROCKS OF THE CARPATHIAN FLYSH 
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++Institute of the Basic Problems of Enviromental Engineering, Polish Academy of 
Sciences; Cracow, Polen 

Introduction 

The knowledge of the chemical composition and structure of the raw material have 
been regarded, so far, as a necessary requirement for the determination of the 
properties of the product. For many years investigations of the clayey (shale) rocks 
of the Carpathian Flysh have 
shown that it is also possible to determine the basic properties of the product without 
knowledge of the chemical composition and structure of the raw material. 

Methodology 

Recognition of the essential features and of the properties of the mineral product is 
the basic condition for the production of the respective mineral raw materials and 
their proper utilization. Such investigations are simple and a considerable part of 
them is carried out on the spot. The examples here are the shales and clay shales of 
the Flysh Carpathians and the Carpathian Foredeep. Based on the results of the 
thermal treatment of these rocks, two groups can be distinguished: the thermally 
swelling group and rocks, not susceptible to thermal swelling. The first group may 
be used for the production of light aggregates - keramzite and aggloporite, the 
second - for the production of brick. Thermal swelling may be predicted with high 
probability on the basis of the observation of the outcrop or the shales by soaking of 
samples in water or disintegration during thawing. In the second group a simple test 
reaction with water (plasticization) allows us to distinguish rocks which do not react 
with water and may be used in hydrotechnical structures (insulation of sludge pits, 
sealing of ditches and dykes, etc.) from those which soak swell, shrink excessively 
and can be qualified at most for the production of full brick. 

Results and discusion 

Mixing of various material products does not always yield satisfactory results and 
neglecting of apparently secondary lithological features when distinguishing the 
links and qualifying the raw material may be responsible for considerable changes 
in the properties of the products. Some properties of the apparently common mineral 
products are as much important, sometimes unique, that the enrichment of the 
derivative raw materials or their processing to obtain materials of high functional 
qualities is recommended. These properties, among others, should be taken into 
consideration in the decisions about the delimitation of the lithological raw material 
complexes and also in the identification of the specific links within the complexes. 
The stratigraphic and tectonic locations of the shales do not play any essential role. 
The more precious varieties, applicable for the production of light aggregates, were 
found in tne Cretaceous, Paleogene, Miocene as well as in Quaternary Formations. 

Conclusion 

The proposed method of investigating of clay raw minerals is based on many years 
of field studies. It allows the monitoring of large areas at relatively low costs, 
enabling the separation of areas where different varieties of clay raw minerals occur, 
and creating a basis for further detailed investigations with a view of utilizing them 
in national economy, environmental protection or reclamation of the workings. 
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4.MINERALOGY AND GEOCHEMISTRY OF THE DEVONIAN DETRITAL 
MATERIALS FROM THE IBERIAN RANGE (SPAIN) 

Blanca Bauluz, Maria J. Mayayo, Constanza Fernandez-Nieto, Jose M.Gonzalez 
Lopez 
Area de Cristalografia y Mineralogia, Dpto. Ciencias de la Tierra, Universidad de 
Zaragoza, Plaza San Francisco s/n, 50009 Zaragoza,Spain 

Introduction 

The aim of this research is i) to study the mineralogy and geochemistry of Devonian 
detrital rocks from the Iberian Range, ii) to make a genetic hypothesis, iii) to evaluate 
the diagenetic or metamorphic degree of post-depositional evolution that these 
sediments have undergone and iv) to infer the composition of the primitive source 
area. 

Methodology 

Two profiles through the Devonian materials were sampled, studying, in total 60 
samples of a detrital nature. The mineralogy of the whole samples and their silt and 
clay fractions has been studied by XRD, as the crystallochemical parameters of the 
dominant phyllosilicates in these fine fractions (bn parameter, basal spacing, 
crystallinity index, polytypes and Hinckley index). Chemical analyses by electron 
microprobe of the more abundant phyllosilicates were carried out. Chemical analysis 
of major and trace elements were carried out at the X-Ray Assay Laboratories 
(Canada) by the following techniques: major elements and Rb, Y, Ba, Zr, Sn and Nb 
by XRF; Cr, Cs, Hf, W, Th and U bv NAA; V, Li, Sr, Co, Ni, Cu, Zn and Sc by ICP; 
and the REE by ICPMS. 

Results and Discussion 

The profiles, Gedinnian-Emsian and Frasnian-Famennian in age respectively, consist 
of pelites and quartzites with intercalations of graywackes; moreover, some 
ferruginous oolites, phosphorite and carbonate levels appear in the Lower Devonian. 
According to XRD study three different lithologies have been distinguished : pelites 
(>40% clay minerals), graywackes (5-40%) and quartzarenites (<5%). They are 
constituted by variable percentages of quartz, and clay minerals (kaolinite and illite 
mainly) as the major components with feldspar and calcite as minor ones. The only 
phyllosilicates registered in the fine fractions were illite and kaolinite. The illites 
were characterized by a low expandability, their crystallinity index mean values 
range from 0.29 to 0.44 ° 29, in the silt and clay fractions of pelites, and from 0.28 to 
0.33° 20 respectivelyjn those of graywackes, their bc, parameter mean values range 
from 8.990 to 8.995 A in the silt and clay fractions in pelites, indicating muscovitic 
compositions, and 9.032 to 9.034 A in those of graywackes, indicating phengitic 
composition; the basal spacing mean values range from 9.971 to 9.980 A in silt and 
clay fraction in pelites, and from 9.956 to 9.959 A in those of graywackes, and the 
average of Ml polytypes range from 18 to 8%, in the silt and clay fractions in pelites, 
and from 25 to 22% in those of graywackes. The kaolinites display higher Hinckley 
indexes than the unity, indicating that they are an ordered phase.The 
crystallochemical parameters of the phyllosilicates and their 
distribution in the fine fractions suggest that both illite and kaolinite are probably 
inherited from a source area where the weathering was intense. On the other hand, 
the presence of notable quantities of kaolinite in the clay mineral assemblages, the 
predominance of 1 Md polytype illites and the low crystallinity of fhem in the clay 
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fraction (0.44 °20), corresponding to diagenetic zone of Kisch (1990), seem to indicate 
that the degree of post-depositional evolution of these Devonian materials has been 
scarce and probably lower than the anchizone. 
The analysed rocks are noticeable by their high contents in the less mobile elements, 
such as Al and Ti. Compared to PAAS, the Devonian rocks are characterized by 
higher Al203/SiO, Al ,0 3 /Na 2 0 and K 2 0 /Na 2 0 ratios, and their values of CIA and 
CIW indexes correspond to residual clays, indicating the high degree of chemical 
maturity of these rocks, probably as a result of sedimentary recycling processes 
(source area chemically mature). The chondrite-normalized REE patterns of 
Devonian materials are characterized by high contents in LREE, high (La/Yb)n 
fractionations and negative Eu-anomalies. If we compare these patterns with that of 
PAAS, the main differences would be that the overall REE contents are higher in the 
Devonian rocks (£REE>250) than in PAAS (£REE=183) and higher (La/Yb) n and 
(Gd/Yb) n fractionations in the Devonian rocks (>12.2 and >1.8 vs. 9.2 and 1.4 
respectively)- These differences would probably be due to the higher degree of 
weathering of the Devonian materials, inasmuch as an intense chemical weathering 
increases the REE fractionation since the HREE are preferentially transported in 
solution compared to LREE, because the HREE form more stable inorganic and 
organic complexes. On the other hand the enrichment in REE, the higher (La/Yb) n 
ratio and much higher (Gd/Yb)n ratio displayed by the kaolinitic clay fraction 
(REE=319, (La/Yb)n=16.2 and Gd/Yb)n=2.5) compared to the illitic ones (247, 15.6 
And 1.6 respectively), would support that the kaolinite was the final product of a 
stronger weathering. The above mentioned characteristics of chondrite-normalized 
REE patterns and the high Th/Sc, La/Sc and Th/Co ratios (>0.7, >2.9 and 0.77 • 
respectively) suggest a felsic composition of the primitive source area, probably 
K-rich granitic. 

Conclusions 

The Devonian detrital materials from the Iberian Range are constituted by quartz and 
clay minerals (illite and kaolinite) as major phases with feldspar and calcite as minor 
ones. The illite is characterized by low Na-contents, low crystallinities and 
predominance of lMd polytype. However, the illites of pelites have muscovitic 
compositions whereas in the graywackes they have phengitic compositions. The 
kaolinite displays a high degree of order. These materials were inherited, and both 
mineralogy and geochemistry indicate, that they were formed in a source area with 
intense weathering. 
The degree of post-depositional evolution of these Devonian sediments has been 
scarce and has not reached the anchizone boundary. The composition of its primitive 
source area was of felsic composition, probably K-rich granitic. 
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ORIGIN 
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Introduction 
The Malaguide Paleozoic (Betic Cordilleras, Spain) is made of a very low-grade 
metamorpnic sequence in which shales and greywackes alternate. In this sequence 
some interstratified clay minerals have been identified which appear sporadically in 
the fine fractions (<2 |im and 2-20 um) in a proportion <30%. Nevertheless, their 
structural characteristics may reflect minor changes in physical and chemical 
conditions in the very low-grade metamorphic rocks. 

Methods 
Two size fractions (<2 p and 2-20 um) were separated by sedimentation and 
examined by X-ray diffraction, IR spectroscopy and DTA-TG. The theoretical 
modelization on the experimental diagrams was done with the INTER program (Vila 
& Ruiz Amil, 1988). 

Results and discussion 
Two types of mixed-layer minerals were identified in the Paleozoic sequence: 
Chlorite/smectite and chlorite/illite. The former is frequently found in the upper 
Paleozoic whereas the second is widely distributed, although it is more abundant in 
the middle and lower Paleozoic. 
The chlorite/smectite mixed-layer occurs in finely-grained sandstopes which contain 
a high proportion of nacrite. The 060 reflection is placed at 1.52 A pointing to a di-
trioctahedral mineral. The ethylene glycol expanded mineral snows the main 
reflections at 31, 15.4, 7.8, 5.16 and 3.46 A. After heating at 550°C the 15.4 A reflection 
contracts at 11.6 A. This behaviour indicates the presence of an interlayering chlorite 
smectite mineral. The best correlation between calculated profiles and experimental 
diagrams was obtained for 0.5 trioctahedral chlorite - 0.5 dioctahedral smectite, with 
pAA=0. 
The chlorite/illite mixed-layer is preferentially found in shales and slates in which 
the illite is the dominantoclay mineral and the nacrite content is <10%. The 060 
reflection is placed at 1.52 A, pointing also to a di-trioctahedral jnineral, which shows 
a sequence of basal spacings at 13.6, 7.8, 6.0, 4.84 and 3.46 A. The ethylene glycol 
treatment does not modify the peak positions. The 13.6 A reflection contracts slightly 
after hearing at550°C. A composition of 0.6 trioctahedral chiorite - 0.4 dioctahedral 
mica, with pAA= 0.1 was obtained from the modelization of the diffraction pattern. 
From a genetical point of view, the following considerations can be made: 
a) The chlorite/smectite mixed-layer occurs in some fine-grained sandstones of the 
nacrite zone whereas in the shales a di-trioctahedral chlorite is the 14 A dominant 
phase. 
b) Under the nacrite zone the chlorite/illite mixed-layer sporadically substitutes the 
di-trioctahedral chlorite in finely-grained sediments. 
c) These assemblages suggest that the development of di-trioctahedral chlorite has 
been locally inhibited whereas trioctahedral chlorite + smectite or illite have 
developed in its place. 

Conclusions 
In the very low-grade metamorphic rocks of the Malaguide Paleozoic, two ordered 
mixed-layers cointaining chlorite occur. Likewise, a transition of chlorite/smectite 
towards chlorite/illite, as a function of the depth, seems evident. 
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6. MATERIAL BALANCE IN THE PROCESS OF TRANSFORMATION OF 
VOLCANIC ROCK INTO BENTONITE IN THE CORTIJO DE 
ARCHIDONA DEPOSIT (ALMERIA, SPAIN) 

Antonio Delgado and Emilio Reyes 
Estacion Experimental del Zaidin, CSIC, Prof. Albareda 1,18008-Granada, Spain 

Introduction 

The purpose of this study is to determine the losses and gains of each element during 
the process of transformation of volcanic rock into bentonite as well as the chemical 
composition of the solutions and the water/rock ratios which might have been 
involved in the genesis of the C Archidona deposit. To this end, the material balance 
was calculated from the chemical composition of the fresh (or barely altered) rock 
and the bentonite. Aluminium was considered as a non-mobile element for the 
purposes of calculation. 

Methodology 

Chemical analyses were carried out by means of humidity and X-ray fluorescence. 
In the case of the XRF, the equipment used was a Philips PW'104/10 spectrometer 
equipped with a Cr/Au 
dual anode tube, dual Cr/Au, Kw generator, and multilayer PX-1 and PX-2 crystals, 
thus 
enabling more accurate measurements to be made of the light elements (Mg, Na). 

Results and Discussion 

In Table 1 the mean values obtained for the chemical composition of the fresh rock 
samples (3samples) and the bentonite (10 samples) are shown. The standard 
deviation is also indicated for each oxide (STD). For greater homogeneity in the 
calculation of the material balance H 2 0 was not considered, so the rest of the oxides 
were recalculated at 100%. Obviously, there will always be a net gain of hydrogen, 
so the values shown in the table represent 100 gr of dehydroxylated bentonite. 
The amount of fresh rock necessary to form lOOgr of bentonite was calculated, with 
a view to determine the losses and gains of each oxide . To this end, the least mobile 
elements (Al, Fe) were considered. Aluminium was chosen because it was found in 
greater proportion and therefore less liable to give rise to any analytical error. 
Furthermore, taking into account that the genesis of this deposit would have 
involved solutions with neutral or slightly acid pH (Caballero et al., 1985), 
aluminium can be considered as a non-mobile component. 
In view of the above, in order to form the 20.18 gr. of Al203 found in 100 gr of 
dehydrated bentonite, 144 gr of fresh rock would be necessary. Thus, from the 
quantities of SiO,, FeiO^CaO, MgO, Na20 and K20 found in 144 gr of fresh rock and 
the quantities found in 100 gr of bentonite, the percentage of loss or gain for each 
oxide can be calculated (see Table 1). The contribution of each oxide to the material 
balance was also determined, showing a net loss of 30.5%. The silica, with a loss of 
29.11%, is the oxide which plays the most significant role in this loss of material. It 
is followed, with much less significant losses, by K20, Na 2 0 and CaO. 
With regard to the gain of material, only MgO, with 3.67%, is significant since the 
Fe203 value (0.2%) falls within the margin of analytical error. 
The loss of Si, K, Na, and Ca is only to be expected given the high mobility of these 
elements. 
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Nevertheless, a significant amount of Si still remains, since it forms part of the 
structure of smectite. Part of the Mg comes from the transforming solutions. This is 
supported by the key role that this element has in the formation of smectite (Harder, 
1972); it is practically the only mineral phase which is a product of the alteration of 
volcanic rock. 

TABLE-1 Material balance in the Cor'.ijo de Archidona deposit 

R.M. 
(AVERAGE) 
STD 
BENT. (AVER.) 
STD 
% LOST 
% GAINS 

SiQ7 

73.88 

1.50 
64.46 
1.59 

39 

AbO? 
14.02 

0.43 
20.18 
1.35 
-
• 

l-e-,0-, 
2.48 

0.34 
3.86 
0.40 

8 

CaO 
1.91 

0.43 
2.18 
1.07 

21 

MgO 
0.56 

0.15 
6.11 
0.48 

654 

Na->0 
3.66 

0.18 
2.40 
0.20 
54 

K-,0 
3.24 

0.38 
0.79 
0.29 
83 

144 g. of rock would be necessary to form 100 g. of bentonite, losing 30.5% of materia as indicate: 
% WEIGHT 29.11 - 0.39 1.99 2.60 
LOST 
% WEIGHT - 0.2 3.67 j 
GAIN. I 

From the percentage of silica lost, and considering that the solubility of amorphous 
silica is similar to that of volcanic glass (Fournier, 1985), an approximate calculation 
can be made of the minimum water/rock ratio involved in the process of 
transformation of volcanic rock, giving a result of 2576. 

Conclusions 

During the transformation of volcanic glass into bentonite a significant loss of 
material occurs. In general those cations not required for the formation of smectite 
are freed, this being the most stable silicate phase in the physical and chemical 
conditions prevalent during transformation. The transforming solution provides both 
hydrogen and magnesium, which has a propensity to enter into the octahedral layer 
of the smectite. 
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7. KAOLINITE-DICKITE TRANSFORMATION BY TECTONIC DEFORMATION 
IN THE CAMPO DE GIBRALTAR AREA (S SPAIN) 

M.D. Ruiz Cruz*, L. Moreno Real* and Galan Huertos**, E. 

*Departamento de Quimica Inorganica, Cristalografia y Mineralogia. Facultad de 

Ciencias. Universidad de Malaga. Espana. 

**Departamento de Cristalografia, Mineralogia y Quimica Agricola. Facultad de 

Quimica. Universidad de Sevilla. Espana. 

Introduction 

As a consequence of a recent excavation during previous works for the construction 

of the Tunnel of Gibraltar Strait, the Almarchal Unit has been crossed. This Unit 

comprises a Senonian marly-shale sequence (Didon, 1969), which largely consists of 

laminated or bioturbated gray shales with scarce finely grained calcarenites and 

micrites. Gray shales present glossy lamination and fracture surfaces which show 

extensive zones filled by kaolinite and dickite. The accurate quantification of the 

kaolinite/dickite ratio and the interpretation of the origin of these minerals is the aim 

of this work. 

Methodology 

Shale samples were taken every 2-5 m along 80 m profile. Two particle-size fractions, 

2-20 um and <2um were separated by centrifugation. Fracture fillings of kaolin 

minerals were directly pulled off from the rocks. Whole rock samples were analyzed 

by XRD, SEM and polarizing microscope, and fine fractions by XRD, IR and 

DTA-TG. Evaluation of kaolinite and dickite ratios by XRD were carried out using 

the ratios 14.36/14.13 and 14.18/14.13. However the constant presence of quartz and 

eventually calcite prevent the possibilities of using their non- basal reflections, for 

determining the polytype ratios. As standard we have obtained values from a series 

of kaolinite/dickite mixtures using a well ordered Georgia kaolinite and dickite from 

the Permo-Triassic Unit of the Betic Cordilleras. The values determined from both 

equations differ by <5%. 

Results and Discussion 

The kaolinite/dickite ratio range from 40%/60% to 90%/10% in fracture fillings. 

Kaolinite is a well-ordered polytype. Disordered kaolinite is the usual constituent of 

these shales, which is only clearly identifiable in <2um size-fractions; instead well 

ordered kaolinite and dickite are preferentially developed along the fracture surfaces. 
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Figure 1.- Determination of the ratio kaolinite /dickite from the relative intensities 
14.36/14.12 and 14.1 8/14.12. 

We have observed some textural differences between kaolinite-rich and dickite-rich 
fillings. From the former to the latter we can consider an evolution characterized by 
the division of large vermiculae (20-30 |im long) into packets of little |im thick, 
accompanied by a relative shift of individual particles, leading to the development 
of irregular aggregates of single plates which forms a mosaic parallel to fractures in 
smooth slicken-slide surfaces. Textural changes seem to indicate a first phase of 
neoformation in which well ordered kaolinite has been developed as a result of a 
direct crystallization in extensive zones of the fractures and a second phase in which 
the transformation kaolinite-dickite has been produced under strong stress 
conditions, clearly related to the Alpine orogeny. 

Conclusion 

In the Almarchal shales (Betic Cordilleras) the development of kaolin minerals can 
be related to Alpine deformations. Dickite was formed from neoformed kaolinite 
after tectonic deformation. The kaolinite-dickite transformation includes a division 
of vermiculae, relative shift and orientation of particles. 
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8.CLAY MINERAL ASSOCIATIONS IN SOME VISEAN K-BENTONITES 
FROM BELGIUM AND ADJACENT AREAS 

Annick Anceau 
Laboratoires de Mineralogie et de Geologie des Argiles, Universite de Liege, 
Allee du 6 Aout - B18, B-4000 Liege, Belgique 

This contribution serves as an introduction for the excursion. 

Introduction 

Several thin but widespread K-bentonite beds, intercalated in the Visean (Dinantian, 
Lower Carboniferous) limestones of Belgium, occur across the Namur and Dinant 
synclinoria (South of Belgium). Some of these beds can be observed over a distance 
of more than 200 km. The studied K-bentonite layers are interbedded in the Middle 
(Livian) and Upper Visean (Warnantian) limestones. The Visean limestones of the 
Namur-Dinant Basin have been deposited on an epicontinental platform, in a shallow 
marine environment. They are mainly composed of sequential limestones ranging 
from subtidal to supratidal facies. The K-bentonite beds are volcanic in origin, 
without anv detrital contamination. They have a thickness varying from a few to fifty 
cm, and nave sharp contacts with the enclosing rock. Macroscopically these 
clay-materials exibit several specific features: a conchoidal fracture, a wavy lustre, 
a non-fissile nature, and a massive structure. Their colour varies from green to 
greenish white, or grey to bluish grey when pyrite is not altered. Red to pink colours 
are due to the presence of finely disseminated hematite. Yellow to tan colours are due 
to recent weathering of the original pyrite. A detailed investigation of the clay 
fraction shows the presence of ordered illite/smectite mixed-layer minerals (VS), 
illite, kaolinite, Al-rich chlorites (sudoite and a donbassite-like mineral), and 
chlorite/smectite mixed-layers (C/S). 

Methodology 

More than 25 different K-bentonite beds have been studied. The <2 um and the bulk 
fractions of nearly 400 samples have been analysed bv XRD. Selected samples have 
been examinatedby optical microscopy. Chemical analyses have been performed on 
the bulk fraction by wet procedures and on polished thin sections by electron and ion 
microprobes. 

Results and discussion 

XRD and petrographic investigations show the clay matrix of the K-bentonites to be 
composed of ordered I/S mixed-layers, illite, sudoite, kaolinite or occasionally C/S 
mixed-layers with nearly 90% chlorite layers. The proportions of expandable layers 
in the I/S varies from 50% to nearly 2% (illite). The clay matrix is monomineralic or 
polymineralic, and shows significant composition variations laterally and/or 
vertically in the same bed or between different K-bentonite beds. The matrix has 
seldom a monomineralic clay composition. The clay assemblages are predominantly 
VS mixed- layers with sudoite or kaolinite. 

The parent materials of the Dinantian K-bentonite beds were volcanic ashes 
deposited in a marine carbonate environment. The volcanic material was affected by 
halmyrolysis and altered into a clayey material dominated by smectite. During 
diagenesis, the smectite reacted to form a continous series of I/S mixed-layers with 
an increasing proportion of illite layers in response to an increasing burial depth. 
Diagenesis has induced the transformation of smectite into illite via I/S mixed-layers. 
However, diagenesis alone can not explain the difference of expandable layers 
content observed between some K-bentonite beds. Indeed, a particular bed, named 
LI or "Banc d'Or", has been submitted to wetting and drying cycles before burial. 
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This process may be responsible for the production of random VS mixed-layers from 
smectite at surface temperature. The "expandable layer content" of this bentonite bed 
was lower than in the others before burial, and this difference has been conserved 
during diagenesis. 
The transformation of the clayey matrix of some bentonites into sudoite is a 
surprising observation. The genetic pathway of this mineral in the Visean 
K-benlonites is not completely solved but some hypotheses can be proposed. Sudoite 
has crystallised from either smectite (via smectite/sudoite mixed-layers) or solutions 
during burial conditions with both Mg concentrations and Mg/K ratio locally high. 
The presence of chlorite as a diagenetic reaction product is primarily a function of a 
low K content. The formation of sudoite, and not of a Fe-rich chlorite as usually 
found during diagenesis, could be related to an early pyrite which crystallized before 
sudoite. The formation of pyrite consumed much of the Fe from the bentonite, 
whereas the residual Fe became available for the crystallization of chlorite. As not 
enough Fe was available for the diagenetic formation of the common Fe-rich 
trioctahedral chlorite, the clay mineral coexisting with pyrite is therefore a Fe-poor 
chlorite. 
• Phenocrvsts 
Volcanic phenocrysts are euhedral zircon and apatite, quartz (splinters), and altered 
biotites. Moreover, almost ubiquitous pyrite, fluorite which can be locally abundant, 
and silicifications are of diagenetic origin. Peloids and bioclasts are present in some 
K-bentonite beds, resulting from a gentle reworking or from volcanic ash 
accumulation mixed with carbonate sedimentation. 
Occurring in some Visean K-bentonites, biotite flakes are characterized by different 
stages of alteration. The flakes exhibit important variations of morphology, chemical 
composition and mineralogy. Alteration has induced the "discolouration" and the 
"swelling of flakes. Former biotites are now partially or totally colourless with a low 
birefringence. X-ray and chemical analyses have revealed occurrence of chlorites and 
kaolinite as products of the biotite transformation. Identified chlorites are sudoite, 
a Li-, Mg-bearing donbassite-like mineral, and occasionally clinochlore. It is the first 
recorded occurrence of these Al-rich chlorites as alteration products of biotite. 

Conclusion 

Unusual clay mineral associations are observed in Visean K-bentonite beds from 
Belgium. The halnvyrolytic alteration transformed the volcanic ashes into a clayey 
material with a predominant original smectite. With increasing burial, smectite was 
transformed into I/S mixed-layers and illite. Other clay minerals are also present in 
the clay matrix or some beds:'sudoite or kaolinite can locally be a minor or a major 
component of the matrix. Associated with the clay matrix, the alteration products of 
biotite are sudoite, a Li-, Mg-bearing donbassite like mineral, clinochlore and 
kaolinite. Al-rich chlorites resulting from the biotite alteration has been observed in 
K-bentonites whose clay matrix is composed of VS mixed-layers and/or sudoite, or 
illite. A few samples contain biotites altered into clinochlore, associated with a clay 
matrix composed of VS. Biotites altered into kaolinite have been observed in 
K-bentonites wiu\a clay matrix composed of I/S mixed-layers and kaolinite, or I/S 
mixed-layers and'sudoite. 
Occurring in one Al-rich chlorite species, Li (up to 0,28% Li :0 on bulk rock analysis) 
is considered as a geochemical tracer of magmatic origin. The presence of this 
element suggests that the lava erupted from a highly evolved magma. The parent 
rock of K-bentonites was probably a Li-rich rhyolite or a rhyolite containing Li-rich 
biotites. 
The clay associations, as observed in the K-bentonites from Belgium, result from the 
interplay of many factors and reflect a complex history in which the original 
composition of volcanic ashes, halmyrolysis effects, wetting and drying cycles, local 
pedogenesis, and diagenesis add up their own effects. 
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9. PHASE COMPOSITION OF POORLY CRYSTALLIZED CLAYS FROM 
OCEANIC BASALTS 

Sergei G.Skolotnev, Lidija G.Dainyak, and Igor D.Cherkes 
Geological Institute of the Russian Academy of Sciences, Moscow, 109017, Pyzhevski per. 7, 
Russia 

Introduction 

The aim of the research is to study clay and other secondary minerals from oceanic basalts and 
the environment of their genesis, in order to determine the role of basaltic alteration in the 
oceanic sedimentation and ore formation. In this work we pay particular attention to initial 
alterations during the cooling of lava. 

Methodology 

Materials - The studied youna basalts include those, taken from the Tadzhur Rift (Gulf of 
Aden), sampled by "Paisis during the 9th Cruise of r/v Academician M.Keldysh, and from the 
MAR-spreading zone, sampled during the 3,6,9 and 15th Cruises of r/v Academician 
N.Strakhov. 
Techniques - Clay minerals separated by means of the crushing of the basalts to a required 
particles size and then separation in heavy liquids. MonomineralTractions were identified by a 
complex of physical and chemical methods: x-ray studies, Mossbauer spectrometry, infrared 
spectroscopy, thermogravimetrig and others. Chemical composition of clays studied by 
microprobe. 

Results and Discussion 
The rocks were aphync and porphyritic Ol, Ol-Pl and PI basalts. The olivine crystals change 
slowly. The basalts were porous (1-15 volume percent) and the void diameter ranged between 
0.1-3 mm. Rounded degassing voids occurred. Most of the pores were xenomorphic, their 
morphology determined by the intersecting pyroxene and plagioclase microlites that often 
intruded into the voids. Based on these facts the authors interprete the data as indicative of a 
secondary origin of the voids, due to the apparent leaching of the Mg-Fe glass (chlorophaeite). 
8-10 mm-wide dark halo zones were observed inside the samples. They were parallel with all 
the structural surfaces and occurred along the radial contraction fractures in pillows. The pores 
in these zones are partially or completely filled with secondary products of a golden yellow or 
green and red coloration. Based on the complex of methods it has been concluded that the 
newly formed green and yellow substances from the basalts of Tadzhur Rift are composed of 
giauconite crystallines (c.35%), dioctahedral Al-smectite (c. 25%) and trioctahedral oxismectite 
(c.40%). These substances are poorly crystallized. The newly formed reddish substances in the 
phase contain iron hydroxide admixtures. 
Based on these facts the authors have formulated a model for the formation of these clay 
minerals. Capillary diffusion flows should form in each portion of the cooling lava, bounded by 
fracture contacts. The quickly warming, acidified sea water (according, to Bischoff and 
Seyfried (1978), sea water at nigh (350-400°C.) temperatures becomes a hydrothermal fluid 
with a pH of 2.5) that enters dissolved chlorophaeite (according to Simanovich, (1988), 
chlorophaeite is highly unstable in acidic conditions) and partially olivine. After destroying the 
soluble components, the fluid reaches the surface through contraction fractures. One would 
expect precipitation of the substance at this geochemical barrier; the location where the 
solutions meet is relatively cool, oxygen-rich sea water of near neutral pH values. Part of these 
substances precipitate in rock zones immediately adjacent to fractures; other portions settle 
within the fractures and form veins. The remainder enters the sea water. 

Conclusion 
The earliest secondary products in the oceanic basalts are poory crystallized clay minerals: 
giauconite, dioctahedral Al-smectite, trioctahedral oxismectite. They are apparently formed by 
the interaction of sea water and basalt during the cooling of lava and occur within very small 
spaces inside the basalt along contraction fractures. 
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1 ".OCCURRENCE OF POORLY ORDERED Fe-RICH PHASES AT THE 
INTERFACE BETWEEN THE LICHEN STEREOCAULON VESUVIANUM 

AND VOLCANIC ROCK FROM MT VESUVIUS 

P. Adamo, C. Colombo and P. Violante 
Dipartimento di Scienze Chimico-Agrarie, Universita degli Studi di Napoli "Federico II", 
Portici, Italy 

Introduction 

The interaction between saxicolous lichens and their substrates results in the formation of a 
range of biogenic minerals which usually cristallize extracellularly. Rusty ferruginous material 
appears frequently located of the zone of contact between the thallus of Stereocaulon 
vesuvianum and the leucite-bearing rock of Mt Vesuvius. The objective of this study was to 
determine the nature and composition of the Fe-phases occurring at the rock/lichen interface. 

Materials and methods 

Stereocaulon Vesuvianum (Pers.) is a fruticose lichen widely spread on lavas of Mt Vesuvius 
(Campania Region). The substrate rock is a typical vesuvite whose dominant minerals are 
leucite, augite and calcium-rich plagioclase feldspar. In order to carry out the investigation 
samples of the lichenized rocks were collected on the slopes of Mt Vesuvius in correspondence 
of recent lava flows (900m as.l.; NW). In the laboratory the rusty material was separated from 
the rock and from the basal part of the thallus by scraping and oxidized with hydrogen peroxide 
in order to remove the organic residues. Clay-size particle fractions (2.0-0.5 urn; < 0.5 urn) 
were separated by centrifugation and examined by X-ray diffraction (XRD), transmission 
electron microscopy (TEM) and infrared spectroscopy (IR). Optical and scanning electron 
microscopy (SEM-EDX) were made upon fragments of lichen colonized rock. 

Results and discussion 

Observations by light microscopy showed a deep penetration of the lichen in the rock 
presumably favored by pre-existing cavities and fissures of the lithological substrate. The 
material accumulated at the rock/lichen interface appears to have an intense rust colour ranging 
between light yellow-brown and dark brown. This variation may be attributed to different rates 
of oxidation and humidity. From the SEM the rusty areas around Stereocaulon vesuvianum 
pseudopodetia gave EDX-ray spectra dominated by iron but appreciable amounts of silicon and 
traces of magnesium, aluminium and calcium are also detected (Figure 1). Examination by XRD 
of the interface material reveals, in both coarse (2.0-0.5 urn) and fine (< 0.5 urn) clay fractions, 
the presence of various clay minerals and of the rock-forming minerals leucite, augite and 
plagioclase feldspars. The mineral phases of extremes fine size may have an important role in 
lichen nutrition in terms of fast releasing sources of elements. Therefore, it is somewhat 
surprising that primary minerals can still be found. The presence of these minerals makes it 
difficult for XRD to detect. The poorly ordered Fe-rich weathering products, have peaks in the 
X-ray traces, which can be overlapped by the more intense reflection effects of the better 
crystallized phases. However, the presence of the lines at 0.252, 0.221, 0.172 and 0.1 50 nm, 
attributed to both ferrihidrite and ferroxyhite constitute an indication of the Fe-oxyhydroxides 
occurrence in the interface material. This is confirmed by transmission electron microscopy 
which reveals electron dense microcrystalline aggregates giving electron diffraction patterns 
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with rings at 2.51,2.27,1.71, and 1.47 A (Table 1). The presence of needle-like crystals would 
suggest that, in the clay fraction of the rusty material, the poorly ordered Fe-oxyhydroxides 
occur in association with goethite. Further evidence of the Fe-phases recognition in the 
lichen/rock interface material come from the infrared spectrograms where, besides the features 
for molecular water, organic material and clay silicates can be observed with bands assigned 
to Fe-OH-bending (1120, 910, 780, 690 cm"1) and Fe-O-bonds (450cm'1). Many authors have 
postulated that poorly ordered Fe- oxyhydroxides form in nature from soluble iron compounds 
by rapid, abiotic or biotic oxidation at neutral to slightly acid pH. It seems reasonable to 
suppose that a similar mode of formation is applicable to the Fe phases in the micro-
environments at the Stereocaulon vesuvianum/volcanic rock interface. 
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Figure 1. X-ray spectrum of the rusty rock/lichen interface. 

Tabic 1. Electron diffraction data for (1) red material from rock/lichen interface, (2) feirihydrite 
and (3) feroxyhite (Schwertmann and Taylor, 1989) 
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11. EFFECTS OF SAMPLE PREPARATION FOR XRD ANALYSIS ON 
MINERALOGICAL COMPOSITION OF ROCKS: CASE STUDY ON CLAY 
MINERALS IN BASALTIC ROCKS 

Radko AKuhnel' and Sjierk.J. Van der Gaast2 

I) International Institute for Aerospace Survey and Earth Sciences (ITC), kanaalweg3, 
2628 EB, Delft, The Netherlands 

2 )Netherlands Institute for Sea Research (NIOZ), POB 59, 1780 AB Den Burg, 
Texel, The Netherlands 

Introduction 

Procedures of sample preparation for X-ray powder diffraction (XRD) analyses of rocks varys 
in different laboratories. Crushing, grinding and milling of rocks equipment is used which 
involves different impact and mechanisms of particle size formation. The diminishing 
procedures, according to the intensity of mechanical impact, affect not only the particle size but 
also the phase composition (1). Among less stable mineral constituents of rocks, clay minerals 
in partially altered rocks are very sensitive- and vulnerable towards any mechanical and/or 
chemical treatment. During sample preparation, the mineralogical composition may have 
distinctly changed. 
This paper includes examples of both the neoformation of clay minerals and the destruction of 
less stable minerals. Between these two extremes, numerous reactions are involved changing 
the properties (e.g. particle geometry) and the behaviour of clay minerals (e.g. swelling). With 
regard to all these artificially induced changes of the mineralogical composition and all changes 
of properties and behaviour of particular minerals, rules for sample preparation are 
recommended. 

Methodology 

Objective - Accelerated destruction of less stable minerals and neoformation of clay minerals 
under extreme laboratory conditions is a way for the recognition of rock durability. 
Disappearances of unstable minerals indicate a short lifetime of the rock. Formation of swelling 
clay minerals as a result of less stable rock forming minerals also favours a fast rock decay. 
K-sulphates were applied as effective agents. Two basaltic rocks from Germany, basalt L from 
the Eifel and basalt S from the Westerwald, were studied. From these rock samples the 
following specimens were derived: a) fines from the crushed rock, b) rock fragments ground 
with KHS04, c) rock fragments ground with K2S04. The ground materials were suspended in 
distilled water and the <2 urn fraction was collected for XRD analysis. The pH's of the 
suspensions were different. Thin specimens for XRD analysis were prepared by sucking the 
Ca-exchanged suspended materials onto a porous ceramic plate. XRD analyses were carried 
out, using CoKa radiation, on a Philips PW 1050/25 goniometer that is equipped with a variable 
divergence slit and a graphite monochromator in the diffracted beam. The specimens were 
measured from 0.6 to 17.5°20. During measurements the relative humidity (RH) was kept 
constant with a GAVA RH-generator. Data were collected and stored on computer and then 
corrected for the Lorentz and polarisation factor and for the irradiated volume. 
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Results and discussion 

Basalt L displays with the untreated material a broad band at low angles of which the shape is 
slightly influenced by changing the RH. This indicates the presence of poorly crystallised 
swelling clay minerals. After the treatments increasing intensities of the broad reflections at low 
angles are obtained that shift more clearly upon changing the RH. Ground with KHS04, 
however, the basalt displays the most clear example of an additional reflection at about 3° 20 
increasing in intensity with decreasing RH. This reflection is caused by extremely small particles 
of which stacking increases with decreasing RH (2). It strongly overlaps that of swelling 
minerals of which a broad reflection can be seen at 100%RH. Such a reflection is also present 
with the other treated samples. Furthermore, mica is present after all treatments. In the K2S04 

sample vermiculite (15.05A) and a reflection at 17 1A from another swelling mineral is present. 
These two minerals indicate that a partial destruction of the mica occurs. Zeolite is only present 
in untreated samples. Grinding with salts thus destroys the zeolite. 
Basalt S clearly displays, with the untreated material a smectite of which the interlayer is 
partially blocked. After grinding the smectite becomes more distinct. After crushing with the 
sulphates the smectite is still present, but blocking is increased. In cases where the pH of the 
suspensions is high, precipitation of hydroxides can cause blocking. However, after KHS04 

treatment when the pH is low (3.29), blocking also occurred The low-angle reflection caused 
by small particles is also present in this material but less clear. Furthermore, mica is present that 
has been partially altered into vermiculite. Talc is also present. This mineral disappears after the 
treatments with the salts. Zeolite disappears after all treatments. In the original material a broad 
reflection at about 7.25A can be seen that did not shift with changing RH. It is also present 
after the treatments except that with the KHS04. This indicates the presence of a 1:1 clay 
mineral in some cases. 

Conclusions 

Any change of conditions during the sample preparation, including media and additives, results 
in a modification of the XRD pattern. Less stable minerals may disappear or they become 
modified. Grinding in water with or without additives induces changes of pH that subsequently 
change the behaviour of clay minerals. The most pronounced is the blocking of the 
hydration/dehydration phenomena. 
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12. TEXTURE AND DIAGENESIS IN TWO MUDROCKS FROM THE 
MID-NORWEGIAN SHELF. 
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Introduction 

An increasing number of investigations on diagenesis in mudrocks shows that diagenetic 
processes are more complex than earlier suggested. Today very little is known about mudrock 
diagenesis from the mid-Norwegian shelf. In this study two mudrock samples from two 
different localities and depths, from the mid-Norwegian shelf are investigated. Due to the 
limited amount of material this study focuses on the diagenetic processes observed in these 
mudrock^s. The geochemical composition of selected minerals is quantified and a diagenetic 
history of each of the two localities is proposed. 

Methodology 

Mudrocks from well A comprises of a i m core section (depth 2437-2438 m RKB) retrieved 
from Haltenbanken outside mid-Norway. Material from well B, located further north on the 
mid-Norwegian shelf (depth 2562 m RKB), was received as a freshly cut core piece. Grain size 
distibutions, water content, porosities and densities were calculated after standard procedures. 
Semi-quantitative mineralogical compositions were determined by X-ray diffraction analyses 
(XRD). Backscatter electron microscopy (BSEM) combined with electron microprobe analysis 
facilities allowed petrographical and quantitative geochemical analyses of minerals to be made 
on polished thin sections. 

Results and discussion 

The laboratory derived petrophysical parameters are in the typical range for mudrocks and in 
broad agreement with corresponding parameters derived from wireline logs. XRD-analyses 
show that 90% of the well A mudrock consists of similar amounts of clay minerals and quartz. 
The clay fraction consists of a smectite-rich, mixed layer ofillite/smectite(I/S), kaolinite and 
minor chlorite. Siderite was detected at the base of the core (2438 m RKB). The mudrock from 
well B is dominated by quartz (60%). The clay fraction (25%) mainly consists of kaolinite. In 
both mudrocks K-feldspar, albite, mica and pyrite are minor components. 
BSEM micrographs of well A mudrock shows little evidence of compaction. The clay matrix 
has an open, random texture without drapings around larger grains. The non-clay minerals 
occur in laminae or floating in the matrix. Micrographs of well B mudrock show more 
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developed compaction fabrics with micas plastically deformed around large grains. Tangential 
grain to grain contacts between quartz and/or feldspars were often observed. Despite significant 
local quartz corrosion, no quartz overgrowths were detected. The K-feldspars in both 
mudrocks show a variety of habits from almost intact to heavily corroded and/or albitized. 
Mostly the albite grows on different places on a partly dissolved parent K-feldspar grain, 
suggesting that albitization proceeds by a dissolution-precipitation mechanism. In well A 
mudrock the cavities in dissolved K-feldspars are in a few cases filled with neoformed mixed 
layer I/S. 1/S phases were also detected within the matrix, but whether this 1/S has a diagenetic 
or detrital origin could not be determined. Electron microprobe analyses of the I/S phases 
indicate a dioctahedral composition. The cavity 1/S are richer in potassium than the matrix I/S. 
The parent K-feldspars are depleted in potassium compared to K-feldspars without neoformed 
I/S. These data suggest that K" released from K-feldspars is consumed in the Hlitization of the 
neoformed I/S. Minor amounts of chlorite were seen as patches of cement and as alteration 
products of micas. Kaolinite occurs occasionally as pore fillings in well A mudrock and more 
frequently in well B mudrock, where examples of almost complete replacements of detrital 
grains by kaolinite were also observed. In both mudrocks kaolinite was observed within splayed 
micas, sometimes associated with siderite, pyrite and titanium oxides. Framboidal pyrite was 
seen in the matrix in both mudrocks. A lesser amount of pyrite in the lowermost level of well 
A mudrock is accompanied by extensive siderite cement. The electron microprobe analyses 
show the siderite to be impure with substitution of Ca and Mg for Fe, and without zonations. 

Conclusions 

The petrography, mineralogical composition and diagenetical features of the two mudrocks 
investigated can be summarized as follows: 
Well A mudrock is a fissile claystone consisting of similar amounts of quartz and clay minerals. 
Other detrital non-clay minerals are K-feldspars and micas. The detrital clay assemblage is 
dominated by smectite rich 1/S and kaolinite. A broad diagenetic sequence is framboidal pyrite 
growth, siderite cementation, K-feldspar dissolution with occasionally diagenetic I/S formation 
and/or albitization. Authigenic chlorite and kaolinite within splayed mica sheets are diagenetic 
features whose position in the paragenetic sequence is not clear. 
Well B mudrock is a silty, fissile mudrock texturally and mineralogically dominated by sand 
grade quartz. Other important detrital non-clay minerals are mica and K-feldspars.The detrital 
clay fraction is dominated by kaolinite. A generalized diagenetic history is framboidal pyrite 
formation, partial dissolution of K-feldspar and quartz, and authigenic kaolinite growth. 
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13.COMPARATIVE STUDY OF SANDSTONE AND SHALE CLAY DIAGENES1S 
OF THE LOWER CRETACEOUS BASCO-CANTABR1QUE BASIN (N. SPAIN). 

Daniele BARTIER*. Marline BUATIER*, Michel LOPEZ*, Javier AROSTEGUI** and 
Herve CHAMLEY* 
* Laboratoire de Sedimentologie et Geodynamique, Universite de Lille 1, 

59655 Villeneuve d'Ascq Cedex, France 
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Introduction 

The Bilbao anticlinorium is composed of Lower Cretaceous to Middle Eocene sediments 
accumulated in the Basqi'e-Cantabrian Basin, with thickness ranging from 10000 m in the 
centre to approximately 2000 m in the southernmost part of the basin. These deposits are 
related to the opening of the Bay of Biscay. Lower Cretaceous sediments are dominated by 
shales and sandstones and are divided in three units: Wealdian (Valanginian-Barremian), 
Urgonian (Aptian-Lower Albian) and Supra-Urgonian (Upper Albian-Lower Cenomanian 
fig. 1). The aim of this study is to characterize the diagenetic evolution of clay minerals in both 
lithologies and to infer lithologic control on diagenetic processes. 

Methodology 

The clay fractions of each sample was extracted and analyzed by X-ray diffraction, scanning 
electron microscopy (SEM) and transmission electron microscopy. (TEM). Illite/smectite 
mixed-layers (I/S) were characterised with the Newmod Program and the illite crystallinity 
index was measured. Sandstone samples were studied by optical and scanning electron 
microscopy. Microprobe analyses were performed for detrital micas and chlorite 
characterization. 

Results and Discussion 

The clay-mineral assemblages in both lithologies are composed of iilite, illite/smectite 
mixed-layer Rl (IS) and R3 (ISII), chlorite and minor kaolinite (fig.2). Diagenetic illite has 
been obsverved by SEM and TEM; it fills the sandstone pore spaces and displays isometric 
-shape particles of 0,25 to 0,5 urn. Chlorite was observed infilling the pore spaces. The 
fan-shaped morphology observed in backscattered electron images suggests a diagenetic origin. 
Chlorite can also replace detrital muscovite. 
The I/S mixed-layer content decreases with burial, whereas illite increases. This correlation 
seems to be more evident in the sandstones Furthermore, the lack of smectite and irregular I/S 
mixed layers in both lithologies and the abundance of isometric particles of illite confirm that 
the last stages of the smectite to illite transition are occurring in the sediments of the 
Basque-Cantabrian Basin. Some detrital micas have been observed in the sandstones. The 
presence of detrital micas in the clay fraction could explain the wide range of illite crystallinity 
data and the lack of a progressive evolution of the clay mineral assemblages with burial. 
However, the clay minerals distribution is clearly controlled by lithology in the central part of 
the basin (for the Gordexola and Orozko Series). 

Conclusion 

The major diagenetic changes in the clay mineral assemblages of sandstones and the shales of 
the southern Flank of the Bilbao anticlinorium are (I) the smectite to illite transition, (2) the 
formation of chlorite by direct precipitation and replacement of detrital mica. These 
mechanisms seem to be controlled by lithology and burial. 
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Figure. 1: Stratigraphy and sample positions for the Balmaseda, Gordexola and Orozko 
Series. 

I.C 
(IB) 
0.470 
OJJO 
0JJ7 
0.424 
0J3O 
OJJO 
0JI3 
OJO 
OJJ 

0.424 
0.471 
0.424 
0JM 
0J77 
0J77 
0J77 
OJ08 
0JT7 
0J77 

0J77 
0.424 
0.424 
0J77 
0J3 
OJJ 
OJJ 
OJJ} 
0J77 
OJJ 
0.175 
0.15 

l/STnx 

Rl 
RUR] 
RURJ 

RJ 
Rl 

RURJ 
RUR] 
RURJ 
RURJ 

RJ 
RJ 
RJ 
RJ 

RURJ 
RURJ 

RJ 
RJ 
RJ 
RJ 

RJ 
RJ 
RJ 
RJ 
R3 

RURJ 
RURJ 

RJ 
RJ 
RJ 
RJ 
RJ 

SHALES 

40 (0 

BALMASEDA SANDSTONES 
«) loo* o a 40 M I.C 

rw> 
0.4* 
0.424 
0J2 
0.47 
0 J « 
OJJ 
OJJ 
0.377 
OJJJ 

0.424 
0.471 
0.424 
0 .33 
0.377 
0.377 
0.377 
0.306 
0J77 
0.377 

0.23 
0.52 
0.424 
0 , 3 
0J77 
0,26 
0.2J< 
0 .3» 
0 . 3 ) 
0.47 
as) 0.15 

fSTvrr 

RJ 
RUR) 

RJ 
RJ 
Rl 

RUR] 
RJ 
R] 
RJ 

RJ 
RJ 

RURJ 
RURJ 
RURJ 
RURJ 
RURJ 

RJ 
RJ 
RJ 

RJ 
RJ 
RJ 
RJ 
RJ 

RUR] 
RJ 
RJ 
R3 
RJ 
RJ 
RJ 

CHLORfiE FT} lULfTE • VS MIXED-LAYER • KAOUNTTE 

Figure 2: Clay minerals. lllite/Smectite mixed-layers type and illite crystallinity index 
for the sandstones and shales for the Balmaseda. Gordexola and Orozko Series, X-ray 
diffraction. 

34S 



Daniele BARTIER*, Martine BUATIER*, Michel LOPEZ*, Javier AROSTEGU1** and 
Hervé CHAJvlLEY* 
* Laboratoire de Sédimentologie et Géodynamique, Université de Lille 1, 

59655 Villeneuve d'Ascq Cedex, France 
** Laboratoire de Minéralogie et Pétrologie, Université de Leioa, 48080 Bilbao, Espagne 

Introduction 

The Bilbao anticlinorium is composed of Lower Cretaceous to Middle Eocene sediments 
accumulated in the Basque-Cantabrian Basin, with thickness ranging from 10000 m in the 
centre to approximately 2000 m in the southernmost part of the basin. These deposits are 
related to the opening of the Bay of Biscay. Lower Cretaceous sediments are dominated by 
shales and sandstones and are divided in three units: Wealdian (Valanginian-Barremian), 
Urgonian (Aptian-Lower Albian) and Supra-Urgonian (Upper Albian-Lower Cenomanian 
fig. 1). The aim of this study is to characterize the diagenetic evolution of clay minerals in both 
lithologies and to infer lithologie control on diagenetic processes. 

Methodology 

The clay fractions of each sample was extracted and analyzed by X-ray diffraction, scanning 
electron microscopy (SEM) and transmission electron microscopy.(TEM). Ulite/smectite 
mixed-layers (I/S) were characterised with the Newmod Program and the illite crystallinity 
index was measured. Sandstone samples were studied by optical and scanning electron 
microscopy. Microprobe analyses were performed for detrital micas and chlorite 
characterization. 

Results and Discussion 

The clay-mineral assemblages in both lithologies are composed of illite, illite/smectite 
mixed-layer Rl (IS) and R3 (1SII), chlorite and minor kaolinite (fig.2). Diagenetic illite has 
been obsverved by SEM and TEM; it fills the sandstone pore spaces and displays isometric 
-shape particles of 0,25 to 0,5 urn. Chlorite was observed infilling the pore spaces. The 
fan-shaped morphology observed in backscattered electron images suggests a diagenetic origin. 
Chlorite can also replace detrital muscovite. 
The I/S mixed-layer content decreases with burial, whereas illite increases. This correlation 
seems to be more evident in the sandstones. Furthermore, the lack of smectite and irregular I/S 
mixed layers in both lithologies and the abundance of isometric particles of illite confirm that 
the last stages of the smectite to illite transition are occurring in the sediments of the 
Basque-Cantabrian Basin. Some detrital micas have been observed in the sandstones. The 
presence of detrital micas in the clay fraction could explain the wide range of illite crystallinity 
data and the lack of a progressive evolution of the clay mineral assemblages with burial. 
However, the clay minerals distribution is clearly controlled by lithology in the central part of 
the basin (for the Gordexola and Orozko Series). 

Conclusion 

The major diagenetic changes in the clay mineral assemblages of sandstones and the shales of 
the southern Flank of the Bilbao anticlinorium are (I) the smectite to illite transition, (2) the 
formation of chlorite by direct precipitation and replacement of detrital mica. These 
mechanisms seem to be controlled by lithology and burial. 
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14. ASSEMBLAGE OF CLAY MINERALS ON HYDROTHERMAL PRECIOUS 
AND BASE METAL DEPOSITS IN NEOVOLCANITES (CENTRAL SLOVAKIA) 

Ivan Kraus, Vladimir Sucha and Eva Samajova 
Comenius University, Mlynska dolina G, 842 15 Bratislava, Slovakia 

Introduction 

Assemblages of clay minerals on mesothermal and epithermal precious and base metal deposits 
serve, nowadays, as one of the criteria for the determination of the mineralization originating 
from two contrasting deep fluids. One of them is noted for a pH value close to neutral whilst 
the other displays a pH value typical for our acidic environment. White and Hedenquist (1990) 
recommend the use of the terms "low sulphidation" and "high sulphidation". The samples are 
from altered zones of precious and base metal deposits from Central Slovakian neovolcanites 
and were subjected to X-ray diffraction and chemical analyses. 

Results 

Our classification of clay mineral assemblages in hydrothermally altered zones of the Central 
Slovakian neovolcanites is based on the existing two main types of ore mineralization in the 
sense of Stohl et al. (1994).The first base metal stockwork type was formed under the 
condition of disjunctive tectonics, and its mineralization can be regarded as coeval with the 
crystallizing intrusion. The second subsequent type, was formed under the condition of 
extension tectonics following the crystallization of the intrusive body. The high sulphidation 
type is characteristic for base metal stockwork mineralization, which is expressed in an 
advanced argillic alteration. Pyrophyllite and illite 2M, are typomorphic minerals. Low 
sulphidation type is characteristic for precious and base metal vein mineralization. Its 
typomorphic minerals include K-rectorite, illite of different polytypes and adularia. The end of 
the epithermal stage, when the temperatures ranged from 220°C to 110°C and pH values from 
5.5 to 7.5, provided the optimum conditions for the formation of precious and base metal 
mineralizations with low purity gold 

Discussion and Conclusions 

Significant information on thermodynamic conditions of precious and base metal 
mineralizations can be yielded by illite polytypes. Polytype 2M, is characteristic for stockwork 
type. A mixture of polytypes 1M and 2M,, the latter one being dominant, is characteristic for 
the vein type of mesothermal stage with high purity gold. The vein type of epithermal stage 
shows the dominance of polytype IM, while polytype 2M, is present in small amount. In the 
case of the vein type of epithermal stage with low purity gold, only polytype 1M was identified 
. At the same time, there exists a relation between the value of the Kubler index (crystallinity 
of illite) and illite polytypes. The highest crystallinity is shown by illites 2M which are formed 
in the stage of an advanced argillic alteration. Illite crystallinity gradually declines throughout 
the mesothermal stages of precious and base metal vein mineralizations. Illites 1M, from the 
Kremnica ore district with a high Au content and a low purity show obviously lowest 
crystallinity . According to data on the structural parameters of illite, we assume the existence 
of two separate magmatic sources for the stockwork and vein mineralizations of Central 
Slovakian neovolcanites. 
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15.ISOTOPIC STUDY OF THE ALTERATION OF VOLCANIC ROCK TO 
BENTONITE. CORTIJO DE ARCHIDONA DEPOSIT (ALMERIA, SPAIN) 

Antonio Delgado and Emilio Reyes 
Estacion Experimental del Zaidin, CS1C Prof. Albareda 1, 18008-Granada, Spain 

Introduction 

in the volcanic area of Cabo de Gata (Almeria, SE Spain) there is a significant amount of rock 
which has turned into bentonite. At certain points where the alteration has been most intense 
thebentonite is commercially exploited in open quarries. One of the most important deposits, 
the object of the present study, is that of Cortijo de Archidona, located in the Serrata de Nijar 
hills. In this deposit the bentonitized material was vesicular rhyodacitic glasses and ignimbrites. 
The alteration processes were favoured by the intense breaching of these materials in the 
fracture zones, which, in turn, facilitated the passage of the transforming solutions. 
The aim of the present study is to determine the type of waters and temperatures at work 
during the alteration process. To this end, the isotopic composition of the smectite was studied, 
as were those of other secondary phases which might have played a role in the transformation 
of the volcanic rock into bentonite. 

Methodology 

Isotopic determinations were made in the Geochemistry Laboratory of the Estacion 
Experimental del Zaidin (CSIC, Granada, Spain). The oxygen was extracted from the silicates 
by acid attack with C1F3. The hydrogen was extracted by heating the sample (previously dried 
at 200°C) in quartz tubes. The water extracted was used to determine the _2H value, following 
the method of Coleman et al. (1982). The method described by McCrea (1950) was used for 
the isotopic analysis of the carbonate samples. Isotopic ratios were determined using a Finnigan 
Mat 251 mass spectrometer. Experimental errors for_uC and "O were less than 0.05%o for 
carbonates and less than 0.2%o for silicates. The experimental error for 2H was less than 4%o. 

Results and Discussion 

The isotopic ratios of oxygen and hydrogen were analyzed in 10 samples. The _ I80 values were 
determined from the <2um fraction , composed in all cases of more than 95% smectite. 
Chemical DRX and analyses showed that the material was montmorillonite, with a mean 
structural formula of (Al278Fe033Mg, 03)(Si777AI()22)O20OH4X08I (Linares et al. 1993). The _2H 
values were analyzed from the whole sample (bentonite) where the only hydroxylate material 
was smectite. The isotopic composition of the oxygen ranges between +23.2%o and +21%o 
(V-SMOW), with a mean value of 22.3%o and standard deviation of 0.7%o. The _2H values 
range between -87%o and -102%o (V-SMOW). The mean value is -94%o and the standard 
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deviation 5%o. 
in the same deposit and in the surrounding area other secondary phases can be found, the 
isotopic values of which may complement the information provided by those of the bentonite. 
Therefore, the isotopic composition of the silica and calcite fissural fillings were also analyzed, 
as were those of the calcite found within the bentonite. Four of the silica fillings have _lsO 
values of approximately +21%o, while others show values of +29.7%o (V-SMOW). The four 
fissural calcites have _"C values close to -8%o (PDB) and _1X0 values ranging between -3.2%o 
and -5.5%o (PDB). Finally, the carbonates found within the bentonite gave values of _UC= 
-7.2%o (PDB) and _ , 80 close to -7%o (PDB). 
The extremely negative _2H values found for the smectite, as well as the negative _UC values 
in the calcites suggest the involvement of meteoric waters (Delgado, 1993). The high _,R0 
values of the smectite suggest low temperatures, being furthermore in perfect agreement with 
a genesis linked to meteoric waters with temperatures between 15°C and 25°C. The _ l 80 values 
for the other calcite phases and some silica phases also suggest such conditions. However, the 
isotopic composition of different fissural quartzes suggests that the solutions might initially 
have operated at temperatures of between 50° and 100°C, if not even higher. 

Conclusions 

The alteration processes of the volcanic rock in the Cortijo de Archidona bentonite deposit 
must have begun with a low-temperature hydrothermalism. Subsequently, the temperature fell 
to environmental levels, producing in these conditions the massive transformation into 
bentonite. 
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16. A COMPARISON OF THE SEDIMENTOLOGY, MINERALOGY AND 
DIAGENESIS OF THE BOOM CLAY AND THE LONDON CLAY USING 
BSEM AND XRD METHODS. 
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Introduction 

The sedimentology, mineralogy and diagenesis of the Boom Clay (Oligocene, Belgium) and the 
London Clay (Eocene, U.K.) have been compared using a combination of fieldwork, XRD, 
optical microscopy and back-scatter electron microscopy (BSEM). 

Methodolo2V 

Petrological analyses have been carried out using optical petrography, BSEM and XRD 
techniques. Compared with optical microscopy BSEM is a high resolution technique which 
makes it ideally suited to study the fabric of mudrocks. Qualitative description of mineralogy 
and textures, plus quantitative EDS mineralogical analyses and image analysis of specific phases 
has been carried out. 

Results and discussion 

Both clays are shallow marine. The grain size distribution of the Boom Clay is controlled by 
two third order eustacy fluctuations and high frequency periodicities (lm scale). Both the 
stratigraphic and geographic distribution of the clay minerals was reinvestigated by XRD 
analyses. As already stated Vandenberghe (1974), the clay mineralogy is dominated by 
smectitic minerals, illite, kaolinite and illite-smectite random mixed layers with minor amounts 
of chlorite. Three populations could be recognised based on their geographic distribution. The 
first one is dominated by montmorillonite and illite-smectite mixed layers and has a southern 
source (Brabant Massif). The second population is composed of illite, high charge smectite, 
illite-smectite and chlorite and is dominant in the eastern outcrop areas of the Boom Clay 
suggesting an origin in the Palaeozoic rocks of the Ardennes-Eifel Massif. The third population 
is kaolinite-rich and becomes progressively important toward the west-northwest. A similar 
westward increase in kaolinite was also reported by Vinken 1987) and was interpreted as due 
to erosion of kaolinite rich deposits in Cornwall and Devon. Apart form these sources, SEM 
also reveals the presence of resorbed minerals probably of volcanic origin (Zimmerlee, 1994). 
Quartz, microcline and plagioclase are the most abundant non-clay minerals. 
In contrast the London Clay consists of four upward coarsening units (30 m scale), which show 
an increase in coarse sediment (fine sand) with each successive cycle. Mineralogically however 
the London Clay is similar to the Boom Clay. The clay mineralogy is dominated by smectite and 
smectite-rich illite-smectite, illite and minor kaolinite and chlorite. Quartz and K-feldspar are 
the principal non-clay minerals. 
Cyclicities in the Boom Clay are identified through variation in grain size, organic matter and 
clay mineralogy. In the London Clay cyclicity is recognised through variations in grain size and 
glauconite s.l. content, and the distribution of carbonate concretions which occur beneath 
breaks in deposition. Within coarser grained beds, wave ripples are recognised in both clay 
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formations. Microscopic features observed in both lithologies are submillimetre grain size 
variations, bioturbations and clay clasts. In the London Clay seven lithofacies are recognised 
in the clay-silt size sediment. 
The sedimentology of both Clays is controlled by third order eustatic fluctuations (10m scale) 
and, in the Boom Clay by high frequency periodicities, probably related to 100 Ka and 41 ka 
Milankovitch cycles (1 m scale). In the Boom Clay the higher order periodicities result in 
distinct layering throughout In the London Clay 1 m scale cycles are only intermittently 
observed in the clay-dominated intervals. 
Diagenetically, both clay formations are immature, reflecting their brief and shallow burial. Clay 
diagenesis is limited to minor alteration of micas to kaolinite; there has been no illitisation of 
smectite. Illite crystallinity and the degree of organic maturation confirm this. Some alteration 
of muscovite to kaolinite, also leaching of feldspar and FeTi-oxides has occurred. In the 
London Clay this largely post-dates compaction and may have occurred during uplift. In the 
Boom Clay the siliciclastic minerals were also altered by post-compactional leaching. 
In both clay formations authigenic minerals are pyrite, ferroan calcite and siderite, all of which 
are early and related to organic matter oxidation in the sulphate reduction zone. In both Clays 
concretion growth was initiated in the sulphate reduction zone. This is attested by the low 6UC 
values and the presence of framboidal pyrite. The fact that faecal pellets and other delicate 
sedimentary structures have been preserved, indicates that the concretions formed before any 
significant compaction. The concretions consist mainly of ferroan calcite, siderite and pyrite. 
The clay mineralogy within the concretions differs from that encountered in the host clay. The 
higher kaolinite and illite content of the concretions is explained by the alteration of micas. 
Feldspars and siliciclastic minerals are often altered, however the alteration was more intense 
in the clay. Septarian fractures are typically filled with multiple generations of ferroan calcite 
and pyrite. The systematic variations in isotopic composition from the centre to the edge of the 
concretion carbonate is interpreted as related mainly to changes in pore-water chemistry during 
concretion growth. 

Conclusions 

The sedimentology and mineralogy of both clay deposits is controlled by third order eustatic 
fluctuations. Beside this low frequency variations, short period cyclicities are present. 
At microscopic scale both deposits show identical features (submillimetre grain size variations, 
bioturbations, clay clasts) suggesting similar sedimentary conditions. 
The diagenetic features reflect only shallow burial depths with little thermal diagenesis. Early 
diagenic reactions include the alteration of unstable minerals and the neoformation of pyrite, 
ferroan calcite and siderite. 
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Introduction 

In recent papers (Ruiz Cruz & Puga, 1992; Ruiz Cruz & Moreno Real, 1993; Ruiz Cruz, 1994 
a, b) we have pointed out the wide development of dickite in Permo-Triassic sequences of the 
Malaguide Complex (Internal zones of the Betic Cordilleras, Spain). The study of the 
underlying Paleozoic has allowed us to reveal the presence of nacrite in some levels of the 
upper Paleozoic (Carboniferous). 
The nacrite has been classically regarded as an hydrothermal mineral, but its occurrence during 
advanced diagenesis and incipient metamorphism was described by Shutov et al. (1970). 

Methodology 

The studied samples were collected from a great outcrop of Paleozoic materials located in the 
Malaga zone. Several particle size-fractions ranging from 20 to <2 u.m were separated by 
sedimentation. Samples were examined by XRD, IR spectroscopy, DTA-TG and microscopy. 

Result and discussion 

Despite the similarity between the XRD patterns of the kaolin polytypes, nacrite can be 
distinguished from the others by its characteristic reflections at 2.43- 2.40 A. When nacrite is 
mixed with kaolinite and/or dickite its presence can be suspected from the notable fall in 
intensity of the 2.50A reflection. The presence of nacrite can be unambigously confirmed after 
treatment with potassium acetate and washing with water (Wada, 1965). 
Nacrite occurs mainly in sandstones, which show the mineral assemblage of 
illite-nacrite-kaolinite-dickite-quartz, with or without albite, carbonates, chlorite and 
chlorite/smectite mixed-layers. In finely-grained sediments, which show the predominant 
association of illite-chlorite-quartz-albite, nacrite is not detectable. 
Microscope examination shows that nacrite occurs as interstitial booklets which locally replace 
quartz grains. SEM examination shows that the large crystals (up to 30 urn), elongated along 
the b-axis, with clear edges, are the dominant morphology. 
Illite crystallinity values in samples containing nacrite range from 0.30 to 0.39, whereas 
associated fine-grained sediments show values ranging from 0.25 to 0.32. These values indicate 
anchizonal conditions. This agrees with the results obtained from the chemical composition of 
chlorites in samples without nacrite (Ruiz Cruz, 1994, b), which indicated temperatures of 
about 250-300°C. The broadening of the illite basal reflection in samples containing nacrite can 
be caused by the possible presence of mixed-layers illite/paragonite, suggested by a 25 A 
reflection and by a doublet in the 060 mica reflection. 
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Conclusions 

1 -The transition of dickite to nacrite with increasing metamorphism has been observed in the 
Malaguide Complex (Betic Cordilleras, Spain). Dickite is the dominant polytype in 

Permo-Triassic materials. Nacrite is present in some Carboniferous sandstones 
2.-The kaolinite-dickite-nacrite transition appears as an useful way in the study of the very 
low-grade metamorphism in the Betic Cordilleras 
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Introduction 

The study area forms a part of the southern Benue Trough (Nigeria) comprising of the 
Abakaliki and the Anambra Basins. In the axial zone of the Abakaliki Basin Middle Cretaceous 
shales have undergone a complex diagenetic history consisting of normal regional burial which 
is superposed by the Santonian tectonism and local heating effects around hydrothermal centres 
(Tshiagu, Enyigba, Ameri). The Upper Cretaceous shales outside the axial zone and in the 
Anambra Basin have only been exposed to normal burial diagenesis in areas around Ezillo, Ihe 
and Leru-Okigwe. Organic maturity indicators and fluid inclusion data were reported earlier 
(Akande et al. 1992). The objectives of the present study are to investigate the degree of illite 
crystallinity and smectitic contents of mixed-layer illite/smectitcs in the shales and to interpret 
these as possible petroleum source rocks. 

Methodology 

Twelve samples representing a wide range of vitrinite reflectance Rm values were selected for 
detailed clay mineral analysis The rocks are generally massive or laminated shales with variable 
carbonate contents (calcite, siderite). 
The <2 um fraction of the carbonate-free material was separated by sedimentation and analysed 
by X-ray diffraction. Smectite proportion (S %) and degree of ordering in mixed-layer 
illite/smectites were determined by the method of Srodon (1980). Illite crystallinity (IC) was 
measured according to the recommendations of Kubler (1990) and Arkai (1987). Care was 
taken to obtain values directly comparable with internationally accepted scales by calibration 
with standard samples. The limits of the anchizone according to the definition of Kubler (1990), 
0.25 and 0.42 °28, respectively, were considered. 

Results and Discussion 

IC values of the Alhian Asu River Shales are between 0.4-0.9 °20, S = 0 % and reflectance of 
vitrinite Rm ranges over broad limits between 2.46 to 4.3 %. This suggests strong diagenetic 
and anchizonal metamorphic transformations . 
The Upper Cretaceous shales in the marginal areas are characterized by IC values between 1.3 
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and 1 6°20, S = 20 to 30 % and Rm values from ca 0.7 to 0.9 %. These values correspond to 
a medium strong diagenetic transformation. 
Paleotemperature estimates were made by comparison with clay mineral data from other 
sedimentary basins and considering the dependence of Rm values on temperature. The 
estimated values were up to 230°C in the axial zone and about 90 to 100°C in the adjacent 
areas. 
The variation of Rm with S% in the study area can be compared with that observed in some 
sedimentary basins where similar studies have been carried out. The trend line inferred for the 
Benue Trough fits well with other lines from different sedimentary basins where diagenesis is 
the result of normal subsidence and burial e.g the deep Neogene depressions of the Pannonian 
Basin, the Transcarpathian Basin and the Carboniferous of Silesia 

Conclusions 

1C and S % values provide valuable information on the diagenetic maturity of shales and 
hydrocarbon potential of the territory As concluded from the studies of organic matter and clay 
minerals, potential source beds for liquid petroleum in the study area appear to be confined to 
the Late Campanian shales in the Anambra Basin while the Turonian shales are more gas prone. 
Albian shales in the axial part of the southern Benue Trough are generally overmature and 
consist of gas prone organic constituents. On the basis of their thermal maturity, we suggest 
that the Turonian to Campanian shale units in the study area have undergone only normal burial 
diagenesis within the oil generating zone. Given the right types of organic constituents, they 
could have generated some unknown quality of hydrocarbons since attaining their present 
maturity levels. 
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19. CHANGES IN THE STRUCTURE OF SEPIOL1TE-BASE MUDS IN HIGH 
TEMPERATURE WELLS 
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Introduction 

The control of the rheological properties of water base muds is a major problem encountered 
in the drilling of high temperature wells. The effect of high bottom hole temperatures on water 
based drilling muds may be handled by excessive chemical treatments to maintain desirable flow 
properties during drilling. However, even those treatments fail to sustain desirable mud 
properties during the stand-by periods such as repairs of the rig or surveys in which the 
temperature in the wells usually rises. In view of the inability of Na-bentonite to perform 
satisfactorily at elevated bottom hole temperatures, sepiolite-based drilling fluids are being 
suggested by various investigators. 
Sepiolite-based drilling fluids have been suggested for use at the extreme temperatures and 
pressure encountered for deep-well drilling (Carney and Meyer, 1976). The detailed 
investigations of the conversion of sepiolite to trioctahedral smectite-stevensite under simulated 
laboratory conditions from a clay mineral structure point of view and the alterations in the 
rheological properties of the drilling fluid have been reported by Giiven and Carney (1979). 
Also, Chesser and Enright (1980) documented higiviemperature stabilization of drilling fluids 
using low molecular weight co-polymer. In this study, an investigation is made to identify the 
changes in sepolite structure capable of performing in the high temperature environment and 
also to present some new experimental results on the behavior of sepiolite-based drilling fluids 
with new additives under elevated temperature 
conditions. 

Methodology 

The sepiolite sample used in the experiments was obtained from the south of Sivrihisar in the 
Miocene lacustrine Eskisehir basin. The samples contain organic matter (up to 2.5 wt.% TOC) 
and were taken from relatively pure black sepiolite beds. Evaluation is based on the formulation 
of a drilling fluid (350ml) containing sepiolite (15g), Na-bentonite (5g) or alternatively either 
brown coal (15g) or alumina (lOg), NaOH (0.5g), Na-polyacrylonitrile (5g) and resinex (2g) 
and drilling fluid is heated up to 350°C for 24 hours in a cement consistometer. In order to 
examine the step by step transformation of sepioHte to stevensite, simulated hydrothermal 
reactions in drilling muds under laboratory conditions were investigated between 95° and 
350°C. In addition to the base mud composition, talc, borax (Na,B407. 10H2O) and loughlinite 
are also added to prepare different mud compositions in order to investigate the rheological 
behavior of clay minerals under various elevated temperatures at which the critical mineral 
transformation occurs. 
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Results and Discussion 

According to the results of aging experiments, we found that water loss values of alumina are 
about twice as much than water losses for brown coal and bentonite containg muds, separately. 
Also, it is documented that the apparent viscosity diminishes slightly with increasing 
temperature. The results of apparent viscosity versus temperature and water loss versus 
temperature are shown below 
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Conclusion 

The occurrence of stevensite increases with increasing temperature at elevated levels. It is a 
well-known fact that the temperature is always considered being the most important parameter 
in clay mineral diagenesis and pressure is usually neglected. In addition, co-polymer has 
extended greatly the temperature range of water-based muds. 
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20.CLAY MINERALOGY AND ILLITE CRYSTALLINITY STUDIES OF LOWER 
PALEOZOIC FINE GRAINED SEDIMENTARY ROCKS FROM 
ORHANDAG-BOLU REGION, WESTERN TURKEY 
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Abstract 

Lower Paleozoic sedimentary rocks in Western Black Sea region (Orhandag-Bolu) were 
studied. The clay mineralogy of Lower Paleozoic lithological units have been examined in order 
to find the transition between diagenesis and anchimetamorphism. For this purpose, illite 
crystallinity degrees were measured. According to the clay mineralogy and crystallinity studies, 
Lower Paleozoic rocks have undergone advanced anchimetamorphism. 

Introduction 

In the studied area (Orhandag-Bolu, Western Turkey), there are two formations in the Lower 
Paleozoic: I) Bellibasi Formation (Upper Silurian) which is formed by reddish to brownish 
arcosic fine-grained conglomerates and thin to thick bedded clayey sandstone, 2) Kusca 
Formation (Upper Silurian-Lower Devonian) are composed of thin bedded laminated shale, 
interbedded with gray fine grained sandstone, siltstone and limestone. The aim of this study, 
is to find the transition between diagenesis and anchimetamorphism within these Lower 
Paleozoic rocks. 

Methodology 

Forty five selected outcrop samples were collected from various stratigraphic sections of Lower 
Paleozoic. The mineralogical composition of the samples were studied using a Philips X-ray 
diffractometer (Recording conditions : Ni filtered CuKa radiation with 40 kV and 20 mA, 
goniometer speed : l/l°/min., paper speed: 10 mm/min). To aid mineral identification, three 
diffractograms were made from each sample, 1) Air-dried, 2) Ethylene-glycol-solvated, 3) 
Thermally treated. The < 2 nm clay fractions of the samples were obtained by Stoke's Law. 
Carbonate in the samples was removed by acid treatment (HO, 5%). The half width of the 10A 
basal reflection (001) of illite was used for the degree of illite crystallinity. 

Results and Discussion 

Illite, Chlorite and Smectite is the most widespread assemblage in the Lower Paleozoic 
formations. Poorly crystallized illite-smectite and kaolinite is a less common assemblage.The 
largest amount of illite is found in the Upper Silurian formation. Clay minerals which were 
developed following the existing of the environment have a vertical distribution as kaolinite, 
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smectite, poorly crystallized illite-smectite and illite. According to the clay minerals 
paragenesis, the vertical distributions of illite and the crystallinities of illite Upper Silurian 
rocks have been undergone advanced anchimetamorphism. On the other hand, Upper 
Silurian-Lower Devonian rocks have diagenetic zone characteristics (Fig. I). 
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Introduction 

Several Upper Cretaceous bentonite beds were identified in the pelitic sequence of the Ubatuba 
formation as well as intercalated with the turbiditic oil-bearing sandstones of the Carapebus 
formation, in the offshore Campos basin, SE Brazil. The aim of this work is to present a 
summary of the chemical-mineralogical data of bentonite beds recovered in cores of both the 
Marimba and the Carapeba oil-fields and to discuss their main compositional characteristics and 
the diagenetic evolution of their clay minerals. 

Samples 

In the Marimba oil-field, 19 samples were collected in the two Santonian bentonite beds (95 
cm and 85 cm-thick) recovered in cores at the depth of 2785.1 - 2797.7 m. One Maastrichtian 
and two Santonian bentonite beds were sampled in the Carapeba oil-field. These beds are 
thinner (of 14 cm, 32 cm and around 10 cm, respectively) and the samples were collected at 
depths of 2987.00, 3008.10 and 3025.45 m. 

Methodology 

The mineralogy of the bentonites was obtained by X-ray diffractrometry of both whole-rock 
and <2um oriented fraction (air-dried, glycolated and heated at 490°C). Whole-rock chemical 
composition was determined by X-ray fluorescence and rare earth elements composition by ICP 
emission spectrometry. Petrographic texture was evaluated by means of thin-section study. 

Results 

The bentonites are composed of a dark-greenish-gray (5G4/1), lumpy, brittle, irregularly 
partitioned, non-fissile, hygroscopic and non-bioturbated claystone with spheroidal exfoliation. 
In the Marimba oil-field, they display a characteristic fine texture but the presence of small 
"domains" (about 0.1 mm in diameter) could be delineated, indicating a superimposed relict 
texture which suggests vestiges of shards of volcanic glass. The bentonites of the Carapeba 
oil-field are less hygroscopic and show incipient fissility. 
In both areas, the whole-rock mineralogy of the bentonite beds is quite specific consisting 
almost exclusively of dioctahedral illite/smectite interstratified clay minerals (I/S). Small 
amounts of analcime, calcite, opaque minerals and epidote can also be locally found. The 
3025.45m sample of the Carapeba oil-field is considered an impure bentonite because it 
contains around 20% of terrigenous silty material (quartz, feldspar and micas) . The 
composition and the degree of ordering of the I/S of the whole set of samples are remarkably 
heterogeneous. The I/S of the bentonites of the Marimba oil-field are close to pure smectite 
(around 85-90% of smectite-layers) with random interstratification (R=0). The I/S from the 3 
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samples of the Carapeba oil-field are less expandable. The Maastrichtian sample presents 
disordered I/S with around 50% illite-layers. Both the pure and the impure Santonian 
bentonites contain ordered (R=l) I/S with around 65% illite-layers. 
The chemical composition of whole-rock samples reflect their present mineralogy. Higher 
values of K and Al are found in the samples of the Carapeba oil-field correlating directly with 
the composition of their I/S. 

Discussion 

The specific mineralogical composition of the bentonite beds, their geometric features (abrupt 
contacts, small thickness and good lateral continuity), and the presence of vestiges of 
microscopic volcaniclastic texture indicate an origin from volcanic ashes. They were dispersed 
by the winds and settled down intercalated with normal marine sediments. The bentonic 
foraminifers found in the pelites indicate middle to lower batial (>500 m) conditions during 
Maastrichtian and middle batial (300-500 m) during Santonian time. 
Pure smectite is the usual product of alteration of volcanic ashes under subaqueous conditions. 
In the study area, their initial in situ alteration to smectites is inferred by spheroidal exfoliation, 
relict texture and the usual absence of fissility The presence of I/S still highly expandable in the 
Marimba oil-field at a depth of around 2780 m (around 90°C) indicates only a small effect of 
burial diagenesis A much higher degree of diagenesis is shown by the sample taken at about 
3000 m depth (around 98°C) in the Carapeba oil-field. The difference in temperature and depth 
between the two locations is insufficient to account for the composition and degree of ordering 
observed in the I/S. Therefore other variables are affecting the diagenetic evolution of these 
minerals. 

The distribution of normalized values of REE indicates a similar source material for the pure 
bentonites while the impure one shows an enrichment of heavy REE. 
It has been observed that, independently of the age, the I/S of the bentonites intercalated with 
pelitic interlobe rocks are systematically more expandable than those associated with turbiditic 
arkosic sandstones which are also thinner Therefore the formation of I/S rich in illite-layers 
was most probably favored by the decreasing thickness of the beds and by the proximity of 
more permeable lithologies which would both enhance fluid circulation and ion interchange. 

Conclusions 

Temperature, depth (pressure), depositional environment and source-material do not explain 
the major differences in the composition and degree of ordering of the I/S of the bentonite beds 
between the two oil-fields. The ability of reaction of these I/S seems to reflect directly the 
thickness of the bed and the permeability of surrounding rocks which controlled the extent of 
fluid circulation and the rate of conversion of smectite to the I/S. 
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22.THE DIAGENETIC MINERALOGY OF THE MAGALLANES BASIN (CHILE). 
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Introduction: 

The Magallanes Basin is located South of 47°S. and extends from the Atlantic Shelf and the Patagonian 
Plains in the East to the Prccordillcra of the Patagonian Andes in the West. The basin is the principal 
producer of oil and gas for Chile and to a lesser degree for Argentina: it also hosts important 
subbituminous to high volatile bituminous coal deposits. The key geological units arc: A mctamorphic 
basement is covered by the Jurassic Tobifcra or Tuff Formation, the latter marking the onset of the 
development of a subduction zone to the West. The Cretaceous to Mid-Tertiary marine sedimentation in 
an elongated N-S depression is dominated by flysch type shales, maries, siltstoncs and sandstones with 
variable volcanoclastic influence from the West. Its basal Springhill Formation (sandstones) is the main 
oil and gas producer of the basin. Marine sedimentation ended with the deposition of coals in the Lorcto 
Formation in the western sector of the basin during the Oligo-Mioccnc. giving way during the Late Tertiary 
to continental sandstones and luffs. The present day morphology is marked by Quaternary glacial deposits. 
Despite its economic importance, information on the diagenctic mineralogy of the basin is limited. One 
aim of the study is to analyse the changes in authigenic clays and zeolites with depth: the second point of 
focus arc the variations in pore linings of the Springhill sandstone and the role of the fluid phase in their 
formation. 

Methodology: 

Two cross sections (NW-SE and E-W. both approx. 250km long) have been sampled in 11 exploration 
boreholes at depth intervals of 100m using cuttings and cores (max. depth 4900m). Approx. 300 samples 
have been analysed for the mineralogy of the whole rock and clay size fractions ( > 0.45 <lum, > 1 < 
2um). Existing information on the maturity of coaly matter is included. For the Springhill Sandstone a 
combination of microscopy, XRD. SEM (EPMA), lxO/'r'0 analyses on kaolinitc and chamositc are used 
together with the precipitation of clay phases on cleaned sandstone substrates (the latter two in progress). 

Results: 

The whole rock mineralogy comprises variable proportions of quartz, feldspars (plagioclasc, microclinc). 
glauconite. chlorite (high Fc-typc dominant) and smectite with minor presence of calcitc, ankcritc and 
pjTite. Horizons with a marked volcanoclastic influx show widespread occurrence of heulandite, stilbitc, 
mordenite, analcimc and laumontitc (replacement of volcanic clasts and cement). Lithic sandstones and 
greywackes are mainly grain supported with lithological maturity, concave grain contacts, pressure 
solution, fracturing and clast replacement increasing with depth. The authigenic clays (best observed in 
thc>0.45<lum fraction) are >70% expandable illitc/smectitc in the upper 1500m (averaged depth) and 
decreases to about 20% expandability in the deepest boreholes. Kaolinitc is observed from 1400m and 
regular chlorite/smectite mixed layering from 2000m downwards. Maturity of coaly matter increases from 
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an average of 0.40% Ro in the coal measures of the Lorclo Formation at about 600m depth to > 1% Ro 
at >3000m. For the lithic Springhill sandstone porclinings vary according to location and depth and arc 
kaolinitc. illitc (<30% smectite), low charge corrcnsitc and chamositc. Secondary porosity is created by 
grain dissolution (feldspars and possibly calcilc cement) and fracturing. Archive formation 
water analyses for the Springhill Sandstone indicate a brine character with local pH fluctuations. 

Discussion and Conclusions: 

Given similar burial depths, a strong variation is found in both detrital and authigenic mineralogy. A more 
'rapid' conversion of discrete smectite to illitc/snicctilc (>30%) is seen in shalcs/siltstoncs with little 
\ olcanoclastic influence whereas in grcNAvackcs laumontilc occurs jointly with corrcnsitc and little discrete 
smectite. Due to the low porosity of the latter a closed chemical environment is assumed for this rocktypc. 
This makes it impossible to establish a basin-wide correlation between maturity parameters 
at the present stage of sampling. 
Despite a more homogeneous clastic feldspar and quart/, mineralogy in the Springhill sandstone, authigenic 
porclinings depend strongly on location, with kaolinilc being the most widespread phyllosilicatc. The 
notable increase in peak intensity of illitc. chlorite/smectite and chamositc in thc>0.45 < lum fraction 
with respect to coarser material and their undamaged fibrous shape suggest an authigenic origin. Euhcdral 
kaohnitcgenerally attains si/cs of > lum, but it is considered equally authigenic. in particular as it often 
displays an intensified growth coinciding with stronger surface damage of the substrate quart/, or feldspar 
grains. It is expected to obtain indirect evidence on the character of the fluid phases by lsO/"'0 
determinations on kaolinitcs and chamosilcs (illitcs have proved difficult to separate). Due to their age. 
the formation water analyses arc considered only as rough guidelines for experiments of phyllosilicatc 
precipitation on cleaned Springhill sandstone grains. At the present stage possible variations in gcothcrmal 
gradient between individual boreholes (in response to a westward tilting and deepening of the basin) have 
not vet been taken into consideration. 
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23.CLAY DIAGENESIS AND THERMAL MODELLING IN THE CRETACEOUS OF THE 
ALAVA BLOCK (BASQUE-CANTABRIAN BASIN. SPAIN) 

Sangiicsa. F. J.1. Arostcgui. J.1. Carraccdo. M.1 and Snare/.. I.2 

' Dptm. of Mineralogy and Petrology. Basque Country Univ Ap.644.48080 Bilbao. Spain. 
: Dptm. of Petrography. National Inst, of Coal (C.S.l.C.) Ap.73.33080 Ovicdo. Spain. 

Introduction 

The Alava Block is the most southern domain of the Basque-Cantabrian basin. The major part 
of the outcrops are of upper Cretaceous age. Also unconformed Tertiary sediments are present 
in the central part of the domain, occuping the edge of a great syncline structure. Different 
tectonosedimentary domains controlled by deep faults can be distinguished (Amiot, M. et al, 
1983). 
In relation to a transgressive peak in the Cenomanian-Turonian boundary two great lithologic 
groups are differentiated: carbonated one in the major part of the upper Cretaceous and a 
detrital one in the lower Cretaceous sediments. Facies lateral distribution is controlled by the 
paleoposition in regard to sediment supply from the South during the Cretaceous time. 
The objective of this work is the correlation between clay mineralogy and thermal history 
determined from vitrinite reflectance. 

Methodolo2V 

290 samples (well-cuttings) from nine exploration wells were analysed. Bulk mineralogy and 
clay mineralogy in the <2um. fraction were obtained by XRD. Major elements were determined 
in decarbonated, whole rock and <2um. fractions, by XRF. Mean random vitrinite reflectance 
(%Rr) was determined. 
Decompacted burial history was obtained for each well. Thermal history was made according 
to Easy %Ro model (Sweeney & Burnham, 1990), calibrated by measured vitrinite reflectance 
values. Some features of clay diagenesis, such as smectite illitization and kaolinite 
disappearence, were correlated with thermal history. 

Results and Discussion 

Calcite is the major component in the upper Cretaceous sediments with minor amounts of 
quartz, clay minerals and feldspars against the lower Cretaceous sediments, except in Aptian 
materials which are carbonates again. Throughout the most deeply buried lower Cretaceous 
sediments K-feldspars are absent. 
Lateral diminution of kaolinite towards the northern wells is interpreted in terms of a more 
distal paleoposition and/or advanced diagenesis. Kaolinite and smectite show a lateral opposite 
behaviour. A progressive Unitization of smectite-related minerals is observed with burial depth. 
Smectite (R0) disappearence occurs abruptly where it concurs with carbonated-detrital 
boundary and progressively through Rl and R1-R3 I/S mixed layers, where it is isolithological. 
Kaolinite also disappears with depth in the deepest wells, concurring with an increase of 
chlorite (Arostegui et al, 1994). 
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Major elements are distributed in relation to fades and grain size. There is an overall 
enrichment in A120,, K20 and MgO in the <2um fraction, with regard to whole rock content. 
Si02 shows the opposite tendency. This trend is a consequence of clay minerals 
and quartz distributions, respectively. 
Vitrinite reflectance values range from 0.33% to 5.54% in isochronic samples, with a general 
trend of increasing reflectance values towards the northern wells and with depth. Thermal 
maturation modelling indicates that the present day geothermal gradient (23°C/Km) is smaller 
that the prepaleocene one, in northern wells, due to different geodynamic situation of the basin. 

Conclusion 

Diagenetic disappearence of smectite (R0) occurs via 1/S interstratified minerals. 

Results from clay mineralogy and vitrinite reflectance correlation can be explained by 
differences in paleogeothermal gradients and original clay minerals supply. 
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24.KAOLIN1TE AND HALLOYS1TE IN THE BENTON1TE DEPOSITS OF MILOS 
ISLAND, GREECE: MECHANISM OF FORMATION AND INFLUENCE ON 

THE PROPERTIES OF BENTONITES. 

George Christidis and Theodor Marcopoulos 
Technical University of Crete, Dept of Mineral Resources Engineering, 73133 Chania, Greece. 

Introduction. 

Kaolinite and/or halloysite are present in several bentonite deposits in the eastern part of Milos 
island, Greece. Kaolinite and halloysite are products of hydrothermal alteration and their 
presence in the Miloan bentonites has been a matter of controversy. Recently Christidis et al, 
(1994) showed that bentonites might have been formed from the low temperature alteration of 
the parent volcaniclastic rocks i.e separately from kaolinite. It is the purpose of this work to 
show possible mechanisms for the formation of kaolinite and/or halloysite and to examine the 
influence of hydrothermal alteration on the physical properties of bentonites. 

Methodology. 

Materials - The clay samples were collected from the bentonite deposits of Koufi, Aspro Horio, 
Tsantili, Ano Komia and Agrilies located in Eastern Milos, from representatively horizontal 
and vertical profiles. 
Techniques - Mineralogy was determined by X-ray Diffraction (bulk and clay mineralogy), clay 
mineral textures by SEM, and smectite chemistry by Electron Microprobe. The CEC of 
bentonites was determined with a Kjeldahl microsteam apparatus after saturation with NH 4 
while apparent and plastic viscosity was measured using a FANN 35S viscometer. Swelling 
capacity was estimated in previously calibrated test tubes using bentonites activated with 
Na,CO_v The results are expressed in ml of bentonite gel/10 gr of clay. 

Results and Discussion. 

Kaolinite is present in all deposits examined, while halloysite is present in the deposit of Aspro 
Horio. The distribution of kaolinite/halloysite is random within the bentonite and in the Koufi 
and the Ano Komia deposits tends to be concentrated in the lower stratigraphic horizons. SEM 
observation revealed that kaolinite/halloysite has been formed at the expense of smectite, 
kaolinite forming booklets of well formed crystals in places. Therefore smectite and 
kaolinite/halloysite is unlikely to have formed from a single geological event. Smectite 
replacement is associated with co-precipitation of opal-CT spherules formed from the Si which 
is released during the replacement. Both montmorillonite (Chambers, Tatatilla and 
Wyoming-type) and beidellite have been replaced by kaolinite/halloysite: 
The formation of kaolinite seems to have taken place via two ways: 
a) Directly, from dissolution of smectite according to the following reactions i) for Chambers 
montmorillonite (Koufi deposit): 

Ca00,)6Na0()9Ka(W(Ari
1.5()Mg(,41Fev

(,17)(Aln'(),()Si,,;o)0,0(OH)2 + 4.4H20 + 1.6H' = 
0.80Al2Si2O5(OH)4 + 2.30H4SiO4 + 0.41Mg2' + 0.17Fe*' + 0.05Ca2' + 0.09Na* + 0.09K* (1) 

ii) for beidellite (Koufi deposit): 

Ca(,05Na(),)5K0,)5(Alv,
1.lt2Mg,,2flFev

(,n6)(Al,v
0 ,f,Si3,)4)01(l(OH)2 + 3.65H20 + 0.9H' = 

1.09Al2Si2O5(OH)4+ 1.46H,Si04 + 0.26Mg2, + 6.06Fe3- + 0.05Ca2' + 0.05Na^ + 0.05K+. (2) 
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b) Indirectly as a by-product during the alteration of a higher charge Wyoming montmorillonite 
to its low charge counterpart (Tsantili deposit): 

Ca,),2Nalul(>K(,04(Ar\51Mg(,.v,Fe,
IU7)(Al,v

(U()Siv,n)Olll(OH), + 0.15H4SiO4 + 0.04H' + OlFe3' 

Ca(U2Naaa,K(,o4(AlVI
I.50Mg(,V)Fe'o n)(A\\ 01Si,,,7)Oln(OH), + 0.04Al,Si,O5(OH)4+ 0.03Na" 

+024H2O.(3) 

The formation of smectite with lower layer charge in reaction (3) probably takes place through 
a solid state transformation since it causes minor changes in the smectite lattice located mainly 
in the tetrahedral layer. The dissolution reactions (1) and (2) necessitate acidic conditions to 
proceed. On the other hand reaction (3) is controlled mainly by the Si-supply while the role of 
pH might be rather limited The source of Si is probably the illitization of bentonite observed 
in the southern sectors of the deposit. Beidellite seems to be more susceptible to acidic 
conditions than Cheto montmorillonite since it dissolves at a higher pH 
The formation of kaolinite/halloysite is associated with a hydrothermal event which postdates 
the formation of bentonites. It has decreased the CEC of bentonites, either due to the 
dissolution of smectite and/or the formation of smectite with lower layer charge or due to 
precipitation of other minerals like carbonates. In the Koufi deposit the kaolinite bearing 
horizons have the lowest pH, CEC and swelling capacity. Similarly in the Tsantili the Ano 
Komia and the Agrilies deposits the decrease of the pH, the CEC and the deterioration of the 
swelling capacity and the rheological properties is associated with the hydrothermal event. Thus 
it seems that the hydrothermal alteration has modified the original physical and chemical 
properties and has deteriorated the bentonite performance in certain industrial applications. 
However, under some conditions the presence of small amounts of kaolinite might not affect 
viscosity, as this is observed in the lower horizons of the Tsantili deposit. 

Conclusions. 

The main conclusions resulting from this work are summarized as follows: 
a) Smectite and kaolinite/halloysite have been formed under different geological processes in 
Eastern Milos. 
b) Hydrothermal alteration has caused replacement of smectite by kaolinite/ halloysite and the 
formation of smectite with lower layer charge. Moreover it has deteriorated the physical 

and chemical properties of the Miloan bentonites. 
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25. TVVO-STAGE ILUTE GENERATION IN A PROTEROZOIC SHALE: 
THE Rb-Sr ISOTOPIC EVIDENCE 

I.M Gorokhov*, M. A.Semikhatov**, T.L.Turchenko*, S.I Tsipursky**, *N.N.Melnikov*, 
E.P.Kutyavin, TA. Ivanovskaya** 
* Institute of Precambrian Geology and Geochronology, RAS, nab. Makarova 2, St.Petersburg 
199034, Russia 
** Geological Institute, RAS, Pyzhevsky per. 7, Moscow, 109017, Russia 

Introduction 

Clay fractions of Proterozoic shales usually contain two or more generations of illite different 
in their crystallochemical characteristics and Rb-Sr systematics. Modern techniques enable us 
to separate such non-uniform illite fractions into subfractions (Sfs) of very narrow size ranges 
and use them for the isotopic dating of discrete events in the history of sedimentary rocks 
(Morton, 1985; Gorokhov et al, 1994a,b). This paper produces the evidence that Early Riphean 
unmetamorphosed shale of the Ust'-llya formation, Anabar Massif, Northern Siberia, contains 
at least two generations of authigenic illite. Thermal history of the enclosing rocks, as evident 
from the color indices of organic-walled microfossils, was very mild (healting up to less than 
70°C). 

Methodology 

Three samples of the Ust'-llya shale were crushed and the <5um fractions were extracted by 
means of ordinary sedimentation technique. Each of these fractions were broken down into six 
(<0.1-, 0.1-0.2, 0.2-0.3, 0.3-0.6, 0.6-2, and 2-5um) SFs using centrifugation and ultrafiltration. 
Mineral composition of the SFs and the illite crystallinity index (Ik) were determined by means 
of X-ray diffractometry (XRD). Discrimination between the illite polynmorphs was based on 
an oblique texture electron diffraction study. Morphology of the particles was examined by 
transmission electron microscopy. All the SFs were leached with IN ammonium-acetate. Rb 
and Sr contents in the triplets involving an untreated SF, its leachate and residue were measured 
by isotope dilution mass spectrometry together with the "Sr/^'Sr ratios. The Rb-Sr 
"leachochrons" integrated the data for equi-sized triplets from the three samples. Therefore 
these leachochrons gave a common apparent age and *7Sr/Si,Sr initial ratio for all particles of 
a given size. 

Results 

The two coarser (2-5- and 0.6-2um) SFs constitute up to 75-90% of the <5um fraction and, 
according to the XRD data, consist of clay minerals and much admixed quartz and feldspar. All 
the finer SFs are dominated by Fe-illite with an admixture of chlorite under 5%. The Ik for illite 
varies in the range of 0.65-1.02 A 20 and is suggestive of diagenetic conditions for the origin 
of all the SFs. lM-lMd illite is usual for the finer (<0.2um) SFs, whereas only lMd illite is 
abundant in the coarser SFs. The proportion of the leached Sr increases in the finer SFs. With 
the size of particles decreasing from 0.6-2 to 0. l-0.2um Rb content in the residues increases 
from 197-210 to 257-301 ppm and then falls to 226-285 ppm in the <0.1um SF. In contrast, 
Sr content in the residues smoothly decreases from 22-52 ppm in the 0.3-0.6um SF to 8-18 
ppm in the O.lum SF. Except for the coarsest and sometimes for the finest SFs, the data points 
of the residues within each sample fit an individual mixing-line on the 87Rb/86Sr-lt7Sr/86Sr 
diagram.The apparent Rb-Sr age tends to decrease from 1405-1415 Ma for the coarser (2-5 
and 0.6-2um) SFs to 1305 Ma for the intermediate (0.3-0.6um) SF and further to 1180-1190 
Ma for the finest (0.1-0.2 and O.lum) SFs. The scatter of data points about the fitted 
leachochron is significantly in excess of the experimental error for all SFs. This scatter reflects 
either compositional heterogeneities even among the equi-sized SFs or non-uniform Sr 
reservoir in the co-existing fluids. 
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Discussion 

It is evident from the Rb-Sr systematics that the SFs consist of two different generations of 
authigenic illite and contain them in various proportions. Particles of both these generations are 
shaped like equant plates. The first generation (lMd polytype) with a lower Rb/Sr ratio 
dominates the coarser SFs, and the second generation (lM-lMd polytype) is most abundant in 
the finer SFs. The 0.3-0.6 and 0.1-0.2um SFs may be considered as most representative for 
these two generations. In the coarser (2-5 and 0.6-2um) SFs mixing systematics is disrupted 
due to an abundance of detrital feldspar, and the finest (<0. lum) SF appeared to be altered 
more than other SFs as a result of interaction with meteoric water The age value for the first 
diagenetic event can be estimated between 1405-1415 Ma (0.6-2 and 2-5urn SFs) and 1305 Ma 
(0.3-0.6<um SF), and that for the second event is equal to 1180-1190 Ma (<0.1 and 0. l-0.2um 
SFs). Both values are much smaller than the sedimentation age of the Ust'-Ilya Formation 
which, evaluated by the Rb-Sr and K-Ar dating of glauconite and Al-glauconite, is 1460-1480 
Ma (Gorokhov et al., 1991). This great time lag seems not surprising because a small thickness 
of the post-Ust'-llya rocks within the Anabar Massif implies a low rate of subsidence for the 
Ust'-Uya sediments. It is not inconceivable that illitization of authigenic smectite and 
mixed-layer illite/smectite within slowly burying intracontinental basins may start at a depth less 
than 1 km at a temperature of 30-40°C and come to a close c.2 km beneath the surface at 
c.60-70°C (Drits, Kossowskaya, 1990). In such a situation, the formation of authigenic illite 
in the Ust'-Ilya shale might well proceed through an appreciable interval of time. As to age of 
the finest SFs (1180-1190 Ma), it seems likely to reflect the time of retrograde diagenesis 
(catagenesis) related to pre-Middle Riphean (pre-Yusmastakh) uplift recognized by means of 
geological data. 

Conclusion 

The Ust'-Ilya shale contains two generations of authigenic illite. The first of them was formed 
during burial diagenesis much later than sedimentation of this rock. The second-generation illite 
development postdates that event and most likely relates to the retrograde diagenesis 
(catagenesis). 
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Corrensite and interstratified chlorite/smectite are widely believed to be transitional phases 
formed during supergene and hydrothermal chlorite alteration as well as products of the 
aggradation of smectite or vermiculite to chlorite. Ratios of chlorite/smectite layers in the 
interstratified minerals are frequently used as a geological marker. The aim of this study was 
to find a tool for deciphering the mechanism of transition sequences involving corrensite. 

Methods 

Identification was performed by using homoionic samples treated with ethylene glycol and 
glycerol and heating in a fiirnace (550°C, XRD tracings recorded after cooling) as well as by 
means of a home-made thermal stage when the X-ray tracings were recorded at a temperature 
of 300°C, which prevented spontaneous rehydration. The ASN program (Drits and Sakharov 
1976) was used to simulate XRD diagrams. 

Results 

X-ray tracings of untreated samples and ethylene glycol, and Mg and glycerol treated samples 
show regularly interstratifiled chlorite-smectite (R=l) with rational series of 28.7 (untreated, 
cv=0.52), 31 (glycolated, cv=0.32) (Fig. 1), and 32 A (treated with glycerol). Experimental and 
ASN-calculated positions and intensity reflections of the ethylene glycol saturated sample show 
good conformity. 
The ASN-calculated XRD patterns of contracted corrensite proved that an inhomogeneous 
distribution of heavy atoms (Fe, Ni, Mn, Cr etc.) between chlorite and swelling layers and 
between inner and outer octahedral sheets of chlorite layers in the interstratified mineral may 
result in the disappearance of low angle reflections. The effect coming from inhomogeneous 
heavy cations distribution is well pronounced in heated corrensite, whereas in XRD patterns 
of glycolated sample it is obscured. The corrensite from Nastawice displays enrichment of Fe 
cations in chlorite octahedral layers, whereas smectite layer seems to be Fe free. 

Geoloeical considerations 

Corrensite was found in a chlorite rich vein-like blackwall adjacent to a clinozoisite rodingitic 
body in the serpentinite quarry. As the particle dimension decreased, the content of corrensite 
increased, being dominant in the fraction <0.5um; other interstratified smectite-chlorite 
minerals were not found. The corrensite from Nastawice occurred together with regular 
chlorite; however their Mg/(Mg+Fe) ratio differs: chlorite-0.91, corrensite-0.86. In chlorite 
intergrowths this ratio is close to the Mg/(Mg+Fe) ratio in serpentines from adjacent 
serpentinites (av. 0.97), whereas this ratio is similar to that of interstitial chlorite from rodingite 
(0.86). Probably the compositions of both interstitial chlorite and corrensite reflect increasing 
Fe activity in late hydrothermal solutions. The corrensite presumably formed due to direct 
crystallization from late hydrothermal solutions as deduced from comparison of the 
Mg/(Mg+Fe) ratio in the corrensite, serpentinite and chlorite. 
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CROSSROAD OF EARTH SCIENCE: A SHORT REVISION 
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CH 2007 Neuchatel 7, Switzerland 

Clay minerals have allowed and allow a classification of alterations from diagenetic to 
metamorphic. They have been useful for definition of the seven stages of diagenesis, anchi- and 
epimetamorphism(Kiibler, 1984). The alteration of smectite to micas has given rise to many 
studies on its relationship to hydrocarbon generation, fluid migration and water-rock 
interactions. Nevertheless, there are other applications in the fields of aerology, oceanography, 
pedology, sedimentology and environmental studies which are the focus of this revision. 

AEOLIAN: Amongst the components of wind blown dust, paragonite and pyrophyllite are 
markers of a metamorphic provenance whilst serpentinites and talc come from green rocks 
(Mazzucotelli et al.,1984). For example, serpentinite and talc are indicative of aerosols from the 
Gulf of Genoa and the Ligurian Sea; palygorskite and kaolinite originate from North Africa. 
In western and southern Europe, micas and chlorites are so ubiquitous that their presence 
serves no purpose in identifying provenance. However, illites from Africa are less well 
crystallized than those from the Alps (Tomadin et al.,1984). The Scherrer width can also be 
used when analyzing aerosols. A high chlorite-illite ratio is characteristic of Saharan dust whose 
extent reaches north of the Alps. Other minerals, for instance magnesian calcite, dolomite, 
analcite, imogolite or amphiboles help to confirm provenances derived from clay mineral 
associations. 

The importance of aeolian deposition for the sediments of the North Atlantic or the 
Mediterranean no longer needs to be stressed. However, on the continents and in soil 
development, these deposits have played a major role in periglacial zones and during 
deglaciations. Non-glaciated areas and zones uncovered by ice melting have been covered by 
a regolith. These aeolian deposits have been incorporated in the soils of the central Jura, from 
the Swiss plateau to the Bresse graben (Pochon ,1978). 

PEDOGENESIS. The three types of red soils of the Jura are well known from their mineralogy. 
The most common is characterized by the presence of typical interstratified chlorite-hydroxy 
Al, which can only form under acidic conditions (pH <5.5). Pochon (1978) considered 
neoformed minerals to be the result of late glacial pedogenesis, which decalcified aeolian 
deposits, altered chlorites, biotite, phengites and other dioctahedral micas and blocked the 
interlayer spaces created by Al are Fe3+. These Hydroxy-AI,Fe are very widespread in the 
polyphase soils of the central Jura and, according to Pochon, as far as Bresse. However, red 
soils are often linked to Mediterranean type climate. Nevertheless, recent results confirm the 
ideas of Pochon. Typical red soils with hydroxy-Al/Fe are developed in sands which are directly 
superposed on superficial moraines. These can only date from the Pleniglacial or from the 
lowermost Dryas 1. Elsewhere, Van Vliet - Lanoe (1987) described red soils from Canada and 
Siberia, immediately south of the permafrost belt. The red colour also characterises cold 
climates. 
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MARKERS OF FLOW AND CIRCULATION: Hydroxy-Al,Fe allow the dating of numerous 
karst deposits from the infill of fissures. They have also been used as permanent tracers of 
karstic circulation. However, they are metastable and have never been found in Holocene 
lacustrine sediments nor in the suspended sediment load of rivers or lakes. 

Other minerals can be used for these circulations, such as talc or kaolinite (see this volume), 
pyrophyllite in the Gulf of Mexico etc. 

There are some instances where mineralogy certainly gives an indication of circulation, but 
insufficient information to determine palaeocurrents. In the northeast Atlantic, the apparent age 
of detrital micas associated with the diminution of the quantity of smectites, the appearance of 
amphiboles, but also a diminution of the carbonate content, confirmed a drastic reversal in 
oceanic currents, notably the Gulf Stream and the Labrador current during the Heinrich 
Dolomite Events (Huon & Jantschik.,1992) 

REFERENCES: 

JANTSCHIK, R. & HUON, S., 1992: Detrital silicates in Northeast Atlantic deep-sea 
sediments during the Late Quaternary. Mineralogical and K-Ar isotopic data. 
Eclogae Geeol. Helv. 85, 195-212. 

KUBLER B.,1984: Les indicateurs des transformations physiques et chimiques dans la . 
diagenese. temperature et calorimetrie. In M. Lagache Ed.: Thermometrie et 
barometrie geologiques. Soc. Fran?. Mineral, et Cristallographie, 486-596. 

MAZUCOTELLI, A., LANDUZI, V., LENAZ, R. OLIVERI, F., TOMADIN, L. et 
VANNUCCI, R., 1984: Polveri in sospensione nella bassa atmosfera del Mare 
Tirreno e del Canale di Sicilia (Crociera Ban 80). Mem. Soc. Geol. It. 27: 311-
321. 

POCHON, M. 1978: Origine et evolution des sols du Haut-Jura Suisse. Mem. Soc. 
Helv. Sc. Nat. 190 pp. 

TOMADIN, L., LENAZ, R., MAZZUCOTELLI, A et VANNUCCI, R, 1984: Wind 
-blown dust over the central Mediterranean. Oceanologica Acta 7, 13-23. 

VAN VLIET-LANOE, B. 1987: Le role de de la glace de segregation dans les formations 
superficielles de l'Europe de l'Ouest. Processus et heritage. These de doctorat 
d'Etat. Universite de Paris I-Sorbonne. Publication Editec, Caen. 1988, 854 p. 

376 



28. THE PROBLEM OF THE INTERLABORATORY CALIBRATION OF "ILLITE 
CRYSTALLINITY" AND ERROR ESTIMATION 
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1 Institut de Geologie, Universite de Neuchatel, Rue Emile Argand, Neuchatel, Switzerland 
2 Institut de Mineralogie, Universite de Lausanne, BFSH2, 1015 Lausanne, Switzerland. 

Introduction 

The Scherrer width of the first illite diffraction peak can not be calibrated straightforwardly; 
many problems have to be solved first. It is usually calibrated with a few standards. In the 
present case 30 samples were used to establish the correlation between two diffractometers. 
First it is assumed that the relation between two diffractometers is linear, which is not quite 
correct. This fact must be taken into account to estimate the limits: anchi-epizone and 
diagenesis and anchizone. Second the linear regression is often calculated on only one of the 
variable (diffractometer): regression on y, which is not correct because errors occur on both 
diffractometers. 

In this study Reduced Major Axis (RMA) and Principal Axis (PA) lines are used and they are 
compared to standard regressions. Quantification of the measurements error are gathered from 
those results, and limits are chosen. 

Methodology 

To establish the correlation, 19 samples are prepared on smeared slides. The shape of the slides 
used for the two diffractometers are different (round and rectangular). Then the slides are 
prepared simultaneously to ensure the same amount of material in both preparations and passed 
on both diffractometers with standard conditions (Dl and D2). On the new Neuchatel 
diffractometer (Dl), the transformed standard scale is used (0.25 and 0.42). That scale was 
established from the old diffractometer (D3) with more than hundred samples. Eleven other 
samples are used to calibrate D2 from the old Neuchatel diffractometer (D3) and the Lausanne 
one (D2). The comparison of those two sets of data shows that the first calibration between Dl 
and D3 is correct. 

Results and discussion 

Firstly it must be pointed out that the correlation coefficient is a characterisation of the points 
clouds and not a quantification of the confidence of the regression. It quantifies the discrepancy 
between the regression on x and y. Secondly, the confidence of an estimated value from the 
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regression line depends on the number of points used to establish it. 
The intercepts of all regression lines are not zero: it shows that the linear assumption is not 
correct for all values. 
In this case for a confidence level of 95%(RMA) for the limits anchi-epi and diagenesis-
anchizone, the values are 0.03°20CuKa. But for a single value it is 0.07°20CuKa. Those are 
the results for 30 samples. A Khi2 test shows that the residues are probably Gaussian. 
Considering that the regression line (RMA) is correct, it is possible to have an idea of the error 
on one value. Transgressing the homogeneity hypothesis, the smallest error below 
0.42°20CuKa can be supposed, and calculating the residues on both sides of this limit, it can 
be shown that for a confidence level of 95% for a 0.03 error it is necessary to do 1 
measurement in the epi-anchizone and 3 in the diagenesis and for a 0.02 error 2 and 7 
respectively and 7 and 15 for 0.01 error. 
On this basis, depending on the spreading of the points, it is possible to chose the limits, which 
may not be exactly on the regression line, but for example, near a group of points. 

Conclusion 

Thanks to this method it is possible to take into account errors on both diffractometers, and 
also to have an idea of the error of measurements which is important in order to chose the 
limits. Further investigations must be done on theoretical calibration, using single crystal and 
powder of well crystallised micas and convolution of the different effects of the diffractometers. 
This has already been studied once with promising results. 
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29.CLAY MINERAL VARIATIONS IN SANDSTONES NEAR COAL SEAMS AND 
SHALE INTERVALS IN THE WESTPHALIAN OF THE CAMPINE BASIN 
(N-BELGIUM). 

Use Van Keer, Philippe Muchez and Willy Viaene 
Fysico-chemische geologie, K.U.Leuven, Celestijnenlaan 200C, 3001 Heverlee, 
Belgium. 

Introduction 

The Westphalian coal-bearing siliciclastic sediments in the Campine Basin of northern Belgium 
were deposited in a paralic foreland basin in front of the Caledonian Brabant-Wales Massif. 
Mineralogical variations have been studied in a sandstone sequence in contact with a coal seam 
(S1) in the Lower Westphalian C and in a sandstone intercalated between shales (S2) of Upper 
Westphalian A age. The aim is to investigate diagenetic processes on a cm-scale and to evaluate 
the influence of fluids, derived from shales and from the coal seam, on sandstone diagenesis. 

Methodology 

The sandstones Sland S2 have been taken respectively from borehole KB 172 
(Gruitrode-Ophovenderheide) and KB 174 (Hechtel-Hoef). Stained thin sections were studied 
using conventional, cathodoluminescence and scanning electron microscopy and XRD (fraction 
< 2um - oriented mounts). Modal compositions were obtained by counting 300 points in each 
thin section. Quartz grain size was determined by measuring the diameter of 100 grains per 
slide. 

Results and discussion 

The sandstones of both sequences are fine-grained (mean grain size for SI: 190um, for S2: 
138um), mostly angular to subangular and are characterised by low porosities ( < 3 %). The 
original composition varied from subarkose to subarkosic wacke. The detrital mineralogy 
mainly contains mono- and polycrystalline quartz, chert, mica, feldspars and clay minerals. 
Detrital feldspars underwent significant dissolution and replacement by kaolinite and ankerite. 
The diagenetic evolution started in general with the precipitation of siderite and/or pyrite, 
authigenic quartz and the dissolution and alteration of feldspars. After compaction the 
paragenetic sequence ends with ankerite cementation, feldspar alteration and the precipitation 
of kaolinite and illite. The paragenetic sequence for S2 is more complex because of the 
precipitation of albite, barite and apatite. Kaolinite and illite are the only clay minerals found 
in the sandstones. Kaolinite, appearing as fine-grained ( < lOum) and as well-crystallised 
booklets (~20um) is abundant as a pore filling cement and as an alteration product of 
K-feldspars and muscovite. XRD analyses of the < 2 urn fraction shows a kaolinite content 
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which ranges between 27-50wt% for SI and between 23-32wt% for S2. 
Hike, detrital and authigenic in origin, has average values of 66wt% for Si (range 50-74wt%) 
and 74wt% for S2 (range 67-76): 

The distribution of clay minerals within the sandstone intervals is illustrated in figure la and lb. 
The relative amount of kaolinite in the <2um fraction decreases rapidly with increasing distance 
from the coal seam. The percentage of kaolinite booklets recognizable with conventional 
microscopy lies around 8 % in the sandstone sequence S1 and decreases towards its top. In the 
sandstone above the shale unit the percentage of kaolinite booklets is much lower than in SI 
(-2%). However, also in this unit a decrease in the kaolinite content away from the clays can 
be recognized. 

During the maturation of organic material organic acids are released. These acids causes the 
transformation of K-feldspars into kaolinite. The 8% well-crystallized kaolinite booklets in the 
sandstones above the coal seam indicates that this transformation intensely occurred in 
sandstone SI during deep burial diagenesis. The rapid decrease in the relative amount of 
kaolinite ( < 2um fraction) away from the organic material suggests that the organic acids 
became dispersed by pore-fluid advection (see also Mullis, 1992) Acidic fluids can also be 
generated from clay mineral reaction during burial (Bjorlykke, 1983). In sandstone S2, the 
transformation from K-feldspars to kaolinite is most pronounced near the shale-sandstone 
contact. 

Conclusion 

During clay diagenesis and the maturation of organic material aggressive fluids are released. 
They alter the K-feldspar in adjacent sandstones units, resulting in the formation of kaolinite 
and illite. 
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Fig. la.: Sandstone-coal contact; 
distribution of clay minerals with depth, 
(sandstone unpatterned, coal black, shale dotted) 
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30. AN ALTERNATIVE APPROACH TO DIFFERENTIATE BETWEEN DETRITAL 
AND DIAGENETIC ILLITIC MATERIAL 
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Introduction 

Precise determination of the compositions, diagenetic trends and radiometric ages of illitic 
material from mudstones of burial diagenetic successions is hampered by the degree of 
heterogeneity occurring within any one sample as a result of the diverse origins of clay 
minerals, e.g. multiple provenance, detrital vs. authigenic origins, recycling, weathering and/or 
polyphasic assemblages. Past attempts to differentiate between detrital and diagenetic illitic 
material have usually emphasized size-fractionation and forward modelling techniques. 
However, more reliable characterization of detrital and diagenetic components is accomplished 
through the correlation of expansion behaviour, surface morphology and K-Ar apparent ages. 

Methodology 

Ultrafine (<0.05 and 0.05-0.1 urn) clay mineral fractions were separated without chemical 
treatment or sonication from selected mudstones of the Reindeer D-27 well, 
Beaufort-Mackenzie area, Arctic Canada. Characterization of the clay mineral separates was 
achieved through XRD, TEM and K-Ar dating before and after exchange with a 0.5 M 
octadecylamine hydrochloride (nt= 18) solution. The n-alkylammonium-ion exchange method 
permits an assessment of the variation in charge density and the occurrence of different types 
of expandable components which cannot be detected by ethylene glycol solvation in XRD. 
HRTEM images allow the direct observation of the devleopment of 2:1 layer silicate structures 
with depth. CTEM images of PtX shadowed freeze-dried replicas of adsorbed free particles on 
a mica substrate provide information of the crystal shape and surface morphology of free 
particles and permit the distinction between detrital (anhedral) and diagenetic (lath-like, 
pseudohexagonal plates) particles. 

Results and Discussion 

XRD patterns of the <0.05 and 0.05-0.1 urn sub-fractions indicate that the dominant 
mineralogy is a mixed-layer illite-smectite, with the percent illite increasing with depth. K-Ar 
apparent ages of the untreated <0.05 um sub-fraction shoxv an increase in age with increasing 
burial depth. In contrast, the 0.05-0.um sub-fraction shows an overall trend similar to that 
found in the Gulf of Mexico area and the North Sea for whole-rock or coarse clay-size 
fractions of decreasing ages with increasing burial depths. The K-Ar age profile from the <0.05 
um sub-fraction may represent a real diagenetic trend wherein illite formation begins after 
reaching certain threshold conditions (e.g. temperature, fluid composition, etc.) and is 
subsequently buried without further diagenetic change. XRD and TEM/AEM data for the same 
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material indicate illite neoformation is continuing to the deepest sample. The K-Ar age trend 
is interpreted as a mixture of detrital weathered and (dominantly) diagenetic components, with 
an increasing contribution from progressively degraded detrital or weathered components with 
depth and the loss of neoformed illitic material from crystal growth (e.g. Ostwald ripening). 
XRD patterns and HRTEM images of nc=18 exchanged samples have revealed that a 
component of illite can be depleted of its interlayer K' and has been referred to as an 
"expandable illite". This expandable illite may originate during both weathering and diagenesis. 
To assess the contribution of the expandable illite component to the K-Ar apparent ages, 
selected '0.05 and 0.05-0.1 urn sub-fractions were analyzed after n t= 18 exchange. Two 
distinct age shifts (compared to the original untreated sample) were observed. A shallow 
sample (0.05-0.1 um fraction from 2073 m) shows an apparent age decrease from 95 to 55 Ma, 
an age that is still greater than the depositional age. Lattice-fringe images of this size separate 
show, in addition to single layers and semi-coherent sequences of low- and highcharge 
smectite-group minerals, discrete packets of 2:1 layer silicates with partial interlayer expansion 
and dissolution features indicative of a weathered, detrital illitic clay mineral. Smectite-group 
minerals are observed in CTEM images of Pt-C shadowed replicas as free particles one layer 
thick (1.0 nm) and having anhedral shapes. Thicker illitic clay mineral particles are observed 
to be dominantly lath-like or as irregularly shaped particles with embayments suggestive of 
dissolution. 

A deep sample (<0.05 um fraction from 3842 m) shows a K-Ar age increase from 65 to 97 Ma, 
suggesting that K" and Ar depletion by nt= 18 exchange affected a young expandable illitic clay 
mineral component of diagenetic origin. Lattice-fringe images of this size separate show the 
predominance of discrete packets of illitic clay minerals with 2-5 nonexpanded interlayers, 
lesser amounts of discrete packets of illitic clay minerals with 2-4 expanded interlayers (i.e. 
expandable illite), and minor amounts of double layers or sequences of double layers forming 
a rectorite-like (R=l) structure. CTEM images of Pt-C shadowed replicas from the same 
fraction indicate illitic clay minerals are present predominantly as equidimensional or 
pseudohexagonal plates with lesser amounts of subhedral lath-like particles. The coarser 
fraction (0.05-0.1 um) of this sample also shows a K-Ar age increase, but of significantly 
smaller magnitude because, as CTEM images indicate, the proportion of the diagenetic illitic 
clay mineral in that fraction is smaller. Although the data set presented here is small, a plot of 
K-Ar apparent age vs. percent diagenetic illite for different size-fractions of an individual 
sample will yield straight lines, if the age changes are a function of diagenetic illite content. 

Conclusion 

The combined application of XRD, HRTEM, CTEM and K-Ar dating after 
n-alkylamrnonium-ion exchange permits a characterization of all phases present in different 
sub-fractions and allow the distinction between diagenetic and detrital clay mineral populations. 
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31.MIXED LAYER AMMONIUM - ILLITE7SMECTITE AND AMMONIUM 
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Introduction 

Hydrothermal area Harghita Bai is one of the most important field of andesite and/or 
microdiorite argillization rocks of Neogene volcanism in the East Carpathians. The argillic 
alteration of this area represents the effect of the action on meteoric convective system which 
has been controlled during the first phase by evolution of deep geothermal systems (" porphyry 
copper") and in a later phase by post-intrusive fracture NE - SW and ENE - WNW which 
permitted the circulation of hydrothermal solutions and amplified the intensity of the 
argillization process. Ammonium - bearing illite ( N1V-I) and mixed layer - ammonium 
illite/smectite ( NH4-I /S ) are the first occurence in Romania and was identificated in the 
advanced argillization of pyroxene andesite. 

Metodology 

NH/-I /S and NH4-I has been studied by XRD, IR - spectroscopy, TEM, HR - TEM, electron 
- diffraction and AAS. 

Results and Discussion 

XRD analysis evidenced random and ordered mixed layer NH4'-I /S and expandability varies 
between 90 - 5 % Sm. XRD spectrum for NH, - bearing illite showed 001 and 002 reflections 
of high intensity, unchanged in ethyleneglycol. 
Few samples are mixtures netween K - illite and NH4 - illite. The 005 reflection is most 
sensitive and evidences the change between NH,' and K' contents of illite. Observations by IR 
stectra evidenced typical absorbtions for NH/ a t 1425 cm'1. Intensities of N - H vibrations are 
proportional with amount of NH4 and certainly ther is a linear relationship between dom and 
the amount of NH4

T present in illite and the intensity of N - H vibration. The Flehmig index for 
NH, -1 has value of 2.8. The morphology of the mixed layer - NH4 -I/S studied by TEM shows 
changes from the flake-like habit to the lath-like habit during the transition smectite to illite. 
Different shapes of fundamental particles with NH4-1 with lath habit stiffen and increase in their 
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thickness and width. TEM observations showed NH4 - I with hexagonal habit probably a 2 M, 
symmetry. NH4 - 1 and ordered mixed layer NH4 - 1/S specimens were studied by electron 
diffraction ( oblique texture method) and they revealed 1 M and 1 Md polytypes. The 
parameters of elementary cells for NH4 - illite are: a (nm) = 0.515 - 0.518; b(nm) = 0.893 -
0.898; c(nm) = 1.035 -1.040; ,p = 101° Chemical analyses were made in the Sr* - form on 
2 urn fractions. Nitrogen determination on NH4 - bearing illite gave values of 1.12 wt. % NH4' 
. K has small values between 0 08 - 0.40/O„,OH2 

Conclusion 

Genetical source of nitrogen is inorganic. NH4 - bearing illite is associated with tourmaline 
quartz and. was identified in a explosive breccia ( breccia pipe structure) and near a post-
intrusive fracture. Mixed layer NH4 - illite/smectite appears between breccia pipe structure and 
fractures. Thermodynamic fluctuations of hydrothermal convective systems has produced a 
multiple reaction series with randomly and ordered mixed- layer. The contents of N* and B are 
directly proportional with hydrothermal activity. Source for nitrogen and boron are 
pneumatolitic - hydrothermal solutions. 
It is possible that NH4 - illite formation and tourmaline - quartz depositions in vein breccias 
might represent the final steps of the breccia pipe structures. Post-volcanic activity was 
contaminated by meteoric waters and rocks with nitrogen and boron. The detailed observations 
about the mixed layer NH4 - illite/smectite suggest the mechanism in which NH4-illite forms 
from smectite by dissolution, precipitation and growth.. 
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32. ISOTOPIC DATING OF PROTEROZOIC -TO- ARCHEAN CLAY MINERALS: 
AN ASSESMENT 

Theofilos Toulkeridis(U) and Norbert Clauer'1' 
'^ Centre de Geochimie de la Surface, CRNS, 67084 Strasbourg, France; 
(2)Institut fur Geowissenschaften, Johannes Gutenberg Universitat, 55099 Mainz, Germany 
Introduction 
Authigenic minerals are records of the long and sometimes complex history of sediments since 
deposition These minerals shall broadly be classified into syn-depositional or post-depositional, 
but this distinction is not always easy in ancient sedimentary rocks. Only the isotopic records 
of very early authigenic minerals allow us to determine depositional times of sediments, while 
those of the late authigenic minerals help to date the diagenetic-to-metamorphic episodes. 
Clay minerals are generally considered as the most common components in almost all types of 
sediments, but often the separation of early and late diagenetic clay minerals from sedimentary 
rocks is frustrating because of the overwhelming occurrence of the detrital counterparts. This 
needs a clearly established separation and characterisation procedure including gentle 
disaggregation, XRD diffraction and electron microscopic observations (e.g. 1). The analytical 
procedure should also include leaching experiments of the clay separates with dilute reagents 
to allow separate analysis of (1) the elements adsorbed on the mineral particles or located in 
soluble metastable mineral phases such as carbonates or oxi-hydroxides characterising an 
environmental medium, and (2) the same elements incorporated in the mineral structures 
characterising more precisely the evolutionary history of the minerals. In fact, isotopic studies 
of ancient sedimentary rocks go much beyond dating, as the different isotope systems of clay 
minerals or any other authigenic component react variably to depositional and post-depositional 
chemical interactions which induce modifications in the physical and chemical aspects of a mass 
of sediments (2). It is, therefore, evident why the leaching technique may be well suited to help 
evaluate the mobility of the elements concerned by the different dating methods. 
Isotopic studies of Precambrian sediments are even more complicated, as it is essential not only 
to separate and characterize properly the authigenic components, but also to use the most 
appropriate isotopic system in order to decipher the different events imprinted in these ancient 
rocks: early or late diagenesis, hydrothermal or metamorphic activity. The aim of the present 
contribution is to present an assessment on the use of the K-Ar, Rb-Sr, Sm-Nd, and Pb-Pb 
systematics of authigenic components in Proterozoic-toArchean sediments, on the basis of the 
available literature. 
Discussion 
As most sedimentary rocks contain detrital components and not authigenic ones, isotopic dating 
of whole rocks is generally unsubstantiated, despite the fact that Cordani et al. (3) presented 
several models to explain co-linearity of whole-rock data points in RbSr isochron diagrams. In 
most cases, the alignments can also be considered in terms of geologically meaningless mixing 
lines (4) a straightforward application being not possible. However, Stille and Clauer (5) 
recently analysed whole rock samples of the Proterozoic Gunflint Formation by the Sm-Nd 
method. They found a date of about 2.08 Ga which was much higher than either the Rb-Sr or 
the K-Ar dates obtained on the same aliquots. The 2.08 Ga being close to the age of igneous 
intrusions in the Gunflint sediments, it was considered to correspond to the time of deposition. 
While the Rb-Sr and K-Ar systems of whole rocks provide generally useless dates, the Sm-Nd 
system provides an interesting alternative in dating Precambrian rocks. This might be due to 
the fact that the elements of the K-Ar and Rb-Sr systematics are highly fractionated during the 
weathering processes previous to deposition, as well as any post-depositional chemical change 
caused by burial or any other water-rock interaction, while the Sm-Nd is much less (e.g. 1; 6). 
Many Rb-Sr, but less K-Ar dates of clay minerals in Precambrian sediments are found in the 
literature. Because of large uncertainties about the precise stratigraphic ages of many of these 
rocks, the merits of isotopic dates concerning predictability about the times of deposition 
remains in doubt. Investigation of the Rb-Sr systematics of clay minerals in several separate 
stratigraphic units of the upper Proterozoic sequence in Mauritania provided values from about 
998 to about 595 Ma ranging the stratigraphic order of the units, but the K-Ar dates were 
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systematically lower in a much narrower range from 675 to 435 Ma (4). The Rb-Sr values were 
considered as reasonable approximations of the times of deposition, while the K-Ar values were 
considered to record minute Ar diffusions over very long periods of time. It seems that for 
Upper Proterozoic, the Rb-Sr system is still able to record depositional times, while the K-Ar 
method is not. 
Several isotopic studies made on the clay fractions of Lower Proterozoic Francevillian shales 
in Gabon provided Rb-Sr and K-Ar dates scattered around 1.6-1.8 Ga, which were known to 
be far lower than the sedimentation age of these sediments (7). A recent Sm-Nd study by Bros 
et al (s) on similar clay fractions of the same sedimentary sequence provided dates of about 
2.05 Ga which has been considered to be reasonably close to either syn-depositional or early 
burial diagenesis. This hypothesis is supported by the fact that a bitumen sample and a 
organic-rich whole rock sample, which can be considered as strict authigenic components of 
the sediments, provided an identical Sm-Nd date. This suggests a Nd isotopic equilibrium 
between the clay minerals and the environmental fluids carrying the organic component, which 
has been affected afterwards as were those of the Rb-Sr and K-Ar systems. However, to the 
opposite of the Upper Proterozoic clay minerals of Mauritania, it can be argued that, in the 
present case, the Rb-Sr and K-Ar results record a late event which probably induced 
recrystallisation of the clay minerals. During this process, the mobile elements were reorganised 
beyond the chemical system represented by the clay minerals, while the REE were not. 
The clay minerals of the Archean sediments of South Africa have also been studied by the K-Ar 
and Rb-Sr methods. The available dates are systematically too low relative to the known 
geological records (Clauer, unpubl. data). A recent study on carbonate-derived clay minerals 
from the 3.2 Ga old Fig Tree Group of the early Archean Barberton Greenstone Belt in South 
Africa (9) has shown that the clay mineral Sm-Nd age defined by an Sm-Nd isochron age of 
310a64 Ma is much older than the whole rock age of-2.7 Ga defined by the Sm-Nd, Rb-Sr and 
Pb-Pb isotopic systems (10) 
Conclusion 
A critical review of the presently available literature emphasises that isotopic dating of 
Proterozoic-to-Archean sediments clearly depends on following aspects: 
-whole rock isotopic dating is unsubstantiated with the Rb-Sr and K-Ar methods, while 
potentials seem to exist for the Sm-Nd method, at least for chemical deposits such as banded 
iron formations, 
- K-Ar, Rb-Sr, Sm-Nd and Pb-Pb isotopic methods provide reliable "historic" results on 
authigenic components of Proterozoic-to Archean sediments only if they are applied following 
very strict steps in the preparation and characterisation of the studied authigenic components 
(clay or carbonate minerals), and 
-deposition time can be expected with the Sm-Nd method on clay material, while late diagenetic 
and metamorphic episodes are preferentially approached with the Rb-Sr and K-Ar methods on 
the same clay minerals, or with the Pb-Pb and Sm-Nd methods on the carbonate phases. 
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33.GEOCHEM1CAL (REE) AND IS0T0P1C (OXYGEN) TRACING OF 
HYDROTHERMAL PALEOFLU1DS IN DEEPLY BURIED SANDSTONES OF 
GERMANY. IMPLICATIONS FOR CLAY AND QUARTZ AUTHIGENESIS. 

H. Zwingmann1, N. Clauer ', ML Cord\ L. Pourcelot \ F. Gauthier-Lafaye1 and R.Gaupp2 

'Centre de Geochimie de la Surface, CNRS, 1, rue Blessig, 67084 Strasbourg, France 
"Institut fur Geovvissenschaften, Universitat Mainz, D-55099 Mainz, Germany 

Introduction 

Diagenetic and hydrothermal events significantly affected the reservoirs qualities of 
Rotliegendes (Permian) sandstones of the NW German basin. The influence of these events on 
the formation of authigenic clay (illite, chlorite, kaolinite/dickite) and quartz phases in relation 
to fades and structural setting was investigated by a combined geochemical (REE) and oxygen 
isotopic study. The aim of this study is evacuation of the formation temperature of the 
authigenic clay and quartz phases and reconstruction of the chemical signature of the fluids by 
investigation of REE of the clay phases. This approach also provides information about the 
migration pathways of the fluids in a distinct tectonic setting. Such a geochemical mode yields 
information about the diagenetic and hydrothermal evolution of this part of the NW German 
basin which shall be linked with conventional geophysical tools for prediction of reservoir 
qualities. 

Methodology 

The timing of clay mineral authigenesis was made previously by K-Ar, 4"Ar/wAr, Rb-Sr and 
Sm-Nd methods (Zwingmann et al, 1994, 1995). REE analyses were carried out on untreated 
aliquots, leached residues (HC1 IN) and corresponding leachates with an ICP-MS to evaluate 
the relative amounts of internal and external REE of the authigenic clay assemblages, and to 
investigate the chemical signature of the leachates (fluids?) and the clay residues relative to 
structural position of the samples. Emphasis was the reconstruction of paleofluid migration 
pathways for prediction of reservoir qualities Periodic determinations of international standards 
sets analytical uncertainty at + 5%. Estimation of the formation temperature of the authigenic 
illite, chlorite phases and quartz overgrowths was made by oxygen isotope analyses Chlorite 
was separated from illite prior to analysis by high gradient magnetic separation to purity of 
about 95 % Authigenic quartz phases separated by hand-picking were analyzed by a modified 
version of the technique recommended by Lee and Savin (1985) to complete the temperature 
estimations on all authiaenic silicate cements. Purity checks of the quartz splits were carried out 
using cathodoluminiscence on a scanning electron microscope. Analytical uncertainty for 
oxygen isotope determinations is +- 0.2%o. 

Results and discussions 

REE patterns and concentrations of the clay assemblages are dependent on sampling distance 
from horst-graben faulting system. Illites which crystallized close to the faults are enriched in 
LREE (La/Lu ratio: 2.6), while the REE patterns become more flat with increasing distance to 
the fault and are characterized in the most distant wells by depletion of LREE (La/Lu ratio: 
0.2). The turnover can be explained by progressive water-rock interaction and increased 
evolution of the organic matter during fluid migration (Fig. 1). The REE chemistry controls this 
evolutive distribution: HREE being more stable in solution and preferentially scavenged by 
organics, they can be transported over greater distances, whereas the LREE are incorporated 
in the contemporaneous authigenic silicate phases. The coarser 1-2 urn illites seem to have 
crystallized from REE-enriched fluids, while the <0.2u.m illite fractions crystallized from 
relatively REE-depleted fluids during a final stage, 180-160 Ma old, which is supported by 
K-Ar data. 
The oxygen isotope composition of the almost pure illite fractions ranzes from +16.3 to + 
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20.0%o (SMOW) and that of the corresponding almost pure chlorite fractions from +10.9 to 
+ 11.9 %o. The 6180 values of authigenic quartz overgrowths range from +16.0 and + 19.3 
%o. Petrographic observation inclines to consider that chlorite formed before illite in the 
studied sandstones. However, if for a preliminary estimation one assumes that these two clay 
phases were almost contemporaneous their oxygen fractionation factor provides a formation 
temperature of about 180 to 200°C near the fracture system. If separate formation is 
considered, chlorite probably formed at a slightly lower temperature, at least 150°C, and illite 
at a slightly higher temperature of about 180-200°C. In this case chlorite crystallized during 
beginning of the hydrothermal episode when fluids penetrated the rocks, while illite precipitated 
when the fluids temperature was stabilized. The 8IKO values of the paleofluids probably ranged 
between + 4 and + 6 %o during this episode. Younger K-Ar ages (about 160 Ma) and lower 
5nO values (+16.3%o) for illites from the graben center require higher formation temperatures 
in a 200-to-220°C range which could have been induced by increasing burial before Kimmerian 
uplift movements started. Authigenic quartz overgrowths seem to have formed within this 
150-220°C range. 
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Conclusion 
REE patterns of authigenic clay cements of Rotliegendes sandstones are dependent on the 
distance from the horst-graben faulting system draining hydrothermal fluids and on the fluid 
evolution. Temperature estimation of the paleofluids be oxygen isotope investigations 
demonstrate that authigenic chlorite represents a high temperature polytype which formed 
between 150 and 180°C and that authigenic illite crystallized in a slightly higher temperature 
range between 180 and 220°C depending on its location relative to the major fault system. 
Quartz overgrowths seem to be formed during the whole described temperature range between 
150 to 220°C. Understanding of the mechanism of authigenic clay and quartz cementation are 
of importance for the prediction of reservoir qualities. REE and oxygen isotope studies 
have great potential in combination with K-Ar (40Ar/39Ar) studies for the timing of clay mineral 
precipitation, as geochemical tools for the prediction of fluid migration pathways and, 
consequently for detecting the accurate reservoir qualities of sandstone rocks. 
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34. K-Ar DATING OF ILLITE/SMECTITE FUNDAMENTAL PARTICLES. 

Norbert Clauer(l), Jan Srodon(2) Juraj Francu(3) and Vlado Sucha(4) 
(1) Centre de Geochimie de la Surface, Strasbourg (France), 
(2) Geological Institute, Polish Academy of Sciences, Krakow (Poland), 
(3) Geological Survey, Brno (Czech Republic), 
(4) Comenius University, Bratislava (Slovakia). 

Introduction 

Illitization of smectite-type minerals is generally recognized as being one of the most 
characteristic crystallochemical change experienced by sedimentary rocks during burial. Clay 
fractions dominated by illite/smectite (VS) mineral phases from progressively buried sediments 
were, therefore, extensively dated by isotonic methods since the 1970s (review by Clauer and 
Chaudhuri, 1995). However, the results have been far from being unequivocal, and major 
debates still exist about the meaning of isotopic dates generated on VS fractions from different 
rock lithologies. 
The available K-Ar data basis on VS fractions emphasizes a relationship between age 
and grain size. Age decrease due to size decrease is generally considered as resulting 
from progressive decrease of the amount of detrital components. Despite some analytical 
uncertainties due mainly to sample preparation (Clauer et al., 1992), many agree that the 
smaller the grain size of clay fractions, the more they contain authigenic material and the closer 
are the apparent ages to the period of illitization. However, on the basis of theoretical 
extrapolations, it can also be argued that this relationship between age and size results from 
non-retentivity of radiogenic AT in progressively smaller particles, and that K-Ar dates 
generated from pure clay fractions are indicative of more or less de-gased states instead of 
formation or recrystallization ages. 
Recently, the concept of crystal growth has been applied to the reaction of smectite 
illitization (Eberl and Srodon, 1988). Any mechanism (Ostwald ripening or others) of crystal 
growth implies that the finest fundamental crystals should be older than the coarser ones which 
is the opposite to the analytical results recorded so far for different grain sizes of the same clay 
populations The aim of the present contribution which provides the first K-Ar isotopic dates 
on fundamental particles, is to contribute new prospectives about isotopic dating of clay 
minerals on (1) Ar retentivity relative to grain size, and (2) meaning of K-Ar ages of I/S phases 
relative to lithology and thermal evolution of the host rocks. 

Sample description and analysis 

Four Miocene samples were studied: two bentonites and an associated shale collected 
from wells in the East Slovak Basin, and a hydrothermal illitic clay from Hungarian volcanics. 
The samples were gently disaggregated, treated by Jackson's techniques to disperse the 
particles and to remove the carbonates and oxides, and then processed by an ultracentrifugation 
technique (Eberl and Srodon, unpublished) designed to separate fundamental particles of 
different sizes. The mineralogical compositions of the size fractions were checked by XRD and 
TEM. 
The 3-5 finest size fractions of the bentonite and hydrothermal samples are monomineral, and 
they consist exclusively of individual fundamental particles of 1/S type. The coarser fractions 
contain stable aggregates of fundamental particles in the hydrothermal sample, and variable 
amounts of other mineral phases in the bentonite samples. The XRD measurements showed 
increased amounts of smectite layers in progressively finer size fractions of the same samples, 
which indicates decreasing thickness of the fundamental particles (Srodon et al., 1992). This 
was confirmed by the calculation of the mean particle thickness of the particles from K20 
contents of the monomineral fractions (op. cit.). Ultracentrifugation failed to produce 
monomineral fractions from shale sample: even the finest <0.02um fraction still contains 
discrete illite. 
The lowest K-Ar value, at 39.0 ± 1.9 Ma for the smallest clay fraction of shale, is significantly 
above the stratigraphic age of about 12 Ma, while the K-Ar values of the fundamental particles 
of the bentonite and the hydrothermal samples are below the corresponding stratigrapnic ages. 
In the case of the hydrothermal sample, the K-Ar ages of the fundamental particles are very 
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similar at about 14.5 Ma. The fundamental particles of the bentonites yield either very similar 
K-Ar ages among the size fractions, or values increasing significantly with decreasing particle 
size. 

Discussion 

The K-Ar dates obtained on 1/S fundamental particles extracted from bentonite and 
hydrothermal samples provide important information about the retentivity of radiogenic 4"Ar, 
and about the crystal growth process. The particles of the smallest sizes yield higher or similar 
K-Ar values than the slightly coarser ones, and the differences among the dates might be 
indicative of the duration of the illitization process. 
The XRD study of the illitization process in the bentonites showed that the process started at 
60°C and a depth of ca. 1000m (Sucha et al., 1993). The two bentonite samples experienced 
different burial histories. Reconstruction of the thermal evolution of sample TRH suggests that 
illitization started about 15 Ma ago, that maximum burial temperature of about 165°C was 
reached about 10.5 Ma ago, and that afterwards the temperature dropped to a present-day 
value of150°C. The K-Ar dates range from 8.1 ± 0.3 Ma for the smallest size, to 7.9 ± 0.4 for 
the intermediate size, to 10.2 ± 0.5 Ma for the coarsest size of the fundamental particles. 
Progressive illitization seems to have erased the isotopic memory of the beginning of the 
process: the dates seem to correspond stricly to the period of maximum temperature. The 
dates suggest that maximum temperature was reached 10 Ma ago and that it protracted for 
another 2 Ma. In the case of sample CIC 1/20, the reconstruction indicates that illitization 
started 13 Ma ago, and that maximum temperature was reached about 5 Ma ago to remain 
similar until now. The K-Ar dates range from 7.1 ± 2.0 for the smallest, to 3.7 ± 2.0 Ma for the 
intermediate, to 5.1 ± 1.2 Ma for the coarsest fundamental particles. Here again, the record of 
early illitization seems to have been erased in the K-Ar system, while the dates correspond to 
the period of maximum temperature starting about 7 Ma ago with lower values for the coarser 
size fractions. The K-Ar ages of the fundamental particles of the Zempleni hydrothermal 
material are similar within analytical uncertainty, 13.5 ± 0.5 to 15.6 ± 0.5 Ma, which 
is expected for a short-living hydrothermal alteration process. 

Conclusion 

K-Ar dating of fundamental particles from sedimentary or volcanic rocks allowed to 
address critically the problem or 4nAr retentivity by clay particles. Not only radiogenic 40Ar is 
retained, but the dates clearly record periods of maximum temperature during burial history or 
hydrodlermal alteration, the start of the process being erased somehow. The spreads in the 
K-Ar ages seem to reflect time spans during which maximum temperature could have occurred. 
Older ages for the finest particles support the model of crystal growth during illitization of 
bentonites and similar rocks. This study also confirmed dhat K-Ar dating of clay material 
extracted from shale rocks is an especially difficult task. 
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35. CLAY MINERALS OF SHELF- AND BASIN-DEPOSITED MARLS FROM 
THE POLISH FLYSCH CARPATHIANS 

Katarzyna Gorniak 
University of Mining and Metallurgy, Faculty of Geology, Geophysics and 
Environmental Sciences. Al Mickiewicza 30, 30-059 Krakow, Poland 

Introduction 

Very poor data are available concerning the condition of sedimentation and diagenesis on 
shelf and shallow-water zones surrounding cordilleras in the outer Flysch Carpathians. The 
studies of olistoliths are the main source of the information. Some data were also obtained 
from investigation of loose redeposited sediments Relatively much information is recorded 
in marls being locally an important component of flysch series. In this paper Wegierka and 
Lijcko marls were chosen as representatives of shelf-diagenesized sediments transported as 
olistoliths and those redeposited as loose sediments respectively Its aim was to estimate the 
differences in mineral composition of clay material contained in marls. 

Materials 

Wcgierka marls (Maastriehtian) occur in the outer part of the Skole unit (Burzewski 1966) 
belonging to the middle group of the Carpathians nappes. They are a component of Leszczyny 
member of the Ropianka formation (fm) (Kotlarczyk 1978). They were deposited in a shallow 
shelf basin, not more than several tenth meters deep, unquestionably below wave base They 
were transported into deep water (bathial) part of the basin in non- disintegrated form to give 
olistoliths up to several hundred meters in size (Geroch et al. 1979). The samples were 
collected from olistolith fragments exposed in quarries in Wegierka and Babice situated on 
the river San. These are marly shales and platy or massive marls showing both horizontal 
lamination and structureless often with numerous traces of bioturbation. 

Lijcko marls (Middle Eocen) occur within Magura nappe being uppermost tectonic unit 
of the Beskidy Mountains They are particulary abundant in Maszkowice member of the 
Magura formation (fm) (Oszczypko 1992). They are the products of redeposition of 
calcareous muds from a shallow-water margin of cordillera into axial zone of the Magura 
Basin These muds were originally deposited in neritic zone, at the lower margin of shelf 
(Bromowicz, Gorniak 1988). The samples were collected from the outcrops in Kamienica 
river valley in Maciejowa village. They are represented by arenaceous and sandy-free marls 
showing subtle, multiple horizontal and cross-lamination with numerous traces of 
bioturbation. 

Methods 

Samples of natural marls and of separated natural- and carbonate free fraction (below 
2um) were investigated using chemical, XRD, thermal methods and microscopy (polarizing 
and SEM-EDX). 
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Results 

The rocks determined megascopically as Wegierka marls contain 30-80% carbonates 
whereas Lacko marls 16-60%. The outer components are represented by clay minerals and 
trace amounts of feldspars. Calcareous organic remnants, much more abundant in Wegierka 
marls are very characteristic. 

Clay mineral assemblage of the mails in cjuestion is represented mainly by smectite mineral 
(mixed-layer with predominance of swelling layers) accompanied by micas and, sometimes 
chlorites. Two types of smectite occur in the Lacko marls, detrital and authigenic. The latter 
fills in free space eg. in foraminiferal shells . The morphology of smectite minerals occurring 
in the Wegierka marls indicates their exclusively detrital origin. Their flakes are smaller in size 
and foraminifera shells are empty or filled with calcite. 

Conclusions 

The mineral composition of clay minerals contained in marls, formed in various 
sedimentation basins of different age, is similar and characteristic due to a domination of 
smectite mineral. Authigenic smectite mineral from Lqcko marls showing characteristic 
structure, was formed after redeposition of loose calcareous-clay sediment in deeper part of 
the basin. It does not occur in Wegierka marls, diagenesized already in shelf environment and 
redeposited as olistoliths. 
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I. A GEOSTATISTICAL APPROACH TO MINERALOGICAL/GEOCHEMICAL 
INTERPRETATIONS APPLIED TO THE LOWER CRETACEOUS SANDSTONE 

OF THE AVEIRO SEDIMENTARY BASIN (PORTUGAL). 

Fernando Rocha*; Francisco Lopez-Aguayo** and Celso Gomes* 
*Dep. Geociencias, Univ Aveiro, 3S00 Avciro, Portugal 
**Dep Estr Prop Mat., Fac. Ciencias Mar, Univ Cadiz, P.O. 40, Puerto Real, Spain 

Introduction 
The Aveiro basin is the northern most section of the Portuguese Meso-Cenozoic occidental 
margin In it the lower Cretaceous is represented by the "Gres da Palhaca" sandstone. This 
sandstone shows whitish highly kaoliniferous layers, reddish and clayey iron oxide rich 
layers in which Kaolinite is accompanied by some Illite as well as marly and carbonaceous 
layers towards the top, in which Smectite increases. 

Methodology 
We examined over 240 cutting samples taken from 27 deep boreholes. Mineralogical studies were 
based mainly on X-ray diffraction deter minations. Chemical analyses of the major elements in the 
clay fractions were undertaken using X-ray fluorescence and flame-spectroscopy methods. 
Multivariate data analysis of the mineralogical and chemical data recorded in a large number of 
samples has been carried out using R-mode factor analysis. 

Results and Discussion 
In this paper, R-mode factor analysis has been applied, in an independent form, over mineralogical 
data corresponding to the fine fractions of the samples and over mineralogical and chemical data 
corresponding to their clay fractions. 
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Fig. 1 - R-mode factor analysis of the fine fraction mineralogical data. 
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From the application of R-mode factor analysis to mineralogical data of the fine fractions 
(Fig. 1), some interesting considerations could be drawn: 
Factor I vs. Factor 2 shows the discrimination of the Carbonates (Calcite plus Dolomite) 
from the detrital minerals (Quartz, K-Feldspar and Phyllosilicates); Factor 1 reveals Quartz 
and K-Feldspar in front of the Phyllosilicates; Factor 2 shows the Carbonates in frort of 
Goethite and Plagioclase. 
Factor 1 vs. Factor 3 shows Gypsum in front of all the other minerals. 
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Fig. 2 - R-mode factor analysis of the clay fraction chemical and mineralogical data. 

In what concerns the clay fractions, the R-mode factor analysis of the chemical and mineralogical 
data (Fig. 2) allowed the following considerations: 
Factor 1 vs. Factor 2 shows a negative correlation between Illite + K20 and Kaolinite + 
A1A (Factor 1) and also between SiO, and Fe20, + MnO (Factor 2). 
Factor 1 vs. Factor 3 shows Smectite (plus MgO, CaO and Na^O) in front of TiO, + A1,03 

These results are well related with the vertical and lateral differentiation of the mineralogical 
composition of "Gres da Palhaca". Kaolinite is extremely dominant in the more eastern 
and continental facies of "Gres da Palhaca", however, Kaolinite content decreases westward 
in so far as the facies becomes less and less continental. Illite (and, to a lesser extent, Smectite) 
contents increases in the same direction. On the other hand the Smectite content increases towards 
the top of the sequence. 
In paleogeographic terms, "Gres da Palhaca" exhibits continental fluvial facies, and represents a 
deposit which took place on a deltaic plain, characterised by an intricate net of channels, under 
conditions typical of tropical/subtropical climate. Such conditions, which would have favoured the 
development of fertilization processes, did change gradually to a climate regime characterised 
by alternating wet and dry seasons, propitious for the development of silicifications processes. 
Progressively, there was a passage towards a deltaic transition environment characterised by a 
progressive increase in Smectite and Illite. Finally, this environment changed again to another 
characterised by a more moderate climate and a more marked marine influence, propitious to the 
formation of Smectite. 
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2. CHARACTERIZATION OF SMECTITES FROM BENTONITE DEPOSITS FROM 
THE ISLAND OF M1LOS/GREECE. 

Andreas Decher, Wolfram Echle and Giinther Friedrich 
lnstiti.it fur Mineralogie und Lagerstattenlehre der RWTH Aachen, Wiillnerstr. 2, D-52056 Aachen 

Introduction 
Some of the most economically important bentonite deposits in Europe are concentrated in the 
NE of Milos. In this study smectites from selected deposits were analysed for their chemical 
composition and layer charge distribution in order to obtain information about the composition 
of clay minerals formed during progressive alteration of pyroclastic rocks. 

Materials and Methods 
The layer charge distribution and mean staictural formulas were calculated to characterize the 
smectites from four different bentonite deposits in the NE of Milos. 
Andesitic-dacitic pyroclastic rocks constitute the precursor lithologies of the bentonites from the 
Angeria, Aspro Chorio and some parts of the Zoulias deposit. Tuffs from Aspro Chorio and 
Zoulias shows, on average, higher iron contents compared to the pyroclastic precursors of the 
Angeria bentonites. Alteration has also affected rhyolitlies and dacites in Zoulias. In the Agrillies 
deposit a very heterogeneous material with numerous basement-xenolites is altered to a bentonite 
with a comparatively low smectite content. 

Results and Discussion 
Fig. 1 shows the cation distribution of the smectites octahedral sheets. The clay minerals vary in 
composition from Fe-rich montmorillonite to Tatatilla-type montmorillonite while the majority of 
the smectites plot in the field of Wyoming-type montmorillonite. 
The mean chemical composition of smectites changes due to the degree of bentonitization. In 
Aspro Chorio the progressive change from mildly altered pyroclastics to ultimately bentonites can 
be described as a twofold sequence. Firstly the decomposition of mafic minerals (i.e. amphiboles) 
and iron-rich volcanic glass results in the formation of iron-rich montmorillonite. Secondly the 
subsequent alteration oTplagioclase-phenocrysts forms smectites with low Fe-contents. 
A similar development is suggested for the formation of clay minerals in Angeria: smectites from 
a slightly altered precursor tuff contain significantly more Fe than the smectites from the 
bentonites The Fe-content of smectites separated from mildly altered pyroclastics during the initial 
stages of alteration reflects the Fe-content of the unaltered precursor rocks. Hence, the Fe-content 
of the smectites in Milos is predominantly a function of the amount of iron in the precursor 
pyroclastics. 
Regardless of the degree of alteration and the nature of the precursor rocks, smectites from the 
NE of Milos do not show significant variations of Mg in the octahedral sites. Consequently, 
alumina and iron vary systematically showing a good correlation. The Mg content of the smectites 
indicate a uniform amount of Mg:'-ions in the alteration fluid. 
While A1VI varies with the degree of bentonitization, Al,v as well as the layer charge, follow no 
systematic trend. Two maxima of layer charge can be distinguished in all samples 
where the layer charge distribution has been determined (Fig. 2). This indicates that individual 
bentonite samples contain at least two types of smectites. 

Conclusions 

Smectites from the NE part of the island of Milos exhibit a good correlation between Fe and Alvl. 
The variable Fe-content of the smectites which can be important for some technical applications 
of the bentonites is predominantly a function of the amount of Fe-rich constituents in the precursor 
rock which are susceptible to decomposition during bentonitization. 
The similar layer charge distribution of smectites from the investigated deposits, their constant 
Mg-content as well as ,s0 and D isotope data of the smectites (DECHER et al. 1994) suggest a 
formation of the bentonites in the NE of Milos under similar conditions. These similarities may be 
due to a regionally extensive alteration system being present during bentonite formation in Milos. 
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3. THE EVOLUTION OF ILLITE/SMECT1TE MIXED-LAYER PHASES AND 
RELATED MINERAL ASSEMBLAGES IN THE EARLY CRETACEOUS 
SEDIMENTS OF THE CAMEROS BASIN (NE SPAIN). 

Alonso-Azcarate, J.; Barrenechea, J F , Luque, F.J. and Rodas, M. 
Dpto de Cristalografia y Mineralogia Facultad de Geologia Universidad Complutense de Madrid. 
28040 Madrid. Spain. 

Introduction 

The Cameros Basin in NE Spain represents the most important sedimentary record among the 
Mesozoic basins of the Iberian Ranges during the Late Jurassic-Early Cretaceous period, as 
anomalously high subsidence and sedimentation rates took place within the basin during this 
period. 
The stratigraphy of the basin has been recently studied by Mas et al. (1993), who consider these 
sediments as a megasequence limited by two major discontinuities and divided into six depositional 
sequences (DS. 1 to DS.6, from base to top). 
During the Middle to Late Cretaceous, the materials from the depocentral areas of the basin were 
affected by a low-grade metamorphic event during which temperatures of approximately 340°C 
and pressures of 1 Kbar were reached (Barrenechea et al., in press). Thus, it is possible to observe 
the changes taking place within the same units from the border (deep diagenetic conditions) to the 
depocentral areas (epimetamorphic conditions) of the basin 
The aims of this work are to study the evolution of illite/smectite mixed-layer phases and related 
mineral assemblages from diagenetic to low-grade metamorphic conditions and provide a good 
stratigraphic and sedimentological control of the different units. For this purpose, eleven 
stratigraphic cross sections have been performed through depositional sequences DS.2, DS.3, 
DS.4 and DS.5 (Late Berriasian-Early Aptian) in different areas of the basin. 

Materials and Methods 

Samples collected in the depositional sequences DS.2, DS.3, DS.4 and in the basal part of DS.5 
(Urbion Group) correspond mainly to lutites and sandy lutites, whilst in the middle and upper part 
of DS.5 (Enciso Group) we find predominantly marls and limestones, with some lutitic 
interbeddings. 
The samples were studied using classical X-ray diffraction methods (Philips PW 1729 
diffractometer, Cu K radiation), and the mineral phases were characterized based upon the 
interpretations which can be found in Moore and Reynolds (1989). 
The TEM/EDX study of selected samples was carried out in a Jeol 2000-FX electron microscope. 
The estimation of the P-T conditions in the different stratigraphic sections has been performed 
primarily on the basis of the mineral assemblage recognised, and when this was not determinant 
(as it happened for most of the carbonate samples from SD.5), diverse crystallo-chemical 
parameters, such as the illite and chlorite "crystallinities" (IC and ChC, respectively), were 
considered. 
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Results and Discussion 

The clay mineral assemblage and crystallo-chemical parameters obtained in the western border of 
the basin indicate deep diagenetic conditions, as evidenced by the presence of illite + 7 A chlorite 
+ smectite -+- randomly interstratified illite/smectite (I/S) (which has 15-40% expandable layers) 
irregular illite/chlorite and chlorite/vermiculite mixed-layer. Samples from the basal part of DS. 
5 in this area are richer in Al and also contain kaolinite. The 1C values in these samples are 
characteristic of diagenetic conditions as well, averaging 0.65° 
2 

Around the depocentral areas of the basin, the clay mineral assemblage is composed of illite + 
chlorite + rectorite (regular illite/Na-smectite mixed-layer) + pyrophyllite small proportions of 
muscovite/paragonite mixed-layer and discrete paragonite. The amount of expandable layers 
associated with the illite (evidenced by the 10 A peak narrowing after EG solvation) decreases 
markedly. This association, together with the IC and ChC values, indicates anchimetamorphic 
conditions. In the carbonatic samples displaying anchizonal IC and ChC values, the clay mineral 
assemblage consists primarily of illite and chlorite, with trace amounts of rectorite and an irregular 
chlorite/vermiculite mixed-layer. 
The mineral assemblage recognised in samples from the depocentral areas is characteristic of 
epimetamorphic conditions, as it is formed by quartz + plagioclase + chloritoid + illite + chlorite 
+ paragonite + muscovite/paragonite mixed-layer. The illite peak narrowing after EG solvation 
in these samples is negligible. In a few samples, rectorite has been recognised in association with 
chloritoid, indicating that this regular I/S phase appears in a range of P-T conditions wider than 
expected. The carbonatic samples from DS.5 in this area are composed of illite and chlorite. An 
irregular chlorite/vermiculite mixed-layer, which could be regarded as a metastable relict phase 
(Arkai, 1991), has been observed in a few samples. 

Conclusions 

The changes observed between diagenetic and anchimetamorphic samples show an evolution from 
smectite to rectorite through a randomly interstratified illite/smectite. With increasing 
metamorphism, rectorite would be transformed into discrete paragonite and muscovite through 
a muscovite/paragonite mixed-layer. These changes are compatible with the reaction series 
proposed by Frey (1978) for the Central Swiss Alps: smectite irregular illite/smectite mixed-layer 
rectorite muscovite/paragonite mixed-layer discrete paragonite and muscovite. 

Rectorite cannot unequivocally be regarded as an anchimetamorphic mineral since it has been 
described over a wider range of P-T conditions in the studied samples. 
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4. POROSITY TRENDS AND LITHOLOGICAL M1NERALOG1CAL VARIATIONS IN 
TERTIARY MUDROCKS IN THE VIKING GRABEN, NORTH SEA. 

Dagrun S Tyridal, Per Aagaard and Elen Roaldset 
Department of Geology, P.O. Box 1047, University of Oslo, 0316 Oslo, Norway. 
Department of Geology and Mineral Resources, Norwegian Institute of Engineering technology, 
7034, Trondheim, Norway 

Introduction 

The compaction of sediments is an important parameter in basin modelling and paleogeologic 
reconstruction. Argillaceous sediments constitutes a large part of the sediment column and the 
compaction of these sediments is, therefore, of major interest. 
In the present work porosity has been measured on side wall core samples taken from the Tertiary 
interval (Early Oligocene, Eocene and Late Paleocene) in a well drilled in the Viking graben of the 
North Sea A detailed mineralogical analysis has been made on sidewall cores and ditch cuttings 
The variation in porosity has been correlated with the variation in clay mineralogy. 

Methodology 

Twenty-seven side wall cores were available for mineralogical analysis and porosity measurements. 
Washed and dried ditch cuttings were also used for mineralogical analysis. All the samples 
consisted of fine graded mudstones. Dry density was measured on all the sidewall cores and the 
porosity was based on dry density and average mineral density. 
Three types of water is included in the total porosity: water structurally bound to the clay minerals 
as interlayer water, water attached to the surface and the edges of the clay minerals and free water. 
Average mineral density was estimated for subintervals of similar mineralogy based on the 
mineralogical analysis and on average mineral density measured on a few crushed and dried 
samples. Bulk XRD analysis and standard XRD-clay mineral analysis of the <2~ fraction were 
obtained. Quantitative analysis were performed using corrected integrated intensities. Correction 
factors were calculated by correlating mineralogy and bulk chemistry. 

Results and Discussion 

A decrease in sediment porosity from about 35% in the Early Oligocene at 1200m to below 10% 
in the Late Paleocene at 2500m was observed. The main decrease in porosity seems to occur over 
four intervals: 1300m-1450m (Middle to Late Eocene), 1900m-2000m (Early Eocene), 2100m-
2185m (Late Paleocene Balder formation), and 2300m-2500m (Late Paleocene, Lista to Ty 
formations). In these intervals the porosity reduction is about 5% per 100m while the overall 
porosity reduction is about 2% per 100m. 
All the investigated samples have a high clay content ranging from slightly below 50% in the silty 
intervals to above 70% in the clay samples. Smectite is the dominant clay mineral through most 
of the interval. There is however, a substantial reduction in smectite content over the intervals 
where the major porosity reduction is occurring. In the Middle to Late Eocene kaolinite is the 
dominant clay mineral. In the Lower Eocene and Paleocene intervals chlorite copntent increases 
while smectite is decreases. 

39X 



The present data correlates well to porosity versus depth trends in Tertiary sediments in the North 
Sea found by Sclater and Christie (1980) and also to porosity versus depth trends presented by 
several other workers (Dickinson, 1953;Magara, 1968; Hamilton, 1976; Huang and Gradstein, 
1990)(fig.l). 
The high porosity of the Tertiary mudrocks in the North Sea shown in this study is probably 
connected to the clay mineralogy. The clay mineralogy are dominated by smectites. After the stage 
of early compaction the main force holding the water is the adsorption energy of the clay surfaces, 
and very high pressures are required to remove the last layers of adsorbed water (van Olphen, 
1963) The specific surface is about 8 times larger in smectite compared to illite or kaolinite This 
implies that smectite is able to hold far more water than the other clay minerals. 
The porosity found in the present investigation is rather high compared to porosity at 
corresponding depths predicted by a number of different published compaction trends (Athy, 1930; 
Hedberg, 1936; Meade, 1966). The trend published by Athy (1930) can probably be disregarded 
based on the fact that Athy worked with sediments which had been under tectonic deformation 
and where the younger beds had been removed by erosion. In the review of Rieke and Chilingarian 
(1974) the compaction trend based on the data of Meade (1966) shows a very rapid porosity 
reduction with depth. In the original data of Meade the porosity reduction seems to be much less. 
Assuming that Hedberg's (1936) is representing the lower limit of porosity versus depth, the 
spread in data is substantially reduced. 

Conclusion 

The porosity data obtained from samples of the Tertiary mudrocks in the Viking graben compares 
well to the porosity versus depth trend from the North Sea published by Sclater and Christie 
(1980) and porosity versus depth trends based on data from Dickinson (1953), Magara (1968), 
Hamilton, (1976) and Huang and Gradstein (1990). 
The present data indicates that compaction performance is related to clay mineralogy. Compaction 
trends for argillaceous sediments in various basins are probably more uniform than presented in 
the revue of Rieke and Chilingarian (1974). 
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5. COMPOSITION AND PROPERTIES OF JURASSIC, CRETACEOUS AND EOCENE 
CLAYS FROM MOUNTAIN CRIMEA SECTIONS. 
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N. Nefyodova. 
Department of Engineering Geology, Moscow State University, Vorobiovy Gory, Moscow 
119899, Russia 

Introduction 

Mesozoic and Cenozoic sedimentary sections in the South-Western part of Crimean Mountains 
contain a broad variety of clays, accumulated in palaeobasins with various conditions and depths. 
These were later subjected to high stresses of different directions and unloading in the Pleistocene-
Holocene. All these predetermined essential differences in their mineral and grain-size 
composition, as well as in the basic physical and physico-chemical properties. A special study of 
their post-diagenetic alteration and correlation of sandy, clay and carbonate material has been 
made. 

Methods 

Mostly conventional experimental procedures with few modifications were used to study the 
composition and properties of clays described below. 

Results and Discussion 

Some index properties of the studied clays are presented in Table 1. Differences in these properties 
among samples are closely connected with their diverse mineral and grain-size composition. 

Table 1. Index properties of studied clays 

Sample 
No. 

1 

2 

3 

4-10 

11 

J 12 

13-17 

18 

Age 

J, 
Jl 

K,h, 

K,a 

K:cp 

W 

W 

Ri 

Dry bulk 
density, 
g/cm' 
2.34 

2.30 

2.31 

2.00-2.18 

1.64 

1.93 

1.85-1.95 

1.91 

Specific 
gravity, 
g/cm' 
2.80 

2.75 

2.97 

2.77-2.82 

2.79 

2.66 

2.71-2.78 

2.91 

Void 
ratio 

0.20 

0.19 

0.28 

0.29-
0.40 

0.70 

0.38 

0.40-
0.48 

0.52 

Plastic 
limit, % 

18 

24 

18 

24-26 

68 

23 

24-41 

18 

Liquid 
limit, % 

31 

33 

27 

34-40 

101 

31 

42-65 

34 

Specific 
surface, 

mVg 

56.2 

99.4 

51.1 

49.3-
69.8 

598.2 

38.9 

60-140.8 

78.1 
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The most ancient among them - Early Jurassic clays from the folded rock mass endured high 
tectonic stresses. These are the densest of all the studied soils and have the least void ratio. Sample 
1 is a dark-brown ("chocolate") clay, its mineralcomposition is made up of quartz (75%), calcite 
(about 1%) and clay minerals (24%): illite (73%) and kaolinite. Grain-size distribution is 
characterized by approximately equal quantities of sandy, siltyand clay particles. Investigation of 
their microstructure revealed that sandy particles are strong micro-aggregates, cemented by 
amorphous opal globules, that can be seen in the scanning microscope Jurassic clays contain 
several metabentonite layers ofa "blue vitrial" colour 20-30 cm thick. In mineral composition of 
this clay (sample 2) is mainly quartz (90%). Clay minerals are represented by illite (40%), kaolinite 
(10%) and mixed-layer minerals (50%). The latter consists of illite (60%) and montmorillonite 
(40%) with the tendency to ordered layering. This mineral is a result ofa diagenetic alteration of 
the montmorillonite, resulted in turn from volcanic ash in marine conditions. 
The other clays are platform deposits and their sedimentation began in the Early Cretaceous era. 
Early Hauterivian clays (sample 3) contain 45% of sand, 32% of silt and 23 % of clay particles. 
These sand particles can be seen in micrographs completely surrounded by non-oriented silt and 
clay. Besides this they are covered by amorphous films of iron hydroxide which causes a very high 
specific gravity of soil (2.97 g/cm'). Its mineral composition is: quartz (65%), calcite (8-10%) and 
clay: illite (71%) and kaolinite (28%) with traces of chlorite (3%). Calcite cements this clay. 
Aptian clays (samples 4-10) in the studied section have a thickness of about 100 in and are 
represented by 7 samples taken from different depths of their section. These clays contain a lot of 
carbonates - 20-33% by weight - mostly the remains of coccolithophores. Apart from quartz (32-
46%), they also contain clay minerals represented by illite (74-85%) and kaolinite (15-25%). In 
some samples traces of montmorillonite (up to 3%) were found. Aptian clays are very fine-grained 
sediments - they contain 38-58% of clay, 42-62% of silt and no sand particles. Late Campanian 
clay (sample 11) is a very specific formation. It is a pure bentonite clay (clay content exceeds 60%) 
consisting of 98% ofa Ca-montmorillonite and calcite admixture. This clay forms a series of layers 
1-60 cm thick within the Santonian-Early Maastrichtian marl formation, generated as a result of 
volcanic ash halmyrolysis. The Eocene clay section is represented by marl (sample 12 - over 45% 
of carbonates) and carbonate clay, in the studied section they are, in total, 32m thick. The middle 
part of the section (samples 13-17) contains calcite (28% to 40%), clay minerals association is 
represented by montmorillonite (59-73%) and illite (19-28%) with an admixture of chlorite (5-8%) 
and - in some samples - kaolinite (3-4%). These minerals are made up of 35-55% clay particles 
and 25-55%) of silt ones. Only traces of sand (1-2%) were observed in these clays. The bottom 
sample (No. 18) of this section is a sandy (38% by weight) clay with lower caicite (17%) and clay 
(19%) content. However, as it can be seen from Table 1 that this soil does not have the lowest 
specific surface. This is due to the mineral composition of sand particles - they are rounded micro-
aggregates of glauconite - its amount reaches 38% by weight. The rounded form of glauconite 
aggregates is the result of their allothigenic origin. 

Physico-chemical activity and specific surface of studied clays are comparatively low for such fine 
sediments. This is due to the (a) prevalence on non-swellingminerals among fines (Jurassic clays), 
(b) high content of fine-grained calcite and prevalence of Ca2' in adsorbed complex (all other 
clays), or (c) both mentioned causes (Aptian clays). 
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6. CLAY MINERALOGY AND GEOCHEMISTRY OF LOWER CRETACEOUS 
SANDSTONES FROM THE AVEIRO SEDIMENTARY BASIN (PORTUGAL) USED 
FOR PALEOGEOGRAPHIC RECONSTRUCTION. 

Fernando Rocha*, Miguel Ortega-Huertas** and Celso Gomes*. 
*Dep. Geociencias, Univ. Aveiro, 3800 Aveiro, Portugal. 
**Dep. Mineralogia Petrologia, Fac. Ciencias, Univ. Granada, 18002-Granada, Spain. 

Introduction 

The Aveiro basin is the northernmost section of the Portuguese "Orla Ocidental Meso-
Cenozoica". The Lower Cretaceous is represented here by the "Gres da Palhaca" sandstone, 
which can be subdivided into (Fig. 1): a lower section made up of a reddish pelitic layer (la) 
with an average thickness of a few meters, overlain by a much coarser, thick layer of silicified 
sandstone (lb). An intermediate section, with an average thickness of over 50 meters, consisting 
of a coarse-grained detrital sandstone (II) with red clayey layers alternating with whitish layers, 
becoming progressively more clayey and marly towards the top and an upper section composed 
of clayey and marly sandstones (HI). The "Gres da Palhaca" can reach a total thickness of over 
100 meters in the continental margin. 

Methodology 

We examined over 150 cutting samples taken from 27 deep boreholes. Mineralogical studies 
were based mainly on X-ray diffraction determinations. For the semi-quantitative determination 
of clay minerals, criteria recommended by Schultz (1964) and Thorez (1976) were followed. 
Chemical analyses of the major elements in the clay fractions were undertaken using X-ray 
fluorescence and flame-spectroscopy methods. 

Results and Discussion 

Fig. 1 presents the main results, showing the vertical evolution of the clay fraction composition 
of "Gres da Palhaca". In general, kaolinite makes up more than 80% of the clay fraction and 
is associated with illite. Smectite, illite-vermiculite and illite-smectite mixed-layers as well as 
traces of chlorite are the accessory clay minerals. The pelitic layer is very rich in kaolinite (up 
to 90% of the clay fraction) and goethite associated with hematite are the major non-clay 
minerals. The coarser grained layer that overlays the pelitic layer is composed almost entirely 
of quartz, both in the sand and in silt fractions, and by kaolinite and opal CT in the clay 
fraction. 
The kaoliniferous character of "Gres da Palhaca" indicates similarities with kaoliniferous 
sandstones from the Lower Cretaceous in Spain. These sandstones also show whitish 
kaoliniferous layers, reddish and clayey iron oxide rich layers, in which kaolinite is accompanied 
by some illite, as well as, towards the top, marly and carbonaceous layers with carbonate 
intercalation, all of which suggests deposition on a littoral platform. In the Aveiro basin, 
kaolinite is extremely dominant in the more eastern and continental facies of "Gres da Palhaca", 
however, kaolinite content decreases westwards as the facies becomes gradually less 
continental. Smectite, illite-smectite and illite content increases in the same direction. On the 
other hand, both smectite and I/S mixed-layer content increase towards the top of the sequence. 

403 



m laolinite (up hi W)"„), illifc (up hi 25"«). smectite (up to I(l»o|. t S 

11 kaolinite (up lo HO°n), illitc (up to 150o). smectite 

^ kaolinilc (up In 85"»). opal CCV: high Sif)2 contents 

la B H H kaolinilc (up lo 90%), gocthifc. hematite: high Vc2C>3 contents 

Figure I - Vertical evolution of the clay fraction composition of "Gres da Palhaca". 

Lopez Aguayo and Martin-Vivaldi (1973) considered that neoformated kaolinite, either after illite 
or after feldspars via illite, would have contributed to the very high kaolinite content. This 
contribution would have been more pronounced in more proximal sectors and less so in more 
distal sectors of the basin. Millot (1964) pointed out that in detrital series sandstones are, as a rule, 
more kaolinitic and less illitic, due to the "in situ" kaolinization of feldspars and micas favoured 
by easier circulation of water due to their high porosity and permeability. 
Smectite, on the other hand, has a detrital contribution resulting from continental soil erosion 
under hydrolysing climates. That contribution would be favoured by a gradual evolution towards 
a better defined occurrence of alternating, dry and wet, climatic periods. On the other hand, 
changes would have taken place in the morphology of the source areas yielding more level ground 
characterized by more deficient drainage (Chamley, 1989). This interpretation does not contradict 
the possibility that lateral enrichment in inherited smectite towards the basin centre may have been 
caused by selective sedimentation. The lateral increase of smectite and VS mixed-layer indicates 
an increasing marine influence. In fact, the distal increase in I/S mixed-layer and smectite has been 
mentioned by several authors (Millot, 1964; Chamley, 1989) in the more distal facies (pro-delta) 
of deltaic environments. The vertical increase in smectite content towards the top of the unit, 
which is most noticeable and early in the less detrital western facies of the Aveiro basin and less 
noticeable and late in the more detrital eastern facies indicates a gradual influence of the 
"Cenomanian transgression" (Weaver, 1989; Chamley, 1989). 
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7. ORIGIN OF MAGNESIUM CLAYS IN LACUSTRINE DEPOSITS AND RELATED 
ENVIRONMENTS (NEOGENE MAORID BASIN). 

POZO M., MORENO A,MEDINA J. A. (Dpt. Q.A. Geologia y Geoquimica, U.A.M. 28849 
Madrid), 
CASAS J. (C. Ciencias Medioambientales. C.S.l.C. Serrano 115 28006 Madrid.) & 
MARTIN RUBI J A (l.T.G.E. Madrid) 

Introduction 

The Miocene Intermediate Unit (Aragonian-Vallesian age) of the Madrid Basin has, as a 
characteristic, the existence of important deposits of sedimentary magnesium clays. These have 
been interpreted as marginal lacustrine facies, forming a belt to the south and east of Madrid city, 
and marking a lateral transition from open lacustrine deposits to arkosic alluvial fan materials 
progressing NW-SE wards with source from the Spanish Central Range. 
The kerolite-stevensite deposits studied in this work are located at the lower part of the 
intermediate unit whose strata are well exposed in quarries and outcrops near the village of 
Esquivias, 40 km south of Madrid (Figure la). These clays are characterized by their pinkish to 
pale brown colour and previous mineralogical research showed that they are composed of 
stevensite or mixed layers (kerolite-stevensite) 
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RESULTS AND DISCUSSION 

The litho-stratigraphic logs show an alternation between pinkish clays-sands and green to 
yellowish grey mudstones-suiciclastic sands bounded at the bottom and top by laminated fine sand 
with dark mudstone in deltaic cycles, (Figure lb). 
From a mineralogical point of view two different associations have been observed: 
a) Green-grey mudstones and sands: Mg-Al smectite-illite/mica-feldspars (Ca-Na, K)-quartz-
(kaolinite) 
The Mg-smectites (saponite) associated with inherited minerals (quartz, feldspar, Al-smectite, 
illite, kaolinite) in green mudstones are interpreted as a result of transformation of Al-smectites 
and neoformation during early diagenetic stages. 
b) Pinkish clays and intraclastic sands: kerolite-stevensite / stevensite (sepiolite-illite-quartz-
calcite) 
The texture of Mg-silicates in pinkish clays showing honey-comb microfabric and common 
colloform morphologies suggest neoformation in a saline medium under severe evaporation 
conditions. Sepiolite content in these clays and in associated nodules points to a later drop in the 
water salinity (calcite cements). The formation of sepiolite by dissolution-precipitation during tri-
octahedral phyllosilicates instability is inferred. 
The geochemistry of pinkish clays indicates (as does mineralogy) the predominance of Si and Mg 
in all the samples studied being remarkable the negative correlation between magnesium and those 
elements related to detritals (Al,Fe,K,Ti). 
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Conclusions 
The results allows us to establish a very shallow lacustrine environment (mud flat) in which 
kerolite-stevensite facies are related to palustrine ponds development where authigenic Mg-clays 
are formed. The alternation of green mudstones and sands with pinkish clay indicate cyclic shifts 
of the lake shoreline during expansive and retractive episodes in arid to semiarid climatic 
conditions Correlation between detrital input with green facies and pinkish clays with shallowing 
upward features in a confined environment have been observed. The genetic model inferred is 
shown in Figure 2. 
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8. GEOCHEM1CAL CHARACTERIZATION OF ANOXIC CLAY SEDIMENTATION 
IN THE UMBRIA-MARCHE BASIN (APENNINES, ITALY) 

Miguel Ortega-Huertas"1, Guido Parisia1", Inmaculada Palomo"1, Marisa Nocchia", Francisca 
Martinez1 " and Paolo Monacoa" 
(" Dpto. Mineralogfa y Petrologfa. Avda. Fuentenueva. Universidad. 18002 Granada, España. 
,:i Dipto. Scienze della Terra. Piazza dell'Universit... Perugia, Italy. 
01 Present address: Scripps Institution of Oceanography, University of California, San Diego, La 
Jolla, CA 92093-0212, USA. 

Introduction and Aims 

Early Jurassic marly and marly-clayey sediments ("Marne del Monte Serronen -MS-formation) 
were deposited in the Umbria-Marche basin with thickness' ranging from several decimetres to 60 
m. Positive geochemical anomalies have been detected in black shale episodes during the Early 
Toarcian (Ortega Huertas et al., 1993; Monaco et al., 1994). The aims of this paper consist of 
making a geochemical characterization of the anoxic levels and determining the geological age of 
the anomaly. 

Materials and Methods 

We have examined the stratigraphie intervals between Tenuicostatum and Serpentinus Zones in 
several sections. The oxygen-poor sediments can be divided into two groups (Parisi et al., in 
press): a) "black shale faciès" (BSF1), consisting of dark grey to black very fine (mm) laminated 
shales containing pyrite crystals, sulphate-rich horizons, carbon fragments and bituminous 
sapropels with fish remains. Trace fossils are scarce. b)"black shale-like sediments" (BSF2) 
consisting of grey, green to dark-brown mm- to cm- laminated silty levels. XRF, NA, ICP and 
AAS techniques were used for the geochemical analyses, and XRD for the mineralogical studies. 

Results and Discussion 

The whole mineralogy of the BSF1 and BSF2 faciès consists of calcite, quartz, feldspars and clay 
minerals. Gypsum, dolomite, celestite and barite were detected exceptionally in some sections. In 
percentage terms, the illite content ranges from 52 % to 90 % and the smectite proportions from 
10% to 46%. Kaolinite, which is not always present, reaches a maximum of 10% in the Pale 
Vallone section, with a most frequent value of 5 % . Overall, both lithofacies are characterized by 
an illite-smectite-quartz association as the predominant minerals. This mineral association 
coincides both quantitatively and qualitatively with that proposed by Weisser (1981) for 
Cretaceous black shale and similar faciès in the Western Tethys region. The most oxygen-poor 
levels can be distinguished mineralogically by an important increase in smectite content (50%-
60%). Another distinguishing feature of these black shale levels is the low CaC03 content ranging 
from 12% to 16% (exceptionally 29% in Pale Vallone section) as against proportions of around 
32% in the other BSF1 levels and ranging from 35% to 62% in the BSF2 faciès. The geochemical 
studies differentiate the two faciès types from other early Toarcian sediments. In particular, the 
BSF1 and BSF2 faciès are characterized by an important positive geochemical anomaly in certain 
trace elements, such as Ba, V, Cr, Ni, Co, Cu, Zn, As, Sb, Pb, U, REE, and by a lower CaO 
content (Fig. 1). 
The different intensities of reductive conditions in the BSF1 and BSF2 faciès could be related to 
different subsidence conditions and several sub-environments in the basin (troughs and swells). 
The BSF1 deposits are generally preceded by BSF2, which indicates that the anoxic conditions 
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became gradually established in the basin. Mineralogical, geochemical and micropaleontological 
data indicate that the major anoxic conditions occurred in the middle-upper part of the 
Tenuicostatum Zone (Early Toarcian) probably related to a maximum flooding-high stand of the 
global Early Toarcian sea-level rise (Parisi et al., in press). 
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Fig. 1. Geochemical data. 

Fig. 1. Geochemical data. 
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9. THE SELECTIVE OCCURRENCE OF CLAY MINERALS IN THE PIRATININGA 
LAGOON, NITEROI (RJ) - BRAZIL. 

'Maria da Conceicao C. M. Resende, 'Maria Augusta M. da Silva, ;Daisy Barbosa Alves 
•Department of Geology, UFF, Av. Bento Maria da Costa 115 A, Charitas, 24370-190, Niteroi -
RJ, Brazil. 
-PETROBRAS/CENPES, Q.7, Cidade Universitaria, llha do Fundao, 22949-900, Rio de 
Janeiro(RJ), Brazil. 

Introduction 

Irregular human occupation of areas adjacent to the Piratininga lagoon, Niteroi (RJ), brought a 
large increase in the amount of sediment and sewage disposal into the lagoon. The sediment 
infilling is quickly changing several of the main morphological features of this lagoon. A study of 
the intensity and evolution of this process is in progress trying to discriminate which factors in this 
ecological system can produce a greater impact in the surrounding communities. In this work, we 
evaluate the distribution of the clay mineral group of bottom sediments in order to better 
understand the dynamic of sedimentary processes in the Piratininga lagoon. 

Material and Methodology 

Altogether thirty samples were collected from the surface bottom for granulometric and 
mineralogical studies. The clay minerals (< 2 m fraction) were successively analysed by X-ray 
diffraction after air-drying, ethylene glycol solvation and heating at 490°C. 

Results and Discussion 

Components of the three main clay mineral groups were identified in the < 2 m fraction of the 
bottom sediments of the Piratininga lagoon: 1) kaolinite, 2) illite-smectite mixed layers; and 3) 
illite. The diffractometric characteristics of these minerals are quite uniform for the whole set of 
samples. 
The clay mineral assemblage found is quite homogeneous throughout the lagoon and is present 
in all the analysed samples. However, the content of each mineral can vary widely with the 
following mean values: for kaolinite, 71% (minimum of 53% and maximum of 91%), for illite-
smectite mixed-layer, 17% (minimum 1% and maximum of 30%) and for illite, 12% (minimum of 
7% and maximum of 28%). 
The similarity in the composition of these samples may indicate that sediments with relatively 
uniform composition have been supplied to the lagoon. The source rocks of these sediments are 
the surrounding gneissic rocks but some marine contributions are also found. Dexheimer (1981) 
found feldspar alterating to kaolinite during pedogenesis in this region. A preferential segregation 
in the relative proportion of these minerals seems to correlate strongly with the grain size 
distribution of sediments and, therefore, might reflect the dynamics of sedimentation. 
Kaolinite is the main mineral identified in all the samples. Its distribution pattern shows a greater 
concentration in the north-eastern side of the lagoon, where silt-size sediments are abundant and 
sedimentation processes are nowadays more intense due to the supply of several drainages. In the 
western part of the lagoon, where marine sands are found close to the barrier, a higher content of 
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illite is observed in the clay fraction. Since both biotite and muscovite have been observed in the 
coarser fractions, it is possible that the illite identified is indeed fragmented mica. The 
concentration of the illite-smectite mixed-layers is higher in the central portion of the lagoon where 
the clay-size sediments predominate and the kaolinite content is lower. This indicates that lower-
energy conditions prevailed during the sedimentation of this mineral. 
The extensive deforestation processes recognized by aerial photographs (from 1957 to 1993) in 
the surrounding area in the last decades seems to have played an important role in the 
concentration of kaolinite in the sediments of Piratininga lagoon Deforestation by human activity 
accelerated erosion in the source-area and produced rapid infilling of the lagoon. Calculated 
sedimentation rate based on :"Pb method is of 0.13 cm/year for the last 100 years (Resende, Silva 
eBorges, 1994; Resende, 1994). 

Conclusions 

Selective concentrations of the clay minerals have been associated with the dynamics of the 
sedimentary processes, which also conditioned the grain-size distribution of sediments in the 
lagoon. Deforestation has mainly affected the recent and more active sedimentation at the north
eastern side of the lagoon, where the highest content of kaolinite can be found associated with the 
lowest concentration of illite. 

References 

Dexheimeir, V. (1981) Distribuicao Geoquimica dos metais Zn, Cu, Pb na Bacia do Rio Jacare -
Piratininga, municipio de Niteroi, RJ. Master thesis, Departament of Geochemistry -
UFF, 101 p. 

Resende, M.da C.C.M. Silva, MAM.da. Borges, H.V (1994). Processos Sedimentares 
Naturais e Antropicos na Laguna de Piratininga - Niterois/RJ. Ill Encontro de 
Geociencias - 1GEO/UFF. Niteroi/RJ. 21 a 24/11/94 ABSTRACTS. 

Resende, M.da C.C.M. (1994). Processos Sedimentares Naturais e Antropicos na 
Laguna de Piratininga. Niteroi/RJ. Master thesis, IGEO-UFRJ (in preparation). 

410 



10. CLAY MINERALOGICAL VARIATIONS ACROSS THE JURASSIC/CRETACEOUS 
BOUNDARY, THE BARENTS SEA. 

Hemung Dypvik', Ray E. Ferrell Jr.- and Atle Mork' 
1. Department of Geology, University of Oslo, P.O. Boxl()47, N-0316 Oslo, Norway 
2. Department of Geology and Geophysics, Louisiana State University. 70803 LA, USA 
3. IKU, Sintef Group, N-7034 Trondheim, Norway 

The Kimmeridigan to Berriasian succession studied in a borehole from the Barents Sea (Figure 1), 
represents partly anoxic shelf depositions. The beds consist of dark grey, finely laminated, organic 
rich claystones in the lower part, while the upper part is recognized by somewhat lighter coloured, 
partly silty claystones. A well, 7430/10-U-Ol (IKU), was drilled in 1988 at 335m of water depth 
in the north central part of the Barents Sea, in order to sample and study the Jurassic/Cretaceous 
boundary beds found in seismic sections, used for petroleum exploration. The well penetrated 
mainly clay- and siltstones but a ten cm thick conglomeratic bed is found 47.6 m below the sea 
bed. We have studied in detail the lowermost 22 metres (45 - 67 m) of this succession (Hekkingen 
Formation). The entire sequence contains dispersed glauconite and pyrite, and is rich in fossils 
(bivalves, ammonites, belemnites). Paleontological and palynological determinations show the 
presence of both Volgian and Berriasian species. Thin silt laminae and minor sandy stringers are 
found in the finely laminated Jurassic part of the well, while the Cretaceouos beds are poorly 
laminated and contain even less sand and silt-sized material. 

Figure 1. Map showing the 
location of well 
7430/10-U-Ol 
in the Barents Sea. 
The well is marked by a 
small dot north of 
theMjelnir Structure 
(large dot). 
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The clay fraction (<2um) was separated by settling methods and detailed XRD analyses were done 
on smear slides with the Siemens D 5000 instrument at LSU. The samples were run untreated, 
ethylene glycol saturated and after one hour heat treatments at 300°C and 500°C. In addition 
geochemical and petrographical (thin section, SEM) investigations have been pexformed. 

Figure 2. 
Composite XRD patterns 
for samples above and 
below the 54 m level 
in the core. 
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The beds generally consist of ohlorite, illite/smectite mixed layered (both ordered and random), 
illite, glauconite and kaolinite, in addition to quartz, feldspar, calcite, 2dolomite and pyrite. The 
analyses displayed a pronounced clay mineralogical shift 54 m below the sea bed, representing the 
Early Volgian age. The beds below this level consist of chlorite and ordered smectite/illite mixed 
layered clay minerals, while smectite and randomly stratified smectite-llite mixed layered clay 
minerals are dominant in the upper part (Figure 2). 
Several explanations for the mineralogical changes may be put forward within the regional 
geological framework of the area The variations may be related to both changes in clastic source 
material or diagenetic reactions. The dominant clastic components of these beds are weathering 
products from Precambrian gneisses and granites, Cambrosilurian metamorphics as well as late 
Paleozoic and Mesozoic sedimentary rocks. Later the Arctic region has suffered different periods 
of basaltic volcanism, poorly dated, but most likely of lower Cretaceous age. If the uncertainties 
in the age relations are taken into account, the magmatic rocks which are cropping out in Svalbard 
and Franz Josef Land could have contributed volcanic glass and later 2smectitic alteration 
products to the succeeding beds. The studied well is also located close to the Mjolnir Structure, 
a possible extraterrestrial impact structure. The smectite increase in the uppermost part of the 
studied section could be tied to an input of impact related debris. The organic maturity of the beds 
show shallow burial (9 1500m), as demonstrated by average K = 0 32 % and Tmax values (Rock 
Eval analyses) of about 422°C. Burial to such depths could also clearly explain some of the 
diagenetic clay mineralogical variations. Detailed mineralogical, geochemical and paleontological 
analyses are presently being performed on these and related beds from Svalbard, in order to 
resolve more about their formation. 
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11. CLAY MINERALS IN THE SURFIC1AL SEDIMENTS OF THE GULF OF GELA. 

Ferretti Ornella*, Immordino Francesco* and Setti Massimo**. 
*ENEA Centra Ricerche Ambiente Marino S.Teresa, C.P. 316 - 19100 La Spezia, Italy. 

**Dip. Scienze della Terra, Via Abbiategrasso 209 - 27100 Pavia, Italy. 

Introduction 

A study of the mineralogical and granulometric composition of surficial sediments from the coastal 
area in the Gulf of Gela was carried out to obtain useful information on the transport and 
sedimentation processes acting in the area. 
A knowledge of these factors are needed to determine the stability and dispersion of coastal 
pollution. 
Methodology 

Marine bottom sediments, as well as beach and alluvial samples from the drainage basins, were 
analysed for granulometric and mineralogical composition. 
The coarser fraction (>63 m) was separated by sieving at the intervals of 1 phi, the pelitic fraction 
(<63 m) was analysed using a Sedigraph 5000ET. 
Mineralogical analyses were made using X-ray difFractometry techniques on the whole samples 
to determine fundamental composition and on the <63 m to determine clay minerals. 
Beach and alluvial samples were also subjected to examination for heavy minerals. 

Results 

The sandy sediments were only found near the coast at a depth of 10-20 m; shelf sediments were 
highly homogeneous ranging from clayey-silt to silty-clay. 
Mineralogical analysis of marine, alluvial and beach sediments reflect the presence of the main 
lithologies in the area: carbonate and marl outcrops in the east and "argille scagliose" in the centre 
and west of the Gela Gulf. 
The main components of these shelf sediments are quartz and calcite; the clay minerals in the <63 
m fraction are essentially smectite, vermiculite, chlorite and interlayers. 
The sedimentary materials from the main streams, Salso and Gela, influence the distribution of the 
minerals in the shelf sediments. 

Conclusion 

The coastline pattern, the regular morphology of the platform, the homogeneous continental 
lithology and some antropic artefacts (harbour of Gela) are all factors which control the transport 
and deposition of sediments; they thus define the characteristics of sediments and also play a role 
in smoothing ova the differences in this area. 
The clay fraction of sediments which present the composition inherited from continental outcrops 
(essentially "argille scagliose" is subject to some smooth alteration in the marine environment and, 
therefore, this fraction is more useful in tracing limits of the influence of different alluvial inputs 
on the platform. 
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12. CLAY COMPONENTS OF THE INTERNAL SEDIMENTS IN THE UPPER 
SILES1AN Zn-Pb DEPOSITS, POLAND. 

Krzysztof Bahranowski, Katarzyna Gorniak, Tadeusz Ratajczak, Maria Sass-Gustkiewicz and 
Tadeusz Szydlak. 
University of Mining and Metallurgy, Faculty of Geology, Geophysics and Environmental 
Sciences, Al. Mickiewicza 30, 30-059 Krakow, Poland. 

Introduction 

The nature of clay minerals is an important contribution to the genetic interpretation of the Upper 
Silesian Zn-Pb sulphide ores. 
The Upper Silesian Zn-Pb deposits belong to the Mississippi Valley Type (MVT) which is an 
important source of both metals in the world market. The MVT ores are hosted in carbonate rocks 
and show simple mineralogy with sphalerite, galena and iron sulphides as main industrial minerals 
and dolomite, calcite, quartz, barite as gangues. 
Clay minerals are common although quantitatively minor components of host strata, host rocks 
and ores. However, the knowledge of their detailed mineralogy, geochemistry and origin is clearly 
insufficient. 
One of the most important ore-forming processes in the Upper Silesian deposits is hydrothermal 
karst, i.e. karst caused by low-temperature, hydrothermal solutions which circulated in carbonate 
successions and contemporaneously dissolved the host strata and deposited sulphide ores. 
Various types of karst caverns are at least partly filled with the internal sediments. These are 
products of both mechanical and chemical sedimentation in a phreatic karst environment laid down 
from collapse-motivated, underground suspension currents which have flown within the karst 
openings. 
The sediments discussed are composed of: silt-size dolomite grains, calcite crystals, rock 
fragments, clastic ore fragments and authigenic sulphate minerals. The dolomite grains are 
decreasing size crystals by solution derived from disaggregated dolomites. 
The internal sediments reveal a number of sedimentary structures that are known from surficial 
(external) sub-aqueous deposits. The most striking features are their lamination and soft-rock 
deformations. 
Despite the mineralized internal sediments, the karst caverns above the ore-bodies contain barren 
internal sediments. It is possible that these caverns originated from meteoric karst phenomena 
superimposed on the hydrothermal karst system. 
The current research aims to identify and characterise the mineralogy and geochemistry of clays 
which may contribute to their origin. Moreover, if the sedimentary origin is proved the 
identification of source rocks can be made. This, in turn, may have important bearings on the still 
open problem of the timing of both (hydrothermal and meteoric) karst processes and, 
consequently, the timing of ore mineralization. 
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Methodology 

Samples were collected from both the surrounding rocks and the structurally variable internal 
sediments. Raw samples and separated clay fractions have been examined by optical microscopy, 
XRD and SEM-EDX. 

Results and discussion 

The internal sediments show differences in mineral composition between both caverns and within 
single caverns. Main mineral components are: calcite, dolomite, sulphides, sulphates as well as 
authigenic and detrital quartz. 
The clay fraction includes kaolinite (as a main mineral) and small amounts of illite, mixed-layer 
illite/smectite and micas. Kaolinite was observed in all sampled types of the internal sediments. In 
all examined samples it forms a uniform morphology; thin, columnar aggregates of lengths up to 
some tens of micrometers. Chemical analyses (EDX) indicate trace amounts of potassium within 
the kaolinite aggregates. 
Both the morphology and chemical composition of aggregates point to its origin from the 
transformation of micas. This process may be linked to the karstification of the surrounding 
carbonates which provides conditions favourable for hydrolysis. Short transport which re-
deposited the material into the internal sediments did not destruct the aggregates. Sporadically 
observed vermicular aggregates of loosely packed, thick kaolinite plates might have precipitated 
in situ, within the internal sediments. 

Conclusions 

Kaolinite appears to be the main clay mineral of the internal sediments. Two genetic types seem 
to be observed. Predominating is kaolinite formed presumably by the transformation of micas 
during karstification of surrounding carbonates. The second, rarer type appears to be precipitated 
from pore solutions from within the internal sediments. 
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13. RARE EARTH, MAJOR, AND TRACE ELEMENTS IN BLACK SHALE LEVELS 
FROM THE CAMPOMAGGIORE AREA (SOUTHERN ITALY). 

Saverio Fiore1 and Francisco Javier Huertas: 

•Istituto di Ricerca sulle Argille - CNR. P.O. Box 27, 85050 Tito (PZ), Italy. 
:Estacion Experimental del Zaidin - CS1C. Profesor Albareda 1, 18008 Granada, Spain. 

Introduction 

During the last several decades, a considerable body of literature has been devoted to the 
abundance of trace and rare earth elements in shales and to the cause of their variability (adsorbed 
on and/or within the crystal lattice of clay minerals; carried by accessory phases). In this respect, 
a recent study on shales from Campomaggiore (southern Apennines) (Caggianelli & Fiore, 1994) 
confirmed the influence of accessory phases on the distribution of REE in shale and suggested that 
authigenic phosphates may play a more important role than resistant phases (typically zircon). The 
presence of horizon rich in organic carbon within the pelagic sedimentary sequence previously 
studied suggested research on the distribution of REE and other trace elements in such a peculiar 
lithology. 

Methods 

Sixteen samples were collected from the Flysch Rosso Paleogene sequence of shales, southern 
Apennines (Italy). Mineralogical investigations were performed either on the whole-rock and/or 
on the clay-size fraction by X-ray powder diffraction. Microscopic morphological observations 
were carried out by a scanning electron microscope equipped with an energy dispersive X-ray 
spectrometer. Additional mineralogical and chemical information was obtained by simultaneous 
differential thermogravimetric analyses. All major elements, as well as Ba, Ni, Cr, V, Rb, Sr, Y, 
Zr, Nb, As, Mo, S, Cu, Zn, Th, U, were analysed by X-ray fluorescence spectrometry, LOI by 
gravimetric techniques, CO; by a volumetric method and organic matter by titration. Abundance 
of rare earth elements in the whole rock was measured by inductively coupled plasma mass 
spectrometry. Values were compared to the Post-Archean Average Shale composition (PAAS; 
Taylor and McLennan, 1985). 

Results 

Mineralogy of the whole rock is dominated by phyllosilicates (52 - 75%) and quartz (15-40%); 
rhodochrosite occur only in some levels but it may be a principal mineralogical component (up to 
27%). Small amounts of plagioclase (<4%) and K-feldspar (<2%) occur in all the samples whereas 
hematite (< 4%), pyrite (<5%) and trydimite (<2%) were detected in some samples, as well as 
calcite (<2%) that is secondary in origin. 
Clay size fraction is essentially composed of smectite (26 - 55%), illite (8 - 19%), 
kaolinite+chlorite (3 - 16%) and mixed layer I/S (3 - 10%). 
As concerns trace elements, the concentrations of Rb, Sr, Zr, Nb and Y are comparable with 
values normally detected in clay sediments. On the other hand, some trace metals show significant 
enrichment, particularly Cu (1220 ppm), Ni (477 ppm), Mo (570 ppm), V (1390 ppm), Zn (282 
ppm), As (134 ppm). 
As for rare earths, total concentrations ( REE) vary from 80.1 ppm to 259 ppm. Chondrite-
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normalised REE patterns are quite different through the sedimentary sequence, without an evident 
relationship with stratigraphic height. Such a variability is enhanced when values are normalised 
to PAAS: some samples show a pattern parallel to PAAS. others exhibit a pronounced enrichment 
in intermediate and heavy REE. Therefore the value of LaN/YbN changes from 0.30 to 1.33, 
LaN/SmN increases from 0.38 up to 1.26 and GdN/YbN varies from 0.89 to 2.39. Small variations 
characterise the cerium anomaly (Ce/Ce*; from 0.95 up to 1.21) whereas the europium anomaly 
(Eu/Eu*) varies from 0.87 to 1.24. The higher and the lower values of Ce/Ce* and Eu/Eu* do not 
correspond with high and low REE. 
The statistical analyses show that: a) abundance of La, Ce, Pr, Nd (9) and Th are predominantly 
controlled by phyllosilicates; b) concentrations of Sm, Eu, Gd, Tb, Dy, Ho, Er and Y are linked 
with phosphorous and calcium and that the highest levels of confidences are for Gd and Tb, c) Ho, 
Er, Yb and Lu, as well as La/Yb, are strongly controlled by manganese; d) the concentration of 
metals such as Co, Cu, Zn, and As are influenced by organic matter. 

Conclusion 

Although some aspects of the mineralogy and geochemistry of black shales from southern 
Apennines are currently being investigated, preliminary conclusions may be suggested: 
- It is confirmed that phosphate minerals can exert a dominant control on the abundance and 
fractionation of REE. We feel that some phosphates with high REE content (e.g., florencite, 
gadolinite, rhabdophane) might be authigenic. This implies that during diagenesis mobilisation of 
REE, although only for a short distance, might occur. 
- Linkages existing between Mn and REE suggest that the Mn redox cycle might control 
the concentration of REE. 
- As reported by various authors, organic matter influences the concentration of various elements, 
likely by direct fixation. However, it does not affect REE distribution. 
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14. THE PECULIAR HAIRY AGGREGATION OF MONTMORILLON1TE IN THE 
VESICLES OF BASALT FROM THE PENGHU ISLANDS, TAIWAN 

Chang, Shyun Sheng" and Chen, Pei Yuan: 

'Central Geological Survey, MOEA, Republic of China, P.O. Box 968, Taipei, Taiwan. 
-Department of Earth Sciences, National Taiwan Normal University, Republic of China. 

Introduction 

The aggregate types of montmorillonite reported in literature till now are varied in morphology 
as globular, mossy, lamellar, foliated, compact, and reticulated. Two new types are presented 
here which will shed some light on the genesis and/or synthesis of clay minerals. 
The various aggregate types are determined by the habit or shape of individual crystallites and 
by their arrangement in the aggregates. Crystal shape can have 4n important influence on 
aggregate shape. 

Methodology 

The smectite occurs in vesicles or cavities of a basalt lava which are exposed in quarries and 
ditch excavations in the Penghu islands. The morphological characteristics of the vesicle clay 
were examined both under binocular microscope with hand specimen, and by SEM for broken 
clay fragments. The mineral composition was identified by XRD and chemical analysis. 
Oxygen isotope analyses were performed by the BrF, procedure. Isotopic measurements were 
done on CO, gas samples through a S1RA-10 mass spectrometer. 
The results are reported as permit lsO-values relative to SMOW. The reproducibility is better 
than +0.2%. The lsO-value for NBS-28 obtained during the present study was +9.7%. 
The K-Ar dating method was applied to the whole rock body in order to know the age of the 
basalt. 

Results and Discussion 

The studied clay samples were found in the vesicles on the newly breaking surface of vesicular 
basalt. Two peculiar or uncommon types of aggregation of the crystallites were observed. One 
is the hairy type and the other is the rosy type. The hairy aggregates occur in the vesicles just like 
cotton wool or growing branches of a tree which display budding, stretching, bifurcation and 
intertwining (fig. 1). The clay fibres tend to occur in dark red-black basaltic lava which show 
signs of strong oxidation. 
The rosy type is like a cotton ball. Some occur as rosette aggregates. Some are perfectly ball-
shaped (fig. 2). The rosy type smectite is closely associated with some of zeolite in some samples 
(fig. 2). The rosettes or balls are generally from isolated one another and are free from the vesicle 
walls. 
These two different kinds of clay aggregates are identical in mineral composition as verified by 
the XRD patterns; they are pure dioctahedral smectite (montmorillonite). 
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K-Ar age of the basalt from Pengllu Island is Miocene( 10 My). 
The estimated formation temperatures for the montmorillonite are 11 °C for the hairy type and 
46°C for the rosy type. 

Conclusion 

Based on field observations and SEM morphology, the two new types of aggregates of 
montmorillonite, hairy and rosy, were found to be formed in the vadose zone and saturated ground 
water zone respectively. These two types of clay are forllled in weathering conditions. That is to 
say that these two types of montmorillonite are directly crystallised from low temperature surface 
water with suitable ionic composition. 

Fig 1. The hairy type of montmorillonite. Fig 2. The rosy type of montmorillonite 
with zeolite. 
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15. COMPONENT MINERALS AND MATERIALS OF DEEP SEA MUD (6,432m) FROM 
THE RYUKYU TRENCH, JAPAN. 

Hideo Minato1, Yasuhiro Shibue\ Hikara Hayashi\ Masanori Kyo\ Seiichi Komura4, Naoyuki 
Kuga4 and Zhong Zheng4. 
1 The University of Tokyo, 5-37-17, Kugayama, Suainami-ku, Tokyo 168, Japan. 
2 Geoscience Institute, Hyogo University of Teacher Education. 
3 Japan Marin Science & Technology Center. 
4 Geoscience Co. Ltd. 

Introduction 

A deep sea mud of brownish grey color was collected on Test Dive 6K0119 of "Shinkai 6500", 
lapan Marin Science & Technology Centre, JAMSTEC, Yokosuka, Japan from the ocean ward 
slope of the Ryukyu Trench, March 26, 1994. The sampled point is situated at the east slope of 
the trench, depth of 6,432 m and about 170 km east of Naha, Okinawa Prefecture, Japan. About 
7 km North from the point is the deepest sea bottom of in this area at 6,920 m. Original research 
data for the mud are followed. 

Methodology 

The mud is washed with distilled water and dissolved sea water and then the wet mud is treated 
by means of water decantation methods and the clay rich material is obtained. The clay rich 
material is tested by means of X-ray powder diffractometry, observation under scanning electron 
microscope, chemical analysis and thermogravimetry. 

Results and Discussion 

The mud is composed of quartz (Qz), K-feldspar (K-fel), plagioclase (pi), low cristobalite (cri) and 
clay minerals, chlorite (ch), kaolin (ka), illite (il) of 2M2 type with 2M1 type and smectite (sm). 
Chlorite and smectite are tested by means of X-ray diffractometry with HC1 treatment and 
Ethylene Glycol treatment, respectively. The chemical analysis of washed mud (Table 1) shows 
that it has relatively high amount in Ti, Fe and Mn. 
From observations under the electron microscope and with the polarizing microscope, the material 
is composed of quartz, feldspar, glassy materials, clay minerals and biogenic materials. The 
biogenic materials observed are diatom shells. Radiorians, foraminifers, silicoflagellates, spongy 
spicules etc.. A few of them are shown in pictures in Figure 2. 

Conclusion 

The sampling point is situated at latitude N26.05' and longitude El29.3 V and far from land, the 
origin of the mud is expected to be scattered loess as one of the mineral raw materials. 
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Table 1. Chemical analysis of washed mud. 
SiO: TiO, A 1,0, FeA 

Wt. % 57.96 1.07 17.88 0.30 
Mol. pr. 0.9647 0.0134 0.0467 0.0042 

MbO 
1.55 
0.0385 

MgO 
1.55 
0.0385 

CaO 
1.07 
0.0191 

Na,0 
2.13 
0.0344 

Wt. % 
Mol. pr. 

K20 H,0+ H,0- Total 

3.09 
0.0328 

4.70 
0.2609 

2.23 
0.1238 

99.59 

Analyzed by M1NATO, 1994) 
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16. ORIGIN OF THE PALYGORSKITE IN THE VERA AND SORBAS 
BASINS (SE SPAIN). 

Angel Sanchez Bellonm, Jose P. Moral Cardona"' and Eduardo Sebastian Pardo':). 
'"Dpto. de Cristalografia y Mineralogia de la Universidad de Cadiz, Aptdo. N°40 (Facultad de 
Ciencias), 11510 Puerto Real, Espana. 
(:)Dpto. de Mineralogia y Petrologia de la Universidad de Granada, Avda. Fuentenueva s/n 
(Facultad de Ciencias), 18002 Granada, Espana. 

Introduction 

The Vera and Sorbas basins, located in the SE of Spain in the province of Almeria, are two of the 
Neogene basins in the eastern sector of the Betic Cordilleras. The basins are situated between the 
basement blocks raised as a consequence of the compressive conditions evolving specially towards 
the end of the Serravallian within the European-African collision context. They have formed on 
materials belonging to the Internal Betic Zones which shapes the surrounding reliefs. The 
sediments that fill up the Vera and Sorbas basins are predominantly marine in character. However, 
some material of a continental detrital origin have been intercalated. The aim of this work is to 
determine the possible origins of the palygorskite found in these two basins by using mineralogical 
data and by taking into account different environmental conditions. 

Methodology 

To obtain the relative abundance of the palygorskite and its relation with other minerals, especially 
clay minerals, a mineralogical study has been carried out by X-ray diffraction (XRD). Firstly, an 
un-oriented powder preparation of each bulk sample was analysed. Next, the clay minerals were 
identified in oriented aggregates. The relative abundance of the various minerals was estimated 
by measuring the diffraction peak surface and using Schultz (1964) and Barahona( 1974) reflecting 
powers. 
To find confirmation of the presence of palygorskite in some samples where XRD did not give 
clear evidence, an electron microscope was used; this also made it possible to establish the 
chemical composition of other phyllosilicates such as smectites. 

Results and Discussion 

The overall mineralogy of the studied sequences is composed of the following association: 
phyllosilicates, calcite, dolomite, quartz and feldspars. There was a minor presence of gypsum, 
opal-CT, goethite and clinoptilolite. In general the phyllosilicates are more abundant and show 
proportions similar to the total carbonate content (35%). The clay minerals present in all the 
sequences are smectites, illite, interstratified illite-smectite, kaolinite, chlorite and traces of 
paragonite. The presence and abundance of palygorskite permit us to differentiate various types 
of sequences. In the southern sector of the Vera basin, Coscojar (CJ) and Garrucha (GR), 
palygorskite is absent. In the remaining Vera series: Garrapancho (GP), Cantera (CT), Canada de 
Vera (CV), Los palacios (LP) and Cuevas de Almanzora (CUA) it constitutes 30% of the clay 
fraction; in the Sorbas basin it oscillates between traces for the Los Yesos (LY) and Sorbas (SB) 
series, and between 5 and 10% in the Los Molinos (LM), Cariatiz (CZ) and Zorreras (ZR) 
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sections. 
Apart from the differences in the proportion of palygorskite, certain particularities can be observed 
when analysing its distribution along the section. In the Vera basin, where the fibrous mineral 
content is higher, one can observe that in Garrapancho, Cantera A and Cantera B palygorskite 
increases towards the top of the sequences, whereas in Canada de Vera, Los Palacios and Cuevas 
de Almanzora it is concentrated in their central zones. In the Sorbas basin there is also a clear 
increase in palygorskite at the top of the Zorreras section, reaching 60% of the clay fraction. 
In the central and northern sectors of the Vera basin (Sanchez Bellon et al, 1994) the MgO 
contents indicate the existence of a confined and calm environment. 
This confinement takes place in zones with variable salinity depending on the input of fresh water 
in the sub-basins. The contents in B as well as the values of "C and 1S0 indicate the co-existence 
of environments with a higher marine character and environments that were more influenced by 
fresh water, with possible separation from the sea. This partitioning of the basin corresponds to 
a perimarine environment and favours a high ionic concentration of silica and magnesium, and an 
alkaline pH between 7 and 11 which permits the neoformation and/or transformation of 
palygorskite from Mg-smectites. The genetic relation with the smectites has been confirmed 
through electronic microscopy which shows how, in some cases, the palygorskite fibres grow from 
magnesium beidellite type smectites. 
We propose the same origin for the palygorskite from the summit of the Zorreras section in the 
Sorbas basin whose geochemical and isotopic data indicate a fresh water and a highly confined 
environment, probabiy lacustrien in this case. 
However, the palygorskite found in the first two thirds of the Zorreras section, as well as in the 
remaining sections of the Sorbas basin, have a different origin. Here, the lower palygorskite 
content, the absence of fibre in relation to the smectites, and the existence of levels of red 
paleosols with calcareous crusts seems to clearly indicate the detritic origin of the palygorskite 
which would have been formed in the soils of the surrounding reliefs. 

Conclusions 

The palygorskite found has two different origins. On the one hand, in the Vera basin and at the 
top of the ZR section of the Sorbas basin it must have formed in confined, perimarine and/or 
lacustrien environment, probably from magnesium smectites. On the other hand, in the remainder 
of the Sorbas basin it would be of detritic origin in relation to calcareous paleosols. 
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17. TALC-KAOLINITE ASSOCIATION IN THE SEDIMENTS OF LAKE NEUCHATEL, 
SWITZERLAND: ORIGIN AND SEDIMENTOLOGICAL IMPLICATION. 

P.Lambert and B.Kubler. 
Institut de Geologie, Universite de Neuchatel, 11 rue Emile-Argand, CH-2007 Neuchatel, 
Switzerland. 

Introduction 

Anomalous concentrations of talc and kaolinite have been discovered in fine fractions of short 
cores from Lake Neuchatel. The higher concentrations, which are defined either by the ratio of 
raw intensities talc/mica or by a semi-quantitative estimation, can be correlated to the whole lake. 
Occurrence of talc has not been found in the catchment area of Lake Neuchatel. Talc is also not 
detected in the suspended particulate matter of the main tributaries of the lake. The talc-kaolinite 
association can thus only have an anthropogenic origin. Both minerals are used by the paper 
industry, their occurrence is therefore clearly related to the presence of an old paper factory, 
located on the north-western lake shore, near Neuchatel at Serrieres (Fig. B). This factory stopped 
production in 1981. 
This contribution mainly points at the use of the talc-kaolinite association as an excellent tool for 
a better understanding of mechanisms of sedimentation and pollutant dispersion. 

Methodology 

27 short cores were obtained, 7 of which have been sampled at every centimetre to determine the 
presence of talc and kaolinite (Fig. B). Mineralogical analyses have been performed by using a 
Scintag XRD 2000. Whole sediment, as well as the <2um and 2-16u.m size-fractions, have been 
analysed. 

Results and discussion 

Determination of Csl37 and Pb210 activities allow the dating of the maximum concentration of 
talc and kaolinite (1949 + 3 yrs). By taking into account this dating and considering the maximum 
talc/mica ratio (TC/M: Fig. B) as synchronous in the different short analysed cores, the 
sedimentation rates can be calculated. There is a good correlation between sedimentation rate and 
water depth from 40m on, except for a few cores where local factors are dominant (allochtonous 
source or disturbed sedimentation area). The sedimentation pattern is thus primarily directed by 
the water depth and not by prevalent hydrodynamic circulation patterns. 
Decrease of the TC/M ratio (Fig. B) as well as of the estimate of mean talc concentration (Fig. A: 
MC) are directly related to an increasing distance from the source (Fig. A: r2=0.91). 
This is in good agreement with the previous result and, moreover, emphasises that the influence 
of bottom topography on the dispersion of suspended particles is negligible. 

Conclusions 

- Talc-kaolinite association is of anthropogenic origin in the sediments of Lake Neuchatel. 
- Dating of talc contamination allows the determination of the sedimentation rate and its 
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dependency on water depth. 
- Distribution of talc and kaolinite influxes is directly related to the distance from the source. Thus, 
bottom topography, mainly consisting of an underwater hill which divides the lake in three sub-
basins, does not show significant influence on the dispersion of suspended particles. 
- The study of clay mineral distribution from an industrial origin is an excellent tool for 
understanding transport and sedimentation mechanisms of suspended particulate matter 
and for pollutant dispersion. 

Fig. A) Correlation between estimation of mean talc concentration and distance from the source 
(N.B.: Neuchatel Basin; S.V.: South Valley; N.V.: North valley). 
Fig. B) Lake bathymetry with location of short cores, evolution of talc/mica ratio with core depth 
(TC/M) and estimation of mean talc concentration for each core (MC: %). 
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18. CLAY MINERAL DISTRIBUTION IN THE HAUTERIV1AN-BARREMIAN 
("URGONIEN") IN THE SWISS JURA. 

Marie-Caroline Blanc-Aletru, Thierry Adatte; Bernard Kiibler; 
Institut de Geologic rue Emile Argand 11, 2007 Neuchatel, Switzerland. 

Introduction 

Two sections located in the Swiss Jura mountains have been studied. Vallorbe and Boudry 
sections show the following lithostratigraphic units, from bottom to top: "Urgonien Jaune , 
"Marncs de la Russille", "Urgonien Blanc". The transition from "Urgonien Jaune Formation to 
the "Marnes de la Russille" Formation is marked by a sequence boundary which is, therefore, used 
as a regional isochronous level. 
The two sections have been studied in detail by means of microfacies and X-ray diffraction 
analysis. A significant relation between the distribution of clay minerals and the microfacies 
analysis evolution curve is demonstrated. 

Results and discussion 

For both sections, calcite is the most important mineral in the whole rock analysis. Quartz, 
goethite and phyllosilicates are present in minor amounts. Though calcite is continuously present 
in the sections, occurrences of the other minerals are more discontinuous. The amount of quartz, 
goethite and phyllosilicates increases in transgressive microfacies. 
The <2um fraction consists of smectite, kaohnite, micas (phengite, pyrophyllite), chlorite; small 
amount of quartz, feldspar, goethite can be found. The raw intensities or smectite, kaolinite and 
micas increase significantly in the transgressive facies. An increase of the same clay minerals also 
occur in the Vallorbe section, not only in the transgressive facies, but in most of the lower part of 
the section and in the upper next 20m. 
Therefore the kaolinite and smectite distribution are diachronous, and not in correlation. 
Pyrophyllite seems to be the only mineral which can be used as an isochronous marker. In 
Vallorbe, the transgressive facies excepted, covalent microfacies are generally characterized by 
more internal environments than in the Boudry section. 
Clay minerals of the 2-16um fraction of both sections show the same trend as the whole rock. 
Quartz, chiorite and kaoiinite increase in transgressive facies. Formations, which could be 
characterized by their mineralogy, quartz and pyrophyllite, are more common in the "Urgonien 
Jaune" and "Marnes de la RussiTle" than in the "Urgonien Blanc". 

Conclusion 

It appears that certain minerals (Smectites, Kaolinite, Micas) are specific to transgressive intervals 
which, in turn, correspond to specific microfacies. Quartz, goethite and phyllosilicates, are also 
good markers for the increasing detrital input. 
Moreover, a relation between clay mineral distribution and microfacies is shown. Kaolinite and 
micas seems to be more abundant in the internal facies. The dependence between microfacies and 
clay minerals setting confirm the observations of Vieban (1983), Darsac (1983), Adatte & Rumley 
(1984), Adatte (1988). Pyrophyllite seems to be a mineral for correlation. 
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19. MAGESIUM RICH ILLITE IN TRIASSIC EVAPORITES OF MAKHTESH RAMON, 
ISRAEL. 

S Shoval and N. Goldman. 
Geology Group, The Open University of Israel, 16 Klausner St. Tel-Aviv. 

Introduction 

The relative amounts of aluminium, magnesium and iron were determined by using deconvolution 
of the OH band in the IR spectra in the octahedral sheet of detrital illites from Triassic argillaceous 
strata. These are interbedded within lagoonal evaporite deposits (g"psum and dolomites) of the 
Mohila Formation exposed in the Makhtesh Ramon area, Israel. The results are compared with 
those of detrital illites which were interbedded with open marine Triassic carbonate sediments 
(limestone and marls) of the lower part of Saharonim Formation in the area. The Triassic 
sediments exposed in the area were deposited near the SE margin of the Triassic Tethys sea, with 
the continent extending to the SE, into the Arabo-Nubian Massif [1, 2]. It is assumed that the 
detrital clays were transported to the sea from the Massif [I]. 

Methodology 

Samples- The clay samples were collected in the Makhtesh Ramon area from argillaceous strata 
in Mohila and Saharonim Formations. The bulk clay samples were examined after carbonate 
removal with diluted HC1. 
Techniques- A Nicolet FT-IR spectrometer was used. The IR disks containing 1 or 5 mg of a 
sample in 150 mg of KBr were dried for 24 hours at 110°C. Immediately after heating, the dried 
disks were re-pressed (without further grinding). Deconvolutions of the spectra curve were 
obtained using the FT-IR programs. 

Results and Discussion 

The examined clay samples contain only illite or illite-smectite, and not kaolinite. The relative 
amounts of aluminium, magnesium and iron in their octahedral sheet were determined according 
to the intensities of OH bands in the IR spectra, which were enhanced by using the deconvolution 
of the spectral curve. Representative baseline corrected IR spectra and deconvolution curves in 
the OH stretching and deformation regions are shown in Figure 1. 

The OH deformation region: Baseline correction were used for quantitative determination of 
the ratio between the weak OH deformation bands. Relative to the AKOH band at 91 lcnr1 the 
MgAlOH banu at 837cm-1 is strong in the illites from the evaporite deposits of the Mohila 
Formation, indicating high magnesium content in dioctahedral sites. On the other hand, the A1,0H 
band at 913cm-1 dominates in the illites from the open marine carbonate sediments of the 
Saharonim Formation, indicating high aluminium content in dioctahedral sites. In both cases, the 
Fe +A10H band at 876cm"1 is relatively very weak. 

The OH stretching region: The broad OH stretching band is located at 3622 and 3626cm"1 in the 
illites. The deconvolution of the spectral curve makes it possible to distinguish and identify the 
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individual OH-stretching components which compose the broad band (Figure 1). The MgAlOH 
component at 3604cm"1 dominates in the illites from the evaporite deposits of the Mohila 
Formation, while the AKOH component at 3623 cm-' dominates in the illites from the open marine 
carbonate sediments of the Saharonim Formation, indicating high magnesium and aluminium 
contents in dioctahedral sites, respectively. 
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Figure 1: Representative baseline corrected IR spectra and deconvolution curves in the OH 
stretching and deformation regions of the detrital illite interbedded within: (A) Triassic evaporitic 
sediments (Mohila Formation) and (B) open marine sediments (Saharonim Formation). 

Conclusions 

The detrital illites interbedded within lagoonal evaporite deposits of the Mohila Formation are Mg-
rich in dioctahedral sites. On the other hand, detrital illites interbedded within open marine Triassic 
carbonate sediments of the lower part of Saharonim Formation in the same area are more "regular 
illites", rich in aluminium in the dioctahedral sites. The enrichment of the former with magnesium 
is probably connected with their appearance in evaporite deposits and could be a result of lagoonal 
environment conditions, as well as by diagenetic or epigenetic changes within the evaporites. 
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20. COMPOSITION AND ENVIRONMENTAL SIGNIFICANCE OF GREEN CLAYS IN 
EOCENE AND OLIGOCENE MUDROCKS FROM THE ISLE OF WIGHT, 

HAMPSHIRE, U.K. 

J. M. Huggett* and A.S. Gale*@ 

* Department of Geology, Royal School of Mines, Imperial College, London, SW7 2BP, U.K. 

@ Department of Palaeontology, Natural History Museum, Cromwell Road, London SW7 5BD 

Introduction 
Green pelletal clays, commonly described as glauconite, occur in abundance in the Bracklesham 
Beds (Ypresian-Lutetian) and Barton Clay (Bartonian). Minor concentrations also occur in the 
London Clay Formation (Ypresian). The Hamstead Beds (Oligocene) contain beds of blue-green 
clay, the mineralogy of which has not previously been described. Faunal evidence indicates that 
the London Clay is marine to estuarine, the Bracklesham Beds and Barton Clay are estuarine to 
lagoonal and the Hamstead Beds are non-marine. 

Methodology 

Approximately 30 samples containing green clay were collected from Whitecliff Bay and the 
Hamstead Ledges on the Isle of Wight. Polished thin sections have been examined by optical and 
backscatter electron microscopy. Green granules were concentrated by magnetic separation and 
analysed by X-ray diffraction. The Oligocene clays were also examined by XRD but without 
magnetic separation. Several Oligocene claystones were examined by field emission SEM. 

Results and Discussion 

In the London Clay there is a background level of approximately 1% glaucony. Glaucony 
concentrations (< 5%) occur mostly in sandstone beds ana never exceed 35cm in thickness. The 
green granules are slightly evolved glaucony with typical K20 values of 3-6%. In the Bracklesham 
Beds and Barton Clay glaucony occurs in concentrations of up to 50% in beds several decimetres 
to metres thick. Some of the glaucony has precipitated in the cavities of microfossils which are 
diagnostic of a lagoonal environment. It is not otherwise possible to identify glaucony which has 
formed in situ, however it seems improbable that in beds where large quantities of glaucony 
granules are present that they have been transported from deep to shallow water. The glaucony 
is evolved to highly evolved glaucony with typical K20 values of 7-8.5%. The presence of maturer 
glaucony in the younger sediments indicates that composition is not controlled by diagenesis. The 
maturer glaucony in the younger sediments is believed to reflect slower rates of deposition, which 
would have permitted greater evolution of the granules. 
Concentrations of glaucony granules in the Bracklesham Beds and Barton Clay which form up to 
50% of the sediment, and which have at least partially formed in situ indicates that in the past 
glaucony has formed in shallow water. This is in contrast with the findings of Odin (1988) and 
others who suggest a minimum water depth of 30 m for glaucony formation. In Holocene shelf 
sediments glaucony is not found in abundance in water depths less than 100 m; in shallower 
sediments green granules are composed of verdine. 

Conclusion 

The distribution of glaucony in recent sediments is quite different to that in the Tertiary of the 
Hampshire Basin. Verdine appears to have displaced glaucony from shallow water sediments, 
recent glaucony distributions should not therefore be used as to estimate water depths for older 
sediments. The distinction between in situ and reworked glaucony is an important one, which 
frequently cannot be made with any confidence in either modern or ancient sediments. Glaucony 
maturity reflects the length of a period of slow deposition or non-deposition. 
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21. ISO VOLUMETRIC GEOCHEMICAL MASS-BALANCE CALCULATIONS ON 
SOME KAOLIN DEPOSITS OF SAXONY; GERMANY 

Jens H. Krumb 
Institute of Mineral Deposits Research, Technical University of Berlin, Sekr. BH4, Ernst Reuter 
Platz 1, 10587 Berlin, Germany 

Introduction 

One of the most important kaolin mining districts of Europe is located in the northern foreland of 
the Bohemian Massif in Saxony, East Germany. In this region a Cretaceous/Tertiary weathering 
crust produced kaolin deposits on igneous, volcanic and sedimentary parent rocks. 
A systematic investigation of the parent rocks and products has been carried out to reveal the 
geochemical evolution during the weathering process by using an isovolumetric method, first 
described by MILLOT & BONIFAS (1955). This method is based on the fact that elements are 
removed from or added to the weathering profile without change so that one volume unit of 
weathered rock is considered to have evolved from a more or less equivalent volume of fresh rock. 

Methodology 

The weathering profiles of four kaolin deposits developed on different parent rocks were sampled 
isovolumetrically. The parent rocks are a Proterozoic granodiorite, a Proterozoic greywacke, a 
Carboniferous-Permian rhyolithe porphyry and a Tertiary phonolite. The kaolin samples and some 
saprolite samples were taken by using a 100ml metal cylinder. The volume of the parent rocks and 
of the less weathered saprolites have been estimated by water displacement. Volume and dry 
weight data allow us to estimate the bulk density of the samples. The geochemical content was 
determined by wavelength X-ray fluorescence and mineralogy by X-ray diffractometry. 

Results and Discussion 

The weight-based concentration data were converted to volume-based concentrations. Dividing 
these data by the atomic weight of the elements shows the concentrations in the Si-unit amount 
of substance, per litre of bulk rock. Plotting the volume-based data vs. bulk density is useful for 
interpretation because the geochemical data can be portrayed empirically in a reaction progress 
diagram. 
The diagrams show the decrease of the major elements in a general summarised trend relative to 
waste of bulk density. The progress of the reaction in the different parent rocks is documented in 
the varied decreases of the various elements. 

Conclusions 

will be presented in 1995 
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22. MINERALOGY OF OCHRE SEDIMENTS FROM AN ACID MINE DRAINAGE 
IN CORNWALL, UK 

Balwant Singh, G.Merrington* and M.J.Wilson** 
Department of Soil Science, The University of Reading, Reading, UK 
•Department of Conservation Sciences, Bournemouth University, Poole, UK 
** Division of Soils, MLURl, Aberdeen, UK 

Introduction 

Acid mine drainage (AMD) is formed from the oxidation of sulphide bearing minerals 
(principally pyrite) by chemical and biological processes. A variety of iron minerals, e.g. 
ferrihydrite, jarosite, goethite, lepidocrocite (Filipek et al., 1987; Brady et al., 1986, 
Milnes et al., 1992), have been identified in the ochre sediments of AMD. Recently Bigham and 
co-workers discovered a new mineral schwertmannite in AMD samples (Bigham et al., 1990; 
Bigham et al., 1994). They pointed out that the occurrence of schwertmannite is considerably 
more widespread in the AMD sediments than was previously recognised. 
The iron minerals in AMD have variable surface area, reactivity and affinities for metals.The 
mineral phases in sediments may also control the dissolved Fe and many other metallic cations 
e.g. Al, Cu, Zn in soil solutions and stream waters. This study was therefore undertaken to 
determine the mineralogy of an AMD in Cornwall, UK. 

Materials and methods 

The ochreous sediments were collected from near a disused Pb-Zn mine at West Chivertonin 
Cornwall, UK. The main ore minerals were galena, sphalerite and chalcopyrite with quarz being 
the gangue mineral. Pyrite is also known to be present in minor amounts within the mineral 
body at the mine site. The ochreous sediments are deposited over an area of approximately 200 
m2 and this area lies approximately 100 m away from the abandoned mine site. The loose 
suspensions, soft deposits and associated water samples were collected in January, July and 
November of 1994. The pH, Eh and Fe2' iron of water samples were measured on the site. 
Solids were separated by gravity sedimentation, dialysed to remove excess salts and then 
freeze dried. Total sulphur and carbon were analysed by the combustion procedure using 
a Leco Model SC-444 instrument. The concentrations of various elements in sediments 
were measured by atomic absorption spectrometer in acid digested samples. The oxalate 
extractable Fe was determined after shaking the sample with 0.2M ammonium oxalate 
(pH = 3.0) for 4 hr in the dark. 
X-ray diffraction (XRD) of the mine drainage precipitates was undertaken using a 
micro-processor controlled Philip PW1710 diffractometer using a monochromatic CuKa 
radiation.Simultaneous differential thermal analysis (DTA), thermogravimetric analysis 
(TG) and derivative thermogravimetric analysis (DTG) were made on a Stanton Redoroft 
STA-780 by heating 20 mg samples at a rate of I 0°C per minute in flowing air. 
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Results and discussion 

Chemical composition of water and ochre sediments: The water samples had pH values 
between 2.6-5.4 and Eh values between 0.40-0.53 volts. The Fe2' contents in water 
samples ranged from 0.5 to 47.4 ug ml"1. Iron and sulphate were the major cation and 
anion respectively. However, the values for these elements were in the lower end of the 
range of values reported for similar water samples. The lower values of iron in waters 
may be an indication of the rapid precipitation of Fe through oxidation and hydrolysis 
reactions. 
The Fe/S mole ratios for ochre sediments ranged from 8.4 to 53.1 and these values are 
significantly lower than other reported values for such sediments (Bigham et al., 1990). 
The fresh sediments contained relatively higher amounts of S and have lower Fe/S mole 
ratios. Sulphur values decreased significantly after oxalate treatment to the samples. In 
contrast the total carbon and nitrogen contents increased markedly and the increase was 
quite significant for the samples containing higher amounts of oxalate extractable iron. 
The oxalate solution extracted 4 to 65% of the total Fe from the iron precipitates indicating the 
presence of variable amounts of short-range ordered iron minerals. 
X-ray diffraction: The XRD patterns of iron precipitates showed reflections due to 
goethite and in some cases quartz. Large variations were observed in the numbers and 
the sharpness of goethite peaks. Ferrihydrite was identified by differential X-ray diffraction 
(DXRD) patterns which were obtained by the difference between untreated and oxalate treated 
samples. The DXRD pattern also showed broad peaks at 6.4 and 3.3A which indicate the 
presence of lepidocrocite and probably schwertmannite in this sample. The two major 
diffraction peaks of schwerimannite at 3.39 and 2.55A coincide with the peaks from other iron 
minerals like ferrihydrite, lepidocrocite and goethite; and in the presence of these minerals it is 
not possible to positively identify schwertmannite by XRD when it is present in small amounts 
Thermal behaviour: The iron sediments lost between 17.9 and 23% weight when heated 
up to 5O0°C and maximum upto 26.3% for the samples heated up to 1000°C. The ferrihydrite 
rich samples lost significantly higher amounts of water (-10%) up to 160°C. The low 
dehydroxylation temperatures (240-260°C) may suggest a rather small particle size for 
goethites. The weight lost after the dehydroxylation of goethite i.e. above 300°C may be due 
the presence of organic compounds and the exothermic peaks became more prominent in 
samples after oxalate treatment. 

Colour, particle size and morphology: The samples containing poorly crystalline minerals 
and high amounts of SO.,2' generally were red to reddish yellow in colour compared to 
brown or yellowish brown colour for the samples containing goethite and lower amounts 
ofS04

2 '. 
The TEM observation for samples containing crystalline goethite exhibited a rod shaped 
morphology and the rod length was <0.1 um In samples containing poorly crystalline 
materials the crystals were spherical in shape and had the superficial appearance of fragments 
of fungal hyphi. 
Infrared spectroscopy: The goethite containing samples showed two broad OH stretching 
vibrations between 3500-3000 cm'1, one around 3400 cm'1 corresponds to adsorbed water 
and at 3180 cm"1 can be attributed to OH vibration in goethite structure. The adsorbed 
water band at 3400 cm'1 was more prominent in ferrihydrite rich sample. Both types of 
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samples have OH bending vibration at 1640 cm"1 which is once again due to the adsorbed 
water The presence of relatively large amounts of SO.,2" in the ferrihydrite rich sample 
was confirmed by three S04

2" stretch vibrations at 970, 1050 and 1125 cm'1. The IR 
spectroscopy of ferrihydrite rich sample showed that sulphate bands can be removed by 
phosphate treatment. This indicates that S04

2" is adsorbed on the surface. The X-ray 
photoelectron spectroscopy with ion beam itching for this sample shows that the S peak 
decreases and that of Fe increases in intensity as the surface is etched away. These results 
once again suggest the surface adsorption of S04

2 in the ferrihydrite rich sample. 

An intimate association between iron sediments and microbes is observed by TEM which 
is further supported by a very narrow range of C.N ratios (13 to 18) for oxalate treated 
samples. The results indicate that iron minerals may be precipitating on the surfaces of 
microbes. 

Conclusions 

Goethite is the major mineral of the ochre sediments at this site. Fresh sediments are 
dominated by ferrihydrite and poorly ordered goethite and these minerals contain high 
amounts of surface adsorbed S04

2". The iron oxides are probably crystallising on the 
surfaces of micro-organisms 

References 

Bigham, J.M., Carlson, L. and Murad, E. (1994). Schwertmannite, a new iron 
oxyhydroxysulphate from Pyasalmi, Finland, and other localities. Miner. Mag. 58, 641-648 

Bigham, J.M., Schwertmann, U., Carlson, L. and Murad, E. (1990). A poorly crystallized 
oxyhydroxysulphate of iron formed by bacterial oxidation of Fe(ll) in acid mine waters. 
Geochimica Cosmochim Acta 54, 2743-2758. 

Brady, K.S , Bigham, J.M., Jaynes, W.F and Logan, T.J. (1986). Influence of sulfate on 
Fe-oxide formation: comparisons with a stream receiving acid mine drainage. 
Clays Clay Miner.34, 266-274. 

Filipek, L.H., Nordstrom, D.K. and Ficklin, W.H. (1987). Interaction of acid mine drainage 
with waters and sediments of West Squaw Creek in West Shasta Mining District, California. 
Environ. Sci Technol. 21, 388-396. 

Milnes, A.R., Fitzpatrick, R.W., Self, P.G., Fordham, AW. and McClure, S.G. (1992). 
Natural iron precipitates in a mine retention pond near Jaibru, Northern Territory, Australia. 
In: Biomineralization processes of iron and manganese: modern and ancient environments 
(H.C.W. Skinner and RW. Fitzpatrick, eds.) Catena Supplement 21, Catena-Verlag, 
Cremlingen-Destedt, 233-261 

431c 



23.THE IMPORTANCE OF CLAY MINERALS TO THE GOLD MINING 
INDUSTRY OF THE EASTERN GOLDFIELDS OF WESTERN AUSTRALIA. 

F. Ivor Roberts 
Department of Mineral Exploration and Mining Geology 
Western Austalian School of Miines, PO Box 597 
Kalgoorlie Western Australia 6430 

Introduction 

The ubiquitous and most obvious visual feature of rock exposures in the Eastern Goldfields of 
Western Austalia is their weathered appearance. A "lateritic" weathering profile is typically 
present suggestive of a past wetter climatic period. The onset of the present drier climate has, 
in most cases, preserved the relic "lateritic" regolith. It is often only the upper sequence of 
weathering profiles in the Eastern Goldfields, with the development of a calcareous zone, that 
illustate a mineralogical characteristic indicative of an arid climate. Mineralogical investigations 
were carried out to determine the mineralogical transformations involved in the weathering of 
alteration zones associated with gold deposits. Hosted in the Archaean greenstone belts of the 
Eastern Goldfields, these gold deposits are important. 

Methodology 

Investigations have been carried out on weathered rock profiles from a number of gold 
deposits in the Eastern Goldfields. Samples analysed were obtained from contiguous 
series of samples. These series of samples, representing material, from fresh rock to 
completely weathered rock, were from the Golden Wile, Paddinton, Panglo, Kundana, 
Milanese and Hannans North gold deposits. 

The mineralogical composition of all samples was determined by x- ray diffraction methods. 
Both the clay fraction and the bulk samples were analysed using either a Siemens or Rigaku 
diffractometers. The Rietveld method was used to determine the quantitative composition 
of the bulk samples. Chemical analysis was caried out on selected samples. 

Results and Discussion 

Due to the intensity of weathering upon the near surface rocks, kaolinite is the dominant 
clay mineral and is prevalent at the surface despite the composition of the original rock type. 
It forms a blanket obliterating the underlying rocks. Below the kaolinitic zone, however in 
the moderately to slightly weathered zone other clay minerals are present that do reflect the 
parent minerals. It is this zone below the kaolinitic zone that can geologically be the most 



useful in indicating the original mineralogy. Chlorite is an abundant mineral within the 
metamorphosed mafic and ultramafic rocks of the area and its breakdown products include 
swelling-type clays, such as smectite and interstratified chlorite-smectite clay. Interstratified 
illite-montmorillonite and "degraded" illite are associated with sericite wall rock alteration. 
Sometimes halloysite is present associated with the weathered product of pyrite-rich ore. 
Within paleochannels and lakes of the area, kaolinite is dominant. Halloysite and smectite 
horizons, however, have been recorded. 

It is not uncommon in the Eastern Goldfields of Western Australia for rock weathering to 
be apparent to a depth of about 80 metres. As a consequence, geological mapping from 
surface exposures is difficult and geochemistry of near surface rocks may not reflect the 
composition of the underlying fresh rocks. Mineralogical analysis of the clay composition of 
near surface rocks has a potential for deciphering rock types and possibly even the recognition 
of weathered alteration haloes associated with gold deposits. Clay minerals exert a marked 
influence on the physical and chemical properties of weathered rocks; such as shrinking and 
swelling behaviour "stickiness", plasticity, and adsorption and desorption of elements. Their 
precise characterisation is therefore essential for understanding the properties of weathered 
rocks. Many wall failures are in part related to the development of swelling-type clays, 
particularly those developed from the weathering of chlorite-rich rocks. The use of jaw 
crushers, vibrating screens, autogenous mills and even conveyor belts are affected by swelling-
or "sticky"-type clays. Clays that are "Sticky", for example, w :" clog crushers and screens and 
reduce throughput. Slurries containing swelling-type clays cai. be extremely viscous, possibly 
thixotropic. Swelling-type clays effect the rheology of thickening tanks and have decreased the 
efficiency in leaching tanks at some of the gold mines of the Eastern Goldfields. 

Conclusion 

The main mineralogical transformation that takes place in the weathering profile, and which 
reflects changes in rock chemistry, is the development of clays. The type or species of clay 
is apparently dependent upon the mineralogical composition of the fresh rock. Increasing 
depth, which undoubtedly is correlated to decreasing infiltration of surface water, also 
governs the type of clay. The combination of depth and original mineralogy, as well as the 
past environment conditions, are thus the important factors controlling the development of 
clays in the Eastern Goldfields of Western Australia. 
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1.FACTORS AFFECTING WATER SOLUBLE K IN " HARRAN PLAIN 
SOILS WITH DIFFERENT CLAY CONTENTS 

Prof Dr.BekirFIRAT 
S.D. Universitesi Ziraat Fakultesi Isparta-TURKIYE 

Introduction 

Plants uptake ninety five per cent of their K needs in the form of water soluble K. Water soluble 
K in arid climate regions is only 0.002-2.6 per cent of the exchangeable K content (Pagel et al. 
1982). Dominated by an arid climate, "Harran Plain" is a part of the biggest irrigation project 
(GAP) in Turkey which is going to be irrigated in 1995. The main objective and aim of this 
research is to investigate the effects of wetting / drying or freezing / thawing at different 
temperatures on water soluble K contents of "Harran Plain" soil samples which were supplied 
withNH4orNH4+K. 

Methodology 

Materials - In this study, from 0-20 cm depth, seven top soil samples from seven different 
locations in Harran plain, rich in lime, slightly alkaline in reaction and having different clay 
contents, have been investigated. Six soil samples from red-brown soils are dominated by 
smectite while one sample from colluvial soil is dominated by illite (Topraksu Gn. Md. 1970 and 
Dine, et. al. 1986). 

Techniques - Several classical methods used in this study are given below with related 
literature: Soil reaction (pH) according to Than 1955, soil texture according to Bouyoucos 
1951, lime content according to Weismann et. al. 1960, organic matter according to Jackson 
1960, exchangeable K and cation exchange capacity according to Richards 1950, water soluble 
K according to Scmehl and Jackson 1957. 

Conduction of the Experiment - All tests were repeated twice. 10 g of air dried soil samples 
were weighed in plastic bags for freezing / thawing tests (lxl, 3x3, 6x6, 9x9) at -20°C 
and were also weighed in beakers for wetting / drying tests (lxl, 3x3, 6x6, 9x9) at 45 °C and / 
or 110°C degree. 25 ml of a solution of K2S04 as 6 me K/100 g, (NH,)2 S04 or NH4N03 as 
0, 2, 4, 6 me N/100 g were given to the soil samples as NH4 or NH4-K combination (0, 6+2, 
6+4, 6+6). 

Results and Discussion 

The effect of increasing the amount of NH4 or NH4-K combination in freezing / thawing and 
wetting / drying at different temperatures, treatments, clay contents of the soils and soils used 
on water soluble K were found to be significant at a 1 per cent confidence level. 
The Effect of Clay Content - Apart from Biiyiikduzluk and Gecittepe, which are the richest 
samples in exchangeable K, water soluble K increases with decreasing clay content in all 
treatments. This is in agreement with literature (Mengel and Aksoy 1971, Nemeth et. al. 1970). 
While freezing / thawing at -20°C is making first group (a), wetting / drying at 110°C makes 
last group. This might be related to the characteristics of the dominating clay mineral, smectite 
(Schachtschabel et. al. 1989). 
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The Effects of the Treatments - At different temperatures wetting/drying and freezing / thawing 
treatments increase the amount of water soluble K at a 1 per cent confidence level. While the 
amount of water soluble K. is forming first group (a) after three times of wetting/ drying (3x3) 
it forms first group (a) at all three treatments of freezing / thawing (1x1, 3x3, 6x6) in 
combination. This might be attributed to the chemistry of the clay. The dominating clay mineral 
seems to uptake 4x2.5 A thick of water in between silicate layers and release an equal amount 
of K at the first treatment. 

The Effect of K and NH4 - The effect of K application was represented by group (a) 
Applications of NH4NO, and (NH4)2S04 with increasing amounts were also grouped into (a). 
NH4N03 increases the amount of water soluble K more than (NH4)2S04 does. This can be 
attributed to specific sorption localities of clay minerals preferring S04

2" ions in order to balance 
the electrical charge. 

The Effects of Soil Samples and Treatments - Treatments form limited groupings in clay rich 
soil samples whereas they form large groupings in clay poor soil samples like Aslankuyusu and 
Buyukdiizluk. 

Conclusion 

With the help of a stable temperature of 30°-40°C and strong vegetation in the investigation 
area, an effective factor on the water consumption of plants and increasing amount of water 
soluble K stimulated by added NH4 consequently will increase yield. 

Table 1. The effects of wetting / drying and freezing / thawing at different temperatures on the 
amount of water soluble K (me/100 g) in the experimental soils with different clay contents. 

Soil Clay 
Samples Contents 

Gecittepc 
Biiyukdiizluk 

Aslankuyusu 
Camltdcrc 
Alunbasak 

Ta§uca 
Fakiilte 
LSD(%1) 

T r e a t m e n t s 
lxl 
3x3 
6x6 
9x9 
LSD(%1) 

19.4 

25.1 
32.5 
36.4 
40.6 
57.2 
57.5 

Wetting / drying 
at45°C 

Alone* 

0.727 c 
1.424 b 

1.684 a 
0.414 f 
0.634 d 

0.510 c 
0.136 g 
0.075 

0.739 b 
0.806 a 
0.828 a 
0.786 ab 
0.057 

Combination** 

1.646 c 

2.473 b 
2.882 a 
1.287 d 
1.258 d 
1.237 d 

0.623 e 
0.097 

1.615 ab 
1.658 a 
1.671 a 
1.576 b 
0.073 

Welting / drying 
a t l l O T 

Alone 

0.686 c 
1.036 b 
1.605 a 
0.297 e 
0.422 d 

0.473 d 
0.190 e 
0.118 

0.602 b 
0.691 a 
0.735 a 
0.663 ab 
0.089 

Combination 

1.496 c 
2.102 b 

2.795 a 
1.065e 
0.957 c 
1.259 d 
0.485 f 
0.156 

1.369 c 
1.498 ab 
1.548 a 
1.392 be 
0.118 

Freezing / thawing 
at -20°C 

Alone 

0.989 c 
1.443 b 
1.738 a 
0.490 e 
0.629 d 
0.614 de 
0.270 f 
0.129 

0.822 b 
0.939 a 
0.089 c 
0.827 b 
0.098 

Combination 

2.169 b 
1.942 c 

2.933 a 
1.467 d 
1.316d 
1.354 d 
0.834 c 
0.170 

1.725 a 
1.809 a 
1.755 a 
1.578 b 
0.128 

* Adding NH4 only 

** Adding 6mc/100 g K together wilh increasing amounts of NH4 
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2.APPLICATION OF TRANSMISSION X-jUY DIFFRACTION ON UNDISTURBED 
SOIL MICRO FABRICS OF NEOFORMED SECONDARY MINERALS, OBTAINED 
BY MICRODRILLING IN THIN-SECTIONS. 

Folkert van Port'. Laurence Denaix1 and Toine Jpnjg^ans2 

'Unit of Soil Science, INRA, Route de St -Cyr, 78026 Versailles Cedex, France; 2Dept. of Soil 
Science and Geology, Agricultural University, P.O. Box 37, 6700 AA Wageningen, The 
Netherlands 

Introduction 

Recently, a new technique was developed for the progression from optical microscopy to 
transmission electron microscopy in the study of soils (van Oort et a/., 1994). Re-embedding 
with a polyester resin of undisturbed, in situ neoformed clay rnicrofabrics, obtained by 
microdrilling on thin-sections and preparation of ultrathin sections by microtoming are the main 
steps of this technique. In this way, micromorphology, scanning-electron microscope - energy 
dispersive X-ray analysis (SEM-EDXRA), and transmission electron microscopy (TEM), 
combined with energy dispersive spectroscopy (EDS) can be performed on one unique soil 
sample of less than 50 ym in diameter, with a conserved microstructure. 
For the analysis of the mineralogical composition of small quantities of clays (0.1 mg) by step 
scan X-ray diffraction (SSXRD) with a proportional detector, Meunier and Velde (1982) 
recommended the use of rod-source ultrasonics in order to obtain a well dispersed clay 
suspension. Drying of the suspension is allowed for an increasing orientation of the clay 
particles on the glass slide. Rassineux et al. (1988) proposed the use of a linear localisation 
detector in order to reduce acquisition times, allow the study of clay amounts as small as 
0.00 lmg (compatible with soil material in subsamples obtained by microdrilling) and improve 
the quality of X-ray diagrams. 
In the present study, we apply transmission X-ray diffraction (TXRD) on undisturbed in situ 
microfabrics of neoformed secondary minerals, obtained by microdrilling in thin-sections. The 
aim is to test the usefulness of this technique for supplying complementary mineralogical 
information on the structure of soil constituents. 

Methodology 

Materials - The study was carried out on thin sections-from highly weathered volcanic 
andesite, sampled at Morne a Louis in Guadeloupe (F.W.I ). Local ferrallitic weathering 
conditions resulted in an isovolumetric transformation of most of the weatherable primary 
minerals. Feldspars are replaced by clay pseudomorphs containing mainly halloysite. Pyroxene 
has been transformed in clay-iron pseudomorphs in which part of the clay is likely composed 
of 2: 1 lattice clay as a result of hypogene alteration. The groundmass is build up of halloysite 
and gibbsite. Unweathered mineral constituents, such as cristobalite, tridymite and 
maghemite/magnetite represent less than 5%. 

Techniques - The preparation of thin-sections and the technical procedure for the isolation of 
undisturbed microsamples by micro drilling and the subsequent preparation of ultra thin 
sections for TEM study were described by van Oort et al. (1994). XRD was performed using 
a SIEMENS D5000 Transmission Diffractometer with a proportional linear detector. For XRD 
analysis, undisturbed micro samples were introduced in a 0.3 or 0.5 mm Lindemann capillary 
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which was sealed by heating. Runs were made choosing a constant angle between the surface 
of the microsample and the incident X-ray beam or using the rotation mode, in order to 
integrate all orientations 

Results and Discussion 

Transmission-XRD diagrams obtained on a microsample of the groundmass show well defined 
reflections of halloysite, gibbsite, cristobalite and magnetite Selected micro-fabrics sampled 
in clay pseudomorphs after pyroxene show reflections of 2: 1 lattice clay. Study of specific 
(hkl) reflections by varying the position of the microsample with respect to the incident X-ray 
beam allows determination of natural orientation patterns of neoformed soil minerals. 
Consequently, transmission XRD study can be performed along crystal growth axes, which 
reflect crystallographic lattices of former primary minerals or directions of intramineral cracks. 

intensity 

1800 Gi 
Groundmass saprolile andesitic pyroclast 

under ferrallitic weathering conditions 

Morne a Louis, Guadeloupe 

Conclusions 

Transmission XRD provides good quality diagrams of microsamples of undisturbed /// situ soil 
fabrics containing approximately 0.1 /zg of mineral material. The combination of TXRD and 
TEM on the same microsample allows detailed study of natural orientation of secondary soil 
constituents and gives an insight into the conditions of their formation. 
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3. EOLIAN CLAY MATERIAL IN SOILS AND SEDIMENTS. 

Georgy A. Krinary* and Ludmila S. Ilyina** 

*Chair of Mineralogy, Geological Faculty, Kazan State University ul. Lenina 4/5, 420111, 
Kazan, Tatarstans, Russia. 
**Faculty of Soil Science, Moscow State University, Lenin Hills, 119899, Moscow, Russia 

Introduction 

The role of eolian sedimentation is presently successfully studied in respect of lacustrine and 
marine bottom sediments. However, its role in soil formation is still frequently underestimated. 
In general, three types of clay materials may be subject to eolian transport and further 
transformation in soils. 

1. The fine lattice silicates themselves, transported by air. 
2. Clay minerals transported as part of more coarse heterogeneous particles. 
3. Clay minerals formed in soils or sediments from weathering of silicates deposited by eolian 

processes. 

The given studies were set to prove the presence of clay materials of the three above types as 
products of atmospheric deposition, to determine the mineral phase composition and to assess 
the distance of such transport and sources of allochtonous material. 

Materials 

The soil and sediments were sampled during the reconnaissance expeditions into the mountains 
of the Southern Urals (Ilmentskiy game reserve), and Central Sikhote-Alyne (Sikhote-Alynski 
biosphere reserve). The studied mountain soils and rocks from clearly defined watersheds 
formed of coarse rocky material without visible features of weathering, or bedding on quartzite 
monomineral strata. 

Methods 

The main method was the X-ray diffraction. Both traditional methods and a method for 
recording the intensity distribution along definite crystallographic directions by using a classical 
0,20 powder goniometer were used. These methods enabled us to establish the differences in 
real structure of mica and chlorites (their polytypes). The latter is essential for the identification 
of clay sources. Besides, the microscopic studies proved the allochtonic character of the silt 
fraction for wide a range of soils. 

439 



Results and discussion 

Our studies have shown that the soils and sediments of all the three mentioned types of clay 
materials are eolian in their origin The first is represented mainly by mica: the dioctahedral 
2M, muscovite, trioctahedral biotite or phlogopite of any and different rate of vermiculitization 
The eolian transport of talcum was proved which raises reasonable doubt in respect of the 
common notion concerning its intrasoil genesis. It would be evidently necessary to reconsider 
the understanding of its autogenic nature in sediments. 
The clays of the second type are represented by chlorite and dioctahedral mica. The latter is 
the product of feldspar sericitization. It clearly differs in structural image from the mica of the 
first type. 

The third type includes primarily kaolinite, the product of kaolinitization of feldspars. Direct 
eolian deposition of kaolinite is admitted, though not experimentally proved. A big role in this 
group belongs also to smectites - the products of negative transformation of biotite-vermiculite. 

Conclusions 

At least three practically important conclusions may be formulated as a result of these studies. 

1. The rate of eolian deposition of clay material and its retention by plants in the mountains 
greatly exceeds its formation due to hypergenic factors. The further transformation of this 
material is subject to influence of the factors of soil formation. 

2. The eolian transport of unstable and weatherable minerals, first of all, biotite, may explain 
in certain cases its presence in fine fractions of many sedimentary rocks. It is especially 
important for the oil industry. It was shown before by one of the authors for the development 
of strata containing trioctahedral mica, that the latter rapidly transforms into swelling phases 
which leads to rapid decrease of collectors penetrability. 

3. The eolian transport of lattice silicates and their accumulation in soils, primarily of 
vermiculite-biotite, which have high retention capacity of heavy metals and radioactive 
pollutants, should be taken into account for pollution modeling 
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4. THE INFLUENCE OF FLY ASH ADDITION ON THE PROPERTIES OF A MUD 

E.T. Stepkowska*. C. Maqueda**, A. Pozzuoli*** 
* Institute of Hydroengineering PAS, ul Koscierska 7, 80-953 Gdansk, POLAND 
** Instituto de Recursos Naturales, CSIC, Ap. 1052, 41080 Sevilla, SPAIN 
*** Department of Geophysics and Volcanology, Largo S. Marcellino 10, ITALY 

Introduction 

The best improvement in properties of a local mud, used for the reconstruction of earth 
embankments, was obtained by the addition of tly ash and phosphogypsum [1], i e., increase 
in strength, no swelling, no shrinkage This was due primarily to limited aggregation and 
formation of zeolite-like phase and carbonates. The most suitable quantity of fly ash in the 
mixture was further studied (see below) 

Methodology 

The mud used in this study was described in a previous publication [1], Wn = 64%. Fly ash (E) 
from the local power plant in Elblag wlis added (2-10%) and some geotechnical properties of 
the resulting mixtures were studied as well as the drying rate, MD and the microstructure by 
SEM. The properties measured were: (1) strength, t^from the penetration depth of a fall cone, 
(2) drying rate -AG'At at 30°C and the shrinkage limit from the final dimensions of drying 
cubes, (3) free swelling, shrinkage in drying and secondary swelling in a Wasiliew apparatus, 
(4) disintegration in tap water. 

Results and Discussion 
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Fig 1: The influence of the amount of fly ash on strength t f (a), drying rate -AG/At (b), 
shrinkage limit Ws (c) and swelling (d) of the mud - fly ash mixture [2] 

The optimum geotechnical properties were found at 6% addition of fly ash and were attributed 
to the suitable aggregation and formation of some contact bonds (carbonates and zeolites were 
indicated previously [1] by the correlation between thermal weight loss and strength). At a 
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lower content of fly ash (2--l°o) the aggregation was too limited and the internal strength of 
aggregates was not high enough At higher content (8-10%) the aggregation was too high, the 
internal strength of aggregates was pronounced, but at the high water content large pores 
developed between them and the system could deform more easily (Fig 2) This was also 
observed on the addition of lime, cement and silicates [1] The interpretation is confirmed by 
the variation in drying rate, which depends on the aggregation state attraction between 
interacting bodies increases with their size expelling water from the pores between them A 
gradual initial increase in drying rate, indicating aggregation, was observed, especially in the 
6% mixture and it took place up to 1 day (Fig 1) Thereafter intra-aggregate water escaped 
and the rate of this escape for big aggregates was hindered by the small intra-aggregate water 
peimeability Alter 1 clay the drying rate of mixtures with 6% and 8% fly ash was lower than 
that of the other ones, just opposite as at shorter drying time 
Neither of the samples under study disintegrated in water, but the untreated material and the 
2% and 8% mixtures cracked after 1 day, 9 days and 1 day respectively. 
Similarly, as it was interpreted from the drying rate, the SEM pictures (Fig 2) show aggregate 
formation after addition of 6% fly ash and an increase in their compactness after addition of 
8% fly ash. There is a possibility of forming a zeolite-like phase. 

Conclusion 

It is recommended that the local mud with an addition of 6% fly ash is used for the reconstruction 
of earth embankments 
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5. TIME DEPENDENT WEATHERING AND FORMATION OF SOIL FABRIC 
FROM VOLCANOCLASTICS IN A SEMI-ARID CLIMATE 

R. Jahn, M. Zarei and K. Stahr 
Institute of Soil Science (310), University of Hohenheim, 70593 Stuttgart, Germany 

Introduction 

Site qualities are, in general, very complex qualities which have to be qualified from observable 
and measurable site characteristics. As far as many site characteristics are the result of 
pedogenesis, the development of these qualities is also closely related to the time dependent 
development of soils. In order to give figures about the long time behavior of soils, it is the 
objective of this paper to connect statements about rock weathering with the formation of 
secondary minerals as well as with the formation of soil fabric on a time scale. 
The island of Lanzarote (800 km', 29°N) is built up of eruptive rocks, originated from six 
different eruptive phases, thus offering a unique opportunity to study soils in different 
landscapes of different age (Chronosequence). The age of the six basaltic series ranges from 
miocene and pliocene (series I) via pleistocene age (series II, III) to the subrecent (series IVA) 
and historic eruptions, about 260 years ago (IVB). The geochemistry of the rocks is basic to 
ultrabasic wit!) minor variations (FUSTKR et al., 1968). The climate of the Island is characterized 
by an average annual precipitation of about 140 mm and an annual mean temperature of about 
16 to 20°C. The prevailing moisture regimes according to Soil Taxonomy are ustic tending to 
aridic at low elevations and xeric at higher elevations. The corresponding temperature regimes 
are hyperthermic and thermic. Due to the atlantic position the palaeoclimatic conditions are 
assumed to be relatively stable, at least since the upper pleistocene. Older soils (II and older) 
are usually of polygenetic origin and are therefore less suitable to include them in this study. 

Material and methods 

The analyzed profiles were selected from the data collected after mapping of two areas in each 
of the different landscapes of Lanzarote. As main criterion for selection, the maximum stage 
of soil development within every landscape was used. For physical and chemical analyses the 
methods of SCHLICHTINt; & Bl.UMF. (1966), for mineralogical analyses XRD, DTA, SEM and 
TEM and for studying soil fabric a polarization microscope were used. For further informations 
and specific data compare JAHN (1988) and ZAREI (1989). 

Results and discussion 

The weathering of the basaltic volcanoclastics results in IVA-Soils in a recognizable loss of Ca, 
Mg and Na which increases remarkably by amounts till the soils IN (Tab. 1) but decreases by 
annually rates (original amounts are calculated based on (x)element/AI ratios of the parent 
material and Al-amount in the whole soil). The loss of Si is only detectable in the stage between 
IVA and III. In IVB-Soils some losses are due to deep-functions but are usually lower than 
variations in the parent materials. However, the formation of secondary substances (clay 
minerals and oxides) can be clearly observed. As far as the soils of Lanzarote are under 
influence of saharan dust, it is necessary to distinguish allochthonous and autochthonous 
material. This has been done by using quartz as a marker mineral (JAHN, 1995). The accretion 
of saharan dust shows decreasing rates with soil age as the soils loss their original high 
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porosity The formation of soil material starts with high forming rates of noncrystalline 
Fe-oxides (Fe„) showing later on an increase in crystallinity (FeoJ) The highest formation 
rates of clay can be found in the andic stage of soil formation. Qualitative changes in clay 
formation results in the formation of preferential smectite in the first stage, of short range 
ordered silicates (allophane) and Fe-oxides in the second stage and again smectite formation 
as well as illitisation of smectite in the third stage (JAHN et al., 1992). The ilhte in soils of 
landscape 111 is partly related to the aeolian input, but must be partly of smectitic origin as the 
K-uptake (from sea spray), between stage IV, and 111, shows (Tab 1) In contradiction, 
kaolinite can be completely recalculated to the dust import The loss of primary Ca as well as 
the import of calcite results in the formation of calcic horizons (JAHN & STAHR, 1994), 
mostly in ui eater depth as in Tab 1 shown 
All the changes described above result in remarkable changes of the soil fabric as can be 
observed by micromorphological studies. The IVA-soils are single grained, only slightly 
cemented where secondary carbonates are enriched. The primary minerals are unweathered 
with only the vitric material showing the first signs of alteration. In IV„-Soils phenocrystalhne 
minerals" are still unweathered, whereas fine material and also bigger viticnc material show 
alteration resulting in the formation of a soil plasma. Formation of oxides and hydroxides, 
hisingerite, allophane, saponite and zeolites can be observed in these soils. The soils of series 
III show that in the most weathered horizons a more or less complete alteration of the primary 
minerals took place and that a soil plasma of secondary minerals forms peds which show 
clayscins on their surfaces. Zeolites can also be observed in deeper horizons (ZARE1 et al., 
1990) 

Tab 1 Quantitative and qualitative figures of weathering for three stages of soil formation 

Soil Eutric Regosol IVB-101 Mollic Andosol IVA-605 Luvic Calcisol 111-510 
Climate 150-200 mm P., 18°C 150-200 mm P., 16°C 100-150 mm P., 17°C 
Depth/Mass 0-10 dm /1000 kg/in2 0-10 dm /1007 kg/m2 0-10 dm / 973 kg/m2 

Age of landscape 260 years "6,000 years »40,000 years 
Losses and gains of elements through weathering 
Si not detectable not detectable -22 kg/m2 (-10%oforig.) 
Casii " -10 kg/m2 (-16% of ong.) -16kg/m2 (-34% of orig.) 
Mg " -5 kg/m2 (-8% of orig.) -19 kg/m2 (-30 % of orig.) 
Na " -4 kg/m2 (-17% of orig.) -9 kg/m2 (49 % of orig.) 
K -0.1 kg/m2 (-1% of orig,) +3.6 kg/m2 (+36% of ong.) 
Formation and gains of secondary substances 
Fe„ 0.25 kg/m2 (0.35% ofF^) 3.6 kg/m2 (4.5% of Fq) 5.3 kg/m2 (&3%ofFq) 
Fed 0.15 kg/m2 (0.21% of FQ) 7.8 kg/m2 (9.7 % of FeJ 8.9 kg/m2 (14% of FaJ 
Mnd 0.003 kg/m2 (0.28 % of MrO 0.21 kg/m2 (17 % of M>) 0.35 kg/m2 (37 % of M\) 
Aeolian clay 0.9 kg/m2 12 kg/m2 45 kg/m2 

Clay from weathering 0.5 kg/m2 23 kg/m2 128 kg/m2 

Carbonates 1.5 kg/m2 1.3 kg/m2 135 kg/m2 

additional carbonates in deeper horizons 
Composition smectite(56), vitric mat (27), shortia^OKlered silicates (30), flfifc(50), smedife(34), 
of clay illte (7), kaoGnhc+hafloysite(<5) Feoxides (30), smectite(17), kaolinite+halbysite(9), 

kaoHnite + halloysite(14), ilfte(6) Pe-oxides (5) 
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Summary 

The loss and gains of elements through weathering of basaltic volcanoclastics and the fonnation 
of secondary substances is shown with the example of a chronosequence of Regosol, Andosol and 
Calcisol from Lanzarote (Canary Islands) with quantitative and qualitative figures. The different 
stages show time dependent changes in weathering rates. The formation of the soil fabric is 
described by micromorphological studies. 
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6.RARE EARTH ELEMENTS IN THE FtNE FRACTION OF A GRANITIC ROCK 
WEATHERING PROFILE* 

M. Angela Gouveia and M. Isabel Prudencio 
Departamento de Quimica, ICEN-INETI, 2685 Sacavem, Portugal 

Introduction 

The distribution of trace elements within a weathering profile depends on several factors, such 
as the ability of the secondary minerals to accommodate the elements released from the original 
minerals 
In this work chemical and mineralogical results obtained for a weathering profile of granitic 
rocks located near Evora (Alentejo, Portugal) are presented. The rare earth elements (REE) 
distribution was studied together with the mineralogical compositions for the whole samples 
and the respective fractions < 2/jm. The prevailing climatic characteristics of this region are: 
700 mm annual rainfall; dry summers; and the mean annual temperature is 16°C. 

Methodology 

Nine samples were analysed referring to three main zones of the weathering profile: (1) an 
initial stage of weathering at the bottom with the formation of yellowish weathering rinds 
(samples 1-3); (2) in the middle, the granite still preserves the granitic fabric, but is completely 
transformed into a crumbled-by-hand arena - saprolite (samples 4-7); and (3) the soil, with the 
presence of plants and roots that can be divided into two levels, one dark brown (sample 8), 
making the transition to a superficial horizon that may contain allochthonous material (sample 
9). 
The methods used included random and oriented mounted (for the fraction < 2/̂ m) X-ray 
diffraction (XRD) and instrumental neutron activation analysis. Chemical analyses were made 
for the whole samples and the fraction < 2/vm of samples 4-9. 

Results and Discussion 

The granite has a fine to medium grained hypidiomorfic granular texture with some mafic 
concentrations. The mineralogical constituents are quartz, plagioclase, K-feldspar and biotite. 
Biotite enclose many accessory minerals, mainly apatite, zircon and Fe and/or Ti oxides. 
Chloritization of biotite and sericitization of feldspars are frequently observed. With increasing 
weathering, there is a decrease of plagioclase and biotite and an increase of quartz, K-feldspar 
and clay minerals, as expected. Chlorite appears to decrease with the transformation of the 
granite into arena and is 
concentrated near the surface. 
In the < 2/vm fraction, there is a relative decrease of kaolinite and chlorite from the lower 
saprolite to the soil, together with an increase of mica and mica-chlorite (10-14C)- Vermiculite 
and gibbsite only occur in the soil and smectite was detected in sample PZ-7. Maghemite is 
present in this fraction at all levels and goethite was only detected in the bottom and middle of 
the profile. 
The REE distribution pattern of the fresh rock is typical of the S-type granites, with the ratio 
(La/Yb)th =6.8 and a small Eu anomaly (Eu/Eu* = 0.80). There is a general decrease of the 
REE in the whole samples in the middle and top of the saprolite and an increase in the lower 
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saprolite, especially Nd, Sm, Eu and Tb. The heavy REE (HREE) decrease, especially in the 
middle and top of the profile (HREE form stable soluble complexes and are removed from the 
profile). 

The REE distribution in the fine fractions relative to the respective whole samples (Fig. 1) 
suggest: (1) in general the REE are enriched in the fraction < 2pm; (2) REE are concentrated 
in the lower part of the arena (sample 4), especially the HREE, and (3) there are positive Ce 
anomalies (residual character due to partial oxidation) and a positive Eu anomaly, except in 
the superficial level 

-a-L -m-s _o-6 --#--7 --A--8 - * - 9 

*T 1 1 1 1 1 1 1 1 1 1 1 1 1 r 
La Ce Nd Sm Eu Tb Yb Lu 

Fig. 1. REE distribution in the fraction < 2^m relative to the respective whole samples. 

The REE mobility and fractionation in the weathering profile studied is obvious. In general 
there is fixation of the REE (specially the HREE) in the lower part of the arena, which can 
be explained by the easy percolation of the solutions through the upper levels until founding 
the contact with the compact granite. This situation of saturation leads to an increase in the 
pH creating conditions for the fixation of the ions by exchange and adsorption onto the 
secondary clay minerals or the precipitation of complexes. The existence of Ce anomalies only 
in the finer fractions indicates that temperate climatic conditions seem not to be enough to 
produce positive Ce anomalies in the whole samples as it is often found in tropical zones. 
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7.CLAY MINERALOGY AND IRON STATE IN SOILS OF THE GILGAI RELIEF 
COMPLEX 

A Alekseev. T. Alekseeva 
Institute of Soils Science & Photosynthesis, Russian Academy of Sciences, Pushchino, Moscow 
region, RUSSIA, 142292 

Introduction 

The investigation of clay mineralogy and the state of Fe- compounds of gilgaied soils of the 
Northern Caucasus (Stavropol region) as an example of geochemically linked sites were 
undertaken. 

Methodology 

The gilgai microrelief under investigation includes depressions and elevations of about 3 m in 
diameter with a relative elevation of about 40 cm. Soils are developed from eluvium-deluvium 
of Pg-N marine deposits. Soils which occupy a depression, a slope and an elevation were 
examined by a number of analytical methods : XRD, Mossbauer spectroscopy, magnetic 
susceptibility meter, chemical dissolution. 

Results and Discussion 

The clay fraction of the Pg-N marine deposits is dominated by high charged beidellite. The 
specific feature of the X-ray patterns is an asymmetric double reflection in a d-spacing range 
of 14-15 A. It is proposed that two swelling phases with and without some mixed layering are 
present. The clay fraction also includes mica, kaolinite and a minor quantity of chlorite. The 
formation of clay mineralogy of soils under investigation is the combined action of the 
transformations of mineral matter and the movement of material in the course of gilgai 
development. The profile distribution of clay minerals are present in the figure. Soil formation 
resulted in smectites and chlorites degradation, and the transformation of smectites to random 
interstratified mica-smectite. As a consequence, a decrease of the smectites content and an 
increase of the mica content in upper part of profiles take place. The intensity of these 
processes is mainly determined by the soil position in the microrelief each of which is 
characterized by specific pH-Eh-conditions. The processes of mineral transformation described 
above are at a maximum in the depression with pH=5 and Eh=580 mV in the upper part of the 
profile in comparison with the parent material (pH=8.5 and Eh=500 mV). The content of 
smectite and mica in soil profile on the elevation, where the upper part is characterized by 
pH=7.2 and Eh=480 mV, remains more or less stable. Moreover the soil clay fraction contains 
unstable minerals in the soil environment such as chlorites. But it seems to be incorrect to try 
to explain the peculiarities of mineralogical composition only as a result of mineral 
transformations of various intensities. Morphologically a soil from a slope is a zone of 
slikensides and a soil from an elevation can be distributed for horizons very approximately as 
the soil material is mixed and pressed out. This feature helps us to explain some profile 
heterogeneity in mineral distribution. 
No correlations between bulk Fe content and Fe(„)/Fe(d) from one side and peculiarities of Fe 
state connected with position in relief from others have been obtained. But we can observe the 
increasing of pyrophosphate - extractable, mobile and aqua soluble forms of Fe from the upper 
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to the lower part of the microrelief. 
The Mossbauer spectra of clay fractions were taken at room temperature . The main part of 
Fe in the clay fraction exists in the form of Fe3' (up to 70%) in octahedrons of layer silicates. 
The absence of a sextet of lines on the spectra suggests the presence of highly dispersed 
hydroxides in a super paramagnetic state , since the Fe(d) content is 1.2% . The Fe27(Fe2+ + 
Fe3") ratio in the clay fraction is 10.2±1% for soil from an elevation, 8.6±2% for soil from a 
slope and 8.3±1.5% for soil from a depression. The intensity of the weathering increases from 
elevations to depressions due to seasonal variations of Eh 
By means of thermomagnetic analysis of clay fractions a lepidocrocite was determined 
(Vodianitskiy,1992). The highest concentration of this mineral (0 25% from the total mass of 
the sample) takes place in the upper part of the soil from a depression, where topographic 
factors favor a high water supply together with low evaporation and slow water movements 
which cause seasonal reductomorphic conditions. 

Conclusions 

XRD of gilgaied soils show considerable dominance by beidellite. Soils from the elevation and 
slope are characterized by uniformity in the mineralogical composition of the clay fraction. 
Visible transformations of mineral matter take place in a microdepression. The seasonal 
reductomorphic conditions result in lepidocrocite formation in a microdepression. Obtained 
data are somewhat contradictory to results for soils of geochemically linked sites of macroscale 
for which the regressive-eluvial distribution of smectites is a specific feature of the eluvial 
landscape. 

•ievation ibpe rtyrwMun 

Kool.+Chl. f H H Mica [ ] ] Smectite 
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8. COMPOSITION OF AGGREGATES OF GILGAIED VERTISOLS: RESULTS 
OF SELECTIVE DISSOLUTIONS 

T.Alekseeva, A.Alekseev 
Institute of Soil Sci.& Photosynthesis Russian Academy of Science, Pushchino Moscow region, 
Russia 142292 

Introduction 

The soil structure is reflected in the heterogeneous distribution of mineral ( crystalline and 
amorphous) and organic compounds. The correlation between yields of clay aggregated by 
different agents and the nature of the later are determined by the parent material and soil type. 
The aim of the present study is the investigation of aggregates of gilgaied soils from the 
Stavropol region (Russia) 

Methodology 

The soils under investigation are developed from beidellite-rich eluvium-deluvium of Pg-N 
marine deposits The study included obtaining the physical, chemical and mineralogical 
characteristics of soil profiles which occupy a depression, a slope and an elevation The 
aggregative role of the compounds and their nature has been examined by the dispersion of 
samples after the removing of the former Five soil horizons with bright morphological 
characteristics were chosen. The following aggregate disruptions were carried out multiply in 
the sequence: 1) H20 (pH 5.5); 2) 0.1 N NaCl (pH 7); 3) 0.002 % Na2C03 (pH 8.7); 4) 0.1 N 
NaOH ( pH 11.5); 5) acid-oxalate (Tamm's reagent, pH 3.2); 6) 0.1 N NaOH ( pH 11.5). In 
the course of the experiment the content of Fe,Al and Si has been determined in supernatants. 
After each treatment the <2 /um fraction was separated by sedimentation and weighed. To 
investigate the role of clay mineralogy in the maintenance of soil structure, the mineralogy of 
clay categories has been examined by XRD, Mossbauer and IR spectroscopies and magnetic 
measurements. 

Results and Discussion 

The complete disaggregation of all samples has been achieved during the experiment. The 
structure of the clay deposits (sample N 2) is formed mainly by the influence of exchangeable 
polyvalent cations. The visible quantity of water-dispersible clay seems to be a consequence of 
the essential content of exchangeable Na and water soluble salts. 
The sample from the microdepression ( N 1) has two additional maxima of dispersion after 
removing the organic matter and acid-oxalate soluble compounds of Fe (FeO). It is proposed 
that complexes of Fe and Al with organic matter ( pyrophosphate soluble Fep and Alp and 
NaOH soluble Al) play a certain role here. The sample N 4 is a diagnostic horizon for vertisols 
from a microslope with maximum development of slikensides. The vigorous water dispersion 
(43 %) of the sample is a consequence of the predominance of exchangeable Na. This material 
can be regarded as a nonaggregated one resulting from movements connected with the gilgai 
development. The sample from the elevation (N 5) is characterized by the greatest structure 
stability. The absence of water dispersion is due to the presence of carbonates in the upper part 
of the profile. The vigorous dispersion after the acid- oxalate treatment ( 34%) is rather 
unexpected. The Feu content of for this sample is the smallest, at the same time the Al() 
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content is twice higher than for other samples. It is proposed that Al, associated with humus 
or allophane with adsorbed organic matter is extracted. As a consequence, effective dispersion 
takes place at pHs higher than 10 and lower than 4. The organic matter resistant and difficult 
to destroy. 

Conclusions 

The complicated processes of gilgaied vertisols formation are reflected in peculiarities of their 
aggregation. A visible redistribution of Fe-compounds in the microrelief takes place. As a 
result, Fe(> F«jp and A1P take part in the aggregation of materials from a depression. Al-compounds 
are more important in promoting the aggregation than Fe-compounds. Two main sources of Al 
exist and both processes seem to take place; the weathering of aluminosilicates and the 
amorphisation due to mechanical grinding of minerals which are connected with the gilgai 
development. 

depth,cm 
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9.SMECTITE-RICH HALLOYSITE-SMECTITE (H-Sm) MIXED-LAYERED 
CLAYS IN A VOLCANIC ASH SOIL 

Juan P1NEROS - GARCET'". Folkert VAN OORT'2' and Bruno DELVAUX11' 
" ' UCL, Unite des Sciences du Sol, Place Croix du Sud, 2/10, 
1348 Louvain-la-Neuve, Belgium. 
iZ) INRA, Unite des Sciences du Sol, Route de St. Cyr, 78026 Versailles, France. 

Introduction 

Reported occurrences of 1:1/2:1 mixed-layered clays suggest that such minerals are not 
uncommon in soils. Their composition shows however a narrow range in smectite content, 
generally less than 30%. 
This paper illustrates that the occurrence of smectite-rich H-Sm mixed-layered clays can be 
related to climate conditions in a toposequence of volcanic ash soils. 

Materials and methods 

The three selected soils (PI, P2, P3) are developing from andesitic pyroclasts under tropical 
conditions in the French West Indies (Guadeloupe). Some of their environmental and 
physico-chemical characteristics are illustrated below. 

Pi P2 P3 

Altitude (m) 

Annual rainfall (mm) 

Water content at FC (%) 

% C (A horizon) 

*FedcryFetotal 

*Total Reserve in Bases (TRB) 
(cmol(+)/kg soil) 

* in the major weathered horizon 

Clay fractions are extracted from both major surface and deeper weathered horizons, using the 
Na-resin dispersion methodology. The characterization of the clay materials involves X-ray 
diffraction, total analysis and CEC measurements. 

Results and rfiscussiuis 

In the studied toposequence, the decrease in annual rainfall and the correlative increase in the 
duration of the dry season result in: 

670 
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0.24 

364 

350 

2500 

33-48 

1.5 

0.22 

348 
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1700 

27-36 

1.5 

0.52 

147 
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- a gradual loss of andic properties (decrease in allophane content), 
- an increase in clay content in the weathered horizons (from 24 to 49%), 
- a decrease in the Total Reserve in Bases, reflecting the content in weatherable minerals, 

- an increase in the base saturation of the exchange complex.The pedon PI is a perudic 
Andisol. The exchange complex is dominated by organic matter and allophane. X-ray diffraction 
patterns point to the presence of kaolinite and 2:1:1 clay minerals inherited from the parent 
material. 
Hydrated halloysite dominates the clay fraction in the pedons P2 and P3, classified as Eutropepts. 
X-ray diffraction data show that the hydrated 1:1 layer silicates in these clays combine with 
smectite to form interstratified H/Sm minerals, as illustrated below by the following X-ray 
features: 

p 2 

(distances 

9,9 

10.6-11.2 

10.3-10.8 

7.3-7.5 

10-12 
(weak band) 

in A) 
P3 

10.0 

11-12 + 

10.4-10.7 + 

7.2 + 8.3-9.3 

10-12 

17.3 

15-16 

+ 9.9 

Mg, air dried 

Mg, EG 

K, EG 

K300°C 

K550°C 

These observations suggest that smectite contents in the H-Sm interstratified minerals are 
higher in P3 clays than in P2 clays: 

- the 10 A reflection shifts towards higher values after EG saturation of the Mg clays in Ire 
P3 pedon, 

- the combined reflections do„, (H)/dooi (Sm) of the dehydrated clays (300°C) 
show higher values in the P3 pedon, 

- the CEC of the clay fraction is higher in the P3 pedon. 

Estimated smectite contents (Cradwick and Wilson, 1972) in the H-Sm mixed-layered clay 
minerals range between 15-20% in the P2 clays and 30-80% in the P3 clays. 
A higher smectite content has to be related to a formation environment richer in silica and 
bases. On a similar parent material, such conditions are favoured by drier climatic conditions. 

Conclusions 

In the studied "climotoposequence", the smectite content in the H-Sm clay minerals increases 
with decreasing rainfall, and reaches values as high as ± 80%. 
The formation of such smectite-rich interstratified minerals is favoured in silica/base rich 
environments. 
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10. COARSE FRAGMENT MICAS IN RED SOILS FROM SOUTHERN SPAIN 

J.M. Martin Garcia ', G. Delgado2, J.F. Parraga2, R. Delgado2 

'Departamento de Geología. Campus de la Universidad de Jaén. 23071. Jaén. 
2Departamento de Edafologia y Química Agrícola. Facultad de Farmacia Campus 
Universitario de Cartuja. Universidad de Granada. 18071. Granada. SPAIN. 

Introduction 

The composition and structure of micas in soils, particularly of micas in coarse fragments, have 
rarely been studied Coarse fragments of soils -the link between the parent material and the soil-
provide information on soil properties and pedogenesis [1,2] Haploxeralfs (Red soils) are 
common in southern Spain and are often characterized by a complex pedogenesis with marked 
effects on coarse fragments [3]. We have studied the micas in coarse fragments of red soils in 
southern Spain. 

Material and methods 

The soil we analyzed was an "Ultic Haploxeralf, coarse-loamy over loamy skeletal, micaceous, 
mesic" and was collected in the Sierra Nevada Mountains, province of Granada, Spain [4]. 
Some notable characteristics of this soil are: coordinates 30SVG645117 (UTM); altitude 1410 
m; slope 23 %; parent material, metamorphic rock slope deposits derived from mica-schists and 
quartzites; vegetation former cropland; climatic regimes xeric and mesic. Mineralogical analyses 
yielded (XRD), [4], (mean values), fine earth: phyllosilicates (mainly mica) 62%, tectosilicates 
(mainly quartz) 32%, goethite + hematite 6%; coarse fragments: phyllosilicates (mainly mica) 
41%, tectosilicates (mainly quartz) 56%, goethite + hematite 3%. Other soil characteristics are 
shown in Table 1. From the coarse fragments ( > 2 mm) we obtained the largest particles ( > 
8 mm) by sieving and washing in water. The elemental composition of the micas was studied 
by electron microprobe analysis (Camebax SX-50 WDS), and the structural formulas were 
calculated on the basis of an O,0(OH), anionic composition for a unit layer. A total of 97 micas 
were analyzed. 

Results 

Of the micas studied, 57 were K-micas, and 40 were Na-micas. We used the empirical ratio 
Na/(Na+K) < 0.15 to distinguish between these two types [5]. The micas were dioctahedral; 
K-micas had less A1IV than muscovites (Table 2). A small octahedral charge was seen, as were 
A1N1, Fevl, Mgvl, and smaller amounts of Ti". The layer charge was smaller than in muscovites, 
with R"" < 1. These minerals were low-charge (approaching 0.7) illites [6], a finding that 
suggests the initiation of pedochemical development in the coarse fragments. The micas we 
studied were from K-micas that were intermediate in formula between muscovite and phengite, 
according to the diagram published by Wiewiora [7]. In the soil profile, mica in the Bt horizon 
was more developed, and contained more MgVI, less A11V, a lower layer charge, and fewer R"". 
This mica was considered a low-charge illite most closely resembling phengite . 

Conclusions 

1) Micas from coarse fragments of Spanish red soils are illites from mineral species intermediate 
between muscovite and phengite. 
2) These micas are pedochemically developed, having lost interlayer charge and cations. The 
most developed samples (from the Bt horizon) had larger Mgvl values. 
3) Coarse fragments participate in pedogenetic processes, and should be considered in studies 
of processes of mineral weathering in soils. 
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Table 1. General and analytical characteristics of Haploxeralf. 
Hor. 

Ap 

AB 

Bt 

CI 

C2 

Thickness 
(cm) 

0-5/10 

5/10-12/17 

12/17-30/50 

> 30/50 

> 30/50 

Color (wet) 

7.5YR 4.5/4 

7.5YR 4/4 

7.5YR 4/4 

2.5YR 4/6 

2.5YR 3.5/6 

Clay 
(%) 

10.3 

17.0 

23.4 

18.9 

34.0 

Coarse 
fragments (%) 

37 

37 

51 

69 

60 

pH 

6.9 

6.5 

5.7 

5.6 

5.5 

Fe* 
(Fe,0, %) 

2.5 

3.4 

4.0 

3.8 

5.7 

CEC ** 
(cmol + /Kg) 

4.5 

7.3 

8.5 

8.3 

11.6 

Base Sat. 
(%) 

55.3 

57.5 

51.8 

49.4 

65.5 

OC *** 
(%) 

0.39 

0.37 

0.26 

0.24 

0.24 

* Free iron dithionite-citrate; ** CEC = Cation exchange capacity ; *** OC = Organic carbon. 

Table 2. Cations and charges in the formula (half unit cell) of K-micas. 
Sample 

Ap 
(n=18) 

AB 
(n=12) 

Bt 
(n = 4) 

CI 
(n=20) 

C2 
(n = 3) 

mean 

st.dev. 

mean 

st.dev. 

mean 

st.dev. 

mean 

st.dev. 

mean 

st.dev. 

Sliv A|iv A,vi Fevi MgV1 Tivi Ca». N a « K - xtv xvi x x „ Rvi R « 

3.25 0.75 1.70 0.16 0.18 0.01 0.01 0.07 0.68 -0.75 -0.02 -0.77 0.77 2.05 0.76 

0.05 0.05 0.07 0.05 0.05 0.01 0.01 0.03 0.06 0.05 0.06 0.06 0.07 0.03 0.08 

3.21 0.79 1.72 0.13 0.16 0.02 0.00 0.11 0.76 -0.79 -0.05 -0.84 0.87 2.03 0.87 

0.03 0.03 0.04 0.02 0.03 0.00 0.00 0.02 0.02 0.03 0.02 0.03 0.02 0.01 0.02 

3.32 0.68 1.69 0.15 0.21 0.01 0.02 0.06 0.58 -0.68 -0.02 -0.70 0.67 2.06 0.66 

0.08 0.08 0.05 0.03 0.05 0.01 0.02 0.05 0.12 0.07 0.11 0.10 0.12 0.05 0.14 

3.21 0.79 1.71 0.15 0.16 0.02 0.00 0.09 0.72 -0 .79 -0 .02 -0.81 0.81 2.04 0.81 

0.04 0.04 0.07 0.04 0.04 0.00 0.00 0.02 0.06 0.04 0.1O 0.61 0.06 0.03 0.07 

3.19 0.81 1.77 0.13 0.13 0.02 0.00 0.10 0.68 -0.81 0.04 -0.77 0.78 2.05 0.78 

0.03 0.03 0.03 0.04 0.02 0.01 0.00 0.01 0.05 0.03 0.03 0.04 0.05 0.01 0.04 

x'v- Tetrahedral charge; x"- Octahedral charge; x- Layer charge (x'v + x"); x"*- Interlayer cation charge; Rw- Number of 
octahedral cations; R"*- Number of interlayer cations. Fe" as F e ' \ 



11 RELATION BETWEEN SOIL COLOR AND CLAY MINERALOGY 

M Sanchez-Maranon1, J. Parraga2, G. Delgado2, M. Melgosa1, M Soriano2 and R. Delgado2. 

1 Dpto de Edafologia.Escuela Politecnica Superior.04120 Almeria, Spain. 
2 Dpto de Edafologia. Facultad de Farmacia. 18071 Granada, Spain 
3 Dpto de Optica. Facultad de Ciencias. 18071 Granada, Spain. 

Introduction 

Soil color is the result of a mixture of pigments (1) involving minerals from the clay fraction 
(2). However, the relationship between soil color and clay mineralogy has not been clearly 
established. This requires quantitative measurements of both color (3) and mineralogical 
characteristics of the clay fraction. The research reported here was designed to determine the 
relation between percentages of different mineral species in clay, and CIELAB color parameters 
in red soils. 

Materials and methods 

We obtained 36 samples of the A/E and Bt horizons from 18 profiles of Mediterranean red soils 
(Rhodoxeralfs and Haploxeralfs), from north-central Italy and southeastern Spain. Soil color 
was measured with a spectrophotometer (SpectraScan PR-704) under standard illumination and 
observation conditions (4). The CIELAB coordinates C*,1b, h,b and L* (5) were recorded. The 
color values were the means of 10 measurements in different areas of the surface of a ped 
sample. Color variability in a ped (<AE*ab>) was considered the mean of the differences in 
CiELAB color between each two adjacent zones. The percentage of mineral species in clay was 
established by X-ray diffractometry (XRD) with the intensity factors method on powder and 
oriented aggregates diagrams (6). The percentage of free forms in fine earth (< 2 mm) was 
estimated by atomic absorption spectrophotometry in oxalate (Feox, Siox, Alox) and 
citrate-dithionite (Fetd,Sitl,,All.d) extracts. Factor analysis was done with Statgraphics software 
v7.0. 

Results and Discussion 

The hue and lightness (factor 1, Table I) were related with a set of variables that indicated that 
pedochemical and pedomineralogical evolution led to the formation of darker, redder colors. 
Decreases in hue (reddening) and chroma (darkening) were related to increases in free forms 
of Fe, Al and Si, and with increases in hematites and transformed (interlayered) and neoformed 
(kaolinite) clay phyllosilicates. There was also a weaker association with increasing goethite 
content. The results for factor 2 show that soils with lower chroma (low C'ab) were also darker 
(low C*), and contained more amorphous free forms (Fe()X, Siux, Alnx). These findings probably 
reflect the indirect effects of the type and content of humus. The parameter (<AE*ab>) was 
inversely proportional to the contents of transformed and neoformed clay phyllosilicates, and 
to the amounts of free forms (Fecd,Sicd,Al(.d) (factor 3). These results suggest that the surface 
color of the ped became uniform as pedomineralogical evolution progressed. Factor 4, which 
expresses mineralogical evolution in the clay fraction indicates that inherited species (illite) 
showed an inverse correlation with transformed and neoformed species. 
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Conclusions 

The soil color variables hab, L* and <AE*al> are related to mineralogical variables in the clay 
fraction (phyllosilicates, hematites and goethite). The relationships indicates that 
pedomineralogical evolution in the clay fraction parallels reddening, darkening and 
homogenization of the surface color of the peds. 

TABLE I. Factor 
of the 

VARIABLE 

Si0> 
Hue (hah) 

Sic 
Fecd 

Hematite 
Chroma (C'ab) 

Lightness (L*) 

Fe01 

Goethite 

Alcd 

Interstratified 
<AE*ab> 
Illite 

S+V 
Kaolinite 

Variance explained 

analysis of soil color variables and mineralogical characteristics 
clay fraction. 

Variance accumulated 

FACTOR1 FACTOR 2 
0.834 
-0.804 

0.764 
0.750 
0.684 

-0.450 
0.492 
0.491 

0.392 

0.328 
0.394 

0.506 
27.71 

27.71 

0.334 

-0.901 
-0.703 
0.693 
0.516 

0.397 

0.373 

0.265 

16.41 
44.12 

FACTOR 3 

0.350 
0.438 

0.790 
0.648 
0.615 
-0.521 

0.514 
0.315 

16.16 
60.28 

FACTOR 4 

0.330 

0.289 

-0.476 

0.293 
0.883 

-0.618 
-0.616 
13.32 

73.60 

Varimax rotated factor matrix with loading >0.250. S+V: Smectite+Verrniculite 
Interstratified: IUite-Vermiculite and Mite-Smectite. 
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12. MECHANICAL BEHAVIOUR OF HIGHLY COMPACTED REMOULDED 
NATURAL SATURATED KAOLINITE-SOIL 

N. Belanteur and M. Al-Mukhtar. 
CRMD-CNRS-University of Orleans (FRANCE) 

Introduction 

Research conducted on the mechanical behaviour of saturated natural clays is usually concerned 
with Civil Engineering applications. In this field of engineering the pressure employed is no 
more than 1 MPa. The option of storing highly radioactive waste at low depths below ground 
(more than 500 m) requires the study of the behaviour of natural clays (possible host media) 
under a high level of pressure. This type of clay is termed highly compacted clays or low 
porosity clays as the mechanical stress on such material induce the contraction of the solid 
matrix and subsequent decrease of the pore size due to rearrangement of particles closer to 
each other 

Methodology 

In order to examine the macroscopic behaviour of low porosity clays two types of tests are 
used: 

1. Oedometric tests in which vertical pressure is applied and vertical displacement 
is measured Lateral deformation is not allowed 

2. Triaxial tests on cylindrical specimen started with a consolidation phase (an 
equal pressure is applied in both vertical and lateral axes) before increase in 
the vertical pressure up to rupture. 

As the permeability of clay after the consolidation step is very low (< 10""' m/s) we have 
realised only undrained testes and measured interstitial pressure developed during tests. 
The examination of samples loaded at various vertical pressures by mercury intrusion tests and 
B E T . tests is used to study the microscopic modifications due to mechanical pressure. 

Results 

The principal results obtained are: 

1. Characterisation parameter's of tested material such as particle size 
distribution, mineral composition, specific surface and water contents limits 
(Atterberg limits: liquid limit, plastic limit and plasticity index) 

2. Modification of void ratio with applied vertical pressure in oedometric test. 
3. Macroscopic behaviour of tested clays in a normally consolidated state and in 

overconsolidated state from triaxial tests. These tests show that vertical 
deformation increases when deviatoric stress (incremental of vertical stress) 
increases but no linear relationship can be established. The peak observed in 
this curve indicates the value of the failure pressure of clay under the applied 
consolidation pressure. A parfait plastic deformation occurs after a peak. The 
value of the failure pressure is a function of consolidation pressure. These 
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4. 

observations are also confirmed when we trace the results obtained in the 
space interstitial pressure-vertical deformation and in the space mean 
pressure-deviatoric pressure. 
Decrease in pore size due to the increase in consolidation pressure is observed 
from mercury intrusion tests and B E T . tests. 

Conclusion 

In this paper some aspects of the macroscopic behaviour and the microscopic properties of a 
highly compacted natural saturated clay will be analysed. Relationship between modifications 
in pore size and macroscopic behaviour will be considered. The simulation of the behaviour of 
such materials needs an elasto-plastic rheological model. Parameters of this model must take 
into account microscopic modification due to mechanical stress. 

Consolidation pressure : 50 Bars 
~ "-" Consolidation pressure : 100 Bars 
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Figure1 
Results of triaxial tests on specimens consolidated with different pressures 
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13. COMPARISON OF FUNCTIONS FOR EVALUATING THE AGGREGATING 
EFFECT OF IRON AND ALUMINIUM OXIDES ON KAOLINITE AND QUARTZ 

Manuel Arias, Eugenio Lopez and Teresa Barral 
Depto. de Edafologia y Quimica Agricola. Facultad de Farmacia. 15706 Santiago 
de Compostela. Spain 

Introduction 

Although it is generally agreed that iron and aluminium can act to bind soil particles, their 
relative efficiencies as soil aggregants are still disputed The aim of this work was to compare 
the aggregating effects of iron and aluminium oxides precipitated on kaolin (k) or quartz (q) 
substrates. In order to do this, we compared the particle size distributions (PSDs) of samples 
comprising a" kaolin or quartz substrate and an increasing amount of Fe or Al oxide. To 
facilitate this comparison, PSD data were parameterized by fitting them with five different 
probability density functions; the function, and thus the parameter(s), best describing the PSD 
data was then selected on the basis of its superior goodness of fit. 

Methodology 

Materials. Samples were prepared as follows: kaolin (95% kaolinite; particle size < 20pm) or 
quartz substrate (91 % with particle size between 20 and 100/ym) was suspended in solutions 
containing between 0.5 and 6.5 g of Al or Fe per 100 g of substrate; the suspension was 
basified and the suspended material was collected and washed, and then either maintained in 
water at 70°C for 17 days before being oven dried at 40°C, thus affording aged samples kAla, 
qAla, kFea and qFea, or oven dried immediately to afford non-aged samples kAln, kFen, qAln 
and qFen. The crystallinities of Al-precipitates on both kaolin and quartz were considerably 
increased by ageing, while for the Fe-precipitates only the crystallinity of qFe increased. 
Techniques: Samples were agitated for 1 hour in water, following which PSD was determined 
by wet sieving and the pipette method. Least-squares parameter estimation was then used to 
fit the five probability density functions to the PSD data. The functions were: with two 
parameters, the normal, lognormal and Rosin-Rammler (1933) functions; and with one 
parameter, the function due to Jaky (1944) and a power law describing aggregate number-size 
distribution, or "fractal" function (Turcotte, 1986; Perfect & Kay, 1991). 

Results 

All five functions evaluated were fitted to the PSD data at the P<0.01 level of significance (in 
all cases, n=46). The Kolmogorov-Smirnov test indicated the mean coefficients of 
determination (R2) for the five functions were significantly different from each other at the 
P<0.01 level, except in the case of the normal and lognormal functions. The Rosin-Rammler 
and fractal functions had the highest (0.997) and the lowest (0.894) mean R2, respectively. The 
normal and lognormal functions gave a negative mean particle size when fitted to PSDs skewed 
towards small particle size, thus limiting the usefulness of these functions. 
On the basis of the above observations, the a and B parameters of the Rosin-Rammler function 
(RR) were used to compare the aggregating effect of Fe and Al on the quartz and kaolin 
substrates. The constants a and B are respectively related to the characteristic size (specifically 
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the aggregate size corresponding to the 36.78* percentile) and shape (i.e. the spread of particle 
sizes) of the mass-size cumulative probability distribution. These comparisons were contrasted 
with those for D, from the fractal function, but no meaning of fractal dimension was attached 
to this parameter. 
Non-aged, poorly crystalline Al-precipitates were the most efficient aggregants (highest a) of 
both kaolin and and quartz; contrariwise, the aged, crystalline Al-precipitates were poor 
aggregants, and could even been described as dispersants. Aged and non-aged Fe-precipitates 
had similar, intermediate effects on aggregation of both kaolin and quartz. For each substrate, 
samples containing Fe had higher 6 than those containing Al. For most samples, D and a were 
inversely related; however, in some kAla samples, notably that containing 4.5% Al, a and D 
were directly related. The explanation for this exceptional behaviour may be that, at the same 
time as large aggregates are formed in these samples, there is a small amount of dispersion 
of small particles. This suggests that a is more sensitive to changes in the frequencies of the 
large particle-size classes (aggregation/dispersion of these particles would cause a large change 
in the particle mass distribution), while D is more sensitive to changes in the frequencies of 
the small particle-size classes (aggregation/dispersion of these particles would cause a large 
change in the particle number distribution). Furthermore, D is also sensitive to the shape of 
the distribution: for the quartz samples prepared with lower concentrations of metal, D initially 
increases sharply due to the presence of small, unadsorbed precipitate particles (i.e. the PSD 
is skewed towards smaller particle size), then decreases as these small particles are subsequently 
adsorbed by or cemented between larger ones. 

Conclusions 

Particle size distributions (PSDs) of kaolinitic and quartzitic samples on which Al or Fe 
oxides were precipitated were well fitted (P<0.01) by normal, lognormal, Jaky, fractal and 
Rosin-Rammler (RR) probability density functions. The best fit was given by the RR function 
(R2=0.997), whose a and 13 parameters were thus used to compare the aggregating efficiency 
of Fe and Al oxides on quartz and kaolin: in order of increasing aggregating efficiency, 
non-aged Al- > non-aged Fe- > aged Fe- > aged Al-precipitates. The parameter D of the 
fractal function decreases with aggregation efficiency, but is especially sensitive to changes 
in the distribution of the smaller particles, and is also influenced by the spread of particle 
sizes. 
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14. PROCESS OF BASALTIC ASH WEATHERING IN THE TROPICS RELATED 
TO TIME AND RAIN FALL REGIME 

Paul Quantin 
Orstom, 72 Route d'Aulnay, 93143 Bondy Cedex, France 

Introduction 

The aim of this paper is to show the effects of both factors of weathering and clay formation 
from basaltic ash in the tropics, alteration time and rainfall regime. This is based on the study 
of volcanic soils in the Vanuatu Islands (Quantin, 1992). One thousand years are enough to 
alter almost completely at leasta 1 m deep basaltic ash deposit. We have distinguished four 
main stages of increasing weathering: 1, 1 000 years; II, 2 000, 111, 5 000; IV, 10 000 and more. 
These stages are comparable with those observed by Shoji (et al. 1993) for a sequence of 
andisols in Japan. We have also compared the effects of three rainfall regimes: perhumid, humid 
(udic) and seasonally dry (ustic); which are characterized by a net rainwater percolation of: >3 
000 mm per year, 1 000 - 2 000 mm, s 500 mm per year, respectively. 

Methodology 

We have analysed the chemical (major elements) and mineralogical composition of the parent 
material, whole soil and weathering products. We have determined also the chemical 
composition of some spring water samples in order to estimate the rate of elements loss in 
solution. Comparing these data we calculated the chemical balance of weathering at the main 
stages of this process, according to the three rainfall regimes. Furthermore, in the same 
conditions we have observed the chemical and mineralogical evolution of weathering products, 
in order to enlighten the clay formation process, according to the dynamics of major elements 
transfer in solution. 

Results 

/. Chemical balance of weathering after around 1 000, 5 000 and 10 000 years. During the 
first I 000 years the loss of mineral matter is quick; it concerns mostly Si and the calco-alkaline 
elements. According to the moisture regime, either perhumid, or udic, or ustic, the whole 
matter loss is 40 %, 30 % or 20 %, respectively. The loss of Si is 45 %, 30 % or 20 % and the 
loss of basic cations is 60 %, 50 % or 40 %. Then the process is progressively slowing down. 
After 5 000 years, the whole matter loss reaches respectively for a perhumid, udic or ustic 
regime 60 %, 50 %, 25-30 %. The loss of Si is 70-80 %, 50- 60 %, 20-25 % and the loss of 
basic cations 90 %, 75-90 %, 50-60 %. At the latter stage, the whole matter loss reaches 
respectively with the same sequence 65 %, 50-60 %, 30- 35 % and the loss of Si 85-95 %, 
60-70 %, 25-30 %. While the loss of basic cations is nearly 100 % for both perhumid and udic 
regimes, it is only 75-85 % for an ustic regime. 
2. Chemical and mineralogical evolution of weathering products. At the first stage the 
weathering products are always very rich in silica and iron oxides. They contain some opal, 
allophane, ferrihydrite and probably hisingerite in the case of udic and ustic regimes. Then 
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these products differ more and more with time, according to the moisture regime. Under a 
perhurnid climate we observe successively the formation of allophane imogolite and finally 
gibbsite, while the ferrihydrite remains but becomes more and more rich in aluminium. Under 
an udic regime at the second stage mostly allophane and ferrihydrite, and some spherical 
halloysite appear. Then during the third stage there is an increasing content in spherical and 
tubular halloysite, and some goethite and hematite appear. At the latter stage some gibbsite 
and kaolinite can be formed at the expense of halloysite. Under an ustic regime as early as the 
second stage we observe the rapid disappearance of allophane and hisingerite to form mostly 
an iron-rich beidellite as well as a variable amount of tubular halloysite and goethite according 
to the regime of drainage. 
3. Chemical composition of spring voter During the first stage of weathering the water is 
very rich in silica (± 80 ppm) and calco-alkaline cations, according with a very high rate of 
volcanic glass weathering. This explains the high content in Si of the first mineral products. 
From the geochemical index (L = SiO,/S Bases mol.) of Pedro (1966) we can infer the 
following sequences of weathering process: under a perhumid regime, ferhemisialitisation ••> 
ferralitisation; under an udic regime sial-ferritisation -> fermonosialitisation -> partial alitisation; 
under an ustic regime, sial-ferritisation -> ferbisialitisation. Therefore, the rate of rain water 
drainage appears as the main factor of secondary mineral formation. In addition the end minerals 
formed, either gibbsite, halloysite or beidellite under every moisture regime, control the reaction. 

Conclusion 

During the first stage, not longer than 1 000 years in the tropics, the basaltic glass weathering 
is always so rapid that the solutions are very rich in silica and basic cations Therefore, the 
weathering products are very rich in Si, Fe and Mg elements. However, during the following 
stages this process and the weathering product differ greatly, according to the moisture regime 
and the rate of water percolation. 
In connection with the evolution of the rate of weathering and the chemical composition of 
soil solution there is a transition from allophanic clays to more crystalline and stable minerals, 
like gibbsite under a perhumid regime, or halloysite and latter kaolinite under an udic regime, 
or beidellite and halloysite under an ustic regime. The early stage of allophane formation is 
probably related to a high rate of basaltic glass weathering. 
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15. SURFACE CHARACTER OF HUMUS-MINERAL COMPLEXES IN SOILS 

Etelka Tombacz, Eszter K.Toth, Marta Szekeres, Erzsebet Lamfalusi and Erika Micheli* 
Department of Colloid Chemistry, Afflla Jozsef University, H-6720 Szeged, Hungary 
* Godollo Agricultural University, H-2300 Godollo, Hungary 

Introduction 

Humic substances as natural organic soil constituents, have an essential influence on the 
properties of soils. The inorganic soil components, among them mainly the clays, play a 
hypothetically basic role in the formation of these natural compounds due to their 
heterogeneous catalytic effect on polymerization processes in which the various mixtures of 
negatively charged polycondensed aromatic compounds are formed. Inorganic surfaces bearing 
hydroxyl groups can react with these negatively charged polymers in soil solution and become 
coated. Organic coating can also form through surface complexation of organic polymers in soil 
clays. Active sites on solid surfaces involved in this reaction are the exchangeable cations on 
basal planes and the edge surfaces [1]. 
In this presentation surface charge state and small angle X-ray scattering of samples of two 
different soils from which the natural organic materials were gradually removed by exhaustive 
oxidation following an alkaline extraction, were systematically investigated to characterize the 
surface feature of humus-mineral complexes. 

Methodology 

Materials - The original soil samples were collected in Hungary. Their classification and 
characteristic properties were determined by classical methods, summarized below: 

Site of origin Dunafdldvar Hortobagy 
Classification FAO Calcic Chernozem Gleyic Solonetz 
Natural organic material 
(NOM) in original soil 3,10% 1,90 % 

after NaOH extraction 1,60 % 1,61 % 
after H202 treatment 0,61% 0,00% 

The organic material content of the soils was reduced in two steps. The mobile part of humic 
substances, i.e. humic and fulvic acids, was extracted by 0.1 M NaOH solution, then the bound 
organics were decomposed by wet oxidation using H202. 
Techniques - The pH-dependent surface charge state was determined by acid-base titrations 
under well-defined conditions [1]. The surface excess concentration of specifically adsorbed 
ions (H+ and OH-) was calculated as a function of pH at different KN03 concentrations. The 
point of zero charge (pzc) has been determined. The X-ray diffraction patterns and scattering 
curves over the small angle region for powder samples were measured using a Philips 
diffractometer and a Kratky camera attached to a Philips PW 1830 generator under He 
atmosphere at 25±0.1 °C. 
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Results and Discussion 

The treatment of soil samples with alkaline solution as well as the applied wet oxidation did 
not affect the inorganic crystalline components since no difference could be identified in the 
X-ray diffraction patterns. However, the successive removal of humic substances caused 
significant changes in the surface properties (Table 2.). 

Table 2. Changes in surface character of soils induced by successive removal of NOM. 

pH of charge-less state (pzc) Surface fractal dimension (Ds) 

Sample Chernozem Solonetz Chernozem Solonetz 

Original 7.4 8.2 2.70 2.39 

Mobile NOM 
removed 9.1 8.5 2.51 2.41 
All NOM 
removed 9.2 9.5 2.55 " 2 . 1 9 

The pzc values increase significantly with the removal of negatively charged natural polymers. 
Comparing with the efficiency of the applied treatment, the fact is that the larger the amount 
removed, the larger the increase in determined pzc. As the amphoteric surface sites are covered 
by humic substances holding acidic groups in the original soils, by removing them, the feature 
of the inorganic constituents successively appears, finally reaching Al- or Fe-oxide-like 
behaviour [1]. 
The SAXS investigation of powdej samples has shown that the soil samples are disordered 
two-phase systems or fractal scatterers [2]. All the measured scattering curves could be fitted 
by a power law (Ih~ I0h"\ where a is the power law exponent) over an enough broad region. 
The surface fractal dimension, which increases from 2 (smooth surface) to 3 with increasing 
"roughness" of surface, could be calculated from the slope of the scattering curves using the 
a=5-Ds equation [3], The calculated values in Table 2 show that all the samples have a fractal 
surface, i.e. the surface of particles is not smooth, but bumpy. Since the surface fractal values 
decrease definitely with decreasing organic material content, it can be stated that the particles 
with rough surface in the original soil samples become smoother by the successive removal 
of organic material from the inorganic, sometimes molecular smooth surfaces of the clays. 
These results can give direct evidence of the surface structure of humus-mineral complexes 
that have been supposed [1]. Humic substances are fixed to the inorganic surfaces forming 
rough, negatively charged bumps covering the amphoteric surface sites. 
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16. ORIGIN OF CLAY SKIN-CUTANS IN MONTANE FOREST SOILS 

Ludmila S.Ilyina 
Soil Science Department,Mosco\v State University, Lenin Hills, 119899 MOSCOW, Russia 

Introduction 

Two types of allochtonic and autochtonic genesis cutans can be observed in soils. The 
processes of clay dispersion and migration lead to the formation of clay skin-cutans on the soil 
pcd's surface These cutans of allochtonic origin are used as soil processes diagnostic criteria. 
Our further investigations of black, brown and ochric cutans of detritus surface in some soil 
profiles allow us to hypothesize that some cutans are of fossil geological origin and are not 
formed as a result of clay soil matter migration and transformation 

Methodology 

Materials - Samples of geological cutans collected in rock out crops, mine tunnels and soil 
profile cutans were investigated. Geological cutans were taken during field trips and those from 
the soil profiles in laboratory after binocular study. 
Region of Investigation - Sikhote-Alyn mountains Primorsky region of the Japan Sea, Far East, 
monsoon regions. 
Methods ~ Chemical analyses, Mossbauer spectroscopy and X-ray diffraction. 

Results and Discussion 

The composition and properties of ochre and some brown soil cutans are found to be similar 
to those of geological origin. Ferrous compounds are comprised of goethite or goethite-
hematite and different amounts of amorphous iron hydroxide. The particle size of the crystalline 
phase may vary. Soil forming processes oxidize silicate Fe(II) to Fe(IIl) in clay minerals, 
organic matter mobilizes and washes out the amorphous hydroxide in geologic cutans. Soil 
brown cutans may contain only amorphous Fe hydroxide, fine dispersed goethite and organic 
"C". Some of the ochre soil cutans are of allochtonic-autochtonic mixed genesis. Black-colored 
cutans may be represented by mineral and organic matter compounds. Only some of the brown 
and ochre-brown cutans result in coagulation of Fe-AI- humus migrating compounds. 
Mossbauer investigations demonstrate that these soil- formed cutans contain amorphous iron 
hydroxide and a very small fraction of fine-dispersed goethite. As opposed to black mineral 
Fe-Mn geological cutans, black soil organic cutans appear in place of slow acid organic mass 
mineralization in anaerobic conditions. 

Conclusion 

Soil forming processes change the composition of geological clay cutans: a) the amount of 
organic matter increases; b).amorphous iron hydroxide and Fe-Mn compounds may be 
mobilized as a result of eluviation soil process (pH 4-5); c) the process of clay silicate iron 
oxidation from Fe(Il) to Fe(IlI) is observed. It is also shown that clay cutans in the montane 
soil profiles may be of different origin but have similar colors and other morphological features. 
It is possible to establish their soil or geological origin only by complicated methods. If cutans 
are present in the montane soil profile, only the degree of its washing may be used as diagnostic 
criterion of soil processes such as eluviation, illuviation and others. 

46b 



LATE AND REVISED ABSTRACTS 

I. Synthesis 

Synthesis of Allophane-like Aluminosilicate 

S. Tomura, R. Miyawaki and K. Inukai 

XII. Clay Geology 

Porosity Trends and Lithological-Mineralogical Variations in Tertiary Mudrocks in the 
Viking Graben, North Sea 

D.S. Tyridal, P. Aagaard and E. Roaldset 



Synthesis of allophane-Iike aluminosilicate 
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Introduction 

Allophane is known as amorphous-like hydrous aluminosilicate with short 
range ordering commonly derived from weathered volcanic glasses 
. It usually shows vacant spherical crustal shape with around 5 nm diameter under 
high resolution electron microscope. The fine structure results in high absorptivity of 
gases and liquids in its core and the grain boundary, and the surface OH group results 
in the high absorptivity of water. Therefore, it is expected as humidity control 
material, absorbent of toxic material, etc. However, the natural allophane usually 
contains impurity materials as magnetite, silica minerals, etc., and it is doubtful that 
deviations of the composition of particles are rather high. Therefore, it is necessary to 
synthesize allophane without impurities and to measure the application properties, 
especially water vapor absorptivity. 

Methodology 

Synthesis: Monomelic orthosilicic acid solutions were prepared by diluting an 
ethanol solution of tetraethyl orthosilicate (Wada, et al., 1979) with water and mixing 
with solutions containing AICI3 to give the Si02/Al2C>3 ratios and Si and Al 
concentrations listed in Table 1. 0.1 M NaOH was then added to 200 cm^ of the 
stirred solutions at the rate of about 0.5 cm^ per minute in order to adjust the 
NaOH/Al ratio to one of the predetermined value 3.0, and after about 2 h standing, the 
pH of the solution was determined. The solution was heated for 120 h at 95-100°C 
under a reflux condenser in the aluminum block heater. After cooling to room 
temperature, the pH of the solution was determined. The material precipitated or 
suspended in the solution that was flocculated by addition of saturated NaCl solution 
was collected by centrifugation and dialyzed against deionized water until the CI 
reaction with AgNC*3 became negative. A part of the dialyzed suspension was used 
for electron microscopy and electron diffraction and X-ray diffraction analyses. The 
remaining part was freeze-dried and used for other analyses. 

Table 1. Chemical compositions of starting solutions. 

SiO^AhOs molar ratio 
fSilxlO-'Af 
[AllxlO-'M 
NaOH/AlCh 

1 
2.0 
4.0 
3 

2 
2.0 
2.0 
3 

4 
2.0 
1.0 
3 

8 
2.0 
0.5 
3 

Analyses: The contents of Si and Al for powder products on carbon support 
were determined by EPMA with EDX system. Electron microscopy was carried out 
on the sample dried on a microgrid. Infrared spectra were obtained from KBr discs 



incorporating air-dried samples, and X-ray diffraction patterns from samples dried on a 
glass slide. Differential thermal analyses (DTA) were carried out using 10-20 mg 
samples in static air at a heating rate of 10°C per minute. In these analyses, allophane 
samples separated from a Kanuma pumice bed were used as reference materials. 

Results and Discussion 

DTA curve of each sample shows endothermic peak at 50-150°C and 
exothermic peak at around 960°C, indicating homogeneous mixing in atomic order. 

XRD pattern of each sample shows peaks with very broad profile at about 
1.03, 0.335, and 0.225 ran. Those peaks shift to higher d-space positions with the 
increase in Si02/Al203 ratio. It is indicating the change in amorphous structure of 
aluminosilicate. Similar structural change is suggested by the shift of Si-0 stretching 
vibration from 958 cm"l to 1010 cm"' on FT/IR adsorption pattern for the products 
with the Si02/Al2C>3 molar ratio from 1 to 8. 

N2-BET surface area increased with the increase in Si02/Al203 ratio of 
products. However, H2O-BET surface area decreased with the increase in 
SiC>2/Al203, and showed larger surface area than that by N2-BET. 

The amounts of the water vapor absorption of the products are higher than 
zeolite 3A and natural allophane, especially in the middle range of relative humidity. 

Conclusion 

Synthesis of allophane-like amorphous aluminosilicate was carried out by 
mixing AICI3 and ethyl silicate in several mixing ratios, Si02/Al203 = 1.0, 2.0, 4.0, 
8.0, followed by aging for 24 h at room temperature. Synthesized allophane-like 
aluminosilicate displayed small structural deviations depending on its chemical 
composition. The specific surface area measured by H2O adsorption was larger than 
that by N2 adsorption. The amount of absorbed H2O was larger than that for zeolite 
3 A and natural allophane. These products are thought to have a possibility to become 
a humidity control agent. 
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POROSITY TRENDS AND LITHOLOGICAL-MINERALOGICAL VARIATIONS IN 
TERTIARY MUDROCKS IN THE VIKING GRABEN, NORTH SEA. 
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Introduction 

The compaction of sediments is an important parameter in basin modelling and 
paleogeologic reconstruction. Argillaceous sediments constitutes a large part of the 
sediment column, and the compaction of these sediments is therefore of major interest. 
In the present work porosity have been measured on side wall core samples taken from the 
Tertiary interval (Early Oligocene, Eocene and Late Paleocene) in a well drilled in the 
Viking graben of the North Sea. A detailed mineralogical analysis has been made on 
sidewall cores and ditch cuttings. The variation in porosity has been correlated with the 
variation in clay mineralogy. 

Methodology 

Twenty-seven side wall cores were available for mineralogical analysis and porosity 
measurements. Washed and dried ditch cutting were also used for mineralogical analysis. 
All the samples consisted of fine graded mudstones. Dry density was measured on all the 
sidewall cores and the porosity was based on dry density and average mineral density. 
Three types of water is included in the total porosity: water structurally bound to the clay 
minerals as interlayer water, water attached to the surface and the edges of the clay 
minerals and free water. Average mineral density was estimated for subintervals of similar 
mineralogy based on the mineralogical analysis and on average mineral density measured 
on a few crushed and dried samples. Bulk XRD analysis and standard XRD-clay mineral 
analysis of the <2p. fraction were obtained. Quantitative analysis were performed using 
corrected integrated intensities. Correction factors were calculated by correlating 
mineralogy and bulk chemistry. 

Results and Discussion 

A decrease in sediment porosity from about 35% in the Early Oligocene at 1200m to below 
10% in the Late Paleocene at 2500m was observed. The main decrease in porosity seems to 
occur over four intervals: 1300m-1450m (Middle to Late Eocene), 1900m-2000m (Early 
Eocene), 2100m-2185m (Late Paleocene Balder formation), and 2300m-2500m (Late 
Paleocene, Lista to Ty formations). In these intervals the porosity reduction is about 5% 
per 100m while the overall porosity reduction is about 2% per 100m. 
All the investigated samples have a high clay content ranging from slightly below 50% in 
the silty intervals to above 70% in the clay samples. Smectite is the dominant clay mineral 
through most of the interval. There is however, a substantial reduction in smectite content 
over the intervals where the major porosity reduction is occurring. In the Middle to Late 



Eocene kaolinite is the dominating clay mineral. In the Lower Eocene and Paleocene 
intervals chlorite is increasing while smectite is decreasing. 
The present data correlates well to porosity versus depth trends in Tertiary sediments in the 
North Sea found by Sclater and Christie (1980) and also to porosity versus depth trends 
presented by several other workers (Dickinson, 1953;Magara, 1968; Hamilton, 1976; 
Huang and Gradstein, 1990) (fig. 1). 
The high porosity of the Tertiary mudrocks in the North Sea shown in this study is 
probably connected to the clay mineralogy. The clay mineralogy are dominated by 
smectites. After the stage of early compaction the main force holding the water is the 
adsorption energy of the clay surfaces, and very high pressures is required to remove the 
last layers of adsorbed water (van Olphen, 1963). The specific surface is about 8 times 
larger in smectite compared to illite or kaolinite. This implies that smectite is able to hold 
far more water than the other clay minerals. 
The porosity found in the present investigation is rather high compared to porosity at 
corresponding depths predicted by a number of different published compaction trends 
(Athy, 1930; Hedberg, 1936; Meade, 1966). The trend published by Athy (1930) can 
probably be disregarded based on the fact that Athy worked with sediments which had been 
under tectonic deformation and where the younger beds had been removed by erosion. In 
the review of Rieke and Chilingarian (1974) the compaction trend based on the data of 
Meade (1966) shows a very rapid porosity reduction with depth. In the original data of 
Meade the porosity reduction seems to be much less. Assuming that Hedberg's (1936) is 
representing the lower limit of porosity versus depth, the spread in data is substantially 
reduced. 

Conclusion 

The porosity data obtained from samples from the Tertiary mudrocks in the Viking graben 
compares well to the porosity versus depth trend from the North Sea published by Sclater 
and Christie (1980) and porosity versus depth trends based on data from Dickinson (1953), 
Magara (1968), Hamilton, (1976) and Huang and Gradstein (1990). 
The present data indicates that compaction performance is related to clay mineralogy. 
Compaction trends for argillaceous sediments in various basins are probably more uniform 
than presented in the revue of Rieke and Chilingarian (1974). 
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