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SCIENTIFIC PROGRAM OF SIS'95
• Plenary lectures will be given, except the Monday afternoon
session (15.30-18.00), during the morning sessions (from 8.30 to
13.00).
For the plenary lectures, 25-30 min each, an overhead projector
and slide projector are available.
• The afternoons are held free in the

SIS

format.

• Poster sessions will take place in early evenings from 17.30 to
19.30.
Panels of a width 200 cm and height 150 cm are available.
• Round table discussions will be organized on Friday, May 19
(9.30-12.30) according to the topics chosen from your proposals
during the Sessions.
REPRINTS AND PREPRINTS EXCHANGE
The Organizing Committee wishes to encourage participants to make
the reprints of papers and the preprints to be published by their
groups available for other participants and to provide them at the
Conference Office.

CONFERENCE OFFICE
is opened in Hotel "Magnolia" Pies£any
on Sunday, May 14, from
on Monday,

May 15, from

Tel.+42 838 26251

15.00
9.00

to 20.00, and
to 17.00.

Fax +42 838 21149

The Organizing Committee members are at your disposition in the
Conference Hall.

PUBLICATION OF FULL PAPERS
The proceedings will be published
from
those
contributions (lectures, posters, notes) which will be

original

supplied in the form of full papers during the Conference
to the Conference office as a special issue of the Journal of
Radioanalytical and Nuclear Chemistry, Articles see the 'Notes to
contributors' reproduced here or Vol.183, Nr.l of the Journal for
the SIS'93 Conference.

.JOURNAL OF RADIOANALYTICAL
AND NUCLEAR CHEMISTRY
ARTICLES

; An international journal
dealing with
all aspects and applications
of nuclear chemistry

NOTES TO CONTRIBUTORS

Manuscripts (only in English) should be scat to the Editor-in-Chief
Professor T. Braun
Institute of Inorganic and Analytical Chemistry
Eatvds Lorand University
P.O.Box 123, H-1443 Budapest 70, Hungary

Street address:
MTAK. Arany Mnos u. 1.
H-10S1 Budapest, Hungary

An additional copy, complete with figures, tables and references, is also be submitted. Although evejy
effort will be made to guard against loss, it is advised that authors retain a copy of all materials which
they submit. The Editorial Board reserves the right to edit manuscripts to conform with the policy of the
Journal.
Manuscripts should be typed double spaced on one side of a good quality paper, with generous margins,
and bear the title of the paper, name of the aulhor(i), and the institute where the work has been carried
out The name and full postal address of the author who will responsible for reading proofs should also
be given. An abstract of SO to 100 words should precede the text of the paper. Authors are encouraged to
use descriptive headings, in the following order: Introduction, Experimental or Materials and Methods,
Results, Discussion, Conclusion, Acknowledgements (if any), References. The paper should preferably
not exceed IS typewritten pages including tables and references. The approximate location of tables and
figures should be indicated on the margin.
Nomenclature should conform to the conventions recommended by IUPAC. Units of weights, measures,
etc. should be used according to the Syslime International (SI).
References. The citations should include the reference number as on exponent. A list of numbered references
should be placed at the end of the text. References to periodicals should mention: (1) initial (s) and namc(s) of
authors), (2) international abbrcvalion of the periodical, (3) volume, (4) year of publication in parentheses,
(5) number of the first page. Thus: 3. R. A. BAILEY, A. STEGER, J. Chromatog., 11 (1963) 122. References to
books should include: (I) initial(s) and name(s) of authors), (2) title, (3) publisher, (4) place and year of
publication. Thus: 5. M. HAISSINSKY, J. P. ADLOFF, Radiochcmical Slavery of the Elements. Hsevier,
Amsterdam, 1965.
Illustrations should be selected carefully and their number kept to the essential minimum. Diagrams
should be ready for the blockmaker. The author's name, the title of the paper and the serial number of
the figure should be written on the back of each print. Legends should be brief and collected on a
separate sheet.
Tables. Each, bearing a title, should be self-explanatory and numbered consecutively.
Proofs. Authors will receive page proofs which must be sent back by return mail
Reprints. Authors are entitled to 50 reprints free of charge. Additional reprints can be ordered at prices
quoted in the Reprint Order Form enclosed with the proofs.

PROGRAM

SECTIONS AND PLENARY LECTURES OF SIS'95
are located in the Minor Conference Hall of the
Slovak Health Resort ("Spolocenskg Centrum")

Monday, May 15 (15.00-18.00)

15.00

OPENING SESSION

A- THEORY OF SOLUTIONS AND PROCESSES

Chairpersons : Professor H.R.von Gunten
Professor J.Hala
[1-A]
J.Hala:
Masaryk University, Brno

Solvent extraction from mixed aqueous-organic solutions.
[2-A]
V.A.Ivanov, V.D.Timofeevskaya, V.I.Gorshkov, N.V.Drozdova:
Moscow State University, Moscow

The role of temperature in ion exchange processes
of separation and purification of substances and water
treatment.

[3-A]
F.Macasek:
Comenlus University,

Bratislava

Speciation fingerprints of double mixtures by optimized
sequential two-phase separation.

Welcoming Party with free drinks and hors-d'oeuvres
w i l l be held in Balnea Esplanade Palace (nearby the
Conference Hall)
on Monday, May 15, 18.30 - 20.30

Tuesday, May 16 (8.30-13.00)
B. SOLVENT EXTRACTION, LIQUID MEMBRANES AND AQUEOUS BIPHASIC SEPARATIONS
Chairpersons:

Professor T.Sekine
Dr. S.Schlosser

[4-B]
H.F.Aly, J.A.Daoud:
Atomic Energy Authority, Cairo

Overview on extraction kinetics

of metai adducts.

[5-B]
S.Palagyi, T.Braun:
State Office for Nuclear Safety, Prague

Separation of ionic solutes by transport extraction based on
solvent sublation.
[6-B]
R.D.Rogers:
Northern Illinois University, DeKalb

Metal ion separations in polyethylene glycol-based aqueous
biphasic systems.
[7-B]
S.Schlosser, E.Hovanfiikova:
Slovak Technical University, Bratislava

Pertraction of zinc through bulk liquid membranes.
[8-B]
J.Szymanowski:
Poznan Technical University, Poznan

Copper hydrometallurgy and extraction from chloride media.
[9-B]
C.Tondre:
University Henry Polncari Nancy I, Vandoeuvre-les-Nancy

Pseudo-biphasic extraction and liquid membrane transport
of ionic solutes using micelle-based processes.
[10-B]
Z.R.Turel:
The Institute of Science, Bombay

Substoichiometric extraction of metals and its application
to the determination of heavy metals by neutron activation
analysis.

Poster Session

B, Tuesday, May 16 (17.30 - 19.30):

[11-B]
C.B.Bauer, R.D.Rogers:
Northern Illinois University, DeKalb

Water soluble calixarenes as possible metal ion extractants
in polyethyelene glycol-based aqueous biphasic systems.
[12-B]
A.Messaoudi, K.Torkestani, G.Goetz-Grandmont,
J.-P.Brunette:
E.H.I.C.S. Laboratoire de Chlmie, Strasbourg

Synergistic extraction of alkaline earth cations with
3-phenyl-4-benzoyl-isoxazol~5-one and tri-n-octylphosphine
oxide in toluene.
[13-B]
M.Hajduch, F.Macasek:
Comenius University, Bratislava

Isotope dilution analysis of phosphorous in phospholipids
by solvent extraction.
[14-B]

V. Jedinakova-Kfizova, P.Vaiiura,
Prague Institute Chem.Technology, Prague

Determination of caesium microamounts by isotope dilution
with substoichiometric separation.
[15-B]
J.Kalembkiewicz, S.Kopacz:
Rzeszow University of Technology, Rzeszow

Synergizm in the extraction of chromium(111) in the
benzoate systems.
[16-B]
J.Kalembkiewicz, L.Zapala, S.Kopacz:
Rzeszow University of Technology, Rzesz6w

Investigation of partition of 2-chlorobenzoic acid in
two-phase systems.
[17-B]
C.Heneczkowska, S.Kopacz:
Rzeszow University of Technology, Rzesz6w

Extraction of Cu(II) and Zn(II) in the three phase systems.
[18-B]
S.Kopacz, B.Papciak, J.Kalembkiewicz:
Rzeszow University of Technology, Rzeszow

Investigation of partition of ferric benzoate in two-phase
systems.

[19-B]
R.Kopunec, F.N.Abudeab
Comenius University, Bratislava

Solvent extraction characteristics of pertechnetate anion
with tetraphenylarsonium and tetraphenylphosphonium cations
in the presence of other anions.
[20-B]
S.Kusakabe:
Science University of Tokyo, Tokyo

Extractability of anions in relation to the volume and
hydratation.
[21-B]
C.Matel, F.Macasek, P.Rajec, O.Rosskopfova,
J . K o s t i a l , C.Drahosova, V.Neracovic, I.Matusek

J.Prekopova

Comenius University, Bratislava
NPP Jaslovske Bohunice

Determination
of Sr, Am and Pu in environmental
samples
from the surroundings of the NPP Jaslovske
Bohunice.
[22-B]
I.Miesac, K.Schugerl, J.Szymanowski:
Poznan Technical University, Poznan

Extraction and enzymatic hydrolysis of penicilline G in
emulsion liquid membrane system.
[23-B]
J.Mackova, V.Mikulaj:
Comenius University, Bratislava

The transport of strontium cation through a hollow fiber
supported dichlorobenzene membrane using 18-C-6-crown ether
as carrier and nitrate anion of dinonylnaftalen sulfic acid
as co-counter ions.
[24-B]
V.Mikulaj, M.Tomek:
Comenius University, Bratislava

Extraction of strontium and cesium from alkaline solutions
with antioxidant (22M46) and crowns 18C6 and DB18C6.
[25-B]
F.Onuska:
National Water Research Institute, Burlington

Micro-extraction by demixing for determination of phenols
from water samples.

[26-B]
A.Paulenova, P.Rajec:
Comenlus University, Bratislava

Micellar enhanced ultrafiltration of cadmium.
[27-B]
P.Nekovaf, D.Schrotterova, M.Mrnka:
Prague Institute Chemical Technology, Prague

Extraction

of metal ions with Primene JUT.

[28-B]
A.Borowiak-Resterna, J.Szymanowski, A.Voelkel:
Poznan Technical University, Poznan

Structure and nitrogen basicity of pyridine metal
extractants.
[29-B]
R.Cierpiszewski, M.Hebrant, J.Szymanowski, C.Tondre:
Universite Henry Poincare Nancy I, Vandoeuvre-les-Nancy
Poznan Technical University, Poznan

Stopped-flow kinetics of copper complexation by micellesolubilized 5-hydroxy-5-alkylbenzophenone oximes.
[30-B]
M.Hebrant, C.Tondre:
Universite Henry Poincare Nancy I, Vandoeuvre-les-Nancy

Nodelisation of biphasic extraction using micellar systems:
Interfacial or bulk aqueous mechanism.
[31-B]
P.Vanura, V.Jedinakova-Kfizova, Z.Valentova:
Prague Institute Chemical Technology, Prague

Separation of Cs and Sr using polyoxonium compounds.
[32-B]
P.Vanura, V.Jedinakova-Kfizova, P.Ivanova:
Prague Institute Chemical Technology, Prague

Extraction of perchloric acid by p-nonylphenylnonaethylene
glycol.
[33-B]
P.Vanura, E.Makrlik:
Prague Institute Chemical Technology, Prague
Charles University, Faculty of Education, Prague

Extraction of 85 Sr and 133 Ba by the nitrobenzene solution
of bis-l,2-dicarbollylcobaltate in the presence of
dibenzo-18-crown-6

[34-B]
M.Wiszniewski, M.B.Bogacki, J.Szynanowski:
Poznan Technical University, Poznan

Extraction of sulphuric acid from technological solutions
of hydroxylamine sulphate.
[35-B]
M.Yamada, T.Sekine:
Science University of Tokyo, Tokyo

Solvent extraction of chromium(VI) as ion-pairs with
tetrabutylammonium ions.
[36-B]
A.Zeman:
Masaryk University, Brno

Mixed ligand complexes of europium.

EXCURSION TO
PIESTANY SPA F A C I L I T I E S
STARTS ON TUSDAY, MAY 1 6 , AT 1 5 . 0 0 FROM THE CONFERENCE CENTRE
ONLY FOR THE PARTICIPANTS WHO APPLIED IN REGISTRATION FORM

Wednesday, May 17 (8.30-9.45)
C. CAPILLARY ELECTROPHORESIS AND ISOTACHOPHORESIS
Chairpersons:

Dr.B.Fourest
Professor D.Kaniansky

[37-C]
D.Kaniansky:
Comenlus University,

Bratislava

Analysis of complex ionic mixtures and (ultra)trace
analysis by coupled column capillary electrophoresis.
[38-C]
A.Rigol, M'.Vidal, G.Rauret:
Unlversitat de Barcelona, Barcelona

Capillary zone electrophoresis to study humic fraction
in forest soils and its relationship with radionuclide
mobility.

Wednesday, May 17 (10.15-13.00)
D. SELECTIVE AND NATURAL ION SORBENTS
Chairpersons:

Professor Z.R.Turel
Professor V.I.Gorshkov

[39-D]
H.F.Aly, I.M.El-Naggar:
Atomic Energy Authority, Cairo

Tetravalent metal antimonates synthesis, characteristics
and use in treatment of radioactive waste solutions.
[40-D]
V.I.Gorshkov, V.A.Ivanov:
Moscow State University, Moscow

Reagent-free ion exchange separation based on change of
ion exchange resins selectivity and capacity.
[41-D]
P.Rajec:
Comenlus University, Bratislava

Sorption of radionuclides on inorganic sorbents.
[42-D]
F.Sebesta, J.John, A.Motl:
Czech Technical University in Prague, Prague
Composite absorbers consisting of inorganic ion-exchangers
and polyacrylonitrile binding matrix.
[43-D]
T.Yassine:
Syrian Atomic Energy Commission, Damascus

Preparation, properties and ion-exchange behavior of stannic
silicomolybdate.

Poster Session C, Wednesday, May 17 (17.30 - 19.30):
[44-C]
B.Fourest, N.Hakem, R.Guillaumont:
Instltut de Physique Nucleaire, Orsay

Application of
capillary electrophoresis
characterization of some colloidal particles.

to

the

[45-C]
D.Kaniansky, M.Masar, J.Marak, V.Madajova, F.I.Onuska:
Comenius University, Bratislava

Separation
of
electrophoresis.

nitrophenols

by

capillary

zone

[46-C]
J.Kuruc, R.Batista, R.Cech, P.Rajec:
Comenius University, Bratislava

Determination of ionogenic radiolytical products of
two-phase water- dibutylphosphate systems by capillary
isotachophoresis.
[47-C]
J.Kuruc, A.Petru, R.Cech, P.Rajec:
Comenius University, Bratislava

Determination of radiation yields of ionogenic products of
two-phase water- tributylphosphate and di-(2-ethylhexyl)phosphoric acid systems by capillary isotachophoresis.
Poster Session D, Wednesday, May 17 (17.30-19.30):
[48-D]
M.FSldesova, P.Lukac, P.Dillinger:
Slovak Technical University, Bratislava

Physical and sorption properties of some natural
inorganic sorbents with respect to Co-60 and Cs-137.
[49-D]
K.G.Ioannides, T.Mertzimekis, D.T.Karamanis, K.C.Stamoulis,
I.Kirikopoulos:
The University of loannina, Ioannina

Radiocaesium sorption-desorption processes in lake
sediments.
[50-D]
D.T.Karamanis, P.A.Assimakopoulos, A.A.Pakou, N.H.Gangas:
The University of loannina, Ioannina
Straton hi-tech Ltd., Athens

Sorption of radiocaesium and radiostrontium on pillared
layered clays (PILCs).

[51-D]
K.G.Ioannides, C.Papachristodoulu, D.T.Karamanis,
K.C.Stamoulis, T.Mertzimekis:
The University of loannina, Ioannina

Measurements of

Rn migration in soil.

[52-D]
V.Lobo, Z.Turel:
The Institute of Science, Bombay

Adsorption and radiochemical separation of caesiumd )
using zirconium phosphate ion exchanger.
[53-D]
C.Matel, P.Rajec:
Comenius University, Bratislava

Preliminary
experiments
of radionuclides
zeolites
from waste pond water.

sorption

using

[54-D]
V.Mikulaj, V.Svec, R.Hanzel:
Comenius University, Bratislava

Separation
of lead and calcium, strontium,
barium from
acidic solutions using crown ether and tungstosilicic
acid.
[55-D]
D.Zaraboulis, P.Misaelides, D.Bakoyannakis, A.Godelitsas,
N.Barbayannis, G.Stalides:
Aristotle University, Thessaloniki

Perrhenate-ion uptake from aqueous solutions
hydroxide
gels.

by aluminium

[56-D]
Y.Onal, S.Giiger:
Inonue University, Malatya

Basic investigations of clay minerals from Malatya.

[57-D]
P.Rajec, J.Orechovska, C.Matel, V.Sucha:
Comenius University, Bratislava

Sorption of cesium in illite.

[58-D]
T.Se<jkin, Y.Onal, S.B.Erdemoglu,

S.Gutjer:

Inonue University, Malatya

Preparation, properties and ion exchange
of polyaerylate-clay
materials.

behavior

[59-D]
I.S.Shaban, V.Mikulaj:
Comenlus University, Bratislava

Sorption / desorption of radiocaesium on various sorbents
in presence of humic acids.
[6O-D3
D.Trubert, F.Monroy, L.Brillard, M.Hussonnois,
0.Constantinescu:
Nuclear Physics Institute, Orsay

Behaviour of Zr, Hf, Nb, Ta and Pa on anion exchange resins
in fluoride media.
[61-D]
D.Trubert, M.Hussonois, F.Monroy, L.Brillard, G.Ardisson,
V.Barci, 0.Constantinescu, Yu.Ts.Oganessian:
Nuclear Physics Institute, Orsay
University of Nice, Nice
Joint Institute for Nuclear Research, Dubna

On line study of short-life
radiochemical separations.

isotopes using

fast

[62-D]
T.Valdes Gonzales:
FINLAY I n s t i t u t e , Rpto Siboney, La Habana

Application of sorption methods for removal of 1-125
from radioactive vaste of biological laboratorium.

Informal Party
with gypsy music will take place
on Wednesday, May 17, from 21.00 to 24.00
in Farmer Rastaurant (Gazdovská Reátarurácia)

DELFÍN
Entrance Against Tickets Only
The restaurant is situated at a walking distance (20 min from
Hotel Magnolia) on the right bank of Vah river (Valova Street 16),
but the bus will be available starting from
Hotel Atom and stopping at the Hotel Magnolia between 20.40-20.50.

Thursday, May 18 (8.30-11.30)
E. FRACTIONATION OF RADIONUCLIDES AND METALS IN NATURAL SYSTEMS TRANSFER AND SPECIATION.

Chairpersons:

Professor R.Rubio
Professor V.Jedinakova-Kfizova

[63-E]
V.Jedinakova-Kfizova:
Prague Institute Chem.Technology, Prague

Radionuclides migration in the geosphere and their sorption
on natural sorbents.
[64-E]
H.P.van Leeuwen:
Llendbouwunlversiteit, Wageningen

Metal speciation and bio-availability.
[65-E]
H.R.von Gunten, H.Surbeck:
Paul Scherrer Institut,

Villigen

Mobility of uranium and radiooactive

disequilibrium.

[66-E]
R.Rubio, G.Rauret:
University of Barcelona,

Barcelona

Validation of the methods for heavy metals
in soils and sediments.

speciation

[67-E]
J.Tent, G.Rauret:
Unlversitat de Barcelona,

Barcelona

Lixiviation as a tool for radionuclide
in home oak leaves.

fractionation

[68-E]
A.Rigol, M.Vidal, G.Rauret:
Unlversitat de Barcelona, Barcelona

Radionuclide fractionation in organic-matter enriched soils.

Thursday, May 18 (12.00-13.30)
F. RECOVERY OF RADIONUCLIDES AND METALS FROM WASTEWATERS, SOILS,
AND

Low

Chairpersons:

GRADE

SOURCES

Professor J.Szyraanowski
Dr.Z.Kolarik

[69-F]
P.Gloe:
Technical University Dresden, Dresden

Solvent extraction of toxic heavy metals from effluents.

[70-F]
Z.Kolarik, U.Mullich:
Forschungszentrum Karlsruhe GmbH, Karlsruhe

Separation of actinides from high-level radioactive waste.,
[71-F]
J.Lehto, R.Harjula, H.Leinonen, A.Paajanen:
University of Helsinki, Helsinki

Advanced separation of harmful metals from industrial
waste effluents by ion exchange.

Poster Session E, Thursday, May 18 (17.30 - 19.30):
[72-E]

P.Gerhart, F.Macasek
Comenius University, Bratislava

Speciation of added radionuclides in raw milk.
[73-E]
M.Hutta, M.Foltln, S.Megova, S.Rippa, T.Prochackova,
J.Kandra6, M.Steklafi:
Comenius University, Bratislava

Liquid
chromatographic
behaviour
methylmercury and phenylmercury.

of

mercury(II),

[74-E]
M.Hutta, M.Moskal'ova, M.2emberyova, M.Foltin:
Comenius University, Bratislava

Off-line combination of HPLC and trace mercury analyser
(TMA) for organomercurials speciation in environmental
samples.
[75-E]

M.Chalanyova, M.Hutta:
Comenius University, Bratislava

Analysis of some nitrophenols
phase high performance liquid

in water samples by reversedchromatography (RHPLC).

[76-E]
J.Kandrafi, M.Hutta:
Comenius University, Bratislava

Preparation and characterization of humic and fulvic
working standards - Practical experience.
[77-EJ
P.Jurcek, V.Jedinakova-Kfizova:
Prague Institute Chemical Technology, Prague

Migration of Cs-137 and Sr-90 in clay materials.

acid

Poster Session F, Thursday, May 18 (17.30 - 19.30):
[78-F]
N.El-Said, A-Mekhail, S.M.Khalifa, H.F.Aly:
Atomic Energy Authority, Cairo

Efficient method for selective separation of palladium
from simulated intermediate radioactive waste nitrate
solutions by IRA-400 and IRA-900 anion exchangers.
[79-F]
N.El-Said, A-Mekhail, S.M.Khalifa, H.F.Aly:
Atomic Energy Authority, Cairo

Separation of strontium from simulated radioactive waste
K SO / nitrate solutions containing Sr2+, Eu3*, Ce3+,
2 4
_.,2+
. , 3 + _ 3+

rrrt 2+

_ 3 + - 3 + ,,.2+

Pd , Rh , Ru , UO , Fe, Cr

.,3+ „ 2+

Ni , Al , Ca

, _ +

and Cs

by strongly basic anion exchanger.
C80-F]

M.Mrnka, D.Schrotterova:
Prague Institute Chemical Technology, Prague

Reprocessing of spent Co-No catalysts

from petrochemistry.

Friday, May 19 (9.30 - 11.30).

HOTEL ATOM LOUNGES
ROUND TABLES
[81-RT]
F.Onuska:
National Water Research Institute, Burlington
The National Water Research Institute (Burlington, Ontario)
QC/QA Experience.
[82-RT]
J.Lehto:
University of Helsinki, Helsinki

The International Workshop on Uniform and Reliable
Nomenclature, Formulations and Experimentation for Ion
Exchange.

FURTHER ROUND TABLE TOPIC CAN

BE

OFFERED BY THE PARTICIPANTS

DURING THE SESSIONS OF S I S ' 9 5

EXCURSION TO
NUCLEAR

POWER PLANT JASLOVSK£
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MAY 19,
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MAGNOLIA

ONLY FOR THE PARTICIPANTS WHO CONFIRMED
THEIR

INTEREST AND I N D I C A T E D
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NUMBERS
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Solvent Extraction from Mixed Aqueous-Organic Solutions

Jifi Hala
Department of Inorganic Chemistry, Masaryk University, Brno, Czech Republic

Mixed aqueous-organic solutions, instead of purely aqueous phase, have
been introduced into solvent extraction chemistry in the late sixties. In such
extractions, an organic solvent (cosolvent) miscible with water is added to the
aqueous phase. Substituting common aqueous phase for a mixture of water with
an organic solvent makes the extraction system more complex since the presence
of the cosolvent induces changes not only in the properties of the aqueous phase
but also, due to partition of the cosolvent between the two phases, in those of
the organic phase. One is thus confronted with extraction systems where additional effects and equilibria affect the extractions, and have to be taken into
account. All this results in changes in the extraction behaviour of the substance
extracted (most frequently a metal ion) and, depending on the particular extraction system and the cosolvent used, a more or less pronounced decrease or
increase of metal partition is observed.
Various factors, such as miscibility of phases, dielectric permitivity of the
mixed phase, changes in water activity, solvation of various species by the cosolvent, changes in solubilities and in complexation equilibria, that play role in
extractions from mixed aqueous-organic solutions will be reviewed in the lecture,
and their influence demonstrated by way of selected examples taken from the
literature and author's results. In doing so, the present state-of-art in this field of
solvent extraction will emerge. It will also be seen that in most cases unequivocal interpretation of the extraction data in these systems may not be possible
since the presence of the cosolvent in the aqueous phase does not affect one of
the mentioned factors only. Rather, several factors contribute to the observed
extraction behaviour which the reason why interpretation of the results in such
studies often remains confined to qualitative statements.

The Role of Temperature in Ion Exchange Processes
of Separation and Purification of Substances and Water Treatment
V.A.Ivanov, V.D.Timofeevskaya, V.I.Gorshkov, N.V.Drozdova
Chemical Department, Lomonosov Moscow State University,
Moscow, Russia, 119899
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INTRODUCTION
Most of the ion exchange separations are traditionally
accomplished as isothermal ones. In particular, it concerns the ion
exchange softening of solutions and purification from alkali earth
and transition metals. With the use of an influence of temperature
both on the equilibrium and the dynamic properties of some ion
exchange resins, a significant improvement of the ion exchange
separations, diminishing of reagent consumption and
waste
quantities can be achieved. In the same way, ecologically clean ion
exchange separation methods can be developed as well.
EQUILIBRIUM
Effect

of temperature

on the

ion exchange

selectivity

was

studied in detail during decades for the sulphonic acid resins in
the first place. Our investigations [1-4] of the ion exchange of
mono- and divalent ions have indicated that some of a weak acid
resins show more significant temperature effects. Experimental data
for three of studied resins are shown in Fig.l as plots of the
selectivity coefficient

versus

x_

fractions

at
of

correspond

two
ions

to

1/2
1 2
K = yyII
. xI /
' yyI . xII'
temperatures (here y and

in

mono-

resin
and

and

solution;

divalent

x

are

indexes

ions).

The

equivalent
I

and

II

temperature

dependencies of K correlate strictly with chemical structures of
resins.

For

all

of

the

studied

cation

exchangers

(sulphonic,

carboxylic, phosphonic) the selectivity towards divalent ions of
the alkali earth and transition metals increases with temperature.
The temperature

effects for the polyacrylic

and

polymethacrylic

resins have been found to be the most strong. The K values for
chelating resins depend on temperature very slightly

in case of

exchange of the alkaliearth and alkali metals ions and decrease
visibly with temperature

in case of exchange

of transition

and

alkali metals ions. Due to the different effects of temperature,
cation exchangers become at high temperature for some solution
compositions more selective than the chelating resins.
Temperature affects the capacity of resins as well.

0

0.05

0.1 Xg

Fig.l Plots of K versus x_
20°C

10
0

0.05

(curves

1)

and

at
82°C

(curves 2) for exchange Ca
Na + from the 2.5 N solution.
Resins:
chelating
polyvinylpyridene with acetic group in
a-position - (A), phosphonic
polystyrene
KRPh-8
(B)
and
polymethacrylic KB-4 (C) .
DYNAMIC PROPERTIES

The effect of temperature on the shape and length of a
sorption
front
is
rather
complex
due
to
the
temperature
dependencies of mass transfer or diffusion coefficients, of selectivity coefficients and of resin swelling. The increase of both
mass transfer coefficients and selectivity coefficients stimulated
by temperature leads to the sharpening of the sorption front.

ION EXCHANGE SEPARATION AND PURIFICATION
The evolution of the separation processes by use of the
temperature effects are considered as well as some problems of
theory and experimentation.
1. First of all, it relates to the traditional methods of the
ion exchange softening and purification of concentrated alkali
metal salt solutions from the alkaliearth or transition metals. The
methods consist in filtration of the solution being purified
through the column with a weak acidic or chelating resin in the
same alkali metal ionic form. Obviously, the use of cation exchange
resins at high temperature can increase the productivity up to
2-2.5 times due to both the increase of ion exchange capacity with
respect to divalent metals and sharpening of the sorption front.
Moreover, if the initial ion exchanger has not been completely
regenerated, a more deep purifications are achieved at high
temperature. Elution of the divalent ions from the exhausted resin
is facilitated at low temperature due to the lower selectivity of
resin.
2. Dual-temperature reagentless cyclic process [4] for partial
purification of concentrated alkali metal salt solutions from
alkaliearth and transition metal ions admixtures has been proposed.
It consists in filtration of the initial solution through column
with the polyacrylic, or polymethacrylic, or some other resin at
the alternating periodically high and low temperature. Elution
curves for one of experiments are presented in Fig.2.

0.1
0.05

0
Fig.2.

jiijuy

8

XI

Concentration of Ca 2 +-ions versus the volume of eluted

solution under purification (1,3) of 2.5 N NaCl solution from
Ca
impurity (0.02 N) and regeneration (2) of cation exchanger
KB-4. The column 60x0.8 cm, the flowrate 2 ml/min.

During "hot" stage the partial purification (up to 10 times)
is accomplished and at the "cold" stage the ion exchanger is
regenerated.
3. Polyacrylic, polymethacrylic and some other resins have
been found to be exclusively effective for reagentsless dual
temperature softening and deep purification of concentrated alkali
metal salt solutions from alkaliearth and transition metal ions
admixtures with application of a cascade of single separation units
(such as above described), or the parametric pumping technique and
or the countercurrent technique. For instance, the parametric
pumping allows to decrease the concentration of divalent ions by
3-4 order magnitude in 5 stages only.
4. Improvement of separation of multicomponent ionic mixtures
is achieved by the use of different temperature regimes in the
sorption, elution and regeneration stages. In this way the ion
exchange method [5] for continuous separation of strontium from the
concentrated
solutions
like
the
natural
brines
using
a
counter-current columns have been improved.
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SPECIATION FINGERPRINTS OF BINARY MIXTURES
BY THE OPTIMIZED SEQUENTIAL TWO-PHASE SEPARATION

Fedor MACA5EK
Department of Nuclear Chemistry, Faculty of Science,
Comenius University, SK-84215 Bratislava, Slovakia

At

the SIS'93

Conference

we reported

the analysis

of the

separation methods suitable for chemical speciation of radionuclides
and metals, and the advantages of sequential

(double) distribution

technique were discussed

[1]. The equilibria are relatively easy to

control

enables

and the method

adjustment,

and therefore

to minimize

it minimizes

a matrix

also

composition

the disturbance

of

original (native) state of elements.
The technique may consist in the repeated solvent extraction of
sample,

or the replicate

equilibration

condition of applicability
species,

what

is mostly

with

is a linear

a reasonable

sorbent.

separation
condition

The common

isotherm

in case

of the

of trace

concentrations.
The equations used for simultaneous fitting [1] can be written in
general form.
(i) In the case when the species are independent (interconversion does
not

occur) the concentration

of analyte

occurring

in form

of two

species as a total concentration in respective phase j and step i:
(K )j-i

c
ij

B

( J

V

<V
X

c

o

(1 + r K )
B

where
x

= l -x

=
B

( 1 + r / CC)
)1
A
A

(1
(1 + r
r KK

A

(1)

B
B

(2)
1 + p

is the mole,fraction of species A in mixture with species B.where the
matrix of indexes (identical with the exponents) is as follows:
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fingerprints
phase
original solution
1st rafinate / filtrate
1st extract / sorbate
2nd rafinate / filtrate
2nd extract / sorbate

0
1
1
2
2

"

1
1
2
1
2

0
1
2
3
4

(ii) When the species are genetically tided, i.e. an equilibrium
[B]

io

(3)

=K

P=
[A]

CA]

io

ii

exists both in the original sample and that contacted with separation
phase 2, but no interconversion takes place in the organic or solid
separation phase 2,
(K
A

c

=

K )i~1

+ K
B

(1 + K ) l + 1 " J

1

1

(4)

c

ij

O

These equations can be used not only for predictory calculation
ms of c

values at known K , K

and K , but also for finding the

constants K's by routine methods of non-linear programming.
As a realistic example, the distribution of two species, A and B,
having individual distribution ratios K = 10 and K = 0.06 in liquid A
B
1
liquid system

was modeled mathematically for 6 and 10% uncertainty

of the apparent distribution constants respectively, and variance in
p = c /c
B

ratio in original samples 8% (Table 1 ) .

A

The experimental

concentration

data

can

be well

displayed

in

Tukey box plot diagrams, which for each set of data display the mean
(dotted) line and the box indicating the range e.g. between the 25th
and 75th percentiles of the data (and the 10th and 90th percentiles as
capped

error

bars,

as

in

our

case).

The

characteristic

patterns

obtained may serve as fingerprints of the binary chemical
species mixture (FIG 1.).

See

data

arsenic(III)
chloroform.

in
(=B)

paper
between

[2]
5M

on
H SO

distribution
-

1M

of

arsenic (V)

NaBr

aqueous

(=A)

and

phase

and
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TABLE 1. The parameters found from concentration data at various
conditions (standard Marquardt-Levenberg algorithm of fitting
from SigmaPlot Scientific Graph System Version 5.01).
"True" values : K = 10.0 ± 0.6, K = 0.060 ± 0.006,
permissible variance of p was 8% of the initial value
indicated.
The mode of fitting:
A - all sets c

-c
were considered with constant weight 1
11 22
B - first, the sets c
and c
were fitted with weights of

2
individual values 1/c

and then the set c

was added
12

fitted with the same weights.
B(0.1) - the same for data at phase ratio r=0.1
C - the value K was considered to be known
A

D - both the values K and K were considered to be known.
A
B
K
K
Fitting
p
A

mode

A
B

"true"

o.io

fitted
0.57
0.076
0.18
0.17
0.1055±0.0006

B

fitted

290
8.5

D

0.10
0.10
0.10
0.10

A

1.0

1.1

17

B

1.0
1.0
1.0
1.0

1.17
1.04
0.998
0.990±0.023

12
7.5
-

B(0. 1)

C

B(0. 1)

C

D
A
B

10
10

3.1
3.8

B(0. 1)

10
10
10

8.5
5.5

C
D

9.20+0.13

10

7.9
-

1.2
1.5
5.6
—

fitted

1.1
0.0
7.9
0.56

0.084
0.08
0.66
0.061

0.004
0.015
0.11
0

and
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FIG.l. Distribution patterns (fingerprints) for binary mixture of the
species having distribution constants K =10, X=0.06 and r=0.1) at the
A

B

Tukey box diagram.Full triangles correspond to the values found by
fitting with uknown constants K and K and uknown ratio p.
A

o

(i) Indepenedent species ratio:
la: p = 0.1, lb: p = 1, lc: p - 10.
(ii) Equilibrium of species reestablished at various K :
2a: K

= 0.1, 2b: K

= 1, 2c: K

11

= 10.

SECTION B

OVERVIEW ON EXTRACTION KINETICS OF METAL ADRUCTS
HIS HAM F, ALY AND JACQUELINE A. DAOUD
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The kinetics of solvent extraction systems is a topic of great
importance for the basic understanding of the nature of these
processes. Information on the overall rate of mass transfer and
the knowledge of the mechanism of extraction in a particular
system allow the prediction of possible inhibitions and
enhancements on the extraction rate. This is very important in
estimation of the industrial applicability of this system and to
adjust the plant operation conditions.
Although the earlieat studies on the kinetics of solvent
extraction were reported in 1940's (1-3), the true development in
this field started in 1970's. The present overview presents a
brief
survey
on
the
different
regimes
contro Lling
the
liquid-liquid extraction mechanism of metal chelates aijid addicts,
the different reported reaction models and the most comnon itiethods
used to follow the kinetics of extraction processes are gi.vpn. The
effect of the different phenomena affecting the extr ctior. rate
and the importance of the kinetic information in connection with
and counter-current modelling are also
technical
discussed.
In solvent extraction systems, the chemical reactions can take
place in two bulk phases or in the two-dimensional r sgion which
separate the two immiscible liquids , i.e. the li quid-liquid
interface, or in a thin volume region very close ;o it, The
chemical species that have to be transported to or away from the
interface to complete extraction always diffuse through the
diffusion films. If the time required for this diffusion is longer

15

than

that

required

for

the

actual

chemical

changes,

then

the

overall extraction kinetics occur in a "diffusional regime", in
this case, the rate of extraction can be described ii. terms of
interfacial film diffusion. This situation may occur in unstirred
systems or whenever the degree of stirring of the two phases is so
low that thick diffusional films can be assumed to exipt on both
sides of the interface.
On the other hand, in very efficiently stirred systems when one
or more of the chemical reactions is slower than tie rate of
diffusion to and from the interface, the solvent extraction
kinetics

occur

in a

"kinetic regime". A more

compli cated

case

arises when tho chemical reactions and film diffueior processes
are comparable and the contribution of chemical reactions and
diffusion are significant. In this case the solvent extraction
kinetics take place in a "mixed diffusional- Kinetic rehimr, '.
The progress of reactions can be followed either y chemical
analysis or by the use of physical methods to measure the amount
of reaction that have occured without disturbing the system. A
wide range of experimental techniques have been used t ;> study the
kinetics of reactions. Among the different experimental techniques
commonly used to study the solvent extraction kinetics are the
stirred tanks, the stirred cells with constant interfacir.l area,
the single drop technique ,the short-time phase contacting method
and the rotating diffusion cell.

In kinetic regime systems the rate of extraction i^ controlled
by chemical reactions taking place either in the bulk phases or at
the interface. In systems where the extractants have low surface
activity and a relatively high solubility in the aq< eous phase,
the reaction takes place in the aqueous phase (4,5b. When the
adduct forming ligand has a partial solubility in the aqueous
phase, it may participate with the chelating agent in the aqueous
phase reaction (6-9). On the other handy when the extractant is a
strong, or even moderately strong surfactant, and Was a little
solubility in the aqueous phase, the reactions at tjie interface
are expected to be the governing process (10-14).
It

has

to

be

mentioned

that

16

if

the

hydrodyna nics

in

the

extraction system is high and the extractant exhibits hijh surface
activity, the interfacial reactions can be dominant even for not
very

hydrophobic

extractante

(15).

In

other

words,
the
complexation site could be changed by experimental cond Ltions and
the true mechanism could include concurrent reactions involving
the neutral ligand and its anion both in the bulk phase and at the
interface.
Diffusion is the irreversible Bpontaneou8 movement of
lower
from
a
region
of
higher
concentration
to one of
concentration leading to equalization of concentration within the
same phase. When one and more of the chemical steps of a reaction
mechanism proceeds with a comparable velocity of the cjiffunional
process through the interfacial films, the reaction kjinetics is
said to b© governed by mixed diffueional kinetic regime. In this
case the differential equations of diffusion and of: chemical
kinetics have to be solved simultaneously to obtain ja complete
mathematical description of the mixed regime system
The slow
chemical reactions can take place either in the bulk of one of the
phases or in a layer near the interface (homogeneous) o can occur
at the interface (heterogeneous).

In mixed diffusional-kinetic regimes, up to a certain limit,
the increase in the stirring rate decreases the thickr ess of the
diffusion film and accelerates the diffusion and the rate of

chemical reactions could be increased by increasing th< reactants
concentrations.
The rate of extraction in biphase liquid/liquid sys;ems can be
affected by many phenomena that can act separat
or m
combination• The enhancement of the rate of transi
can be
carried out by the use of chemical catalysis which act 3 either on
the organic phase or the aqueous phase. The organic
additives could be a species which is greatly adsorbed at the
interface and form a transitory fast extracted species. On the
other hand, auxiliary complexing agents in the aqueoui phase can
accelerate significally or delay the mass transfer. Th

effect of

auxiliary complexxng agent have been studied by many authors

17

(16-18).

The presence of an auxiliary

completing agent

in

the

aqueous phase can change the extraction rate of metal iojis as well
as the extraction mechanism (19).

The nature of the diluent used can also affect th 2

rate of

extraction. As the aromatice cauae the swelling of the ipterfacial
layers, they decrease the concentration of the
molecules at the interface which decreases the extraction rate
(20).
The practical applications of kinetics of solvent extraction
processes
in
connection
with
technical
processes
and
couter-current modelling is discussed. Kinetic
studios are
essential for the development of new processes and the knowledge
of factors governing the mass transfer and mechanism of jextraction
of metal ions is of1 major importance in the design, [operation,
control and optimization of reactors in chemical industry.
The concept of using the difference in reaction kinetics for
the improvement of metals separation is a new trend recently
addressed (21). In this context, the difference in the rate
equations and kinetic barriers are manipulated to enhance the
efficiency of lanthanides/actinides separation on kinetic basis
(22,23).
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Separation and preconcentration of solutes from aqueous
solutions by solvent extraction is one of the most intensively
used techniques
in analytical practice.
Nevertheless, the
extraction procedures in liquid - liquid systems have a common
drawback that the separation efficiency decreases with increasing
ratio of aqueous phase to organic phase volume, as it follows
from Nernst distribution law. This fact seriously detracts from
the preconcentration power of this technique. In the conventional
equilibrium extraction process (which is a prerequisite to obtain
maximum yield at given conditions) the mass-transfer between two
phases is realized through immeasurably large contact surface
area of phases during
their mixing. Under these physical
conditions, it is impossible to overcome the above mentioned
drawback neither practically, nor theoretically /l,2/.
The solvent sublation technique is an option to ionflotation, in which the surface active solute in water is
adsorbed on the bubble surfaces of an ascending gas stream and
then collected in an immiscible liquid layer placed on top of the
water column. In fact, this can be viewed as a process of
transport extraction. The main difference between transport
extraction and normal solvent extraction is in the role of
thermodynamic parameters controlling the extent of the separation
and the state of equilibrium of the process. The separation yield
in
solvent extraction
is determined
by both equilibrium
distribution ratio of the solute between two immiscible liquid
phases and their volume ratio. In transport extraction, where the
contact of the phases takes place at the aqueous phase - organic
phase interface
only, thermodynamic equilibrium
cannot be
established in the bulk aqueous and organic phases. Contrary to
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normal solvent extraction, where the passage of the solute into
the organic phase is a result of a spontaneous distribution
process during an intensive mixing of phases, in transport
extraction this passage, or
transport of the solute from
stationary bulk aqueous phase into the organic layer is forced by
the stream of gas bubbles. Therefore, the quantity of trace
solute collected in the organic solvent is independent on the
distribution ratio and the volume ratio of the phases as well.
The transport extraction technique, as a non-equilibrium
alternative to the normal
solvent extraction technique in
a liquid-liquid system, where the mass-transfer is realized by
means of a carrier gas employing the adsorption of the separated
analytes on the immeasurably large surface area of small bubbles
formed in aqueous phase (with or without addition of surface
active agents), solves the problem discussed above. Furthermore,
the aqueous and organic phases are in contact only at the
measurably small surface area, which is negligible in comparison
with the surface area formed in conventional batch (static) or
flow (dynamic) solvent extraction techniques, therefore the
transport extraction is not governed by Nernst distribution law
and the separation efficiency is not dependent on the volume
ratio of the phases. This results in high and theoretically
constant separation efficiency for any volume of the aqueous
phase approaching 100% also for low distribution ratios of the
separated analytes.
The comparison of these two techniques was made on the basis
of both theoretical considerations and experimetal studies.
Supposing a Langmuir type isotherm for the adsorption of trace
colligends in terms of an equilibrium adsorption, i.e., transport
extraction constant, an equation has been derived for the
calculation of the efficiency of the separation in transport
extraction. By comparison of this equation with the equation for
the separation efficiency of conventional solvent extraction
under static
(batch) conditions it is possible to evaluate the
theoretical separation and/or preconcentration potentials of
these two techniques. The theoretical principles of transport
extraction have been revealed and the basic difference between
these two extractive separations has been explained. The results
21

showed
that the
non-equilibrium
extraction gives some distinctive
solvent extraction.

nature
of the transport
advantages over equilibrium

It was
found that transport
extraction utilizing the
essential feature of solvent sublation, which lies in the inherent
capability of solvent extraction under non-equilibrium conditions,
makes possible
to enhance substantially
the efficiency of
separation also from relatively large volumes of aqueous phase.
This fact can be advantageously used in the separation and
preconcentration of trace amounts of analytes in liquid - liquid
systems, where equilibrium solvent extraction fails owing to the
low distribution ratio of the solutes. Transport extraction does
not seem to suffer from the eventually unfavourable analyte
distribution, but as a typical adsubble technique, its effective
performance strongly
depends on the
formation of suitable
adsubblets, which can be transported with carrier gas bubbles
under reasonable conditions and time.
The experimental possibilities of transport extraction and
its intercomparison with conventional liquid - liquid solvent
extraction,
with
regard
to
both
the
separation
and
preconceritration efficiency, have been verified in the separation
of 1 ^ 1 I . A molecular iodine (colligend) - CPC cationic surfactant
(collector) complex pair in aqueous phase was chosen as a model
system with
benzene as non-miscible
solvent under static
conditions using nitrogen gas as carrier. Separation efficiencies
amounting up to 95% were obtained for iodide concentrations of
1-10 mg/1, independent on the volume of the aqueous samples in
the range of 1-4 1. Kinetic observations showed that the
transport extraction process essentially
follows a modified
Langmuir adsorption model, which makes it possible to calculate
the mass-transfer
rate constant of the
process for each
particular case /3,4/.
In the course of the
experiments, also a new method of
sorbent supported
transport extraction using
an open-cell
polyurethane
foam
has
been
elaborated.
The method was
demonstrated in the effective separation and preconcentration of
radioiodine and/or stable iodine from various aqueous samples of
4 1 volume: deionized, drinking (tap) and surface (river) waters.
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Almost quantitative separation was obtained in 60-90 min bubbling
time into polyurethane foam cylinder loaded with 10 ml of
benzene, with up to 400-fold preconcentration of 1 3 1 i in direct
activity counting. Both radioiodine and stable iodine can be
back-extracted from the polyurethane foam support, e.g., into
acetone with 95% efficiency. The immobilization of the organic
phase in the resilient membrane-like solid support avoids the
escape of the solvent from the column at relatively high carrier
gas flow-rates and minimizes the losses of the separated analyte
maintaining a
high degree of
its preconcentration during
manipulation with the supported organic phase /5/.
The advantages of transport extraction over conventional
solvent extraction are the independence of extraction efficiency
on the sample volume, easy handling of both large-volume samples
and small-volume extracts, and substantially higher preconcentration efficiency. In transport
extraction the formation of
emulsions, which is a distrurbing effect in conventional solvent
extraction, is eliminated. No losses of the organic phase occur
due to its solubility in water as in solvent extraction, since
the contact of phases is restricted only to the phase boundary
between them. Sorbent supported transport extraction, as an
alternative to the solid phase extraction, also eliminates this
problem.
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METAL ION SEPARATIONS IN POLYETHYLENE GLYCOL-BASED AQUEOUS
BIPHASIC SYSTEMS
Robin D. Rogers. Department of Chemistry, Northern Illinois University, DeKalb, IL 60115 USA
Solvent extraction, utilizing an oil/water mixture (e.g., chloroform/water) and a suitable
complexant, is a proven technology for the selective removal and recovery of metal ions from
aqueous solutions. Solving the increasing number of metal ion separation problems has typically
focused on finding an appropriate selective extractant, making it as lipophilic as possible, and
determining the best diluent. This has often meant the use of expensive extractants and volatile, toxic,
organic diluents. In addition, the extracted species is usually dehydrated and partitioned as an ion
pair. Whole classes of water soluble extractants cannot be utilized in these systems.
It was somewhat surprising to us, therefore, that aqueous biphasic systems have been virtually
ignored as a possible extraction technology for metal ions. (Our recent review of this field revealed
a scant nine papers.) Aqueous biphases formed by mixing certain inorganic salts and water soluble
polymers, or by mixing two dissimilar water soluble polymers, have been studied for over forty years
for the gentle, nondenaturing separation of fragile biomolecules. The two aqueous phases (80%
water on a molar basis) can be fine tuned to achieve excellent phase separation characteristics
(dispersion numbers, densities, and viscosities) often quite similar to widely used oil/water systems.
Polyethylene glycol (PEG)-based aqueous biphasic systems have several key advantages over
traditional oil/water systems. The PEGs are inexpensive, nontoxic, nonflammable, and commercially
available. The salts can be chosen from a variety of inexpensive, relatively harmless possibilities.
Toxic, volatile organic diluents are not required and whole new classes of water soluble extractants
can be utilized. This opens the door to cleaner, safer, cheaper extraction technologies.
Aqueous biphasic systems also offer unique challenges. The number of variables necessary
to fully define an optimized process is dramatically increased over traditional systems. The choice
of polymer and its molecular weight, the choice of phase forming salt, the relative concentration of
each component, the system pH, and the temperature all affect the exact phase compositions and
therefore the partitioning experiment. In addition, the concentration of salt in the polymer-rich phase
and vice-versa, can be quite high leading to excessive losses of the biphase forming components.
Finally, reversible partitioning (stripping) is often not straightforward.
We have decided to accept the challenge found in developing aqueous biphasic systems as a
proven solvent extraction technology. We are attempting to expand the number of phase forming
salts studied and thus increase the number of possible solutions we can extract metal ions from. We
are also increasing the number of metal ions studied in an attempt to understand the fundamental
parameters governing partitioning in aqueous biphasic systems. Perhaps one of the most exciting new

horizons this work opens up is the development of new water soluble extractants.
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The very nature of PEG-based aqueous biphasic systems makes them ideally suited for several
important applications. Extraction may be possible from high ionic strength solutions which
themselves salt out PEG. An example of such a "hot" problem pulled from today's headlines is the
clean-up of the highly alkaline supernatants in the Westinghouse Hanford waste storage facilities. In
addition to waste problems, partitioning of metal ion complexes of medicinal importance could allow
separation of useful nuclides and direct injection into the human body.
In this presentation we will review our metal ion partitioning work and discuss the three major
types of partitioning. These types include: 1) the use of a water soluble extractant which distributes
to the PEG-rich phase; 2) the use of halide salts which produce a complex metal anion that partitions
to the PEG-rich phase; and 3) those rare instances that the metal ion species present in a given
solution partitions to the PEG-rich phase without an extractant. The presentation is divided by metal
type, including hard Group 1 and 2 ions, actinides, heavy main group metal ions, and selected
transition metals.
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Pertraction of Zinc Through the Bulk Liquid Membrane
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Slovak Technical University, Radlinskeho 9, 812 37 Bratislava, Slovakia

Introduction
Bulk liquid membranes are recently the most lively developing group of liquid membranes
(LM). Complexicity of the technological circuit of emulsion LM and problems encountered
with the lifetimes of supported LM have led researchers to look for alternative approaches with
bulk LM [1]. Hollow-fibre pertractors [2,3] and hollow-fibre in tube contactors [4] are
advanced types of contactors with bulk LM.
In the first part of the lecture, not covered in this abstract, will be given a short overview
on bulk liquid membranes and their potential applications. In the second part will be presented
results of study of zinc transport through layered bulk liquid membrane.

Theory
The overall stoichiometry of the extraction equilibrium of zinc with DEHPA can be
written as [5,6]
Zn 2+ +1.5 (RH) 2 < = ^ ZnR 2 RH + 2H +

(1)

The extraction equilibrium constant for this reaction is (0.945 ± 0.082)-10"2 M 1 / 2 [6]. The
interfacial reaction mechanisms suggested in the literature is quite complex [5,7].
In the development of a model of pertraction through well mixed layered bulk LM it
was supposed: (i) perfect mixing in all three phases, i.e. negligible diffusional resistances,
(ii) constant volume of feed, membrane and strip phases, (iii) pseudofirst order rate
expressions for reactions on phase interfaces. For the concentration change in individual phases
one can write
'M.

(2)

dt
^ M - = k F + A F C F ^ E - - kF_ A F C M - k 2 + A R C M + k 2 _ A R C R ^
dt
VM
V]M

(3)

^

(4)

= k R + A R C M %&•- k R _ A R C R
%

&

•

where C is metal concentration, V is phase volume, A interfacial area and k+ and k. rate
constants of forward and back reactions on feed (F) and stripping (R) interfaces. Indices F, M
and R refer to feed, membrane and stripping phase, respectively. The rate constants in Eqs. (2
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to 4) are lumped parameters including reaction rate constants, relevant concentration terms
(for example free carrier concentration, which is relatively constant) and eventually adsorption
equilibrium and kinetics terms. Rate constants were estimated from experimental concentration
dependences by the Rosenbrook's method. As an objective function, the sum of squares of
differences between experimental and calculated values was used.
For the flux density of zinc through the interface on the stripping side can written equation

AR dt
describing overall flux through the bulk membrane.

(5)

Experimental
Membrane phase: 0.05 mol/1 di-(2-ethylhexyl)phosphoric acid (Koch-Light Lab.) in
n-alkanes (narrow dodecane fraction).
Pertractor: A two compartment glass contactor with bulk liquid membrane layered above the
aqueous feed and stripping phases was used, as it is shown in Fig.l. The membrane phase was
mixed with teflon disc mixers (29 mm in diameter) rotating in the same direction and driven by
one motor with adjustable frequency. Up to the frequency of membrane phase mixers about
135 min*1 interfaces were stable. Volumes of phases: feed VF = 255 cm3, membrane V ^ = 90
cm3,and stripping solution VR = 140 cm3. Interfacial areas: Ap/jyj = 21.8 cm2, Ajyr/R = 20.0
cm2. Temperature: 25°C. Feed: ZnSC>4 in 0.1 mol/1 (Na,H)SO4, initial concentration of zinc
was around 0.5 g/1 and pH = 5.55. Stripping solution: 2.5 mol/1 H2SO4.
Analytical method: Concentration of zinc in aqueous phases was determined
spectrophotometrically using Zincon as a reagent (2-{[cc-(2-Hydroxy-5-sulfophenylazo)
benzylidene]-hydrazino}-benzoic acid monosodium salt, Merck). Absorbance was measured at
625 nm on Unicam 8625 spectrophotometer.

Fig.l
Scheme of a two-compartment pertraction cell.
F - feed, M - membrane phase, R - stripping solution,
1 - sampling ports, 2 - disc mixers, 3 - magnetic rod
mixers.

Results and discussion
Proposed model of pertraction describes well experimental data as it follows from Fig.2.
The best fit was found when on both sides reversible reacctions were supposed (sum of squares
of deviations, SSD, was 0.011). When irreversible reactions were supposed, kp = 0.999 nr 2
min"1 and k R = 1.80 m"2 min"1 (SSD was 0.045). From these values it follows that reaction
rate on the stripping interface is higher than on the upstream interface. It is supposed to use
these rate constants in modeling pertraction in hollow-fibre contactors.
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Flux of zinc through the membrane, JR, increases with increasing frequency of membrane
phase mixers reaching a plateau region at frequency of about 90 min"1, see Fig.3. Above 135
min"1 interfaces become unstable. The existance of plateau supports the assumption of
negligible diffusional resistance at interfaces and in the membrane.
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The development of copper hydrometallurgy is presented and various processes proposed
for copper recovery from sulphide concentrates are discussed. Leaching, extraction and
stripping are considered, including reagents and processes. The extraction of copper from
chloride solutions is discussed. Various extractants are presented and their use for copper
transfer from chloride solutions to the organic phase and back to chloride and to sulphate
solutions is discussed.
Hydrometallurgy is used for copper recovery for more than 300 years. Already in
1670 the mine waters were treated with iron to precipitate copper. However, two hundred
years were needed to process oxide ores by vat leaching and copper cementation with iron.
The development most important to copper hydrometallurgy, both with respect to the
growing number of its applications and for its future potential, has been solvent extraction
(SX). 1 It started in 1968 in a small scale and in about 1974 in a large scale of about 100
000 tones/year copper. These operations have served as a stimulus for at least of 30 copper
plants, recovering nearly 800 000 tonnes/year of copper with the application continuing to
increase. New processes are now developed to recover copper from sulphide ores and
concentrates, including CLEAR Process and CUPREX Process.
Chloride-based processes play a key role in the metallurgical and chemical
industries. 2 One of the most important factors responsible for the significant role of
chloro-based processes is the ease of chlorine recycling. Chlorine can be recovered as gas
by electrolysis of aqueous media. Hydrochloride and ammonium chloride can be
volatilized from aqueous solutions and solids, respectively. Thus, chloride-based processes
fulfil now-day tendencies for clean technology without disposal of waste. Moreover
chloride salts are stable, non-toxic, readily available at reasonable prices and are readily
soluble in aqueous solutions. The kinetics of dissolution for most materials in chloride
media is better than in other systems. This occurs because chloride ion complexes most
metal ions and complex formation reduces the growth of passivating films.
Chloride and its compounds, including metal chlorides, are effective oxidants.
Ferric chloride and cupric chloride oxidise many materials rapidly and can be generated
readily by electrolysis or oxidation with chlorine. For rapid and complete leaching of
copper sulphides, and chalcopyrite in particular, strong oxidising conditions are necessary.
This is very effectively accomplished with ferric or cupric chloride solutions or their
combination. These permit rapid leaching rates at modest temperatures and pressures, with
high metal recovery. Pyrite is not attacked and remains in the leach residue with elemental
sulphur.
CuFeS 2 + 4FeCl3 = CuCl2 + 5FeCl2 + 2S

(1)

Cu 2 S + 4FeCl3 = 2CuCl2 + 4FeCl2 + S

(2)
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MS + 2FeCl3 = MC12 + FeCl2 + S

(3)

The leach solution can be re-oxidised for recycle during electrowinning, either by anodic
oxidation or by chlorine generated at the anode. Thus, it is reasonable to develop the new
chloride-based technologies of metal processing as pollution free alternatives to smelting.
The development of ceramic- and polymer-based materials that resist chloride attack
allows now to design such processes and apparatus resistant for chloride media.
Copper(II) cations are hydrated with six water molecules from which two
molecules are bound weakly. The equatorial molecules are bound strongly to the central
copper cation. However, they can be replaced by chloride as in the case of the monochloro
cupric complex. In the following steps the next strongly bound water molecules can be
replaced by chloride anions according to the following reactions.
Cu(H 2 O) 4 2 + + Cl- = Cu(H 2 O) 3 Cl + + H 2 O

(4)

Cu(H 2 O) 3 Cl + + Cl- - Cu(H 2 O) 2 Cl 2 + H 2 O

(5)

Cu(H 2 O) 2 Cl 2 + Cl- = Cu(H2O)Cl3" + H 2 O

(6)

Cu(H 2 O)Cl 3 - + Cl- - CuCl 4 2 - + H 2 O
(7)
Thus, the chloride ion is a stronger ligand than water and, as a result, positive, neutral and
negative chloro complexes are formed. The following equilibrium constants were reported:
log p 4 = -0.4 to 1.2, log P5 = -0.8 to 1, log pg = -2.8 to 0.8 and log p 7 = -3 to 0
depending on the experimental conditions and authors.
The relative content of these chloro complexes depends upon chloride concentration and
the equilibrium is shifted towards higher chloro complexes when the chloride concentration
increases. Thus, depending upon chloride concentration different species are dominant in
aqueous solutions.
The moderate strength of chloro complexes is an important advantage in
hydrometallurgical processes. The co-ordinated chloride can be displaced by stronger
chelating agents on the metal ion, if required.
All types of extractants can be used for copper extraction from chloride solutions.
Anionic extractants, e.g., tetraalkyl ammonium chlorides and trialkyl amines can extract
anionic chloro complexes, especially tetrachloro complex in which all the water molecules
of hydration have been replaced by chloride ions, according to the following equations:
CuCl 4 2 - w + 2 R4NC1O = (CuCl4)(R4N)2 0 + 2C1"W
= ( C U C I 4 ) ( R 3 N H ) 2 O + 2CI-W

(8)
(9)

Copper extraction with trialkyl amines rises when the acidity of the aqueous phase and the
chloride content increase. Thus, the stripping is possible with solutions of low acidity and
low chloride concentration.
Chelating agents, such as hydroxyoximes and P-diketones extract copper
cations. *>3 i n this case, the bidentate ligands displace both waters of hydration and coordinated chloride ions forming stable 2:1 complexes, e.g.,
Cu(H 2 O) 3 Cl+ W + 2HLO = CuL 2 o + 3H 2 O W + 2H+ W + Cl" w
where HL denotes chelating agent.
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(10)

By using chloride solutions, copper extraction with hydroxyoximes is easier to
accomplish. It takes place at a lower pH and is more pronounced than from sulphate
media. In chloride systems, extraction isotherms are steeper than in sulphate systems and
even at pH 1 a relatively high loading of the LIX 64N solution in kerosene can be obtained.
The same concerns other hydroxyoxime extractants. However, extraction of copper
decreases with an increase in the chloride ion concentration, which reflects formation of
higher chloro complexes. Therefore, at higher concentrations of chloride ions the system
shows no further advantage over the sulphate system.
The stripping can be carried both with hydrochloric acid and sulphuric acid. In the
latter case copper can be traditionally recovered from the sulphate solution by
electrowinning. However, it is important to minimise the transfer of chloride to the organic
phase by an entrainment of the aqueous phase, because chloride oxidise easily to chlorine
gas at the anode during copper electrowinning causing environmental problems. Thus,
additional scrubbing of chloride from the organic phase is needed.
Mixtures of chelating agents, e.g., LEX 54, and anionic extractants, e.g.,
trioctylamine, are effective copper extractants. 3 Moreover, they permit to transfer the
extracted metal from chloride to sulphate medium with minimal contamination of the latter
with chlorides, which is convenient for subsequent metal electrowinning. In acidic
hydrochloric acid solution the amine is activated with HC1 giving the amine salt R3NHCI
that extracts copper according to equation 9. If the organic phase is then treated with an
ammonia solution of appropriate concentration to obtain pH>7 than the stripping of
copper with the simultaneous rejection of the chloride ions occurs. However, copper is
reextracted with LIX 54 (HL). Thus, the overall process can be described as follows.

(CuCl4)(R3NH)2 o + 3HL 0 + 4NH 3 = 2R 3 N O + CuL 2 0 + 4NH4CI

(11)

The concentration of LIX 54 must be high enough to permit the full reextraction of
copper complexed by trialkylamine. Copper can be then stripped from the organic phase
with sulphuric acid.
CuL 2 o + 3R3N + 3H 2 SO 4 w = (R 3 NH) 2 SO 4 0 + R 3 NHHSO 4 0
(12)
+ Cu2+w+SO2"w
The ratio of [(R3NH)2SO4]/[ R3NHHSO4] depends on sulphuric acid concentration and
increases when this concentration rises.
The organic phase cannot be directly recycled to extraction loop to avoid an
introduction of sulphate/hydrosulphate ions to the initial aqueous phase. Thus, the organic
phase must be treated with chlorine solution, e.g., sodium chloride or ammonium chloride
to convert amine sulphate and amine hydrosulphate into amine hydro chloride and then
recycled.
(R 3 NH) 2 SO 4 o + R 3 NHHSO 4 o + 3C1"W = 3R3NHC1+

(13)

2SO 4 2 - W + H + w
The method gives new possibilities of process designing with the elimination of
copper electrowinning from chloride media. However, additional scrubbing and possible
entrainment of phases are important drawbacks when large scale processes for recovery of
copper from concentrates are considered.
Neutral solvating extractants can be also used for copper extraction, including
tributyl phosphate. Non-chelating alkanal oximes are also effective extractants. They coordinate with metals by nitrogen atom having the free electron pair. The anhydrous
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complexes are transferred to the organic phase. However, the use of alkanal oximes for
metal extraction is limited because of their susceptibility to hydrolysis.
The use of esters and amides of pyridine carboxylic acids have been also
proposed and the well-tailored commercial extractant ACORGA CLX-50 is produced
by ZENECA for copper recovery from concentrated chloride solutions obtained by
concentrate leaching with ferric chloride.4 The extraction can be described by the
following equation.
CuCl2 w + 2LO = CuCl2L2 o
04)
However, at high copper loading the formation of 1:1 copper ligand complex is probably
formed as in the case of octyl nicotiniate. The extractant ACORGA CLX-50 is enough
selective in respect to Fe(II), Fe(III), and Zn(II) to permit the use of the extractant in the
industrial process.
Recently, the extraction properties of several individual esters and amides of
pyridine mono- and dicarboxylic acids were described by us. All these models are stronger
extractants than ACORGA CLX-50. As a result, the stripping of copper from the organic
phase cannot be accomplished so easily as from ACORGA CLX-50-coper complex. In the
latter case copper can be easily stripped with hot water having a low concentration of
chloride ions. Moreover, ACORGA CLX-50 behaves in a different way than studied
models which suggests that ACORGA CLX-50 is a well modified and tailored extractant.
ACORGA CLX-50 extracts copper more selectively in respect to iron and zinc than
individual pyridine carboxylic acid derivatives.
ACORGA CLX-50 can be used together with a hydroxyoxime extractant, e.g.,
LIX 860, to extract copper from its chloride solution and to transfer it to the sulphate
electrolyte. Tliis system has important positive features over that of Kyuchoukov^ in which
a mixture of trioctylamine and LIX 54 was used. Taking into account that hot water strips
effectively copper from loaded ACORGA CLX-50 solution, the washing of the organic
phase transfers chloride ions to the aqueous phase, while copper remains in the organic
phase bound by LLX 860. The organic phase, free of chloride, can be then stripped with
sulphuric acid.
As it was presented, various metal chloro complexes can react with various
extractants (anionic, cationic and neutral). In each case high extraction yields can be
obtained because reactions (4)-(7) are quick and they are in equilibrium.
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During the past few years considerable efforts have been devoted to studying the potentialities
of surfactant-based organized systems for the development of new separation techniques (1). The
systems considered include micelles, microemulsions, reversed micelles, vesicles, amphiphilic block
copolymers, etc... One of the major interest of these systems, if we exclude reverse micelles, is that
they can operate in a mostly aqueous media, whereas classical extraction/separation processes require
the use of an organic solvent. For this reason such processes appear quite attractive from the point of
view of the environment, especially if one considers the fact that they can be applied to remove
different kinds of pollutants from contaminated water.
Provided that a pollutant can dissolve in the hydrophobic core of a micelle or that it can be
electrostatically bound to the micelle surface, it can be removed from the aqueous continuous phase
with sometimes a very high efficiency. The separation of the micellar pseudophase from the aqueous
phase is usually achieved through the use of semi-permeable membranes with pore diameters small
enough to retain the micellar particles. Hollow fibers or ultrafiltration equipments have been used for
this purpose.

33

An abundant literature exists now on this topic and the removal of different sorts of pollutants
was reported using the preceding techniques : organic compounds (1) (dyes (2), polycyclic aromatic
hydrocarbons (3), etc..) or metal ions for instance (1, 4-9). However, not all the problems associated
to the use of organized colloidal systems are solved. The major ones concern the passage of the
monomeric surfactant across the pores of the membranes and the recycling of the micellar pseudophase, not speaking of the problems that can be brought by other substances solubilized in the
solutions to be treated.
Besides their role in pseudo-biphasic extraction micellar particles can also play the part of
mobile carrier in liquid membrane transport processes. In that case, reversed micelles were shown to
be able to transport ionic solutes through an organic phase in which they are insoluble or very poorly
soluble (10). Conversely the transport of hydrophobic substances by oil-in-water droplets was also
demonstrated. The selectivity of such processes is depending on the binding constant between the
substance transported and the droplet, and it may also depend on the mechanism of the interfacial
transfer at the organic/water interfaces.
In this talk, we will address some specific points of interest regarding the use of micellar
systems for the separation of ionic solutes, especially metal ions. We will first show the strong
analogy existing between the "pseudo-biphasic extraction" occurring in micellar systems and classical
solvent extraction. Then we will discuss some kinetic aspects of metal complexation and their
implication for performing kinetic separation of metal ions. Finally we will consider the transport of
ionic solutes by reversed micelles using liquid membrane techniques.

Analogy between micellar extraction and solvent extraction

One way of using micellar systems to perform metal ion extraction consists in solubilizing
lipophilic complexing agents in the hydrophobic core of the micelles (6, 7, 9), similarly to their
solubilization in the organic phase in classical biphasic extraction. Metal ions dissolved in the
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continuous aqueous phase will be complexed or not, depending on their affinity for the micellesolubilized extractant, the microscopic micelle/water interface playing a part analogous to the
macroscopic organic/water interface in biphasic extraction. The yields of extraction (after
ultrafiltration of the micellar pseudo-phase) when parameters such as the extractant/metal ratio or the
extractant hydrophobicity are changed, show similar trends as those reported in the case of solvent
extraction, but only diluted solutions can be treated that way.

Kinetic separations

The rate of complex formation is known to considerably depend on the nature of the metal ion
involved (11). However, in most instances, the reaction rate is too fast for separations on a kinetic
basis to be possible. One advantage of the micellar processes is to make feasible such kind of
separation of metal ions, which implies a strong retardation of the reaction kinetics. Quite a good
Ni2+/Co2+ separation could be achieved by taking advantage of the electrostatic repulsions between the
cationic micelles solubilizing the extractant and the metal ions themselves (12, 13). The time
parameter must then be taken into account in the procedure used, since the ultrafiltration step must
immediately follow the mixing of the micellar solution with the solution to be treated.

Liquid membrane transport

Reverse micelles can behave differently in the way they can transport ionic solutes across
liquid membranes. For instance, the nature of the surfactant used may be responsible for large
differences in the mechanism of the liquid-liquid interfacial transfer. This is manifested by the fact
that the flux obtained for metal-ion transport will depend or not on the nature of the associated anion
(10, 14). Two different modes of transport may occur : either the ion-pair is transfered from the
source aqueous phase to the micellar carrier via the organic phase, or the reversed micelles can open
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at the interface by coalescence with the interfacial surfactant film, thus favoring a direct transfer. A
strong effect of the anion on the measured flux of metal ions is observed in the first case, but not in
the second one.
These different aspects will be discussed and illustrated by experimental results.
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SUBSTOICHIOMETRIC EXTRACTION OF METALS AND ITS APPLICATION
TO THE DETERMINATION OF HEAVY METALS
BY NEUTRON ACTIVATION ANALYSIS j HINHI lfif fI Hil IlfIN IN!«»Illit 11
SK96K0017
Z.R.TUREL
Nuclear Chemistry Division, The Institute of Science
15, Madam Cama Road, Bombay -400

032, INDIA

In recent years, the determination of trace elements in
biological and environmental samples has become increasingly
important. This has necessiated refinements to many known
analytical methods and in addition, completely new methods of
trace analysis have been devised. Amoung these methods, the
radiochemical ones
have an important
position because
measurement of the activity of very small amounts of elements
can be easily accomplished.
The general methods of radiochemical analysis such as
neutron activation analysis,
isotope dilution analysis,
radiometric methods and
radiometric titrations are all
important. Neutron activation analysis is undoubtedly the
most important. The reason is its high sensitivity which
enables one to determine as little as 1O~ 1 2 g of many
elements in different materials. Although widely used, this
mathod requires rather elaborate and expensive facilities
such
as a
source of
irradiation, activity measuring
instrument, etc. Hence there is a trend to simplify neutron
activation analysis as much as possible.
One way to achieve this is to simplify the radiochemical
procedures involved. This can be done by substoichiometric
separation, a new method which eliminates the necessity of
determining the chemical vield of the separation procedure. A
further advantage of this method is the higher selectivity
than that which can be reached conventionally and enables one
to reduce substantially the number of separation steps
involved. Also the selectivity of this type of separation is
higher.
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The comparision technique employed in the determination
of trace elements by neutron activation analysis involving
radiochemical separation is carried out by separating the
required
element in
radiochemically pure
form, using
milligram amounts of carrier. The final product must be
isolated in a well-defined chemical form and weighed after
drying to a constant weight. The drying and weighing of the
pure samples are often, time consuming. The processing time
could be considerably reduced
if these two steps are
eliminated.
This
is
possible
in
substoichiometric
determination of elements.
Ruzicka and Stary proposed a substoichiometric procedure
which is based on the use of subequivalent amount of reagent
corresponding to the amount of carrier added.
The amount of element present
given by the equation

Y =

in the

test sample

is

Ys .
a

Where,

s

Y and Y s

are the amount of element present in the

a and a s

test sample and standard respectively,
are the activities present in the test
sample and standard respectively.

This
equation forms
the basic
equation of
the
substoichiometric determination and is valid if the following
two conditions are satisfied.
a. After irradiation and dissolution of the test sample and
the simultaneously irradiated standard an exactly equal
amount (by weight) of the nonactive isotopic carrier is
added.
b. For measuring the activity, from the solution of the test
sample and from the solution of the standard an arbitary
but exactly equal weight of the element to be determined
is isolated.
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The first condition is usually fulfilled by adding equal
amount of carrier to the sample and the standard. The second
condition can be satisfied if the weight of the reagent added
to the sample and the standard is the same and is less than
the amount required according to the stoichiometry of the
reaction corresponding to the amount of the carrier present.
The reagent must be consumed quantitatively (or to the same
extent) in the reaction with the element to be determined and
compound formed must be easily separable froai the excess of
the unreacted element and from other elements present in the
solution.
The
following
steps
have
to
be considered in
substoichiometric extractions:
a. Both
the sample and standard
to be analysed are
simultaneously irradiated, under identical conditions.
b. Both the solutions are extracted simultaneously under
identical conditions with an organic agent, in a suitable
solvent. Amount of the reagent added is less than the
quantity
corresponding
to
the
carrier
amount.
c. Exactly the same amounts of the carrier
the solutions
after dissolving the
standard.

is added to both
sample and the

d. Activities of the extracts are measured under identacal
conditions and the amount of the element to be determined
is calculated from equation given above.
An important advantage of the substoichiometric method
is that
it avoids the time
consuming chemical yield
determination.
The plenary talk will discuss the procedures developed
for the separation of some metal ions and the factors
affecting the extraction coefficient value such as effect of
pH, time of equilibration, anoins, solvent effect, etc.
employing tracer technique. The extent of separation of the
desired metal ion (solute) from other ions has been evaluated
by determining the separation and decontamination factor
values.
The
application
of
substoichiometric solvent
extraction in activation analysis will be discuss with to
complex matrices.
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WATER SOLUBLE CALIXARENES AS POSSIBLE METAL ION
EXTRACTANTS IN POLYETHYLENE GLYCOL-BASED AQUEOUS BIPHASIC
SYSTEMS
Cary B. Bauer and Robin D. Rogers, Department of Chemistry, Northern Illinois University,
DeKalb,IL60115USA
Aqueous mixtures of a water soluble polymer (e.g. polyethylene glycol) and certain
inorganic salts are known to separate into two distinct phases. The upper phase is rich in PEG
while the lower phase is salt-rich. Each phase in this system, however, is entirely aqueous with up
to 80% water on a molar basis. These unique liquid/liquid extraction systems have been studied
for over forty years for the separation of fragile biomolecules such as proteins and blood cells.
The use of the same systems to separate metal ions has, however, been almost completely ignored
until recently.
Polyethylene glycol (PEG)-based aqueous biphasic systems offer many advantages over
traditional oil/water extraction systems which are currently used to separate metal ions. The PEGs
are inexpensive, nontoxic, and biodegradable. Toxic, flammable organic diluents are not required
to support the two phase system. In addition, the inorganic salts can be chosen from a variety of
relatively innocuous choices. These factors have led us to actively investigate the possibility of
using PEG-based aqueous biphasic systems to separate metal ions.
In addition to the favorable characteristics mentioned above, these systems do offer some
unique challenges in terms of metal ion separations. In traditional oil/water systems, extractant
ligands are usually functionalized to make them as lipophilic as possible to ensure solubility in the
organic phase over that in the aqueous phase. In an aqueous biphasic system this process is much
more complicated because both phases feature an aqueous environment. As a result it is much
more difficult to predict which phase an extractant will partition to.
This, however, means that entirely new classes of water soluble extractants can be utilized.
The search for such ligands is perhaps one of the most exciting areas involving aqueous biphasic
systems. One such class of extractants we are currently examining are water soluble calixarenes
(1). Calixarenes are macrocyclic molecules constructed of phenol units connected by -CH2bridges. These molecules can be made very water soluble by sulfonation of the arene rings.
Preliminary research in our group has shown some preference of the calixarenes for the PEG-rich
phase. These calixarenes offer several functionalities which may coordinate metal ions including
the sulfonic acid groups and the phenolic oxygen atoms. In addition they present a hydrophobic
cavity which may be capable of extracting hydrophobic species.

This presentation will focus on the partitioning behavior of sulfonated calixarene molecules
in PEG-based aqueous biphasic systems. In addition, the extracting ability of these ligands toward
a variety of metal ions in aqueous biphasic systems will be discussed.
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SYNERGISTIC EXTRACTION OF ALKALINE EARTH CATIONS WITH
3-PHENYL-4-BENZOYL-ISOXAZOL-5-ONE
AND TRI-n-OCTYLPHOSPHINE OXIDE IN TOLUENE
A. Messaoudi, K. Torkestani, G. Goetz-Grandmont
and I.P. Brunette
Laboratoire de Chimie Minerale et Analytique
E.H.I.C.S., C.N.R.S. (URA 405)
1, rue Blaise Pascal
67008 STRASBOURG CEDEX (FRANCE)
ABSTRACT
The synergistic extraction
aqueous

solutions

with

of

alkaline earth

cations from

3-phenyl-4-benzoyl-isoxazol-5-one

(HPBI)

1M NaNO3
and

tri-n-

octylphosphine oxide (TOPO) in toluene at 25°C has been studied. The extraction
follows the order Ba 2+ < Sr 2+

< Ca 2 + < Mg 2+ which is the same as that

previously observed with l-phenyl-3-methyl-4-benzoyl-pyrazol-5-one (HPMBP). The
extraction occurs at a lower pH range because of the higher acidity of HPBI
than HPMBP. The extracted species are M(PBI)2(TOPO)X with x = 2 for M = Mg,
Ca, Sr and Ba (logKj 2,2 = 3 - 91 >

3<69

>

L18

and

°- 2 9 respectively) and with x = 3

for M = Sr and Ba (logKi 2 3 = 3.28 and 2.07 respectively).
M2+ +

K
1 2 x
2 H P B I o r g + x TOPO o r g ^ ' ' " M(PBI) 2 (TOPO) X / O r g + 2 H +

The strong interactions which occur between HPBI and TOPO (logKj = 1.84) have
been considered in the extraction constant calculations.
HPBIorg + TOP0org ^

HPBI.TOPO / O r g

ISOTOPE DILUTION ANALYSIS OF PHOSPHORUS IN PHOSPHOLIPIDS
BY SOLVENT EXTRACTION
Martin HAJDUCH a , Fedor MACASEK

b
S K 9 6 K 0 0 2 0

Institute of Plant Genetics, Slovak Academy of Sciences,
ces,
Akademicka 2, P.O.Box 39A, SK-95007 Nitra, Slovakia
b Department of Nuclear Chemistry, Comenius University,
Mlynska dolina CH-1, SK-84215 Bratislava, Slovakia
In

1938

determination

the
of

extraction-colorimetric

phosphate

was

method

published

.

The

for

micro-

technique

was

successfully applied for determination of phosphorus in DNA by
Indian authors
The

in 1986.

technique

was

tested

for

determination

phospholipids by isotope dilution with P-32
mineralized

3

with

H SO -H 0
2

4

mixture

of

phosphorus

indicator. Samples were

at

160 °C.

After

adding
&

2 2

32

(P

in

—3

)orthophosphate and adjusting to 10 mL of 0.5

mol-dm

sulfuric

acid solution and adding ammonium molybdate, phosphorus was extracted
by equal volume of mixture of n-butanol - benzene (1:1). The yield was
practically quantitative

(97.0 - 98.4 % ) .

7.5 mL of the extract was

reduced after addition of equal volume of acidified ethanol

(3.2 mL

cone, sulfuric acid in 100 mL) and 3 mL of 10% stannous chloride in
cone, hydrochloric acid. The amount of phosphorus can be calculated
according to the absorbancy of the organic extract . For the reduced
phosphomolybdate,
4

1.05x10

the molar

—1

L-cm

absorbancy

at

625 nm was

found

to be

—1

*mol

and

for

5 cm

cuvettes

the

amount

can

be

calculated from the absorbancy A and the sample volume V as
m = 1.33 A V

ng

In presence of non-destructed

phospholipid

(lmg/ 10 mL of

sample

solution) there was no evidence of isotope exchange during extraction
of labeled solution.
The results

indicate very good

suitability

of

the method

for

determination of microgram amounts of inorganic phosphorus in presence
of phospholipids and can be used for estimation of their degree of
dephosphorylation e.g. at their radiolysis.
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DETERMINATION

OF CAESIUM

MICROAMOUNTS BY

ISOTOPE DILUTION WITH

SUBSTOICHIOMETRIC SEPARATION

V. JEDINAKOVA-KRIZOVA, P. VANURA

Department

of

Analytical

Chemistry,

Institute

of

Chemical

Technology, 16628 Prague (Czech Republic)

This paper

deals with the determination

of small amounts of

caesium applying substoichiometric separation
bis-1,2-dicarbollylcobaltate in

by the solution of

nitrobenzene in the

presence of

dibenzo 18-crown-6.

Selectivity of
separation

for

isotope dilution analysis
caesium

determination

Caesium can be extracted with
1,2-dicarbollylcobaltate
absence of

in

has

been

investigated.

a substoichiometric amounts of bis
nitrobenzene

DBzl8-crown-6. The method

ions ( K~*~, Li"1", Mg2"h, Ca 2 \

with substoichiometric

in

the

presence

is selective. Other

Fe3"1", Al 3 -) do not interfere.
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SYNERGISM IN THE EXTRACTION OF CHROMIUM(III) IN THE BENZOATE
SYSTEMS
Jan KALEMBKIEWICZ, Stanislaw KOPACZ
Department of Inorganic and Analytical Chemistry, Faculty of Chemistry,
Rzeszow University of Technology, 35-959 Rzeszow (Poland)
The synergistic extraction of Cr(III) ions in benzoic acid(HR) - 3,4-dimethyIaniline(Q) - toluene complex systems was examined. The influence of: (a) pH of water phase, (b) initial
concentration of acid(HR), (c) initial concentration of amine(Q), and (d) time of phases mixing
on course of extraction was analysed. From obtained results it appears that extraction of
chromium(III) with benzoic acid and 3,4-dimethylaniline depends on above mentioned
parameters. It was found that at least 40 hours is required in order to attain state of equilibrium
in two-phase systems. The extraction of chromium(III) proceeds at pH 4 -s- 7, both in systems
with labile concentration of acid and amine. During single step extraction about 95% of
chromium(III) ions can be eliminated from water to organic phase at pH 5.5 -e- 7, CJJR > 0.3 M
and CQ > 0.2 M.
The composition of chromium(III) complexes (general formula Cr(OH)xRn.x(HR)cl(Q)p)
and extraction mechanism of chromium(III) benzoate were determined from experimental
data. The possibility of side reactions in (a) water phase (complex formation between
chromium(III) ions and OH" and SO42" ions), (b) in organic phase (partial dimerization of
benzoic acid, and salt formation between acid and amine in toluene), and (c) in two-phase
system (partition of acid and amine between organic and water phase) was taken into account.
From obtained results it appears that composition of chromium(III) complexes in organic
phase is Cr(OH)R2(HR)(Q)2 (for mixing time - 2 hours). The synergistic extraction can be
described by the equation:
Cr(OH) 2 + +HR + 2QHR ^

Cr(OH)R 2 (HR)(Q) 2

and the extraction constant is Kex = (3.09±0.19)10"7.
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INVESTIGATION OF PARTITIONS OF 2-CHLOROBENZOIC ACID IN
TWO-PHASE SYSTEMS.
Jan KALEMBKIEWICZ, Lidia ZAP ALA, Stanislaw KOPACZ
Department of Inorganic and Analytical Chemistry, Faculty of Chemistry,
Rzeszow University of Technology, 35-959 Rzeszow (Poland)
The partition of carboxylic acids in a simple and composite two-phase systems is nearly
recognized, however theoretically, in the results of mutual influence of reagents, a synergetic
or antisynergetic effects are possible.
In this work, the investigations of partition 2-chlorobenzoic acid (HR) in two-phase
systems, given by: water - alcohol aliphatic (A), where A- 1-butanol, 1-pentanol, 1-hexanol,
1-heptanol, 1-octanol, 1-nonanol, 1-undecanol were described. This work establishes the
continuation of investigations in partition and asociation of aromatic acids in two-phase
systems.
The partition of carboxlic acid with partition constant K p of monomeric forms of acid,
between organic and water phase, and dimerization constant Kd in organic phase was described
by equation (1):
° m =KpD +2K 2 KdL
d [HR]
vv
Jvv
[HR]W
P
'
where [HR]W - concentration of not disociated forms of acid in water phase.
The obtained results show, that in described systems, the equilibrium monomer-dimer
2-chlorobenzoic acid is moved into monomer. The values of K p and Kd for investigated
systems were calculated. The decreasing of Kp values with increasing of Kd values with the
change of alcohol particle chain lenght were observed.
From the results of the investigations, the following conclusions can be formulated:
— pH of water phase and global acid concentrations have influenced on the partition of
2-chlorobenzoic acid,
— the empirical equation connecting some physico-chemical properties of alcohols (bp, mp, e,
8, d^°, R) with Kd and Kp of 2-chlorobenzoic acid was formulated.
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EXTRACTION OF Cu(II) AND Zn(II) IN THE THREE PHASE SYSTEMS.
Cecylia HENECZKOWSKA, Stanislaw KOPACZ
Department of Inorganic and Analytical Chemistry, Faculty of Chemistry,
Rzeszow University of Technology, 35-959 Rzeszow (Poland)
The extraction of Cu(II) and Zn(II) in the system toluene - 1-pentanol - HC1 - H 2 O has
been investigated. Conditions of a formation of three-pahse systems consisting of an aqueous
and two organic phases: upper organic phase and lower organic phase were determined. The
effect of the concentration of hydrochloric acid and the effect of the concentration of alcohol
in organic phase on extraction of Cu(II) and Zn(II) was determined. Values of distribution
ratios of Cu(II) and Zn(II) at two and three-phases systems were calculated.
It was found that Cu(II) and Zn(II) were generally extracted to the lower organic phase,
which volume could be modified by changing of the initial phases composition. That permits
choose the extraction conditions to minimize a volume of lower organic phase in relation to
upper organic phase. It makes possible the concentration of those ions in three phase system. It
was found too that Cu(II) and Zn(II) extraction followed a hydration-solvation mechanism.
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INVESTIGATION OF PARTITION OF FERRIC BENZOATE IN TWO-PHASE
SYSTEMS
Stanislaw KOPACZ, Bogdan PAPCIAK, Jan KALEMBKIEWICZ
Department of Inorganic and Analytical Chemistry, Faculty of Chemistry,
Rzeszow University of Technology, 35-959 Rzeszow (Poland)
The extraction of Fe(III) ions with benzoic acid (HR) was examined. The investigations
were carried out in simple system: (a) toluene - water(H+, Na + , SO42"), and complex
systems; (b) 2-heptanone - toluene - water(H+, Na+, SO42"), (c) ethyl acetate - toluene . - water(H+, Na + , SO42"), and (d) benzamide - toluene - water(H+, Na + , SO42"). It was found
that extraction of Fe(III) ions proceeds in the pH range 1.4-5-7 (at pH > 3.5 - complete
extraction). The influence of benzoic acid concentration as well as sort (2-heptanone, ethyl
acetate, benzamide) and concentration of second extractant on course of extraction were
ascertained too. The best conditions for extraction of ferric benzoate are at pH > 3.5 for
Cp IR >0.3M and cA = 20-5-100 vol.% (where A - 2-heptanone, ethyl acetate) and
c A = 0.1 -f- 0.3 M (where A - benzamide).
The composition of ferric benzoate (general formula {Fe(OH)xRn_x(HR)q(A)p}j in
organic phase, and its partition in benzoic acid - 2-heptanone (ethyl acetate, benzamide) - toluene - water two-phase systems were analysed. The examinations were carried out on the
grounds of single equilibrium approach and multiple equilibria approach using equations
lg D = f (pH, lg[HR]0, lg[A]0, lg c M w ). During the examinations the side reactions: (a) in
water phase (complex formation between Fe(III) ions and OH" and SO42" ions), (b) in organic
phase (monomerization of benzoic acid under influence of polar reactants), and (c) in twophase systems (partition of benzoic acid between water and organic phase - toluene,
toluene + 2-heptanone, toluene + ethyl acetate, toluene + benzamide) were taken into account.
The presence of Fe(III) complexes ( (FeR3)j , where j = 0 -5- 3) in organic phase was
ascertained. The constitution of these complexes depends on composition of organic phase.
For the systems with slightly polar solvent and reactants (toluene, toluene + benzamide) there
are complexes with formula (FeR3)3 in organic phase. Whereas in the systems with polar
solvents (ethyl acetate, 2-heptanone) and mixtures slightly and strongly polar solvents
(toluene + ethyl acetate, toluene + 2-heptanone) complexes FeR3 occurs in the organic phase.
The mechanism of extraction and values of extraction constants were determined.

t iI
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SOLVENT EXTRACTION CHARACTERISTICS OF PERTECHNETATE ANION
WITH TETRAPHENYLARSONIUM AND TETRAPHENYLPHOSPHONIUM CATIONS
IN THE PRESENCE OF OTHER ANIONS.

R. Kopunec, F. N. Abudeab
Department

of

Sciences,Comenius

Nuclear

Chemistry,

Univeristy,

842

Faculty

of

15 Bratislava,

Natural
Slovak

Republik

Selected

extraction

systems

of

TcO -X.Y-HLO

/

R(TcO.,Y)-CHCl_, C.HCNO_ type, where X.Y = salt, inorganic
4

o

D

b

£

acid or base, R = (C^H-KAs
o b 4

1

or (C..H,.) .P , were studied. The
o b 4

solvent extraction of sub- and super- stoichiometric ratio
of Tc:R was performed. The solubility of (C-H-J.As TcO. in
b b 4

4

water, chloroform and nitrobenzene were determined too.
The results of the extractions are presented in the form of
distribution dependences of TcO. on the phase composition
and the extraction constants of TcO. and TcO -Cl , TcO -NO ,
TcO -CIO. ion pairs.
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Extractability of Anions in Relation to the Volume and Hydration

Satoshi KUSAKABE
Science University of Tokyo, Department of Chemistry
Kagurazaka, Shinjuku, Tokyo 162 Japan
Partition equilibrium of several anions (X~) has been examined in solvent
extraction systems where several kind of anions in an aqueous solution are
extracted to a organic solvent with a certain cation B + . The extraction constant is defined as ifex=[B+X-]o/[B+]w[X~]w. The values for simple inorganic
anions are correlated with the molar volume Vx(cm3mol-1) as Eq. 1. This type
of relation has been found in the partition of noble gases.1'

logKex = bVx + C

(1)

However, the magnitude of Kex for
the conjugate base of a weak organic
acid such as picric acid (Hpic),
benzoic acid (HBz), and acetic acid
(Hac) is much smaller than that
calculated by Eq. 1. In Fig.2 the
log/fex values of anions
as Bu4N+
salts to 1,2-dichloroethane (£>=0.19,
c=-5.05 in Eq. 1) are related with
the A-value, which is an empirical
parameter for the extractability of
anion to CHCI3 defined so as to give
logifex by the sum with the C-value
for the counter cation.2) In Fig. 1
the anions in question (triangles)
seem to follow the general tendency
found among small anions (circles).
The extractability of bulky ions
should be examined in view of the
hydrophobic hydration3> as well as
the strong hydration by the hydrophi lie site of these ions.
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Fig.l Comparison of Extractability
of anions between chloroform and
1,2-dichloroethane. Open symbols are
based on the calculated Kex by Eq.
1. OH" is estimated as monohydrate.

x

> R.Cramer, J.Am.Chem.Soc.,
99, 5408, 8373 (1977).
> S.Motomizu, Bunseki Kagaku, 33, 31 (1983).
3
) M.H.Abraham, J.Am.Chem.Soc.,
101, 5477 (1979).
2
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Determination of Sr, Pu , Am in environmental samples from the surroundings of the
NPP Jaslovske Bohunice
SK96K0028
L. Matel, F. Macasek, P. Rajec, O. Rosskopfova., J. Prekopova
Department of Nuclear Chemistry, Comenius University, Mlynska dolina CH-1,
842 15 Bratislava (Slovakia)
J. Kostial, L. Drahosova, V. Nemcovic,.! Matusek.,
NPP Jaslovske Bohunice, 919 31 Jaslovske Bohunice (Slovakia)
Extraction methods of Sr-90, Pu-239,240, Am-241 separation was developed for their
rapid and reproducible determination . Since 1992 the methods were applied for systematic
measurement of both radionuclides in environmental samples from surroundings of Nuclear
Power Plant (NPP) Jaslovske Bohunice and were evaluated with other radionuclides
determined by gamma measurement.
The environmental samples were collected from different part close to NPP and from the
waste water channel Manivier passes NPP and after 5.2 km mouths to the river Dudvah. We
have analyzed inorganic and organic samples (soils, sediments, aerosols, grass, clover, corn,
wheat, barley, sugar beet, water plants ) from different site. The results of determination are
shown in tab.:
No Sample

dcph.cm •

g.ash

Pu[Bq/kg]

Cs [Bq/kg]

Sr [Bq/kg]

15,7
45,7
222

<1.2
<1.2
2,9

45,9

4,8

sediments
V.Kostolany
Zlkovce
Bucany

0-5
0-20
0-20

20
20
20

Scrcd

0-20

20

0,28
0,28
0,43
<0.11

Water plants
Bucany
V.Kostolany

0-5
0-5

20
20

0,43
0,11

108

0,7

2,6

<4.9

soils
Zlkovcc

0-5

20

0,22

30,8

<1.2

V.Kostolany

0-5

20

0,11

0-5
0-5
0-5

20
20
20

0,16
0,31
0,29

11,1
10,9
10,6
7,7

<1.2

Radosovcc
Pecenady
Katlovcc

2,4
<1.2
<1.2

Krakovany

0-5

20

0,14

12,7

<1.2

Nizna
Zlkovcc- 2

0-5
0-5
0-5
0-5

20
20
20
20

0,23
0,22
<0.18
<0.18

9,9
30,8
29,8
25,7

1,6

sediments,
soils
water plants

10-30

NPP
Trnava
Am-241
mBq/kg:

1,6
2,5
<1.2

2-0,2

The results of 2 years measurement of Sr-90, Pu-239,240 and Am-241 in environmental
samples has proved that radioactivity of the samples are low. Their existence in soils,
sediments and water plants can be explain by global fallout and by influence of NPP A-l
closed in 1979. The value of radioactivity in aerosols and fallout were so low that was under
the detection limits and only exceptionally were detected. Radioactivity of the samples of
food chain did not cross the value of detection limits. The samples from channel Manivier

exhibits the highest radioactivity measured from the all collected environmental sample .The
radioactivity of Pu-239,240 could be correlated with activity of Cs-137.
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EXTRACTION AND ENZYMATIC HYDROLYSIS OF PENICILLIN G
IN EMULSION LIQUID MEMBRANES
I. Miesia^c, K. Schxigerl , J. Szymanowski
Institute of Chemical Technology and Engineering, Poznan University of Technology,
PL Sklodowskiej-Curie 2, 60-965 Poznan, Poland and *Institut fur Technische
Chimie, Universitdt Hannover, Callinstrasse 3, 3000 Hannover I, Germany

The extraction of Penicillin G from the continuous external aqueous phase to
the internal aqueous phase, its hydrolysis in the internal aqueous phase in the presence
of immobilised Penicillin Amidase and the trasfer of the hydrolysis products (6aminopenicillin acid and phenylacetic acid) back to the external aqueous phase were
studied.
PhCH2-COHH.
CH

H2O

H2N
CH

enzym

1
^COOH

Penicillin G

or

"

+

PhCH2COOH

NJOOH

6-AminopeniciUin
acid

Phenylacetic
acid

Surfactants of various structure and hydrophobicity (Span 80, Paranox 100,
Emulsogen OG, PEG 200 dioleate, Armotan ML and Adogen 464) were used to
stabilise emulsions. Amberlite LA 2 and Hostarex 327 were used as carriers and
kerosene as the membrane phase. The unreacted Penicillin G and the products of
hydrolysis were determined by HPLC.
The effects of experimental conditions (rate of mixing, emulsion hold-up, phase
ratio, surfactant and time) upon emulsion stability and the potassium transfer from the
internal aqueous phase to the external one was studied. The interfacial tension for
emulsion systems was measured and correlated with emulsion stability.
It was found that the potassium transfer does not depend upon mixing rate, but
increases when the emulsion hold-up and w/o phase ratio rise. The emulsions stable in
the storage test can be obtained using various surfactants and their mixtures. The
emulsion stability cannot be correlated with the interfacial activity of emulsifiers
because the carriers are strongly surface active and their activity can exceed the activity
of emulsifiers, e.g., of Span 80.
The inhibition of enzymatic reaction with hydrolysis products was not
observed. Depending upon surfactants the products of hydrolysis accumulate in the
internal aqueous phase or are quickly transferred to the external phase. Phenylacetic
acid is transferred quicker than 6-aminopenicillin aci which zwitterionic form is less
complexed with the carrier. The rate of transfer depends only slightly upon emulsion
hold-up and w/o phase ratio. The effect of surfactant is decisive. Paranox 100
decreases the permeation rate by its strong adsorption at the w/o interface. This effect
is partly compensated by the addition of dodecanol.

SK96K0030

THE TRANSPORT OF STRONTIUM CATION THROUGH
A HOLOW FIBER SUPPORTED DICHLOROBENZENE MEMBRANE
USING 18-C-6 CROWN ETHER AS A CARRIER AND NITRATE AND
ANION OF DINONYLNAFTALEN SULFIC ACID AS CO - COUNTER IONS.

J. Mackova, V. Mikulaj

Department of Nuclear Chemistry, Faculty of Science,
Comenius University, Mlynska dolina Ch-1,
842 15 Bratislava, Slovakia

ABSTRACT
The models which describe the permeation of strontium cation
through hollow fiber supported liquid membranes are shown
here. A permeation device - single hollow fiber module with
on - line radiometric detection of strontium using S 5 S r
tracer was used. The pertraction module works for a long time
without any observable damage of the membrane. The presence
of 18-C-6 in the feed aqueous solution slows down the
permeation of S r 2 + through the supported liquid membrane
which contains dinonyl-naphtalene
sulfonic acid and no
synergic effect is shown.
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Extraction of strontium and cesium from alkaline solutions with
antioxidant (22M46) and crowns 18C6 and DB18C6

V. Mikulaj, M. Tomek
Department of Nuclear Chemistry, Comenius University, Mlynska dolina CH-1
842 15 Bratislava (Slovakia)

Liquid extraction behavior of strontium and cesium from alkaline solutions were studied.
Antioxidant 22M46 and crowns 18C6, DB18C6 were used as extractants in chloroform,
toluene and tetrachloroethane solvents. Probable composition of complex form in organic
phase have composition SrAj , SrLAj, SrIAj (HA) 2 , CsA .HA and CsLA.HA
(HA - antioxidant, L - crown ).
A selectivity strontium and cesium separation were achieved more by antioxidant then
crown. The conditions of mutual separation of strontium and cesium from alkaline solutions
were found.
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MICRO-EXTRACTION BY DEMIXING FOR THE DETERMINATION OF
PHENOLS FROM WATER SAMPLES l u l l
U U
SK96K0032
Francis I. Onuska and Ken A. Terry
National
Water
Research
Institute,
Aquatic
Ecosystem
Protection Branch, Special Projects Section, 867 Lakeshore
Rd., Burlington, Ontario, L7R 4A6, Canada
A protocol was developed for determining low levels of
phenols, cresols, and xylenols in water samples. Sample
preparation employs demixing technique as form of extraction
using 2-propanol and ammonium sulphate with a small amount of
monosodium phosphate.
It will be shown that demixing of aqueous samples with
2-propanol, salt and 2,4,6-trichloroanisole as an internal
standard gave quantitative recoveries of phenol, cresols, and
xylenols. This procedure provides far lower detection limits
than methodology used by the U.S. EPA protocol. To achieve
demixing of two phases 37.7 g of (NH 4 ) 2 SO 4 + 6.8 g of
NaH 2 PO 4 , where added to 50 mL sample. After dissolving the
salt 3 mL of 2-propanol
was added. The sample was mixed
gently and two phases were allowed to separate for 45
minutes, then were separated and the 2-propanol extract was
dried over Na 2 SO 4 .
This technique is capable of simultaneously to extract
and determine polar analytes in less than 60 minutes, with
reporting limits ranging from about 0.3 M-g/L. Analyses were
done using
high resolution gas
chromatography - mass
spectrometry in selected ion monitoring mode. A DB-5-MS fused
silica capillary column was used for analysis with cool
on-column injection. The extraction method described in this
presentation is comparable or better than currently used
methodology, while offering the advantages of simplicity
cleanliness, speed, low cost and significant absence of
artifacts. The preconcentration factors obtained for a 50 mL
sample are at least 400. Analytical recovery averaged graeter
than 95% yields.
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MICELLAR ENHANCED ULTRAFILTRATION OF CADMIUM
Alena PAULENOVA, Pavol RAJEC

SK96K0033

Department of Nuclear Chemistry, Faculty of Natural Sciences,
Comenius University, 842 15 Bratislava

The use of micelle based separation methods represents an
interesting alternative to classic liquid-liquid extraction
techniques.
Mixed anionic micelles of sodium laurylsulphate containing
8-hydroxyquinoline
co-surfactant

as

have

extractant
been

and

n-butanol

investigated

for

as
the

preconcentration of cadmium (II) in the pH range 2-7.

The metal

ion accumulates

in the host

aggregate

after

reaction with the chelating ligand and the micelles are
separated

from

the

bulk

solution

by

passing

through

hydrophilic membrane (cellulose acetat, cut-off of 20,000
Da, LIKO Bratislava) under constant pressure (4atm). Cadmium
109
was determined radiometrically using
Cd-tracer.

The concentration efficiency depends on

the complex binding

to the micelles. The effects of experimental parameters on
the ultrafiltration performances have investigated, and by
properly choosing of pH, surfactant and chelating agent
-2
-3
-3
-3
concentration (e.g.2.4x10 mol.dm and
9.5x10 mol.dm ,
respectively and pH >4) 98% of cadmium recovery has been
achieved.
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EXTRACTION OF METAL IONS WITH PRIMENE JMT

Prokop Nekovdf, Daria Schrotteroud, Miroslav Mrnka
Prague Institute of Chemical Technology, Prague

High-molecular-weight aliphatic amines belong to the class of
agents which extract metal complexes by ion-pair formation.
The extraction of metal complexes can proceed by either an anion
exchange reaction or an addition reaction. There is little doubt that both
extraction mechanisms take place even when the anion in the aqueous
and organic phase is the same. The controlling factor is the free
concentration of anion and the dominant species present in the aqueous
phase; thus a knowledge of the aqueous phase chemistry of these
systems is of prime importance. The sulphuric acid system is complicated
by the presence of the sulfate-bisulfate equilibrium and the extraction of
metal sulfate complexes by amine salts is strongly pH dependent.
Extraction also depends strongly on the class of amine with the order
primary to secondary to tertiary being followed.
This paper describes some regularities at the extraction of sulfate
solutions of U(VI), Mo(VI), V(V), Ce(IV), Fe(III), Al(III) with benzene
solution of Primene JMT. The aqueous solutions consist of metal sulfates
(or another metal salts) in^the presence of sulfuric acid in the range of
concentration 0-3 mol/dm , the concentration of amine in the organic
phase is 0.1-0.3 mol/dm .
The presence of the various species of metal ions in the aqueous
phase is considered and the equilibrium concentration of passing
substances in the organic phase is determined. On the basis of the results
of chemical analysis (concentration of metals, sulfate ions, water in the
organic phase) the mechanism of extraction is proposed.
By comparing the results obtained from the study of metal salts
some common rules relating to extraction with Primene JMT are
elucidated.
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STRUCTURE AND NITROGEN BASICITY OF PYRIDINE METAL
EXTRACTANTS
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SK96K0035

Alexandra Borowiak-Resterna, Jan Szymanowski and Adam Voelkel
Poznan University of Technology, Institute of Chemical Technology and Engineering,
PL M. Sktodowskiej-Curie 2, 60-965 Poznan, Poland

ICI propose selected hydrophobic pyridine derivatives (esters and amides) for
copper extraction from aqueous chloride solutions. [1,2] The CUPREX process [3] was
proposed and positively verified in the pilot plant. Using the solvating reagent
(ACORGA CLX-50) it is possible to separate copper from the excess of iron and to
strip it from the organic phase with hot water. The use of the METCLOR
electrowinning cell permits to obtain high quality granular copper. The commercial
reagent ACORGA CLX-50 seems a well-tailored extractant which exhibits much
better extraction performance than individual compounds considered as models.
Our recent studies [4,5] have shown that extraction abilities of pyridine type
extractants, i.e., various esters and amides, depend very strongly upon the structure of
extractant, including the type, number and location of substituents. It seems that the
extraction properties of pyridine derivatives (i.e. extraction ability of copper from
aqueous solutions of appropriate chloride concentration, stripping with aqueous
solutions of low chloride concentration, and selectivity) can be well modified by a
change of the basicity of nitrogen atom in the pyridine ring by various substituents at
different positions.
The effect of various substituents in pyridine derivatives upon the basicity of
the nitrogen atom, characterised by the dissociation constants, was discussed. The
dissociation constants were correlated with the Hammett parameters and compared
with copper extraction data. The analysis of nitrogen basicity in pyridine derivatives
permits to select possible structures of extractants for metal extraction from chloride
solutions.
References:
1. R.F. DALTON, R. PRICE, P.M. QUAN, D. STEWARD, Extraction of Metal
Values, European Patent 57,797 (1982).
2. R.F. DALTON, G. DIAZ, R. PRICE, A.D. ZUNKEL, J.O.M., 43 (1991) 51.
3. R.F. DALTON, R. PRICE, E. HERMANA, B. HOFFMAN, Separation Processes in
Hydrometallurgy, G.A.Davies, Ed., Ellis Horwood Limited, Chichester, 1987,
p.466.
4. G. COTE, A. JAKUBIAK, D. BAUER, J. SZYMANOWSKI, B. MOKILI, C.
POITRENAUD, Solvent Extr. Ion Exch., 12 (1994) 99.
5. A. BOROWIAK-RESTERNA, Solvent Extr. Ion Exch., 12 (1994) 557.
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STOPPED-FLOW KINETICS OF COPPER COMPLEXATION BY MICELLESOLUBILIZED 2-HYDROXY-5-ALKYLBENZOPHENONE OXIMES
R. CIERPISZEWSKÍ, M. HEBRANT1, J. SZYMANOWSKI2 and С TONDRE1
1 .Laboratoire d'Etude des Systèmes Organiques et Colîoïdaux (L.E.S.O.C.)
URA CNRS n°406- Université Henri Poincaré - Nancy I. B.P. 239
54506 Vandoeuvre-lès-Nancy cédex - France.
2. Institute of Chemical Technology and Engineering
Poznan Technichal University - PI. Sklodowskiej Curie 2
60-965 Poznan, Poland

Pseudo-biphasic systems such as micellar solutions can be used to investigate the
kinetics and mechanisms of metal ion complexation/extraction by hydrophobic chelating
extractante. In the present work we have studied the complexation of copper with a series of
2-hydroxy-5-alkylbenzophenone oximes of different hydrophobicities solubilized in cationic
micelles (the alkyl chains were -methyl,-t-butyl and -t-octyl). Complexation with
salicylaldoxime, which is less hydrophobic, was also considered for the sake of comparison.
The rates of copper complexation were slower than what was usually observed in
homogeneous solution. This was attributed i) to the repulsive electrostatic effect of cationic
micelles (cetyltrimethylammonium bromide, СТАВ) and ii) to the existence of an internal
hydrogen bonding involving the complexing site. Nevertheless the stopped-flow technique
with spectrophotometric detection was required to follow the kinetics.
The absorbance change recorded on the absorption band of the complexes followed
first order kinetics only in a few cases and only when the pH was buffered. In most cases the
kinetic curves were best fitted with a biexponential function, with a slow absorbance change
following faster complex formation. The influence of different parameters have been
considered : surfactant concentration, copper concentration, pH, effect of added cc-acyloin
oxime.
These results indicate a very strong partitioning of the three 2-hydroxy-5alkylbenzophenone oximes in favour of the micellar pseudo-phase, and the apparent rate
constants for complex formation are increasing when the number of carbon atoms of the
alkylchain decreases (-methyl > -t-butyl > -t-octyl). The possible origins of the slow
relaxation process will be discussed. The trends observed in the change of the reaction rate
with different parameters will be put in relation with the behaviours previously reported for
the rate of extraction in biphasic toluene/water systems.
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MODELISATION OF BIPHASIC EXTRACTION USING MICELLAR SYSTEMS
INTERFACIAL OR BULK AQUEOUS MECHANISM
Marc HEBRANT and Christian TONDRE

SK96K0037
Laboratoire d'Etude des Systemes Organiques et Colloidawc (L.E.S.O.C.)
URACNRSn°406
Universite Henri Poincare - Nancy I. B.P. 239
54506 Vandoeuvre-les-Nancy cedex - France.

Biphasic extraction is usually a highly heterogeneous process in which the rate of
metal extraction depends on the state of dispersion of the two phases. For this reason the
mechanisms characterizing the extraction process are not easy to ascertain because they
involve contributions of diffusion as well as kinetic steps. It is usually admitted that when
the rate of stirring is fast enough a "kinetic regime" can be established. Micellar model
systems can help us improving our understanding of such processes. They are convenient to
study reactions involving lipophilic extractants solubilized in the micelles and metal ions
solubilized in the continuous aqueous phase. These systems, whether micelles or
microemulsions are concerned, are perfectly isotropic although their intimate nature is
microheterogeneous. Due to their perfect transparency, they permit the use of UV-visible
spectroscopic methods to investigate the kinetics of complex formation.
Our work was aiming at testing different possible extraction mechanisms
("interfacial" or "bulk aqueous") when the hydrophobicity of the extractant, the nature of the
surfactants (cationic or nonionic) or the associated counterion were varied.
Two theoretical models were compared with the experimental data obtained from
stopped-flow kinetics. One of them assumes that the reaction of complex formation takes
place in the aqueous phase and the other one considers the contribution of the micelle/water
interface. The results are consistent with a bulk aqueous mechanism for cationic micelles
(C12EO6). A further evidence of the postulated mechanisms can be obtained by looking at
the effect of the nature of the counterion associated with the cationic micelles. The
concentration of counterions in the vicinity of the micellar surface can be as high as three
times molar. The presence of the anionic species (Br", Cl" or NO3~) in such high
concentration was expected to affect the rate of complexation of copper or cobalt ions only
when the reaction takes place at the interface. The results will be shown to be in agreement
with the previous predictions.
References
S.G. SON, M. HEBRANT, P. TECILLA*, P. SCRIMIN*, C. TONDRE, J. Phys. Chem.
96,11072(1992)
C. TONDRE and M. HEBRANT, J. Phys. Chem 96,11079 (1992)
M. HEBRANT and C. TONDRE, Colloids and Surfaces A 83,293 (1994)
* Who have kindly supplied some of the complexing agents used
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SEPARATION OF Cs AND Sr USING POLYOXONIUM COMPOUNDS

PETE VANUBA, VESA JEDINAKOVA-KRIZOVA, ZITA VALENTOVA
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Extraction

separation and

aqueous solutions, containing
ions (Li+ / Na+ ,
solutions
linear

of

concentration of

K+ , Mg2+ , Ca2+ , A13+ , Fe3+ )

cyclic

Sr from

maci-oconcent rat ions of competitive
by the nitrobenzene

bis-1,27dicarbollylcobaitate

and

Cs and

polyoxonium

in

compounds

the

presence of

(POO

has

been

i nvestigated.
It

has been

found, that

the addition

of any

POC, except

DBzl8C6 decreases the distribution ratio of Cs (Dc»). Addition of
DB2I8C6 increases Dcs

by the factor ten, but

the selectivity of

Cs separation from other alkali metal ions decreases.
The dependences of Ds r on the total analytical concentrations
of POC

CJL. show the

increase

from

cC(Sr/Ca)«50
and

typical maxima. Separation

<*(Sr/Ca)«2

(for DBzl8C6),

d.( Sr/Ca") «1000

for

('found

in

the

absence

ct (Sr/Ca) Kl 00 (for
15C5.

For

the

factors of Sr/Ca
of

P O O to

18C6 and DCH18C6)

comparison,

the

value

oU'Sr/Ca)*100 has been found for PEG 400.
On

the

contrary

to

systems

with

PEG 400, more effective

Sr/ lanthanide separation can be achieved us in-? crowns.
Extraction

and

stability

constants in

several investigated extraction systems
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EXTRACTION OF PERCHLORIC ACID BY P-NONYLPHENYLNONAETHYLENE
GLYCOL

PETE VANUBA, VEEA JEDINAKOVA-KBIZOVA. PETRA IVANOVA
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Extraction
Siovafol 909

of perchloric

acid by

the nitrobenzene

(p-nony 1 pheny 1 nonaet hy 1 ene glycol,

investigated and composition of species

solution of
L .'

has

beer,

in the organic phase has

been determined.

It has

been found, that

perchloric acid is

full dissociated in

both phase, and H4 ion in the organic phase is partially solvated
by

one

or

two

molecules

of p-nonylphenylnonaethylene glycol,

Extraction and stability constants of HL+ and HLz+ species in the
organic phase has been evaluated.
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EXTRACTION OF 85 Sr AND 133 Ba BY THE NITROBENZENE
SOLUTION OF BIS-1,2-DICARBOLLYLCOBALTATE IN THE
PRESENCE OF DIBENZO-18-CROWN-6
PETRVANURA+, EMAMJEL MAKRLiKT
H

Department of analytical chemistry, Institute of Chemical
Technology, 1662S Prague. Czech Republic
^Charles University, Faculty of Education,
11639 Prague, Czech Republic

Extraction of strontium and barium by the nitrobenzene solution of
bis-l,2-dicarboHylcobaltate in the presence of dibenzo-18-crown-6 (DB18C6, L)
has been investigated. The equilibrium data and the typical maxims on the
dependencies of the Sr and Ba distribution ratios on the total analytical
concentration of DB18C6 in the system can be explained assuming that besides
the metal ions M2+ (M = Sr or Ba) the complexes ML2+, MHL3\ MHL,3+, MH.,L2+
are extracted into the nitrobenzene phase. Values of extraction constants and
stability constants of extracted species in nitrobenzene has been determined and
application of the system under study for the separation of Sr has been
discussed.
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EXTRACTION OF SULPHURIC ACID FROM TECHNOLOGICAL
SOLUTION OF HYDROXYLAMINE SULPHATE
SK96K0041
Maciej Wisniewski, Mariusz Bogumil Bogacki and Jan Szymanowski
Poznan University of Technology, Institute of Chemical Technology and Engineering,
PL M. Sklodowskiej Curie 2, 60-965 Poznan, Poland

In chemical industry waste liquid streams contain often mineral acids alone or in
the presence of various salts. The concentration of these acids can differ significantly.
However, this concentration is usually too small to obtain commercially acceptable
products. Thus, such streams are neutralised with lime and dumped. They are also
neutralised with ammonia forming appropriate ammonium salts which are used as low
quality fertilizers.
Important amounts of ammonium sulphate are produced in caprolactam plants in
Poland. Cyclohexanone is oximated with hydroxylamine sulphate and the obtained oxime
gives caprolactam by Beckmann rearrangement carried out in concentrated sulphuric
acid. Sulphuric acid is neutralised with ammonia to ammonium sulphate.
Recovery of sulphuric acid from post reaction mixture is one of the main factors
which could permit to improve the economy of the process.
Sulphuric acid is also present in hydroxylamine sulphate solution. In Nitrogen
Chemical Plants in Pulawy and Tarnow, Poland the hydroxylamine sulphate is obtained
by catalytic hydrogenation of nitrogen(II) oxide earned out in the presence of sulphuric
acid.
Ammonium sulphate is formed as the by-product. The technological solution
contains 305-315 g/dm^ hydroxylamine sulphate, 35-45 g/dnP sulphuric acid and 10-20
g/dm^ ammonium sulphate.
The aim of this work is to study the recovery of sulphuric acid from such
technological solution. Cyanex 923 which contains trialkyl phosphine oxide as the active
substance is used for sulphuric acid extraction. Water is used for stripping. Effects of
temperature, salt concentration and stripping are studied. It is found that sulphuric acid
can be successfully recovered using 3 and 2 stages in countercurrent extraction and
stripping, respectively.
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Solvent Extraction of Chromium(VI) as Ion-Pairs
with Tetrabutylammonium Ions
Meri YAMADA and Tatsuya SEKINE
Departient of Chemistry, Science University of Tokyo,
Kagurazaka, Shinjukuku, Tokyo, 162 JAPAN
The solvent extraction of chromium(VI) in weakly acid aqueous solutions
(pH 1 to 4) with bulky cations, tetrabutylammonium ions(tba+), and with
a solvating type extractant trioctylphosphine oxide(TOPO) into chloroform is measured and the chemical form of the extracted species as well
as the equilibria involved are considered. When the metal concentration
is low, the extraction equilibrium with tba + can be given as:
HCrO<~ + tba+ ;± tba+HCr04~(org)
and that with TOPO can be given as:
HCrOr + H + + TOPO(org) ^± HaCrOv,(TOPO)(org)
When the metal concentration is high, the dimerized species was also extracted as:
2tbaH + 2HCrO,T ^ (tba+)2Cr2072~(org)•+ H2O
Thus the distribution ratio should generally be given as:
D = [Cr(VI)]org/[Cr(VI)]aq
- ([tba + HCr0 4 -] o , g + [H2CHMTOPO)]„,•* + 2[(tba + ) 2 Cr 2 0 7 2 -]o^)
"]• + [H2Cr04])
Figure gives an example of such extraction data given as a function of
the initial concentration of chromic
um(VI) when (i) only tba + is added,
(ii) only TOPO is added, (iii) both
tba+ and TOPO were added. It was concluded from the results that the
dimerized species is not present in
the aqueous phase under the conditions and is present only with tba +
when the metal concentration in the
-2.5
-4
-3.5
-4.5
-3
log [Cr(VI)]i
organic phase is higher than 1X10"5
Dependence of D on the chromium(VI) initial concentration
mol dm"3.
Org.phase: CHC13
On the basis of the results, the
dm'3HNO3 + 0.09mol dm"3NaNO3
charactor of the aqueous and organic Aq.phase.-O.Olmol
# (i):initially containing 1.0 X10"2mol dm"3 tba + in the aq.phase
solutions as the medium of the dime- A(ii): initially containing 3.0 XI0'2moI dm' 3 TOPO in the org. phase
rization of the ionic chromium(VI) O(iii):initially containing 1.0 X10~2mol dm"3 tba in the aq.phase
is considered.
and 3.0 X10"2mol dm"3 TOPO in the org. phase
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Mixed Ligand Complexes of Europium

P1/nei/nni(,

SK.9DK.0043

Alois Zeman
Departement of Inorganic Chemistry, Masaryk University,
611 37 Brno, Czech republic
The solvent extraction of europium(III) with di-nbutylphosphoric {HDBP} and di-(2-ethylhexyl)phosphoric {HDEHP}
acids in 3-methyl- 1-butanol in 0.1 and 1.0 mol.dm"3 perchlorate
medium {Na(H)ClO4} was studied at pH 1-3. It was found that the
composition of the species extracted into the organic phase
depended on the concentration of perchlorate anion. In 0.1
mol.dm"3 Na(H)C104 solutions, simple chelates Eu(DBP) 3 or Eu(DEHP) 3
are extracted while mixed ligand complexes Eu(DBP)2Cl04 or
Eu(DEHP)2Cl04 are also extracted from 1.0 mol.dm"3 Na(H)C104
solutions. Compared to the extractions from perchlorate
solutions, no such change in the extraction mechanism has been
observed in chloride solutions containing up to 1.0 mol.dm'3 Cl'.
The existence of monomeric forms of HDBP and HDEHP in 3-methyl-1butanol was confirmed by the method of vapour pressure osmometry.
Extraction constants for perchlorate medium were calculated by
using the EXLET program and the following values were obtained:
log Kex {Eu(DBP)3}
= - 2.42 ± 0.29
log Kex {EU(DEHP)3}
= - 4.79 ± 0.26
log Kex {EU(DBP)2C1O4} = - 0.41 ± 0.15
log Kex {EU(DEHP)2C1O4} = - 2.66 ± 0.06
The relatively large values of the standard deviations for the
simple chelates follow from the fact that these constants were
calculated from data obtained at two various ionic strenghts
(i.e. 0.1 and 1.0 mol.dm"3) while the mixed complexes exist in
solutions with greater perchlorate concentration only.
The extraction of europium(III) with these extractants into
toluene from 0.1 mol.dm"3 perchlorate or chloride media was
studied as well. The extraction species found were identical with
those reported in the literature. The dimeric form of
dialkylphosphoric acids in toluene was confirmed by vapour
pressure osmometry. The EXLET program yielded the following
extraction constants:
log Kex {Eu[H(DBP)2]3} =
2.28 ± 0.29
log Kex {Eu[H(DEHP)2]3} = - 0.10 ± 0.001
Thus the higher extraction efficiency of HDBP for Eu(III)
known for extractions into non-polar organic solvents is
preserved in 3-methyl-l-butanol in spite of the differences in
the composition of the complexes extracted.
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ANALYSIS OF COMPLEX IONIC MIXTURES AND
(ULTRA)TRACE ANALYSIS BY COUPLED COLUMN
CAPILLARY ELECTROPHORESIS

V

Dusan Kaniansky, Jozef Marak, Vlasta Madajova, Imrich Zelensky and Eva Simunicova
Department of Analytical Chemistry, Faculty of Natural Sciences, Comenius University,
Mlynskd Dolina CH-2, 842 15 Bratislava (Slovak Republic)

High efficiency column separation techniques are increasingly implemented into the
(ultra)trace analysis schemes for ionogenic compounds. This approach is effective in several
respects:
1. Systematic errors in the determinations are reduced;
2. Identification certainties are enhanced;
3. Less selective detection techniques can be employed.
At present we can see an explosive growth of interest in capillary zone
electrophoresis. Extremely high separation efficiencies as reported for this technique (up to
106 theoretical plates per meter under favourable conditions) and very low mass detection
limits (low attomole levels for favourable combinations analyte-detector) probably explain
this fact. These features are very attractive as far as the use of CZE in trace analysis is
concerned. Li this context, however, some inherent limitations of this technique should also
be mentioned:
1. Low load capacities of current CZE columns associated with low sample injection
volumes (typically up to 10 nl). It is clear that this is a serious hindrance in achieving low
concentration limits of detection (an essential requirement in trace analysis).
2. Problems associated with sample matrices are manyfold:
a) Reduced resolutions of the separands induced by matrix macroconstituents. Here, the
macroconstituents can stack (focus) the separated constituents into a narrow band which
may require a long separation tune to vanish (refs. 1,2).
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b) Adsorption of some sample constituents on the surface of the capillary tube with a
concomitant change of ^-potential (ref.3). Problems of this kind can be expected in the
analysis of biological samples containing proteinous material.
c) For example, environmental and biological matrices contain large numbers of sample
constituents present at ng-|ig/l concentrations. Here, CZE as any single column
separation technique has practical limits in obtaining pure sample components (peaks)
(ref.4).

Sample preparation and CZE
Following current concepts in column chromatography techniques it is logical to
combine CZE with appropriate sample pretreatment techniques to eliminate the above
limitations. Here, however, some specific features of CZE need to be taken into account:
1. Limited sample load capacity as outlined above restricts the use of the sample
preparation procedures as developed, e.g., for column chromatography (see, e.g., ref. 10
for an excellent review) when they do not reduce the ionic strength of the sample on the
pretreatment.
2. Separation efficiencies of current sample pretreatment techniques (solid-phase
extraction, liquid-liquid extraction, dialysis, etc.) are very low. This may be a serious
drawback when physico-chemical properties of the analyte(s) and matrix constituents are
close (problems in optimizing the pretreatment via the selectivity effects). In such
situations the use of high efficiency sample pretreatment techniques is probably the only
solution.
Considering the amount of the analyte currently needed for the CZE analysis
(femtomoles-picomoles) it is apparent that the use of (sub)microscale sample preparation
techniques can be very convenient. It is, however, mandatory that such techniques consist
of small numbers of sample handling steps (reduced risks of sample contaminations,
minimized losses of the analytes). In this context it is clear that on-line coupling of the
sample preparation with CZE is favourable.
Which of the sample preparation techniques offer alternatives compatible with CZE?
1. Some variants of solid-phase extraction (SPE) and column chromatography;
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2. various alternatives of liquid-liquid extraction;
3. dialysis and electrodialysis;
4. ultrafiltration and centrifiigation;
5. electrophoretic techniques (isotachophoresis, isoelectric focusing and zone
electrophoresis).
With various degrees of complexity of the instrumentation all of these techniques
can be on-line coupled with CZE. The scope of practical applicability, however, can differ
very much, especially, when the extent of sample clean-up is taken as a criterion for the
evaluation. In this respect the use of electrophoretic techniques offer some advantages as
they can be used to remove ionic sample macroconstituents, separate the analyte(s) from
proteinous matrix and isolate the analyte(s) from other sample constituents. A theoretical
predictability of optimum working conditions in electrophoresis is, in general, very high so
that a search for suitable pretreatment conditions can be considerable reduced in terms of
required experimental work.

On-line coupling of capillary electrophoresis techniques
Column-switching capillary electrophoresis equipments as developed for capillary
electrophoresis some 15 years ago (refs.5,6) provide already existing alternative to couple
CZE with electrophoretic sample pretreatment (ref.7). The question to be answered is
which of the electrophoretic techniques is to be preferred for the sample pretreatment. The
following criteria will determine the choice:
1. load capacity for a given column;
2. concentrating capabilities;
3. universal applicability to ionogenic compounds;
4. clean-up potentialities;
5. minimum dispersion on the injection of the analyte(s) fraction into the CZE column;
6. automation of the total electrophoretic run.
Although we cannot be conclusive in making unambiguous statements it appears
that isotachophoresis (ITP) is meeting these criteria in a wide extent.
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This lecture is focused on analytical potentialities of the ITP-CZE combination in
(ultra)trace analysis. Practical examples and an accompanying theory will concentrate on
the following aspects:
1. Clean-up potentialities from a general point of view. Here, it will be shown that a simple
theory can be very useful in guiding the analyst in the choice of the electrolyte systems
providing a combination with a minimum chance of the analyte peak overlap with matrix
constituents.
2. Clean-up potentialities of the ITP-CZE combination will be illustrated on a practical
example (analysis of sulfanilate in urine) (ref.8).
3. Determinations of cationic pesticides (paraquat and diquat) in water is intended to
demonstrate (ref.2) capabilities of the ITP-CZE combination in ultratrace environmental
analysis.
4. ITP need not be used only for the sample pretreatment but it provides analytical data
relevant to the sample macroconstituents. These features of the ITP-CZE combination
are illustrated on the determination of ionogenic anions when present in the samples at
extremely differing concentrations (ref.9).
5. Capabilities of the ITP-CZE tandem in multicomponent trace analysis will be
demonstrated on the determination of nitrophenols.
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CAPILLARY ZONE ELECTROPHORESIS TO STUDY HUMIC FRACTION IN
FOREST SOILS AND ITS RELATIONSHIP WITH RADIONUCLIDE MOBILITY.

A. Rigol. M. Vidal and G. Rauret
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Departament de Quimica Analitica, Universitat de Barcelona.

SK96K0045

Av. Diagonal 647, E-08028 Barcelona, Spain.

In order to know the main factors that influence the mobility of
radionuclides in forest soils, it is necessary to study the role of each soil phase
on radionuclide retention. In relation to radiocaesium, whose environmental
impact is really significant due to both its abundant release in nuclear accidents
and high half-life, it is well known that clay minerals, especially illite, govern its
retention in soils. However, it seems that organic matter could also affect the
distribution of this radionuclide, although it has not been possible to succeed in
ascertain its role from the studies performed up to now. In general, two types
of interactions radiocaesium-soil can be considered: radionuclide may be
available when interacts with the cationic exchange complex or strongly fixed
by specific sites in illitic minerals.

Organic matter has a very complex composition and includes both nonhumic substances, with a well defined structure, and humic substances with a
high structural complexity and a wide range of molecular masses. In
consequence, interactions between organic matter and radionuclide may depend
on the type of organic matter considered. To be able to explain the mobility of
radiocaesium in these soils it can be interesting to study whether there is any
relationship between acid humic content and radiocaesium related to this organic
matter phase.

The high content of organic matter that is present in forest soils make
them suitable to perform this kind of studies. Therefore, an experiment was
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designed, in which fallen leaves were artificially contaminated with an aerosol
that simulated a nuclear accident and, subsequently, substituted the natural
fallen leaves layer (L) in the forest soil. After the contamination radionuciides
migrated down to the soil profile being incorporated in the different horizons:
decomposed but recognizable leaves layer (F), humus layer (H) and top mineral
layer (A).

From the activities measured in the different soil horizons in consecutive
samplings carried out for two years approximately, it was seen that there was
some accumulation of radionuclide in F and H layers, whereas only a small
proportion was incorporated into the A horizon. Then, the characterization of
these layers, in relation to their content of humic acid, may allow us to study the
role that these substances may have in the retention of radionuciides in order to
explain if humic substances or mineral phase in H layer are responsible for this
retention.

Up to now, different techniques have been applied to the characterization
of humic acids, but there are very few suitable methods that determine these
substances directly from the information obtained from a separation process. In
order to determine the humic acid content in soil samples, a methodology has
been developped using capillary zone electrophoresis (CZE), which is a technique
with high separation efficiency and resolution.

Working conditions of CZE separation were optimized and a procedure
was established. Firstly the capillary was washed with a 0.1 moH"1 HCI solution
and then it was conditioned by flushing a buffer solution (59.8 mmol-l"1 in Lalanine and 8 mmol-l'1 in HCI at pH = 3.17). The sample was injected using the
vaccuum technique and separation was performed by applying a voltage of 15
kV with anodic injection and cathodic detection. Detection was carried out at
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215 nm by means an optical window for UV detection. The column temperature
was set at 40°C and each sample was injected in triplicate. An electropherogram
obtained in these conditions for a sample of 100 /yg-ml'1 commercial humic acid
is shown in Figure 1a.

On the other hand, it was observed that humic acid samples obtained
from humus layer of forest soils showed electropherograms with similar
characteristics to that obtained for a commercial humic acid. Therefore, an
estimation of the humic acid content in different samples of soil can be made by
means of a fast and simple extraction method using the commercial humic acid
as a reference. Figure 1b shows the electropherogram corresponding to humic
acid extracted from the humus layer of a forest soil. It can be seen that two
peaks were also obtained in this case. Fraction A was used for the estimation
of the humic acid content because its shape is very similar to the one obtained
for the commercial humic acid.

b)

a)

lime (min)

time (min)

Figure 1. Electropherograms of commercial humic acid (a) and humic acid from the humus layer of
a forest soil (b).
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The next step in this work was to apply this methodology to study the
influence of organic matter

(mainly humic acids) on the retention of

radionuclides. The design mentioned above provided us with a great number of
samples. For each sampling, samples were taken from the different horizons (F,
H and A) in several points.

The fraction of radionuclide incorporated to each horizon was measured.
Furthermore, the percentage of radionuclide associated with humic acids (in both
H and A layers), was estimated by means of single extractions using suitable
reagents. In this work, Na4P2O7 0.1 mol-l'1 and NaOH 0.1 mol-l'1 (under N2
atmosphere) have been chosen. The extraction has been carried out by shaking
4-5 g of soil with the extractant solution (40 ml-g'1) for 16 hours. The darkcoloured supernatant was separated from the residue by centrifugation and
radionuclide content was quantified by gamma spectrometry.

Humic acid content in these extracts was determined by acidifying with
6 mol-l'1 HCI to pH = 1 and allowing it to stand at room temperature for 16
hours. In this way, humic acid was obtained in a coagulated form, dissolved in
10' 3 mol-l'1 NaOH solution and subsequently estimated using the CZE technique.

After these measurements it is possible to test whether there is any
correlation between humic acid and radionuclide contents in each sample and to
obtain conclusions about the role of organic matter in radionuclide retention.
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APPLICATION OF CAPILLARY ELECTROPHORESIS TO THE
CHARACTERIZATION OF SOME COLLOIDAL PARTICLES
B. Fourest. N. Hakem, R; Guillaumont, Institut de Physique NucliSaiie, BP
n°l, F-91406, Orsay cedex.
Colloids in solution are essentially characterized from their size and surface
charge. The latter property is generally deduced from zeta-potential values, ^-potential is
also an important parameter, since it explains the behaviour of the particle in a given
environment. In particular, it reflects its kinetic stability in the solution under
consideration.
£-data can be derived from mobility measurements. The usual methods applied to
colloids analyse the laser light scattered by the particles, which are subjected to an electric
field. These methods show a relatively high sensitivity (~ 1 ppm) in the detection of very
fine particles (10 nm - 10 |i.m), but they are not selective enough to distinghish between
two populations presenting close mobilities and it is not always possible to separate them
previously by ultra-filtration or centrifugation.
Capillary Electrophoresis (C.E.), on the contrary, is highly selective but has rarely
been applied to the study of colloidal solutions. The purpose of the present work was,
consequently, to define the possibilities as well as the limits of the C.E. method in the
separation and identification of colloids.
The tests have been carried out on seven standard latex colloids (300 nm - 2 |im in
size), bearing various functional groups. A correlation has been established between the
electrophoretic mobility, u e , and the charge/size ratio of the latex particles, which have
been investigated separately or in mixtures. Moreover a good agreement has been
observed when the results are compared to those obtained by Laser Doppler Velocimetry
(L.D.V.).
Capillary Electrophoresis has then been applied to the characterization of solutions
containing thorium phosphate and mineral oxides colloids. Our conclusion is that C.E.
and L.D.V. are complementary methods : C.E. is more useful to point out different kinds
of very fine particles, but has the major disadvantage to give best results in a buffer
medium, which can affect the mobility of the colloid.
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SEPARATION OF NITROPHENOLS BY CAPILLARY ZONE
ELECTROPHORESIS
SK96K0047
D.Kaniansky, M.Masar, J.Marak, V.Madajova, and F.I.Onuska*
Department of Analytical Chemistry, Faculty of Natural Sciences, Comenius University, Mlynskd
Dolina CH-2, 842 15 Bratislava (Slovak Republic)
*Aquatic Ecosystem Protection Branch, National Water Research Institute, Environment Canada, 867
Lakeshore Road, Burlington, Ontario L7R4A6, (Canada)

Nitrophenols are compounds of a general environmental concern. Their presence in the
environment is not only due to human activities (e.g., applications of pesticides, some chemical
processes) but also due to chemical processes in the atmosphere. For example, nitrophenols can be
found in precipitations at lowppb concentrations.
To meet current requirements of environmental analytical chemistry the limits of detection at
ppb-ppt concentrations are required. The use of a high-efficiency separation technique in the final
analytical step is essential in achieving such performance parameters of the analytical procedure.
This work was aimed at investigating potentialities of capillary zone electrophoresis (CZE) in
the separation of a group of nitrophenols of a key environmental interest (picric acid, 2,4-dinitrophenol;
2,5-dinitrophenol; 2,6-dinitrophenol; m-nitrophenol; p-nitrophenol and p-nitro-m-cresol).
Our experiments showed that a high pH is necessary to achieve migration of the nitrophenols.
However, under such conditions (favouring the separations according to ionic mobilities) the resolutions
of the individual nitrophenols was the main problem. To solve this problem CZE separations based on
interactions of nitrophenols with water soluble polymers (polyvinylpyrrolidone) and host-guest complex
equilibria (P-cyclodextrin) were investigated. None of these interactions was fully effective when used
alone. Differing selectivities of these additives, however, provided a way to optimize the separations
when used in a proper combination. The carrier electrolytes containing both additives enabled us to
perform the CZE separations in less than 8 minutes with high separation efficiencies (ca. 150000-200000
theoretical plates per meter) also in a capillary tube of a higher sample load capacity (I.D. « 300 um).
Preliminary experiments proved that the proposed CZE system can be used in an on-line
combination with capillary isotachophoresis (FTP) to handle sample volumes as large as 30 \x\. This
combination of the electrophoretic techniques provided an ITP concentration of the analytes into a
narrow band and a sample clean-up in the same step. As a result the concentration limits could be
reduced down to 10"7-10'8 mol/1 concentrations. By no means this can be considered as a definitive
minimum as an optimized detection system should provide the limits of detection 1-2 orders of
magnitude lower under otherwise identical working conditions.
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DETERMINATION OF IONOGENIC RADIOLYTICAL PRODUCTS OF TWO-PHASE
WATER-DIBUTYLPHOSPHATE SYSTEMS BY CAPILLARY ISOTACHOPHORESIS
J. Kuruc, R. Batistaa, R. Cech , P. Rajec

SK96K0048

Department of Nuclear Chemistry, Comenius University,
SK-84212 Bratislava, Slovak Republic

The main ionogenic radiolytical degradation products are
monobutylphosphate, phosphoric acid, formic, acetic, propionic
and butyric acids as the result of gamma-irradiation of
two-phase water-DBP system. The products were determined using
capillary isotachophoresis (ITP) in one run, using the
following operational system:
,-3

Leading electrolyte:

5.10

mol-dm

-3

HC1

+

0.096

g

e-aminocaproic acid + 15 cm of 1 % hydroxyethylcellulose in
20 % v. of methanol in 100 cm3 of solution (pH = 4.1);
Terminating electrolyte: 3 drops of caproic acid + 0.0775
g histidine in 20 % v of methanol in 100 cm

of solution.

According two phase theory the total and partial radiation
yields of products were calculated from the results (Table 1
and Table 2 ) .
Table 1. Radiation yields of H P0
aqueous saturated solutions of
solutions saturated with water.

(in molecules/100 eV) in

DBP

a

TBP

and

in

organic

Organic solution saturated
with water

Aqueous saturated solution

DBP

TBP

DBP

TBP

1.55

0.125

0.17

0.022

Table

2. The

total

phase

and

(X)

G

(G (X)) and partial

for

organic

phase)

(G (X) for

radiation

aqueous

yields

of

products and decomposition of DBP in the radiolysis of
phase H 0-DBP systems.

G

Product

GT(X)

Formic acid

a

two

G x (X)

GII(X)

0.102

0.109

0.0232

Acetic acid

0.047

0.052

8.54xlO"3

Propionionic acid

0.011

0.012

2.05xl0"3

Butyric acid

0.03

0.032

5.8xlO"3

-DBP

3.51

3.84

0.506

is given for

volume ratio w

total radiation yields for

/w
water

samples

with

= 0.9.
T

Present address: Havana, Cuba.
Present address: Blue Planet Ltd., Trencianska 10, SK-821 09
Bratislava, Slovak Republic.
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DETERMINATION OF RADIATION YIELDS OF IONOGENIC PRODUCTS OF
TWO-PHASE WATER-TRIBUTYLPHOSPHATE AND DI-(2-ETHYLHEXYL)PHOSPHORIC ACID SYSTEMS BY CAPILLARY ISOTACHOPHORESIS
J>

SK96K0049

Kuruc
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- Petru a, R. Cech , P. Rajec

>

Department of Nuclear Chemistry, Comenius University,
SK-84212 Bratislava, Slovak Republic
Radiation degradation products of two-phase water-TBP system
can be determined by capillary isotachophoresis (ITP). '
It was found that the main ionogenic radiolytical degradation
products of TBP were monobutylphosphate, dibutylphosphate,
phosphoric acid, formic, acetic, propionic and butyric acids as
the result of gamma-irradiation of two-phase water-TBP system.
In the case of irradiation of two-phase water-di(2-ethylhexyl)phosphoric acid (DEHPA) system, the main radiolytic degradation
products are 2-ethylhexylphosphoric acid and phosphoric acid.
All products were determined using ITP.
According two-phase theory the total and partial radiation
yields of products were calculated from the results (Table 1
and Table 2).
Table 1. Radiation yields of H PO

(in molecules/100 eV) in

aqueous saturated solutions of TBP and DEHPA, and in organic
solutions saturated with water.
Solutions with TBP

Solutions with DEHPA

G(H PO )
3

4

G(H PO )
3

0.022

in TBP
G(H PO )
3

4

4

in DEHPA

0.423

G(H PO )
3

0.125

4

in water

in water

4.65

Table 2. The total (G (X)) and partial (G (X) for aqueous phase
and G

(X) for organic phase) radiation yields of products and

decomposition of TBP in the radiolysis of two phase H O-TBP
systems.
a

Product

G T (x)

Phosphoric acid

0 .0262

0. 033

0.015

Monobutylphosphate

0 .0095

0. 0051

0.016

Formic acid

0 .004

0. 0064

4. 26x10"4

Butyric acid

0 .0126

0. 0136

0.0082

G:

(V 1

1. A.Somogyova, P.Rajec, R.Cech, J.Kuruc, 2nd Int. Conf. Separ.
of Ionic Solutes, Smolenice, Oct. 12-15, 1987. Abstr. p. 67.
2. A.Petru, P.Rajec, R.Cech, J.Kuruc, J. Radioanal. Nucl. Chem.
129, 229-232 (1989).
Present address: 69101 Moravsky 2izkov 27, Czech Republic.
Present address: Blue Planet Ltd., Trencianska 10, 82109
Bratislava, Slovak Republic.
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SECTION D

Tetravalent Metal Antimonates Synthesis,
Characteristics and Use in Treatment of Radioactive
Waste solutions.
SK96K0050

Hisham F. Aly and I. M. El-Naggar
Hot Laboratories Centre, Atomic Energy Authority
101 Kasr El Eini Street, Cairo - Egypt

The potential usefulness of inorganic exchangers have bet n proved
in various areas of nuclear fuel cycle, especially in the prepa ation and
fixation of fission products and aciinklcs and treatment of nucl ;ar power

plant effluents. Inorganic ion- exchangers and adsorbents have receiving
attention for these purposes because of their strong enemies affinity,
high retention capacity and high resistance for ionizing radiation for certain
radionudides. Among several new synthetic ion- exchange materials
double salts of polybasic acids with tetravalent metal

types (metal

antimonates), MSb (M=Ce, Sn, Ti.Th, Si, Mn and Zr) are ver> promising
These exchangers have shown a great promise in
reproducibility,

ion

preparative

exchange behaviour and both chemical g nd thermal

stability.
The insoluble double salts of poiybasjc acids with letravalent metal
types possessing ion- exchange properties can be produced, in general, as
gelatinous by mixing antimony penta chloride and metal chlorides of
different concentrations in different volume ratios and concentrated
ammonia solution was add to the clear reaction mixture until Ihe required
pH was obtained. We found that the antimonates are very sensitive to the
mixing ratios of the starting materials and to the acid concentration at
which they are synthesized. The product materials are suitabl t for column

operations. The method described is a general method of p eparation of
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the amorphous ion exchangers. Only marginal differences exist in the
various methods

of preparation given in the literature, and they are in

terms of the concentration of the mixing solutions, initial

pH of the

component solutions, and temperature of mixing.
The pH titration

curves showed apparently monobasic acid

behaviour. The uptake of alkali metal ions increased with increasing pH of
solution and with decreasing molar ratios of M/Sb (M=Ce,Sn,Ti, JVln and
Zr) in the exchangers.
It is useful to obtain a correlation of the basic properties, such as
ion exchange capacity, ionic radius, atomic number, and ionic charge,
with the Kd values. An effort was made in this direction by selecti g some
amorphous metal antimonates as ion exchangers. The antimonates selected
were

cerium(IV)

antimonate,

titanium

(IV) antimonatc,

tin(IV)

antimonate, zirconium(IV) antimonale and iron(III) antimonate On the
basis of such a study, some general characteristics can be noted as follows:
I-

Na + has the maximum average K«j for the antimonate ex hangers,
compared to the other metal ions. Thus, these ion exchaigcrs can
be used for the separation of Na* from K+, Li+ and Cs1

2-

Antimonatcs have high K<i values for Ag + , Hg2+ and Pb2 (I). Very
low K<i values

are reported for Mg

.A comparison ^hows that

among the four alkaline earth ions, Mgi+ is the least adsorbed,
while

Ba2+ is the most adsorbed . Crystalline materi :tl shows a

regular trend in this respect, but the amorphous one shows an erratic
behaviour.
The ion-exchange capacity depends upon two factors ;(;l) hyc rated ionic

radii and (2) selectivity. As, the hydrated ionic radius increases, the ion-
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exchange

capacity decreases because the exchange now becomes more

difficult. Thus, for the alkali metals, the trend is Cs + > K + > Na + > Li + .
This

was observed on cerium, titanium and tin antimonates. Va shney et

al. (1) reported that Un (IV) antimonate has good ion exchange capacity
and is highly selective for lead. This behaviour of SnSb is promising in
the

field

pollution chemistry where an effective separation method is

needed for lead from other pollutants.
The removal of radioactive elements Na+, Cs*, Sr 2 + , Co2+ andjIZu3* was
carried out either by chemical in-situ precipitation or by using ^reformed
precipitation of tin (IV) and cerium(IV) antimonates- Capacity, equilibrium
measurements and selectivity patterns for these elements were ejetermined
on these materials al different conditions. The K<j valuei of some
hazardous

fission products (Co2+, Uo2+, Eu 3+ , Cs + and Sr 2+ ) have been

reported on both cerium and tin (IV) antimonates. The selectivity
sequence showed Eu',3++ >Coz+ >Sr + > Cs + for KTMofthe metal ions
over the entire

range studied

of [HNO5).

The effect of high

concentrations of sodium nitrate, boric acid, sodium citrate ana EDTA on
the

sorption of Eu3+ has been studied . Both materials (CeSt and SnSb)

can be used for the separation and consolidation of radioactive waste into
suitable waste form .
It

has been reported that the selectivity for Pu 4+ , Am3* anc NpO2+ as a

function of [HNO3] on titanium antimonate cation exchanger at ambient
temperature showed a high selectivity toward Pu4+ and Anr + , while it
showed low selectivity for 4f elements such as La 3+ , Eu3+ and Yb3*-. The
selectivity increased on this exchanger in the order of NnO2* < A m u
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The radiation stability of the insouble double salts was studied b) varying
iO
the total dose of y-radiation from 0 to K)9 rad obtained from Cc source
and observing the effect of their ion exchange properties. Irradiation has
marked influence on the exchange characteristics of cerium an i tin (IV)
antimonates They lose 18.18 % and 16.80% of their exchange capacities,
respectively. No appreciable change has been observed in ijs infrared
spectra indicating no significant structural changes.
Mathew et al. (2) made a systematic study for the effect of y-radiation on
zirconium (IV) and tin (IV) antimonatcs. This irradiation hap a marked
influence on the exchange characteristics of these antimonates. Zirconium
and tin antimonates lose 36,6% and J6.8 % of its 1EC, respect vcly.
As far as the radiation stability with respect to capacity is co cerned the
antimonates follow the order:
Tin (IV) antimonate > titanium (IV) antimonate> cerium (IV) afitimonate >
zirconium (IV) antimonate.
Distribution coefficient decrease on irradiated samples, compared to
the unirradiated ones. However, chemical

stability still holds good

irradiated exchangers. The increased solubility of the anionic part of the
exchanger compared to the cationic part, implies a possible change of SbOH groups on the surface. The damage of these

exchangers at a high

y-dose of K)9 rad , however, does not rule out the possibilit / of their use
for processing lower level of radioactivity.
1-

K.G. Varsheny and U.Gupta, Bull. Chem. Soc. Jpn. 63,1515 (1990).

2-

J.Malhcw, S.N, Tandom, and J.S. Gill, Radiochcm. R :idioanal Lett.,
30,381(1977)
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Reagent-Free Ion Exchange Separation
SK96K0051
based on Change of Ion Exchange Resins Selectivity and Capacity
V.I.Gorshkov, V.A.Ivanov
Chemical Department, Lomonosov Moscow State University,
Moscow 119899
The lecture discusses the advances in the development of the
ecological clean, reagent-free ion exchange methods for separation
of soluble compounds.
Usually in ion exchange separation methods auxiliary ions and
reagents are used, in particular, for displacing of the mixture
being separated from the ion exchanger phase. The use of auxiliary
reagents entails some additional operations to be fulfilled such as
the ion exchange resin and auxiliary reagent regeneration. In its
turn, that additional operations require the expenditure of other
reagents and result in a great amounts of wastes. Moreover, the
auxiliary reagents can appear to be the additional sources of the
accessory contamination of products. These drawbacks can be
considered as the main limitation factors hampering the wide
application of the large-scale ion exchange separation processes.
The lecture treats the ion exchange separation methods which
are practically free from the above mentioned drawbacks. Those
methods are based on another principle of the process organization
in which the changes of ion exchange resins selectivity and
capacity caused by some factors are used.
Most of the known separation methods which do not need the
expenditure of the auxiliary reagents are based on the dependence
of the ion exchanger selectivity upon temperature or upon solution
concentration. Partial separation of some solute mixture can be
achieved by passing that solution under some temperature or under
some solution concentration through the resin bed pre-equilibrated
either with the same solution at another temperature or with
solution of another concentration at the same temperature. Higher
separation degrees can be reached with application of the cascade
of single separation units, or the parametric pumping technique, or
in a two-section column applying the counter-current mode of
operation.
The continuous counter-current separation methods without
expenditure of auxiliary reagents are more unusual and less known.
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These methods are discussed in the lecture in the first place. The
process is carried out in two-sectional counter-current column
which is fed by a solution of the mixture being separated and by
the ion exchange resin saturated with the same ion mixture. The
conditions in the sections are selected in such a manner, that the
selectivity coefficients a and a differ from each other. The
shift of selectivity coefficient value can be achieved by changing
the concentration or pH of the solution, by the shift of solvent
composition or temperature, or by feed of a complex-forming
reagent. Depending on direction of the a,and «_ difference in the
column either one or another component of mixture is accumulated on
the boundary of the sections. The separation efficiency is a
function of the differences between a and a values and between the
specific ion exchange capacities in sections of column, and of the
ratio of the flow values of the mixture with solution and resin
phases.
The process flowsheets are considered, as well as some
problems of theory and the principles of selection of separation
conditions. The following experimental results obtained in applying
separation techniques under consideration are presented:
purification of divalent ions from monovalent ones based on
selectivity change upon dilution of solution;
separation of cesium and rubidium mixtures based on pH
dependence of selectivity and sorption capacity of sulphophenolic
resin;
purification of concentrated alkali metal salt solutions from
alkali earth and transition metal ions based on temperature
dependence of selectivity of some carboxylic resins.
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SK96K0052
SORPTION OF RADIONUCLIDES ON INORGANIC SORBENTS.

P. Rajec, C. Matel
Department of Nuclear Chemistry, Comenius University, 842 15
Bratislava.

Inorganic sorbents

possess many properties which make them very

important material for treatment of waste solutions for removal of
harmful metals. Specially, inorganic sorbents are useful for removing
of

radionuclides from

liquid

radioactive wastes and

in some

case

appear to be more suitable then organic ion exchangers.
The main advantages of inorganic sorbents are their radiation
stability, high selectivity and possible implementation into currently
used fixation processes of radionuclides like cementation.
There are many types of inorganic sorbents studied in literature
and some of them are practically used for technological purpose. Very
popular

are natural

and

synthetic

zeolites

and

cyanoferrates

for

cesium removal.
The aim of this presentation is to inform on the work done in our
department

concerning

the

sorption

of

radionuclides

on

inorganic

sorbents of different types.
Natural zeolites and clay

minerals.

The sorption of cesium and
natural

zeolite

from

Nizny

strontium

Hrabovec

from water

Slovakia,

solution on

containing

60% of

klinoptilolite was studied. It was found that sorption of cesium and
strontium

obeys

Freundlich

isotherm.

The

presence

of

potassium

magnesium and calcium ions decrease of distribution coefficient. The
decrease becomes dramatic at the ratio of K/Cs or Mg/Sr above 1 and
Na/Cs above 10.
The disadvantage of natural zeolites are low abrasion resistance,
tendency to peptize and formation of colloids. Usually they are not
suitable for column application due to tendency of clogging. On the
other

hand,

their

presence

in

cement

stability by factor for about 2 and
irradiation

up

to

1 MGy

as

was

increase

leaching

they are resistant

to gamma

proved

matrix

by

comparative

pressure

measurement.
Clay minerals, which are part of soils are important from the
point of fixation of radionuclides as natural or artificial barriers.
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We

have

studied

monmorillonit

fixation. Montmorillonit

from

illite

Jelsov

and

glauconit

potok

has high

for

cesium

capacity

for

cesium sorption. It was find that CEC for cesium for different types
of monmorillonit
influence

of

were

other

in

the range of 700 - 900 mmol.kg

cations

is

similar

and

low

. The

selectivity

for

montomorillonit was found. The distribution coefficient varied with Cs
concentration and the concentration of other cations present

in a

solution. The sorption obeys Langmuir isotherm. Similar results were
obtained

for

glauconit

but

CEC

for

ceasium

was

lower

about

266

mmol.kg
It was was found in the literature that illite is very selective for
low concentration of cesium and the distribution coefficients are high
for

trace

cesium

as

would

be

in

the

case

of

radionuclide

contamination. The selectivity is connected to frayed edge which are
present in very low concentration and due to this fact the capacity of
selective part of illite is low. We choose different types of illite
according to their origin and forms. Two of the Le Puy ant Muloorina
were barrel shape and with high portion of frayed edge and third one
was with low ratio of frayed edge. The results confirm that types with
higher quantity of frayed edge are selective and that distribution
coefficient

is higher

too for

illite with

such properties. Total

capacity of cesium sorption is connected with expandable interlayer
and appears to be linear with their quantity as was proved by X-ray
diffraction.
Synthetic zeolites.
Synthetic zeolites are commercially available in big quantity and
they are used for many applications. Contrary to natural zeolites,
they

posses

improved

stability

and

higher

exchange

capacity

for

cations. We studied synthetic zeolites Nalsit 4A and Y-sit produced in
VURUP Bratislava.
The problem of representative characterization of sorbents was
overcome by using of standard test method for inorganic sorbets which
was introduced by the Novel Absorber Evaluation Club, England. This
method provides a fair and meaningful comparison between different
sorbents.
All sorption experiments were done

in 0.05

mol-dm"

NaNO

to

reduce peptisation of sorbents, sorbents were aqually conditioned and
the batch experiments were done by standard way as well. The 50 ml
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volume of solution and 1 ml of sorbents was used for all experiments
with synthetic zeolites.
We studied sorption of cesium, strontium, plutonium and americium
from alkaline solution for both synthetic sorbents by static sorpion
and by dynamic sorption in column. It was found by static experiments
that sorption after 6 hr is close to equilibrium and decontamination
factor DF for Y-sit
experiment

and

Cs was under

the condition used

in our

about 10 for Nalsit and 23 for Y-sit after 24 hr. The

sorption of strontium appeared to be more effective and DF for Nalsit
was more then 150 and 32 for Y-sit for 4 hr sorption time. The results
of sorption of mixed plutonium and americium were not very effective (
DF for Nalsit 22 and for Y-sit about 10 ) but blank experiments proved
sorption on the glass walls for alfa nuclides even without any sorbent
in alkaline solutions. Similar results could be found in literature.
The same experiments but with synthetic zeolites irradiated by
the dose 1.10

Gy proved no change in sorption properties what could

be expected from literature data.
Dynamic column sorption experiments were used for determination
of capacity in which 10% break trough was observed. The results are
shown in tab.1
Tab.l
Sorption capacity - 10% breakthrough in mmol.g
Nalsit

Nalsit
Irradiated

Y-sit

Y-sit
Irradiated

Sr

0.48

0.88

0

0.16

Cs

0.80

1.00

0.88

0.88

The capacity for cesium for both zeolites is high, but Y-sit appears
to have no or very low capacity and it is not suitable for strontium
removal from real wastes.
The sorption properties of both sorbents were tested on a real
radioactive waste stream from Jaslovske Bohunice Nuclear power plant
and proved

to have the same parameters as were found using model

solutions.
Ferrocvanides in silica gel matrix.
Ferrocyanide solids have an important application to the removal of
cesium from nuclear waste solutions. This materials are prepared by
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mixing of ferrocyanide with different M

metals. The preparation of

ferrocyanides in silica matrix was chosen due to better propriety of
materials for column application.
SI - K-NiFe(CN),, S2 - KNi, c Fe(CNK, S3 - Ni o Fe(CN) £ were prepared by
mixing of 0.2 mol-dnf3 solution of K.Fe(CN), or Na.Fe(CN),.10H-0 in
4

4

fc>

D

£

the case of Ni o Fe(CNK. The concentration of Ni(N0_)o.6Ho0 were chosen
in stoicheiometric ratious. After washing with distilled water, the
solid deposits were dried at room temperature. Ferrocyanides in silica
gel matrix were prepared by pouring of fresh ferrocyanide precipitate
into sodium silicate and coagulated to a gel, dried at 105

C and

crushed to small particles.
The

samples were characterized

by determination

of K, Ni, Fe by

ICP-AAS (Kontron) after solubilization of samples in sulfuric acid. C
and N were determined by elemental analysis. It was found that the
ratio of Fe:Ni was 1:1.1 for SI, 1:1.46 for S2 and 1:1.84 for S3 . In
the case of ferrocyanides
between

in silica matrix

1:1.19 and 1:1.3 except

the sample

the Fe:Ni

ratios were

IX. All samples were

measured by Mossbauer spectrometry and it was found that the method is
suitable

for

determination

of

oxidation

state

of

iron

in

ferrocyanides.
Conversion

of

the S1-S3 samples

exchange sorption from 0.1 mol-dm

to cesium

form

was done

by ion

CsCl solutions. After washing with

distilled, water samples were dried at room temperature.
Ferrocynides
capability
isotherms
mmol.g

in

silica

for cesium

matrix

were

characterized

and capacity were

calculated

by

sorption

from

sorption

( VIIIA - 0.11 mmol.g"1; X - 0.30 mmol.g"1; XI - 0.57

).
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COMPOSITE ABSORBERS CONSISTING OF INORGANIC
ION-EXCHANGERS AND POLYACRYLONITRILE BINDING MATRIX
F. SEBESTA, J. JOHN, A. MOTL
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Department of Nuclear Chemistry, Czech Technical University in Prague,
Bfehovd 7, 115 19 Prague 1, Czech Republic
tel (+42 2) 231 52 12, fax (+42 2) 232 08 61
A brief survey of methods known for the conversion of inorganic ion-exchangers to the
form applicable in packed bed is given. Some of them are based on the incorporation of these
materials into organic matrix. A method using polyacrylonitrile (PAN) as a binding matrix has
been developed at the Department of Nuclear Chemistry, Faculty of Nuclear Sciences and
Physical Engineering (FNSPE), Czech Technical University (CTU) in Prague. Further, the
recent/ongoing activities in this field are reviewed.

Advantages of inorganic ion-exchangers (IIE) when compared with "classical"
organic ones are widely known: Their higher selectivity, better both radiation and thermal stability and, last but not least, their attainability for often lower costs. That's why much effort has
been paid to the research of their possible use in treatment of radioactive liquid wastes. Natural
IIEs (typically zeolites) seem to be very attractive for their low price and simple modification
to applicable form (crushing -> sieving -> washing). On the opposite side, their low capacity
and poorly defined/variable both structure and chemical composition make them often inferior
to synthetic exchangers. Synthetic IIE are synthesised as microcrystalline/amorphous powders,
usually, which must be converted into their engineered form (grains, pellets etc.) for packed
bed application. Depending on the method used for preparation of engineered forms IIEs may
be classified as [1]: intrinsic exchangers (containing no additives), supported exchangers (an
active component is deposited onto the surface of a suitable inorganic/organic support), and
composite absorbers (inorganic fine powdered exchanger is embedded into inorganic/organic
binding matrix). Following most important methods for intrinsic IIEs preparation can be
listed: Slow growth methods make use of reaction of concentrated solutions of some initial
chemicals with other component which is present in its solid (crystalline) phase. Some compounds give crystalline agglomerates of sufficient size in this way, but their mechanical

123

properties are not too good, sometimes. High-temperature treatment methods involve either
melting of initial chemicals or thermal/hydrothermal treatment of suitable intermediates. Products of smaller surface area usually result from the first sub-group of these procedures.
Freeze-thaw methods are based upon irreversible separation of water from precipitate when
frozen. Sol-gel techniques involve conversion of a sol (or a true solution) to a gel by either
internal or external gelation process. Numerous modifications of this method substantially
increased a number of inorganic materials on which is applicable. Despite of this, the method is
not universal. Moreover, the "intrinsic character" of some products seems to be doubtful,
because of presence of organics used for the initial sol/solution preparation. Supported
absorbers are based on the following carriers, usually: silica gel, porous stainless-steel membranes, beads of organic polymers and fibrous polymers. Their wider use for processing of
liquid radioactive wastes is often limited because of relatively low content of active components resulting in low sorption capacity. They might be successfully used for the removal or
concentration of trace radionuclides amounts. Composite absorbers with inorganic binding
matrices are based on the following binders, namely: clay minerals, cement, silica-gel and
alumina. Procedures for preparation of cement or clays-based exchangers are obvious: Making
of a binder-exchanger paste of suitable consistency -> its curing and/or drying -> grinding ->
sieving. Various methods of silica-gel application have been designed. Among them a modified
sol-gel procedure using a mixture of urea, silicic acid, hexamethylenetetramine, and exchanger
as the initial sol is worht mentioning, as a high content of exchanger (up to 70 wt.% in some
cases) can be reached. Mixtures of alumina with an exchanger are usually pelletised and
calcined. Preparation of composite absorbers with organic binding matrices can be characterised

as follows:

Dispersing

of an exchanger

in a solution

of a matrix/

/matrix-monomer/matrix-component -^ coagulation/polymeration/polycondensation of the
dispersion -^ separation of a product. There is great variety in technical arrangements of these
methods which enables different shaping of a product (grains, fibres, etc.). Because of this
versatility and, usually, higher attainable contents of an HE in comparison with foregoing composites, an intensive attention is paid to the research in this field. Only to list organic matrices
used would be out of scope of this abstract. More data (even on the methods mentioned
above) are given in our recent review [1]. A certain draw-back of most of the methods for
preparation of composite absorbers with organic binding matrix may be that they can usually
be applied only on some group(s) of inorganic ion-exchangers. Both kinds of composites have
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one thing in common: The presence of an binder could slow down the ion-exchange kinetics
which is usually more significant on inorganic-inorganic absorbers. In the case of inorganicorganic composites it is easier to avoid this difficulty by the proper choice of a binding matrix
and/or modification of the conditions of its solidification. Modified polyacrylonitrile (PAN)
was found to be very feasible to use as an organic binder. One of the advantages of the general
method of preparation of composite absorbers with this binder is that it can be applied to
virtually any inorganic ion-exchanger. Substantial physico-chemical properties of the binding
matrix may be modified with relative ease. Moreover, in some cases the active component (X)
does not need to be prepared in advance. Its synthesis can be accomplished in the course of the
granulation procedure if initial chemicals are added into the solution of PAN and/or coagulation bath. The content of active component can be varied from 5% up to 90% of the dry
weight of the composite, depending on the intended application and type of the active component. Neither deterioration of the exchange kinetics caused by PAN nor failing of the general
granulation method was observed for any type of active component we have ever worked with.
Some about 22 various X-PAN composites have been already prepared and tested.

The recent/ongoing activities can be characterised as follows:
1) Nickel hexacyanoferrate-PAN (NiFC-PAN) composite was successfully used to remove
cesium spiked with

137

Cs radiotracer from ~ 50 m3 of underground water resulting from

migration experiments (1993). These experiments are being performed at Grimsel Test Site
(Alps, Switzerland) operated by Swiss National Cooperative for the Storage of Radioactive
Waste (NAGRA) to test concepts for disposal of radioactive wastes in underground
repositories.
2) Continuing collaboration with Los Alamos National Laboratory (LANL, Los Alamos, New
Mexico, U.S.A.). Twenty X-PAN absorbers were supplied to LANL for their testing for
treatment of various waste streams at Department of Energy (DOE) facilities.
3) Some 5 X-PAN composites were submitted for testing to Novel Absorber Evaluation Club
(NAEC) acting through AEA Technology, Harwell Laboratory, U.K. Kinetics and distribution coefficients for various radionuclides uptake from several reference waste streams were
measured by standard methods.
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4) In the middle of 1992 the NiFC-PAN absorber was tested for the removal of

l37

Cs from

Long Term Fuel Storage Pond (LTFSP) water at NPP A-l, Jaslovske Bohunice, Slovak
Republic (pilot-plant scale, 1 m3 of the water treated, nearly 150 GBq {- 4 Ci} of 137Cs collected on 20 mL bed). The full scale application of the method was proposed. Later, AEA
Technology ranked the first place in an international tender for decreasing the LTFSP water
activity and chose to use the NiFC-PAN absorber for this purpose. Currently, 100 L of
NiFC-PAN are being produced for AEA Technology at the Department of Nuclear
Chemistry.
5) An active component X is responsible for immobilisation of radionuclides in X-PAN
absorbers. Nevertheless, possible release of loaded inorganic fines caused by chemical
and/or radiolytical changes of the binder during its long-term operation/storing needs to be
investigated closer. That's why the experiments aimed to estimate the radiation and chemical
stability of either pure binder and some X-PAN composites are being conducted this time.
6) Some preliminary non-active experiments showed that cementation and vitrification can be
used for the solidification of spent X-PAN composites prior to their final disposal in
a repository. The most important parameter of cemented/vitrified product is the teachability
of radionuclides loaded. Long term leaching tests of some NiFC-PAN absorbers loaded by
cesium spiked with

137

Cs are currently being performed. The results gained by now (after

49 days of leaching) show that caesium leachability is at least one order of magnitude lower
than any published results.

LITERATURE
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Preparation, Properties and Ion - Exchange Behavior of Stannic
Silicomolybdate
T. Yassine
Deptartnicnt of Chemistry
Syrian Atomic Energy commission
P.O.BOX 6091 Damascus
The ion-Exchange properties of stannic silicomolybdate were studied using
the patch method . The material was prepared in different conditions stalling with
solutions of (1M) sodium molybdate, (1M) sodium silicate and (1M) stannic nitrate
in different ratio . The resulting solution were diluted to 800 ml with constant stirring
at room temperature ( 25°C) and the pH was adjusted by ammonium hydroxide
solution and the stirring was continued for one hour. The mixture was left for 24h,
and filtered, the precipitate was washed and dried at 70 °C .
The resulting compounds showed yellowish white powders which were stable
in water and diluted mineral acids .X-ray diffraction study showed amorphous
structure and chemical analysis showed the composition listed in table (1).
Table ( 1 ) . The Preparation Condition and Composition of Exchangers .
sample

preparation ratio

code
Ml
M2
M3
M4

Sn:
1
1
2
2

Mo:
1
1
1
1

precipitation

composition

PH
1.5
1.0
1.5
3.5

Mo% Sn%
Si% H2O%
16.64 28.67 4.59 13.32
17.47 26.79 5.60 13.13
16.50 27.42 4.90 13.07
14.80 31.17 4.86 12.34

Si:

1
1
1
1
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The Ion - Exchange capacities for alkalimetals and strontium cations were
determined by using fotometric measurments and chemical analyses of the
equiliberated exchangers by atomic absoiption.
The tow techniques showed similar results which revealed that the capacities
was changed in values and orders with the changing of the preparation method of
the exchangers , table ( 2 )
Table ( 2 ). The Capacity of the Exchange (meq / g ).

Exchanger -»
cations -1
"

Na+

1

K+
Cs+
Sr+2

'

Ml

M2

M3

M4

0.50
0.45
0.48
0.78

0.65
0.65
0.59
0.43

0.45
0.56
0.45
0.82

0.51
0.51
0.47
0.59

The exchangers showed high selectivity for cesium and strontium
cations . The distribution coefficients of these tow cations between aqeaus solution
and the exchange were detemiined for range of concentrations (10"^ -10~2 M ) .
Distribution coeffecients were detrrniined using the batch method . Tracers of Cs137 and Sr-90 were used for studingthe behaviour of Cs+ and Sr++ cations. The
radioactivities of both Cs-137 and Sr-90 were measured by liquid scintilation
counter using cerenkov counting techniques befor and after equilibrium . For Sr-90
measurments , the samples were left after separation

for more than 14 days to

reach the equilibrium between Sr-90 and the daughter Y-90 .
The results showed

decreasing of Kd with increasing of the concentration

table (3).Also the effect

of nitrate anions was investigated by studying the

distribution coefficients in nitrate media . The results showed that nitrate anion
from nitric acid or ammonium nitrate , led to decrease the distribution coefficients .
table (4).
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Table( 3 ). The distribution coefficient of Cs + and Sr2+ cations on stannic
silicomolybdate.
Ml

Exchanger-*

M4

M3

M2

Concentration

(M)l
10E-5
10E-4
10E-3
10E-2

Sr2+
Cs+
27400 5000
58700 1520
32300 700
4100
500

Cs+
83700
71100
29400
4700

3000
600
200
100

Sr2+
Cs+
99500 8000
68000 1600
31800 400
5100 200

Cs+
99000
54100
23200
4300

Sr2+
2300

800
400
100

Table( 4 ). The effect of nitrate addition on the distribution coefficients of Cs + and
Sr 2 + cations ( 5E-3M).

M2

Ml

Exchanger ->
concentration -i

Cs+
8210
3210
36

Water
0.01MHNO3
0.1MHNO3
0.1 MNH4NO3 4

Sr2+
380
11

6
4

Cs+ j Sr2+
7244 445
1713 12
43
50

6
7

M3

8600
2100
62

Sr2+
450
7
7

44

6

Cs+

M4
Cs+ 1
10000
1400
55
33
|

Sr2+
580
13
4
7

The reasults obtained reveal that the properties of the exchangers is slightly
changed with the change of the conditions of preparation but the general behaviour of
Cs+ and Sr++ cations almost remain the same . Also nitrate solution can be used to
reextract these cations from the exchangers.
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PHYSICAL AND SORPTION PROPERTIES OF SOME NATURAL
INORGANIC SORBENTS WITH RESPECT TO CO-60 AND CS-137

M.Foldesova, P.Lukac, P.Dillinger

Slovak Technical University, Radlinskeho 9,
812 37 Bratislava, Slovak Republik

One of
the possibility for
radioactive waste liquid
immobilisation is the incorporation of radionuclides by the
ion exchangers. From this
point of view the natural
inorganic sorbents are very promising because they are cheap
and their radiation stability is very high. These advantages
more than compensate the drawbacks like lower sorption
ability and slower kinetics as compared to the synthetic ion
exchangers. The well known natural sorbents are zeolite and
minerals of similar structure. On the other hand the
sorption ability can be improved by chemical treatment.The
experiments were carried out with the Slovak zeolite from
Nizny Hrabovec.
The principal idea was to find a way how to increase the
sorption ability of the modified sorbents for the Cs and Co
and maybe for some another heavy metals. On account of
chemical treatment were prepared the amonium, potassium,
sodium and H - forms of zeolites. The chemical treatment of
natural zeolite was carried out by :
- 2M solutions of NaNO 3 , NH 4 NO 3 , KNO 3 ,
- O,1M solution of HC1,
- different concentrations of NaOH solution.
The sorption ability was studied by the radiochemical
method. Every changes caused by the chemical treatment by
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NaOH were
studied by the XRD
analysis.
The highest sorption ability was observed for zeolite
treated by NaOH. This treatment increased the sorption
ability for Cs and showed very important result concerning
the sorption ability for Co because the affinity of natural
zeolite to Co is negligible.
The similar
experiment was done
with mordenite from
Bartosova Lehotka. The treatment
by NaOH has similar
influence on the sorption ability of mordenite for Cs and
Co. The increasing of the sorption ability was lower than
of zeolite. This result can be explained by lower content
of clinoptilolite in mordemite.
The sorption ability of illite and another type of mordenite
from other region (Jastraba) was studied as well. This
materials without chemical treatment
do not exhibit
interesting sorption ability for Cs and Co.

Literature.
1. P.Hlozek, P.Lukac, M.Foldesova,:J.Radioanal.Chem.,Lett.,
165 (1992) 175 - 183
2. P.Lukac, P.Hlozek, M.Foldesova,:J.Radioianal.Chem.,Lett. ,
164 (1992) 241 - 246
3. P.Lukac, P.Hlozek, M.Foldesova,:
- Clays, 2 (1992) 125 - 128
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RADIOCAESIUM SORPTION-DESORPTION PROCESSES
IN LAKE SEDIMENTS
SK96K0056

K. G. Ioannides, T. Mertzimekis, D. T. Karamanis. K. C. Stamoulis and
I. Kirikopoulos
Nuclear Physics Laboratory, The University of Ioannina,
GR-451 10 Ioannina, Greece

The sorption and desorplion of radiocaesium in sediments sampled from lake
Pamvotis of Ioannina was studied experimentally. In a series of laboratory
experiments, the kinetics of radiocaesium sorplion and desorption with K+ and
NH 4 + ions and the corresponding radiocaesium distribution profiles in sediment
cores were investigated. The results have shown that a significant percentage of
radiocaesium

is adsorbed in the sediments during the first 3 d, at a rate of

0.41 ± 0.05 d 1 . The rest of caesium is adsorbed with the slower rate of
0.024 ± 0.004 d'1. Radiocaesium reaches rapidly (< than 5 d) at a depth which
does not exceed 3.5 cm. The desorption of radiocaesium was found to depend on
K+ and NH 4

+

ion concentrations. Empirical laws are derived both for caesium

adsorption and desorption.
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SORPTION OF RADIOCAESIUM AND RADIOSTRONTIUM ON
PILLARED LAYERED CLAYS (PILCs).
D.T. Karamanis. P.A. Assimakopoulos, A.A. Pakou

SK96K0057

Nuclear Physics Laboratory, The University of loannina, GR-45 110, loannina, Greece

N.H. Gangas
Straton hi-tech Ltd., Athens, Greece

Pillared Layered Clays are a new class of materials usually made out of
monlmorillonite by propping the layers apart by nano-size pillars of metal oxide.
They are stable up to 500 C and pH in the range of 2-12 while they have a
zeolite-like network of pores but with adjustable size in the nm range.
In this present work we investigated the selective sorption of caesium and
|
strontium by two types of PILCs,
T .,
~ = =
—~
~ 7—™™»—
named ATHINA and ECAZA.
Material
SSA dooi (nna)
CEC
„,
. . ,
. , ,,
2
(m /sr\
mFn/p
These materials were constructed by
ATI1INA
ECAZA

nf

1:3:1:8

£iSi3r

160

1.82+05

0 40±0.03

STRATON,

hi-tech,

Ltd.

with

characteristics shown in Table 1.
The kinematics of the exchange
processes were studied using the
method of dialysis lube, while batch sorption experiments were also performed.
m c a s u r c d bjWl

RADIOCAESIUM SORPTION

The kinematics of radionuclides - PILC exchange process were
investigated for various solution to solid ratios. It was found that the sorption
process follows a double exponential behaviour, indicating probably the surface
sorption and the diffusion in the pores. The two types of PILCs had the same
sorption properties, with strong preference for Cs sorption over Na and K.
Finally Na and K ions behaved exactly the same as competitive ions.
RADIOSTRONTIUM SORPTION

Radiostrontium was also adsorbed non linearly with the PILC mass but
more rapidly because of the strong preference for multivalent ions. The study of
pH dependence also, revealed that radiostrontium sorplion takes place for
pH>3.7, with best results for pH between 5.00 and 7.00. The effect of PILC pretreatment for Na saturation, K saturation and Ca saturation was also investigated.
The results showed that sorplion was more efficient when the PILCs were
initially saturated with Na, revealing the K fixation in PILCs for high K ionic
concentrations and the difficulty for
Fipure 1.
Ca replacement. Finally the rate of
Sr: 1.7xl0-7M
strontium adsorption in competition
Adsorbed
with Na, Na+K and Ca for several
Strontium
ion concentrations and several PILC
masses was performed. The results
for the selectivity of Sr over Ca are
presented in Figure 1. It is
concluded that there is definitely a
selectivity of strontium over Na and
K and also over calcium but the non
linearity
does not permit a
prediction of the mass needed to
have a predetermined Sr sorption.
400 500 600
For this reason a non linear cation
PILCmass
exchange model was constructed in
• Ca; lxJ0-4M
Ca: 4xl0-4M
Ca: lx!0-3M
order to evaluate the selectivity
coefficients of Cs and Sr over monovalent and multivalent ions and to predict the
caesium and strontium sorplion in predefined initial conditions.
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MEASUREMENTS OF 222 Rn MIGRATION IN SOIL
SK96K0058
K. G. Ioannides, C. Papachristodoulou, D. T. Karamanis, K. C. Stamoulis and
T. Mertzimekis
Nuclear Physics Laboratory, The University of Ioannina,
GR-45 110 loannina, Greece

The concentration of radon (222Rn) was measured in the soil near the
ground surface, using CR-39 solid state nuclear track detectors. The
measurements were carried out in PVC tubes at 0.25 m intervals up to 1.25 m.
The detectors were etched in 7N solutions at 80°C. The a-tracks from radon's
decay were counted using a microscope. A microscope-camera-computer system
developed for automatic counting was also used. The results provide evidence
for the non-diffusive transport of radon in soils. A transport length of 0.45 m
was estimated for radon transport near ground surface. Also the variation of
soil's radon concentration was correlated to humidity and atmospheric pressure.
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ADSORPTION AND RADIOCHEMICAL SEPARATION OF CAESIUM(I) USING
ZIRCONIUM PHOSPHATE ION EXCHANGER

V. Lobo and Z.R. Turel
Nuclear Chemistry
The Institute of
15, Madam cama
Bombay - 400
INDIA.

Division,
Science,
Road,
032.

Ion excgange chromatography is a very effective method
of separation and is extremely valuable supplement to other
procedures
such
as
filtration
distillation,
solvent
extraction, etc. The most widely used modern ion exchangers
are synthetic inorganic materials. In the radiochemical
separation of elements, these inorganic ion exchangers play
an important role because og their selectivity, resistance to
acidic medium and high radiation dosage. The fission products
produced in high field in fission of U-235 with thermal
neutrons are Cs-134 and Cs-137. Due to their long half-life,
they are important in the disposal of high level nuclear
waste.
In the present investigation a separation method has
been developed for the adsorption of Cs(I) on zirconium
phosphate ion exchanger. Various parameters that are involved
for determining the quantitative adsorption of Cs(I), such as
time of contact, pH, ion exchanger concentration, etc., have
been evaluated
by employing Cs-137 as
a tracer. The
adsorption studies were carried out by adsorbing 1 mg of
Cs(I) labelled with Cs-137 on 100 mg of 2irconium phosphate
ion exchanger, at a pH of 5.0 and the time of contact being 5
minutes. The interference of other elements with and without
addition
of external
carrier has
been studied.
The
selectivity of adsorption was increased by washing the resin
with distilled water of pH 5.0 so as to desorb some of the
interfering elements without affecting the adsorption of
Cs(I) .
The method thus developed will be employed for the
radiochemical separation of Cs(I) from other elements in
neutron irradiated targets such as environmatal samples.
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Preliminary experiments of radionuclides sorption using zeolites from
waste pond water
L.Matel, P.Rajec

SK96K0060

Department of Nuclear Chemistry, Comenius Univerzity, Mlynska dolina CH-1
842 15 Bratislava ( Slovakia)
D. Keltos
NPP Jaslovske Bohunice, 919 31 Jaslovske Bohunice ( Slovakia)

Sorption properties of commercial synthetic zeolites Nalsit 4A and Faujasit NaY were
tested. The standard test methods of Novel Club was used for static batch experiments with
model and real waste from waste pond water (DS). The equilibrium was reached after 6 hour
of contact time.
Sorption charakteristic expressed in KD and DF for chosen radionuclides from DS waste
pond water in equilibrium with sorbents is shown in Tab :

DF
20
21

% Sorp
95
41

772

1,7
19

925

16

94

27

33

862

1,5
20

1 182

27

96

18

1,4

28

K D (ml/g)
Nalsit 4A

Nalsit 4A
5

D = 1.10 Gy
Faujasit NaY

Faujasit NaY
5

D=1.10 Gy

778

Cs-137
Sr-90
alfa
Cs-137
Sr-90
alfa
Cs-137
Sr-90
alfa
Cs-137
Sr-90

1 109

24

95

1308

28

96

alfa

16

1,3

23

973
26

95
94

95

After 50 bed volume (BV) of DS waste water the break trough of Cs-137 was 0.04 % after
100 BV 0.34 % and after 460 BV 10 %.
The sorbed Cs-137 activity on zeolite were Nalsit: 15.86 MBq / g
Faujasit: 15. 83 MBq/g
No visual and change of sorption parameters were observed after irradiation of zeolite by
1.105 Gy dose as well as no post effects were observed.

141

l

'

r

f

c

"

-• *•

f

'""

'

I

SEPARATION OF LEAD AND CALCIUM,STRONTIUM, BARIUM FROM ACIDIC
SOLUTIONS USING CROWN ETHER AND TUNGSTOSILICIC ACID.

V.MIKULAJ, V.SVEC, R.HANZEL

SK96K0061
Department

of

Nuclear

Chemistry,

Comenius

University,

Mlynska Dolina CH-1, 842-15 Bratislava Slovakia

Cyclic

polyethers

(crowns) are

often

separation processes of metals, namely

used

in

in

the

liquid-liquid

extraction or in membrane transport, but they are rarely
used

in precipitation

schemes when bulk

complexes with

cations are formed. Precipitation methods usually have lower
selectivity than liquid extraction and are rarely used in
modern

separation

schemes,

but

in

some

cases

their

application is very convenient due to the simplicity and
rapidity in metal determination, namely in radiochemical
analysis.
The coprecipitation of complexed cations of lead and
calcium, strontium, barium with 18-crown-6 and tungstosilic
acid has been studied.Lead forms a compound of composition
(PbL) A.nH 0

with

low

solubility

in

the

presence

of

18-crown-6 (L) and tungstosilicic acid (H.A) in acid media,
as has been found by radiometric precipitation titration.
Formation of the compound with low solubility was used for
separation of lead and Ca, Sr, Ba, from 1 mol.dm

HNO . The

ratio

stability

Pb/Ca;

Pb/Sr;

Pb/Ca;

depends

on

the

constants ratio of metal-18-crown-6 (|3 Pb/ |3 ) in the case
of gradual addition of 18-crown-6.
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PERRHENATE ION UPTAKE FROM AQUEOUS SOLUTIONS
BY ALUMINIUM HYDROXIDE GELS,,
SK96K0062

D. Zamboulisl, P. Misaelides*, D. Bakoyannakis^, A. Godelitsas^,
N. Barbayannis^, G. StaHdes*
Dept. of Chemistry, Aristotle Univ., GR-54006 Thessaloniki, Greece
Dept. of Agriculture, Aristotle Univ., GR-54006 Thessaloniki, Greece

ABSTRACT
This work is part of a research programme for the preparation of
aluminium hydroxide gels with specific physicochemical properties, which can be
used as absorbents of chemical species from aqueous media. The particular
aluminium hydroxide gel was prepared using the gel-sol method. An aluminium
alkoxide [AI{Osec-But)3] was hydrolysed with a stoichiometric amount of water
in butanol-2. A tertiary amine [NBut.3] was used as template. Following
precipitation, the gel was filtered and freeze-dried for 48 h. Differential
Scanning Calorimetry (DSC) analyses showed a wide endotherm around 127 °C
mainly corresponding to the loss of tertiary amine and a smaller endotherm
around 551 °C attributed to dehydroxylation of the surface.
A SEM
investigation showed that the gel particules possessed a porous surface.
The material was activated by rapid and gradual heating at 300 °C as
well as by rapid heating at 600 °C. When heated rapidly at 300 °C the
amine was carbonised and the gel turned to be dark brown whereas by
gradual heating the gel remained white. At 600 °C the gel after ignition and
carbonisation of the amine turned again white. The specific surface area of
the activated gel samples was measured by nitrogen adsorption and was found
to be 379, 504 and 268 m^ g-1 respectively also indicating the presence of
micropores in the materials. Powder-XRD analyses showed, that the gel remained amorphous for all temperatures of activation.
Three series of experiments concerning perrhenate-ion (ReOzp") uptake
from aqueous solutions were performed using gels activated as described
above. For this purpose labelled aqueous solutions of ammonium perrhenate
(l°"Re and l ^ R e ) w e r e used. The uptake extend has been determined vspectrometrically using a Ge(i)-detector. All the activated gel samples showed
a considerable ability to remove perrhenate-ions from the aqueous solutions.
However the highest uptake of perrhenate-ions, that reached the value of 84%
removal, was observed in the case of the gel sample with the largest specific
surface area. The overall uptake by the materials is generally attributed to
perrhenate-ions binding at positively charged sites formed on the solids during
the activation procedure. It should be noted, that the study of the perrhenateion uptake could be considered as a direct analogue of the equivalent
pertechnitate-ion (TcO^") behaviour, having practical and environmental
importance.
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BASIC INVESTIGATION OF CLAY MINERALS FROM MALATYA

YunusOna.\§erefGUSer"
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*: inonii University, Faculty of Engineering, Chem. Dept. Malatya, Turkey
**: inonii University, Faculty of Arts and Sciences, Chem. Dept. Malatya, Turkey

In the study clay which was collected from various regions of Malatya
(TURKEY) has been studied. The mineral constituents of these clays has been identified
by using X-ray diffraction and IR spectrometric methods. Cation Exchange Capacity
(CEC) , elemental analysis and pH parameters were also used for this purposes.
The sample which contains mostly Montmorillonite and Illite were treated with
sulfuric acid by using dry activation method . Activation procedure were in the range of
0.1 to 0.6 as acid to clay ratios.
Pb adsorption studies of the activated samples were investigated by using
standai'd solutions of 2 to 10 \xg I'1. Atomic absorption spectrophotometry were used for
the determination of lead remained in the solution.
The exchangeable Na+, K+, Ca2+ and Mg2+ content of activated material were also
studied by flame atomic emission and absorption methods
Depending on the lead absorption increasing amounts of mentioned cations were
observed, and the relations were demonstrated.
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SORPTION OF CESIUM ON ILLITE

III
SK96K0064

P. Rajec, J. Orechovska, L. Matel and V. Sucha*
Department of Nuclear Chemistry, Comenius University,
842 15 Bratislava, SK
*Department of Geology of Mineral Deposits, Comenius University,
842 15 Bratislava, SK

Sorption of cesium from aqueous phase on illite was studied. A
strong distribution dependence of cesium sorption on illite
depending on its concentration was observed. Sharp drop of cesium
distribution coefficient at low Cs concentration was explained by
selective sorption of cesium on frayed edges with low capacity and
the difference among the illites studied could be attribute to the
difference in shape, structure and origin of illite what was
documented on images obtained by high resolution transmission
electron microscopy.
Numbers of smectite interlayers determined by x-ray diffraction
correlate with total cesium capacity and appeared to be linear.
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PREPARATION, PROPERTIES AND ION EXCHANGE BEHAVIOR

OF POLYACRYLATE-CLAY MATERIALS 11111111111
SK96K0065

Turgay SECKIN* Yunus ONAL** Sema Bilmez Erdemoglu and §erefGuger*
Inb'nii
University, Faculty of Arts and Sciences Chemistry Department, Malatya
*»
Inb'ntt University, Faculty of Engineering Chemistry Department, Malatya
Incorporation of organic polymers into an inorganic matrix via covalent bonding
has attracted the interest of different research groups (1-4). This is particularly interesting
because the new hybrid materials could have controllable properties that can be
influenced by both organic polymers and inorganic matrix.
One of the most attractive approaches is the synthesis of polymethacrylate with
trialkoxy sillyl functional groups that were the, hydrolyzed and co-condensed with
activated montmorillonite and also with kaolin.
The effect of structure on thermal behavior was investigated
thermogravimetrically. The extent of reaction leading to network formation has been
qualitatively followed by Infrared Spectroscopy and X-ray. Free radical polymerization
was carried out ultrasonically in the presence of an acid catalyst. The copolymers
prepared by this method might have similar structure and properties to those prepared
using AIBN as an initiator.
In the present study, the trimethoxysilane end-capped silane was mixed with
kaolin clay or montmorillonite, subsequent to fixation of the polymer. The copolymers
were then hydrolyzed and co-condensed with various amounts of clay in the presence of
acid catalyst to yield hybrid materials that have ion-exchange, adsorption properties.
Ion exchange and adsorption properties of such materials were investigated with
alkaline and earth alkaline elements. Sorption/desorption characteristic of Cesium
solution is also described in full details. Different acid solutions were used to determine
the optimum leaching conditions of cesium from organically modified clay materials.
References;
1.
2.
3.
4.

Y.Wei; D.Yang, Material Letter , 13 , 261 (1992).
H.Schmidt, J.Adhesion, 22, 77 (1987).
J.D.Mackenzie, J.Non-Crys-Solids, 100, 162 (1988).
B.Wang; G.L.Wilkes, Macromolecules, 24, 3449 (1991).
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SORPTION / DESORPTION OF RADIOCAESIUM ON VARIOUS SORBENTS IN
PRESENCE OF HUMIC ACIDS

SK96K0066
I.S.SHABAN, V.MIKULAJ

Department of Nuclear Chemistry,
Faculty of Science, Comenius University, Bratislava, SK.

In general, the amount of radiocaesium sorbed by the
four sorbents with 0.01 M NaCl was in order zeolite >
NiFe-SiO^ > aerogel > silica gel. Addition of humic acid
solution to the sorbents depressed the sorption of caesium
by all four sorbents with the greatest effect showing to the
aerogel.

The

presence

of

humic

acid

could

potentially

inhibit caesium sorption by blocking ion-exchange sites or,
alternatively, the functional groups of humic acid could
themselves participate in ion-exchange processes. Desorption
of caesium was not totally reversible. The presence of humic
acid

resulted

in decreasing

of distribution

coefficient

values for both sorption and desorption processes.
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Behaviour of Zr, Hf, Nb, Ta and Pa on anion exchange resins in fluoride media.
D. Trubert. F. Monroy, L. Brillard, M. Hussonnois and 0. Constantinescu
RadioChemistry Group, Nuclear Physics Institute, CNRS
BP 1, 91406 Or say cedex, France
In order to interpret the chemical properties of the first transactinide elements (Z = 104
and 105), the behaviour of their chemical homologues have been recently re-investigated.
Presently, among the different chemical properties, complexation phenomena appear to be the
most powerful mean for investigation of the behaviour of transactinide elements. According to
the fact that these short life elements (between 30 and 65 sec for the longer isotopes) are
produced at very low level "one atome at a time", mostly fast chromatographic separations and
solvent extraction technique could be used.
The behaviour of elements of group IV a (Zr, Hf), V a (Nb, Ta), as well as protactinium
as regard to fluoride media is only partially known. We have completely re-investigated the
absorption properties of elements Zr, Nb, Hf, Ta and Pa on macroporous anionic exchangers.
Owing to the dependant variations of F" ions and H + concentration for the weak acidity
of hydrofluoric acid, two different studies were conducted, the former in HF media and the
second one in NH4F + HCIO4, to define and quantify the complexes species involved.
The variations of the distribution coefficient Kd were measured for both media, using
radioactive isotopes at the tracer level (C < 10"10 M), to avoid saturation of the exchange sites
of the resins and to simulate the experimental conditions for transactinides chemistry. One can
see on these variations, a sharp quasi-linear decrease of the kd value with increasing fluoride
concentration, presenting a slope break around 0.1 M HF (depending on the studied element).
It is also interesting to notice the extremely high values of the distribution coefficients (for
example in the case of Ta : Kd > 106 for 0.02 M HF)
By means of the average ligand number calculations, the evolution of the complexes
present in solution as a function of the fluoride concentration was determined for various pH
values. The data analysis clearly shows the high dependance of the complex form, from very
small variations of F" ion concentration and the pH value.
Through these calculations, the behaviour of the studied elements on macroporous
anionic exchangers was interpreted as a function of the evolution of population of each
complex forms. The slope break was interpreted as a sudden change in the complex
populations. In the particular case of zirconium, below 0.1M HF, the forms [ZrF6]2" and
[ZrF7]3' are predominant presenting large distribution coefficients. For higher HF
concentration, the proportion of [ZrF5]" become important, for which the resin affinity
decrease drastically.
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On line study of short-life isotopes using fast radiochemical separations.
D. Trubert1. M. Hussonnois1, F. Monroy1, L. Brillard1, G. Ardisson2,
V. Barci2, O. Constantinescu3, and Yu Ts Oganessian3
1

RadioChemistry Group, Nuclear Physics Institute, CNRS, BP 1, 91406 Orsay cedex, France
2
Radiochemistry Laboratory University of Nice, 06108 Nice cedex, France
3
Joint institute for Nuclear research (JINR) 141980 Dubna, Russia

With the aim of implementing our working program on the chemical properties of heavy
elements (Z > 103), we have realized a device for on-line and continuous separation of short-life
nuclides called R.A.C.H.E.L. (Rapid Aqueous Chemistry apparatus for Heavy ELement).
This setup could be separated in two main parts : i) The production of selected isotopes
through nuclear reactions in an irradiation chamber, the transportation of reaction products with the
aerosol-helium jet system to the chemistry laboratory, ii) The collection and dissolution of the
aerosols followed by the separation and continuous purification of the elements of interest from the
others, using fast radiochemical techniques (ion exchange resins, liquid-liquid extractions).
By means of heavy ion irradiation, reaction products recoiling from the target are thermalized
in the gas and adsorbed on KC1 aerosols in helium filling continuously this cavity. An outgoing pipe,
connected to a 10 m long Teflon tube, allows the transportation of aerosols together with reaction
products, to the chemistry laboratory where separations and purifications could be done. The gas
with reaction products are dissolved in a dissolver-degazer system. The resulting solution is supplied,
with a peristaltic pump, to the chromatographic setup where isolation of the selected element from
all other reaction products could be achieved. Studies are mostly based on the use of complexation
properties.
We have tested this system, in similar conditions than those needed for the study element
104, by production and separation of neutron deficient hafnium isotopes (Hf is assumed to be Z =
104 chemical homologue).
As an example, if the dissolution solvent is 0.2 M HF, Hf forms very strong and stable
anionic complexes, mainly [HfF6]2- which could be sorbed on anionic exchanger with Kd values
greater than 10^, while lanthanides (co-produced elements) remains under cationic form (Ln^ + ). A
first column, filled with Dowex®50 (200 - 400 mesh), has the aim to fix Ln^ + ions, while Hf, as
anionic complexe passes through. Then a second one, Biorad AGMP1® (200 - 400 mesh), retains
hafnium isotopes which can be directly measured on the column. A last column, filled with
Dowex®50 (200 - 400 mesh), fixes the hafnium daughters (mainly Lu and Yb) which can also be
measured directly on the column.
Due to the high performances of our system, we were able to measure with accuracy the y
ray spectrum associated to the decay of some short-lived hafnium nuclides (165j-jf _ 169f^f) j n v i e w
to build the practically unknown decay scheme of odd-odd lutetium nuclei.
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A variety of methods has been considered for the disposal of
radioactive wastes. There is now international consensus that
high level radioactive wastes and spent fuel can be disposed of
in repositories engineered in geological formations. Different
formations have been considered, ranging form hard crystalline
rocks to plastic clays. Irrespective of the medium to be used,
the disposal system will consist of a multibarrier system
comprising natural (host rock) and engineered barriers.
Engineered barriers can be considered to consist of several or
all of the following components: - the waste form, - the waste
package (container), - the buffer ( material which abuts the
container),
room,
tunnel,
ramp
and shaft backfills,
- seals-structures engineered within the repository and materials
sealing the
boreholes. For the
purpose of total
system
performance analyses, each of the engineered barriers can be
considered as a subsystem
subject to its own performance
measures, targets and assessment.
The primary

function of the

buffers, backfills and

seals is to

delay the release of radionuclides from the repository.
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In many cases, the flow barriers will perform the additional
function of retarding the transport of radionuclides leached from
the waste matrix. The two materials most widely studied in this
regard
are clay
and cement.
In materials
of such low
permeability, radionuclide transport is generally assumed to
occur predominantly by diffusion with a negligible advective
component. Retardation may also be achieved by use of additives
in the barrier materials, interaction with the corroded remnants
of the canister or by specific structure.
SORPTION AND

DIFFUSION PROCESSES, RADIONUCLIDES RETARDATION

One of the major barriers to the migration of radionuclides is
their chemical and physical interaction with minerals in both the
host rock and the surrounding rock formations. These interactions
lead either to immobilization by incorporation into minerals, or
retardation by
some form of
chemical equilibrium between
radionuclides in solution and those sorbed on a mineral. In spite
of their importance, the nature of these sorption processes is
poorly understood and is almost universally modelled by means of
simple lumped parameter, K<3L or K .
The diffusion of migrating species from fractures into the matrix
of the bulk rock can be a significant process for retarding the
migration of radionuclides. This is especially so for those that
do not sorb on the fracture surface or its fill minerals, but it
can be
also important for some
very long lived sorbing
radionuclides. It is important to be able to demonstrate to what
extent
this diffusion
process can
occur over geological
time-scale.
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A wide range of radionuclides are strongly sorbed by clay and
zeolites. Retardation by clay can provide a very effective
barrier in which many radionuclides would be trapped and decay
significantly during transit.
Radionuclide migration through clay buffers and backfill is likely
to occur by chemical diffusion. Laboratory methods for evaluating
the transient and steady
state diffusion coefficients for
radionuclides have been developed. The results indicate that the
pathways for radionuclide diffusion through saturated clays vary
with the chemical characteristics of the species and with the
redox conditions in clay barrier. Numerical models are available
that provide reasonable predictions of the diffusion coefficients
of various species through clay barriers. The models are being
continuously confirmed through
the expanding database from
ongoing programmes
on measurement of
the coefficients of
radionuclide diffusion through the clay barrier materials.
These are reactions that take place on the surface of the
stationary phase. There are other retardation processes which may
be of importance under certain conditions, such as precipitation,
coprecipitation,
matrix diffusion,
molecular filtration or
mineralisation.
The groundwater chemistry of aquifers with the host rock and
barriers will also be of major significance in the study.
Particularly significant is the Eh and pH of groundwater,
especially in the flow path leading from the repository to the
earth's surface. They are important in regulating the chemical
interaction
between the
host rock
or the
barriers and
radionuclides. This may lead to a retardation of some nuclides by
sorption or to retardation by precipitation. They may also help
to identify natural hydrochemical trends which will help to
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characterize the flow system.
It will also form the primary basis for another more complete
nuclide migration model, which also includes the effects of
chemical phenomena within the groundwater system. These models
will subsequently serve as predictive tools. The six main
mechanisms that govern migration, will have to be taken into
account in the construction of models: flow of water, diffusion,
dispersion, sorption, immobilization and radioactive decay.
The chemical composition of the porewater in bentonite or other
natural sorbents results from their interaction with groundwater.
The knowledge of the
porewater composition is of crucial
importance for the modelling
of ion exchange and surface
complexation reactions at the natural sorbent surface, even for
elements such as caesium that exhibit no significant interaction
with the groundwater components.
The

aim

of

this

quantitative and
clay. Caesium
and

its

K

experiments

contribution

is

provide

applicable basis for ion

and strontium are
values
are

to

obtained

exchange modelling in

taken as a
from

explained and

model.
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At the SIS'93 meeting [1] and elsewhere [2] we have reported on the speciation and
mobility of trace elements and uranium in a river/groundwater system. In this contribution to
SIS'95, we present results on very high, but similar enrichments of 230 Th and 2^Ra with
238

238

respect to their precursor U (i.e., a significant radioactive disequilibrium between
U and
Th/ Ra) in soils at several locations in the Jura Mountains (Switzerland) and in parts of
_
oo(\
the central Alps of Switzerland. The high Ra concentrations have lead in the Jura region to
high indoor Rn concentrations. The Western Jura Mountains and parts of the central Swiss
Alps consist of Karst ranges. The Jura range consists of Jurassic and partly Cretaceous
limestone with a thickness of several hundred meters. The limestone formations are covered by
relatively thin layers (< 1 m) of soil. The soil was probably deposited since the last glaciation.
Usually limestone only contains relatively small amounts (~ 2 ppm) of uranium; therefore, the
exceptionally high
Th and
Ra concentrations were rather surprising and need to be
investigated and explained.
2.38

In Fig. 1 we present results from gamma-ray measurements of U decay products in soil
samples from Col-du-Marchairuz and Mt.Tendre. A considerable radioactive disequilibrium
between
U and
Th is observed, but equilibrium (similar activities) exists between
Th
00 f\

and

__

000

914

Ra. The generally lower activity of

Pb results from losses of

Rn during sample

210

preparation. Some of the Pb in the top-most soil layer originated from atmospheric fallout
0.00
___
O'Xfi
00 fi
of
Rn decay products. The
Th and
Ra activities are up to thirty times higher than
226

average values for Swiss Plateau soils. Radon, emanating from these
Ra accumulations is
transported by soil-water into the cavities of the Karst system from where it can diffuse into
houses [3].
To obtain information on the distribution of the radionuclides among soil phases and
minerals, sequential chemical extractions [4,5] were performed. The resulting activity ratios of
234U/238U vs 230Th/238u ^ t h e ^fa^
p reS ented in Fig. 2. A significant
soil p h a s e s ^
0 ?/)

0 %Ji

2*^0

radioactive disequilibrium between
Th and
U is observed in most of the samples. Th
(and
Ra) are considerably enriched in the total sample (calculated from the other phases),
but highly accumulated in the humic substances, and in the amorphous and oxidic phases.
These latter observations point to significant enrichments of
Th and
Ra on soil grain
222
surfaces from where Rn emanates easily and almost quantitatively. In the residue of the
sequential extractions, the activity ratio is mostly around unity (i.e., close to equilibrium). The
Ur U activity ratio is generally >1 in the humic substances, and in the amorphous and
oxidic phases, suggesting sorption of uranium from the interstitial soil-water which usually has
a 234 U/ 238 U activity ratio of >1 (ref. 6).165
In the residues and in the total samples this ratio is

predominantly <1 due to preferential losses of 234U from the solid materials to the soil
solution.
In Table 1 we present the results of the analyses of a soil from Col-du-Marchairuz, and
compare the activity ratios with those obtained in granite soils, peat and Loess samples. The
230

238

soil from the Col-du-Marchairuz exhibits very high
Th/ U ratios, demonstrating the
importance of thorium sorption on humic, amorphous and oxidic phases. These high
230

238

Th/ U ratios differ from those of the granite, peat and Loess samples which are much
smaller, sometimes even <1.
234 238

230

The observed large radioactive disequilibrium between
' U and Th in most of the
investigated soils and phases from the limestone Karst regions is the result of chemical
fractionation of uranium and thorium [7]. Uranium is expected to exist in solution in the form
of very stable, anionic [e.gr, UO2(CO3)34"] or neutral carbonate complexes; these complexes
are very mobile [1,2] and are only slightly, or not at all, sorbed by negatively charged soil
surfaces. On the other hand, thorium hydrolyses very easily, and is strongly and rapidly
adsorbed by soil surfaces [8]. Therefore, it accumulates along the soil column. In contrast to
the results of the Karstic soils, the investigations of the granite soils, and the peat and Loess
samples suggest a relatively similar behavior of uranium and thorium in these materials.
The high
Th and
Ra enrichments in Karst soils can be explained by a steady
dissolution of the abundant limestone (calcite) fragments within the soil column. The uranium
concentrations in limestone pieces from Mt.Tendre soils amounted to ~ 4 |ig/g. With this
uranium concentration and a relatively homogeneous distribution of the limestone fragments
throughout the soil column, a few ten grams of dissolved fragments per gram of present-day
soil would be sufficient to produce the observed activities of Th and Ra. The dissolution
of limestone within soils is enhanced by the higher CO2 partial pressure (^10~ atm.) from
bacteria-mediated decomposition of organic matter. However, the hypothesis of a limestone
9*^0

source of uranium which could produce the high enrichments of

00f%

Th and

Ra, and

222

eventually the high indoor Rn concentrations needs to be investigated further. An alternative
proposal [3,9] assumes an admixture of aeolian deposits with a high uranium content in the
Jura soils at the end of the Wiirm glaciation.
rtOrt

00f\

000

We expect that high
Th and
Ra enrichments, and consequently high indoor
Rn
concentrations, also prevail in other limestone Karst regions. Therefore, we strongly suggest
that similar studies should be carried out around the world.
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TABLE 1. Activity ratios of selected soil samples from the Jura Mountains, of a granitic soil from the
Grimsel Pass, and of a peat and a Loess sample. Errors (la) include counting statistics only. For
extraction procedures, see caption to Fig. 2.

Activity ratio

Grimsel Pass
Granitic soil

Jura
Coldu
Marchairuz

Peat
Lake Burgascru

Humic substances
1.26±0.10
1.04 ±0.02
230
238
0.46 ± 0.07
0.12 ±0.01
Amorphous
materials
234 u y23 Ju
1.26 ±0.16
1.09 ±0.05
1.05 ± 0.03
a3oTh/23su
1.02 ±0.14
11.20 ±0.20
2.75 ±0.09
Oxidic materials
1.32±0.11
1.00 ±0.04
1.09 ±0.19
230
23
2.98 ±0.10
18.70 ±0.42
1.08 ±0.03
Residue
234 23S
1.23 ±0.11
1.04 ±0.04
1.06 ±0.03
23O
8
Th/" U
1.49 ±0.08
6.55 ±0.11
0.70 ±0.01
Total sample
(calculated)
1.08 ±0.04
1.04 ±0.04
1.25 ±0.06
230 Th y»38 u
0.97 ± 0.03
11.33 ±0.39
0.84 ±0.02
Calculated from the other four fractions, assuming no losses in handling
234 U ^M U
Th/

Th/

U/

u

1.03 ±0.08
16.13 ±0.20
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Loess
Mohlin
1.35 ±0.11
0.99 ± 0.06

2.28 ± 0.34
10.39 ±0.82

1.00 ±0.14
3.12 ±0.29
1.04 ±0.03
0.78 ±0.02

1.07 ±0.04
1.08 ±0.04

FIG. 1 Disequilibrium in
the " 8 U decay
series.
Soil samples from the
Western Jura Mountains,
Switzerland. Errors are 2a
counting errors. Grain sizes
125-250 urn.
a) and b) Col-du-Marchairuz 0-10 cm depth;
c) Mt.Tendre, 0-5 cm
depth;
d) Mt.Tendre, 5-10 cm
depth.
The soil samples were recovered with a soil auger
and were separated by wet
sieving into different fractions in the 100-1000 urn
size range.

1.4

FIG. 2 Activity ratios
1.3

^

1.2

The soil fractions were investigated by sequential
extractions techniques. Grain sizes are 125-250 (im,
unless otherwise indicated. Statistical counting
errors (lo) are ^ 5%.
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In environmental studies on heavy metals in soils and sediments not only the total
concentration but also the concentration of the metals in the different phases of
these materials must be determined. This kind of analysis is widely accepted since
the results provide valuable information on the different physico-chemical forms
in which the metals are bound. This information is necessary in eco-toxicological
studies as well as in studies on the biogeochemical cycles.
It is generally accepted that the sediments are the final sinks of heavy metals but
these compartments can act as a source of contamination when significant
changes occur in the environment, such as pH, redox potential, salinity, particulate
matter or microbial activity occur, which can increase the mobility and transport
of the metals.
To determine the metal species in soils and in sediments two approaches have
been proposed. One of them consists of the determination of well defined chemical
species, such as different oxidation states of an element, for instance Cr(lll) and
Cr(VI), or organometallic compounds, such as methylmercury or dimethylmercury.
Another approach is less specific and allows the determination of the physicochemical forms of an element bound to the different phases of the soil or the
sediment, e.g. carbonate, iron and manganese oxides or organic matter.
Although these approaches are supported by appropriate analytical processes,
including different steps, it is essential to preserve the integrity of the species; thus
sampling

and

pretreatment,

common

steps,

must

ensure

not

only

representativeness but also the inalterability of the species. The danger of
significant changes in metal species must be considered, especially when the
species are unstable or the soils or sediments are anoxic. Specific methods are
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now devoted to ensure proper sampling and sample pretreatment under stringent
conditions.
The methods for chemical speciation include the extraction of the species followed
by the use of coupled techniques including separation and detection. These
techniques must provide good resolution in separation and low detection limits.
Thus, in most cases a derivatization step is necessary to improve the resolution or
the sensitivity. In arsenic speciation, for instance, chromatography is widely used
for separation and atomic spectroscopic techniques are mainly proposed for
detection. To improve detection a derivatization step consisting of the generation
of volatile arsines is recommended; with these coupled systems inorganic arsenic,
monomethylarsonate and dimethylarsinate can be determined accurately at low
concentrations.

As in other analytical methods, those used for metal speciation must be validated.
Thus in the preceding methods the different steps must be properly validated and
first the quality parameters have to be established, i.e. selectivity, sensitivity, limits
of detection, limits of quantification, linearity range, precision and recovery. To
improve selectivity exhaustive studies of the interfering elements or compounds
present in the matrices must be carried out and proper systems to overcome these
interferences have to be available. Moreover the use of specific detection systems
is highly recommended. Sensitivity and detection limits are closely related to
background signal of the techniques used, a well as to the composition of the
matrix; in all cases these parameters, including limit of quantification, have to be
established. As far as for precision is concerned the laboratories must determine
the extent which reproducibility is achieved for any analytical method applied to
a specific sample, and it is recommended to establish both short-term and longterm precision. As mentioned above, in speciation analysis different steps (e.g.
pretreatment, extraction, derivatization, clean-up, separation and detection) must
be carried out, each of which contributes to the final percentage of recovery.
Cpntsequently it is difficult in many cases to determine the percentage of recovery;
5fche

most reliable method is the application of the overall process to certified

reference materials. However, especially for speciation studies, these materials are
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scarcely available. Spiking the sample with a known amount of the analyte is also
recommended as an alternative, although the conditions in which the analyte is
added, the stage of the process at which it is added and in what chemical form
can vary the results considerably.
Once these parameters are established the overall method must be validated
according to the following criteria: By applying the method to a CRM (Certified
Reference Material) in which the species of interest are certified and the
composition of the matrix is as close as possible to the original soil or sediment;
or when a good agreement is obtained either by applying other methods or by
analyzing the soil or sediment in interlaboratory exercises. The major difficulty, if
applying the first criterion, arises in the lack of CRMs in which the different species
are certified, as mentioned.
In this communication we present our experience on the application of sequential
extracion systems to sediments and single extraction for soils, both of them to
determine chemical forms of heavy metals of environmental interest.
We report the validation of the measurements avoiding the interfering effects due
to the complexity of the matrices, for the solutions containing the metal extracts
when using Atomic Spectriscopic techniques. We also present the design and
development of Interlaboratory Trials as a tool to
validate the analytical protocols and the preparation of Certified Reference
materials of soils and sediments for metal speciation. These last studies include the
verification of the feasibility and the studies of homogeneity and stability as a
condition to verify the materials. The reproducibility of the'results obtained from
these studies including the techniques used according to the different laboratories
and the levels of concentration illustrates the difficulties in the determination of
such concentration levels (generally low) in these matrices.
The availability of these materials can be considered of paramount importance in
the studies of metal speciation in sediments and soils.
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INTRODUCTION
When a radioactive aerosol released in an accidental situation is deposited on a
forest canopy, the radionuclide lixiviation from leaf surfaces by rain is an important
path to consider in forest soil contamination. The magnitude of this lixiviation will
depend on the radionuclide retention on leaves.
In order to distinguish among different ways of radionuclide retention, lixiviation by
means of a sequential extraction scheme was studied and experimental conditions
were optimized.
EXPERIMENTAL
To perform this study, holm oak leaves were contaminated by a thermogenerated
radioactive aerosol containing

134

Cs, 85Sr and

11Om

Ag. This aerosol was deposited

on leaf surfaces in dry conditions. After contamination, holm oak leaves were kept
at 4°C and individual samples of about 2 g (fresh weight) were sequentially
extracted.
Gamma-emitting radionuclides in each fraction were determined by high resolution
gamma-spectrometry using an intrinsec Ge detector.

Sequential extraction procedures
The different procedures studied were based on two-step extractions using water
and chloroform:hexane 1:2 as extractants, and different experimental conditions
(volum of extractant, type and time of shaking, and number of successive
extractions in each step) were checked. A general procedure is described as
follows:
Step 1: Holm oak leaves were extracted with ' V ml of distilled water for 't'
minutes, manually or with mechanical shaking at various 'speeds'. After
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removing the leaves, the activity of the water solution was measured and
a new extraction was carried out using the same water solution and leaf
sample. This process was repeated until the activity of the extract
remained constant. Then the particulate and soluble fractions were
separated by filtration through a 0.45 //m membrane and the activities of
filter and liquid phase obtained were measured. The sum of these
activities represents the maximum extraction with water in the
experimental conditions applied.
Step 2: Holm oak leaves, previously extracted with water, were extracted with
175 ml chloroformrhexane (1:2), either ten times for 1 minute, when
manual extraction was used, or 10 minutes at 65 rpm when mechanical
extraction was chosen. As in step 1, particulate and soluble fractions
were then separated by filtration through a 0.45 //m membrane and
activities of filter and liquid phase, as well as residual leaves, were
measured.
Table 1 summarizes the different combinations of experimental conditions applied
in step 1.
Table 1 . Experimental conditions checked in the step of successive extraction in water.
Water volum (ml)

Speed of shaking (rpm)

Shaking time (min)
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Manual

1

65

5,10,20,40,80,120,240

80

80,120

90

80

100

40

65

80,120,240

80

80,120

90

80

500

RESULTS AND DISCUSSION
Manual extraction. Effect of the number of extractions.

Firtsly, the effect of the number of extractions was studied by performing 15
successive extractions in water for 1 minute each and subsequently, 10 successive
173

extractions in chloroform:hexane (1:2), also for 1 minute each.
In relation to water extraction,

134

Cs was largely dissolved in the first extraction,

whereas a constant increase of desorption yield was observed for 85Sr and 11OmAg.
On the other hand, the extraction in organic solvent was quite low for
remained almost constant for

85

Sr and

l1Om

134

Cs, and

Ag after seven extractions.

Effect of the shaking time
The prevously results pointed out the need of more energetic experimental
conditions to obtain a maximum desorption yield of

85

Sr and

11Om

Ag after water

extraction. With this objective, holm oak samples were subjected to successive
extractions in water at 65 rpm for 1, 5, 10, 20, 40, 80, 120 or 240 minutes, until
a constant activity in water extract was measured.
From these extractions it was observed no influence of the number of extractions
and shaking time in

134

Cs desorption, but a decrease in the optimum number of

extractions for 85Sr and 11OmAg when the shaking time increased. In each case, the
maximum extraction was similar for all shaking times.

Effect of the shaking speed.
With the aim to decrease the optimum time of shaking, different speeds in water
extractions were performed (80, 90 and 100 rpm). In these cases, optimum time
of shaking were 120, 80 and 40 minutes, respectively.

Effect of the volum of water extractant.
Similar extraction schemes were carried out using 500 ml water at 65, 80 and 90
rpm and no differences in the optimum shaking time were obtained with respect to
extractions in 175 ml of water.

CONCLUSIONS
From the results obtained, two procedures which give different information about
radionuclide retention may be used, one defined by single water extraction
(Procedure A)

and another

two-step

procedure which

uses

water

and

chloroform:hexane (Procedure B). Since the objective was to study simultaneously
the retention of Cs, Sr and Ag, the chosen experimental conditions are an
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agreement among individual optimal conditions for each radionuclide.
Procedure A allows us to define two fractions: the fraction removed by water is
related to total radionuclide retained on leaf surfaces and the residual fraction to the
incorporated into leaves. On the other hand, procedure B permits to distinguish
among the following fractions: the fraction removed by water is related to
radionuclide fraction easily leached by rain, the fraction removed by organic solvent
may be associated with the radionuclide fraction stronger retained on leaf surface
and, finally, a residual fraction, that may represent the incorporated fraction.
Table 2 summarizes experimental conditions established for each procedure.
Figure 1 shows radionuclide fractionation applying the two procedures. As main
conclusions of radionuclide behaviour it can be noticed that:
- the residual fraction does not depend on the procedure used,
- the fraction retained on leaf surface is only significant for 85Sr and 1OmAg,
- the fraction easily removed by rain is the most important for 134Cs.

100%

75%
• Residual
50%

8 ! Organic solvent
E l Water

25%

Figure 1. Radionuclide fractionation after the application of the two procedures.
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RADIONUCLIDE FRACTIONATION IN ORGANIC MATTER-ENRICHED SOILS

A. Hgol. M. Vida, and G. Raure,

Illlllllllli
SK96K0073

Departament de Quimica Analitica, Universitat de Barcelona.
Av. Diagonal 647, E-08028 Barcelona, Spain.

It is already well known the key role of clay minerals -especially illitic componentsin radiocaesium retention in soils, due to the existence of specific sites (FES,
Frayed Edge Sites), which show an exceedingly higher affinity for radiocaesium
than sites in the regular exchange complex (REC sites). Even small amounts of
these mineral components lead to radiocaesium being highly fixed to soils, with low
rates of downward migration and transfer to plants. However, the role played by
organic matter is not clear at all up to this moment. The higher rates of
radiocaesium mobility found in organic matter-enriched soils than in mineral ones
may indicate an active and intermediate role in preventing radiocaesium fixation in
mineral fraction, although in some cases the retention rates are similar than in
mineral soils, the organic matter content being of less importance.

Sequential extraction schemes have been often applied, in order to obtain
radionuclide distribution and predict its mobility in a soil-plant system. These
schemes have become very useful to be able to explain changes of the radionuclide
behaviour over time, i.e., decrease of soil-to-plant transfer due to a general
decrease in exchangeable-available fraction and increase in fixed-mineral fraction.
Therefore, a sequential extraction scheme which considers the

different

interactions between organic matter phases and radionuclide may give information
about the role of organic matter in radionuclide retention. Such scheme has been
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designed and it defines a serie of fractions from the sequential use. of different
extractant reagents. The procedure followed in its application can be summarized
as described here:

FRACTION 1: 40 ml/g of NH 4 0Ac 1 mol/l is added to the soil. The suspension is
shaken for 16 hours at room temperature using an end-over-end shaker.
FRACTION 2: 40 ml/g of Na4P207 0.1 mol/l is added to the residue and the
suspension is shaken for 16 hours at room temperature.
FRACTION 3: 40 ml/g of NaOH 0.1 mol/l (in N2 atmosphere) is added to the
residue and the suspension is shaken for 16 hours at room temperature.
FRACTION 4:
(4a) 10 ml/g of H2O2 30% (pH 2 with HNO3) is added to the residue and the
suspension is allowed to digest for 2 hours at room temperature and, subsequently,
for 4 more hours at 85 °C.
(4b) 10 ml/g of H2O2 30% (pH 2 with HNO3) is added to the moist residue and the
suspension is allowed to digest for 16 h at 85 °C.
(4c) 50 ml/g of NH 4 0Ac 1 mol/l (pH 2 with HNO3) is added to the moist residue
and the suspension is shaken for 16 hours at room temperature and, subsequently,
filtered through 0.45 jjm membranes.
Finally, activity of liquid extracts and soil residue are measured by gamma
spectrometry in order to obtain radionuclide distribution.

This scheme allows us to estimate, in an operational way, the fraction of
radionuclide associated with exchangeable sites (Fraction 1), with humic and fulvic
acids (Fractions 2 and 3), the amount of radionuclide related to passive organic
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matter -like humine, non-humic substances or mineral organic matter- (Fraction 4)
and the radionuclide highly fixed to soil mineral matter (residual fraction).

Other approaches, such adsorption studies, may also be applied in order to study
the fractionation of radionuclide between available and fixed sites, or the
competition between organic and mineral matter phases.
In adsorption studies not only the effective retention of the FES pool should be
taken into account, but the relative concentration of some competitive cations,
such K and NH 4 , in the soil solution in equilibrium with the soil. Furthermore, the
study of the changes of the coefficient distribution (KD) in different K-NH4 scenarios
can be of interest in order to study which sites are responsible for radiocaesium
retention. To carry out this study, distribution coefficients of radiocaesium (KD(Cs))
are obtained in different scenarios, all of them with the same concentrations of Ca
and K (0.1 mol-l"1 and 10 mmoH"1, respectively) and increasing NH4 concentrations,
in order to study the response of the system to the increasing concentrations of
NH4. Experimentally, the work carried out consists in pre-equilibrating soil samples
with 30 ml of these solutions, and subsequently equilibrating with 25 ml of the
same solutions labelled with

137

Cs. KD(Cs) values are obtained from

137

Cs levels in

the supernatant before and after equilibration.

The forest soil layers, such as H layer -humus- and A layer -top mineral layer-, are
nice examples of organic matter enriched soils. Therefore, and to study the
competition of organic and mineral matter sites in radionuclide retention and
migration, a nuclear accidental situation was simulated in a forest soil, by means
of the substitution of the original L layer -fallen leaves layer-, by a radionuclide-
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contaminated L layer. After the initial stage, several samples were taken in order
to study the dynamics of downward migration. The first results of this study
showed that there was an accumulation of radionuclide in F and H layers, and that
only a small amount reached the A mineral layer. Therefore, it seemed of interest
to deeper study the interactions in both H and A layers to explain such behaviour.

Therefore, in this study both sequential extraction scheme and mixed scenario
approaches have been applied to H and A layers taken in different stages after the
initial contamination (48, 232, 330 and 820 days), the results allowing us to
ascertain which are the sites responsible for radiocaesium retention.
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SPECIATION OF ADDED RADIONUCLIDES IN RAW MILK
P.Gerhart, F.Macasek,

SK96K0074
Department of Nuclear Chemistry, Faculty of Science,
Comenius University, SK-84215 Bratislava, Slovakia

The work followed the possibility of an easy and quick
speciation of free ionic forms of radionuclides in raw milk
without its denaturation, and also possible decontamination from
radionuclides.
Speciation of added radionuclides has been studied in the
aqueous two-phase systems: skimmed milk - apple or citrus pectins.
From the fresh pasteurized skim bovine milk spiked with
radionuclides cesium, strontium, europium and agitated with 41%
w/w water solution of apple pectin, about 80% of cesium, 21% of
strontium and less than 1.5% of europium is recovered with the
pectin and more than 3-times preconcentration of strontium and
europium in milk is achieved after 10-15 min. Decontamination of
milk by pectin solution can be achieved only for cesium because it
accumulates efficiently in the pectin phase.
Binding of added radiostrontium by milk proteins and casein
species was investigated using pectin of various degree of
esterification. For pectin with degree of esterification (D.E.)
93.21% to 61.4%, the distribution of strontium decreases for
about 40% in favor of pectin phase and this was explained by
relatively lower degree of dissociation of free carboxyle groups
on pectin. The aqueous biphasic equilibrium was confirmed by the
spiking of pectin phase with radiostrontium. The influence of
carrier amounts of strontium on its distribution is surprisingly
low.
Distribution of macroamounts of cations of native sodium,
potassium, magnesium and calcium, and also of added strontium was
observed
by
induction
coupled
plasma
atomic
absorption
spectroscopy (ICP)
and the distribution of radiostrontium
correlates with that of calcium, and radiocesium with potassium.
The distribution of radionuclides between milk and pectin
phase appears to be a convenient method for establishing the
percentage of ionic forms of radionuclides and metals in raw milk.
It can be described in terms of Donnan equilibria and called
"membraneless dialysis".

1
The
ICP
analysis
was
kindly
performed
by
Dr.A.Celkova
Institute of Geology, Faculty of Science, Comenius University.
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Liquid Chromatographic Behaviour of Mercury(II) , Methylmercury
and Phenylmercury
M. Hutta, M. Foltin, S. Megova,
J. Kandrac and M. Steklac

S. Rippa,

T. Prochackova,

Department of Analytical Chemistry, Faculty of Natural Sciences,
Comenius University , Mlynska dolina CH-2, 842 15 Bratislava ,
Slovak Republic

The need to speciate and hence understand the biogeochemical
cycling of mercury has led to the search for new sensitive
analytical methods. A variety of environmental matrices , type
and
nature
of
mercury
and
organomercurials bonding by
constituents of these matrices requires specific approaches to
the problem solving. HPLC combined with AAS or AES is method of
choice in this case simplifying overall analytical procedure. It
enables separation and selective
detection of mercury and
organomercurials
in
single
step
after simple extraction
procedures in water , soil, sediments and biological samples.
However ,a number of HPLC separation systems in practical use is
rather restricted.
The
aim of
our work
is to
discuss the results of
chromatographic behaviour
investigation of mercury
(II) ,
methylmercury and phenylmercury in
several HPLC modes and
mobile phase systems. All results were obtained with the aid of
post-column derivatization detection as a cheap and flexible
alternative to AAS. Dithizone solubilized in micellar solution of
cetyltrimethylamonium hydrogensulphate at pH 2 enabled detection
of the mercury species at 500 ntn wavelength. Detection limits
achieved were in the range of l-3ng ( i.e.25 to 75 ppb ,30-50 ul
volume). Successful separation of the three mercury species
mentioned above is realised both in reversed-phase mode on C18
modified silica and normal phase mode on bare silicagel. Use of a
cation exchange mode on sulphobutylated HEMA sorbent and potential
of the mercury species separation via their interactions with
aminopropyl silicagel are additional topics discussed.
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Off-line Combination of HPLC and Trace Mercury Analyser
(TMA) for Organomercurials Speciation in Environmental
Samples

-v

SK96K0076

M.Hutta, M.Moskalova, M.Zemberyova and M.Foltin
Department of Analytical Chemistry, Faculty of Natural
Sciences, Comenius University, Mlynska dolina, Pavilon CH-2
842 15 Bratislava, Slovak Republic

The presence of
mercury and other organomercury
species in environmental samples at low concentration
levels is promoting research of various aproaches combining
efficient and selective separation methods, sensitive and
selective detection methods for their analysis. Coupling of
HPLC and AAS is frequent combination of choice.
The aim of our work is to present practical experience
with off-line combination of various separation modes in
HPLC and selective detection via Trace Mercury Analyser.The
discrete sampling of HPLC effluent enables simple transfer
of whole volume of the peak into TMA. Within TMA mercury
(II) and organomercurials separated each from other and
diluted via chromatographic process are reconcentrated on
gold mesh
and recovered in discrete runs. The basic
performance
characteristic
of
both
HPLC
system
(retentivity, selectivity, efficiency) and TMA (analysis
time,
working conditions,
limits of
detection) are
discussed in the work. Thorough comparison of these type of
detection
with
spectrophotometric
. post-column
derivatization detection (Dithizone, cetyltrimethylamonium
hydrogensulphate, /I=500 nm)
clearly shows decrease of
detection
limits for
mercury(II), methylmercury
and
phenylmercury. Additional advantage of TMA detection of
HPLC effluents is decrease of the matrix effects. HPLC as
an sample pretreatment method applied before TMA widens
the scope of this method originally proposed for the total
mercury analyses.
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Analysis of Some Nitrophenols in Water Samples By Reversed-Phase
High Performance Liquid Chromatography ( RPHPLC )
M. Chalanyova and M. Hutta
SK96K0077
Department of Analytical Chemistry, Faculty of Natural Sciences,
Comenius University , Mlynska dolina CH-2 , 842 15 Bratislava ,
Slovak Republic

Nitrophenols as a group of compounds covering wide range
of polarities are present in environmental matrices at very low
(ppb, ppt) levels. Some of them are listed in EPA priority
polutants list ( e.g. 2,4- dinitrophenol etc.). Several routes
exist by which they enter soil , surface , underground and
drinking water as well as food chain. Problem of their analysis
is still attractive and open to the solutions.
Our work is intended to investigation of problems associated
with their
RPHPLC analysis involving
large volume sample
injection and/or introduction , column-switching techniques and
gradient elution. Chromatographic behaviour with respect to
sorption
capacity
of
8
nitrophenols:
picric
acid
,
2,4-dinitrophenol
, 2,5-dinitrophenol
, 2,6-dinitrophenol ,
2-nitrophenol, 3-nitrophenol, 4-nitrophenol and 4-nitro-3-cresol
was evaluated by breakthrough curve measurements at different
conditions on short precolumns filled with Silasorb C8, Separon
SGX C18 , Separon RPS and Silasorb Phenyl sorbents.Additional
data on their retention behaviour were obtained under isocratic
and gradient elution conditions. These data enabled us to find
conditions for satisfactory
separation of all nitrophenols
mentioned above in isocratic run.
Volumes as high as 25 ml of drinking water spiked with these
nitrophenols were injected into the precolumn , what resulted in
their convenient quantitation at the ppb levels. With respect to
trace
analysis the influence of potential
inorganic
macroconstituents ( sulphates , chlorides , nitrates ) in
water samples was studied. The results show that salting-out
and salting-in effects could influence detection limits and
selectivity of
HPLC system .
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Preparation and Characterization of Humic and Fulvic Acid
Working Standards - Practical Experience
J. Kandrac and M. Hutta
Department of Analytical Chemistry, Faculty of Natural Sciences,
Comenius University , Mlynska dolina CH-2 , 842 15 Bratislava ,
Slovak Republic

Environmental
studies
,
especially
those
devoted to
investigation of interactions among polutants
( both inorganic
and organic ) and various constituents of environmental matrices,
involve also as an inherent part study of polutant-humic material
interactions. However , till now man could not
buy
well
characterized fractions of humic
material - humic (HA)
and
fulvic acids (FA) as a main representatives of partly mobile
organic matter in water , soil and sediments. FA is not offered
on the chemicals market and the characteristics of HA are
restricted in majority to average molecular weight and ash
content ,moreover reproducibility of basic properties of these
materials from batch to batch is questionable. From this point of
view
reproducible
preparation
and
multiparametric
characterization of HA and FA , or other fractions of humic
material is basic prerequisite and need for detailed study of
their nature ,behaviour and influence on analytical signal under
practical analysis conditions by various analytical methods.
From a large number of existing dissolution / precipitation
schemes of preparation of various humic material fractions three
different schemes were chosen and evaluated. These schemes were
applied for preparation of HA and FA working standards from 4
pedologically well characterized Slovak soils and 2 peat samples.
In our work main limitations of used procedures and questions
arosen from their application are discussed.
Further steps toward thorough characterization of obtained HA's
and FA's ( elemental analysis , aromaticity index , SEC profiles,
metal binding capacity etc. ) are outlined.
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MIGRATION OF i3"Cs AND **Sr IN CLAY MATERIALS
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SECTION F

Solvent Extraction of Toxic Heavy Metals from Effluents
Karsten Gloe and Holger Stephan

Institut fur Anorganische Chemie TU Dresden D - 01062 Dresden / Germany

The separation and recovery of toxic heavy metals from effluents is an important problem in
view of environmental protection. Solvent extraction is one possibility to solve such problems.
Chemical and technological points of view for such process developments will be discussed using
two practically oriented examples.

Municipal garbage incineration processes with coupled wet flue gas cleaning systems generate
two different effluents containing Hg(II) or Zn(II), Cd(II), Ni(II), Pb(II) and Cu(II), resp.
The Hg(II) separation from the chloride containing acidic scrubbing solution is possible using
Aliquat-336 1 dissolved in kerosine/decanol. The main parameter of influence is the chloride
concentration. The back extraction can be realised by aqueous ethylene diamine connected with
electrochemical reduction of mercury. A continuous process has been tested using a mixer-settler
unit with 6 steps. So, the mercury content is decreased from the ppm- into the ppb-range.
For the separation of Zn(II), Cd(II), Ni(II), Pb(II) and Cu(II) from low chloride containing
scrubbing solutions the extraction with di(2-ethylhexyl)phosphoric acid 2 is suitable. In this case
all the toxic metals can be separated together.
0
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C H >
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Aliquat-336

D2EHPA
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2
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Garbage dumps represent a potential source for toxic heavy metal contamination of environment.
Resulting percolating water can contain low concentrations of Cu(II), Ni(II), Zn(II), Cd(II),
Hg(II), Pb(II) and Cr(III). Solvent extraction studies were performed to seperate this metals from
such solutions using both the commercially available 8-hydroxy quinoline 3 (Kelex 100 /
Schering) and chemical pure model compounds 4 - 6 . The model compounds have been
synthesized and characterized in order to establish the structure influence on the complex
formation and resulting phase transfer.
The extraction systems investigated allow the decontamination of the metal pollutants from the
ppm- into the ppb-range.

R= CnH^ (Kelex 100)

3

R=

R=
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SEPARATION OF ACTINIDES FROM HIGH-LEVEL RADIOACTIVE
WASTE
Zdenek Kolarik and Udo Mullich
Research Center, P. 0. Box 3640, 76021 Karlsruhe, Germany
Removal of alpha nuclides from high-level liquid radioactive waste (HLLW)
and their subsequent transmutation in nuclear reactors or accelerator-based
systems can facilitate final waste disposal. Research work on the separation
of actinides from HLLW is at present carried out in various countries, aimed
to the development of a suitable partitioning process. Solvent extraction is
the preferred method for the partitioning in our laboratory and elsewhere in
Europe, USA, India and Japan, but pyrochemical processes are also under
development in USA and Japan. In the present state the main aim of the work
is to demonstrate the feasibility of a partitioning process.
Present knowledge of the separation chemistry allow to presume a two-cycle
partitioning process. In the first cycle the actinides are extracted as U(VI),
Np(IV or VI), Pu(IV), Am(lll) and Cm(lll) nitrates, solvated by molecules of a
powerful neutral extractant. The extractant must be a bifunctional compound
like substituted diamide of a dicarboxylic acid, or a substituted carbamoylmethyl phosphine oxide or phosphonate. The extraction efficiency of the extractant should be high enough to extract not only the tetra- and hexavalent
actinides, bu also Am(lll) and Cm(lll) at the initial nitric acid concentration in
HLLW, i.e. 4 to 6 M. It must be taken into account that fission product
lanthanides(lll) are extracted together with the actinides by such extractants.
An Am/Cm plus lanthanide product fraction, and one or more product fractions containing the other actinides should be originated in the first process
cycle. In the second cycle the lanthanides must be separated from americium
and curium. The content of foreign elements in the final Am/Cm product must
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be compatible with requirements of the fabrication of targets for transmutation. It is not clear yet whether curium must be separated from americium
before the target fabrication.
In our recent work we have concentrated on search for such solvent extraction systems in which Am(lll) and Cm(lll) can be selectively extracted
over fission product lanthanides(lll). We have investigated both monoacidic
extractants HA and neutral solvating extractants B, extracting the transplutonide(lll) and lanthanide(lll) ions (M3+) in the form of neutral complexes
MA3 or MA 3 B. Am(lll) and Eu(lll) have been used as reprentatives of the two
groups to be separated. Selective extraction of the transplutonides in an oxidised state appears to us to be a less advantageous method for the group
separation.
It is known from the literature that the desired selectivity for transplutonides(lll) over lanthanides(lll) is exhibited by extractants which bond the extracted metals through "soft" donor nitrogen or sulfur atoms. We investigated
di(2-ethylhexyl) dithiophosphoric acid, a dialkyl thiophosphinic acid, and a
dialkyl dithiophosphinic acid as extractants, and we have concluded that
compounds of this type do not possess the desired extractant properties.
Di(2-ethylhexyl) dithiophosphoric acid, if combined with tributyl phosphate,
is able to extract trace Am(lll) over macro amounts of Eu(lll), but it does not
distinguish between trace Am(lll) and trace Eu(lll). The phosphinic acid type
extractants are not at all selective for transplutonides(III). An acceptable selectivity was found in the extraction of Am(lll) and Eu(lll) thiocyanates solvated by octyl phenyl diisobutylcarbamoylmethyl phosphine oxide, where
Am/Eu separation factors of 8 to 12 were attained (separation factor is a ratio
of the distribution coefficients of Am and Eu).
Most recently we have concentrated on the investigation of nitrogen donor
extractants. In this stage of the work the objective has been to obtain information about the influence of the molecular configuration of the extractant on
its selectivity for transplutonides(lll). The number of nitrogen donor atoms
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and their environment in the extractant molecule are the essential configuration characteristics, and the main attention is paid to compounds including
at least some of the nitrogen atoms in heterocyclic rings. Once a suitable
configuration of the extractant is known, it can be attempted to incorporate it
into a stable molecule with a low aqueous solubility and a good solubility in
non-polar diluents.
We have studied some solvating neutral extractants involving 2 or 4 nitrogen
atoms in their molecule. Due to easy synthesis, the extractants were Schiff
bases formed by diamines with heterocyclic aldehydes like 2-pyridinecarbaldehyde, and 2-substituted benzimidazoles. An example of the results is given
in the figure, where the extractant properties of 3-methyl-N,N'-bis-(2-pyridinylmethyl)-1,2-benzenediamine (PyTo) and 5-methyl-2-(2-pyridinyl)benzimidazole (PyToHcy) are illustrated. Both compounds are formed in the reaction
of 4-methyl-1,2-benzenediamine with 2-pyridinecarbaldehyde. The former
one, a Schiff base, is an intermediate product of the reaction, which at elevated temperature tends to proceed to the formation of the latter, heterocyclic
compound. The figure shows that the potentially tetradentate Schiff base extracts Am(lll) thiocyanate with an appreciable selectivity over Eu(lll) thiocyanate, attaining an Am/Eu separation factor of ~50 at pH 4.9 (hydroxylamine
buffer). A similar but partially aliphatic Schiff base, N,N'-bis(2-pyridinylmethyl)-1,2-ethanediamine, separates under analogous conditions Am(lll) from
Eu(lll) much less effectively, with the Am/Eu separation factor being ~5 at pH
5.3 - 5.5.
The figure also shows that the potentially bidentate heterocyclic extractant
PyToHcy exhibits a rather low selectivity for Am(lll) in the extraction of
Am(lll) and Eu(lll) thiocyanates. The analogous 2-(2-pyridinyl)benzimidazole
extractant gives very similar results. The Am/Eu separation factor is increased to ~10, if the metals are extracted by the latter compound from formate buff erred 1 M NH4SCN at pH 4.0 - 4.8.
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Extraction of Am(ill) and Eu(ill) thiocyanates with nitrogen donor
extractants:

PyTo is 3-methyl-N,N'-bis(2-pyridinylmethyl)-1,2-ben-

zenediamine and PyToHcy is 5-methyl-2-(2-pyridinyl)benzimidazole

2-(2-Pyridinylazo)-1-naphthol was tested as an acidic nitrogen donor extractant. An Am/Eu separation factor of 10 could be attained at pH 5.5 in the extraction with a solution of the reagent in 40 vol.% 1-butanol + 60 vol.%
chlorobenzene.
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ADVANCED SEPARATION OF HARMFUL METALS
FROM INDUSTRIAL WASTE EFFLUENTS BY ION EXCHANGE
Jukka Lehto, Risto Harjula, Heikki Leinonen and Airi Paajanen
Laboratory of Radiochemistry, Department of Chemistry.
University of Helsinki, Helsinki, Finland
SK96K0082

At the Laboratory of Radiochemistry advanced ion exchange materials and methods for the
advanced separation of harmful metals from industrial waste effluents have been developed
from the end of 1970'ies. Main emphasis has been put on three areas:
1) selective separation of radionuclides, such as

137

Cs, 90 Sr and 60 Co,

from nuclear waste solutions,
2) effective separation of transition metals, such as Cr, Ni and Zn,
from metallurgical waste effluents,
3) fundamental study and modelling of ion exchange equilibria.
By the selective separation of metals high reductions both in volumes of wastes to be
disposed of and in the releases of harmful metals into the environment can be obtained.
Modelling of ion exchange equilibria is done to enable prediction of ion exchanger
performances in industrial application of ion exchange processes. The ion exchangers
developed and studied are inorganic exchangers and chelating organic resins, which are in
certain cases very selective to spesific ions and groups of ions.
1. SEPARATION OF RADIONUCLIDES FROM NUCLEAR WASTE SOLUTIONS
1.1. Separation of

137

Cs by Hexacyanoferrates

Certain transition metal hexacyanoferrates, such as potassium cobalt hexacyanoferrate
K2CoFe(CN)6, are highly selective ion exchangers to cesium (1). At the Laboratory of
Radiochemistry a method to produce hexacyanoferrates in granular form suitable for column
operations has been developed. An industrial-scale cesium separation system utilising
hexacyanoferrate columns has been in in operation at the Loviisa NPP, Finland, since 1991
(2). This system is either under construction or being tested in several nuclear plants around
the world. The decontamination factors and volume reductions obtained by this method are
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superior to any other methods used for this purpose. For example, in the first full-scale test
run

137

Cs was removed from 182 m3 of evaporator concentrate solution by only one 8-litre

hexacyanoferrate column and the cesium activity reduced by a factor of 2000. No other
exchangers can remove cesium from this kind of concentrated salt solutions with such a high
effectiveness. For example, from a mordenite zeolite column the breakthrough occured
instantaneously.
1.2. Separation of 90 Sr by Modified Titanium Oxide
A modified titanium oxide ion exchanger has been developed for the selective separation of
90

Sr from nuclear waste solutions. This exchanger removes very efficiently strontium from

alkaline concentrated NaNO3 solutions which are typical at reprocessing plants.
1.3. Separation of

60

Co

For the separation of radioactive cobalt from an alkaline evaporator waste solution having
high salt concentration a wide variety of methods were tested (3). In this kind of solutions
cobalt is present in physical and chemical forms, such as colloids and complexes, which are
rather difficult to separate. Therefore, most ion exchangers, precipitants, adsorbents,
polyelectrolytes and filters could not separate cobalt from the solution. The only effective
methods were active carbons and precipitation as sulphide. The best active carbon could
remove 77 % of the 60 Co activity and by combining sulphide precipitation and active carbon
a total removal of 98 % was achieved.
2. SEPARATION OF METALS FROM METALLURGICAL WASTE EFFLUENTS
For the separation of chromium, nickel and zinc from waste effluents from metal plating
plants a wide range of exchangers were tested. These included both conventional strong and
weak acid and chelating resins, as well as inorganic exchangers and active carbons. In the
following the only the most promising systems are described.
2.1. Separation of chromium with a fibrous exchanger
Absolutely the best exchanger for all chemical forms of chromium was found to be a fibrous
exchanger FIB AN AK-22 (4). This exchanger contains both carboxylic and imidazole
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functionalities on polypropylene fibres. This means that the exchanger acts both as a cation
and an anion exchanger and also has capability of forming chelates. At pH 2 the exchanger
removed more than 99.3 % of both Cr3+ and Cr 2 O 7 2 ' and pH range of 5-8 more than 99.3 %
of CrO 4 2 ' from 5 ppm Cr solutions.
2.2. Separation of nickel with sodium titanate
For the separation nickel from metallurgical waste solutions highest separation efficiency was
obtained with an inorganic ion exchanger sodium titanate, Na 4 Ti 9 0 2 o (5). In a column
experiment with a 31 ppm Ni solution a loading of 0.65 meq/g was achieved and the Ni
separation prior to breakthrough was 99.9 % (6). Column experiments with various types of
nickel-containing waste solutions are being done.
2.3. Separation of zinc with an aminophosphonate chelating resin
Duolite C467, a chelating resin having an aminophosphonate

(-NH-CH2-PO3Na2)

functionality, removed very efficiently zinc from an alkaline waste solution having zinc as a
cyanide complex. In a column experiment with a 153 ppm zinc waste solution a loading 1.78
meq/g was obtained and the removal effieciency prior to breakthrough was 99.5 % (6). Basic
study of the ion exchange of zinc on Duolite C467 in a NaCN solutions with varying pH has
been started.
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EFFICIENT METHOD FOR SELECTIVE SEPARATION OF PALLADIUM FROM
SIMULATED INTERMEDIATE RADIOACTIVE WASTE NITRATE SOLUTIONS BY
IRA-410 and IRA-900 ANION EXCHANGERS

N.El-SAID, A.MEKHAIL, S.M.KHALIFA and H.F.ALY
Hot laboratories centre, Atomic Energy Authority
Post Code 13759, Cairo, Egypt
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REPROCESSING OF SPENT Co-Mo CATALYSTS FROM
PETROCHEMISTRY

Miroslav Mrnka, Daria Schrotterovd
Prague Institute of Chemical Technology, Prague

The volume of production using catalytic techniques is unusually
high. The development of efficient catalysts was related from the
beginning with the problems of deactivation and catalysts poisoning, their
regeneration and reactivation. At the end of these processes the problem
of reprocessing spent catalysts emerges.
The problem of reprocessing spent Co-Mo catalysts from
petrochemical plants is of inleresl in the Czech Republic as well as in the
whole Europe because to date hardly any efforts have been made to
recover Al(III), Co(Il) and Mo(VI) from the spent catalysts.
The project consisted of dissolving the catalysts in the sulfuric acid
and removal of any insoluble components by filtration. Aluminium (III)
from the filtrates was separated by recrystalisation with (NH4)2SO4 to
give (NH4)2SO4.Al2(SO4>3.24H2O which has no commercial value. The
Al salts were reprocessed to give either AlOOH or AIPO4 which have
broad application in the chemical industry.
An organic phase containing tri-n-octylamine was used to extract
Mo(VI) from the mother liquor thai contained Co(II) and Mo(VI). Next
the organic phase was stripped with NH4OH to recover Mo(VI) salts as
Cobalt(II) was recovered by precipitation with Na2CC>3 as COCO3.
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dovoľujeme si Vám
predstaviť obchodno-servisnú spoločnosť
AMEDIS s.r.o., ktorá zastupuje na trhu v Slovenskej a Českej republike
výrobcov s dlhoročnou tradíciou v analytickej prístrojovej technike -

firmy VARIAN, ISCO, SPARK Holland a CEM
Nosným
pilierom
v
programe
je
firma
VARIAN
ANALYTICAL INSTRUMENTS, ktorá je výrobcom analytických prístrojov
so spektrálnymi technikami UV-VÍS, AAS, ÍCP, ICP-MS a separačnými
technikami GC,GC-MS aHPLC. Všetky tieto systémy spájajú svojou
vysokou kvalitou a technickou úrovňou medzinárodné normy ISO 9000.
pravidlá správnej laboratórnej praxe v parametroch testovania, správnosti
merania ako aj spracovania dát a výsledkov.
Na predúpravu vzoriek pred použitím uvedenej špičkovej meracej
techniky ponúkame zariadenia a produkty pre extrakciu tuhou fázou
(SPE). Extrakčné kolónky Bond Eluty a AI-Bond Eluty určené pre malé
objemy vzoriek a Empore 3 M disky určené pre veľké objemy vzoriek
riešia problém výraznosti analytu v matriciach rôzneho charakteru nad
90%.
Automatizovaný on-line SPE systém ponúka firma SPARK
Holland.
Výrobky firiem CEM a ISCO sa používajú v prevažnej
miere k príprave vzoriek pre ich následné stanovenie.
K ponúkaným produktom patria predovšetkým mineralizátory na
báze mikrovlnného ohrevu (muflové pece, autoklávy) pre následné
stanovenie kovov metódami AAS a ÍCP. Ďalej systémy superkritickej
fluidnej extrakcie, ktoré využívajú rýchle a hlavne neškodné postupy
na izoláciu rôznych organických zlúčenín pre
ich
stanovenie
chromatografickými metódami, resp. IČ alebo U V-VIS.
Spoločnosť AMEDIS s.r.o., ktorá sídli v Piešťanoch a Budapešti,
má svoje pracovisko taktiež v Bratislave, Prahe a Spišskej Novej Vsi,
zastupuje vyššie uvedených výrobcov. Okrem technicko - informačných
služieb uskutočňuje aj dovoz, preclenie, inštalácie, záručný a pozáručný
servis.
Ponuky na uvedené systémy je možné získať na nasledujúcich adresách:
AMEDIS spoL s r.o.
Krajinská cesta 2929
92101 PIEŠŤANY
Tel/Fax: 0042-H3H-24149

Kancelária:
AMĽDIS spol. s r.o.
Prievozská 32
821 05 BRATISLAVA
Tel/Fax: 0042-7-296555

Service and Consulting Center
B & F spol. s r.o.

Firma sartorius bola založená pred 125 rokmi pánom Florencom Sartoriusom, ktorý
pracoval na Chemickom inštitúte v Göttingene ako mechanik a začal vyrábať meracieprístroje, z ktorých väčšina boli presné váhy. Aj firma Sartorius bola spočiatku
zameraná len na výrobu presných váh, neskôr roku 1927 rozšírila podnikateľské
aktivity aj v oblasti membránovej filtrácie - prvý výrobca membránových filtrov na
svete.
História vývoja u firmy Sartorius znamenala vždy míľniky v oblasti konštrukcie a
výroby váh. Napríklad v roku 1975 so sériou "3700" Sartorius uviedol na trh prvú
mikroprocessorom riadenú elektronickú váhu.
Cielom firmy je :
jednoduchá a logická obsluha prístrojov
istota meraných výsledkov,
a čo najdlhšia životnosť prístrojov
V súčasnosti to znamená technológiu MCI
S technológiou M C I firma zavádza tretiu generáciu vážiacej techniky. Po kroku od
mechanických na elektronické váhy nasleduje teraz skok do novej výkonnostnej
triedy. Ako dôkazy nášho Know-How vo výskume a vývoji sú prednosti v štyroch
rôznych oblastiach. Technológia M C I Vám ponúka :
novú rýchlosť, nový display, novú hospodárnosť, novú osobnosť
Pod "známou" miskou sa skrýva inteligentné "jadro", ktoré po prvý krát má v sebe pre
výrobcu váh skonštruovaný jednochipový mikrocomputer s taktovacou frekvenciou
40MHz. To pre Vás znamená :
skrátenie meracieho času
lepšie odfiltrovanie rušivých signálov
optimálne prispôsobenie ku každej aplikácii.
Ďalším charakteristickým znakom váh M C I je ich nový reflektívny, zospodu osvetlený LCDispaly, ktorý sa prispôsobuje všetkým svetelným podmienkam a zabezpečuje bezchybnú
čitateľnosť. Ďalšie prídavné informácie na displayi spoľahlivo vedú užívateľa cez pracovný
proces. Myslíme si že to dobre "vidno".
Istota kvality bola vždy prioritnou požiadavkou firmy Sartorius. A vďaka MCI sme tu tiež
zaviedli celkom nové merítko. Všetky informácie uložené v mikropočítači sú priebežne
kontrolované počas výroby a akákoľvek potrebná oprava údajov je okamžite prevedená.
Priebeh montáže riadi a kontroluje krok po kroku výrobný počítač. Výrobné data a aplikačné
parametre sú trojnásobne zálohované - absolútna inovácia vo vážiacej technológii.
Spoľahlivosť, ktorú iste zvážite.
Samozrejme pracujeme len so súčiastkami ktoré spĺňajú všetky požiadavky tzv. Sartorius
Standard.Každá zabudovaná súčiastka, počnúc kondenzátorom po IO je testovaná, najprv
samostatne potom znovu ako súčasť celku. Potom nasleduje justáž a posledné jemné
nastavenie "on line". To všetko nám zabezpečuje vysokú kvalitu a spolahlivosť pre každú MCI
váhu. Všetky výrobky firmy SARTORIUS majú certifikát DIN ISO 9 0 0 1 .
Zmluvným partnerom fy.Sartorius AG v Slovenskej Republike je B & F s.r.o.

B & F s.r.o.
sv.Juraja 19
SK - 92901 Dunajská Streda
Tel.: 0709 526498, Fax : 526237

Showroom :
Šulekova 44
81 1 03 Bratislava
tel/fax 07 31 1 110

banka : V.Ú.B Dunajská Streda
číslo účtu : 23006-122/0200
IČO : 31408389
31408389/612

Our Product Program
• Transmitters and Measurement
Systems for .
- pressure, absolute pressure,
differential pressure
- temperature
-flow
- mass flow, density
- level
• Analytical Instruments for
- water quality measurement
- combustion flue gas and process gas
monitoring
• Indicators, Monitors
• Process Control Systems
• Control Valves, Regulators

FISHER ROSEMOUNT
Fisher-Rosemount AG
Blegistrasse21
6341 Baar / Switzerland
Tel. (41)42 3361 11
Fax (41) 42 31 87 40
Telex 868 923 rsmch

VYBAVEN X E
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DIONEX
DUPONT-SORVALL

CECIL
POLÍTAL E L E T T R O H I C A

FASTER
GILSON

CHEMX NST

ORION

HAMILTON

MITSUBISHI KASEI
KONE

LABCONCO
LABLINE

pi pety, mlkrostri ekačky, dávkovače, d i lutory, autosampl ery,
automatická predseparáda

vzoriek- ASPEC,71STED,

HPLC,LC,SFC,SFE, iónové chromát oçrra fy, kapilárna e 1 ektroforéza,
UV/VIS spektrofotometre, AAS,analyzátory síry,dusíka,
analyzátory celkového obsahu organických halogénov (TOX.AOX.POX.EOX),
titrátory,pH-metre,konduktometre,prístroje na meranie rozpusteného kyslíka,
třepačky,miešačky,sušičky,muflové pece,chladničky,vodné kúpele, inkubátory,
laboratórne systémy na čistenie (dočisťovanie) vody,
laminárne boxy,biochemické analyzátory,...
Ak máte záujem o niektoré z uvedených výrobkov,
rad i Vám poskytnemé ďalšie i nformée i e.

Ing.Roaan R E P Á Š .V.Clementisa 46. 917 01

TRNAVA • tel/fax : 0805/43877

CHEMINST spol s r.o., Ha výstupu 8 , 147 00 PRAHA 4 , tel/fax : 02/4728458
CHEMINST Ges.m.b.H. ,Laudongasse 40 , A-1080 VIEN , tel : +431/40659080
fax : +431/4064483

a.s.

SABINOVSKÁ 14
82102 BRATISLAVA
»/fax : (07) 230-945, 691-97

YOUR PARTNER IN THE FIELD
OF ANALYSIS OF ENVIRÖMENTAL SAMPLES
OFFER COMPLETE AND PRICE ACCESSIBLE
SERVICES OF MODERN EQUIPPED ANALYTICAL LABORATORIES

D

physical and physicalchemical analysis

O

radiochemical analysis

O

microbiological and biological analysis

O

complete analysis of water according Slovak norm or requirments

O

analysis of soil and wastes,
elaboration of expert's reports by an autorised person

•

identification of envirimental accidents
and obseravation of remedation procedures

D

consultancy services in the field of analytical chemistry,
ecology, environment and toxicology

Viac ako tri roky

LAMBDA LIFE spol. s r.o.

dodáva na náš trh pre všetky laboratóriá:

čisté chemikálie firiem Sigma, Aldrich, Fluka, Serva,
Calbiochem-Novabiochem...

<m>

CALBIOCHEM
NOVABIOCHEM

S I G M A fciLLMi I " I U I C 9

pomôcky a spotrebný materiál pre chromatografiu
firmy Supelco
BUPELCO

laboratórne sklo, analytické sklo a náhrada
laboratórneho skla v plastickom prevedení firmy
Bibby Sterilin
BibbvSterilin

bioanalytické laboratórne prístroje - HPLC,
spektrofotometre, centrifúgy, scintilačné počítače,
pH metre firmy Beckman

BECKÍMAN Ü
'JU»in>SYSt«

Na Vaše otázky radi odpovieme osobne na adrese
LAMBDA LIFE spol. s r. o. Dúbravská cesta 2,
817 03 Bratislava, telefonicky na číslach 07/37 07 354,
37 07 438, alebo faxom na čísle 07/37 07 429.

NAFTA a.s.
QBELY

Naftařská 965
908 45 GBELY, SLOVENSKÁ REPUBLIKA

NAFTA, with its headquarter in Gbely ( West Slovakia ) is a company with a longterm
tradition sincel913 when the drilling of prospect wells for oil production had begun.

The company's activity is divided into five areas :
1. Exploration In prospect areas of Slovakia which is provided with own drilling rigs, work - over
jobs, drilling of the wells for home and foreign clients
2. Gas and crude oil production, providing geological services of reservoir engineering
3. Storing of imported gas in underground gas storages which are designed and constructed
byNAFTA
4. Building oil related machinery and repairing all machinery related to drilling and production
<
5. Construction of gas and oil gathering centres as well as gas storage facilities

