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Chemical studies and sorption behavior of some
hazardous metal ions on polyacrylamide stannic (IV)
molybdophosphate as 'organic – inorganic' composite
cation – exchanger
Although the organic ion-exchangers have wide applicability,
a few limitations of the organic resins have been reported. One of
the several limitations of the organic resin is it 's poor thermal
stability; for instance, the mechanical strength and removal
capacity of ordinary organic ion-exchange resins tend to decrease
under high temperature conditions. Since organic ion-exchangers
were found to be unstable at high temperature and under strong
radiation, inorganic ion–exchanger was taken as alternatives for
such cases. However, the inorganic adsorbents have their own
limitation. For instance, these materials, in general are reported to
be not very much reproducible in behavior and fabrication of the
inorganic adsorbents into rigid beads type media suitable for
column operation is quite difficult. Further, they have generally
worse mechanical and chemical strength than the organic
counterpart because of their inorganic nature.
In order to overcome the above limitation of organic resins
and inorganic adsorbent, many investigators have introduced
organic–inorganic hybrid ion–exchangers consisting of inorganic
ion–exchangers and organic binding matrices , creating a new class
of hybrid organic–inorganic materials called composite ion
exchangers with improvement in mechanical properties , chemical
inertness , high temperature and radiation stability , reproducibility
and high selectivity .

XXII

The main aim of this work was directed to find the optimum
conditions for removal of some hazardous metal ions using
polyacrylamide Sn(IV) molybdophosphate as composite cation –
exchanger. Therefore, the following items will be involved in this
study:
1. Preparation of polyacrylamide Sn(IV) molybdophosphate.
2. Characterization of the prepared ion exchanger using IR
spectra, X – ray diffraction patterns, surface area measurements
and DTA and TG analyse.
3. Chemical stability, capacity and equilibrium measurements will
be determined on this material at different conditions, (heating
temperature, reaction temperature and different pH's).
4. Determination of the ion exchange mechanism (Kinetics) and
the selectivity behavior of the investigated metal ions on the
prepared ion exchanger.
5. Ion exchange isotherms and it 's application for the removal of
the studied cations.
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Chemical studies and sorption behavior of some hazardous
metal ions on polyacrylamide stannic (IV) molybdophosphate
as 'organic – inorganic' composite cation – exchanger
Ezzat A. Abdel-Galil
ABSTRACT
Composite

materials

formed

by the combination of

multivalent metal acid salts and organic polymers provide a new
class of ‘organic–inorganic’ hybrid ion exchangers with better
mechanical and granulometric properties, good ion-exchange
capacity, higher chemical and radiation stabilities, reproducibility
and selectivity for heavy metals. This material was characterized
using X-ray (XRD and XRF), IR, TGA-DTA and total elemental
analysis studies. On the basis of distribution studies, the material
has been found to be highly selective for Pb(II). Thermodynamic
parameters (i.e. ΔGo, ΔSo and ΔHo) have also been calculated for
the adsorption of Pb2+, Cs+, Fe3+, Cd2+, Cu+2, Zn2+, Co2+ and Eu3+
ions on polyacrylamide Sn(IV) molybdophosphate showing that the
overall adsorption process is spontaneous and endothermic.
The mechanism of diffusion of Fe3+, Co2+, Cu2+, Zn2+, Cd2+,
Cs+, Pb2+ and Eu3+ in the H -form of polyacrylamide Sn(IV)
molybdophosphate composite as cation exchanger was studied as a
function of particle size, concentration of the exchanging ions,
reaction temperature, drying temperature and pH. The exchange
rate was controlled by particle diffusion mechanism as a limited
batch technique and is confirmed from straight lines of B versus
1/r2 plots. The values of diffusion coefficients, activation energy
and entropy of activation were calculated and their significance
was discussed. The data obtained have been compared with that
reported for other organic and inorganic exchangers.
XXIV

Exchange isotherms for H+/Fe3+, H+/Co2+, H+/Cu2+, H+/Zn2+,
H+/Cd2+, H+/Cs+ H+/Pb2+ and H+/Eu3+ were determined at 25, 45
and 65±1oC. These isotherms showed that Fe3+, Co2+,Cu2+, Zn2+,
Cd2+,Cs+, Pb2+ and Eu3+ are chemically adsorbed. Moreover, the
values of thermodynamic parameters were determined and the
overall adsorption processes were found spontaneous and
endothermic.
Finally, separation of the above mentioned cations on
polyacrylamide Sn(IV) molybdophosphate in a column was
performed.
Keywords: Removal, Hazardous Metal Ions, Ion Exchange,
Composite,

Polyacrylamide

molybdophosphate,

Synthesis,

Sn(IV)
Characterization,

Distribution Studies, Diffusion, Sorption Isotherm,
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1. INTRODUCTION
There has been substantial research on the inorganic ion exchangers
as well as organic resins commonly known as ion exchange media for the
remediation of wastewater from hazardous metal containing (hazardous
substances include toxic heavy metal as a by product of various industries
and radionuclides as a by product nuclear facilities (i.e. nuclear power
plants, fuel reprocessing plants, nuclear research centers, etc.)). However,
the practical uses of organic and inorganic ion-exchange media are still
limited by two major obstacles: one of the important limitations of
organic resin is its poor thermal and radiation stability than inorganic ionexchangers and other is the non-reproducible character, less stability in
high acidic and basic medium and high cost of inorganic ion-exchangers.
Furthermore inorganic ion-exchangers cannot be used in convenient way
in case when the impurities from a large volume of effluent are to be
removed. In order to overcome the above limitation of organic resins and
inorganic adsorbent, many investigators have introduced organic–
inorganic hybrid ion–exchangers consisting of inorganic ion–exchangers
and organic binding matrices , creating a new class of hybrid organic–
inorganic materials called composite ion exchangers with improvement
in mechanical properties , chemical inertness , high temperature and
radiation stability , reproducibility and high selectivity [Tondon et al.,
1996; Zhang et al., 1996; Alberti et al., 1994; Ferragina et al., 1990;
Alberti et al., 1995; Niwas et al., 1999; Zhang et al., 2005; Varshney
and Tayal, 2001; Varshney et al., 2001; Varshney and Pandit, 2001;
Varshney and Gupta, 2003-a; Varshney and Gupta, 2003-b; Gupta et
al., 2003; Shaw et al., 2003; Tiwari et al., 1998; Khan et al., 2005-a;
Khan and Alam, 2004; Khan and Alam, 2003; Khan et al., 1998;
Khan et al., 2002; Pandit and Chudasma, 2001].
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1.1. Pollution
Environmental pollution became one of the most important subjects
that attract the attention of many scientists at the present time. It means
the introduction of hazardous substances in to the environment resulting
in dangerous effects on human health. These substances may go into the
human body either directly in drinking water or indirectly via food, plant,
fish and meat. The pollutants come into soil from air or water. Air and
water pollution lead together to soil pollution. In fact there are very
strong meeting between air, water and soil pollution, air pollution leads in
some conditions to soil and water pollution by acid rain.
1.1.1. Type of pollution
1.1.1.1. Air pollution
It is the most serious problem that faces the recent societies
specially the industrial cities. It considered as a measure of several
industrial activities. It arises mostly from cool fired power plants and
boilers, motor vehicle exhaust and certain manufacturing industries.
Environmental tobacco smoke is considered to be one of the major and
serious domestic waste air polluting problems in developing and newly
developed countries. Atmospheric deposition of trace elements, mainly
the heavy metals, contributes to contamination of all other components of
the biosphere e.g., water, soil, and vegetation. The elemental content of
the tops of several plantations may be a good indicator for air
contamination in many areas, when determined against background
values obtained for unpolluted vegetation samples. It has been reported
that the atmospheric pollution has the following detrimental effects on
human beings [Issa, 1998]:-
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a) Decomposition of hemoglobin by the respiration of carbon mono
oxide.
b) Respiration of lead chloride resulting from the combustion of fossil
fuels causes poisonous for teeth and blood.
c) Formation of brittle bones due to the respiration of small particles of
aluminum ash resulting from industrial processes of aluminum ores.
Aluminum inside the body substitutes calcium in Ca3(PO4)2 which is
the main component of bones.
d) Ozone is irritant corrosive and poisonous in the lower part of
atmosphere and the depletion of ozone in the upper part of
atmosphere leads to the gradual increasing of global temperature of
the atmosphere and skin cancer.
1.1.1.2. Soil pollution
Trace elements such as lead, mercury, cadmium, zinc, cobalt, and
chromium originating from various sources may finally reach surface
soils. These metals are concentrated in the plant tissues and then
transferred across the food chains into humanbeings. Contamination of
soils occurs mainly in industrial regions and within centers of large
settlements where vehicles and municipal wastes are the most important
sources of trace metals. In Toyma, in Japan, the citizens had suffered
from strange disease that made them unable to move and very short. It
had been discovered that cadmium, found in wastes of zinc melting
industry, was thrown into rivers, transferred into the soil and then into the
rice plant, the principal food for Japanese, was the cause of these
diseases. In addition to aerial sources of trace pollutants, fertilizers,
pesticides and all sewage derived materials have been added to the trace
element pool in soils. Cramer gave information about the levels of heavy
metals in earth's crust and in soil [Cramer, 1981].

-3-

INTRODUCTION

E.A. Abdel-Galil

1.1.1.3. Water pollution
The water pollutants are either organic or inorganic pollutants. The
organic compounds are usually decomposed and oxidized by oxygen in
presence of some types of bacteria. When these organic compounds are
decomposed, the useful aquatic organisms will die. These compounds are
mainly coming from sewages residues into rivers or seas [Issa, et al.,
1998]. On the other hand, inorganic and heavy metals those are present in
natural present in natural waters (ground and surface) originate in
principle from chemical weathering of rocks and soil leaching. The
anthropogenic sources of trace elements in water resources are mainly
associated with mining of coal, mineral ores and with industrial and
municipal waste waters. Most trace elements especially the heavy metals,
do not exist in soluble forms for long periods in waters, and are mostly
present as suspended colloids or are fixed by organic and other mineral
substances. Thus their concentration in bottom sediments or in plankton
is most often an adequate indication of water pollution by trace elements
[El-Khalafawy, 1997]. In Egypt the River Nile, which is considered as
the main water source is still a recipient of most of the waste water
discharged by industrial effluents and several agriculture drains contains
mixed wastes (sewage and industrial). These wastes include a variety of
pollutants which have considerable potential effect on both water
ecosystem and human health. El-Naggar et al., 1992 studied the sorption
of 60Co and 134Cs on some Egyptian deposits [El-Naggar et al., 1992-a].
1.1.1.4. Radioactive pollution
Radioactive isotopes are used in industry, agriculture, medicine and
research work together with the activities related to the nuclear fuel
cycles generate active wastes. These wastes which generally contain
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atoms that undergo radioactive decay and emit radiation are referred to be
as radioactive wastes [IAEA, 1993]. In medicine nuclear applications
include diagnostic and therapeutic procedures (99mTc,

60

Co) [El-Khouly,

1997]. In research work and similar activities which need release of
radwaste to the environment (65Zn,

74

As,

115

Cd), in addition to the

uranium fission products. Hence, nuclear reactors radwaste solutions may
contain a variety of corrosion and fission product radioisotopes. They
appear in different concentrations and ionic forms, depending on the kind
and size of the fuel element leak and the chemical composition of the
radwaste solution. The dominating radioactive corrosion products include
53

Cr, 54Mn, 59Fe,

are mainly
may

90

affect

Sr,

58,60
131

the

Co, 65Zn and

I, and

134,137

124

Sb. The dominating fission products

Cs. The presence of some of these ions

chromatographic

behavior

of

each

other

in

decontamination processes. Finally, short lived radwaste generated in
industry, medicine and research is stored at the place of origin until its
activity falls to background level, after which it is considered as
nonradioactive waste [Subasic et al., 1993; Botros, 1996].
1.1.1.5. Industrial pollution
Waste in general is any discharged material. Domestic wastes are
those produced by individual activities. Agriculture waste, industrial
waste, commercial waste, building rubbish, hospital waste and household
waste are all considered as domestic waste [Dojlido and Best, 1992].
Nearly 10 percent of large cities are located on the coast. Domestic
wastes in the form of rubbish sewage and industrial effluents are released
into water ways with minimal or no treatment [Holden, 1972;
Woodbrige et al., 1975]. Industrial products and used industrial
materials may contain high concentrations of toxic metals. For example,
mercury is used by the chlor-alkali industry to produce chlorine and
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caustic soda in the pulp and paper industry and in the production of
battery cells, fluorescent bulbs, electrical switches, paints, agricultural
products, dental preparations and pharmaceutical [Mailman et al., 1980;
Goyer and Doull, 1986].
Cadmium, a byproduct of zinc and lead mining is an important
environmental pollutant. It has many industrial uses in paints, pigments,
batteries, and plastics. Another use is as an anticorrosive agent for steel,
iron, copper, brass, and other alloys [Mailman et al., 1980].
1.2. Different Tools Used for the Management of Waste Water
The processes and technologies commonly used for treatment of
liquid wastes fall generally into three main categories: chemical
precipitation, ion exchange and evaporation [Ojovan and Lee, 2005; Raj
et al., 2006]. Table (1) is a general guide showing the main features of
the three basic treatment processes. Chemical precipitation, ion exchange,
evaporation and solvent extraction are considered as high frequently used
methods. Reverse osmosis, ultra-filtration and micro-filtration process are
considered as less frequently used methods. Combination of different
methods may be applied to improve the overall decontamination factor.
1.2.1. Chemical precipitation
Chemical precipitation methods based on the coagulation
flocculation-separation principle are mostly used for the treatment of
liquid effluents from research establishments, and also reprocessing
plants. Most radionuclides and heavy metals can be precipitated, coprecipitated and adsorbed by insoluble compounds, e.g. hydroxides,
carbonates, phosphates, ferrocyanides and antimonates, and also removed
from solution. However, the separation is never complete for several
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reasons, and the decontamination factors (DF) achieved can be relatively
low [IAEA Vienna, 1968], so chemical treatment is usually used only for
low- and intermediate-level liquid waste treatment.
1.2.2. Evaporation
Evaporation is probably the best technique for wastes having
relatively high salt content and for nitric acid containing effluent, i.e.
having high electric conductivity, a relatively low volume and needing
high operating costs and high decontamination factors. Because of its
relatively high operating costs and high decontamination efficiency,
evaporation is preferably confined to the treatment of intermediate and
high-level radioactive liquid wastes. Although it can be considered a
fairly simple operation which has been successfully applied in the
conventional chemical industry for many years, its application in the
treatment of radioactive waste can give rise to many problems such as
corrosion, scaling, or foaming. All of those problems should be
considered as potential limitations of the evaporation process [AbuMesalam, 1998].
1.2.3. Ion exchange
Ion exchange is generally understood to mean the exchange of ions
of like sign between a solution and a solid highly insoluble body in
contact with [Amphlett, 1964]. The solid (ion exchanger) must, of
course, contain ions of its own, and for the exchange to proceed
sufficiently rapidly and extensively to be of practical value, the solid
must have an open, permeable molecular structure so that ions and
solvent molecules can move freely in and out. Many substances, both
natural (e.g. Zeolite) and artificial, have ion exchanging properties, but
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Table (1): Main features of treatment processes of aqueous waste [IAEA, 2003]
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for analytical work, synthetic organic ion exchangers (resin) are of
chiefly interest, although some inorganic materials, e.g. zirconium
phosphate and ammonium 12-molybdo-phosphates, also, possess useful
ion exchange capabilities and have specialized applications.
1.2.3.1. Classification of ion exchanger materials
1.2.3.1.1. Organic resins
The use of organic resins and metal complexing polymers for the
recovery of heavy metals and hazardous elements has not thoroughly
investigated unlike the solvent extraction reagents. In view of the
expectation for increasing of environmental pollution by toxic metals like
Cd, Pb, Zn and Hg, the need to look for selective resins to extract these
metal ions should be increased as some trials seem to be promising.
Organic resins may be classified as follows:
1.2.3.1.1.1. Natural organic ion exchangers
A large number of organic materials exhibit ion exchange
properties; these include polysaccharides (such as cellulose, algic acid,
straw and peat), proteins (such as casein, keratin and collagen) and
carbonaceous materials (such as charcoals, lignites and coals). Of these,
only charcoals, coal, lignite and peat are used commercially. Although,
they exhibit a very low ion exchange capacity as compared to synthetics,
they are widely available at a very low cost. They are normally used as
general sorbents, with their ion exchange properties being a secondary
consideration. Commercially available materials are often treated or
stabilized with other additives to improve their uniformity or stability.
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Some materials, such as charcoals, can be doped with chemicals to
improve their capacity or selectivity. The main limitations of natural
organic ion exchangers are;
-

Their low exchange capacity as compared to other materials,

-

Their excessive swelling and tendency to peptize,

-

The very limited radiation stability of cellulosic and protein materials,

-

Their weak physical structures,

-

Their non-uniform physical properties,

-

They are non-selective,

-

They are unstable outside a moderately neutral pH range [IAEA
Vienna, 2002].

1.2.3.1.1.2. Synthetic organic ion exchangers
The largest group of ion exchangers available today are synthetic
organic resins in a powdered (5–150 µm) or bead (0.5–2 mm diameter)
form. The framework, or matrix, of the resins is a flexible random
network of hydrocarbon chains. This matrix carries fixed ionic charges at
various locations. The resins are made insoluble by cross-linking the
various hydrocarbon chains. The degree of cross-linking determines the
mesh width of the matrix, swelling ability, movement of mobile ions,
hardness and mechanical durability. Highly cross-linked resins are
harder, more resistant to mechanical degradation, less porous and swell
less in solvents.
When an organic ion exchanger is placed in a solvent or solution it
will expand or swell. The degree of swelling depends both on the
characteristics of the solution/solvent and the exchanger itself and is
influenced by a number of conditions such as:
-

The solvent’s polarity,
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-

The degree of cross-linking,

-

The exchange capacity,

-

A strong or weak solvation tendency of the fixed ion groups,

-

The size and extent of the solvation of counter ions,

-

The concentration of the external solution,

-

The extent of the ionic dissociation of functional groups.

The main advantages of synthetic organic ion exchange resins are their
high capacity, wide applicability, wide versatility and low cost relative to
some synthetic inorganic media. The main limitations are their limited
radiation and thermal stabilities [IAEA Vienna, 2002].
At a total absorbed radiation dose of 109 to 1010 rads most organic
resins will exhibit a severe reduction in their ion exchange capacity (10 to
100% capacity loss), owing to physical degradation at both the molecular
and macroscopic level.
Cation exchange resins are generally limited to operational
temperatures below about 150°C, while anion exchange resins are usually
limited to less than 70oC. This requires that some streams, such as reactor
coolant water, be precooled substantially before their introduction to the
ion exchange media.
The main groups of synthetic organic ion exchange resins are
described below [IAEA Vienna, 2002].
1.2.3.1.1.2.1. Polystyrene divinylbenzene
The most common form of ion exchange resin is based on a
copolymer of styrene and divinylbenzene. The degree of cross-linking is
adjusted by varying the divinylbenzene content and is expressed as the
percentage of divinylbenzene in the matrix; for example, 5% crosslinking

means

5

mol %

divinylbenzene
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divinylbenzene content resins are soft, gelatinous and swell strongly in
solvents.
Fixed ionic groups are introduced into resin matrices, for example
by sulphonation, to create an ion exchanger. In sulphonation eight to ten
–SO3H groups are added for every ten benzene rings in the structure. The
H+ of the –SO3H group then becomes the mobile or counter ion. It can be
replaced by a treatment with a solution containing another cation; for
example, a solution of NaOH will produce the SO3Na group, with Na+ as
the mobile ion [IAEA Vienna, 2002].
Anion exchangers can be produced by creating –NH3+ or –N2+
functional groups on the matrix with OH–, Cl– or other anions as the
counter ion.
1.2.3.1.1.2.2. Phenolic
Phenol-formaldehyde condensation products, with the phenolic –
OH groups as the fixed ionic groups, are very weak acid exchangers.
Sulphonation of the phenol prior to polymerization can be used to
increase the acid strength. Phenolsulphonic acid resins are bifunctional
with both strong acid –SO3H and weak acid –OH groups included. The
degree of cross-linking is controlled by the amount of formaldehyde.
A resorcinol-formaldehyde polycondensate resin was recently
developed, characterized and tested extensively in India for the efficient
removal of radiocesium from alkaline reprocessing waste containing a
large concentration of competing sodium ions [Samanta et al ., 1992;
Samanta et al ., 1993; Samanta et al ., 1995]. Under alkaline conditions
the phenolic –OH groups ionize and serve as cation exchange sites with a
high selectivity for cesium ions. Incorporation of iminodiacetic acid
functional groups in the phenolic polymer gives it the additional property
of strontium uptake by chelation; such a resin is presently being used on
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an industrial scale plant at Tarapur in India for the treatment of alkaline
intermediate level reprocessing waste [Kulkarni et al ., 1996]. The
development of a similar resin for the removal or recovery of
radiocesium from neutralized high level waste has also been reported in
the USA [Bray et al., 1990].
Other phenolic type resins are produced using resorcinolformaldehyde, which incorporates phosphoric acid or arsonic acid
functional groups.
1.2.3.1.1.2.3. Acrylic
A weak acid ion exchange resin with weakly ionized carboxylic
acid groups is prepared by the suspension copolymerization of acrylic or
methacrylic acid with divinylbenzene. The –COOH functional groups
have very little salt splitting capacity, but under alkaline conditions
exhibit a strong affinity for Ca2+ and similar ions (such as strontium). The
acid strength can be increased by using various phosphoric acid
derivative groups, such as –PO3 2–, –PO3 3– and –HPO2 –.
1.2.3.1.1.3. Properties of organic resins
1.2.3.1.1.3.1. Stability of organic resins
Organic resins are widely used for water treatment, so that the
publish heed data refer mainly to the interactions between organic resins
and the relatively pure waters used for production of dematerialized or
softened water. Waste waters are much more harmful to resins, and the
effect of the components of waste water on organic resins may be
categorized as chemical and physical. Chemical degradation is caused by
oxidation, reaction of the resin with organic materials present in the
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water, or thermal instability. These effects lead to chemical changes in
the structure of the resin. Hence problems with the stability of organic
resins which occur only occasionally in water treatment can be quite
common

when

ion

exchange

is

used

for

effluent

treatment.

Understanding the factor affecting the stability of resins is therefore most
important for the successful application of the technique in effluent
treatment [Abdel-Monem, 2002].
1.2.3.1.1.3.2. Chemical stability
There are two main groups of organic resins:
1. Those formed by polycondensation or step-growth polymerization
2. Those formed by free radical or chain-growth polymerization.
The first group includes the oldest synthetic resins known, those
based on phenol-formaldehyde polymers, which are also among the least
stable. Resins made by chain-growth polymerization are mostly based on
polystyrene and to a lesser/extent on acrylamide, acrylic acid. All these
latter structure are crosslinked with divinyl benzene (DVB). Deterioration
of the resin can rise from chemical changes in the matrix and/or in the
active groups. Generally chemical stability of synthetic ion-exchanger
plays an important role in their analytical applications. Exchangers which
have a high solubility in water, as well as in acidic media, may not be
very useful for separation studies. It is, therefore, advisable to have a
rough guide of the solubility of an ion exchanger [Qureshi and
Varshney, 1991] made an effort in this direction.
1.2.3.1.1.3.3. Thermal stability
There are significant differences in the thermal stability of cation
and anion-exchange resins, where the cation exchangers containing
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sulphonic acid groups are thermally stable. In the acid or H+ form, their
stabilities are determined by the carbon-sulphur bond. The thermal
stability of the ammonium form of a gel poly(acrylic acid) resin has been
studied in a polishing application for boiler feed supply, in cleaning high
and low-pressure heater drains at 49-65oC and 149-177oC respectively
[Applebaum and Crits, 1965; Finklea, 1969]. Although there were
some problems at higher temperatures, the weak acid resin proved to be
more stable than a conventional strong acid resin. But anion exchangers
are far less resistance to heat cation exchangers. Polystyrene-derived
strong base resins in the base or OH¯ form can withstand temperatures of
up to only 40oC. Above this temperature their decomposition
approximately follows the Hofmann degradation mechanism [Fejes,
1969]. Finally, Table (2) gives a general comparison of inorganic and
organic ion exchangers and identifies in a quantitative fashion their
particular characterization [Helfferich, 1962].
1.2.3.1.2. Inorganic ion exchangers

Many useful inorganic ion exchange materials have beensynthesized during the last four decades, and found many applications in
areas of analytical chemistry, radiochemistry, environmental chemistry
and biochemistry. Inorganic ion exchangers are superior the organic
resins with respect to thermal stability and resistance to radiation, they
are highly selective for certain elements.
The inorganic ion exchangers may be classified as follows:
1.2.3.1.2.1. Natural inorganic ion exchangers
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Table (2): General comparison of organic and inorganic ion
exchangers.
Organic
exchangers

Inorganic
exchangers

Comments

Thermal stability

Fair to poor

Good

Chemical stability

Good

Fair to good

Stability

Fair to poor

Good

Exchange capacity

High

Low to high

Selectivity

Available

Available

Regeneration

Good

Uncertain

Mechanical strength

Good

Variable

Cost

Medium to high

Low to high

Availability

Good

Good

Immobilization

Good

Good

Handling

Good

Fair

Ease of use

Good

Good

Inorganic are especially good
for long term stability
Specific organic and inorganic
are available for any given pH
ran fair radiation
Organic are very poor in
combination with high
temperatures and oxygen
The exchange capacity will be a
function of the nature of the ion
being removed its chemical
environment and the
experimental conditions
For some applications,
such as cesium removal,
inorganic can be much
better than organic,
owing to their greater
selectivity Ion selective
media are available in
both organic and inorganic forms
Most inorganic are
sorption based, which
limits regeneration
Inorganic may be brittle or soft
or may break down
outside a limited pH
range
The more common inorganic are
less costly than organic
Both types are available from a
number of commercial sources
Inorganic can be converted to
equivalent mineral
structures, organics can
be immobilized in a
variety of matrices or
can be incinerated
Organic are generally tough
spheres, inorganic may be
brittle; angular
particles are more friable
If available in a granulated form
both types are easily to use in
batch or column application
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Naturally occurring materials such as clays and zeolites have some
ion-exchange properties but often it is difficult to use them, for example,
in column operation. One material which has been successfully used in
the past is vermiculite for cesium removal from effluents. One of the big
potential advantages of natural materials is their relative cheapness, but if
they need to be processed after mining, this advantage is reduced. All
these exchangers normally discharged when exhausted and replaced with
new materials.
Over the years, many enterprising chemists have sought to make
use of natural products, because of their inherent ion-exchange properties
or simply because they were cheap as starting materials for improved
products with higher capacity of greater durability. Even a cursory glance
at the literature uncovers such additives as sulfonated olive pits and
aminated cow horns [Singh and Rawat, 1994; Keith and Telliard,
1979]. The main type of ion exchange materials derived from natural
products are:
- Clay Minerals
- Zeolite
- Wood
- Humus Substances
- Nile Rose Plant (Water Hyacinth)
- Carbon Charcoal
- Ceramics
- Animal Bone [Tricalcium Phosphate]
1.2.3.1.2.2. Synthetic inorganic ion exchangers
In the last decades a good deal of interest has grown in synthetic
inorganic ion exchangers [Amphlett, 1964]. This is mainly because of
their greater power to withstand higher radiation doses [El-Naggar et al.,
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1995] and temperatures than the commonly used organic-based resins. In
addition to this, they sometimes exhibit highly specific properties which
might permit improved separations under ordinary conditions.
In this concern, these materials may be divided into the main
following groups [Qureshi and Varshney, 1991; Vesely, and Pekarek,
1972].
-

Hydrous oxides.

-

Acidic salts of multivalent metals.

-

Salts of heteropoly acids.

-

Insoluble ferrocyanides.

-

Synthetic aluminosilicates.

-

Certain other substances e.g. synthetic apatites, sulphides.

1.2.3.1.2.2.1. Treatment of waste water using synthetic inorganic ion
exchangers
Magneso-Silicate

and

Magnesium

Alumino-Silicate,

This

composite was synthesized by dropwise addition of a mixture of 0.5 M
aqueous solutions of magnesium chloride and aluminium chloride (1:1)
(200 ml) to 0.5 M aqueous solution of sodium metasilicate (200 ml) with
continuous stirring in a water bath adjusted at 60±1◦C. The mixed
solution was immediately hydrolyzed in demineralization water. The
precipitate was formed by addition of diluted ammonia solution to the
mixture. After an overnight standing, the precipitate was separated and
follow the same above procedure [El-Naggar and Abou-Mesalam,
2007]. Distribution coefﬁcients in nitric acid medium have been
evaluated to explore the separation potentiality of magneso-silicate and
magnesium alumino-silicate for Cs+,Co2+,Cd2+,Cu2+,Zn2+ and Fe3+ ions.
Sorption isotherms for all cations were investigated and the data showed
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the applicability of Freundlich isotherm for all cases [El-Naggar and
Abou-Mesalam, 2007].
A new crystalline cation-exchanger aluminium tungstate was
synthesized by mixing solutions of 0.1 M aluminium nitrate and 0.1 M
sodium tungstate at pH 1.2. The ion-exchange capacity of the material
was found to be 1.17 meq g−1 (for Na+). The Kd values for some alkaline
and transition metal ions were performed in 0.1 M HNO3 and TritonX100 (non ionic surfactant) solvent systems by batch process. Some
important and analytically difficult quantitative and selective separations
were achieved by using the packed column of this cation-exchange
material. Ion-exchange equilibrium of alkaline and transition metal ions
and thermodynamic parameters viz. equilibrium constant (Ka), values of
standard Gibbs free energy change (∆G◦), standard enthalpy change
(∆H◦), and standard entropy change (∆S◦) were determined on this ionexchange material. The effect of temperature on ion-exchange isotherm
of alkaline earth metal ions (Mg2+,Ca2+,Sr2+,Ba2+)/H+ systems and
transition metal ions (Fe2+,Co2+,Ni2+,Cu2+)/H+ systems were studied at
different temperatures 30, 40, 50, and 60◦C. The selectivity coefficients at
constant ionic strength (0.03 mol/kg) for alkaline and transition metal
ions were also evaluated [Nabiand and Naushad, 2007].
Cerium (IV) tungstate powder was chemically synthesized in a twostep procedure. Twenty grams of cerium nitrate was dissolved in a
mixture of (130 mL of bidistilled water and 210 mL of isopropyl alcohol)
with vigorous stirring for 2 h, followed by sol formation using 3 mL of 2
M HCl for 1 h. The sol was stabilized for 2 h and 15 mL H2O was then
added in the reaction mixture. Finally, 20 mL of NH3 solution was added
with continuous mixing and the mixture was let stand for gelation for 4 h.
The produced gel was centrifuged and dried at 50◦C for 24 h. The
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prepared powders were washed with bidistilled water to remove the
excess ammonia and residual inorganic materials. The resulting powder
was then used in the preparation of pure cerium (IV) tungstate powder
via solid-state reaction. For each sample, starting materials in the
appropriate stoichiometries were thoroughly mixed so that 2 moles of
sodium carbonate, 2 moles of tungsten trioxide and 1 mole of the
corresponding hydrous cerium oxide are mixed and heated at 650◦C in air
for 5 days with intermediate grindings [El-Kamash et al., 2007].
A framework sodium titanium silicate, STS, was prepared as
follows: to 30 mL of a freshly prepared 2 M TiCl4 solution (HCl factor is
3.5-3.7) in a 1.0 L Teflon vessel were added quickly and under stirring 40
mL of 30% H2O2, 150 mL of distilled water and 40 mL of 10 M NaOH.
Then 4.3 g of silicic acid dissolved in 200 mL of 1 M NaOH was added
to the reaction mixture. The reaction system was treated hydro thermally
(200°C) for 10 days. The product obtained was filtered, washed with
water, and dried at 70- 80°C in air. According to the elemental analysis,
the compound had the formula Na1.6H0.4Ti2O3SiO4.2.0H2O. Sodium
titanium

silicate

was

converted

into

the

protonated

form,

H2Ti2O3SiO4.1.6H2O(STS-H), by treatment with 0.5 M HNO3. The ion
exchange properties of the titanium silicate, M2-Ti2O3SiO4.nH2O (M= H,
Na), toward stable and radioactive137Cs+ and 89Sr2+, have been examined.
By studying the cesium and strontium uptake in the presence of NaNO3,
CaCl2, NaOH, and HNO3 (in the range of 0.01-6 M) the sodium titanium
silicate was found to be an efficient Cs+ ion exchanger in acid, neutral,
and alkaline media and an efficient Sr2+ ion exchanger in neutral and
alkaline media, which makes it promising for treatment of contaminated
environmental media and biological systems [Bortun et al., 2001].
Zirconium tungstate was prepared by mixing equimolar and
equivolumes of zirconyl chloride (ZrOCl2.8H2O) and sodium tungstate
- 20 -
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(Na2WO4.2H2O) solutions with

constant

stirring

at

ambient

temperature. The pH of the reaction mixture was adjusted and stirring
was continued for one hour. The prepared material was characterized by
IR, X-ray and thermal analysis. Surface area and capacity are determined.
It has characteristic IR absorption peaks at 3242, 1628, 955, 868 and 432
cm–1 and is thermally stable up to 450°C. Its surface area was 16 m2/g
with an exchange capacity of 0.541 meq/g. The sorption of radioactive
europium from different media at ambient temperature by the zirconium
tungstate (ZW) exchanger has been studied [El-Khouly, 2006].
A number of samples of zirconium (IV) tungstoiodophosphate were
prepared by adding 0⋅1 M ZrOCl2⋅8H2O solution to a mixture of 0⋅5 M
sodium tungstate, potassium iodate and 1 M orthophosphoric acid, in
different volume ratios with intermittent shaking of the mixture and
maintaining the pH at 1, The most chemically and thermally stable
sample is prepared by adding a mixture of aqueous solutions of 0⋅5 mol
L–1 sodium tungstate, potassium iodate and 1 mol L–1orthophosphoric
acid to aqueous solution of 0⋅1 mol L–1 zirconium(IV) oxychloride. Its
ion exchange capacity for Na+ and K+ was found to be 2⋅20 and 2⋅35
meq.g–1, respectively. The material has been characterized on the basis of
chemical

composition,

pH

titration,

Fourier

transform

infrared

spectroscopy (FTIR) and thermogravimetric analysis. The effect on the
exchange capacity of drying the exchanger at different temperatures has
been studied. The analytical importance of the material has been
established by quantitative separation of Pb2+ from other metal ions
[Siddiqui and Khan, 2007].
An amorphous sample of inorganic cation-exchanger Zr(IV)
tungstomolybdate was prepared by mixing varying ratios of 0.1 M
aqueous solution of sodium tungstate and 0.1 M aqueous solution of
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sodium molybdate into 0.1 M aqueous solution of zirconium oxychloride
at pH 1. This cation exchanger was found to have a good ion-exchange
capacity (2.40 meq.g−1 for Na+), high thermal and chemical stability. A
tentative structural formula was proposed on the basis of chemical
composition,

FTIR

and

thermogravimetric

analysis.

Distribution

coefﬁcients (Kd) values of metal ions in various solvent systems were
determined. Some important and analytically difficult quantitative binary
separations viz. Ni(II)–Pb(II), Ni(II)–Zn(II), Ni(II)–Cd(II), Mg(II)–
Al(III), etc. were achieved. The practical applicability of the cationexchanger was demonstrated in the separation of Cu(II)–Zn(II) from a
synthetic mixture as well as from real samples of pharmaceutical
formulation and brass alloy [Nabi et al., 2007].
Titanium (IV) tungstosilicate (TiWSi) was prepared by adding a 0.1
M aqueous solution of tungstosilicic acid dropwise with constant stirring
to an alcoholic solution of 0.1 M titanium(IV) chloride in a 1:1 molar
proportion. After complete addition of the tungstosilicic acid, the pH was
adjusted to 0–1 by the addition of 0.1 M HNO3. The ion-exchange
capacities of Ti(IV) tungstosilicate has been reported as 0.44 mequiv./g.
The material shows monofunctional ion-exchange characteristic and is
stable in 0.1 M solutions of HNO3, HCl, H2SO4 and acetone and benzene.
The Kd values for heavy metals such as Pb, Hg, Cd, Sb, Co, Zn, Ni, Fe,
Cr etc. have been reported in demineralised water and two surfactant
media by batch processes. Cr3+, Fe3+ and Sn4+ are totally adsorbed on the
materials in demineralised water while a decrease in Kd value with
increase in concentration of two surfactants is reported [Siddiqui and
Pathania, 2003].
α-Titanium hydrogen phosphate (THP) was prepared by reacting
0.126 mol of 15% titaniumtrichloride with 0.50 mol of 85% phosphoric
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acid during 4 days in a polyethylene flask at 333oK, with periodical
stirring. The solid was separated by centrifugation and washed with
bidistilled water until the washing part reached the pH range 3.5-4.0. The
final product was dried at 313oK and characterized. The ion-exchange
capacities of α-titanium hydrogen phosphate (TPH) have been reported as
0.66 mmol/g and 0.07 mmol/g for Ba2+ and La3+ respectively. [Airoldi
and Nunes, 2000].
Zirconium (IV) aluminophosphate was synthesized by the method
reported earlier [Varshney et al., 1998-a], which involves the
precipitation of the material, filtration, drying, cracking in demineralized
water, and then converting into the H+-form by treatment with 1 M HNO3
solution. The Nernst-Planck equations are applied to study the ionexchange kinetics on the surface of zirconium (IV) aluminophosphate for
Li+/H+, Na+/H+, K+/H+, Mg2+/H+, Ca2+/H+, and Sr2+/H+ exchanges in the
forward and reverse directions under the conditions favoring particle
diffusion. On the basis of these studies, various physical parameters such
as the self-diffusion coefficient (Do), the energy of activation (Ea), and
the entropy of activation (∆S*) have been determined and a correlation
has been made of these parameters with the ion exchange characteristics
of the material. The study gives an insight into the ion exchange
processes going on in the exchanger phase and its potential use in metal
ion separations [Varshney and Pandith, 1999].
The sample of cerium (IV) molybdate was prepared by mixing ceric
ammonium nitrate and ammonium molybdate at room temperature. The
pH of the ceric solution was adjusted with 0.1 M H2SO4 to 0.80, 0.50 and
0.15. A description of the preparation and properties of an H+ form of
cerium (IV) molybdate ion exchanger prepared at different pH values is
given. The material was characterized by inductively coupled plasma
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(ICP) elemental analysis, IR spectrometry and thermogravimetry and
titration curve analysis; its composition was found to be Ce(OH) 2(HMoO4)2…nH2O. It was also observed that the exchange capacity of the
ion exchanger depends upon the pH value of the ceric solutions used and
its value was lowered after gamma irradiation. Furthermore, the
absorption of

99

Mo and the distribution coefﬁcient of this ion exchanger

for Mg(II), Ba(II), Ca(II), Ni(II), Mo(VI), Cr(VI) and Th(IV) were
investigated. It was found that cerium (IV) molybdate had the highest
absorption for Th(IV) and Ba(II), while Mg(II) and Ca(II) showed the
lowest absorption, respectively. Finally, gamma irradiation, in general,
lowered the absorption of the cations being investigated in this study
[Nilchi et al., 2006-a].
Silico-antimonate was synthesized by dropwise addition of 0.8 M
sodium metasilicate to 0.8 M antimony pentachloride with molar ratio
Si/Sb equal to 0.5. The process was carried out at room temperature. The
prepared silico antimonate has been characterized using different
available tools (X-ray diffraction (XRD) pattern, X-ray fluorescence,
infrared spectroscopy and differential thermal analysis). From the
analysis data, the empirical formula of silico-antimonate was obtained to
be H2SiSb4O13.10H2O. Sorption kinetics for Cu2+, Zn2+, Cd2+ and Ni2+
ions on silico-antimonate were studied and found to be follow the first
order kinetics obeying the Freundlich isotherm over the entire range for
the bulk concentration of the metal ions. Thermodynamic parameters (i.e.
∆Go, ∆So and ∆Ho) have also been calculated for the adsorption of Cu2+,
Zn2+, Cd2+ and Ni2+ ions on silico-antimonate showing that the overall
adsorption process is spontaneous and exothermic [Abou-Mesalam,
2003].
δ-Tin (IV) phosphate was prepared as follows. To 180 mL of a 1 M
SnCl4 solution in a1 L Teﬂon-lined stainless-steel autoclave, 100 g of
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(NH2)2CO and 225 mL of 85% H3PO4 were added and mixed thoroughly.
The reaction mixture was treated hydrothermally (180°C) for 10 days. A
precipitate was separated by ﬁltration, washed with distilled water and
dried in air at 60°C (δ-SnP–NH4). The hydrogen form (δ SnP–H) was
obtained by treatment of the δ-SnP–NH4 with an excess of a 0.1 M HNO3
solution and then washed with distilled water. The partially substituted
Ca2+ ion form (d-SnP-Ca) of the exchanger was prepared by treatment of
δ-SnP–H with 0.5 M CaCl2 solution at a V:m ratio 100:1 (mL g-1) for 2
days at room temperature. The ion exchange behavior towards alkali and
alkaline earth ions was studied. High afﬁnity (Kd

Cs

~ 5 x104 to 2 x 105

mL g-1) and capacity (160–200 mg Cs+ per g of exchanger) for Cs+ makes
these materials promising for selective radioactive cesium removal from
contaminated groundwater and nuclear waste [Bortun et al., 1999].
Cerium(IV)

antimonate

was

prepared

as

reported

earlier

[Clearheld, 1978; Gill and Tandon, 1972; El-Naggar et al., 1996-a;
El-Naggar et al., 1996-b] by dropwise addition of 4 M antimony
pentachloride and ceric ammonium nitrate solutions with constant
stirring at a Ce/Sb molar ratio of 1 at 60°C. The kinetic behaviour
of Li+, Na+, K+ and Cs+ ions exchange on cerium(IV) antimonate was
investigated under conditions of particle diffusion and the limited
batch technique. Values for the diffusion coefficients, activation
energy

and

entropy

of

activation

were

calculated

and

their

significance were discussed. The values of the effective diffusion
coefficient increased in the order Cs+ > K+ > Na+ > Li+, which
parallels the ionic radii and the ionic mobility. The activation
energy (Ea) was found to decrease with decreases in the entropy
change of the system. The data obtained for this exchanger were
compared with those for organic resins and other inorganic ion
exchangers [El-Naggar et al., 1996-a].
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Tin (IV) antimonate (SnSb) was prepared by dropwise addition of
a 4 M antimony pentachloride solution to a 4 M tin(IV) chloride
solution at an Sn/Sb molar ratio of 0.7 at 60°C [El-Naggar et al.,
1996-c]. The equilibrium exchange of Li+ and K+ ions with the hydrogen
form of tin (IV) antimonates was investigated in MC1-HC1 media at 25,
45 and 60°C. The exchange isotherms were measured for both the
forward and reverse reactions at a solution ionic strength of 0.1 by
the batch technique. Enthalpy and entropy changes accompanying the
Li+-H+ and K+-H+ exchanges were determined by the temperature
variation method. The Li+-H+ and K+-H+ exchanges are enthalpy
directed, the enthalpy change determining the selectivity of the
alkali metal ions over hydrogen ion [Zakaria and El-Naggar, 1998].
Iron (Ill) antimonate (FeSb) was prepared by dropwise addition
of a 0.5 M solution of antimony(V) chloride to a 0.5 M solution of
ferric chloride at an Fe/Sb molar ratio of 1.3 at 60°C. The equilibrium
exchange of Li+ and K+ ions with the hydrogen form of iron(III)
antimonates was investigated in MC1-HC1 media at 25, 45 and 60°C.
The exchange isotherms were measured for both the forward and
reverse reactions at a solution ionic strength of 0.1 by the batch
technique. Enthalpy and entropy changes accompanying the Li+-H+
and K+-H+ exchanges were determined by the temperature variation
method. The Li+-H+ and K+-H+ exchanges are enthalpy directed, the
enthalpy change determining the selectivity of the alkali metal ions
over hydrogen ion [Zakaria and El-Naggar, 1998].
ZrTi ion exchanger was prepared by dropwise addition of zirconyl
chloride (0.5 M) to titanium tetrachloride (0.5 M) dissolved in 4 M HCl
with molar ratio Zr/Ti equal to 1.18. The process of addition was carried
out in a shaker thermostat water bath adjusted at 400 rpm and 50oC and a
little amount of ammonia solution 1 M was added to facilitate the
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formation of precipitate (ZrTi). Diffusion behavior of Cs+, Zn2+ and Eu3+
ion exchange on zirconium titanate (ZrTi) were studied under particle
diffusion conditions and the limited batch technique. The values of the
diffusion coefficients, activation energy and the entropy of activation
were calculated and compared to those obtained for other inorganic and
organic resins. The values of the obtained effective diffusion coefficient
were found to increase in the order Cs+> Zn2+ >Eu3+. The activation
energy was found to decrease with decreases in the entropy of the
activation of the system. From all the data obtained it is anticipated that
the above mentioned cations are exchanged with H+ of ZrTi in the
unhydrated form [Abou-Mesalam and El-Naggar, 2003].
Samples of stannic vanadate have been synthesized by varying
the mixing ratio of the reagents and pH of the mixture. The most stable
sample has been synthesized by mixing 0.25 M solutions of stannic
chloride and sodium metavanadate in the ratio of 2:3 at pH 2.5. The
material behaves as a weak cation exchanger.

This sample has been

critically studied for its ion-exchange, chemical, and thermal behavior.
The analytical utility of the material has been demonstrated by achieving
some binary separations of metal ions on its column. Arsenate has also
been quantitatively removed from a mixture of tungstate, phosphate, and
antimonite [Qureshi et al., 1977].
Silico(IV) titanate was prepared by dropwise addition of sodium
metasilicate (1 M) to titanium tetrachloride (1 M) dissolved in 4 M HCl
at Si/Ti molar ratio of 1.0 with continuous stirring in water bath at
60±1◦C. The kinetics and mechanism of diffusion of Cs+, Co2+ and Eu3+
in the H+-form of silico(IV)titanate (SiTi) have been studied. The
sorption conditions were set to study the particle diffusion mechanism
only and is confirmed from straight lines of Bt versus 1/r2 plots. The
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values of diffusion coefficients, activation energy and entropy of
activation were calculated and their significance was discussed. The data
obtained have been compared with that reported for other organic and
inorganic exchangers (El-Naggar et al., 2007-a). Silico(IV)titanate as a
cation exchanger has been obtained in a semi-crystalline form. This
inorganic ion exchanger has high chemical stability. The capacities of
this material for selected radionuclides such as Cs+, Na+, Co2+ and Eu3+
were investigated, and the selectivity was found in the order; Cs+ > Eu3+
> Co2+> Na+. Exchange isotherms for H+/Cs+, H+/Co2+ and H+/Eu3+ were
determined at 25, 45 and 65±1oC. These isotherms showed that Cs+, Co2+
and

Eu3+

are

chemically adsorbed.

Moreover,

the

values

of

thermodynamic parameters were determined and the overall adsorption
processes were found spontaneous and endothermic [El-Naggar et al.,
2008].
Stannic silicomolybdate was prepared by adding mixture of 0.1 M
aqueous solutions of sodium molybdate and sodium metasilicate in a 0.1
M aqueous solution of stannic chloride pentahydrate with constant
stirring in a 1:1 volume ratio. The pH (0.63) of the resulting solution was
maintained by adding 1 M HNO3. The experimental parameters such as
order of mixing, mixing volume ratio, pH, stirring time, drying
temperature were established for the synthesis of the material. The ion
exchange capacity of Ca2+ was improved from 0.53 to 1.73 meq/g for this
newly synthesized material. The reproducibility of the product formed
was checked. The exchanger was characterized on the basis of chemical
composition, thermal and chemical stability, FTIR, TGA, DSC, X-ray
and SEM analysis. The scanning electron microscopy of the material
shows regular diamond shape morphology. The presence of uniform
morphology also indicated the absence of impure phases. The X-ray
diﬀraction study showed the amorphous nature. Distribution coeﬃcient
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studies of the metal ions on this material were performed in solvents
having different acid dissociation constants namely trichloroacetic acid,
formic acid and acetic acid [Nabi and Khan, 2006].
Zirconium (IV) antimonoarsenate (ZrSbAs) was prepared by adding
zirconyl oxychloride (0.1 M) solution to a continuously stirred solution of
potassium pyroantimonate (0.1 M) and sodium arsenate (0.1 M) at 60oC,
in the volume ratio 2:1:1. Gelatinous white precipitates were obtained
and pH of the gel was adjusted by adding either HCl or NaOH solution.
The prepared material has an ion-exchange capacity of 0.40 meq./g was
selected for further studies. The material is characterized using various
analytical techniques, like XRD, IR, TGA and SEM, in addition to the
ion exchange capacity and distribution coeﬃcient (Kd) studies. Further
the exchanger has been used as an electro-active material for the
determination of cerium (III) ions with epoxy resin, PVC and polystyrene
as binding materials. A membrane having a composition: ZrSbAs (50%)
and polystyrene (50%) gives the best performance. It works well over a
wide Ce (III) ion-concentration range of 5 x10-5 –1 x10-1 M with a superNernstian slope of 52.0 mV/decade. It has a fast response time of 10 s
and has an average lifetime of four months. The proposed sensor shows a
good selectivity for cerium (III) ions with respect to alkali, alkaline earth,
some transition and rare earth metal ions that are normally present along
with cerium in its ores. The electrode has also been used as an indicator
electrode in potentiometric titrations of Ce(III) ions against oxalic acid
[Mittal et al., 2006].
For the preparation of the zirconium vanadate exchanger, 0.1 M
sodium vanadate solution (100 ml) was added dropwise to a solution of
0.1 M zirconium oxychloride solution (50 ml) (both Reidel AR) in 2 M
HCl with constant stirring. After the addition was complete, yellow
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precipitate appeared. The percentages of adsorption of the 152Eu and 134Cs
were studied at varying pH conditions. At pH 3, zirconium vanadate
adsorbs both Eu3+ and Cs+ and a column chromatographic separation was
achieved using 0.1 M EDTA as the eluant [Lahiria et al., 2005].
For the preparation of the ceric vanadate exchanger, ammonium
ceric nitrate and sodium vanadate (both Reidel AR) were used in
equimolar concentrations. Sodium vanadate (150 ml) was added drop by
drop in a solution of ammonium ceric nitrate (50 ml) in water with
constant stirring. After the addition was complete a fine yellow
precipitate appeared. The percentages of adsorption of the 152Eu and 134Cs
were studied at varying pH conditions. The ceric vanadate ion exchanger
showed an increased trend in adsorption for both the radionuclides with
increase of pH value from 1 to 6. At pH 1, a column chromatographic
separation of these radionuclides from a mixture was achieved, because
at this pH only

134

Cs was adsorbed to ceric vanadate bed in the column

[Lahiria et al., 2005].
Zirconium silicate (ZrSi) as an inorganic ion exchanger was
prepared from sodium meta-silicate (1 M) and zirconyl chloride (1 M)
with molar ratio Zr/Si = 1:1. This inorganic ion exchanger has high
chemical stability. The diffusion behaviors of Cs+, Co2+ and Eu3+ on the
prepared ion exchanger have been studied under different conditions of
particle sizes, reaction temperatures and drying temperatures. The
experimental conditions were set to favor particle diffusion control
condition only. The diffusion coefficient (Di), activation energy (Ea), and
entropy of activation (ΔS*) have been evaluated and compared with those
reported for other inorganic and organic exchangers. The sorption
isotherms were also investigated for Cs+, Co2+ and Eu3+ in the
concentration range (5×10−4–10−2 M) at different reaction temperatures
(30, 45 and 65±1°C). The values of thermodynamics parameters were
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determined and the sorption processes of the different metal ions were
found exothermic [El-Naggar et al., 2007-b].
Eight different samples of a new inorganic ion-exchanger cerium
(III) silicate have been prepared under varying conditions. Ion-exchange
capacity, I.R., thermogravimetry and sorption of radionuclides have been
studied. Separations of

85

Sr-46Sc,

147

Nd-232Th and

147

Nd- 235 + 238U have

been developed on columns of this ion-exchanger [Marageh et al.,
1996].
Zirconium molybdate was prepared by the ammonium molybdate
method. Zirconium molybdate has been used as a support on which Pd
(II) has been sorbed. The materials have been characterized by elemental
analysis, thermal analysis, spectral analysis (FTIR) and surface area
measurements [Beena et al., 1996].
Three types of inorganic ion exchangers based on zirconium
hydrophosphate were synthesized using the following methods: (I)
phosphatising of dried zirconium hydroxide gel; (II) phosphatising of
makeup zirconium hydroxide gel; (III) mixing together of ZrOCl2 and
H3PO4 solutions. The influence of synthesis conditions on exchange and
kinetic properties of ion exchangers were analyzed. It was found that the
maximal molar P:Zr ratio in ion exchanger can be reached using method
(II). Copper ion mobility in ion exchangers increases with increasing P:Zr
ratio. The effective diffusion coefﬁcients of Cu2+, which were obtained
by kinetic methods at pH 2.5, reaches 1.8×10−13 to 7.7×10−13 m2s−1
[Dzyazko et al., 2005].
A number of samples of zirconium (IV) selenomolybdate (ZSM)
were synthesized by mixing solution of 0.1 M zirconium (IV)
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oxychloride, 0.1 M seleneous acid and 0.1 M ammonium molybdate in
different mixing ratios. The prepared material was characterized using
I.R., X-ray, TGA, DTA techniques. Its composition was found to be
Zr:Se:Mo::2.5:0.7:1.6 and it is quite chemically stable. It exhibits 0.94
meq./g ion exchange capacity for Na+ ions. Its distribution behavior for
16 metal ions has been studied and its utility has been employed by
achieving separations Zn2+ –Cd2+, Zn2+ –Co2+, Ni2+ –Cd2+ and Ni2+ –Co2+
on its column [Gupta et al., 2000].
Preparation, characterization and applications of a novel long life
ammonium ion membrane sensor based on zirconium titanium phosphate
(ZTP) ion exchanger are described. The sensor displays a useful
analytical response with excellent reproducibility, good precision, low
detection limit and applicability over a wide range of ammonium ion
concentration (1.2x10−5–1.0 M). It also offers the advantages of
significantly high thermal stability and resistivity towards redox agents
and strong mineral acids. Using a gas diffusion dialyzer/ﬂow-injection
system, under optimized conditions, the ZTP membrane based sensor
provides a throughput of 30 samples per hour with excellent selectivity
for ammonium ion over most common cations. The average recovery of
7–140 µg ml−1 NH3–N is 101.3±1.6% and the overall system has the
advantages of simple construction, low cost, fast response time,
reliability and automation feasibility [Hassan et al., 2001].
Zirconium molybdate and zirconium silicate were prepared by
application of the precipitation and sol–gel routes, respectively. The
produced ion exchange powders were physically characterized using Xray diffraction, infrared and differential thermal analysis. The obtained
data revealed that they are thermally and chemically stable, having
unique microstructure properties that permit their use in chromatographic
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separation of Na+, Co2+ and Eu3+ from liquid waste streams. Distribution
coefﬁcient studies have been conducted in parallel with the loading
elution column operations; both ion exchangers showed the same order of
selectivity towards the aforementioned ions and the Kd values decreased
in the order; Eu3+ >Co2+ >Na+. The capacities of the used exchangers
differed with drying temperature; zirconium-silicate possessed higher
capacities than corresponding molybdate one.

22

Na,

60

Co and

152+154

Eu

were separated from each other on the loaded columns using 0.1 M
HNO3 and 1 M HNO3 [El-Gammal and Shady, 2006].
When a solution phosphoric acid is mixed with a solution
containing a Ce(IV) salt a precipitate of cerium phosphate is formed, the
composition, degree of crystallinity and structure of which are strongly
dependent on experimental conditions such as precipitation medium,
temperature, digestion time, PO4/Ce ratio in solution, rate and order of
mixing and stirring etc. The maximum exchange capacity of 2.9 meq./g is
totally lost on heating the exchanger to 200oC. The selectivity series for
alkali metal cations follows the order of hydrate ionic radii, i.e.,
Cs+>Rb+>K+>Na+>Li+. Standard enthalpy changes have been determined
for the Li-H, Na-H and K-H exchanges (+3.6, +3.1 and -0.63 KJ/mol),
respectively [Koing and Meyn, 1967-a; Koing and Meyn, 1967-b;
Koing et al., 1968; Larsen and Cilley, 1968; Vesely and Pekarek,
1972].
Zirconium arsenate (ZrAs) was prepared either as an amorphous
substance by mixing zirconium salt solutions with arsenic acid [Torracca
et al., 1967] or as a crystalline material by refluxing the amorphous
zirconium arsenate with H3AsO4 for a prolonged period [Clearfield et
al., 1970]. The Na+-H+, Li+-H+ and Ba2+-H+ exchange processes have
been found to be irreversible [Torracca et al., 1967], owing to the
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structural rearrangement when going from or to a possible precipitation
of barium arsenate within the exchanger. Amorphous zirconium arsenate
has been reported as a suitable material for concentrating cesium from a
mixture containing multivalent and alkali metal ions [Torracca et al.,
1967].
Iron(III) titanate was prepared by [Abou- Mesalam and ElNaggar, 2002] by the reaction of titanium and iron salt solutions with
different molar ratios. Iron (III) titanate can be written as Fe1.3TiO4.2H2O.
The selectivity sequence for sorption of Cs+, Co2+ and Eu3+ ions on
iron(III) titanate was found to be ; Co 2+> Eu3+> Cs+. The leach rate
values of Cs+, Co2+ and Eu3+ ions from iron(III) titanate heated to 1000oC
different leachants were determined and showed lower values compared
to those obtained from unheated iron(III) titanate (dried at 50oC) which
elucidate the suitability of iron(III) titanate in fixation of Cs+, Co2+ and
Eu3+ ions by thermal treatment up to 1000oC [Abou-Mesalam and ElNaggar, 2002].
Titanium molybdate (TiMo) was prepared by mixing Ti(SO4)2 or
TiCl4 solutions with an acidic solution of sodium molybdate. Amorphous
products with Mo/Ti ratio ranging from 0.5 to 2.0 have exchange
capacity between 0.8 and 1.6 meq./g. The capacity is substantially by
heating the exchanger to 200oC. High selectivity of this exchanger
towards Pb2+, Ba2+, Ti+ and K+ has been found and numerous separations
such as Zn2+-Pb2+-Ti+, Bi3+-Pb2+-Ti+, Na+-Rb+, K+-Cs+, B2+-Ca2+, and
Na+-Cs+ have been achieved [Qureshi and Rathore, 1969; Cziboly et
al., 1969].
Thorium molybdate (ThMo) was prepared by mixing Th(NO3)4 and
Na2MoO4 solutions. Various conditions of preparation lead to formation
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of different products. This exchanger is readily dissolved in mineral acids
and on heating to 100oC its capacity (~0.57 meq./g) is lost. Total
adsorption of Fe3+, Zr4+ and Pb2+ has been observed and Co2+-Fe3+, Zn2+Fe3+ and Cu2+-Fe3+ separations have achieved with this exchanger
[Qureshi and Husain, 1970].
Titanium tungstate was prepared by mixing TiO(SO4)2 or TiCl4
solutions with Na2WO4. The amorphous material is highly stable towards
mineral acids. The exchange capacities vary between 0.42 and 0.76
meq./g depending upon the exchanger composition, and are higher for
bivalent than univalent cations. Higher selectivity for Ca2+ than other
alkaline earth metal cations has been found, permitting the separation of
Ca2+ from Sr2+, Mg2+ and Ba2+ [Qureshi and Gupta, 1969; Qureshi and
Husain, 1970; Cziboly et al., 1969].
Titanium tungstates were synthesized hydrothermally at 150 or
190oC for 4 days in the presence of urea [Moller et al., 2002].
Zirconium tellurate (ZrTe) was prepared by refluxing ZrOCl2 and
NaTeO4 solution in 1 M hydrochloric acid and its composition
corresponding to the formula Zr(H2TeO6).4H2O. Four molecules of water
are lost on heating to 100-500oC, and condensation to Zr(TeO5).H2O was
occurred at 650-700oC [Rahman and Huq, 1970].
Titanium(IV) antimonate as a cation exchanger has been obtained in
amorphous form by mixing titanium tetrachloride to antimony
pentachloride in molar ratio of Ti/Sb in the starting solutions is unity.
Ion-exchange equilibria of Gd3+, Eu3+ and Ce3+ ions with H+ form of
titanium(IV) antimonate in MCl3–HCl media with a solution ionic
strength of 0.1, in the reaction;
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Mn+ + R—H

R—M + nH+

has been measured in both forward and reverse reactions at different
reaction temperatures 25, 40 and 60°C (±1°C) by batch method
[Chitrakar and Abe, 1986 ; El-Naggar et al., 1997-a ; Zakaria et al .,
2002].
The antimony silicates and the materials doped with tungsten or
niobium were prepared by [Moller et al., 2001; Harjula, 1999]. An
antimony titanate doped with tungsten was prepared by mixing TiCl4
(99%) with SbCl5 (99%) in 4 M HCl, to which Na2WO4.2H2O in H2O
was added with an excess of deionized water, so that the final
concentration of HCl was 1.48 M. The antimony silicates are known to
be highly selective for strontium in 0.1 M HNO3. [Clearfield, 1982;
Moller et al., 2001; Nonikov et al., 1975; Zouad et al., 1994].
Thorium phosphate of various compositions prepared under various
conditions has been reported. The exchanger when precipitated at room
temperature show low exchange capacity and low stability towards
hydrolysis but when precipitated at 100oC the exchanger shows high
exchange capacity [Alberti and Costantino, 1970; De and Chowdhury,
1974].
Thorium tungestate in both amorphous and crystalline variety have
been reported. It is prepared by mixing thorium nitrate and sodium
tungestate solutions [Qureshi and Gupta, 1971; De and Chowdhury,
1976; Sarkar and Basu, 1992].
Both amorphous and crystalline stannic phosphate is prepared by
mixing stannic chloride and sodium hydrogen phosphate or phosphoric
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acid solution [Inoue, 1963; Sato et al., 1966; Costantino and
Gosperoni, 1970; Inoue et al., 1964].
Stannic molybdate is prepared by mixing stanic chloride and
ammonium molybdate solution [Qureshi and Rawat, 1968].
Zirconium titanium phosphate (ZTP) has been synthesized by a
modified sol–gel technique. ZTP has been characterized by elemental
analysis (ICP-AES), thermal analysis (TGA), FTIR and X-ray diffraction
studies [Jignasa et al., 2006].
Lithium zirconium silicate (LiZrSi) ion exchanger was synthesized
by dropwise addition of a mixture of lithium hydroxide and zirconium
oxychloride to sodium metasilicate with different volume ratios. The Na+,
K+ and Cs+ capacities of lithium zirconium silicate (LiZrSi) under
different preparation conditions were measured by repeated batch
technique [El-Naggar and Abou-Mesalam, 2005].
1.2.3.1.2.3. Properties of synthetic inorganic ion exchanger
Generally, the primary condition of an ion-exchange process is
the stoichiometry. It is an established fact [Helfferich, 1962]. However,
inorganic ion exchangers are not very good in this regard because they
show an adsorption phenomenon in addition to normal ion-exchange
process on their surface. An attempt has been made to study this aspect
by [Gill and Tandon, 1974]. The plots of log Kd vs. pH for stannic
ferrocyanide and zirconium ferrocyanide are linear but the slopes do not
really correspond to the valence of the ion exchanged. However the
slopes for monovalent approximate to unity. The deviation in behavior
for the uptake of bivalent and tetravalent ions may due to the prominence
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of mechanism other than ion exchange; like precipitation, surface
adsorption or simultaneous adsorption of anions. In the case of ceric
antimonate, titanium antimonate [Qureshi and Varshney, 1991] and
ceric tungestate the slopes are very close to 1, 2 and 3 for the sorption of
Cs+, Hg2+ and Ti3+, respectively. This suggests that for all practical
purpose, the exchange on these ion exchangers is stoichiometrric in
nature and obeys the low of mass action. A large number of insoluble
salts formed from multivalent metals and polybasic acids have been
investigated as inorganic ion exchangers. Although most of the work
deals with studies on zirconium phosphate, other phosphates, arsenates,
antimonates, tungestates, molybdates and hydrous oxides have been also
studies as potential ion exchangers. Among the antimonates of
quadrevalent elements which form an equally promising series, tin
[Dames, 1971; El-Naggar et al., 1992-b] titanium [Abe et al., 1987;
Abe and Chitrakar, 1987] and zirconium [Brigevich and Kuznetsov,
1969; Tandon and Mathew, 1975] antimonates have already been
investigated by earliest works.
1.2.3.1.3. Another type of ion exchangers
1.2.3.1.3.1. Modified natural ion exchangers
To improve the exchange capacity and selectivity, some naturally
occurring organic ion exchangers are modified; for example, cellulose
based cation exchangers may be modified by the introduction of
phosphate, carbonic or other acidic functional groups.
The sorption parameters of natural materials can be modified by a
chemical and/or thermal treatment; for example, by treating clinoptilolite
with a dilute solution of acids or some salts, a more selective form of
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sorbent can be developed for a particular radionuclide [Chernjatskaja,
1988].
In Japan natural minerals treated with alkaline solutions under
hydrothermal conditions have been proposed for the sorption of cesium
and strontium from solution. These treatments have provided materials
with distribution coefficients of 1000 to 10 000. Good results have been
reported for the removal of cesium and strontium by neoline clays
modified with phosphoric acid [Yamasaki et al., 1984].
1.2.3.1.3.2. Composite ion exchangers
However, the practical use of organic ion-exchanger, their
uniformity, chemical stability and control of their ion exchange
properties through synthetic method [Adams and Holmes, 1935] are still
limited by their poor thermal and radiation stability than inorganic ionexchangers. Inorganic ion exchange materials, besides other advantages
and their stability at high temperatures and in radiation fields than the
organic [Amphlett, 1964; Clearfield et al., 1984; Alberti and
Mussucci, 1970; El-Naggar et al., 1995; El-Naggar et al., 1992-d; ElNaggar et al., 1992-f; Varshney and Gupta, 1990] are still limited by
their non-reproducible character, less stability in high acidic and basic
medium and high cost of inorganic ion-exchangers. Furthermore
inorganic ion-exchangers cannot be used in convenient way in case when
the impurities from a large volume of effluent are to be removed. In order
to obtain a combination of these advantages, increase interlayer distance
of layered inorganic ion exchangers, overcome the limitation of both
organic resins and inorganic adsorbent and to produce a granular
material, with sufficient strength for column use, from ion exchangers
that do not form, or only form weak, granules themselves [Dyer et al.,
1993] so that large species or complexes could be exchanged, many
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have

been

developed

earlier

by

incorporation of organic monomers in the inorganic matrix [Tondon et
al., 1996; Zhang et al., 1996; Alberti et al., 1994; Ferragina et al.,
1990; Alberti et al., 1995; Niwas et al., 1999; Zhang et al., 2005;
Pandit, and Chudasma, 2001; Varshney and Tayal, 2001; Varshney
and Pandit, 2001; Varshney and Gupta, 2003-a; Varshney and
Gupta, 2003-b; Gupta et al., 2003; Shaw et al., 2003; Tiwari et al.,
1998].
Efforts have been made to improve the chemical, thermal and
mechanical stability of ion exchanger and to make them highly selective
for certain metal ions. An inorganic ion exchanger based on organic
polymeric matrix must be an interesting material with best mechanical
stability due to the presence of organic polymeric species and the basic
characteristics of an inorganic ion exchanger regarding its selectivity for
some specific metal ions. It was therefore considered to synthesize such
hybrid ion exchangers with a good ion exchange capacity, high stability,
reproducibility and selectivity for heavy metal ions, indicating its useful
environmental application.
The ‘organic–inorganic’ composite cation-exchanger polyaniline
Sn(IV) phosphate was prepared as reported earlier [Khan and
Inamuddin, 2006-a]. The organic polymer polyaniline was prepared by
mixing different volumes of the solution of 10% aniline (C6H5NH2) and
0.1 M potassium persulphate (K2S2O8) prepared in 1 M HCl with
continuous stirring by a magnetic stirrer for half an hour at 0 ◦C, and
green colored gels were obtained. These gels were transferred into the
white precipitates of Sn(IV) phosphate prepared at room temperature
(25±2 ◦C) and at pH 1 by adding different (V/V) ratios of 0.1 M stannic
chloride solution to an aqueous solution of 0.1 M di-sodium hydrogen
orthophosphate (Na2HPO4). The resultant green colored gels were kept
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for 24 h at room temperature (25±2 ◦C) for digestion. The supernatant
liquid was decanted and the gels were filtered by suction. The excess acid
was removed by washing with demineralized water (DMW) and the
material was dried in an air oven at 50 ◦C. The dried products were
immersed in DMW to obtain small granules. They were converted to H+forms by treating with 1 M HNO3 for 24 h with occasional shaking
intermittently replacing the supernatant liquid with fresh acid. The excess
acid was removed after several washings with DMW and finally dried at
50 ◦C. The particles size of (~125 µm) of the material was obtained by
sieving and kept in desiccators [Khan and Inamuddin, 2006-a].
The ion-exchange capacity and distribution coefficients with respect
to various metal ions were determined on the column of polyaniline
Sn(IV) phosphate. The distribution studies showed the selectivity of
Hg(II) ions by this material. However, the sensitivity level of Hg(II) ions
on the composite material was determined quantitatively. Hg(II) ions
were separated and determined from the binary aqueous mixtures of
Hg(II)–Cu(II), Hg(II)–Ni(II), Hg(II) Cd(II), Hg(II)–Co(II), Hg(II)–
Al(III), etc. For the determination of Hg(II) ions in aqueous solutions, a
Hg(II) ion sensitive membrane electrode was prepared by means of this
composite cation-exchanger as the electroactive material. The membrane
electrode was mechanically stable with quick response time and could be
operated over a wide pH range with a slope of 30 mV per decade change
in a linear concentration range of 1×10−1 to 1×10−6 M [Khan and
Inamuddin, 2006-b].
A hybrid type of ion exchanger poly(methyl methacrylate) Zr(1V)
phosphate has been synthesized by mixing poly(methyl methacrylate)
(PMMA) into inorganic cation-exchange material Zr(IV) phosphate.
Inorganic precipitates of zirconium(IV) phosphate were prepared by
adding 0.1 M zirconyl oxychloride solutions and 1 M H3PO4 solutions in
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different (v/v) ratios with intermittent shaking of the mixture. The pH of
the mixtures was adjusted at pH 1 by adding aqueous ammonia with
constant stirring. The gels of poly(methyl methacrylate) (PMMA)
prepared in concentrated formic acid in different (v/v) ratios were added
into the white inorganic precipitate of Zr(IV) phosphate and mixed
thoroughly with constant stirring. These slurries were refluxed for 2 h at a
temperature of 60±5 ◦C. After that they were kept for 24 h at room
temperature (25±2 ◦C) for digestion. The supernatant liquid was decanted
and gel was filtered by suction. The excess acid was removed by washing
with DMW and the material was dried in an air oven at 50 ◦C. The dried
gel was then put in DMW to obtain granules of uniform size suitable for
column operation. They were converted into H+-form by treating with 1
M HNO3 for 24 h with occasional shaking intermittently replacing the
supernatant liquid with fresh acid. The excess acid was removed after
several washings with DMW and then dried at 50 ◦C and sieving to
obtain particles of particular size ranges (~125 µm) and kept in
desiccators [Siddiqui et al., 2007].
The physicochemical properties of this hybrid material were
determined

using

AAS,

elemental

analysis,

ICP-MS,

UV–vis

spectrophotometry, Fourier transform infrared spectroscopy (FTIR),
TGA-DTA and XRD studies. Ion-exchange capacity (IEC), chemical
stability, thermal stability and distribution behavior, etc. studies were also
carried out to understand the cation-exchange behavior of the material
[Siddiqui et al., 2007].
Nylon-6,6, Zr(IV) phosphate has been synthesized by mixing
nylon-6,6, into inorganic cation-exchange material Zr(IV) phosphate,
inorganic precipitates of zirconiun(IV) phosphate were prepared by
adding 0.10 mol dm−3 zirconyl oxychloride (ZrOCl2·8H2O) solution
prepared in 1.0 mol dm−3 HCl at the flow rate of 0.50 cm3 min−1 to
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solutions of H3PO4 of different molarities, viz. 0.50, 1.0, 1.50, 2.0 mol
dm−3. The white precipitates were obtained, when the pH of the mixtures
was adjusted to 1.0 by adding aqueous ammonia with constant stirring.
The gels of nylon-6,6, prepared in concentrated formic acid were added
into the white inorganic precipitate of Zr(IV) phosphate and mixed
thoroughly with constant stirring. These slurries were refluxed for 2 h at a
temperature of 60±5 ◦C and were kept for 24 h at room temperature (25±2
◦

C) for digestion. The supernatant liquid was decanted and gels were

filtered by suction and the excess acid was removed by several washings
with DMW and the materials were dried in an air oven over P4O10 at 40
◦

C. The dried products were immersed in DMW to obtain small granules.

They were converted to H+-form by treating with 1.0 mol dm−3 HNO3 for
24 h with occasional shaking intermittently replacing the supernatant
liquid with fresh acid. The excess acid was removed after several
washings with DMW, dried at 50 ◦C and sieved to obtain particles of
particular size range (~125 µm) and kept in desiccators [Inamuddin et
al., 2007].
The physico-chemical properties of this hybrid material were
determined using atomic absorption spectrophotometry (AAS), CHN
elemental analysis, ICP–MS, UV–vis spectrophotometry, FTIR, TGA–
DTA and scanning electron microscope (SEM) studies. Ion-exchange
capacity (IEC), thermal stability and distribution behavior, etc. were also
carried out to understand the cation-exchange behavior of the material.
On the basis of distribution studies, the material was found to be highly
selective for Hg(II), a highly toxic environmental pollutant [Inamuddin
et al., 2007].
Polymeric–inorganic

composite

type

of

cation-exchanger

‘polypyrrole Th(IV) phosphate’ was prepared by mixing polypyrrole into
fibrous inorganic precipitate of Th(IV) phosphate, 0.1 M solution of
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Th(NO3)4.5H2O in 1 M nitric acid solution was added at the flow rate of
0.5 ml min-1 to 1 M phosphoric acid solution prepared in DMW
(demineralized water) in different molarities, at 85 ± 5 oC with constant
stirring. White gel type slurries were obtained. After digestion for several
hours it was cooled to room temperature. After this, 0.1 M FeCl3 (ferric
chloride) solution prepared in DMW were added drop wise, to which
approximately 33.33% (v/v, in toluene) solution of pyrrole in different
ratio's were mixed thoroughly with the inorganic precipitate of Th(IV)
phosphate drop wise. Continuous stirring was done during the addition of
the pyrrole solution, slowly the white inorganic precipitate gel turned first
green and then to black. The reaction mixtures were then kept for 24 h
under ambient condition (25 ± 2 oC). Now these pyrrole based composite
gels were filtered off; washed with DMW to remove excess acids and any
adhering trace of ferric chloride. The washed gels then dried over P4O10
at 30 oC in an oven. The dried products were immersed in DMW to
obtain small granules. These were converted to the H+- form by placing
them in 1 M HNO3 for 24 h with occasional shaking intermittently,
replacing the supernatant liquid with a fresh acid. The excess acid was
removed after several washings with DMW and again the material were
dried at 40oC and sieving to obtain particles of particular size range
(~125 µm) [Khan et al., 2005-a].
The physicochemical properties of the material were determined
using

AAS,

CHN

spectrophotometry,

elemental

FTIR,

analysis,

thermogravimetric

ICP-MS,

UV-VIS

analyses-differential

thermal analysis (TGA-DTA), XRD and SEM studies. Ion-exchange
capacity, pH-titrations, elution and distribution behavior etc. were also
carried out to characterize the material [Khan et al., 2005-a]. On the
basis of distribution studies, the material was found to be highly selective
for Pb(II) and its selectivity was examined by achieving some important
binary separations like Pb(II) Zn(II), Pb(II)–Al(III), Pb(II)–Mg(II),
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Zn(II)–Hg(II) etc. on its column that indicate its utility in environmental
pollution control in one-way or other. For the determination of Pb(II)
ions in solutions, a new heterogeneous precipitate based selective ionsensitive membrane electrode was developed by means of this composite
cation-exchanger as electroactive material. The membrane electrode is
mechanically stable, with a quick response time, and can be operated
over a wide pH range [Khan et al., 2005-b].
Polypyrrole polyantimonic acid as a new phase of ‘organic–
inorganic’ composite system was prepared by mixing the inorganic
precipitate of hydrated antimony oxide with organic conducting polymer
i.e., polypyrrole, providing a novel granular form hybrid cation
exchanger suitable for column operation with better chemical and thermal
stability, good ion exchange capacity, reproducibility and selectivity for
heavy metals. The physicochemical properties of this material were
studied using elemental analyses, AAS, SEM, XRD, FTIR and
simultaneous TGA-DTA studies. Ion-exchange capacity, pH-titrations,
elution and distribution behavior were also carried out to characterize the
material. Distribution studies revealed the cation-exchange material to be
highly selective for Hg(II) and its selectivity was performed by achieving
some important binary separations like Hg2+–Zn2+, Hg2+–Ni2+, Hg2+–
Cu2+, Hg2+–Fe3+, Hg2+–Cd2+, Hg2+–Mg2+ etc. on its column. Using this
electroactive composite material, a new heterogeneous precipitate based
selective ion sensitive membrane electrode was fabricated for the
determination of Hg(II) ions in solutions. The membrane electrode is
mechanically stable, with a quick response time, and can be operated
within a wide pH range. The selectivity coefficients for different cations
determined by mixed solution method were found to be less than unity.
The electrode was also found to be satisfactory in electrometric titrations
[Khan and Alam, 2004].
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Polyaniline Sn(IV) tungstoarsenate was developed by mixing
polyaniline into inorganic precipitate of Sn(IV) tungstoarsenate. At first,
inorganic precipitate of Sn(IV) tungstoarsenate was prepared at room
temperature (25±/2oC) by adding the solution of 0.1 M stannic chloride to
an aqueous mixture of 0.1 M sodium arsenate and 0.1 M sodium
tungstate in the same volume ratio at pH~/1. The precipitate was obtained
when the pH of the mixture was adjusted by adding aqueous ammonia
with constant stirring. The gel of polyaniline (green colored) was
obtained by mixing equal volumes of the acidic solutions of 10% aniline
and 0.1 M potassium persulfate with continuous stirring by a magnetic
stirrer below 10oC for an hour. After this, the gel of polyaniline was
added and mixed thoroughly with constant stirring to the inorganic
precipitate of Sn(IV) tungstoarsenate. The resultant green colored
precipitate gel was allowed to settle overnight at room temperature
(25±/2oC). The supernatant liquid was decanted and the gel was filtered
under suction and washed with 1 M HNO3 to ensure the removal of
excess reagent. The excess acid was removed by washing with DMW and
again washed with acetone by soxhalation. The material was dried in an
air oven at 50oC for 48 h. The dry product was crushed into small
granules of uniform size suitable for column separations when immersed
in DMW. They were then treated with large excess of 1 M HNO3 for 24 h
at room temperature with occasional shaking, intermittently replacing the
supernatant liquid with a fresh acid to ensure the complete conversion to
H+-form. The excess acid was removed after several washing with
DMW. The material was finally dried at 50oC in the oven, sieving to
obtain particles of a particular size range and stored in a desiccators
[Khan and Alam, 2003].
This

material

spectrometry,
spectroscopy,

was

elemental

characterized
analysis,

simultaneous
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thermogravimetry, X-ray and scanning electron microscopy studies. Ionexchange capacity, pH-titrations, elution and distribution behavior were
also carried out to characterize the material. On the basis of distribution
studies, the material was found to be highly selective for Cd(II) and its
selectivity was tested by achieving some important binary separations
like Cd(II)–Zn(II), Cd(II)–Pb(II), Cd(II)–Hg(II), Cd(II)–Cu(II), etc., on
its column. Using this composite cation exchanger as electroactive
material, a new heterogeneous precipitate based selective ion-sensitive
membrane electrode was developed for the determination of Cd(II) ions
in solutions. The membrane electrode is mechanically stable, with a
quick response time, and can be operated within a wide pH range [Khan
and Alam, 2003].
A fixed-bed sorption process can be very effective in removing
trace concentrations of arsenic from contaminated groundwater provided:
the sorbent is very selective toward both As(III) and As(V) species; the
influent and treated water do not warrant any additional pre- or posttreatment; pH and composition of the raw water with respect to other
electrolytes remain unchanged besides arsenic removal, and the sorbent is
durable with excellent attrition resistance properties. In addition, the
sorbent should be amenable to efficient regeneration for multiple reuses.
This study reports the results of an extensive investigation pertaining to
arsenic removal properties of a polymeric/inorganic hybrid sorbent. Each
hybrid sorbent particle is essentially a spherical macroporous cation
exchanger bead within which agglomerates of nanoscale hydrated Fe
oxide (HFO) particles have been uniformly and irreversibly dispersed
using a simple chemical–thermal treatment. The new sorbent, referred to
as hybrid ion exchanger or HIX, combines excellent mechanical and
hydraulic properties of spherical polymeric beads with selective As(III)
and As(V) sorption properties of HFO nanoparticles at circum-neutral
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pH. Comparison of the results of fixed-bed column runs between the new
sorbent and the polymeric anion exchanger confirmed that both As(V)
and As(III) were removed very selectively with HIX. Equally important,
no pH adjustment, pre- or post-treatment was warranted. Besides the
absence of arsenic, the treated water composition was identical to that of
influent water. HIX was amenable to efficient in situ regeneration with
caustic soda and could subsequently be brought into service following a
short rinse with carbon dioxide sparged water. During fixed-bed column
runs, intraparticle diffusion was identified as the primary rate-limiting
step for both As(III) and As(V) sorption. Repeated use of the same HIX
particles during various laboratory investigations provided strong
evidence that the new sorbent possesses excellent attrition resistance
properties and retains its arsenic removal [DeMarco et al., 2003].
Polyaniline Sn(IV) arsenophosphate has been synthesized by
mixing polyaniline into inorganic material. A sample of Sn(IV)
arsenophosphate was prepared by mixing equal volumes of the solutions
of stannic chloride, sodium arsenate and orthophosphoric acid. The pH of
the resulting gel was fixed in the range 0–1 by adding aqueous ammonia
with constant stirring. To this gel, the gel of polyaniline was added and
mixed with constant stirring. The resultant gel was kept for 24 h at room
temperature and filtered by suction. The excess acid was removed by
washing with DMW and the material was dried in an air oven at 50°C.
The dried gel was then put in DMW to obtain granules of uniform size
suitable for column operations. They were converted into the H+-form by
treating with 1 M HNO3 for 24 h with occasional shaking [Niwas et al.,
1999].
The material thus obtained was finally washed to remove the excess
acid and then dried at 50°C. This material is characterized using X-ray,
IR, TGA studies in addition to ion exchange capacity, pH-titration,
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elution and distribution behavior. The material was found to be
mechanically strong due to its polymeric nature and thermally stable up
to 100°C. On the basis of distribution studies, the material has been found
to be highly selective for Pb(II), which makes it important for the
environmentalists. Kinetic study of exchange for the metal ions has been
performed and some physical parameters such as self diffusion
coefficient Do, energy Ea and entropy ΔS* of activation have been
determined [Niwas et al., 1999].
Organic-inorganic hybrid membranes based on poly(vinyl alcohol)SiO2 were prepared under acidic and basic conditions, in which -SO3H
groups are introduced by oxidation of the existing -SH group in MPDMS,
were prepared using a sol-gel process under acidic and basic conditions,
and their physicochemical and electrochemical properties have been
studied. This is a relatively new method where functional groups were
introduced in the preformed hybrid film by the oxidation of the -SH
group in the presence of H2O2 and leads to the formation of a
homogeneous type of cation-exchange membrane. It was found that the
membrane properties depend on the nature of conditions under which
they were prepared [Nagarale et al., 2004].
Acrylonitrile based cerium (IV) phosphate was prepared by adding
one volume of 0.05 M Ce(SO4)2 solution in two volumes of a (1:1)
mixture of 6 M H3PO4 and acrylonitrile (0.5%) dropwise with constant
stirring using a magnetic stirrer, at a temperature 70±5°C. The slurry thus
obtained was heated for 4 h at this temperature, than filtered, and washed
free of sulphate ions with demineralized water (DMW) (pH ≈ 4). Finally,
the slurry was dried at room temperature resulting into a sheet form,
which was cut into small pieces and converted into the H+-form by
treating with 1 M HNO3 for 24 h with occasional shaking and
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intermittently replacing the supernatant liquid with fresh acid. The
material thus obtained was than washed with DMW to remove the excess
acid before drying finally at 45°C and sieved to obtain particles of size
50–70 mesh. The material is highly selective for mercury which indicates
its importance in environmental studies. Mercury is a well known toxic
metal, which enters the environment mainly through human activities
[Varshney and Tayal, 2000].
A kinetic study of the exchange of Mg(II), Ca(II), Sr(II), Ba(II),
Mn(II), Co(II), Cu(II) and Zn(II) metal ions for H(I) ions on acrylonitrile
based cerium (IV) phosphate, a fibrous inorganic ion exchanger, has been
made. Various useful kinetic parameters such as self diffusion coefficient
(Do), energy of activation (Ea) and entropy of activation (ΔS*) have been
evaluated and a correlation has been made of these parameters with the
ion exchange characteristics of the material [Varshney and Tayal,
2000].
An organic–inorganic hybrid poly-o-toluidine Th(IV) phosphate
was prepared by the sol–gel mixing of poly-o-toluidine an organic
polymer into the inorganic precipitate of thorium(IV) phosphate. In this
process, when the gels of poly-o-toluidine were added to the white
inorganic precipitate of thorium(IV) phosphate with a constant stirring,
the resultant mixture was turned slowly into brown colored slurries. The
resultant brown colored slurries were kept for 24 h at room temperature.
Now, the poly-o-toluidine based composite cation-exchanger gels were
filtered off and washed thoroughly with DMW to remove excess acid and
any adhering trace of ammonium persulphate. The washed gels were
dried over P4O10 at 30 ◦C in an oven. The dried products were immersed
in DMW to obtain small granules. They were converted to the H+ form
by keeping it in 1 M HNO3 solution for 24 h with occasionally shaking
intermittently replacing the supernatant liquid. The excess acid was
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removed after several washing with DMW. The material was finally
dried at 40 ◦C and sieving to obtain particles of particular size range
(~125 µm) [Khan et al., 2007].
The physico-chemical characterization was carried out by elemental
analysis, TEM, SEM, XRD, FTIR and simultaneous TGA–DTA studies.
The ion exchange capacity, chemical stability, effect of eluant
concentration, elution behavior and pH titration studies were also carried
out to understand the ion-exchange capabilities. The distribution studies
revealed that the cation exchange material is highly selective for Hg2+,
which is an important environmental pollutant. Due to selective nature of
the cation-exchanger ion-selective membrane electrode was fabricated for
the determination of Hg(II) ions in solutions. The analytical utility of this
electrode was established by employing it as an indicator electrode in
electrometric titrations [Khan et al., 2007].
Poly

acrylonitrile

(PAN)-potassium

titanate

and

a

PAN

nickelferrocyanate composite ion exchanger beads were prepared to
remove the strontium and silver ions in acidic solution. Potassium titanate
and nickelferrocyanate powder, which are acid resistant inorganic ion
exchangers were synthesized and then mixed with polyacrylonitrile
(PAN) binder to form a PAN-potassium titanate and a PAN
nickelferrocyanate composite ion exchanger beads. Spherical composite
beads could be obtained by adjusting the viscosities of the composite
dope in the range of 700-1000 cP. The composite beads porosities such as
macro pore volume and pore size were increased in proportion to the
contents of PVP (polyvinylpyrrolidone) which was used as the porosity
modifying chemical. The synthesized composite ion exchangers were
evaluated on their adsorption characteristics for the Ag+ and Sr2+ ion
solutions of pH 2 [Moon et al., 2000].
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A number of samples of polystyrene thorium(IV) phosphate
(PStThP) were prepared by adding one volume of 0.1 M Th(NO3).5H2O
solution in two volumes of a (1:1) mixture of 2 M H3PO4 and styrene
(8.69-868.94 mmol) dropwise with constant stirring using a magnetic
stirrer at a temperature of 90±5°C. The resulting slurry was stirred for 5 h
at this temperature, filtered, and washed with demineralized water
(pH~4). On drying at 5-10 °C the precipitate resulted into a sheet which
was crushed into small pieces and converted into the H+ -form by treating
with 1 M HNO3 for 24 h with occasional shaking, and intermittently
replacing the supernatant liquid with fresh acid. However the product
dried at room temperature was not stable and was found to melt on
standing, i.e., the material not obtained at room temperature. The
obtained material was then washed with demineralized water to remove
the excess acid before drying finally at 45 °C and sieved to obtain
particles of 50-70 mesh size. This new fibrous ion exchanger has been
characterized on the basis of scanning electron microscopy, X-ray
diffraction analysis, IR, thermogravimetric analysis, and ion exchange
studies. The ion exchange capacity for Na+ ion is found to be 4.52
mequiv/dry g basis. Separation factors and Kd values for various cations
at different concentrations have been determined, and a marked
selectivity for Cd(II) has been found. The unusual selectivity for Cd(II)
should lead to some useful practical applications [Varshney and Tayal,
2001].
Tamarind imino diacetic acid (TIDAA) was prepared as follow an
iminodiacetic

acid

group

has

been

incorporated

in

tamarind

polysaccharide by a modified Porath’s method of functionalization of
polysaccharides in order to develop a hydrophilic flocculant cum cation
exchanger. Because of greater selectivity and higher exchanger
properties, chelating ion exchanger as well as weakly acid cation
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exchanger. Tamarind iminodiacetic acid (TIDAA) find tremendous
application in waste water treatment and the quantitative results have
been given for removal of heavy metal from the reference solution and
from Agucha open cast mine water, Bhilwara (Rajasthan), India [Sharma
and Singh, 2005].
The precursor crystalline alkaline titanate K2Ti4O9 had the
potassium ion-exchanged with an acidic solution to yield H2Ti4O9, which
was intercalated with 1,8-octyldiamine inside the interlayer nanospace to
give Oct-H2Ti4O9. These three matrices were exchanged with divalent
cobalt, nickel and copper cations at the solid/liquid interface and it was
verified that as a general behavior, the matrix K2Ti4O9 have the highest
ion-exchange capacity towards the chosen metallic cations, when
compared with the other matrices. The carbon and hydrogen elemental
analyses demonstrated a decrease in the amount of diamine after ion
exchange process, reflecting the successive displacement of the inserted
organic molecule in the inorganic matrix with the progress of the
exchanging reaction. The amount of divalent cations exchanged for those
three matrices follow the order: Cu2+ > Co2+ > Ni2+ [Nunes et al., 2006].
Cellulose acetate-Zr(IV) molybdophosphate was synthesized by
mixing a mixture of the aqueous solutions of 0.1 M orthophosphoric acid
and 0.1 M sodium molybdate into 0.1 M Zr(IV) oxychloride solution
gradually with continuous shaking of the mixture in varying mixing
ratios. The pH variation was adjusted by adding 1 M nitric acid or 1 M
ammonia solutions to maintain the desired pH. The gels of cellulose
acetate which were prepared in concentrated formic acid, were added into
the inorganic precipitate of Zr(IV) molybdophosphate and mixed
thoroughly with constant stirring for 1 h. The gelatinous precipitate so
formed, was allowed to stand for 24 h in the mother liquor for digestion.
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The supernatant liquid was removed and the precipitates were washed
with demineralized water several times to remove excess reagents. The
products were dried at 40±2 ◦C in an oven. The dried products were then
kept in demineralized water for cracking and to obtain the particle of the
size range (~125 µm). These were converted to H+ form by placing them
in 1 M HNO3 solution and washed with demineralized water to remove
excess acid and finally dried at 40±2◦C [Nabi and Naushad, 2008].
The physico-chemical properties of this material were determined
using some instrumental analyses viz. FTIR, X-ray, TGA–DTA and
SEM. Ion exchange capacity, pH titrations, elution and distribution
behavior were also carried out to understand the ion exchange behavior
of the material. Its selectivity was examined by achieving some important
binary separations like Mg(II)–Ca(II), Zn(II)–Ca(III), Fe(III)–Cr(III),
Zn(II)–Cr(III), Cd(II)–Hg(II), Cd(II)–Cr(III) on its column. This new
exchanger was offered a variety of technological opportunity for
quantitative determination and separation of Cr3+ from a synthetic
mixture of metal ions and Ca2+ from commercially available vitamin and
minerals formulation namely Recovit [Nabi and Naushad, 2008].
Potassium

hexacyanocobalt

(II)

ferrate

(II)–polyacrylonitril

(KCFC–PAN) was prepared as follow, a weighed amount of potassium
hexacyanocobalt (II) ferrate (II) (KCFC) which had been synthesized by
Nilchi [Nilchi et al., 2006-b] was measured in a weight ratio of 1:1 to
polyacrylonitrile (PAN). Aweighed amount of PAN was dissolved in 12
M HNO3 with gentle heat and continuous stirring, till a viscous solution
was obtained. KCFC was added to the mixture at room temperature, and
finally poured into a deionised water bath. KCFC–PAN was formed
instantly. This was filtered and washed with deionised water and dried at
80◦C in an oven for 24 h. The PAN absorber was ground and sieved to
50–100 mesh. The materials were dried at high temperatures and
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characterized by chemical analysis, scanning electron microscope, X-ray
diffraction, inductively coupled plasma and infrared. The ion exchange of
alkaline earth metals and molybdenum on a nonstoichiometric compound
K2[CoFe(CN)6] and its PAN based absorber was examined by batch
methods. The adsorption of molybdenum from aqueous solutions on
KCFC–PAN was investigated and optimized as a function of
equilibration time and pH. The materials which were dried at optimum
high temperature of 110 ◦C were found to be stable in water, dilute acids,
alkaline solutions and relatively high temperature [Nilchi et al., 2006-b].
The distribution coefficient values Kd for alkaline earth metals,
followed the same trend of increase for both sets of absorbers studied, i.e.
Ba2+ >Sr2+ >Ca2+>Mg2+, which closely resembles to the order of the size
of the hydrated cations. However, the Kd values show a significant
increase for PAN based absorbers in comparison to KCFC absorbers
[Nilchi et al., 2006-b].
Poly (acrylamide – acrylic Acid) –silicon titanate was prepared by
Abou-Mesalam

[Abou-Mesalam et al., 2003]. Polyacrylamide was

prepared by γ-irradiation. Template polymerization of acrylic acid on
poly acrylamide was studied in the presence of 0.6 M sodium
metasilicate. Acrylic acid (AA) and ploy acrylamide {P(AM)} were
dissolved in deoxygenated water at a total comonomer concentration of
10%. The mixture was exposed to γ-irradiation from a Co-60 cell with a
dose rate of 6.69 KGy/hr. The mixture after irradiation was poured in
acetone to precipitate the formed copolymer. The obtained copolymer
P(AM-AA)-Si was soaked in 0.6 M titanium tetrachloride solution for
about 48 hr. Characterization of the resin was carried out using X-ray
diffraction pattern and IR spectrometer, the effect of pH of the medium
on the removal of some toxic elements was investigated [Abou-Mesalam
et al., 2003].
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Polyacrylamide cerium titanate (EGIB) was prepared by adding one
volume of ammonium ceric nitrate to two volumes of 1:1 mixture of
TiCl4 and polyacrylamide solution dropwise with constant manual
stirring at 70± 1oC. Then ammonia solution is added to hydrolyze the
above solution. The pale yellow precipitate was filtered and washed with
deionized water for several times until the pH of the supernatant solution
remained constant [El-Naggar et al., 2009]. The sorption of Cs+, Co2+
and Eu3+ ions onto polyacrylamide cerium titanate (EGIB) sorbent has
been investigated at different reaction temperatures [El-Naggar et al.,
2009].
1.3. Stannic Molybdophosphate as Inorganic Ion Exchanger
Stannic(IV) molybdophosphate was prepared by [Marageh et al.,
1999] by the reaction

molybdophosphoric acid (MPA) solutions to

stannic chloride (0.05 M in 0.3 M HCl). Stannic(IV) molybdophosphate
sample are stable in water, dilute mineral acids and organic solvents even
after 2 weeks. However, when heated in conc. HCl or aqua regia or 2 M
KOH solution for more than 30 min, they are dissolved. Thermogram for
Sn(IV) molybdophosphate sample in H+ form is recorded. The weight
loss up to 140oC is due to the removal of external water molecules. At
higher

temperatures

(150±650oC)

condensation

of

exchangeable

hydroxyl groups takes place, which is the usual behavior of inorganic ion
exchangers. From 650 to 850oC the sharp weight loss is due to formation
of metal oxides. [Marageh et al., 1999] Found that the prepared
stannic(IV) molybdophosphate is more selective to Cs+ and Sr2+ ions.
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1.4. Polyacrylamide Sn(IV) Molybdophosphate as

'

Organic –

Inorganic' Composite Cation – Exchanger
Polyacrylamide

Sn(IV)

molybdophosphate was prepared

by

incorporation of Sn(IV) molybdophosphate in a polyacrylamide in order
to overcome the limitation of both organic resins and inorganic
adsorbent. In this study, we try to find the optimum condition for removal
of some toxic metal ions and radionuclides using polyacrylamide Sn(IV)
molybdophosphate as composite cation – exchanger.
In this study, it was found that the prepared polyacrylamide Sn(IV)
molybdophosphate
inorganic

possess high thermal stability compared with the

Sn(IV)

molybdophosphate,

polyacrylamide

Sn(IV)

molybdophosphate losses about 37% of its ion exchange capacity on
heating up to 400oC, while, the inorganic Sn(IV) molybdophosphate
losses about 60% of its ion exchange capacity on heating at the same
drying

temperature,

The

chemical

stability

of

the

prepared

polyacrylamide Sn(IV) molybdophosphate is higher than Sn(IV)
molybdophosphate, this proves that the prepared composite overcames
the

low

chemical and thermal stabilities of inorganic Sn(IV)

molybdophosphate.
The mechanism of diffusion of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+,
Pb2+

and

Eu3+

in

the

H

-form

of

polyacrylamide

Sn(IV)

molybdophosphate composite as cation exchanger was studied as a
function of particle size, concentration of the exchanging ions, reaction
temperature, drying temperature and pH. The exchange rate was
controlled by particle diffusion mechanism as a limited batch technique.
The values of diffusion coefficients, activation energy and entropy of
activation were calculated and their significance was discussed. The data
obtained have been compared with that reported for other organic and
inorganic exchangers.
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1.5. Basic Concepts Ion Exchange
Ion-exchange is a process in which reversible stoichiometric
interchange of ions of the same sign take place between an electrolyte or
molten salt and a solid phase [Qureshi and Varshney, 1991]. It should
be emphasized that this definition of the concept of ion-exchange assume
not only equivalence of the exchange, and reversibility, but also that the
ion-exchanger be reproducibly prepared with given physicochemical
characteristics, that chemical change do not occur during the ionexchange process that would substantially effect the sorption properties
and that the whole exchange process be characterized by an equilibrium
constant [Qureshi and Varshney, 1991].
1.5.1. Ion exchange capacity
The term ‘ion exchange capacity’ is intended to describe the total
available exchange capacity of an ion exchange resin, as described by the
number of functional groups on it. This value is constant for a given ion
exchange material and is generally given as milliequivalents per gram
(meq/g), based on the dry weight of material in a given form (such as H +
or Cl–). For organic ion exchange resins it can be given as
milliequivalents per millilitre (meq/mL), based on the wet fully swollen
volume of a settled bed of resin. The numbers quoted in the literature
vary widely for different resins. This number can be used to compare
different resins or to calculate the total amount of resin to be added
during a batch exchange process [IAEA Vienna, 2002]. For the
characterization of ion exchangers two capacity parameters are
commonly used: the total static exchange capacity (which is determined
under static conditions) and the dynamic exchange capacity (which is
determined by passing a solution through a bed of the exchanger). The

- 58 -

INTRODUCTION

E.A. Abdel-Galil

exchange capacity depends on the number of functional group per gram
of the exchanger. The extent of the use of the total exchange capacity
depends on the level of ionization of the functional groups of the
exchanger and on the chemical and physical conditions of the process.
The operating or breakthrough capacity of a column type ion
exchange system depends on its design and operating parameters, the
concentration of the ions being removed and the effects of interference
from other ions. In a column system this generally refers to the volume of
the solution that can be treated before a sharp increase in the effluent
concentration of the species being removed is observed. At this point the
ion exchange medium is considered to be spent and must be replaced or
regenerated. The operating breakthrough capacity is the number of most
interest in the design of a column type ion exchange system and is
generally given as the number of bed volumes (the ratio of the volume of
liquid processed before the breakthrough point to the volume of the
settled bed of the exchanger). Some important parameters that affect the
breakthrough capacity are the:
-

Nature of the functional group on the exchanger,

-

Degree of cross-linking,

-

Concentration of the solution,

-

Ionic valence,

-

Ionic size,

-

Temperature.

The ion exchange capacity depends upon two factors: (1) hydrated ionic
radii (2) selectivity. As the hydrated ionic radius increase, the ion
exchange capacity decreases because the exchange now becomes more
difficult. Thus, for the alkali metals, the trend is Cs+>Rb+>K+>Na+>Li+.
This is observed on cerium, nickel, niobium, titanium, and to some
extent, lead antimonates [Sharma et al., 1994]. The second factor is the
specific selectivity which changes from one exchanger to another.
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1.5.2. Ion exchange kinetics
Since, the speed at which an ion-exchange reaction will take place
is of considerable practical as well as theoretical importance. It is
important to examine the factors that influence the kinetics of ion
exchange. The exchange of a reaction between ions in solution and solid
material is usually established via the following steps:
a- Diffusion of ions through the solid/liquid interface.
b- Diffusion of ions in the solid phase.
c- Interaction which may be electrostatic or even chemical between the
ions and solid phase.
d- Diffusion of displaced ions from the interior of the solid phase to the
sorbent surface.
e- Diffusion of the displaced ions through the solution.
The rate of ion-exchange is governed by the slow step (ratedetermining step) in the ion exchange reaction. The slow step may be:
a- Film diffusion, i.e diffusion of ions through a liquid film
encompassing the solid particle where a concentration gradient
persists.
b- Particle diffusion, i.e diffusion of ions through the adsorbent particle.
c- Chemical reaction occuring at the particle surface or inside the
particle.
1.5.2.1. Film diffusion
The simplifying assumption of film state that:
i) Interdiffusion within a film is treated as quasistationary
ii) The film is treated as a planer layer.
iii) Film iterdiffusion coefficient, D, is constant.
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Under such conditions the rate law for film diffusion controlled ion
exchange in finite solution volume has been derived (Qureshi et al .,
1969).
F(t)=1- exp [-3D(VC + VC)t/(rδCV)]

(1)

where, F(t) is the fractional attainment of equilibrium, i.e.
Qt
F=

Amount of exchange after time t
=

Q∞

(2)
Amount of exchange after infinite time

r and δ are the particle radius and film thickness, respectively.
C and V are the aqueous phase counter ion concentration and solution
volume, respectively; symbols with bars represent the solid phase.
The equation is applied only when the sorbed ion is a
microcomponent of the exchange and the solution. Film diffusion control
is usually favored by small particle size, low concentration, high capacity
and week agitation of solution [Boyd et al., 1947].
1.5.2.2. Particle diffusion
According to Boyd et al [Boyd et al., 1947] if the sorbed ion is a
microcomponent of the exchanger, the following particle diffusion
equation can be applied for single exchanger of pair of ions
Qt

1

∞
∑

= F(t) = 1 Q∞

П

2

n-1

1
exp (– n2 Bt)
n

(3)

2

Where,
B = П2Di / r2

(4)
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Qt is the amount exchanged at time t,
Qω is the amount exchanged at infinite time,
Di is the internal diffusion coefficient,
n

is an integer number and r is the particle radius .

According to above equation if Bt is plotted against times a straight line
passing through the origin is obtained in case of particle diffusion, Bt is a
mathematical function of F(t) and the values of Bt corresponding to each
value

of

F(t)

were

calculated

and

tabulated

by Reichenberg

[Reichenberg, 1953]. The value of Di can then be calculated from the
slope of a plot of Bt Vs.t.
The validity of the above mentioned equation of Boyd et al [Boyd
et al., 1947] can be taken as an evidence for particle diffusion control.
Particle diffusion control is usually favored by a relatively large particle
size of the exchanger and vigorous shaking.
Another equation of particle diffusion is derived by Kressman and
Kitchner [Kresrman and Kitchener, 1949].

6
F(t)=

Qo

Qt

.
R

(5)
Qo-Qe

п

Where,
Qo is the initial amount of counter ions in solution
Qe is the amount sorbed at equilibrium
Qt is the amount sorbed after time (t)
This equation is only applicable at low values of F when the amount of
srbed ion is vigorously kept equivalent to the amount of displaced ion in
the sorbent.
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1.5.2.3. Adsorption as a chemical phenomenon
For the exchange reaction
K1
+
R—B+A
K2

R — A + B+

(6)

The rate equation is:
Ln (1– F) = -St

(7)

Where,
S = K1 [A+] + K2 [B+]

(8)

and:
K1 and K2 are the rate of forward and backward reaction,
respectively.

This equation implies that when the rate of reaction is

chemically controlled, δ is independent of r and δ, but depends on the
concentration of ions in the solution.
This equation is applicable if the sorbed ion and counter ion
concentration δ are kept constant and the exchange sites are sparsely
occupied.
1.5.3. Distribution studies (Kd)
The Kd value was calculated using the formula:
I–F
Kd =

V
X

F

ml / g

(9)

A

Where, I is the initial activity of the cation, F is the final activity of the
cation after equilibrium, A is the weight of the exchanger in grams and V
is the volume of the cation solution in ml.
When the ion exchange proceeds by the reaction;
—
―
nH+ + Mn+
Mn+ + nH+
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In sufficiently diluted solution, where activity coefficient may be
neglected, the selectivity coefficient can be defined by the following
equation; [Helfferch, 1962].
―

[Mn+ ] [ H+ ]n

M

KH =

―

(10)
+ n

n+

[ H ] [M ]
where , [Mn+] and [H+] denote to the concentration of Mn+ and H+ ions
in the solid phase, [H+] and [Mn+] their concentrations in the solution. As
Kd is given by
Concentration of the cation in exchanger
Kd =

(11)
Concentration of the cation in solution
―

[Mn+]
Kd =

(12)
n+

[M ]
―

M

Kd = KH

[H+]n
(13)
+ n

[H ]
or

H

―

log Kd = log KM [H+]n – n log [H+]
―

―
n+

+

n+

(14)
―
+

M
+

when [M ] << [H ] and [M ] << [H ], [H ] KH is considered as
constant, thus equation (14) can be reduced to :
log Kd = C – n log [H+] =C + npH
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when log Kd values of n+ valent metal ions are plotted against log [H+] a
straight line having slope –n should be obtained .
1.5.4. Sorption isotherms
The adsorption isotherms were done by a gradual increase in the
amount sorbed at each equilibrium concentration; the degree of sorption
should therefore be a function of the concentration of sorbate only.
According to the freundlich sorption isotherm, the following
equation is valid:
log qe = log Kf + 1/n log Ce

(16)

where qe is the amount adsorbed at equilibrium (mol/g), Ce is the
equilibrium concentration of the adsorbate metal ions, Kf and n are
Freundlich constants, Therefore, if the freundlich isotherm is obeyed, a
straight line relation ship should be obtained between log qe and log Ce,
whereas according to Langmuir equation [Langmuir, 1916; Altin et al.,
1998], we have
Ce

Ce
=

qe

1
+

Q

(17)
bQ

where Ce is the equilibrium concentration of the adsorbate ions, qe is the
amount of ions sorbed per gram of sorbent (mol/g) at equilibrium time, Q
and b are Langmuir constants related to maximum adsorption capacity
(monolayer capacity) (meq/g) and heat of adsorption, respectively., if the
Langmuir isotherm is valid, a straight line relationship should be obtained
when Ce/qe is plotted against Ce , with slope 1/Q and intercept 1/bQ.
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1.5.5. Ion exchange equilibrium and selectivity
These terms are defined and described [Helfferch, 1962]. It should
be noted that selectivity coefficients are not constant and will vary with
the experimental conditions, for example, concentration, temperature and
the presence of other ions in the solution. The determination of selectivity
coefficients is a complicated task and is ordinarily not undertaken in the
design of waste treatment systems; most of these parameters can be
extracted from manufacturer's data or research literature. For general
design purposes a few ‘rules of thumb’ can be applied: for cationic
organic ion exchange resins at low concentrations and the temperatures
normally encountered in waste processing, the affinity typically increases
with (a) an increasing charge on the exchanging cation and (b) an
increasing atomic number (decreasing hydrated ionic radii) of the
exchanging cation; for example:
(a) Li+ < H+ < Na+ < K+ < Cs+ < Mg2+ < Co2+ < Ca2+ < Sr2+ < Ce3+ < La3+
< Th4+
(b) Li+ < H+ < Na+ < K+ < Cs+ (Li+ is an exception, owing to its high
hydration energy)
For anions a typical series is as follows:
F– < CH3COO– (acetate) < Cl– < Br– < CrO4 2– < NO3 – < I– < C2O42–
(oxalate) < SO4.
Changes in physical parameters and of the concentration of
functional groups affect the distribution coefficient and can affect the
driving force for the ion exchange process. High values of the
distribution coefficient are always desirable. Table (3) gives examples of
the selectivity of different ion exchangers in specified experimental
conditions, showing the wide range of values among different media.
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Table (3): Selectivity of different media For cesium/sodium .
Ion exchange media

Concentration

Selectivity coefficientkCs/Na

of sodium (mol/L)

Strong acid resin

1.0

<10

Cesium-selective resin

6.0

11400

Zeolite (mordenite)

0.1

450

Silico-titanate

5.7

18 000

Hexacyanoferrate

5.01

500 000

1.6. Factors Affecting the Sorption Process
1.6.1. Swelling
When an ion-exchange resin becomes wet, it absorbs water and
increases in volume. This phenomenon is called (swelling) and it is a
reversible process. The degree to which swelling occurs is controlled by
the osmotic pressure in the resin and the strain to which the elastic
polymeric network is submitted [Gregor, 1951].
Swelling equilibrium depends on the tendency of the polar and
ionic constituents of the resin to surround themselves with polar solvent,
and thus to expand the matrix [Inczedy, 1966].
The fixed functional groups and any mobile ion can form a
salvation shell. The interior of the resin exchanger is a highly
concentrated solution of ions and has a tendency to dilute itself by taking
additional solvent. This effect would appear as an osmotic pressure
difference between the interior of the resin and the external solution
[Haroid, 1972].
Neighboring fixed ionic groups repel each other electrostatically
leading to stretching the chains of the matrix. All of these factors can
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govern the swelling characteristics of resins. Polar solvents are as a rule,
better swelling agent than nonpolar solvents since they interact more
strongly with the ions and polar groups in the resin. Highly crosslinking
resins have a reduced ability to swell; the greater number of links make
the network more rigid. The greater the affinity of the groups for the
polar solvent, the more strongly the resin swells. Resins may swell more
strongly

when

their

functional

groups

are

completely ionized

[Lindenbaum et al., 1954].
1.6.2. Degree of swelling
The degree of swelling of the resin was calculated by swelling a
known weight of the dry resin overnight in excess water, the degree of
swelling is calculated by using the following formula:
Degree of swelling = (Ws-W)/W

(18)

where, Ws and W are weight of resin after and before swelling
respectively.
1.6.3. Capacity
The total capacity of resin indicates the quantity of exchangeable
ions per unit weight of dry resin or per unit value of wet resin. It
constitutes the upper limit of the quantity of substance that can be sorbed
on the resin in separations where one ion is sorbed completely and the
other is eluted.
The

total

capacity

is

usually

determined

by

titration,

spectrophotometrically and radiometrically for radioactive isotopes. The
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capacity of the resin in meq/g was calculated using the following
equation [Siyam and Ayoub, 1997].
٪ uptake
Capacity in meq/g =

× Co × Z × V/m

(19)

100
Where,
Co : is the initial concentration of solution, g/ml
Z : is the charge of the metal ion adsorbed
V : is the solution volume, ml
m : is the weight of the exchanger, g.
The accepted way of characterizing the capacity of an ionexchanger is by giving the number of inorganic groups contained in the
specific amount of the dry material. The characteristic constant contained
in this way is usually called the weight capacity and is expressed in
milliequivalents per gram dry resin [Bunzi and Sansoni, 1976].
1.6.4. Selectivity
The reactivity of metal ions in solution may be related to the
following:
a) Electronic configuration of the ion.
b) Ionic radii of metal ion.
c) Electronegativity of the anion.
d) Solubility of metal salt in water.
e) Number of water molecules associated with the metal salt.
f) Position on hard-soft acid bases scale of metal ion and the ligands.
It has been shown that different ions are absorbed with different
strengths in the ion-exchange resins. Multivalent ions are more strongly
absorbed from dilute solutions than ions of lower valences. The
absorption strength increases with decreasing diameter of the hydrated
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ion. In the case of strongly acidic cation exchange resins, weakly acidic
ion-exchange resins absorb hydrogen ions most strongly and a slight
excess of hydrogen ions in the solution can displace all other cations
from the resin. Weakly acidic resins are particularly selective for
multivalent metal ions and bivalent ions such as Cu2+, Co2+, Ni2+, Pb2+,
Zn2+ and Cd2+ [Samuelson, 1963; Cartmell and Fowles, 1977].
In strongly basic anion exchange resin the valence of the ion and
the diameter of the hydrated ion play an important role similar to those of
the strongly acidic resins. The affinity of ions is determined on strongly
and weakly basic resins by valency, diameter of the hydrated ion and the
strength of the acid corresponding to the anion and structure of ions
[Inczedy, 1966].
1.6.5. Particle size and porosity
Resins prepared by condensation are usually taken the form of
irregularly formed particles, while these prepared by polymerization can
be obtained as spherical beads. The diameter of the beads is important for
the time necessary for separation. This is because the smaller the
particles, the easier is the equilibrium between the resin and solution
occurs. However, small particles limit the flow rate. The pore diameter of
polymerization resins is the order 10 Ao. In case of large ions where
particle diffusion is the rate controlling step, resin with large pore
diameter posses better kinetic properties [Griessbach, 1955].
1.6.6. Temperature
The influence of temperature on tracer level separations was
investigated by Dybezynski [Dybczynski, 1969]. The increase in
temperature causes an increase in the diffusion coefficient in the resin, as
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well as, in the solution. Therefore, more efficient separations are
generally obtained. However in most cases, temperature has rather small
effect on the separation coefficient. On the other hand, the increase in
temperature decreases the viscosity of the aqueous phase giving rise to an
increase in the flow rate.
1.6.7. Effect of pH
At higher pH values the amide groups are unprotonated while, the
carboxylate groups [Kuenkov and Myagchenkov, 1980], and quaternary
ammonium groups [Pauley et al., 1969] are ionized. Alternatively, the
interaction can occur between these cations of the solution and the active
groups of the polymer chains for flock formation.
1.7. The Physico-Chemical Nature of the Sorption Phenomenon
The

physico-chemical nature

of the

sorption phenomenon

determines both the distribution of microcomponent (adsorbate) in the
sorption system and the strength of its bonding to the adsorbent. The
question of nature of the adsorption process is concerned mainly with the
mechanism by which it takes place, particularly the nature of force acting
between the adsorbed trace element and adsorbent. According to the
forces involved three basic kinds of adsorption can be distinguished as:
1.7.1. Physical adsorption
This type of adsorption occurs as a result of nonspecific attraction
between the solid and the adsorbate. The forces responsible about this
type of interaction are known as dispersion of Van-der Waals forces, and
are similar in nature to those acting in any condensation process. Their
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origin lies in the attraction between the entire electron shell of the
adsorbate and the adsorbent. In addition, there are many forces that can
account for the physical adsorption of colloidal particles (adhesion) or
macromolecules [Adamson, 1960].
However, physical adsorption can generally result in the binding of
adsorbate particles in several consecutive layers. The probability of such
a process in the adsorption of trace elements is small but it cannot be
entirely ruled out, particularly for adsorption on a small number of the
most active adsorption sites. Physical adsorption is a fast and reversible
process, requiring no activation energy. It does not greatly depend on the
chemical nature of the adsorbent.
1.7.2. Chemisorption
This type of sorption takes places as a result of specific (chemical)
reactions i.e. transfer or sharing of electrons between the atom of an
adsorbent and adsorbate. Hence, the chemical nature of the adsorbent has
significant role in the process of chemisorption. Energies associated with
chemisorption are usually larger than these associated with physical
adsorption and may approach the energies of chemical bond formation.
Chemisorption may be irreversible and slow, with a temperature
dependence indicating the existence of activation energy. Chemisorption
forces show characteristic stability, which reduces their action to a single
adsorption layer [Gregg and Sing, 1967].
1.7.3. Electrostatic adsorption
The electrostatic adsorption seems probably the most frequently
encountered type of adsorption from solution. It is due to the action of
attractive coulomb forces between the electrically charged surface of the
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adsorbent and the oppositely charged particles of the adsorbate. These
forces decrease with the second power of the distance from the surface,
therefore their range of action is much greater than those of physical
adsorption and chemisorption. Electrostatic adsorption of ions could be
considered as ion-exchange process in its simplest form. Generally, there
is no distinct border between physical and electrostatic adsorption [Ross
and Olivier, 1964].
In many systems the mechanism of adsorption cannot be
characterized and several mechanisms may be involved simultaneously
[Schulz et al., 1960]. For example, desorption and electrostatic forces are
frequently

combined

with

the

formation

of

hydrogen

bonds

(Chemisorption type) [Ponec et al., 1968]. Consequently it is difficult to
assess the nature of adsorption forces even at macroconcentration of
adsorbate. Nevertheless, it is well established that the mechanism of the
adsorption of trace elements depends primarily on their state in solution
[Ezz El-Din, 1990].
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2. EXPERIMENTAL
2.1. Materials
2.1.1. Reagents
The most reagents used for the synthesis of the materials were
obtained from BDH (England) and Loba Chemie (India). All other
reagents and chemicals were of analytical reagent grade purity and
used without further purification. In all experiments, bidistilled
water was used for solvation, preparation, dilution, analytical
purposes and for final washing of the organic-inorganic ion
exchanger where distilled water was employed for washing all
glassware.
2.1.2. Radioactive materials
The radioactive tracers

134

Cs,

60

Co and

152+154

Eu were locally

prepared. In this respect, highly pure spectroscopic materials were
used as target and warped in an aluminium can and irradiated with
neutrons for 48 hours in the Egypt 2 MW research reactor at
Inshas, using a neutron flux of 1.3x1013 n.cm-2.sec-1.
These solutions were diluted with bidistilled water and were
used as tracers in the equilibrium measurements.
2.1.3. Radioactive assay
The radioactive nuclides used in the present work were
assayed by measuring their γ-ray spectrum.
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Cs,

60

Co and

152+154

Eu was measured

TM

2000 CANBERRA] single channel analyzer

(radiometric measurements), USA. In most cases the counting rates
were at least to times greater than of the background. Each result
recorded in this thesis, tabulated or graphed is a mean value of
three readings obtained under the same geometrical conditions,
calculation after correction for background. Generally, the net
counting rate has a standard deviation less than ±3٪.
2.2. Preparation of Polyacrylamide Sn(IV) Molybdophosphate
2.2.1. Preparation of reagents
1 M orthophosphoric acid (H3PO4) and 0.1 M ammonium
molybdate ((NH4)6Mo7O24.4H2O) were prepared in demineralized
water (DMW) while 0.1 M of stannic chloride (SnCl4.5H2O) was
prepared in 4 M HCl. Solution of 20% acrylamide was prepared in
demineralized water (DMW) while 0.1 M potassium persulfate
(K2S2O8) was prepared in 1 M HCl.
2.2.2. Preparation of polyacrylamide Sn(IV) molybdophosphate
Polyacrylamide was prepared by mixing equal volume of
acrylamide and potassium persulfate. A viscous solution was
obtained by heating the mixture gently at 70oC with continuous
stirring. Inorganic precipitate of Sn(IV) molybdophosphate was
prepared at 25oC as reported earlier [Marageh et al., 1999] by
mixing equal volumes of the solutions of stannic chloride (0.1 M),
ammonium molybdate (0.1 M) and orthophosphoric acid (1 M).
The yellow precipitate was obtained when the pH of the mixture
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was adjusted to 1.05 by adding aqueous ammonia (NH4OH). The
viscous solution of polyacrylamide was added to the yellow
inorganic precipitate of Sn(IV) molybdophosphate and mixed
thoroughly with continuous stirring. The resultant yellow colored
slurry was refluxed for 3 h at a temperature of 70±5oC and the
color of the slurry changed from yellow to greenish color. The
resultant greenish colored slurry was kept for 24 h at room
temperature for digestion. The supernatant liquid was decanted and
gel was filtered using a centrifuge (about 104 rpm) and dried at
50±1oC. The product was crashed to obtain small granules and
converted to H+ -form by treating with 1 M HNO3 for 24 h with
occasional shaking intermittently replacing the supernatant liquid
with fresh acid and the color of the product became yellow . The
excess acid was removed after several washing with DMW, dried
at 50oC and sieved to obtain particles of particular size range (0.115
– 0.375 mm). The percentage of yield and physical appearance of
beads were selected for further studies.
2.3. Equipment
The following equipment were utilized in this work:
2.3.1. Water thermostat shaker
Equilibration

studies

were

performed

using

thermostat shaker of type Julabo SW-20C/2, Germany.
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2.3.2. pH-meter
The pH-values of solutions were measured using bench pH
meter, model 601A, USA.

2.3.3. Differential thermal (DTA) and thermogravimetery (TG)
analyses
Measurements

of

differential

thermal

(DTA)

and

thermogravimetric (TG) analyses were carried out using a
Shimadzu DTG-60 thermal analyzer obtained from Shimadzu
Kyoto "Japan". The sample measured for ambient temperature up
to 1000oC in N2 atmosphere, with the heating rate of 10 deg/min
and using alumina powder as a reference material.
2.3.4. Infrared spectral analysis
The IR spectra of polyacrylamide Sn(IV) molybdophosphate
were measured by the KBr disc method by mixing of the solid with
potassium bromide in ratio 1:4 and ground to a very fine powder. A
transparent disc was formed in a moisture free atmosphere. The IR
spectra were recorded using a Shimadzu infrared spectrometer
(BOMEM-FTIR) obtained from Shimadzu Kyoto "Japan", in the
range 400-4000 cm-1.
2.3.5. X-ray diffraction patterns
Measurements of X-ray diffraction patterns were carried out
using a Shimadzu X-ray diffractometer obtained from Shimadzu

- 77 -

EXPERIMENTAl

E.A. Abdel-Galil

Kyoto "Japan", model XD-Dl, with a nickel filter and a Cu Kα-Xraddiation tube (λ = 1.5418 Å).
2.3.6. Atomic absorption spectrophotometer
An atomic absorption spectrophotometer model AA-6701 FShimadzu, Kyoto "Japan" was used in the distribution coefficient
measurements and also in column chromatography measurements.
2.3.7. Inductively coupled plasma
An inductively coupled plasma emission spectrophotometer
model, ICPS-7500, Shimadzu Sequential Type, Kyoto "Japan" was
used for measuring the trace concentrations of the different heavy
metals in the application part of the work.
2.3.8. Gamma spectrometer
The radioactive nuclides used in this study
152+154

134

Cs,

60

Co and

Eu were measured radiometrically in both solid and liquid

phases by γ-ray spectrometry using single channel analyzer
(radiometric measurements), model Genie

TM

2000 CANBERRA,

USA.
2.3.9. Elemental analysis
Chemical composition of the inorganic species, Stannic (IV)
molybdophosphate, in polyacrylamide Sn(IV) molybdophosphate
samples was performed by X-ray fluorescence (XRF) of solid
samples with Philips XRF detector, Holland. While, the chemical
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organic

part

(polyacrylamide)

in

polyacrylamide Sn(IV) molybdophosphate samples was performed
by Flash EA Analyzer, Italy (Elemental analysis, C, H, and N
concentrations).
2.4. Chemical Stability
The chemical stability of the prepared polyacrylamide Sn(IV)
molybdophosphate and Sn(IV) molybdophosphate was studied in
water, acid (HNO3 and HCl) at different concentrations [0.5, 1, 2,
3, 4, 5, 6 and 7 M] and base (KOH and NaOH)

at different

concentrations [0.1 and 1 M], by mixing 100 mg of each of the
prepared samples of polyacrylamide Sn(IV) molybdophosphate and
Sn(IV) molybdophosphate and 100 ml of the desired solution with
intermittent shaking for about one week at 25±1oC. The filtrate
was tested gravimetrically.
2.5. Capacity of Polyacrylamide Sn(IV) Molybdophosphate for
the Studied Hazardous Metal Ions
The capacity of polyacrylamide Sn(IV) molybdophosphate
sample was determined by batch experiment technique. 0.1 g of the
solid material was equilibrated with 10 ml of ionic strength about
0.1 (Pb2+, Cs+, Fe3+, Cd2+, Cu+2, Zn2+, Co2+ and/or Eu3+) chloride
solution with V/m ratio equal 100 ml/g for all polyacrylamide
Sn(IV) molybdophosphate samples. The mixture was shaked in a
shaker thermostat at 25 ± 1oC. After overnight standing the solid
was separated and the concentration of the metal ions was
measured radiometrically and instrumentally (using I.C.Ps) The
capacity value was calculated by the following formula;
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٪ uptake
Capacity in meq/g =

× C o × Z × V/m

(19)

100
2.6. Distribution Studies
The distribution coefficients (Kd) of Pb2+, Cs+, Fe3+, Cd2+,
Cu+2,

Zn2+,

Co2+

and

Eu3+

on

polyacrylamide

Sn(IV)

molybdophosphate were determined by batch equilibration as a
function of hydrochloric acid concentration. 0.1 g of the prepared
ion exchanger was shaken with 10 ml at a V/m ratio of 100 ml/g of
10-3 M of the above mentioned metal ion solutions.
The mixture was placed overnight (time within an equilibrium
was attained) in a shaker thermostat adjusted at 25 ±1oC. After
equilibrium, the solutions were separated by centrifugation and the
concentration of metal ions in the exchanger and in the solution
was deduced from the concentration relative to the initial
concentration in the solution.
The pH values were measured before and after equilibration
by using a pH meter of the bench, model 601A, USA. The
concentration of

134

Cs,

60

Co and

152+154

Eu ions were measured

radiometrically using Multi channel analyzer [ Genie

TM

2000

CANBERRA] obtained from USA., while the concentration of the
other studied metal ions (Pb2+, Fe3+, Cd2+, Cu+2 and Zn2+) were
measured using (ICPs). The counting rates of different samples
were measured to give at least 10 times as that of the background.
All tests were repeated two or three times and the total
experimental error were about ± 3%.
The distribution coefficients (Kd) and separation factor values
were evaluated;
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Ao − Af
V
———— × ——
Af
m

(ml/g)

(20)

Where,
Ao: is the concentrations of the ions in solution before
equilibration.
Af : is the concentrations of the ions in solution after equilibration .
V : is the volume of the solution (ml) .
m : is the weight of the exchanger (g).
2.7. Kinetic Measurements
The radius of the particle of the sieved fractions was
determined by measuring the diameter of 100 particles with an
optical microscope. The particles were assumed to be spherical and
a mean equivalent radius was calculated, kinetic experiments were
performed under particle diffusion control condition and a limited
batch technique.
Kinetic measurements were carried out at different operative
conditions of concentration of metal ions and different particle
diameters (0.115 – 0.375 mm) of polyacrylamide Sn(IV)
molybdophosphate sample with V/m equals 100 ml/g. This was
performed using aqueous solution which contains the cation
solutions metals. All the kinetic experiments were done in a shaker
thermostat adjusted at 25, 45 and 65±1oC. After each time interval
the shaker is stopped and the solution is separated at once from the
solid and the extent of sorption was determined.
The sorption rate of the elements was followed in batch
experiments with the solution to solid ratio permitting to obtain %
uptake of ions <50%. Under these conditions, the only reaction
taking place is the ion exchange between the metal ions in solution
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and the counter ions (co-ions), on the exchanger. Besides, the rate
of exchange is governed by the diffusion of the metal ions. Also,
the condition of that uptake <50% of ions is necessary to obtain a
purely particle diffusion controlled exchange and hence a constant
internal diffusion coefficient.
2.8. Sorption Isotherms
Sorption isotherm is done by a gradual increase in the
concentration of sorbate ions in solution and measuring the amount
sorbed at each equilibrium concentration. The degree of sorption
should therefore be a function of the concentration of the sorbate
ions only.
Sorption isotherm for some hazardous metal ions was
determined over the concentration range 10-3 to 0.1 M at constant
V/m ratio of 100 ml/g. The experiments were carried out at 25, 45
and 65±1oC, in shaker thermostat. After equilibration the respective
mixture was filtered and analyzed radiometrically for
and

152+154

134

Cs+,

60

Co

Eu and analyzed instrumentally for the other studied

metal ions. The adsorption results were analyzed by the Langmuir
adsorption isotherm as follows;
Ce

Ce
=

qe

1
+

Q

(17)
bQ

% uptake
Ce = Co (1-

)

(21)

100
where Ce is the equilibrium concentration of the adsorbate ions, qe
is the amount of ions sorbed per gram of sorbent (mol/g) at
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equilibrium time, Q and b are Langmuir constants related to
maximum adsorption capacity (monolayer capacity) (meq/g) and
heat of adsorption, respectively., if the Langmuir isotherm is valid,
a straight line relationship should be obtained when Ce/qe is plotted
against Ce , with slope 1/Q and intercept 1/bQ.
According to Freundlich sorption isotherm, the following
equation is valid;
log qe = log Kf + 1/n log Ce

(16)

where qe is the amount adsorbed at equilibrium (mol/g), Ce is the
equilibrium concentration of the adsorbate metal ions, Kf and n are
Freundlich constants, Therefore, if the Freundlich isotherm is
obeyed, a straight line relation ship should be obtained between log
qe and log Ce
According to Dubinin-Radushkevich (D-R) isotherm sorption
isotherm, the following equation is valid;
Ln qe = ln X/m - K/ ε2

(22)

wher ε (the polanyi potential) = RT ln (1+1/Ce), qe is the amount of
ions sorbed per gram of sorbent (mol/g), X/m is the adsorption
capacity of the sorbent (meq/g), Ce is the equilibrium concentration
of the metal ions in solution, K/ is a constant related to the
adsorption energy (mol2 kJ-2), R is the gas constant (kJ K-1mol-1),
and T is the temperature (K), if the Dubinin-Radushkevich (D-R)
isotherm is obeyed, a straight line relation ship should be obtained
between log qe and ε2.
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2.9. Column Operations
Chromatographic column breakthrough investigations were
conducted

as

follows,

0.3

g

of

polyacrylamide

Sn(IV)

molybdophosphate of particle size 0.375 mm was packed in a glass
column (0.5 cm diameter and 5 cm heights) to give a bed heights of
1.1 cm3 volume. 350 ml of the desired neutral solutions (pH = 3.45)
containing 10-3 M of metal chloride [M (Cl)x where M = Fe3+, Co2+,
Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+] were passed through the
column beds at a flow rate of 4-5 drops/min, equal fractions were
collected and the concentrations were continuously measured using
atomic absorption spectrophotometer and inductively coupled
plasma (ICPS). The values of breakthrough capacity were
calculated using the formula;
Co
Breakthrough capacity = V(50%) × ——
m
where;

(meq/g)

(23)

V(50%) : is the effluent volume at 50% breakthrough (ml).
Co : is the concentration of feed solution.
m : is the amount of the column bed per gram .
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3. RESULTS AND DISCUSSION
3.1. Preparation and Characterization of Polyacrylamide
Sn(IV) Molybdophosphate
As a result of the method of the precipitation, granular types
of polyacrylamide Sn(IV) molybdophosphate hybrid cationexchanger were obtained. The H+-form of polyacrylamide Sn(IV)
molybdophosphate was prepared as mentioned before in the
experimental. Details of precipitation and some characterization of
the prepared

polyacrylamide Sn(IV) molybdophosphate are

summarized in Table (4) and the polymerization reaction is given
in Figure (1).
All samples of polyacrylamide Sn(IV) molybdophosphate are
hard granulates in nature and suitable to use in column operations
and Yellow in color. The color of the prepared material was
changed with increasing the drying temperatures from 50oC to
850oC as follow; 50oC (dark yellow), 200oC (dark brown), 400oC
(yellow), 600oC (slightly blue) and 850oC (slightly blue). The
prepared samples were characterized using different analytical
techniques such as solubility, I.R spectra, X-ray diffraction patterns
and thermal analysis [TG and DTA].
3.1.1. Chemical stability
The chemical stability of the prepared polyacrylamide Sn(IV)
molybdophosphate and Sn(IV) molybdophosphate was studied in
water,

acid (HNO3

and HCl)

at

different

concentrations

[0.5,1,2,3,4,5, 6 and 7 M] and base (KOH and NaOH) at different
concentrations [0.1 M and 1 M], by mixing 100 mg of each of the
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Fig. (1): Schematic representation of acrylamide monomer
polymerization.
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prepared samples of polyacrylamide Sn(IV) molybdophosphate and
Sn(IV) molybdophosphate and 100 ml of the desired solution with
intermittent shaking for about one week at 25±1oC as given in
Table (5).
From

Table

polyacrylamide

(5),

it

Sn(IV)

was

found

that

molybdophosphate

the

prepared

and

Sn(IV)

molybdophosphate samples are stable in water and acid solutions
up to 6 M HNO3 and

HCl, while the samples are completely

dissolved at 7 M acids. Polyacrylamide Sn(IV) molybdophosphate
and Sn(IV) molybdophosphate are completely dissolved in 0.1 and
1 M base [NaOH and

KOH]. The chemical stability of the

prepared polyacrylamide Sn(IV) molybdophosphate is higher than
Sn(IV) molybdophosphate, this proves that the prepared composite
overcame the low chemical stability of inorganic Sn(IV)
molybdophosphate. Polyacrylamide Sn(IV) molybdophosphate is
more stable than polypyrrole Th(IV) phosphate prepared by [Khan
et al., 2005-a], especially at high acid concentration (4 M HCl and
4 M HNO3), polyaniline Sn(IV) tungstoarsenate prepared by
[Khan and Alam., 2003] especially at DMW and

high acid

concentration (4 M HCl and 4 M HNO3), poly (acrylamide –
acrylic acid) –silicon titanate prepared by [Abou-Mesalam et al.,
2003] and

polypyrrolel/polyantimonic acid prepared by [Khan

and Alam, 2004], while polyaniline Sn(IV) phosphate prepared by
[Khan

and

Inamuddin,

2006-a],

polyaniline

Sn(IV)

arsenophosphate prepared by [Niwas et al., 1999] and acrylonitrile
based cerium (IV) phosphate prepared by [Varshney et al., 1998b] are more chemically stable than the prepared polyacrylamide
Sn(IV) molybdophosphate.
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Table (4): Synthesis and properties of polyacrylamide stannic molybdophosphate.
Sample
SnCl4.5H2O
in 4M HCl
(0.1M)

H3PO4
in
DMW
(1M)

1

1

Polyacrylamide
Sn(IV) MoP

Mixing volume ratio (v/v)
(NH4)6Mo7O24.4H2O
pH of the
in
inorganic
Precipitating
DMW
precipitate
agent
(0.1M)
1

NH3

1.05

K2S2O8
in
1M
HCl
(0.1M)
1

Acrylamide
in DMW
(20%)

properties
Appearance
XRD
of beads
after drying
at 50±2oC

1

Yellow
granular

crystalline

Table (5): Chemical stability of the prepared polyacrylamide Sn(IV) molybdophosphate and
molybdophosphate sample at different acid concentration.

Sn(IV)

Solubility (g/l at 25±1oC )
H2O
Sample

Polyacrylamide
Sn(IV) MoP
Sn(IV) MoP

HNO3, M
3
4

0.5

1

2

BD

0.063

0.081

0.146

0.159

BD

0.132

0.172

0.256

0.328

BD; Below Detection

6

7

0.5

1

2

0.169

0.191

0.244

CD

0.075

0.126

0.175

0.197

0.388

0.412

0.456

CD

0.148

0.284

0.381

0.418

CD; Complete Dissolution
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3
4

5

5

6

7

0.230

0.264

0.318

CD

0.456

0.522

0.620
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3.1.2. Infrared spectra of the prepared samples
The infrared spectrum of stannic molybdophosphate is
recorded in Figure 2(a). The peak at ≈ 3450 cm-1 is characteristic to
the stretching mode of free water and OH groups adsorbed on
Sn(IV) molybdophosphate [Roganarasimhan, 1963; Rao, 1963a]. The peak at ≈ 1650 cm-1 represents the bending mode of water
molecules [Rao, 1963-a]. The peak at ≈ 1412 cm-1 is due to the
deformation vibration of hydroxyl groups (M-OH deformation
vibration) [El-Naggar et al., 1997-b; Nabi et al., 2007]. The peak
at ≈ 967 cm-1 with a band between 790-967 cm-1 is due to
phosphate group (may be due to the presence of PO43−, HPO42−,
H2PO4−) [Rao, 1963-b; Vesely and Pekarek, 1963]. The two
peaks at ≈603 and ≈528 cm-1 are associated with metal oxygen
bonds [Nabi and Siddiqui, 1985; Rawat and Ansari, 1990]. The
infrared spectrum of stannic molybdophosphate is recorded in
Figure

2(a)

similar

to

the infrared spectrum of stannic

molybdophosphate previously prepared [Marageh et al., 1999].
The

infrared

spectrum

of

polyacrylamide

stannic

molybdophosphate is recorded in Figure 2(b). It was found that all
the above absorption bands occurred in the spectrum of
polyacrylamide stannic molybdophosphate, beside four absorption
bands (≈ 1074 cm-1, ≈ 1223 cm-1, ≈ 1610 cm-1 and ≈ 3207 cm-1)
(show Table 6). The peak at ≈ 1074 cm-1 is characteristic to the
asymmetric stretching vibration of the C–C (עa.C–C) [Mohan and
Murugan, 1997; Murugan et al., 1998], the peak at ≈ 1223 cm-1 is
characteristics to (ω. NH2) [Mohan and Murugan, 1997;
Murugan et al., 1998], the peak at ≈ 1610 cm-1 is due to the
stretching vibration of C=O, the peak at ≈ 3207 cm-1 may be
attributed to symmetric stretching vibration of the NH2 group
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(עs. NH2) [Mohan and Murugan, 1997; Murugan et al., 1998].
The absence of the peak at ≈ 990 cm-1 which was observed in
acrylamide spectra and assigned to CH2═CH- vibration [Bellamy,
1958] suggests that the polymerization process is completed with
full conversion of the monomers into polymeric resins. It is clear
that the characteristic H2O bands which

appear

at ≈ 3450 cm-1

and 1650 cm-1 for all samples were decreased as demonstrated by
the decrease in bond intensities of molecular water for all samples
which goes parallel to increase in the heating temperature from
50oC to 850±1oC as shown in Figure (3). Furthermore the
characteristic H2O bands disappeared at temperature greater than
400oC . From 400oC, the peaks characteristic to polyacrylamide
species (עs. NH2,  עC=O, ω. NH2 and עa. C–C) disappeared and this
sequence can be confirmed by data obtained from total elemental
analysis for polyacrylamide Sn(IV) molybdophosphate dried at
4000C [C (1.38%), H (0.86%) and N (0.32%)] "Table 7" and
thermogravimetric analysis "Figure 4".
3.1.3. Elemental analysis
The material was analyzed for Sn(IV), molybdnium and
phosphate by X- ray fluorescence spectrometry. Carbon, hydrogen
and nitrogen contents of the cation-exchanger were determined by
elemental analysis. The weight percent composition of the material
was given in Table (7). From Table (7), it was found that the
polyacrylamide

species

in

polyacrylamide

Sn(IV)

molybdophosphat are disappeared when the prepared material was
dried at 400oC and this sequence can confirm the above I.R data.
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Transmittance

(a)

(b)

Wavenumber (cm-1)

Fig. (2): Infrared spectra of the prepared
molybdophosphate (a) and
polyacrylamide
o
molybdophosphate (b) dried at 50 C.
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Table (6): Assignments of IR bands (cm-1) of polyacrylamide stannic molybdophosphate and stannic
molybdophosphate.
polyacrylamide stannic
molybdophosphate
Observed band
3450

Sn(IV)
molybdophosphate
Observed band
3450

3207
1650
1610
1412
1223
1074
790-967

790-967

528, 603

528, 603

References
Calculated

ע. OH and ע. H2O
3171

1650
1651
1412
1208
1120
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[Roganarasimhan, 1963; Rao, 1963a; Mohan and Murugan, 1997;
Murugan et al., 1998]
[Rao, 1963-a;]
[Nabi et al., 2007]

[Rao, 1963-b; Vesely and Pekarek,
1963]
[Nabi and Siddiqui, 1985; Rawat and
Ansari, 1990]

RESULTS AND DISCUSSION

E.A. Abdel-Galil

50 0C

Transmittance

200 0C

400 0C

600 0C

850 0C

Wavenumber (cm-1)

Fig. (3): Infrared spectra of the prepared polyacrylamide
Sn(IV) molybdophosphate at different drying temperatures.
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Table (7): Chemical analysis of ployacrylamide Sn(IV)
molybdophosphate samples at different drying temperatures.
Concentration, %
H
SnO2 MoO3

Drying
temperature

C

N

500C
2000C
4000C

3.86
2.5
1.38

0.78
0.50
0.32

1.61
1.44
0.86

15.29
-

39.67
-

P2O5
11.8
-

3.1.4. Thermal analysis
Thermogravimetric study was also carried out on heating
polyacrylamide Sn(IV) molybdophosphate (as prepared) up to
1000◦C at a constant rate (~10◦C min−1) in the air atmosphere. The
TGA–DTA analysis curve "Figure 4" of polyacrylamide Sn(IV)
molybdophosphate hybrid cation-exchanger showed weight loss of
mass (~5.62%) up to 180◦C that may be due to the loss of external
water molecules present [Duval, 1963-a]. A slow weight loss
(~6.15%) was observed between 180 and 415◦C may be due to the
condensation of phosphate group to pyrophosphate [Duval, 1963b]. Further weight loss (~8.14%) between 415 and 550◦C may be
due to complete decomposition of the organic part of the material
[Khan et al., 2005-a; Khan and Alam, 2003], "Table 7". At
800◦C, sharp weight loss (~46.56%) was observed which represents
the complete formation of oxide [Khan et al., 2005-a; Khan and
Alam, 2003] and the weight loss percent with increasing
temperatures observed by TGA curve is also supported by the
thermal stability experiment "Table 19". Thermal analysis of the
prepared polyacrylamide Sn(IV) molybdophosphate sample is
nearly similar to that of nylon-6,6, Zr(IV) phosphate [Inamuddin
et al., 2007]
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analysis

(TGA)

curve

polyacrylamide Sn(IV) molybdophosphate (as-prepared).
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and poly(methyl methacrylate) Zr(IV) phosphate [Siddiqui et al.,
2007].
3.1.5. X-ray diffraction patterns
The X-ray diffraction patterns (XRD) of the synthesized
materials were recorded using Shimadzu XD-Dl spectrometer with
Cu Kα radiation tube (λ = 1.5418 Å). The operating conditions were
30 kV

and 30 mA. The patterns and the intensity with d-spacing

value tables were used for the calculation of the crystal size of the
samples. The prepared polyacrylamide Sn(IV) molybdophosphate
was annealed at different temperatures (50, 200, 400, 600 and
850oC) and grained to a very fine powder to be suitable for powder
XRD measurement. The samples were mounted on a sample holder
plate without using back tape. Identifying the crystalline phases
that are formed in consequence of the thermal annealing was a very
difficult task, due to the presence of large number of elements in
the material under study. In order to obtain a precise identification
the following procedures are used:
1. Each diffractogram was digitized using suitable computer
software.
2. Position and intensity of diffraction peaks are recorded for each
diffractogram.

All

2θ

angles

are

transformed

to

its

corresponding displacement (d)
3. All displacements of the compounds that contain only one or
more of the route material are tabulated.
4. Compounds and substances that have matched with the
observed diffraction peaks are selected.
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5. Among the selected substances in step 4, only those which
satisfied the thermodynamic criteria of formation are tabulated
in Table (8).
It seam that the ammonium phosphate molybdenum oxide
hydrate

[(NH4)3PO4.12(MO3).3H2O]

together

with

molybdophosphoric acid [H3PMo12O40. 30.H2O] are the dominated
crystalline phase for samples annealed up to 400oC. The noncrystalline phases are expected to be tin oxide and its compounds
with phosphorus and molybdenum in addition to the organic
matrix. By annealing at 600oC other well-defined crystalline phases
are observed, those include molybdenum oxide and its compound
with tin oxide and phosphorus. At high temperature 850oC, all
lattice water disappeared and thermally stable phosphate compound
become dominate.
The d-spaces, which is the distance between diffracting
planes, was calculated by substituting the scattering angle, 2θ, of
the peak into the Bragg equation [Khayet and Garcia-Payo,
2009],
d = (λ / 2sinθ)

(24)

where λ is the wavelength of the Cu- Kα ray and 2θ is the
diffraction angle "Table 8". The full-width at half-maximum height
(FWHM) of the more intensity diffraction peak (peak marker for
the compound (strongest peak), in order to ovoid the interference
between the peaks corresponding to each compound) were
calculated by fitting the X-ray diffraction data with a GaussianLorentzian function and the crystallite size, D, was estimated by
calculating the broadening of the more intensity diffraction peak
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(strongest peak) according to the Scherrer equation [Khayet and
Garcia-Payo, 2009],
D = Kλ/β cosθ

(25)

where K is the Scherrer constant, which depend upon lattice
direction and crystallite morphology (0.9 is used in this study), and
β is the FWHM given in radians. The values of D are given in
Table (8). The prepared material has different phases with small
crystalline size when annealed at different temperatures, i.e. these
exchangers may have multiple exchange sites so that one site may
favor one ion and another site favor a different sized ion and this
result may be due to the reason for high selectivity, capacity and
distribution coefficient. The degree of crystallinity (CrI) can be
calculated by Segal equation [Segal et al., 1959],
CrI = [(Icrystalline – IAmorphous) / Icrystalline] x 100

(26)

From Figure (5), and Table (8) it was found that the prepared
polyacrylamide

Sn(IV)

molybdophosphate

and

Sn(IV)

o

molybdophosphate heated at 50±1 C are crystalline. Figure (6)
shows

that

the

degree

of

crystallinity of

the

prepared

polyacrylamide Sn(IV) molybdophosphate slightly improved with
the increase of heating temperatures from 50oC to 600±1oC.
The color of the material reflects its crystal structure. The
dark yellow color of the route material is associated with
ammonium molybdate and orthophosphoric acid [Burstein, 1953;
Wells, 1984] while by annealing the material up to 200oC the
organic species are transformed to dark carbon compound that gave
the sample its dark brown color. After annealing at 400oC,
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molybdenum oxide yellow color dominates [Wells, 1984;
Greenwood and Earnshaw, 1997]. The blue color of molybdenum
phosphate and (tin oxide + molybdenum oxide) compounds gave
the sample that annealed at 600 and 850oC its blue color [Müller
and Roy, 2003 ].
3.1.6. pH Titration
Polyacrylamide Sn(IV) molybdophosphate (0.2 g) was placed
in a column fitted with glass wool at its bottom. A glass bottle
containing 20 mL of 0.001 M HCl was placed below the column,
and for determination of pH, a glass electrode was placed in the
solution, then 100 mL of 0.01 M (LiOH, NaOH or KOH) was
poured into the column. Titration was carried out by passing the
alkali metal hydroxide at a drop rate of about 10 drop/min, and
continued to a pH of about 13 [Nilchi et al., 2006-a]. The results
are shown in Figure (7).
Figure (7) shows the pH-titration curve of the polyacrylamide
Sn(IV) molybdophosphate. In this figure, the X-axis represents the
number of millimoles of 0.01 M alkali metal hydroxide (LiOH,
NaOH or KOH) passed through per gram of polyacrylamide Sn(IV)
molybdophosphate; and the Y-axis shows the pH value of the
effluent passed through the column. The pH titration curve shows
only one inflection point indicating that the polyacrylamide Sn(IV)
molybdophosphate behaves as monofunctional. This behavior
similar to cerium (IV) molybdate [Nilchi et al., 2006-a], ZrP-001
prepared by [Pan et al., 2007] and stannic silicomolybdate [Nabi
and Khan, 2006]. Furthermore, it appears to be a strong cationexchanger as indicated

- 99 -

E.A. Abdel-Galil

Intensity (Kcps)
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Fig. (5): X-ray diffraction patterns for the prepared Sn(IV)
molybdophosphate (a)
and polyacrylamide Sn(IV)
molybdophosphate (b) dried at 50oC.
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Intensity (Kcps)
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Fig. (6): X-ray diffraction patterns for the prepared
polyacrylamide Sn(IV) molybdophosphate at different drying
temperatures.
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Table (8): XRD data of polyacrylamide Sn(IV) molybdophosphate at different drying temperatures
Drying
temperatures

50oC

200oC

400oC

Angle
(2θ)

d

Plane

int-f

62.78
36.07
30.61
26.28
21.25
29.47
26.52
21.62
64.73
62.78
26.28
26.52

1.4800
2.4900
2.9200
3.3900
4.1800
3.0300
3.3600
4.1100
1.4400
1.4800
3.3900
3.3600

(732)
(332)
(400)
(222)
(220)
(553)
(444)
(440)
(740)
(732)
(222)
(444)

60
50
50
100
25
9
27
7
30
60
100
27

62.78
55.70
36.07
30.61
26.28
29.48
26.52
12.80
38.18
25.06

1.4800
1.6500
2.4900
2.9200
3.3900
3.0300
3.3600
6.9110
2.3570
3.5530

(732)
(550)
(332)
(400)
(222)
(553)
(444)
(020)
(400)
(201)

60
40 (NH4)3PO4.12(Mo3).3H2O
Ammonium Phosphate
50
Molybdenum Oxide Hydrate
50
100
9
H3PMo12O40. 30.H2O
Molybdophosphoric Acid
27
99.9
MoO3.(H2O)2
3
MoO3. ½(H2O)
79
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Compound

(NH4)3PO4.12(Mo3).3H2O
Ammonium Phosphate
Molybdenum Oxide Hydrate

Card

Appearance
(color)

(NH4)3PO4.12(Mo3).3H2O
Ammonium Phosphate
Molybdenum Oxide Hydrate
H3PMo12O40. 30.H2O
Molybdophosphoric Acid

Average

D
(nm)

16-0181
dark yellow

H3PMo12O40. 30.H2O
Molybdophosphoric Acid

CrI
CrI

62.32

62.32

18.29

43-0316
62.32

18.29

16-0181
dark brown
43-0316

71.66
71.66

71.66

20.49
20.49

16-0181
yellow

65.70
65.70

16.35

65.70
76.62

16.35
36.42

43-0316
70-1513
37-0519
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6.9160

(001)

E.A. Abdel-Galil

100

76.62

36.42
76.12

o

600 C

850oC

26.52
25.02
23.03
38.76
25.26
38.13
26.93
12.79
38.76
25.26
38.76
25.26
21.26
39.37
37.77
26.46
21.54
18.63
38.50
21.94
18.92

3.3601
3.5579
3.8613
2.3230
3.5253
2.3600
3.3100
6.9200
2.3230
3.5253
2.3230
3.5253
4.1790
2.2881
2.3815
3.3680
4.1250
4.7631
2.3380
4.0500
4.6900

(111)
(200)
(011)
(211)
(101)
(xxx)
(xxx)
(xxx)
(211)
(101)
(211)
(101)
(110)
(023)
(222)
(211)
(200)
(111)
(222)
(200)
(111)

16
71
100
18.8
99.9
15
50
100
18.9
99.9
18.9
99.9
100
34
91
12.1
99.9
4.75
30
3
40

MoO3

47-1081

MoO(PO4)

76-0457

SnO2.2MoO3

23.70

80.54

26.06

76.62

36.42

80.54

26.06

59.03
57.70

15.66
21.65

36-1240

MoO(PO4)
MoO(PO4)

73-2333
73-2333

KSn2(PO4)3

48-1100

SnP2O7

75-1143

K3PO4

Slightly blue

65.80

Slightly blue

55.61
57.70

21.65

48.00

17.10

27-0435

PDF-2 Data Base (Sets 1-45), PDF-2 45 6A JUN95, Copyright (C) JCPDS-ICDD 1995 (JCPDS - International Centre for Diffraction Data), Newtown Square,
PA 19073-3273 U.S.A. Phone: (610) 325-9810 FAX: (610) 325-9823 e-mail: information@icdd.com.
PDF-2 Data Base (Sets 1-48 + 70-85), (International Centre for Diffraction Data) Powder Diffraction File, release in 1998, U.S.A.
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Fig. (7): pH titration curves for polyacrylamide Sn(IV)
molybdophosphate hybrid cation exchanger with various alkali
metal hydroxides.
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by a low pH (~3) of the solution when no OH− ions were added to
the system and the rate of H+–Na+ exchange was faster than those
of H+–Li+ and H+–K+ exchanges. The adsorption behavior for alkali
metals on this material was observed to be in the order of Na(I) >
Li(I) > K(I) in acidic and basic media .
3.1.7. Chemical composition
From the above data and composition studies, it was found
that the molar ratio of Sn(IV), Mo, PO43-, C, H and N in the
material is 1:4:3:3:15:0.5 which tentatively suggests the following
formula:
[(SnO 2 ), (M oO 3 ) 4 (H 3 P O 4 ) 3 + (- C H 2 - C H - C O N H -)] nH 2 O

Assuming that only the external water molecules are lost at
o

180 C and ~ 5.62% weight loss of mass represented by TGA curve
must be due to the loss of nH2O, from the above structure the value
of (n), the external water molecules, can be calculated using
"Alberti,s equation" [Alberti et al., 1966]:
18n = X (M + 18n) / 100

(27)

where X is the percent weight loss (~ 5.62%) of the exchanger by
heating up to 180oC and (M + 18n) is the molecular weight of the
exchanger without water molecules. The calculations give ~ 3.60
for the external water molecule (n) per molecule of the cation –
exchanger. So, a tentative molecular formula for the exchanger can
be written as:
[(SnO2), (MoO3)4 (H3PO4)3 + (– CH2 – CH – CONH–)] 3.6H2O
- 105 -
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3.2. Distribution Studies
The

potential

use

of

polyacrylamide

Sn(IV)

molybdophosphate in separation involving Fe3+, Co2+, Cu2+, Zn2+,
Cd2+, Cs+, Pb2+ and Eu3+ ions was studied. In order to investigate
its selectivity for metal ions, distribution coefficient (Kd) was
determined at different pH for each of Fe3+, Co2+, Cu2+, Zn2+, Cd2+,
Cs+, Pb2+ and Eu3+ ions.
The preliminary studies indicate that, the time of equilibrium
for the exchange of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and
Eu3+ ions with polyacrylamide Sn(IV) molybdophosphate was
attained within 24 h. (sufficient to attain equilibrium). The
distribution

coefficient

of

the

investigated

metal ions

in

demineralized water cannot give us any indications about the
selectivity of polyacrylamide Sn(IV) molybdophosphate for any of
the cations studied (Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and
Eu3+). In order to investigate its selectivity for the studied metal
cations, the distribution coefficients (Kd) were determined at
different pH values. The results of Kd values are shown in Fig. (8)
and Table (9) for polyacrylamide Sn(IV) molybdophosphate at
different conditions.
Fig. (8) and Table (9) show the pH dependency of Kd values
of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+. On the other
hand, the linear relations between log Kd and pH were observed
for Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions with
slopes (0.601, 0.508, 0.634, 0.443, 0.636, 0.30, 1.12 and 0.311),
respectively. These slopes did not equal to the valence of the metal
ions sorbed, which prove the non ideality of the exchange reaction.
These findings cannot be explained only in terms of electrostatic
interaction between the hydrated cations and the anionic sites in the
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Table (9): Kd values and separation factors (α) of Pb2+, Cs+,
Fe3+, Cd2+, Cu2+, Zn2+, Co2+ and Eu3+ as a function of pH on
polyacrylamide Sn(IV) molybdophosphate.
Kd, (ml g-1)

pH
Pb2+
0.75

20.89

Cs+

Fe3+

Cd2+

Cu2+

Zn2+

Co2+

Eu3+

478.63

38.904

21.28

18.11

30.97

15.505

46.77

(0.043)

(0.537)

(0.981)

(1.153)

(0.674)

(1.347)

(0.446)

(12.302)

(22.492)

(26.429)

(15.454)

(30.869)

(10.233)

(1.828)

(2.148)

(1.256)

(2.509)

(0.831)

(1.175)

(0.687)

(1.372)

(0.455)

(0.584)

(1.168)

(0.387)

(1.997)

(0.662)
(0.331)

1.55

165.57

831.76

112.201

67.45

58.076

70.631

33.11

82.98

(0.199)

(1.475)

(2.454)

(2.851)

(2.344)

(5.000)

(1.995)

(7.413)

(12.331)

(14.322)

(11.776)

(25.121)

(10.023)

(1.663)

(1.932)

(1.588)

(3.388)

(1.352)

(1.161)

(0.955)

(2.037)

(0.812)

(0.822)

(1.754)

(0.699)

(2.133)

(0.851)
(0.399)

2.42

1573.98

1513.56

380.189

242.66

209.411

171.395

102.66

154.52

(1.034)

(4.139)

(6.486)

(7.516)

(9.183)

(15.332)

(10.186)

(3.981)

(6.237)

(7.227)

(8.830)

(14.743)

(9.795)

(1.566)

(1.815)

(2.218)

(3.703)

(2.460)

(1.158)

(1.415)

(2.363)

(1.570)

(1.221)

(2.039)

(1.355)

(1.669)

(1.109)
(0.664)

3.45

20892.96

3090.29

1581.24

1096.47

957.19

489.77

346.73

322.106

(6.760)

(13.213)

(19.054)

(21.827)

(42.658)

(60.257)

(64.863)

(1.954)

(2.818)

(3.228)

(6.309)

(8.912)

(9.594)

(1.442)

(1.652)

(3.228)

(4.560)

(4.909)

(1.145)

(2.238)

(3.162)

(3.404)

(1.954)

(2.760)

(2.971)

(1.412)

(1.520)
(1.076)
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Fig. (8): log Kd of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and
Eu3+ ions as a function of pH on polyacrylamide
Sn(IV)molybdophosphate at 25oC.
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exchanger. It may therefore be considered that the dependence of
Kd for cations cannot be understood by a purely columbic
interaction with the anionic sites, but also may be due to the
formation of a covalent bond similar to a weakly acidic resin, such
as the carboxylic acid and phosphoric acid resin, such interaction
would be closely related to the ionic potential of the cations [ElNaggar et al ., 1998-a ; Ahrland et al., 1964]. It was found that,
the selectivity order of the investigated cations on polyacrylamide
Sn(IV) molybdophosphate in the same conditions has the following
sequence;
Pb2+ > Cs+ > Fe3+ > Cd2+ > Cu+2 > Zn2+ > Co2+ > Eu3+
This sequence is in accordance with the ionic radius of the
exchanged ions which takes the order (Fe3+< Cu2+≤ Co2+< Zn2+<
Eu3+). The ions with smaller ionic radius are easily exchanged and
move faster than that the ions with greater ionic radius. The Kd
values of Pb2+, Cs+ and Cd2+ are greater than the Kd values of the
other studied metal ions since the hydration energy of Pb2+, Cs+ and
Cd2+ is low as compared to the hydration energy of the other
exchanging metal ions (show Table 10).
The cation exchange processes between H+ (solid phase) and
Mn+ in solution can be represented by the following reaction;
—
nH+ + Mn+

―
Mn+ + nH+

where a bar over a character denotes to the concentration of Mn+ in
exchanger phase and unbar denotes to the concentration of Mn+ in
the solution phase.
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Table (10): Kd values of various exchanging ions on polyacrylamide Sn(IV) molybdophosphate.
Exchanging pH of the
ions
metal
solutions
Pb2+
Cs+
Fe3+
Cd2+
3.45
Cu2+
2+
Zn
Co2+
Eu3+

Kd (ml g-1)

20892.96
3090.290
1581.240
1096.470
957.1900
489.7700
346.7300
322.1060
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Ionic radii
(A° )

Hydration
energy

1.20
1.67
0.64
0.97
0.72
0.74
0.72
0.95

1480
263
4376
1806
2100
2044
2054

Water content %
M-form

H-form

22.155
19.332
33.190
30.800
32.070
34.270
33.530
45.650

36.46

Metal
exchanging
as
Unhydrated
Unhydrated
Unhydrated
Unhydrated
Unhydrated
Unhydrated
Unhydrated
Hydrated
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The distribution coefficient (Kd) values are defined by the
following relation;
—
[Mn+]
Kd =
[Mn+]

(12)
—

n+

where [M ] and [Mn+] are the molarities of the metal ions in
solution and on the exchanger phase, respectively.
M

The selectivity coefficient KH can be defined by the following
equation;
―

[Mn+ ] [ H+ ]n

M

KH =

(10)

―

[ H+ ]n [Mn+]

From equations (12 and 10), the distribution coefficient (Kd)
can be written in the sampler from as follows;
―

M

Kd = KH

[H+]n
(13)
[H+]n

or
H

―

log Kd = log KM [H+]n – n log [H+]

(14)

For a very dilute solution, the activity coefficient in solution
is very small and can be neglected, then [Mn+] << [H+] and [Mn+]
<< [H+]. Then the
M

Term log KH [H+] is considered as constant, and thus the
equation (14) can be reduced in the following form
log Kd = C – n log [H+] =C + npH
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Tables (11 and 12) show the distribution coefficient values of
polyacrylamide Sn(IV) molybdophosphate for the studied metal
ions as compared to the inorganic and composite ion exchangers
respectively.
From Table (11), polyacrylamide Sn(IV) molybdophosphate
composite

cation

ion

exchanger

gives

higher

distribution

coefficient values than other inorganic ion exchangers, e.g. (Eu3+)
on zirconium(IV) antimonoarsenate [Mittal et al., 2006], (Cs+) on
cerium(IV) antimonate [Aly et al., 1999], (Cd2+ and Zn2+) on silico
titanate and silico antimonate [Abou-Mesalam, 2002], (Cs+ and
Eu3+) on zirconium vanadate [Lahiria et al., 2005], (Cs+) on ceric
vanadate [Lahiria et al., 2005], (Cs+, Co2+ and Eu3+) on silico
titanate [El-Naggar et al., 2008], (Zn2+) on cerium phosphate(Li)
[Nilchi et al., 2000], (Cu2+ and Pb2+) on cerium phosphate(Na)
[Nilchi et al., 2000], (Pb2+, Cd2+

and Cu2+) on Zr(IV)

tungstomolybdate [Nabi et al., 2007], (Pb2+, Cs+ and Cu2+) on
thorium tungstophosphate [Yavari et al., 2006], (Cs+, Fe3+, Cd2+,
Cu2+, Zn2+

and Co2+) on magneso-silicate and magnesium

alumino-silicate [El-Naggar and

Abou-Mesalam, 2007] and

+

(Cs ) on iron-silicate [Ali et al., 2008]. While the prepared
polyacrylamide Sn(IV) molybdophosphate gives lower distribution
coefficient values than other inorganic ion exchangers, e.g. (Cs+)
on stannic molybdophosphate [Marageh et al., 1999], (Eu3+) on
cerium(IV) antimonate [Aly et al., 1999], (Cu2+) on silico titanate
and silico antimonate [Abou-Mesalam, 2002], (Eu3+) on ceric
vanadate [Lahiria et al., 2005], (Cu2+) on cerium phosphate(Li)
[Nilchi

et

al.,

2000]

and

(Zn2+

tungstomolybdate [Nabi et al., 2007].
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Table (11): Comparison of Kd, values of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions for various
inorganic ion exchangers in DMW.
Inorganic ion exchanger
2+

Pb

Cs

+

Fe

3+

Kd (ml g-1)
Cd
Cu2+
2+

Zn2+

Co2+

Eu3+

References

Polyacrylamide Sn(IV)(a)
molybdophosphate
Zirconium(IV)antimonoarsenate
Stannic molybdophosphate
Cerium(IV) antimonate
Silico titanate
Silico antimonate
Zirconium vanadate
Ceric vanadate
Silico titanate
Cerium phosphate(Li)
Cerium phosphate(Na)
Zr(IV)
tungstomolybdate
Thorium tungstophosphate
magneso-silicate

20892.96

3090.290

1581.240

1096.470

957.1900

489.7700

346.7300

322.1060

5000
1628

>5000
265
46.9
91.1
38.9
-

-

1050
155
298

2200
1100
1132
245
84

175
33
349
828

12.02
1217

10
Very high
70.3
53620
22.38
-

[Mittal et al., 2006]
[Marageh et al., 1999]
[Aly et al., 1999]
[Abou-Mesalam, 2002]
[Abou-Mesalam, 2002]
[Lahiria et al., 2005]
[Lahiria et al., 2005]
[El-Naggar et al., 2008]
[Nilchi et al., 2000]
[Nilchi et al., 2000]
[Nabi et al., 2007]

110
-

32
58.95

11.73

24.68

18
13.66

22.71

39.43

-

Magnesium alumino-silicate

-

77.46

29.27

73.31

34.12

57.48

98.01

-

Iron-silicate
(a): the material under study

-

602.56

-

-

-

-

[Yavari et al., 2006]
[El-Naggar and AbouMesalam, 2007]
[El-Naggar and AbouMesalam, 2007]
[Ali et al., 2008]
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Table (12): Comparison of Kd, values of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions for various
composite cation ion exchangers in DMW.
Composite cation ion exchanger
Pb

2+

Cs

+

Fe

3+

Kd (ml g-1)
Cd
Cu2+
2+

Zn2+

Co2+

Eu3+

References

Polyacrylamide Sn(IV)(a)
molybdophosphate
Polyaniline Sn(IV) phosphate

20892.96

3090.290

1581.240

1096.470

957.1900

489.7700

346.7300

322.1060

2900

-

700

-

-

386

-

-

Polypyrrole Th(IV) phosphate
Polypyrrole thorium(IV) phosphate
Polyaniline Sn(IV) tungstoarsenate
poly-o-toluidine Th(IV) phosphate
Nylon-6,6, Zr(IV) phosphate
Polyanilin Sn(IV) arsenophosphate
Polyanilin Sn(IV) phosphate

900
900
203
425
1335
8700

-

90
90
100
200
1200
5700
-

37
2920
25
750
4600
1169

233
180
25
1300
8100
771

63
63
263
400
812
4600

180
300
20
1375
3700
400

-

Poly(methyl methacrylate) Zr(IV)
phosphate
Acrylonitrile based cerium (IV)
phosphate
Poly-o-toluidine Zr(IV) phosphate
Cellulose acetate-Zr(IV)
molybdophosphate
Tamarind iminodiacetic acid (TIDAA)
Poly (acrylamide-acrylic acid)
Zirconium phosphate

5500

-

300

1100

2100

389

750

-

[Khan and Inamuddin, 2006a]
[Khan et al., 2005-a]
[Khan et al., 2005-b]
[Khan and Alam, 2003]
[Khan et al., 2007]
[Inamuddin et al., 2007]
[Niwas et al., 1999]
[Khan and Inamuddin, 2006b]
[Siddiqui et al., 2007]

100

-

20

33.33

100

66.66

233.33

-

[Varshney et al., 1998-b]

116
410

-

233
160

157
166

200
98

1900
40

67
110

-

[Khan and Akhtar, 2008]
[Nabi and Naushad, 2008]

1.26×104
-

-

-

7.59×103
388

9.78×103
780

4.47×103
2300

-

-

[Sharma and Singh, 2005]
[El-Naggar et al., 2001]

(a): the material under study
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From Table (12), polyacrylamide Sn(IV) molybdophosphate
composite

cation

ion

exchanger

gives

higher

distribution

coefficient values than other composite cation ion exchangers, e.g.
(Pb2+, Fe3+ and Zn2+) on polyaniline Sn(IV) phosphate [Khan and
Inamuddin, 2006-a], (Pb2+, Fe3+, Cd2+, Cu2+, Zn2+ and Co2+) on
polypyrrole Th(IV) phosphate [Khan et al., 2005-a], (Pb2+, Fe3+
and Zn2+) on polypyrrole thorium(IV) phosphate [Khan et al.,
2005-b], (Pb2+, Fe3+, Cu2+, Zn2+ and Co2+) on polyaniline Sn(IV)
tungstoarsenate [Khan and Alam, 2003], (Pb2+, Fe3+, Cd2+, Cu2+,
Zn2+ and Co2+) on poly-o-toluidine Th(IV) phosphate [Khan et al.,
2007], (Pb2+, Fe3+, Cd2+) on nylon-6,6, Zr(IV) phosphate
[Inamuddin

et

al.,

2007],

(Pb2+)

on

polyanilin

Sn(IV)

2+

arsenophosphate [Niwas et al., 1999], (Cu ) on polyanilin Sn(IV)
phosphate [Khan and Inamuddin, 2006-b], (Pb2+, Fe3+ and Zn2+)
on poly(methyl methacrylate) Zr(IV) phosphate [Siddiqui et al.,
2007], (Pb2+, Fe3+, Cd2+, Cu2+, Zn2+ and Co2+) on acrylonitrile
based cerium (IV) phosphate [Varshney et al., 1998-b], (Pb2+,
Fe3+, Cd2+, Cu2+ and Co2+) on poly-o-toluidine Zr(IV) phosphate
[Khan and Akhtar, 2008], (Pb2+, Fe3+, Cd2+, Cu2+, Zn2+ and Co2+)
on

cellulose

acetate-Zr(IV)

molybdophosphate

[Nabi

and

2+

Naushad, 2008], (Pb ) on tamarind iminodiacetic acid (TIDAA)
[Sharma and Singh, 2005] and (Cd2+ and Cu2+) on poly
(acrylamide-acrylic acid) zirconium phosphate [El-Naggar et al.,
2001].

While

the

prepared

polyacrylamide

Sn(IV)

molybdophosphate gives lower distribution coefficient values than
other composite ion exchangers, e.g. (Cd2+) on polyaniline Sn(IV)
tungstoarsenate [Khan and Alam, 2003], (Cu2+, Zn2+ and Co2+) on
nylon-6,6, Zr(IV) phosphate [Inamuddin et al., 2007], (Fe3+, Cd2+,
Cu2+, Zn2+ and Co2+) on polyanilin Sn(IV) arsenophosphate [Niwas
et al., 1999], (Cd2+ and Co2+) on polyanilin Sn(IV) phosphate
- 115 -

RESULTS AND DISCUSSION

E.A. Abdel-Galil

[Khan and Inamuddin, 2006-b], (Cu2+ and Co2+) on poly(methyl
methacrylate) Zr(IV) phosphate [Siddiqui et al., 2007], (Zn2+) on
poly-o-toluidine Zr(IV) phosphate [Khan and Akhtar, 2008],
(Cd2+, Cu2+ and Zn2+) on tamarind iminodiacetic acid (TIDAA)
[Sharma and Singh, 2005] and (Zn2+) on poly (acrylamide-acrylic
acid)

zirconium

Polyacrylamide

phosphate

Sn(IV)

[El-Naggar

molybdophosphate

et
gives

al.,

2001].

distribution

coefficient value for Cd2+ equal to the value of distribution
coefficient for the same metal ion on poly(methyl methacrylate)
Zr(IV) phosphate [Siddiqui et al., 2007].
Frome Tables (11 and 12), we can conclude that the prepared
polyacrylamide Sn(IV) molybdophosphate can be used for removal
of some hazardous metal ions from waste streams than other
inorganic and composite ion exchangers
The Kd values and separation factors (α = KdA/KdB, where A
and B are any neighboring pair ions) of Fe3+, Co2+, Cu2+, Zn2+,
Cd2+, Cs+, Pb2+ and Eu3+ ions in different pH on polyacrylamide
Sn(IV) molybdophosphate samples are summarized in Tables (9), it
is clear that the separation factors between Pb2+ or Cs+ and the
other

metal

ions

are

larger

on

polyacrylamide

Sn(IV)

molybdophosphate. It is evident from the above studies of the
separation factors on polyacrylamide Sn(IV) molybdophosphate,
some selective separation is feasible for various metal ions. Such
separation of Cs+-Pb2+, Cs+-Fe3+, Cs+-Cd2+, Cs+-Cu2+, Cs+-Zn2+ and
Cs+-Eu3+

may

be

taken

on

polyacrylamide

Sn(IV)
2+

molybdophosphate at pH 0.75, 1.55, 2.42 and 3.45, and Pb -Fe3+,
Pb2+-Cd2+, Pb2+-Cu2+, Pb2+-Zn2+ and Pb2+-Eu3+ may be taken on
polyacrylamide Sn(IV) molybdophosphate at pH 0.75, 1.55, 2.42
and 3.45, but Cs+-Pb2+ may be achieved on polyacrylamide Sn(IV)
molybdophosphate at pH 3.45. From these results polyacrylamide
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Sn(IV) molybdophosphate can be used for recovery of hazardous
metal ions (radioactive nuclides and heavy metal ions) from waste
streams.
Figures (9-16) show that the Kd values decreased for all the
above mentioned cations with the increasing of the drying
temperatures of polyacrylamide Sn(IV) molybdophosphate from 50
to 400±1oC. This trend may be attributed to the loss of free water
and chemical bond water which may be act as exchangable active
site [El-Naggar et al ., 1998-a; Abdel-Galil, 2006].
On the light of Figs. (17-24), the Kd values increased for all
the above mentioned cations with the increasing of the reaction
temperatures of polyacrylamide Sn(IV) molybdophosphate from 25
to 65±1oC, which revealed that all these systems are endothermic
reaction. This trend may be attributed to the mobility of the above
mentioned

cations

increased

with

increasing

the

reaction

temperature, so the Kd values increased [Abdel-Galil, 2006]. This
results agree with the data reported by [Abou-Mesalam and
shady, 2004; El-Naggar et al., 2003; El-Naggar et al., 2008].
While this results doesn't agree with the data reported by [ElNaggar et al., 2009; Abou-Mesalam, 2004; Abou-Mesalam,
2003]
The effect of reaction temperature on the adsorption of Fe3+,
Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions (pH = 3.45) on
polyacrylamide Sn(IV) molybdophosphate samples was carried out
in the temperature range 25-65±1oC. Figure (25) shows the linear
relation between ln Kd and 1/T according to the Van’t Hoff relation:
ΔS*
Ln Kd =

ΔH*
–

T

(28)
RT
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Fig. (9): log Kd of Fe3+ ion as a function of pH on
polyacrylamide Sn(IV)molybdophosphate at different drying
temperatures.
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Fig. (10): log Kd of Co2+ ion as a function of pH on
polyacrylamide Sn(IV)molybdophosphate at different drying
temperatures.
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Fig. (11): log Kd of Cu2+ ion as a function of pH on
polyacrylamide Sn(IV)molybdophosphate at different drying
temperatures.
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Fig. (12): log Kd of Zn2+ ion as a function of pH on
polyacrylamide Sn(IV)molybdophosphate at different drying
temperatures.
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Fig. (13): log Kd of Cd2+ ion as a function of pH on
polyacrylamide Sn(IV)molybdophosphate at different drying
temperatures.
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Fig. (14): log Kd of Cs+ ion as a function of pH on
polyacrylamide Sn(IV)molybdophosphate at different drying
temperatures.
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Fig. (15): log Kd of Pb2+ ion as a function of pH on
polyacrylamide Sn(IV)molybdophosphate at different drying
temperatures.
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Fig. (16): log Kd of Eu3+ ion as a function of pH on
polyacrylamide Sn(IV)molybdophosphate at different drying
temperatures.
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Fig. (17): log Kd of Fe3+ ion as a function of pH on
polyacrylamide Sn(IV)molybdophosphate at different reaction
temperatures.
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Fig. (18): log Kd of Co2+ ion as a function of pH on
polyacrylamide Sn(IV)molybdophosphate at different reaction
temperatures.
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Fig. (19): log Kd of Cu2+ ion as a function of pH on
polyacrylamide Sn(IV)molybdophosphate at different reaction
temperatures.

- 128 -

RESULTS AND DISCUSSION

E.A. Abdel-Galil

o

25 C

3 .0

o

45 C
o

65 C

2 .5

LogK

d

2 .0

1 .5

0 .5

1 .0

1 .5

2 .0

2 .5

3 .0

3 .5

4 .0

pH

Fig. (20): log Kd of Zn2+ ion as a function of pH on
polyacrylamide Sn(IV)molybdophosphate at different reaction
temperatures.
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Fig. (21): log Kd of Cd2+ ion as a function of pH on
polyacrylamide Sn(IV)molybdophosphate at different reaction
temperatures.
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Fig. (22): log Kd of Cs+ ion as a function of pH on
polyacrylamide Sn(IV)molybdophosphate at different reaction
temperatures.
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Fig. (23): log Kd of Pb2+ ion as a function of pH on
polyacrylamide Sn(IV)molybdophosphate at different reaction
temperatures.
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Fig. (24): log Kd of Eu3+ ion as a function of pH on
polyacrylamide Sn(IV)molybdophosphate at different reaction
temperatures.
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where ΔS* is the entropy change of adsorption, ΔH* is the enthalpy
change of adsorption, R is the gas constant, and T is the absolute
temperature.
It was found that the distribution coefficient of Fe3+, Co2+,
Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ increased with increasing
temperature from 298oK to 338oK (i.e. the distribution coefficient
decreased with increasing 1/T) as shown in Figs.(25). This increase
in the extent of adsorption with the increase in temperature was
attributed to acceleration of some originally slow adsorption steps
and creation of some new active sites on the adsorbent surfaces
[Clark, 1970; Mishra et al., 1996]. From the slopes and intercepts
of these straight lines represented in Figs.(25), the enthalpy change
of adsorption (ΔH*) and entropy change of adsorption (ΔS*) were
evaluated and listed in Table (13).
The thermodynamic parameters for the adsorption of Fe3+,
Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions on polyacrylamide
Sn(IV) molybdophosphate are given in Table (13). The positive
values of (ΔH*) indicate the endothermic nature of the adsorption
process. This positive values of (ΔH*) were found for adsorption of
(Co2+ 38.29 KJ mol-1 and Eu3+ 28.73 KJ mol-1) on titanium
antimonate [Abou-Mesalam and shady, 2004] and (Cs+ 15.04 KJ
mol-1, Co2+ 15.63 KJ mol-1 and Eu3+ 19.04 KJ mol-1) on silico
titanate [El-Naggar et al., 2008], this result agrees with our
finding. In some studies the enthalpy change (ΔH*) has negative
values indicate the exothermic nature of the adsorption process and
this result doesn't agree with our finding, e.g. adsorption of (Cd2+ 6.03 KJ mol-1, Cu2+ -12.06 KJ mol-1 and Zn2+ -6.44 KJ mol-1) on
silico antimonate [Abou-Mesalam, 2003] and (Cd2+ -22.49 KJ
mol-1 and Zn2+ -8.19 KJ mol-1) on iron(III) antimonate [AbouMesalam, 2004].
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The positive values of ΔS* for Fe3+, Co2+, Cu2+, Zn2+, Cd2+,
Cs+, Pb2+ and Eu3+ ions indicate the increased randomness at solidsolution interface during the adsorption of these cations on
polyacrylamide Sn(IV) molybdophosphate [El-Naggar et al.,
2008]. This results agree with the data reported by [El-Naggar et
al., 2008].
The free energy change of specific adsorption (ΔG*) was
calculated using the relation:
ΔG* = ΔH*― T ΔS*

(29)

ΔG* = ― RT ln Kd

(30)

and

The negative values of free energy change (ΔG*) given in Table
(13) for Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions
indicate that the adsorption process is spontaneous and indicate the
preferable adsorption of these cations on polyacrylamide Sn(IV)
molybdophosphate compared with H+ ion [El-Naggar et al., 2008].
It was found that the negativity of ΔG* increases in the order,
Pb2+ > Cs+ > Fe3+ > Cd2+ > Cu+2 > Zn2+ > Co2+ > Eu3+

this order agrees with the selectivity sequence of the material for
these cations.
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Fig. (25): Van,t Hoff plot of the adsorption of Fe3+, Co2+, Cu2+,
Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions on polyacrylamide Sn(IV)
molybdophosphate at pH= 3.45 .
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Table (13):Thermodynamic parameters for adsorption of Fe3+,
Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions on
polyacrylamide Sn(IV) molybdophosphate.
Metal
ions
Pb2+
Cs+
Fe3+
Cd2+
Cu2+
Zn2+
Co2+
Eu3+

Temp.,
(K)
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338

ΔGo
(KJ mol-1)
-24.400
-29.870
-33.690
-19.909
-21.660
-23.442
-18.185
-20.410
-22.760
-17.910
-19.590
-21.320
-16.920
-19.640
-22.310
-15.336
-16.841
-18.378
-14.466
-16.193
-18.226
-14.260
-16.840
-18.630
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ΔHo
(KJ mol-1)
44.700

6.361

15.783

7.470

23.030

7.266

13.410

18.207

ΔSo
(J mol-1 K-1)
231.880
234.490
231.920
88.155
88.117
88.175
113.986
113.814
114.030
85.160
85.090
85.170
134.060
134.180
134.140
75.840
75.800
75.870
93.545
93.092
93.598
108.950
110.210
108.980
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3.3. Effect of Some Salts and Complexing Agent on the
Distribution Coefficients of Hazardous Metal Ions
Industrial wastes water are already containing some salts and
complexing reagents such as sodium chloride, mercury salts,
ethylenediaminetetraacitic acid (EDTA), etc, as interfering ions in
the solution. It is expected that in municipal and industrial waste
liquors, where the complexity of the system is high, several cations
and anions could influence the removal of specific target metals.
The effect of interfering cations and chelating agents have been
reported in a number of reviewed studies [El-Naggar et al., 1999a; Aly and El-Naggar, 1998].
In this work, we studied the negative effect of competing
cations such as Na+ and complexing agent (EDTA) on the ion
exchange of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions
on polyacrylamide Sn(IV) molybdophosphate. This is done to
investigate the optimum conditions required for minimizing the
effect of competing ions on the sorption behavior of Fe3+, Co2+,
Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions on the adsorbent material.
The influence of the various quantities of sodium and EDTA on %
sorption and distribution coefficient of Fe3+, Co2+, Cu2+, Zn2+, Cd2+,
Cs+,

Pb2+

and

Eu3+

ions

on

polyacrylamide

Sn(IV)

molybdophosphate are shown in Tables (14,15) Figs.(26-33).
On the light of Tables (14,15) and Figs. (26-33), EDTA
concentrations (10-2 M, 5x10-2 M) has a bad effect on % sorption
and distribution coefficient of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+,
Pb2+ and Eu3+ ions on polyacrylamide Sn(IV) molybdophosphate
greater than NaCl concentrations at the same concentration (10-2 M,
5x10-2 M).
Fig.(34) and Table (14) show that the sorption of Fe3+, Co2+
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Table (14): The effect of EDAT concentration on the% sorption and Kd of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+
ions at 25oC.
EDTA
Concentration,
M
0
10-6
10-4
10-3
5x10-3
10-2
5x10-2

Fe3+
Kd,
%
sorption (ml g-1)
97
3233.33
75.42
306.83
54.54
119.97
2.35
2.41
1.72
1.75

Co2+
Kd,
%
(ml g-1)
sorption
87.37
691.83
67.71
209.74
43.13
75.85
22.52
29.07
5.93
6.31
4.98
5.24
4.78
5.02

Cu2+
Kd,
%
sorption (ml g-1)
93.38
1412.53
77.53
345.03
70.58
239.90
1.51
1.54
0.99
1.00

Zn2+
Kd,
%
(ml g-1)
sorption
87.86
723.72
80.99
426.31
78.33
361.46
28.29
39.47
1.74
1.78
1.56
1.58
1.24
1.26

Cd2+
Kd,
%
sorption (ml g-1)
92.93
1314.40
89.40
843.40
74.48
291.85
61.63
160.62
15.29
18.06
8.26
9.01
2.00
2.04

Cs+
Kd,
%
sorption (ml g-1)
98.25
5623.41
94.06
1584.90
93.24
1380.38
92.64
92.48
86.32

Pb2+
Kd,
%
(ml g-1)
sorption
99.51
20417.30
99.47
19054.60
97.68
4225.27
1
1.01

1258.92
1230.26
630.95

Eu3+
Kd,
%
(ml g-1)
sorption
77.50
344.50
72.02
257.42
66.49
198.44
26.43
35.93
19.10
23.62
16.44
19.68
9.34
10.30

Table (15): The effect of NaCl concentration on the% sorption and Kd of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions
at 25oC.
Na+
Concentration,
M
0
10-2
5x10-2
0.1
0.5
1

Fe3+
%
sorption
97
83.46
71.80
61.99
61.31
56.86

Kd,
(ml g-1)
3233.33
504.66
254.60
163.15
158.49
131.82

Co2+
%
sorption
87.37
73.36
50.15
41.67
17.54
10.49

Cu2+

Kd,
(ml g-1)
691.83
275.42
100.6
71.46
21.28
11.72

%
sorption
93.38
86.15
81.24
78.39
56.16
34.35
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Kd,
(ml g-1)
1412.53
622.02
433.30
362.96
128.10
52.34

Zn2+
%
sorption
87.86
74.17
69.11
66.31
54.35
49.72

Kd,
(ml g-1)
723.72
287.14
223.73
196.82
119.10
98.92

Cd2+
%
sorption
92.93
83.58
70.57
54.67
19.68
15.12

Kd,
(ml g-1)
1314.40
509.01
239.78
120.60
24.51
17.82

Cs+
%
sorption
98.25
96.93
94.06
90.91
88.82
79.92

Pb2+
Kd,
(ml g-1)
5623.41
3162.27
1584.90
1000
794.32
398.11

%
sorption
99.51
97.54
96.08
95.33
94.73
94.06

Kd,
(ml g-1)
20417.30
3965.18
2454.70
2041.73
1797.62
1584.90

Eu3+
%
sorption
77.50
73.03
56.91
44.26
37.41
33.38

Kd,
(ml g-1)
344.50
270.90
132.12
79.43
59.78
50.11
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Fig. (26): log Kd of Fe3+ ion as a function of EDTA and Na+
concentration on polyacrylamide Sn(IV)molybdophosphate at
25oC.
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Fig. (27): log Kd of Co2+ ion as a function of EDTA and Na+
concentration on polyacrylamide Sn(IV)molybdophosphate at
25oC.
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Fig. (28): log Kd of Cu2+ ion as a function of EDTA and Na+
concentration on polyacrylamide Sn(IV)molybdophosphate at
25oC.
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Fig. (29): log Kd of Zn2+ ion as a function of EDTA and Na+
concentration on polyacrylamide Sn(IV)molybdophosphate at
25oC.
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Fig. (30): log Kd of Cd2+ ion as a function of EDTA and Na+
concentration on polyacrylamide Sn(IV)molybdophosphate at
25oC.
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Fig. (31): log Kd of Cs+ ion as a function of EDTA and Na+
concentration on polyacrylamide Sn(IV)molybdophosphate at
25oC.
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Fig. (32): log Kd of Pb2+ ion as a function of EDTA and Na+
concentration on polyacrylamide Sn(IV)molybdophosphate at
25oC.
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Fig. (33): log Kd of Eu3+ ion as a function of EDTA and Na+
concentration on polyacrylamide Sn(IV)molybdophosphate at
25oC.
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Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ were great affected as the
concentration of EDTA increased from 10-6 to 5x10-2 M. The
results assumed the chelation of the studied metal ions with the
EDTA ligand to form metal complex which led to decreasing the
free metal ions concentrations in solution and thus decreasing the
% sorption and Kd values. This effect is increased by increasing the
concentration of competeting agents [El-Naggar et al., 1999-a;
Marsh, 1995]. The % sorption and Kd values of Fe3+, Co2+, Cu2+,
Zn2+, Cd2+ and Eu3+ decreased to very small values when the
concentration of EDTA increases from 10-6 to 5x10-3 M, while The
% sorption and Kd values of Pb2+ sharp decreased to very small
values when the concentration of EDTA increases from 10-4 to
10-3 M, the % sorption and Kd values of Cs+ slightly decreased
when the concentration of EDTA increases from 10-6 to 5x10-2 M,
this may be due to the chelation of monovalent Cs+ ion with the
EDTA ligand to form metal complex is very difficult, which led to
slightly decreasing in the concentration of Cs+ ion in solution and
thus slightly decreasing in the % sorption and Kd values.
On the light of Table (15) and Fig. (35), it is clear that the %
sorption and Kd values of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+
and Eu3+ ions slightly decrease with increasing the Na+ ions
concentration, this poor effect of Na+ compared to the effect of
EDTA concentrations may be due to either the lower electrostatic
interaction of Na+ (monovalent) compared to the hazardous metals
valences under the study, (Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+
and Eu3+) [Kotp, 2008] or it may be related to the stereochemical
factor [Inglezakis et al., 2005]. Finally, the sorption of Fe3+, Co2+,
Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ is decreased as the
concentration of competating ions increased. A similar result was
reported on Clinoptilolite [Inglezakis et al., 2005].
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Fig. (34): log Kd of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and
Eu3+ ions as a function of EDTA concentration on
polyacrylamide Sn(IV)molybdophosphate at 25oC.
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Fig. (35): log Kd of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and
Eu3+ ions as a function of Na+ concentration on
polyacrylamide Sn(IV)molybdophosphate at 25oC.
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3.4. Apparent Capacity Measurments
The capacity of polyacrylamide Sn(IV) molybdophosphate
sample was determined by batch experiment technique. 0.1 g of the
solid material was equilibrated with 10 ml of ionic strength about
0.1 (Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ or Eu3+) chloride
solution with V/m ratio equal 100 ml/g for all polyacrylamide
Sn(IV) molybdophosphate samples . The mixture was shaked in a
shaker thermostat at 25 ± 1oC. After overnight standing the solid
was separated and the concentration of the metal ions was
measured radiometrically and instrumentally (using I.C.Ps). The
capacity value was calculated by the following formula;
Capacity = % uptake / 100 x C0 x V/m x Z (meq./g) (19)
where Co is the initial concentration of the ions in solution, V is the
solution volume, m is the sorbent mass and Z is the valence of the
exchanged ions.
From Table (16) it is clear that, the ion-exchange capacity of
the

hybrid

cation-exchanger

polyacrylamide

Sn(IV)

molybdophosphate for the studied metal ions increases according to
the decrease in the hydrated ionic radii and hydration energy
[Gupta et al., 2003; Nabi et al., 1997; Rawat and Singh, 1976;
Borgo et al., 2004] and have the following sequence;
Pb2+ > Cd 2+ > Eu3+ > Cs+ > Co+2 > Cu2+ > Fe3+ > Zn2+
From Table (16), polyacrylamide Sn(IV) molybdophosphate
composite cation ion exchanger gives higher ion exchange capacity
than other inorganic ion exchangers, e.g. (Cs+ 0.45 meqg-1 and
Co2+0.62 meqg-1) on iron-silicate [Ali et al., 2008], (Cs+ 0.46
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Table (16): Ion-exchange capacity of various exchanging ions
on a hybrid cation-exchanger polyacrylamide Sn(IV)
molybdophosphate.
Exchanging
ions

pH of the
metal
solutions

Ionic
radii (Å)

Hydration
energy

ion-exchange
capacity
(meq.g−1)

Pb2+
Cd2+
Eu3+
Cs+
Co2+
Cu+2
Fe3+
Zn2+

4.50
4.15
4.46
4.41
4.65
3.58
2.85
4.05

1.20
0.97
0.95
1.67
0.72
0.72
0.64
0.74

1480
1806
263
2054
2100
4376
2044

1.740
1.418
1.405
1.190
1.152
1.090
0.971
0.638

meqg-1 and Co2+ 1.02 meqg-1) on tin silicate [Abou-Mesalam and
El-Naggar, 2009], (Cs+ 0.57 meqg-1, Cd+2 0.82 meqg-1, Cu+2 0.60
meqg-1 and Fe+3 0.08 meqg-1) on magneso-silicate [El-Naggar and
Abou-Mesalam, 2007], (Cs+ 0.77 meqg-1, Co+2 1.00 meqg-1, Cu+2
0.88 meqg-1 and Fe+3 0.54 meqg-1) on magnesium alumino-silicate
[El-Naggar and Abou-Mesalam, 2007], (Cs+ 0.13 meqg-1) on
ceric vanadate [Lahiria et al., 2005], (Cs+ 0.59 meqg-1, Co2+ 0.31
meqg-1 and Eu3+ 0.41 meqg-1) on silico titanate [El-Naggar et al.,
2008], (Co2+ 0.86 meqg-1 and Eu3+ 0.89 meqg-1) on cerium
antimonate [Aly et al., 1999; El-Naggar et al., 1999-b], (Cs+ 0.975
meqg-1, Co2+ 0.718 meqg-1 and Eu3+ 0.604 meqg-1) on titanium(IV)
antimonate [Abou-Mesalam and Shady, 2004], (Cs+ 0.75 meqg-1)
on tin(IV) antimonate [El-Naggar et al., 1996-c], (Cs+ 0.75 meqg1

) on lithium zirconium silicate (LiZrSi) [El-Naggar and Abou-

Mesalam, 2005], (Co2+0.89 meqg-1) on zirconium titanate
[Zakaria et al., 2004-a] and (Cd+2 0.79 meqg-1, Cu+2 0.44 meqg-1
and Zn+2 0.47 meqg-1) on silico antimonate [Abou-Mesalam,
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2003], while the ion exchange capacity of Eu3+ on polyacrylamide
Sn(IV) molybdophosphate is lower than that of Eu3+ (2.1 meqg-1)
,(1.78 meqg-1) on iron antimonate and tin antimonate [El-Shahat et
al., 1998], respectively.
The ion exchange capacities of polyacrylamide Sn(IV)
molybdophosphate sample for Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+,
Pb2+ and Eu3+ ions has been determined as a function of pH with
constant ionic strength (0.1). From Figure (36) and Table (17), it
was found that, the capacity of the studied metal ions increases by
increasing the pH, this is may be attributed to increasing the pH of
the solution the [H]+ in solution is decrease and it is facilitate the
release of H+ from the exchanger in solution, So the uptake %
values increase and the capacity increase [Abdel-Galil , 2006].
From Fig. (37) and Table (18). It was found that, at low
concentration from Cs+ metal ions (0.01 M up to 0.05 M) the
capacity

of

polyacrylamide

Sn(IV)

molybdophosphate

was

increased tremendously, but at height concentration (0.075 M up to
0.15 M) slightly increased for the capacity was observed (nearly
constant). Abou-Mesalam found that the ion exchange capacity of
iron(III) titanate for Zn2+ and Cd2+ increases with increasing the
concentrations of Zn2+ and Cd2+ metal ions, this data agree with our
results [Abou-Mesalam, 2004].
From Figure (38) and Table (19), It was found that the ion
exchange capacity of polyacrylamide Sn(IV) molybdophosphate
for Cs+ is decreased with increasing the heating temperatures from
50oC to 850oC. This may be due to the loss of free water and
chemical bond water which may act as exchangable active site [ElNaggar et al., 1998-a]. This trend agrees with the ion exchange
capacities of K+ ion on stannic vanadate (sample 4) at different
drying temperatures [Qureshi et al., 1977].
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Table (17): The ion exchange capacity (I.E.C) of the studied
metal ions on polyacrylamide Sn(IV) molybdophosphate at
different pH’s and constant ionic strength(0.1).
Pb2+
Eu3+
Cd2+
Cs+
Co2+
Fe3+
Cu+2
Zn2+

pH
I.E.C
(meq/g)
pH
I.E.C
(meq/g)
pH
I.E.C
(meq/g)
pH
I.E.C
(meq/g)
pH
I.E.C
(meq/g)
pH
I.E.C
(meq/g)
pH
I.E.C
(meq/g)
pH
I.E.C
(meq/g)

1.50 2.50 3.65 4.50
0.600 0.935 1.570 1.740
1.94 2.19 2.68 3.35 4.46
0.721 0.761 0.840 1.375 1.418
0.99 1.79 2.39 4.15
0.080 0.543 1.060 1.405
1.97 2.61 3.31 4.41 7.01 8.41 11.53 11.92
0.995 1.040 1.104 1.190 1.253 1.370 1.880 1.960
0.84 1.50 2.45 3.41 4.65
0.502 0.830 1.009 1.110 1.152
0.68 1.05 1.55 2.85
0.310 0.530 0.950 1.090
1.20 1.53 2.11 3.58
0.060 0.642 0.886 0.971
1.05 2.31 2.85 4.05
0.313 0.470 0.581 0.638
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Fig. (36): plots of capacity against pH for exchange of Cs+,
Co2+, Pb2+, Zn2+, Cu2+, Cd2+, Fe3+ and Eu3+ on polyacrylamide
Sn(IV) molybdophosphate.
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Fig. (37): Plots of capacity against concentration for exchange
of Cs+ ion on polyacrylamide Sn(IV) molybdophosphate.
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Table (18): Variation of apparent capacity of polyacrylamide
Sn(IV) molybdophosphate with Cs+ concentration at 25 ±1oC.
[Metal ions], (M)

Capacity, (meq/g)

0.010
0.025
0.050
0.075
0.100
0.150

0.715
0.941
1.070
1.145
1.190
1.210

C s

1 .2
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Fig. (38): Plots of capacity against temperatures for exchange
of Cs+ on polyacrylamide Sn(IV) molybdophosphate.
.
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Table (19): Effect of temperature on ion-exchange capacity of
polyacrylamide Sn(IV) molybdophosphate hybrid cation
exchanger on heating time for 4 h.
Heating
temperature
(◦C)

50oC
200oC
400oC
600oC
850oC

polyacrylamide Sn(IV) molybdophosphate

Sn(IV)
molybdophosphate
Cs+
ion-exchange
capacity
(meq.g−1)

Capacity
loss (%)

%
Retention
of IEC

6.11
12.51
22.04

Cs+
ionexchange
capacity
(meq.g−1)
1.19
1.051
0.747
0.545

000.00
11.680
37.226
54.201

100.00
88.319
62.773
45.798

1.1
0.63
0.44
-

36.46

0.357

70.000

30.000

-

Appearance
(color)

Weight
loss
(%)

dark yellow
dark brown
yellow
slightly
blue
slightly
blue

3.5. Thermal Stability
Effect of heating at different temperature for 4 h, indicated
that on heating at elevated temperature the mass, physical
appearance and ion-exchange capacity of the dried hybrid cationexchanger changed as the temperature increased as shown in Table
(19). It was also observed that the hybrid cation-exchanger
possessed higher thermal stability as the sample maintained about
87.49% of the initial mass by heating up to 400◦C and maintained
about 63.54% of the initial mass by heating up to 850◦C higher than
nylon-6,6, Zr(IV) phosphate prepared by [Inamuddin et al., 2007]
which maintained about 80% of the initial mass by heating up to
400◦C. However, in terms of ion-exchange capacity, this hybrid
material was found to be stable up to 400◦C and it retained about
62.77% of the initial ion-exchange capacity by heating up to 400◦C
"Table 19". Polyacrylamide Sn(IV) molybdophosphate possess
high thermal stability as compared to other composite ion
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exchangers, such as; polyanilin Sn(IV) arsenophosphate prepared
by [Niwas et al., 1999] which losses about about 93% of its ion
exchange capacity on heating up to 400oC , nylon-6,6, Zr(IV)
phosphate prepared by [Inamuddin et al., 2007] which losses
47.22% on heating up to 400oC, acrylonitrile based cerium (IV)
phosphate prepared by [Varshney, et al., 1998-b] which losses
93% on heating up to 400oC, polypyrrole thorium(IV) phosphate
prepared by [Khan et al., 2005-b] which losses 71.15% on heating
up to 400oC, poly-o-toluidine Th(IV) phosphateand prepared by
[Khan et al., 2007] which losses 89.48% on heating up to 400oC
and polyaniline Sn(IV) phosphate prepared by [Khan and
Inamuddin, 2006-a] which losses 60.71% on heating at the same
temperature. "Table 19" shows that, the prepared polyacrylamide
Sn(IV) molybdophosphate
compared

to

the

possess high thermal stability as

inorganic

Sn(IV)

molybdophosphate,

polyacrylamide Sn(IV) molybdophosphate, it losses about 37% of
its ion exchange capacity on heating up to 400oC, while, the
inorganic Sn(IV) molybdophosphate losses about 60% of its ion
exchange capacity on heating at the same drying temperature.
Through this study, we can overcome the low thermal stability of
the inorganic Sn(IV) molybdophosphate.

- 159 -

RESULTS AND DISCUSSION

E.A. Abdel-Galil

3.6. Kinetics Studies
It has been mentioned in the first chapter (Introduction), that
rate of ion exchange is governed by the slow step (rate determining
step) in the ion exchange reaction. The slow step may be diffusion
in the liquid surrounding the particle of the exchanger (film
diffusion control) or diffusion inside the exchanger particles itself
(particle diffusion mechanism) and/or the ion exchange process
itself when the exchanging ions form strong complexes with the
functional groups of the exchanger (chemical control) [Rudolf and
Clearfield, 1989; Inezed, 1957; El-Naggar, 1984].
The conditions of this thesis were set to study the particle
diffusion mechanism only. As a limited batch technique was used.
As the rate determining step is diffusion through the spherical
particle of the exchanger which immersed in a well stirred solution
of approximately an infinite volume. The equation developed by
Boyd is applied as follows [Boyed, 1947]:
6
∞ 1
F= 1- — ∑
—
л2 n=1 n2

-n2 л2Di/r2
e

(31)

where Di is the self diffusion coefficient of the exchanging ions
inside the exchanger particles, F is the fractional attainment of the
equilibrium, n is an integer number and r is the particle radius of
the exchanger. This equation was improved by Reichenberg
[Reichenberg, 1953] and is used if the rate determining step is
diffusion through the spherical particles of the exchanger or for
infinite batch conditions where the ionic composition of the
exchange surface remains constant during the exchange process.
Then the above equation may be written in the form;
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(32)

(4)

where F is a function of Bt and Reichenberg had tabulated the
values of Bt corresponding to each value of fractional exchange.
When the fractional attainment of equilibrium (F) is less than 0.4
the above equation (Equation 32) can be approximate to a simpler
form as follows:
6
1/2
F (t) = — (Dit/л)
r

(33)

This holds a fairly good approximation. Therefore, a plot of
F(t) against the square root of the contact time must give a straight
line passing through the origin in the region in which F(t) is less
than 0.4 .
The radius of the particle of the sieved fractions was
determined by measuring the diameter of 100 particles with an
optical microscope. The particles were assumed to be spherical and
a mean equivalent radius was calculated. The reaction takes place
between the metal ions and the counter ions in the exchanger and
the rates are controlled by particle diffusion mechanism only.
Kinetics experiments were performed by using batch factor of V/m
equals 100 ml g−1, and 5x10−2 M for Cesium and Lead chloride and
10-2 M for the other metal ions chloride solution in a shaker
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thermostat adjusted at the desired temperatures. After the adjusted
interval period, the solid was separated immediately from the
solution and the extent of sorption was determined as follows:
%sorption = [(Ai − Af)/Ai] × 100
where Ai and Af are the initial and final concentrations of the metal
ions in solution.
The study of the effect of concentration on the rate of
exchange of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions
on polyacrylamide Sn(IV) molybdophosphate at 25±1oC and
0.375±0.02 mm mish size showed at concentrations (5x10-3, 10-2
and 5x10-2 M). From the data presented in Figs.(39-46), at the
concentrations studied. The rate of exchange is independent of the
metal ion concentration. So, this is the evident that the conditions
set in this thesis are particle diffusion mechanism for all metal ions
studied and the film diffusion can be excluded at this concentration
condition 5x10-3 M (generally used in this work) [El-Naggar et al.,
1992-b ; El-Naggar and Aly, 1992]. Similar finding were obtained
by [El-Naggar and Al-Absy, 1992; El-Naggar et al., 2007-a; ElNaggar et al., 2007-b; El-Naggar et al., 2010; Zakaria et al.,
2004-b; Abou-Mesalam and El-Naggar, 2003; Shady et al.,
2006].
The effect of particle diameters of polyacrylamide Sn(IV)
molybdophosphate on the rate of exchange of Fe3+, Co2+, Cu2+,
Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions was studied and the data are
given in Figs.(47-54) as relation between F and Bt against time.
Figures (47-54) show that straight lines passing through the
origin are obtained for Bt and t relations for Fe3+, Co2+, Cu2+, Zn2+,
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Fig. (39): Plots of F against time for exchange of Fe3+ ion at
different
concentrations
on
polyacrylamide
Sn(IV)
o
molybdophosphate at 25±1 C.
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Fig. (40): Plots of F against time for exchange of Co2+ ion at
different
concentrations
on
polyacrylamide
Sn(IV)
o
molybdophosphate at 25±1 C.
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Fig. (41): Plots of F against time for exchange of Cu2+ ion at
different
concentrations
on
polyacrylamide
Sn(IV)
molybdophosphate at 25±1oC.
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Fig. (42): Plots of F against time for exchange of Zn2+ ion at
different
concentrations
on
polyacrylamide
Sn(IV)
molybdophosphate at 25±1oC.
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Fig. (43): Plots of F against time for exchange of Cd2+ ion at
different
concentrations
on
polyacrylamide
Sn(IV)
o
molybdophosphate at 25±1 C.
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Fig. (44): Plots of F against time for exchange of Cs+ ion at
different
concentrations
on
polyacrylamide
Sn(IV)
o
molybdophosphate at 25±1 C.
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Fig. (45): Plots of F against time for exchange of Pb2+ ion at
different
concentrations
on
polyacrylamide
Sn(IV)
o
molybdophosphate at 25±1 C.
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Fig. (46): Plots of F against time for exchange of Eu3+ ion at
different
concentrations
on
polyacrylamide
Sn(IV)
o
molybdophosphate at 25±1 C.
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Fig. (47): Plots of F and Bt against time for exchange of Fe3+ ion
on polyacrylamide Sn(IV) molybdophosphate at different
particle diameters at 25±1oC.
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Fig. (48): Plots of F and Bt against time for exchange of Co2+
ion on polyacrylamide Sn(IV) molybdophosphate at different
particle diameters at 25±1oC.
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Fig. (49): Plots of F and Bt against time for exchange of Cu2+
ion on polyacrylamide Sn(IV) molybdophosphate at different
particle diameters at 25±1oC.
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Fig. (50): Plots of F and Bt against time for exchange of Zn2+
ion on polyacrylamide Sn(IV) molybdophosphate at different
particle diameters at 25±1oC.
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Fig. (51): Plots of F and Bt against time for exchange of Cd2+
ion on polyacrylamide Sn(IV) molybdophosphate at different
particle diameters at 25±1oC.
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Fig. (52): Plots of F and Bt against time for exchange of Cs+ ion
on polyacrylamide Sn(IV) molybdophosphate at different
particle diameters at 25±1oC.
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Fig. (53): Plots of F and Bt against time for exchange of Pb2+
ion on polyacrylamide Sn(IV) molybdophosphate at different
particle diameters at 25±1oC.
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Fig. (54): Plots of F and Bt against time for exchange of Eu3+
ion on polyacrylamide Sn(IV) molybdophosphate at different
particle diameters at 25±1oC.
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Cd2+, Cs+, Pb2+ and Eu3+ ions on polyacrylamide Sn(IV)
molybdophosphate which is a further proof of a particle diffusion
mechanism. The same trend was reported by others [Amphlett,
1964; El-Naggar and Al-Absy, 1992; El-Naggar et al., 1999-b;
El-Naggar et al., 2007-a; El-Naggar et al., 2007-b; El-Naggar et
al., 2010; Zakaria et al., 2004-b; Abou-Mesalam and ElNaggar, 2003; Shady et al., 2006]. It is clear that the exchange of
Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions on
polyacrylamide

Sn(IV)

molybdophosphate

increases

with

decreasing the particle size which is in agreement with the
fundamental theory of particle diffusion mechanism as shown in
Figs (47-54). This can also be taken as a further proof of particle
diffusion mechanism [Vinter et al., 1970; Reichenberg, 1953; ElNaggar and Al-Absy, 1992; Abe, 1987]. From Figs. (47-54), the
average values of diffusion coefficients (Di) of Fe3+, Co2+, Cu2+,
Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ on polyacrylamide Sn(IV)
molybdophosphate of different particle diameters were calculated
and given in Table (20). It is clear that, the diffusion coefficients
calculated for larger particle sizes are slightly higher. This
difference was also observed by others [Amphlett, 1964; Boyed,
1953], who assumed that large particles are formed from
agglomerated small particle units, and, therefore, a quicker
diffusion took place through the channels between these units
[Amphlett, 1964]. Similar finding were obtained by [El-Naggar et
al., 2007-a; El-Naggar et al., 1996-a].
A plots of B(the slopes of straight lines (Bt vs.t plots)) versus
1/r2 for the exchange of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and
Eu3+ on polyacrylamide Sn(IV) molybdophosphate are given in
Fig.(55). Straight lines are obtained for all the studied metal ions.
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Table (20): Values of the diffusion coefficient of Fe3+, Co2+,
Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions on different particle
diameters of polyacrylamide Sn(IV)
molybdophosphate at
◦
25±1 C.
Particle
diameters
(±0.02 mm)
0.115
0.168
0.375

2+

Pb

+

Cs

3+

Fe

Di (×108 cm2 s−1)
Cd2+ Co2+ Cu2+

Zn2+

Eu3+

0.335 0.315 0.296 0.282 0.225 0.190 0.177 0.159
0.583 0.568 0.466 0.448 0.415 0.339 0.323 0.298
2.238 2.172 1.987 1.776 1.621 1.418 1.397 1.307

Figure (55) shows that the reciprocal proportionality between
the rate of exchange and square of particle size is considered as a
further proof of a particle diffusion control. This result agrees with
that reported by El-Naggar et al [Abou-Mesalam and El-Naggar,
2003; El-Naggar et al ., 1992-b ; El-Naggar and Aly, 1992 ; ElNaggar and Al-Absy, 1992; El-Naggar et al., 1999-b].
Finally, we can conclude that to verify the particle diffusion
mechanism of the metal ions Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+
and Eu3+ on polyacrylamide Sn(IV) molybdophosphate exchanger
under the conditions set in the present work, the following
experimental results were obtained: (i) the rate of exchange of
different metal ions on polyacrylamide Sn(IV) molybdophosphate
is independent of metal concentrations in solutions up to 5x10−2 M
(show Figs. (39-46)), (ii) straight line relationships passing through
the origin were obtained between the function Bt and t for the metal
ions under study, (iii) the exchange rate of Fe3+, Co2+, Cu2+, Zn2+,
Cd2+, Cs+, Pb2+ and Eu3+ were found to increase with the decrease
in the particle size of the prepared polyacrylamide Sn(IV)
molybdophosphate exchanger (show Figs. 47-54 and Table 20),
and (iv) the plots of B {the slopes of straight lines (Bt versus t
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plots)} versus 1/r2 for Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and
Eu3+ on polyacrylamide Sn(IV) molybdophosphate gave straight
lines (show Fig. 55). All these results provide a good base
supporting

the

particle

diffusion

mechanism

under

our

experimental conditions. Similar findings were previously reported
[El-Naggar et al., 1992-b; El-Naggar and Aly, 1992; El-Naggar
and Al-Absy, 1992; El-Naggar et al., 1999-b; El-Naggar et al.,
1996-a; El-Naggar et al., 2007-a; El-Naggar et al., 2007-b;
Abou-Mesalam and El-Naggar, 2003; Varshney and Tayal,
2000; Khan et al., 2004; Khan et al., 2003; Mikhail et al., 1995;
Mishra et al., 1996].
The effect of drying temperature of polyacrylamide Sn(IV)
molybdophosphate (50, 200 and 400◦C) on the rate of exchange of
the investigated metal ions was studied as a relation between F and
Bt against time. The rate of exchange was found to decrease by
increasing the drying temperature from 50 to 400◦C (show Figs. 5663).
It is clear that there is an appreciable decrease of selfdiffusion coefficients of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and
Eu3+ with an increase in the drying temperature of polyacrylamide
Sn(IV) molybdophosphate from 50 to 400◦C as shown in Table 21.
The decrease in the Di values for Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+,
Pb2+ and Eu3+ with the increase in the drying temperature of the ion
exchanger from 50 to 400◦C may be attributed to the decrease in
the surface area and porosity of the dried exchanger. The lower
porosity means less free water inside the exchanger particles which
hinders the diffusion of the metal ions [Misak and El-Naggar,
1989]. Besides, on drying at higher temperatures, interparticle
condensation takes place with a subsequent growth in the primary
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Fig. (55): Plots of B against 1/r2 for the exchange of Fe3+,
Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ on polyacrylamide
Sn(IV) molybdophosphate at 25±1oC.
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Fig. (56): Plots of F and Bt against time for exchange of Fe3+ ion
on polyacrylamide Sn(IV) molybdophosphate at different
drying temperature at 25±1 oC.
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Fig. (57): Plots of F and Bt against time for exchange of Co2+
ion on polyacrylamide Sn(IV) molybdophosphate at different
drying temperature at 25±1 oC.
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Fig. (58): Plots of F and Bt against time for exchange of Cu2+
ion on polyacrylamide Sn(IV) molybdophosphate at different
drying temperature at 25±1 oC.
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Fig. (59): Plots of F and Bt against time for exchange of Zn2+
ion on polyacrylamide Sn(IV) molybdophosphate at different
drying temperature at 25±1 oC.
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Fig. (60): Plots of F and Bt against time for exchange of Cd2+
ion on polyacrylamide Sn(IV) molybdophosphate at different
drying temperature at 25±1 oC.
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Fig. (61): Plots of F and Bt against time for exchange of Cs+ ion
on polyacrylamide Sn(IV) molybdophosphate at different
drying temperature at 25±1 oC.

- 188 -

RESULTS AND DISCUSSION

E.A. Abdel-Galil

4
o

50 C

1 .0

o

200 C
o

400 C

0 .8

F

Bt

0 .6
2

0 .4

0 .2

0 .0

0

0

50

100

150

200

250

300

350

t im e , m in

Fig. (62): Plots of F and Bt against time for exchange of Pb2+
ion on polyacrylamide Sn(IV) molybdophosphate at different
drying temperature at 25±1 oC.
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Fig. (63): Plots of F and Bt against time for exchange of Eu3+
ion on polyacrylamide Sn(IV) molybdophosphate at different
drying temperature at 25±1 oC.
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Table (21): Values of the diffusion coefficient of Fe3+, Co2+,
Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ on polyacrylamide Sn(IV)
molybdophosphate dried at different temperatures at 25±1 ◦C.
Drying
Di (×108 cm2 s−1)
temperature Pb2+
Cs+
Fe3+ Cd2+ Co2+ Cu2+ Zn2+ Eu3+
◦
( C)
50
2.238 2.172 1.987 1.776 1.621 1.418 1.397 1.307
200
1.837 1.920 1.630 1.347 1.449 1.048 1.022 0.946
400
1.537 1.468 1.164 0.860 1.212 0.936 0.865 0.820
particles which is frequently accompanied by a marked structure
ordering and an increase in crystallinity [El-Naggar et al., 1999-b].
This growth of crystallinity was independently confirmed by the
sharpness and intensities of the diffraction X-ray crystallographic
lines. Similar findings were already reported for other ion exchange
materials [Misak and El-Naggar, 1989; El-Naggar et al., 1999b].
The relations between Bt and F against time for the exchange
of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ on
polyacrylamide Sn(IV) molybdophosphate at 25, 45 and 65±1◦C
were investigated and given in Figs.(64-71). These relations gave
straight lines passing through the origin in all cases studied.
Figures (64-71) also showed that, the rate of exchange
reaction increased with increase in the reaction temperature from
25 to 65±1 ◦C [El-Naggar et al., 1998-b]. This trend is probably
because of a higher diffusion rate of ions through the thermally
enlarged interstitial positions of the ion exchange matrix [Khan
and Khan, 2007] or may be due to the mobility of these ions
increases with increasing the temperature [Mathew and Tandon,
1975]. This agrees with the reported results for the rate of exchange
of (Na+ and Co2+) on crystalline and amorphous sodium titanate
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Fig. (64): Plots of F and Bt against time for exchange of Fe3+ ion
on Polyacrylamide Sn(IV) molybdophosphate at different
reaction temperature.
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Fig. (65): Plots of F and Bt against time for exchange of Co2+
ion on Polyacrylamide Sn(IV) molybdophosphate at different
reaction temperature.
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Fig. (66): Plots of F and Bt against time for exchange of Cu2+
ion on Polyacrylamide Sn(IV) molybdophosphate at different
reaction temperature.
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Fig. (67): Plots of F and Bt against time for exchange of Zn2+
ion on Polyacrylamide Sn(IV) molybdophosphate at different
reaction temperature.
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Fig. (68): Plots of F and Bt against time for exchange of Cd2+
ion on Polyacrylamide Sn(IV) molybdophosphate at different
reaction temperature.
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Fig. (69): Plots of F and Bt against time for exchange of Cs+ ion
on Polyacrylamide Sn(IV) molybdophosphate at different
reaction temperature.
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Fig. (70): Plots of F and Bt against time for exchange of Pb2+
ion on Polyacrylamide Sn(IV) molybdophosphate at different
reaction temperature.
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Fig. (71): Plots of F and Bt against time for exchange of Eu3+
ion on Polyacrylamide Sn(IV) molybdophosphate at different
reaction temperature.
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at different reaction temperatures [Zakaria et al., 2004-b], (Cu2+
and Zn2+) on polypyrrole/polyantimonic acid [Khan et al., 2004],
(Cu2+ and Zn2+) on poly-o-toluidine Th(IV) phosphate [Khan and
Khan,

2007],

(Cu2+

and

Zn2+)

on

polyaniline
+

2+

tungstoarsenate [Khan et al., 2003] and (Cs , Zn

Sn(IV)

and Eu3+) on

zirconium titanate [Abou-Mesalam and El-Naggar, 2003].
The diffusion coefficients values (Di) of the investigated
metal ions were calculated from the slopes of the previous relations
at 25, 45 and 65±1 ◦C using Eq. (32). The results are summarized in
Table (22). From this table it is clear that the values of diffusion
coefficient of the investigated metal ions take the order:
Pb2+ > Cs+ > Fe3+ > Cd2+ > Co2+ > Cu2+ > Zn2+ > Eu3+
This sequence is in accordance with the ionic radii of the
exchanged ions which take the order (Fe3+< Co2+≤ Cu2+< Zn2+<
Eu3+). The ion with smaller ionic radius is easily exchanged and
moves faster than that the ion with greater ionic radius). The Di
values of Pb2+, Cs+ and Cd2+ are greater than the Di values of the
other studied metal ions because the hydration energy of Pb2+,Cs+
and Cd2+ is low as compared to the hydration energy of the other
exchanging metal ions (show Table 22). The energy of activation
(Ea) and the pre-exponential constant (Do) were determined by
applying the Arrhenius equation:
Di = Do exp(-Ea/RT)

(34)

where Ea is the activation energy, Do is a pre-exponential constant
and R is the gas constant. The entropy of activation (ΔS*) can be
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calculated from Do by substituting in the equation proposed by
Barrer et al (Barrer et a l., 1963):
Do = 2.72 (KTd2/h) exp(ΔS*/R)

(35)

where K is the Boltzmann constant, T the absolute temperature, d
the average distance between two successive positions in the
process of diffusion which was taken as 0.5 mm and h is the
Planck’s constant. The above equations were used for calculation
of the values of Do, Di, Ea and ΔS* for the exchanged systems and
the obtained results are given in Table (23).
When log Di is plotted against 1/T for the exchange of Fe3+,
Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ on polyacrylamide
Sn(IV) molybdophosphate, straight lines were obtained (Figure
72). From the slope of these lines and applying Arrhenius equation,
the energy of activation (Ea) and the pre-exponential constant (Do)
were calculated. On the other hand, the entropy of activation (ΔS*)
can be calculated from Do using Eq. (35).
It is of interest to compare the values of Di obtained for Fe3+,
Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ on polyacrylamide
Sn(IV) molybdophosphate with those previously reported using
other ion exchangers. Thus, for strongly cationic sulphonated
polystyrene resin, Di for Na+ /H+ exchange is calculated to be 1.17.3x10-6 cm2s-1 depending on the degree of cross linking. For
similar resin, on Dowex 50-8.6x, Di values for Rb+ and Cs+ ions
were reported to be 13.8x10-7 and 13.7x10-7 cm2s-1, respectively.
For a weakly cationic resin IRC-50, Conwey et al. (Conway et al.,
1957) reported the value 9x10-9 cm2s-1 for Na+ /H+ exchange. For
zeolites, the values of Di are much smaller and are found in the
order 10-12 – 10-16 cm2s-1 (Groshkov et al., 1962). In this concern,
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The Di values given by El-Naggar and Al- Absy [El-Naggar and
Al-Absy, 1992] for Na+/H+ and Cs+/H+ exchange system on
hydrous titanium oxide were 4.5×10−8 and 2.3×10−8 cm2 s−1,
respectively. The Di values were found to be 2.63×10−8, 2.6×10−9,
3.23×10−8 and 2.82×10−8 cm2 s−1 for Cs+/H+, Na+/H+,Co2+/H+ and
Sr2+/H+ exchanges on silico(IV)titanate [El-Naggar et al., 1998-b],
respectively. Also, the Di values for Cs+/*Cs+ and Na+/*Na+
exchanges on hydrous zirconium oxide was found to be 6.7×10−9
and 11.4×10−9 cm2 s−1 [El-Naggar et al., 1993; Misak and ElNaggar, 1989]. El-Naggar et al. found that the Di values for
Cs+/H+, Co2+/H+ and Eu3+/H+ exchange system on silico titanate
[El-Naggar et al., 2007-a] and zirconium silicate [El-Naggar et
al., 2007-b] were 12.8x10-7 and 16x10-9 cm2 s−1 for Cs+/H+,
7.18x10-7 and 14.5x10-9 cm2 s−1 for Co2+/H+ and 11.5x10-7 and
10.2x10-9 for Eu3+/H+, respectively. For hydrous tin(IV)oxide
[Qureshi and Ahmed, 1988], the Di values for some anionic
species such as Cl−, Br− and SCN− were found to be, 4.11×10−9,
5.29×10−9 and 32.7×10−8, respectively.
Thus, comparison of the values of the diffusion coefficient
reported here in this thesis with that previously reported on hydrous
oxides, organic resins and other inorganic exchangers indicate that
polyacrylamide Sn(IV) molybdophosphate shows a higher rates of
exchange than those for zeolite, as well as some inorganic ion
exchangers, but shows a lower rates those for strongly cationic
resine (El-Naggar et al ., 1998 ; Qureshi and Ahmed, 1988 ) and
higher than those for a weakly cationic resin
Furthermore, the Di values of all the metal ions exchanged on
polyacrylamide Sn(IV) molybdophosphate take the order:
Pb2+ > Cs+ > Fe3+ > Cd2+ > Co2+ > Cu+2 > Zn2+ > Eu3+
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Table (22): Values of the diffusion coefficient of Fe3+, Co2+,
Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ on polyacrylamide Sn(IV)
molybdophosphate samples dried at 50oC at different reaction
temperatures, relative errors about ±3% (Weast, 1974).
Exchange
system

Ionic
radii (A°)

Hydration
energy

Pb2+/H+

1.20

1480

Cs+/H+

1.67

263

Cd2+/H+

0.97

1806

Fe3+/H+

0.64

4376

Cu2+/H+

0.72

2100

Co2+/H+

0.72

2054

Eu3+/H+

0.95

Zn2+/H+

0.74

2044
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Reaction
temperature
(oK)
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338

Di
(×10 cm2 s−1)
8

2.238
3.703
8.099
2.172
3.398
7.462
1.776
3.056
4.125
1.987
3.187
4.451
1.418
1.819
2.354
1.621
2.231
2.621
1.307
1.623
2.046
1.397
1.768
2.181
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Fig. (72): Arrhenius plots for exchange of Fe3+, Co2+ , Cu2+,
Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ on polyacrylamide Sn(IV)
molybdophosphate.
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The activation energy of cations diffusion process (show
Table 23) reflects the ease with which cations can pass through the
exchanger particles. The activation energy for the investigated
metal ions (heating at 50 ◦C) has the order:
Pb2+/H+ (27.238) > Cs+/H+ (26.080) > Cd2+/H+ (17.736) > Fe3+/H+
(17.265) > Cu2+/H+ (10.774) > Co2+/H+ (10.327) > Eu3+/H+
(9.4980) > Zn2+/H+ (9.4705)
This sequence is accordance with the hydration energy of the
exchanged ions which takes the order (Fe3+> Cu2+> Co2+> Eu3+ >
Zn2+). The Ea values of Pb2+, Cs+ and Cd2+ are greater than the Ea
values of the other studied metal ions because the ionic radius of
Pb2+, Cs+ and Cd2+ is high as compared to the ionic radius of the
other exchanging metal ions (Table 23). The relatively small
activation energies values (Ea) obtained, Table 23, for Fe3+, Co2+,
Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ on polyacrylamide Sn(IV)
molybdophosphate, indicated that the rate of exchange is particle
diffusion [El-Naggar et al., 1992-b]. In other words, these values
of activation energy are relatively small as compared to those
reported for other organic and inorganic exchangers which confirm
the particle diffusion mechanism. Table (24) shows the activation
energies values (Ea) for the studied metal ions as compared to the
other ion exchange materials.
The negative ΔS* values obtained for all systems studied are
given in Table (23). The entropy change normally depends on the
extent of hydration of the exchangeable and exchanging ions a long
with any change in water structure around ions that may occur
when they pass through the channels of exchanger particles.
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Table (23): Thermodynamic parameters for the diffusion of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+on polyacrylamide
Sn(IV) molybdophosphate samples dried at 50oC at different reaction temperatures, relative errors about ±3% (Weast, 1974).
Exchange
system

Ionic radii (A°)

Hydration
energy

Pb2+/H+

1.20

1480

Cs+/H+

1.67

263

Cd2+/H+

0.97

1806

Fe3+/H+

0.64

4376

Cu2+/H+

0.72

2100

Co2+/H+

0.72

2054

Eu3+/H+

0.95

Zn2+/H+

0.74

2044
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Reaction
temperature
(oK)
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338

Di (×108 cm2 s−1)

Do (cm2 s−1)

2.238
3.703
8.099
2.172
3.398
7.462
1.776
3.056
4.125
1.987
3.187
4.451
1.418
1.819
2.354
1.621
2.231
2.621
1.307
1.623
2.046
1.397
1.768
2.181

13.29 x10-4
11.02 x10-4
13.11 x10-4
8.085 x10-4
6.534 x10-4
7.994 x10-4
2.282x10-5
2.505 x10-5
2.272 x10-5
2.109 x10-5
2.185 x10-5
2.073 x10-5
1.099 x10-6
1.070 x10-6
1.088 x10-6
1.047 x10-6
1.109 x10-6
1.034 x10-6
0.605 x10-6
0.590 x10-6
0.601 x10-6
0.639 x10-6
0.636 x10-6
0.634 x10-6

Ea (kJ mol−1)

27.238

26.080

17.736

17.265

10.774

10.327

9.4980

9.4705

Δs*
(J mol−1 K−1)
-162.670
-164.856
-163.937
-166.810
-169.203
-168.054
-196.467
-196.333
-197.650
-197.139
-197.464
-198.421
-221.704
-222.547
-222.930
-222.106
-222.240
-223.350
-226.663
-227.506
-227.870
-226.204
-226.874
-227.410
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Table (24): Comparison of activation energy values of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions for
various ion exchangers.
Inorganic ion exchanger
2+

Polyacrylamide Sn(IV)
molybdophosphate(a)
Cerium(IV) antimonate
Zirconium titanate

+

2+

Ea (kJ mol−1)
Fe3+
Cu2+
17.265
10.774

Eu3+
9.4980

Zn2+
9.4705

-

10.85
-

16.33
24.89

6.85
16.28

-

8.47

20.85
-

25.52
-

11.60

[El-Naggar et al., 1999-b]
[Abou-Mesalam and El-Naggar,
2003]
[El-Kamash et al., 2007]
[Niwas et al., 1999]

-

-

15.73

-

-

14.66

[El-Naggar et al., 1996-a]
[Khan et al., 2003]

11.87
15.4
-

-

-

9.23
9.53

12.90
13.6
9.93

14.76
8.10
-

8.72
11.36

[El-Naggar et al., 2007-a]
[El-Naggar et al., 2007-b]
[Khan et al., 2004]
[Varshney and Tayal, 2000]

-

14.6
-

-

-

19.61

-

10.8
13.39

[El-Naggar et al., 2010]
[El-Naggar et al., 2001]

-

-

-

-

19.15
8.58
10.21

30.64
-

-

[Shady et al., 2006]
[El-Naggar et al., 1994]
[Zakaria et al., 2004-b]
[Zakaria et al., 2004-b]

Cs
26.080

Cd
17.736

-

13.40

-

-

-

-

14.4
-

Cerium(IV) tungstate
Polyaniline Sn(IV)
arsenophosphate
Cerium(IV) antimonate
Polyaniline Sn(IV)
tungstoarsenate
Silico(IV)titanate
Zirconium silicate
Polypyrrole/polyantimonic acid
Acrylonitrile based cerium (IV)
phosphate
Antimonic acid
13.9
Poly (acrylamide-acrylic acid)
zirconium phosphate
Zirconium molybdate
Tin(IV) antimonate
Crystalline sodium titanate
Amorphous sodium titanate
(a): the material under study

references
Co2+
10.327

Pb
27.238

- 207 -

RESULTS AND DISCUSSION

E.A. Abdel-Galil

The negative values obtained for the entropy of activation
suggest

that

no

significant

structural

change

occurs

in

polyacrylamide Sn(IV) molybdophosphate. Also the lower values
of ΔS* for Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ on
polyacrylamide Sn(IV) molybdophosphate support the higher
stability and hence the less steric difference of the system. These
results are parallel to those reported for other ion exchangers [ElKamash et al., 2007; Niwas et al., 1999; El-Naggar et al., 1996a; Khan et al., 2003; El-Naggar et al., 2007-a; El-Naggar et al.,
2007-b; Khan et al., 2004; Varshney and Tayal, 2000; ElNaggar et al., 1992-c].
The activation energy was found to decrease with the
decrease in the entropy of the activation of the system (Table 23).
The same trend was observed for other ion exchange materials [ElNaggar et al., 1999-b; Abou-Mesalam and El-Naggar, 2003; ElNaggar et al., 1996-a; El-Naggar et al., 2007-a; Varshney and
Tayal, 2000; El-Naggar et al., 2007-b]. The relationship between
Ea and ΔS* values for the exchange of Fe3+, Co2+, Cu2+, Zn2+, Cd2+,
Cs+, Pb2+ and Eu3+ on polyacrylamide Sn(IV) molybdophosphate at
25±1◦C gave a linear relationship (Fig. 73). This result indicates
that the Ea– ΔS* compensation mechanism holds good for the ion
exchange system on the polyacrylamide Sn(IV) molybdophosphate
[El-Naggar et al., 2007-a; El-Naggar et al., 2007-b; El-Naggar
et al., 1999-b], Ea– ΔS* compensation has been found in the acid
variety of processes and reaction equilibria [Boots and Bolo,
1989]. Therefore, the physico-chemical origin of the Ea–ΔS*
compensation is probably related to an intrinsic property of
hydration [El-Naggar et al., 2007-a; El-Naggar et al., 2007-b; ElNaggar et al., 1999-b].
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Fig. (73): The correlation between ΔS* and Ea for of Fe3+,
Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ on polyacrylamide
Sn(IV) molybdophosphate at 25±1 oC.
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Thus, from the above results and the negative values of ΔS*
reported in Table (23), it is anticipated that the Fe3+, Co2+, Cu2+,
Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions exchange with H+ into the
exchanger is in the unhydrated form.
The effect of pH on the rate of exchange of Pb2+, Cs+, Fe3+,
Cd2+, Cu+2, Zn2+, Co2+ and Eu3+ on polyacrylamide Sn(IV)
molybdophosphate was studied at 25±1◦C using polyacrylamide
Sn(IV) molybdophosphate of particle diameter 0.375 mm. The rate
of exchange was found to increase by increasing the pH of the
solutions (Figs. 74-81). The Di values of the investigated metal ions
were calculated at the different pH values and given in Table (25).
It was found that the values of Di of Fe3+, Co2+, Cu2+, Zn2+,
Cd2+, Cs+, Pb2+ and Eu3+ increase with the increase in the pH value
(Table 25). This may be due to the fact that by increasing the pH of
the solution, the [H]+ in solution decreases. This facilitates the
release of H+ from the exchanger in solution, which is reflected by
the increase in the values of both Kd and self-diffusion values of
Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ [El-Naggar et al.,
2007-a]. Similar finding were obtained by [El-Naggar et al., 2007a]. The values of the diffusion coefficient take the order:
Pb2+ > Cs+ > Fe3+ > Cd2+ > Co2+ > Cu+2 > Zn2+ > Eu3+
As shown in Fig. (82) and Table (25) the value of the capacity
increases with increasing the value of Di. This result does not
agrees with that reported by Qureshi and Ahmed [Qureshi and
Ahmed, 1988] for the relation between the rate of exchange of
Co2+ on tin(IV)antimonate and its capacity, in which the rate of
exchange of Co2+ on tin(IV)antimonate decreases with the increase
of the ion exchange capacity.
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Fig. (74): Plots of F and Bt against time for exchange of Fe3+ ion
on polyacrylamide Sn(IV) molybdophosphate at different
pH,s.
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Fig. (75): Plots of F and Bt against time for exchange of Co2+
ion on polyacrylamide Sn(IV) molybdophosphate at different
pH,s.
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Fig. (76): Plots of F and Bt against time for exchange of Cu2+
ion on polyacrylamide Sn(IV) molybdophosphate at different
pH,s.
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Fig. (77): Plots of F and Bt against time for exchange of Zn2+
ion on polyacrylamide Sn(IV) molybdophosphate at different
pH,s.
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Fig. (78): Plots of F and Bt against time for exchange of Cd2+
ion on polyacrylamide Sn(IV) molybdophosphate at different
pH,s.
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Fig. (79): Plots of F and Bt against time for exchange of Cs+ ion
on polyacrylamide Sn(IV) molybdophosphate at different
pH,s.
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Fig. (80): Plots of F and Bt against time for exchange of Pb2+
ion on polyacrylamide Sn(IV) molybdophosphate at different
pH,s.
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Fig. (81): Plots of F and Bt against time for exchange of Eu3+
ion on polyacrylamide Sn(IV) molybdophosphate at different
pH,s.
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Table (25): Effect of pH on the values of diffusion coefficient
and capacities of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and
Eu3+ on polyacrylamide Sn(IV) molybdophosphate samples at
25±1 ◦C.
Exchange
system
Pb2+/H+

Eu3+/H+

Cd2+/H+

Cs+/H+

Co2+/H+

Fe3+/H+

Cu2+/H+

Zn2+/H+

pH

Di (×108 cm2
s−1)

1.5
2.5
4.5
1.94
2.68
4.46
1.79
2.39
4.15
1.97
3.31
4.41
2.45
3.41
4.65
1.05
1.55
2.85
1.53
2.11
3.58
1.05
2.31
4.05

1.647
1.799
2.238
0.863
1.043
1.307
1.105
1.487
1.776
1.701
1.953
2.172
1.145
1.454
1.621
1.366
1.700
1.987
1.055
1.276
1.418
0.984
1.164
1.397
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Apparent
capacity
(meq/g)
0.600
0.935
1.740
0.721
0.840
1.418
0.543
1.060
1.405
0.995
1.104
1.190
1.009
1.110
1.152
0.530
0.950
1.090
0.642
0.886
0.971
0.313
0.470
0.638
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Fig. (82): Plots of capacity against Di for exchange of Fe3+,
Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ on polyacrylamide
Sn(IV) molybdophosphate at different pH, at 25±1 ◦C.
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El-Naggar et al. [El-Naggar et al., 1992-c], studied the selfdiffusion of Na+ and Cs+ on hydrous zirconia as a function of ion
exchange capacity and they found that the mobility of Na+ and Cs+
decreases with increase in the ion exchange capacity. This result
does not agree with our finding, but in another study the mobility
of Cs+, Co2+ and Eu3+ increases with increase the ion exchange
capacity when El-Naggar et al. studied the self-diffusion of the
above ions (Cs+, Co2+ and Eu3+) on silico(IV)titanate [El-Naggar
et al., 2007-a] and zirconium silicate [El-Naggar et al., 2007-b],
as a function of ion exchange capacity and this result agrees with
our finding.
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3.7. Sorption Isotherms
The adsorption isotherm indicates how the adsorption
molecules distribute between the liquid phase and the solid phase
when the adsorption process reaches an equilibrium state [Hameed
et al., 2007; El-Guendi, 1991]. When an adsorbent comes into
contact with a metal ion solution, the concentration of metal ions
on the surface of the adsorbent will increase until a dynamic
equilibrium is reached; at this point, there is a clearly defined
distribution of metal ions between the solid and liquid phases
[Argun et al., 2007]. The analysis of the isotherm data by fitting
them to different isotherm models is an important step to find the
suitable model that can be used for design purpose [Hameed et al.,
2007; El-Guendi, 1991].
The adsorption isotherms were done, as it is well known, by a
gradual increase in the concentration of sorbate ions in solution and
measuring the amount sorbed at each equilibrium concentration.
The degree of sorption should therefore be a function of the
concentration of sorbate ions only. The adsorption isotherms were
investigated for Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ on
polyacrylamide Sn(IV) molybdophosphate in the concentration
range from 10-3 to 0.1 M at different reaction temperatures (25, 45
and 65±1oC) at a constant V/m value of 100 mlg-1.
The removal efficiencies decreased from 97% to 6.7% for
Fe(III), 87.5% to 14% for Co(II), 93.38% to 3.70% for Cu(II),
87.86% to 2.6% for Zn(II), 92.93% to 4% for Cd(II), 98.25% to
19.17% for Cs(I), 99.51% to 8% for Pb(II) and 77.5% to 12% for
Eu(III) as the initial concentration of this metal ions increased fro
10-3 M to ~ 0.1 M, it is likely that a given mass of adsorbent
material has a finite number of adsorption sites, and that as metal
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concentrations increase, these sites become saturated. That is, there
is some metal concentration that produces the maximum adsorption
for a given adsorbent mass, and thereafter, adding more metal ions
cannot increase adsorption because no more sites are available; all
are occupied [Argun et al., 2007]. Another cause may have been a
progressive decrease in the proportion of covalent interactions and
an increase in the proportion of electrostatic interactions at sites
with a lower affinity for the studied metals as the initial metal ions
concentrations increased [Argun et al., 2007].
3.7.1. Langmuir isotherm
Longmuir's isotherm model suggests that uptake occurs on
homogeneous surface by monolayer sorption without interaction
between sorbed molecules. The model assumes uniform energies of
adsorption onto the surface [Hameed et al., 2007]. The obtained
data were applied to the Langmuir adsorption isotherm [Langmuir,
1916; Altin et al., 1998] using the following linear expression of
this model:
Ce

Ce
=

qe

1
+

Q

(17)
bQ

The adsorption results were analysed by the Langmuir adsorption
isotherm. Where Ce is the equilibrium concentration of the
adsorbate ions, qe is the amount of ions sorbed per gram of sorbent
(mol/g) at equilibrium time, Q and b are Langmuir constants
related to maximum adsorption capacity (monolayer capacity)
(meq/g) and heat of adsorption, respectively. The results fit quite
well the linear form of Langmuir adsorption isotherm over the
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entire range of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ on
polyacrylamide Sn(IV) molybdophosphate in the concentration
range from 10-3 to 0.1 M at different reaction temperatures (25, 45
and 65±1oC), when Ce/qe is plotted against Ce , a straight line with
slope 1/Q and intercept 1/bQ is obtained (Figs. 83-90), which
shows that the adsorption of the studied metal ions on
polyacrylamide

Sn(IV)

molybdophosphate

follows

Langmuir

isotherm model.
From the slope of the linear plots of Ce/qe vs. Ce, (Figs. 8390) , the value of Q, the saturation capacity of polyacrylamide
Sn(IV) molybdophosphate for Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+,
Pb2+ and Eu3+ at the investigated temperatures (25, 45 and 65±1oC,
respectively) are calculated and summarized in Table (26). In terms
of

the

saturation

capacities,

polyacrylamide

Sn(IV)

2+

molybdophosphate seems to be a better sorbent for Pb , Fe3+ and
Cs+ than the other mentioned cations. The Langmuir constants Q
and b increased with temperature, Table (26) shows that the
sorption capacity and intensity of sorption are enhanced at higher
temperatures. This increase in sorption capacity with temperature
suggested that the active surfaces available for sorption have
increased with temperature [Abd El-Rahman et al., 2006], and
this increase in sorption capacity with temperature for all studied
adsorption isotherms models (Table 26) because of increasing
kinetics energy of the sorbent metal ions, which increases the
frequency of collisions between the adsorbent and metal ions and
thus enhances adsorption of metals on the surface of the adsorbent
[Argun et al., 2007].
Thermodynamic parameters including the enthalpy change
(∆H), The Gibbs free energy change (∆G), and the entropy change
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Fig. (83): Langmuir adsorption isotherm for adsorption of Fe3+
ion on polyacrylamide Sn(IV)molybdophosphate at different
reaction temperatures.
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Equilibrium Concentration / Co absorbed ( Ce / qe )

0 .0 7
o

25 C
o

45 C

0 .0 6

o

65 C

2+

0 .0 5

0 .0 4

0 .0 3

0 .0 2

0 .0 1

0 .0 0
0 .0 0

0 .0 1

0 .0 2

0 .0 3

0 .0 4

0 .0 5

2+

E q u ilib r iu m C o C o n c e n tr a t io n ( C e )
Fig. (84): Langmuir adsorption isotherm for adsorption of Co2+
ion on polyacrylamide Sn(IV)molybdophosphate at different
reaction temperatures.
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Fig. (85): Langmuir adsorption isotherm for adsorption of Cu2+
ion on polyacrylamide Sn(IV)molybdophosphate at different
reaction temperatures.
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Fig. (86): Langmuir adsorption isotherm for adsorption of Zn2+
ion on polyacrylamide Sn(IV)molybdophosphate at different
reaction temperatures.
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Fig. (87): Langmuir adsorption isotherm for adsorption of Cd2+
ion on polyacrylamide Sn(IV)molybdophosphate at different
reaction temperatures.
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Fig. (88): Langmuir adsorption isotherm for adsorption of Cs+
ion on polyacrylamide Sn(IV)molybdophosphate at different
reaction temperatures.
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Fig. (89): Langmuir adsorption isotherm for adsorption of Pb2+
ion on polyacrylamide Sn(IV)molybdophosphate at different
reaction temperatures.
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Fig. (90): Langmuir adsorption isotherm for adsorption of Eu3+
ion on polyacrylamide Sn(IV)molybdophosphate at different
reaction temperatures.
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Table (26): Langmuir and Freundlich isotherm parameters for the sorption of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ onto
polyacrylamide Sn(IV) molybdophosphate at different reaction temperatures.
Cation

Pb2+

Cs+

Cd2+

Fe3+

Cu2+

Co2+

Eu3+

Zn2+

Reaction
temperature
( oK)

298
318
338
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338

Q ( saturation
capacity
(meq/g))
1.59
2.00
2.49
0.98
1.13
1.34
0.81
0.96
1.13
1.01
1.25
1.58
0.75
0.97
1.21
0.73
0.81
0.85
0.92
1.08
1.24
0.52
0.72
0.91

Langmuir isotherm
R2
b * 10-2
(L/mol)

24.97
168.5
649.6
3.17
4.00
4.43
12.38
25.13
40.11
26.66
30.62
38.54
6.06
6.86
7.47
5.47
5.83
6.66
8.02
8.86
9.56
7.34
8.14
8.97

0.99954
1
0.99999
0.99997
0.99992
0.99970
0.99990
0.99894
0.99811
0.99988
0.99988
0.99992
0.99924
0.99945
0.99951
0.9920
0.9993
0.99938
0.99927
0.9991
0.99901
0.9963
0.9987
0.9997
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Freundlich isotherm
dimensionless
separation
factor, RL

1/n

0.00398
0.00059
0.00015
0.03060
0.02440
0.02210
0.00800
0.00396
0.00249
0.00744
0.00649
0.00516
0.01623
0.01436
0.01321
0.03527
0.03316
0.02915
0.02433
0.02207
0.02049
0.01344
0.01213
0.01102

1.83
1.94
2.03
1.66
1.77
1.88
1.58
1.72
1.84
1.62
1.75
1.89
1.39
1.54
1.66
1.72
1.77
1.79
2.05
2.01
2.04
1.22
1.50
1.67

Kf

R2

D-R isotherm
K/ (mol2 kJ-2) E (KJmol-1)

R2

(meq/g)

(mol/g)
(L/mol)1/n
1.56
1.57
1.58
1.97
2.06
2.12
1.69
1.82
1.90
1.50
1.56
1.60
1.56
1.62
1.67
2.27
2.29
2.24
2.49
2.27
2.21
1.47
1.71
1.87

X/m

0.8573
0.9128
0.92272
0.9885
0.99301
0.9986
0.95198
0.97452
0.9811
0.9399
0.9240
0.9070
0.9972
0.9895
0.9813
0.9650
0.9693
0.9710
0.97952
0.98616
0.99450
0.9973
0.9910
0.99983

2.171
2.604
3.193
0.965
1.150
1.365
0.976
1.185
1.431
1.265
1.635
2.161
0.836
1.093
1.362
1.038
1.143
1.193
1.283
1.388
1.529
0.581
0.811
1.048

0.00235
0.00187
0.00162
0.00334
0.00306
0.00276
0.00283
0.00267
0.00253
0.00214
0.00201
0.00185
0.00251
0.00233
0.00211
0.00486
0.00419
0.00352
0.00421
0.00329
0.00274
0.00233
0.00256
0.00258

14.58
16.35
17.56
12.23
12.77
13.42
13.29
13.68
14.05
15.29
15.77
16.42
14.11
14.66
15.39
10.14
10.92
11.91
10.89
12.32
13.50
14.66
13.98
13.92

0.9411
0.9773
0.9825
0.9683
0.9711
0.9818
0.9832
0.9905
0.9922
0.9799
0.9717
0.9616
0.9571
0.9929
0.9987
0.9938
0.9961
0.9971
0.9899
0.9950
0.9989
0.9899
0.9945
0.9863
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(∆S) for the adsorption of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+
and Eu3+ on polyacrylamide Sn(IV) molybdophosphate have also
been calculated using the following-equations [Mohan and Singh,
2002]:
∆G = -RT ln b

(36)

Ln b = (∆S/R)-( ∆H/RT)

(37)

∆G = ∆H -T∆S

(29)

where b is the Langmuir constant related to heat of adsorption, R
the ideal gas constant

(J mol-1 K-1) and T is the absolute

temperature (K).
The enthalpy change (∆H) is calculated from slope of the plot
of ln b (from the Langmuir isotherm) versus 1/T (Figs91-98), while
the value of ∆S can be obtained from equation (29) from the slope
of the plot of ∆G versus T as shown in Fig.(99). The results of
these thermodynamic parameters for the adsorption of Fe3+, Co2+,
Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions on polyacrylamide
Sn(IV) molybdophosphate are shown in Table (27). The negative
values for the Gibbs free energy (∆G) for all the studied metal ions
show that the adsorption process is spontaneous and that the degree
of spontaneity of the reaction increases with increasing the reaction
temperature from 298oK to 338oK (Table 27). These results agree
with the data reported by Argun for the adsorption of (Cu2+, Ni2+
and Cr4+) on the modified sawdust [Argun et al., 2007].
The positive values of enthalpy change (∆H) indicate the
endothermic nature of the adsorption process. This result also
supports

the

suggestion

that

the

adsorption

capacity of

polyacrylamide Sn(IV) molybdophosphate for all metal ions
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increases with increasing the reaction temperatures [Argun et al.,
2007]. This values of enthalpy change (∆H) obtained in this study
are low compared to -62.37, -59.85, -66.97, –26.37 and -12.56
kJ/mol

for

Co(II)

adsorption

on

Al2O3,

MnO2,

Fe2O3,

montmorillonite [Tewari et al ., 1972 ; Komatsu et al ., 1970] and
tin(IV)antimonite [Abdel-Badei et al ., 1992] respectively, and low
compared to Cs+(11.48), Co2+(7.11) and Eu3+(15.87) kJ/mol) on
silico titanate [El-Naggat et al ., 2008] and also low compared to
Cs+(-7.3 kJ/mol), Co2+(-10.4 kJ/mol) and Eu3+(-9.3 kJ/mol) on
zirconium silicate [El-Naggat et al ., 2007-b], but greater than that
of Cs+(-2.99 kJ/mol) and nearly equal to Co2+(-4.16 kJ/mol) on
cerium(IV)antimonate [Aly et al ., 1999], and also greater than
Cu2+(4.33 kJ/mol) on the modified sawdust [Argun et al., 2007]
and Cs+ (5.57 kJ/mol) on zeolite [El-Kamash, 2008].
This low value of ΔH in this study for some of the studied
metal ions may be attributed to the fact that the hydroxyl groups of
the synthetic polyacrylamide Sn(IV) molybdophosphate might be
easily ionized which might facilitate the surface reaction. In
addition the decrease in the surface charge suggests the weaker
electrostatic interaction of Fe3+, Co2+, Cu2+, Zn2+, Cs+ and Eu3+on
polyacrylamide Sn(IV) molybdophosphate which leads to lower
heat of adsorption [El-Naggat et al ., 2008; Aly et al ., 1999].
The increasing of adsorption with increasing temperature on
the same material is difficult to be explained since the heat of
sorption is a complex function involving the heat of exchange,
hydration, dehydration, and heat of dilution and mixing [ElNaggar et al., 1997-a; El-Syed et al., 1970].
Table (27) also shows that the ∆S values were positive (i.e.,
that entropy increase as a result of adsorption). This occurs as a
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Fig (91): Plot of ln b against 1/T for the adsorption of Fe3+ ion
on polyacrylamide Sn(IV)molybdophosphate.
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Fig (92): Plot of ln b against 1/T for the adsorption of Co2+ ion
on polyacrylamide Sn(IV)molybdophosphate.
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Fig (93): Plot of ln b against 1/T for the adsorption of Cu2+ ion
on polyacrylamide Sn(IV)molybdophosphate.
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Fig (94): Plot of ln b against 1/T for the adsorption of Zn2+ ion
on polyacrylamide Sn(IV)molybdophosphate.
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Fig (95): Plot of ln b against 1/T for the adsorption of Cd2+ ion
on polyacrylamide Sn(IV)molybdophosphate.
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Fig (96): Plot of ln b against 1/T for the adsorption of Cs+ ion
on polyacrylamide Sn(IV)molybdophosphate.
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Fig (97): Plot of ln b against 1/T for the adsorption of Pb2+ ion
on polyacrylamide Sn(IV)molybdophosphate.
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Fig (98): Plot of ln b against 1/T for the adsorption of Eu3+ ion
on polyacrylamide Sn(IV)molybdophosphate.
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Table (27): Thermodynamic parameters for adsorption of Fe3+,
Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions on
polyacrylamide Sn(IV) molybdophosphate.
Cation

2+

Pb

Cs+

Cd2+

Fe3+

Cu2+

Co2+

Eu3+

Zn2+

Reaction
temperature
(oK)
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338
298
318
338

ΔH
(kJmol-1)

69.62

7.05

25.23

7.80

4.45

4.11

3.89

4.30
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ΔG

ΔS
-1

(kJmol )
-19.382
-25.730
-31.139
-14.271
-15.836
-17.113
-17.640
-20.675
-23.315
-19.543
-21.221
-23.203
-15.875
-17.267
-18.592
-15.621
-16.841
-18.268
-16.550
-17.941
-19.283
-16.347
-17.717
-19.108

(Jmol-1 K-1)
294

71.05

141.88

91.50

67.90

66.18

68.33

69.00
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Fig. (99): Plot of Gibbs free energy versus T.
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result of redistribution of energy between the adsorbate and the
adsorbent. Before adsorption occurs, the studied metal ions near the
surface of the adsorbent will be more ordered than in the
subsequent adsorbed state and the ratio of free metal ions to ions
interacting with the adsorbent will be higher than in the adsorbed
state. As a result, the distribution of rotational and translational
energy among a small number of molecules will increase with
increasing adsorption by producing a positive value of ∆S and
randomness will increase at the solid-solution interface during the
process of adsorption [Argun et al., 2007]. Adsorption in thus
likely to occur spontaneously at normal and high temperatures
because ∆H>0 and ∆S>0 [Argun et al., 2007]. These results agree
with the data reported by Argun for the adsorption of (Cu2+, Ni2+
and Cr4+) on the modified sawdust [Argun et al., 2007].
The behavior of these thermodynamic parameters (∆G, ∆H
and ∆S) obtained in this study agree with the behavior of the same
thermodynamic parameters (∆G, ∆H and ∆S) obtained from Van’t
Hoff relation (Eq. 28) reported in the distribution Studies.
The essential characteristics of the Langmuir equation can be
expressed in terms of a dimensionless separation factor, RL, defined
as [Weber and Chakkravorti, 1974]:
RL = 1/ (1+bCo)

(38)

where Co is the highest initial solute concentration (0.1 M), b is the
Langmuir's adsorption constant (L/mg). The RL value implies the
adsorption to be unfavorable (RL > 1), linear (RL = 1), favorable (0
< RL<1) or irreversible (RL = 0) [Hameed et al., 2007]. The values
of RL for the studied elements are summarized in Table (26) and
were found to be 0 < RL<1 confirmed that the prepared
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molybdophosphate

2+

2+

2+

2+

is
+

favorable
2+

adsorption of Fe , Co , Cu , Zn , Cd , Cs , Pb

for

and Eu3+

under condition used in this study [Hameed et al., 2007]. The
value of RL was found to be 0.598 (0 < RL<1) in case of the
adsorption of Cu2+on purolite C100-MB [Hamdaoui, 2009] and
was found to be 0.111, 0.04 in case of the adsorption of Cs+ and
Sr2+ on zeolite, respectively [El-Kamash, 2008], these results
agree with our finding.
Conformation of the experimental data with Langmuir
isotherm indicate the monolayer coverage of sorption surfaces and
assumes that sorption occurs on a structurally homogeneous
adsorbent and all sorption sites are energetically identical. From the
above discussion all the studied elements (Fe3+, Co2+, Cu2+, Zn2+,
Cd2+, Cs+, Pb2+ and Eu3+) are chemically adsorbed.
3.7.2. Freundlich isotherm
The Freundlich isotherm [Freundlich, 1906] is the earlist
known relationship describing the sorption equation. This isotherm
valid for physical adsorption and usually for an adsorbent with very
heterogeneous surface [Benes and Majer, 1980] and is expressed
by the following equation:
qe = KfCe1/n

(39)

The equation may be linerized by taking the logarithm of both
sides:
log qe = log Kf + 1/n log Ce
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where qe is the amount adsorbed at equilibrium (mol/g), Ce is the
equilibrium concentration of the adsorbate metal ions, Kf and n are
Freundlich constants, n giving an indication of how favorable the
adsorption

process

(mol/g)(L/mol)

1/n

is

(adsorption

intensity)

and

Kf

is the adsorption capacity of the adsorbent

polyacrylamide Sn(IV) molybdophosphate. Kf can be defined as
the adsorption or distribution coefficient and represents the quantity
of metal ion sorbed onto polyacrylamide Sn(IV) molybdophosphate
for a unit equilibrium concentration [Hameed et al., 2007].
Figures (100-107) show a straight line with a slope of 1/n and
an intercept of log Kf when log qe is plotted against log Ce. The
corresponding Freundlich isotherm constants Kf and 1/n together
with the correlation coefficients (R) are also listed in Table (26).
Values of Kf derived from the Freundlich equation are an indicator
of the adsorption capacity. The adsorption capacities towards Fe3+,
Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions on polyacrylamide
Sn(IV) molybdophosphate increased with increasing temperatures.
The slope 1/n ranging between 0 and 1 is a measure of adsorption
intensity or surface heterogeneity, becoming more heterogeneous
as its value gets closer to zero [Haghseresht and Lu, 1998]. The
numerical values of 1/n for the studied metal ions were found to be
greater than the one (1/n>1) (Table 26). According to the statistical
theory of adsorption [Clark, 1970], when the value of 1/n in the
adsorption isotherm is less than unity, it implies heterogeneous
surface structure with minimum interaction between the adsorbed
atoms [Abou-Mesalam et al., 2003], but in this study the value of
1/n for the studied metal ions is greater than one (1/n>1), it implies
homogeneous surface structure and unfavorable Freundlich
adsorption processes [Sun Fy et al., 2005;
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Fig. (100): Freundlich adsorption isotherm for adsorption of
Fe3+ ion on polyacrylamide Sn(IV)molybdophosphate at
different reaction temperatures.
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Fig. (101): Freundlich adsorption isotherm for adsorption of
Co2+ ion on polyacrylamide Sn(IV)molybdophosphate at
different reaction temperatures.

- 250 -

RESULTS AND DISCUSSION

1 .4

E.A. Abdel-Galil

o

25 C
o

45 C

1 .3

o

65 C

1 .2

Log qe

1 .1
1 .0
0 .9
0 .8
0 .7
0 .6
0 .5
-5 .0 -4 .5 -4 .0 -3 .5 -3 .0 -2 .5 -2 .0 -1 .5 -1 .0 -0 .5

Log C e
Fig. (102): Freundlich adsorption isotherm for adsorption of
Cu2+ ion on polyacrylamide Sn(IV)molybdophosphate at
different reaction temperatures.
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Fig. (103): Freundlich adsorption isotherm for adsorption of
Zn2+ ion on polyacrylamide Sn(IV)molybdophosphate at
different reaction temperatures.
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Fig. (104): Freundlich adsorption isotherm for adsorption of
Cd2+ ion on polyacrylamide Sn(IV)molybdophosphate at
different reaction temperatures.
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Fig. (105): Freundlich adsorption isotherm for adsorption of
Cs+ ion on polyacrylamide Sn(IV)molybdophosphate at
different reaction temperatures.
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Fig. (106): Freundlich adsorption isotherm for adsorption of
Pb2+ ion on polyacrylamide Sn(IV)molybdophosphate at
different reaction temperatures.

- 255 -

RESULTS AND DISCUSSION

E.A. Abdel-Galil

o

1 .4

25 C
o

45 C
o

65 C

Log qe

1 .2

1 .0

0 .8

0 .6

0 .4
-5 .0

-4 .5

-4 .0

-3 .5

-3 .0

-2 .5

-2 .0

-1 .5

Log C e
Fig. (107): Freundlich adsorption isotherm for adsorption of
Eu3+ ion on polyacrylamide Sn(IV)molybdophosphate at
different reaction temperatures.
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Goswamee et al., 1998]. In another result the value of 1/n was
found to be less than unity for the adsorption of (Pb2+ 0.34), (Cd2+
0.29) and (Zn2+ 0.16) on antimonic acid [El-Naggar et al., 2010],
(Cu2+ 0.82), (Cd2+ 0.75), (Zn2+ 0.77) and (Ni2+ 0.73) on silico
antimonate [Abou-Mesalam, 2003], (Cd2+ 0.60), (Zn2+ 0.89) on
iron(III) titanate [Abou-Mesalam, 2004], (Cu2+ 0.86), (Co2+ 0.83),
(Zn2+ 0.79), (Cd2+ 0.79), (Cs+ 0.86) and (Fe3+ 0.71) on magnesosilicate

[El-Naggar and Abou-Mesalam, 2007], (Cu2+ 0.68),

(Co2+ 0.59), (Zn2+ 0.77), (Cd2+ 0.83), (Cs+ 0.86) and (Fe3+ 0.77) on
magnesium alumino-silicate [El-Naggar and Abou-Mesalam,
2007] and (Cu2+ 0.78) on purolite C100-MB [Hamdaoui, 2009],
and it implies heterogeneous surface structure and favorable
Freundlich adsorption processes. These results don't agree with our
finding.
3.7.3. Dubinin-Radushkevich (D-R) isotherm
The Dubinin-Radushkevich (D-R) isotherm [Bering et al.,
1972], which assumes a heterogeneous surface, is expressed as
follows:
qe = X/m exp (-K/ ε2)

(40)

where ε (the polanyi potential) = RT ln (1+1/Ce), qe is the amount
of ions sorbed per gram of sorbent (mol/g), X/m is the adsorption
capacity of the sorbent (meq/g), Ce is the equilibrium concentration
of the metal ions in solution, K/ is a constant related to the
adsorption energy (mol2 kJ-2), R is the gas constant (kJ K-1mol-1),
and T is the temperature (K).
The D-R isotherm can be expressed in linear form as follows:
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Ln qe = ln X/m - K/ ε2

(22)

The regression parameters and correlation coefficients (R2)
presented in Table (26), Figs. (108-115) indicate that the adsorption
data best fitted the Langmuir adsorption isotherm for the studied
metal ions
Figures (108-115) show a straight line with a slope of K/ and
an intercept of log X/m when log qe is plotted against ε2. The
regression parameters and correlation coefficients (R2) are also
listed in Table (26). Values of X/m derived from the DubininRadushkevich equation are an indicator of the adsorption capacity.
The adsorption capacities towards Fe3+, Co2+, Cu2+, Zn2+, Cd2+,
Cs+,

Pb2+

and

Eu3+

ions

on

polyacrylamide

Sn(IV)

molybdophosphate increased with increasing temperatures.
The correlation coefficient R2 represented from Langmuir
isotherm for the studied metal ions is greater than the correlation
coefficient R2 represented from Freundlich adsorption isotherm and
Dubinin-Radushkevich (D-R) isotherm (Table 26), and this result
confirmed that the adsorption of the studied metal ions (Fe3+, Co2+,
Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions) on polyacrylamide
Sn(IV) molybdophosphate is favorable for the Langmuir isotherm
more than Freundlich isotherm and Dubinin-Radushkevich (D-R)
isotherm.
The mean adsorption energy (E, kJ mol-1) can be obtained
from the K/ values of the D-R isotherm [Bering et al., 1972] using
the following equation:
E = (-2K/) -1/2

(41)
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Fig. (108): Linearized D-R isotherms for adsorption of Fe3+ ion
on polyacrylamide Sn(IV)molybdophosphate at different
reaction temperatures.
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Fig. (109): Linearized D-R isotherms for adsorption of Co2+ ion
on polyacrylamide Sn(IV)molybdophosphate at different
reaction temperatures.
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Fig. (110): Linearized D-R isotherms for adsorption of Cu2+ ion
on polyacrylamide Sn(IV)molybdophosphate at different
reaction temperatures.
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Fig. (111): Linearized D-R isotherms for adsorption of Zn2+ ion
on polyacrylamide Sn(IV)molybdophosphate at different
reaction temperatures.
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Fig. (112): Linearized D-R isotherms for adsorption of Cd2+ ion
on polyacrylamide Sn(IV)molybdophosphate at different
reaction temperatures.
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Fig. (113): Linearized D-R isotherms for adsorption of Cs+ ion
on polyacrylamide Sn(IV)molybdophosphate at different
reaction temperatures.
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Fig. (114): Linearized D-R isotherms for adsorption of Pb2+ ion
on polyacrylamide Sn(IV)molybdophosphate at different
reaction temperatures.
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Fig. (115): Linearized D-R isotherms for adsorption of Eu3+ ion
on polyacrylamide Sn(IV)molybdophosphate at different
reaction temperatures.

- 266 -

RESULTS AND DISCUSSION

E.A. Abdel-Galil

The Langmuir isotherm constants do not explain the chemical
or physical properties of the adsorption process [Argun et al.,
2007]. However, the mean adsorption energy (E) calculated from
the D-R isotherm provides important information about these
properties [Bering et al., 1972]. For E < 8 kJmol-1, physisorption
dominates the sorption mechanism [Argun et al., 2007]. If E is
between 8 and 16 kJmol-1, ion-exchange is the dominate factor
[Argun et al., 2007]. If E > 16 kJmol-1, sorption is dominated by
particle diffusion [Argun et al., 2007]. From Table (26) the
adsorption energies were between 8 and 16 kJmol-1, suggestion that
the sorption process was dominated by ion-exchange (i.e. chemical
reaction) [Argun et al., 2007] at all studied temperatures and this
result confirmed that the adsorption of the studied metal ions (Fe3+,
Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions) on polyacrylamide
Sn(IV) molybdophosphate is favorable for the Langmuir isotherm
more than the other adsorption modules (Freundlich isotherm and
D-R isotherm). The value of E was found to be 11.4 kJmol-1 and
12.5 kJmol-1 for Cs+ and Sr2+ ions sorbed on zeolite, respectively
[El-Kamash, 2008] confirmed that the adsorption is favorable for
the Langmuir isotherm and this result agrees with our finding.
From the above studies, the results suggest that the adsorption
of the studied metal ions (Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+
and Eu3+ ions) on polyacrylamide Sn(IV) molybdophosphate is
favorable for the Langmuir isotherm more than Freundlich and D-R
isotherm for the following reasons:
1- The correlation coefficient R2 represented from Langmuir
isotherm for the studied metal ions is greater than the
correlation coefficient R2 represented from Freundlich and D-R
isotherm (Table 26).
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2- The dimensionless separation factor, RL represented from Eq.
(33) was found to be 0<RL<1 (Table 26) confirmed that the
prepared

polyacrylamide

Sn(IV)

molybdophosphate

is

favorable for adsorption of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+,
Pb2+ and Eu3+ under Langmuir adsorption isotherm.
3- The numerical values of 1/n for the studied metal ions were
found to be greater than the one (1/n>1) (Table 26), it implies
homogeneous surface structure and unfavorable Freundlich
adsorption processes.
4- From Table (26) the adsorption energies (E) were between 8
and 16 kJmol-1, suggestion that the sorption process was
dominated by ion-exchange (i.e. chemical reaction) (Argun et
al., 2007).
Conformation of the experimental data with Langmuir
isotherm indicate the monolayer coverage of sorption surfaces and
assumes that sorption occurs on a structurally homogeneous
adsorbent and all sorption sites are energetically identical. From the
above discussion all the studied elements (Fe3+, Co2+, Cu2+, Zn2+,
Cd2+, Cs+, Pb2+ and Eu3+) are chemically adsorbed.
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3.8. Column Operations
The main theory which explains separation by column
chromatography is plate theory. According to this theory, the
column is considered to be divided into a number of equal units
called

theoretical

plates.

These

units,

although

entirely

hypothetical, give rise to a very useful way for the practical
measurements of column efficiency. Investigation were conducted
to explore suitable conditions for quantitative loading and sorption
of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions in neutral
media (pH = 3.45) by chromatographic column procedures at room
temperatures (25 oC). As far as the break-through capacity of the
column used (Fig. 116) shows curves for Fe3+, Co2+, Cu2+, Zn2+,
Cd2+, Cs+, Pb2+ and Eu3+ ions (10-3 M for each) from
polyacrylamide Sn(IV) molybdophosphate column in the feed
solutions.

Each

break-through

curve

depicts

the

percent

concentrations of the respective metal ion in the effluent to the feed
solution (C/Co %) Vs. effluent volume (V ml) as shown in Fig.
(116). The corresponding uptake for the investigated cations per
gram of solid is calculated using the following formula;
Co
Q0.5 (breakthrough capacity) = V(50%) × —— (meq/g) (23)
m
where Q0.5 means the break-through capacity in g , Co is the initial
metal concentration in mg/ml, V is the volume to break-through in
cm3 and m is the weight of the dry resin in grams.
From the results presented in Fig. (116), it is found that the
selectivity

of

the

ions

towards

polyacrylamide

Sn(IV)

molybdophosphate is in the order:
Pb2+ > Cs+ > Fe3+ > Cd2+ > Cu2+ > Zn2+ > Co2+ > Eu3+
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this selectivity order is accordance with that obtained from batch
technique. The break-through capacity for all the metal ions studied
are calculated from Fig. (116), and it found to be 0.13, 0.058,
0.083, 0.077, 0.11, 0.22, 0.33 and 0.043 meq./g for Fe3+, Co2+,
Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions respectively, the breakthrough capacity for all the metal ions is low as compared to the
ion exchange capacity for the same metal ions obtained from batch
technique due to the interference between ions. Polyacrylamide
Sn(IV) molybdophosphate composite cation ion exchanger gives
higher break-through capacity than other inorganic ion exchangers,
e.g. Cs+ (0.06 meqg-1) on CeSb [El-Naggar et al., 2003], while the
break-through

capacity

of

polyacrylamide
+

Sn(IV)
-1

molybdophosphate is lower than that of Cs (0.32 meqg ), (0.35
meqg-1) on FeSb and SiSb, respectively [El-Naggar et al., 2003] ,
Cu2+ (2.5 meqg-1), Cd2+ (1.55 meqg-1), Fe3+ (0.96 meqg-1) on
magnesium silicate, respectively [Kotp, 2008], Cs+ (0.35 meq g-1),
Co2+ (0.33 meqg-1) on ir o n( I I I ) silicat e [ Ibrahim, 2006 ] ,
Cd2+ (0.06 mmol g-1), Zn2+ (0.9 mmolg-1) on iron(III) titanate
[Abou-Mesalam, 2004] and (Co2+ 0.073 meqg-1 and Eu3+ 0.066
meqg-1) on zirconium molybedate [El-Gammal and Shady, 2006],
(Co2+ 0.23 meqg-1 and Eu3+ 0.452 meqg-1) on zirconium silicate
[El-Gammal and Shady, 2006]. The break-through capacity for
Cd2+, Cu2+ and Zn2+ ions on poly (acrylamide – acrylic acid) –
silicon titanate was calculated by Abdel-Aziz [Abdel-Aziz, 2005]
and it was found to be 11, 9.6 and 3 mg/g for Cd2+, Cu2+and Zn2+
ions, respectively. Abou-Mesalam calculates the break-through
capacity for Cd2+, Cu2+, Zn2+ and Ni2+ ions on silico titanate and
silico antimonate and it was found to be Cd2+ (10.8 and 66 mg/g),
Cu2+ (20.8 and 11 mg/g), Zn2+ (23.5 and 32 mg/g) and Ni2+ (6 and 2
mg/g), respectively [Abou-Mesalam, 2002]. The break-through
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Fig. (116): Break-through curves of mixture of Fe3+, Co2+,
Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions on polyacrylamide
Sn(IV) molybdophosphate in pH = 3.45 and 25±1˚C.
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capacity of polyacrylamide Sn(IV) molybdophosphate is low
compared to the other ion exchanger may be due to interference
between the eight metal ions under study.
The elution profiles for the investigated cations Fe3+, Co2+,
Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions are given in Fig. (117) for
polyacrylamide Sn(IV) molybdophosphate, and the elution of these
metal ions are studied in nitric acid solutions [0.01-6 M ]. Figure
(117) shows that, at 0.01 M HNO3 cause sharp peak for Co2+, Zn2+,
Cd2 and Eu3+ ion and small peaks fore Fe3+, Cu2+, Cs+ and Pb2+ at ≈
4 ml of elution followed by sharp peak for Co2+, Cu2+, Zn2+, Cd2+ ,
Pb2+ and Eu3+ at ≈ 20 ml by using 0.1 M HNO3 as a second eluent.
At 0.5 and 1 M HNO3, sharp peak for Pb2+ ion and small peaks for
Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+ and Eu3+ ions are obtained at ≈
133 and ≈ 312 ml respectively, Pb2+ ion can be separated at 0.5 and
1 M HNO3.
At 2 M HNO3, sharp peak for Pb2+ and Cs+ ions and small
peaks for Fe3+, Co2+, Cu2+, Zn2+, Cd2+ and Eu3+ ions are obtained at
≈ 382 ml of elution followed by sharp peak for Cs+ ion at ≈ 408 ml
by using 3 M HNO3, Cs+ ion can be separated at 3 M HNO3. At 4
M HNO3, sharp peak for Fe3+ and Cs+ ions and small peaks for
Co2+, Cu2+, Zn2+, Cd2+, Pb2+ and Eu3+ ions are obtained at ≈ 432 ml
of elution followed by sharp peak for Fe3+ ion at ≈ 447 ml by using
5 M HNO3, Fe3+ ion can be separated at 5 M HNO3.
From the presented results, it is clear that the different ions
can be separated from polyacrylamide Sn(IV) molybdophosphate
column by 0.01, 0.5, 1, 3 and 5 M HNO3 and it is found that the tail
of different ions is continuous until the volume of eluent becomes
around 460 ml, but at ≈ 480 ml using 6 M HNO3 no peaks are
found and the adsorbed ions completely removed (100% ), so we
can expect using the column in the regeneration process.
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Fig. (117): Elution curves of mixture of Fe3+, Co2+, Cu2+,
Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions with 0.01, 0.1, 0.5, 1, 2, 3, 4,
5 and 6 M
HNO3
from polyacrylamide Sn(IV)
molybdophosphate (0.5 cm diameter x 5 cm length and 4-5
drops/min. flow rate).
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CONCLUSION
1. Polyacrylamide Sn(IV) molybdophosphate was prepared by
simple method by incorporation of Sn(IV) molybdophosphate in a
polyacrylamide in order to overcome the limitation of both organic
resins and inorganic adsorbent. All samples of polyacrylamide
Sn(IV) molybdophosphate are hard granulates in nature and
suitable to use in column operations and Yellow in color. The
prepared

polyacrylamide

Sn(IV)

molybdophosphate

was

characterized using TGA – DTA, XRD, IR, XRF and Flash EA
Analyzer

(Elemental

analysis,

determine

C,

H,

and

N

concentration) and the results showed that the tentative molecular
formula for the exchanger can be written as:
[(SnO2), (MoO3)4 (H3PO4)3 + (– CH2 – CH – CONH–)] 3.6H2O
2. The prepared material has different phases with small
crystalline size when annealed at different temperatures, i.e. these
exchangers may have multiple exchange sites so that one site may
favor one ion and another site favor a different sized ion and this
result may be due to the reason for high selectivity, capacity and
distribution coefficient.
3. The pH titration curve shows only one inflection point
indicating that the polyacrylamide Sn(IV) molybdophosphate
behaves as monofunctional.
4. The chemical stability of the prepared polyacrylamide Sn(IV)
molybdophosphate is higher than Sn(IV) molybdophosphate, this
proves that the prepared composite overcame the low chemical
stability of inorganic Sn(IV) molybdophosphate. Polyacrylamide
Sn(IV) molybdophosphate is more stable than other inorganic and
composite ion exchangers.
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polyacrylamide

Sn(IV)

molybdophosphate

possess high thermal stability compared with the inorganic Sn(IV)
molybdophosphate,

polyacrylamide

Sn(IV)

molybdophosphate

losses about 37% of its ion exchange capacity on heating up to
400oC, while, the inorganic Sn(IV) molybdophosphate losses about
60% of its ion exchange capacity on heating at the same drying
temperature, this proves that the prepared composite overcame the
low thermal stability of inorganic Sn(IV) molybdophosphate.
Polyacrylamide Sn(IV) molybdophosphate possess high thermal
stability compared with other composite ion exchangers.
6. The ion-exchange capacity of the hybrid cation-exchanger
polyacrylamide Sn(IV) molybdophosphate for the studied metal
ions increases according to the decrease in the hydrated ionic radii
and hydration energy and have the following sequence;
Pb2+ > Cs+ > Fe3+ > Cd2+ > Cu+2 > Zn2+ > Co2+ > Eu3+
7. By applying Kd we conclude that: All cations reveal increasing
adsorption with pH increasing up studied pH value. The selectivity
order of the investigated cations on polyacrylamide Sn(IV)
molybdophosphate in the same conditions has the following
sequence;
Pb2+ > Cs+ > Fe3+ > Cd2+ > Cu+2 > Zn2+ > Co2+ > Eu3+
8. The changes in thermodynamic parameters, enthalpy change
(ΔHo), entropy change (ΔSo) and free energy change (ΔGo) were
studied for Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions on
polyacrylamide Sn(IV) molybdophosphate at 25, 45 and 65±1oC.
The positive values of (ΔHo) indicate the endothermic nature of the
adsorption process, while the positive values of ΔSo for Pb2+, Cs+,
Fe3+, Cd2+, Cu+2, Zn2+, Co2+ and Eu3+ indicate the increased
randomness at solid-solution interface during the adsorption of
these cations on polyacrylamide Sn(IV) molybdophosphate. The
- 275 -

CONCLUSION

E.A. Abdel-Galil

negative values of the free energy change (ΔGo) for the
investigated metal ions indicate that the adsorption process is
spontaneous and indicate the preferable adsorption of these cations
on polyacrylamide Sn(IV) molybdophosphate as compared to H+
ion.
9. The negative effect of competing cations such as Na+ and
complexing agent (EDTA)

on the ion exchange of Fe3+, Co2+,

Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions on polyacrylamide
Sn(IV) molybdophosphate shows that the Kd values decrease with
increasing the concentrations of this competing cations (Na+,
EDTA).
10. The exchange kinetics of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+
and Eu3+on the prepared polyacrylamide Sn(IV) molybdophosphate
were studied as a function of particle radius, drying temperature of
polyacrylamide Sn(IV) molybdophosphate, reaction temperature
and pH of the solution.
11. The rate of exchange is independent of the metal ion
concentration, and this is evident that the conditions set in this
work are particle diffusion mechanism for the investigated metal
ions.
12. The rate of exchange increases with decrease in the particle size
and drying temperature of the exchange materials. However, the
rate increases with increase in the reaction temperature and pH,s of
the solution.
13. The diffusion coefficient values (Di) of the investigated metal
ions on polyacrylamide Sn(IV) molybdophosphate (heating at
50◦C) follow the order;
Pb2+ > Cs+ > Fe3+ > Cd2+ > Co2+ > Cu+2 > Zn2+ > Eu3+
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14. The Di values of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and
Eu3+ ions on polyacrylamide Sn(IV) molybdophosphate at 25◦C
decrease with increasing the drying temperatures from 50 to 400◦C.
15. Negative values of entropy of activation (ΔS*) were obtained
and this anticipated that the investigated metal ions are exchanged
with H+ of polyacrylamide Sn(IV) molybdophosphate in the
unhydrated form.
16. The removal efficiencies for the studied metal ions decreased as
the initial concentration of this metal ions increased fro 10-3 M to ~
0.1 M. The results suggest that the adsorption of the studied metal
ions (Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions) on
polyacrylamide Sn(IV) molybdophosphate is favorable for the
Langmuir isotherm more than Freundlich and D-R isotherm .
Conformation of the experimental data with Langmuir isotherm
indicate the monolayer coverage of sorption surfaces and assumes
that sorption occurs on a structurally homogeneous adsorbent and
all sorption sites are energetically identical. From the above
discussion all the studied elements (Fe3+, Co2+, Cu2+, Zn2+, Cd2+,
Cs+, Pb2+ and Eu3+) are chemically adsorbed.
17. Different ions can be separated from polyacrylamide Sn(IV)
molybdophosphate column by 0.01, 0.5, 1, 3 and 5 M HNO3 and it
is found that the tail of different ions is continuous until the volume
of eluent become around 460 ml, but at ≈ 480 ml using 6 M HNO3
no peaks are found and the adsorbed ions completely removed
(100% ), so we can expect using the column in the regeneration
process.
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SUMMARY
There has been substantial research on the inorganic ion
exchangers as well as organic resins commonly known as ion
exchange media for the remediation of wastewater from hazardous
metal containing.
Many investigators have introduced organic–inorganic hybrid
ion–exchangers consisting of inorganic ion–exchangers and organic
binding matrices, creating a new class of hybrid organic–inorganic
materials called composite ion exchangers with better mechanical,
chemical, thermal and radiation stabilities, reproducibility and
possessing good selectivity for heavy toxic metals.
This work had been done in an attempt to synthesize a new
novel ‘organic–inorganic’ hybrid cation-exchanger: polyacrylamide
Sn(IV) molybdophosphate by incorporation of polyacrylamide into
the

matrix

of

inorganic

cation-exchanger

Sn(IV)

molybdophosphate.
The work carried out in this thesis is summarized in to three
main parts; namely, introduction, experimental and finally results
and discussion.
First chapter
The first chapter is the introduction which includes the type of
Pollution, Toxicity of the studied metal ions (Fe3+, Co2+, Cu2+,
Zn2+, Cd2+, Cs+, Pb2+ and Eu3+), different tools used for the
management of waste water, literature survey which includes a
brief account on the classification of ion exchange, also the
literature survey includes the last three decades related to
composite ion exchangers and the proposed subject, stannic
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molybdophosphate and polyacrylamide stannic molybdophosphate.
Also this chapter involves a study of the kinetics of exchange and
equilibria of the sorption process.
Second chapter
The second chapter is the experimental which includes the
chemicals used and their purity, the method of preparation of
polyacrylamide

stannic

molybdophosphate

as

well

as

the

instrumentation, the analytical techniques and the procedures used
in this thesis.
Third chapter
The third chapter deals with the results and discussion and is
divided into main sections namely; preparation and characterization
of adsorbent materials, distribution studies, kinetic studies, sorption
isotherms and column operations in the first section from third
chapter is the preparation and characterization, brief account on the
preparation of polyacrylamide Sn(IV) molybdophosphate was
required and composition studies indicate the molar ratio of Sn(IV),
Mo, PO43-, C, H and N in the material as 1:4:3:3:15:0.5 which
tentatively suggests the following formula:
[(SnO2), (MoO3)4 (H3PO4)3 + (– CH2 – CH – CONH–)] 3.6H2O
The pH titration curve shows only one inflection point
indicating that the polyacrylamide Sn(IV) molybdophosphate
behave as monofunctional. The solubility of the prepared materials
was determined in H2O, acidic and basic solution, the prepared
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molybdophosphate

and

Sn(IV)

molybdophosphate samples are stable in water and acid solutions
up to 6 M HNO3 and

HCl, while the samples are completely

dissolved at 7 M acids. Polyacrylamide Sn(IV) molybdophosphate
and Sn(IV) molybdophosphate are completely dissolved in 0.1 and
1 M base [NaOH and KOH]. The chemical stability of the prepared
polyacrylamide Sn(IV) molybdophosphate is higher than Sn(IV)
molybdophosphate, this prove thate the prepared composite
overcame the low chemical stability of inorganic Sn(IV)
molybdophosphate. Polyacrylamide Sn(IV) molybdophosphate is
more stable than other compsite ion exchangers. . Also the I.R of
the prepared materials was determined at different drying
temperatures, 50, 200, 400, 600 and 850oC.
The XRD patterns of the prepared material was determined at
different drying temperatures and the results showed that, the
prepared polyacrylamide Sn(IV) molybdophosphate and Sn(IV)
molybdophosphate heated at 50±1oC are crystalline, the degree of
crystallinity

of

the

prepared

polyacrylamide

Sn(IV)

molybdophosphate slightly improved with the increase of heating
temperatures from 50oC to 600±1oC.
The values of D (crystalline size) was calculated and it was
found that the prepared material has different phases with small
crystalline size when annealed at different temperatures, i.e. these
exchangers may have multiple exchange sites so that one site may
favor one ion and another site favor a different sized ion and this
result may be due to the reason for high selectivity, capacity and
distribution coefficient.
Effect of heating at different temperature for 4 h, indicated
that on heating at elevated temperature the mass, physical
appearance and ion-exchange capacity of the dried hybrid cation- 280 -
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exchanger was changed as the temperature increased. It was also
observed that the hybrid cation-exchanger possessed higher thermal
stability as the sample maintained about 87.49% of the initial mass
by heating up to 400◦C and maintained about 63.54% of the initial
mass by heating up to 850◦C higher than the other composite ion
exchangers, However, in terms of ion-exchange capacity, this
hybrid material was found stable up to 400◦C and it retained about
62.77% of the initial ion-exchange capacity by heating up to 400◦C,
and

this

support

the

fact

that

polyacrylamide

Sn(IV)

molybdophosphate has a good thermal stability compared with
other composite ion exchangers.
These results indicate that the prepared material has a good
thermal and chemical stability compared to other organic, inorganic
and composite ion exchangers.
The

water

content

of

polyacrylamide

Sn(IV)

molybdophosphate in the H+, Pb2+, Cs+, Fe3+, Cd2+, Cu2+, Zn2+,
Co2+ and Eu3+-forms were determined by using thermal analysis
technique (TG and DTA). The water loss of H+, Pb2+, Cs+, Fe3+,
Cd2+, Cu+2, Zn2+, Co2+ and Eu3+ at 850oC are 36.46%, 22.15%,
19.33%, 33.19%, 30.8%, 32.07%, 34.27%, 33.53% and 45.65%
w/w, respectively, the results indicate that all the studied cations
were exchanged as un hydrated excepte europium was exchanged
as hydrated.
The second section from the third chapter is the distribution
studies, the ion exchange properties have been studied using eight
cations (Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+) which
represent the main different categories of the nuclear and industrial
waste solution.
The distribution coefficient of the studied cations (Fe3+, Co2+,
Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+) was investigated
- 281 -

in

SUMMARY

E.A. Abdel-Galil

polyacrylamide Sn(IV) molybdophosphate at different pH values at
25oC±1oC. The obtained results showed the Kd values increase with
increasing the pH of the solution. From the plots of log Kd vs. pH,
(Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+) ions were found
to deviate from the ideal ion exchange reaction mechanism. The
selectivity order of the investigated cations on polyacrylamide
Sn(IV) molybdophosphate in the same conditions has the following
sequence;
Pb2+ > Cs+ > Fe3+ > Cd2+ > Cu+2 > Zn2+ > Co2+ > Eu3+
The distribution coefficient values of polyacrylamide Sn(IV)
molybdophosphate for the studied metal ions were compared to the
other ion exchange materials.
The effect of reaction temperature on the adsorption of Fe3+,
Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions (pH 3.45) on
polyacrylamide Sn(IV) molybdophosphate sample was carried out
in the temperature range 25-65±1oC, the distribution coefficient
(Kd) of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ on
polyacrylamide

Sn(IV)

molybdophosphate

increased

with

increasing temperature from 25oC to 65oC and the thermodynamic
parameters (ΔHo, ΔSo and ΔGo) for the adsorption of Fe3+, Co2+,
Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions on

polyacrylamide

Sn(IV) molybdophosphate) were calculated.
The negative effect of competing cations such as Na+ and
complexing agent (EDTA)

on the ion exchange of Fe3+, Co2+,

Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions on polyacrylamide
Sn(IV) molybdophosphate was studied. The obtained results
showed the Kd values decrease with increasing the concentrations
of the competing cations (Na+, EDTA).
The ion-exchange capacity of the hybrid cation-exchanger
polyacrylamide Sn(IV) molybdophosphate for the studied metal
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ions increases according to the decrease in the hydrated ionic radii
and hydration energy and have the following sequence;
Pb2+ > Cs+ > Fe3+ > Cd2+ > Cu+2 > Zn2+ > Co2+ > Eu3+
Polyacrylamide Sn(IV) molybdophosphate composite cation ion
exchanger gives higher ion exchange capacity than other inorganic
ion exchangers. The ion exchange capacities of polyacrylamide
Sn(IV) molybdophosphate sample for Fe3+, Co2+, Cu2+, Zn2+, Cd2+,
Cs+, Pb2+ and Eu3+ ions has been determined as a function of pH
with constant ionic strength (0.1). The obtained results showed that,
the capacity of the studied metal ions increases by increasing the
pH. The ion exchange capacity of polyacrylamide Sn(IV)
molybdophosphate for Cs+ ion at different drying temperature has
been determined and showed that, polyacrylamide Sn(IV)
molybdophosphate shows decrease in its capacities by increasing
the drying temperatures from 50oC to 850oC.
The capacity of polyacrylamide Sn(IV) molybdophosphate
for Cs+ ion was determined at different metal ion concentration and
the results showed that at low concentration from Cs+ metal ions
(0.01 M up to 0.05 M) the capacity of polyacrylamide Sn(IV)
molybdophosphate was increased tremendously, but at height
concentration (0.075 M up to 0.15 M) slightly increased for the
capacity was observed (nearly constant).
The third section from the third chapter is the kinetic studies,
the kinetics of exchange of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+
and Eu3+ ions on polyacrylamide Sn(IV) molybdophosphate are
studied as a function of particle radius, heating temperatures,
reaction temperatures and pH,s (all experiments were carried out
under particle diffusion control as a limited batch techniques only).
The results showed that, the rate of exchange of different
metal ions on polyacrylamide Sn(IV) molybdophosphate is
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independent of metal concentrations in solutions up to 5x10−2 M.
The rate increases with decreasing the particle size. Also, the rate
increases with decreasing the heating temperature of the exchange
materials,

while it

increases with increasing the reaction

temperature and the pH value. The values of the effective diffusion
coefficients (Di), entropy of activation (ΔS*) and energy of
activation (Ea) for Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+
ions on polyacrylamide Sn(IV) molybdophosphate have been
determined and are compared with the values reported in literature..
The results were found that the values of diffusion coefficient (Di)
inside polyacrylamide Sn(IV) molybdophosphate sample follow the
order;
Pb2+ > Cs+ > Fe3+ > Cd2+ > Co2+ > Cu2+ > Zn2+ > Eu3+
The average values of diffusion coefficients (Di) of Fe3+, Co2+,
Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ on polyacrylamide Sn(IV)
molybdophosphate of different particle diameters were calculated.
The obtained results showed the diffusion coefficients calculated
for larger particle sizes are slightly higher. Also, the average values
of diffusion coefficients (Di) of Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+,
Pb2+ and Eu3+ on polyacrylamide Sn(IV) molybdophosphate dried
at (50, 200 and 400◦C) were calculated. The obtained results
showed that there is an appreciable decrease of self-diffusion of
Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ with an increase in
the

drying

temperature

of

polyacrylamide

Sn(IV)

◦

molybdophosphate from 50 to 400 C. on contrast, the values of Di
increase with increasing the reaction temperatures from 25 to 65oC.
The activation energy for the investigated metal ions (heating
at 50 ◦C) was calculated and has the order:
Pb2+> Cs+> Cd2+> Fe3+> Cu2+> Co2+> Eu3+> Zn2+
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Negative values of entropy of activation (ΔS*) were obtained for
Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions on
polyacrylamide Sn(IV) molybdophosphate sample at all operative
conditions.
The fourth section from third chapter is the sorption isotherm,
the effect of concentration on the sorption of Fe3+, Co2+, Cu2+, Zn2+,
Cd2+, Cs+, Pb2+ and Eu3+ ions has been studied at different reaction
temperatures (25, 45 and 65oC) using concentration range 10-3 – 0.1
M. The results proved that the sorption of these ions is endothermic
process and the sorption capacities of the studied metal ions
increased with increasing the reaction temperature for all studied
adsorption isotherms models (Langmuir, Freundlich and D-R
isotherm).
Also, the results suggest that the adsorption of the studied
metal ions (Fe3+, Co2+, Cu2+, Zn2+, Cd2+, Cs+, Pb2+ and Eu3+ ions)
on polyacrylamide Sn(IV) molybdophosphate is favorable for the
Langmuir isotherm more than Freundlich and D-R isotherm.
Conformation of the experimental data with Langmuir isotherm
indicate the monolayer coverage of sorption surfaces and assumes
that sorption occurs on a structurally homogeneous adsorbent and
all sorption sites are energetically identical. From the above
discussion all the studied elements (Fe3+, Co2+, Cu2+, Zn2+, Cd2+,
Cs+, Pb2+ and Eu3+) are chemically adsorbed.
The column investigations were studied and it was found that
2+

Pb , Cs+ and Fe3+ ions can be separated from polyacrylamide
Sn(IV) molybdophosphate column by

(0.5, 1 M HNO3), (3 M

HNO3) and (5 M HNO3), respectively.
Also application studies were extended to the separation of
some hazardous metal ions from industrial and nuclear wastewater
solutions.
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اﻟﻤﻠﺨﺺ اﻟﻌﺮﺑﻲ

ARABIC SUMMARY

ﺍﻟﻤﻠﺨﺹ ﺍﻟﻌﺭﺒﻲ
ﻗﺩ ﺘﻡ ﻨﺸﺭ ﺍﻟﻌﺩﻴﺩ ﻤﻥ ﺍﻷﺒﺤﺎﺙ ﻭﺍﻟﺘﻘﻨﻴﺎﺕ ﻋﻠﻰ ﺍﺴﺘﺨﺩﺍﻡ ﻜل ﻤﻥ ﺍﻟﻤﺒﺎﺩﻻﺕ ﺍﻟﻌـﻀﻭﻴﺔ ﻭﻏﻴـﺭ

ﺍﻟﻌﻀﻭﻴﺔ ﻓﻲ ﻤﻌﺎﻟﺠﺔ ﺍﻟﻤﻴﺎﻩ ﺍﻟ ﻤﻠﻭﺜﺔ ﺒﺎﻟﻌﻨﺎﺼﺭ ﺍﻟﻀﺎﺭﺓ ،ﺴﻭﺍﺀ ﻜﺎﻨﺕ ﻋﻨﺎﺼﺭ ﺜﻘﻴﻠـﺔ ﻤـﻥ ﺍﻟﻨﻔﺎﻴـﺎﺕ
ﺍﻟﺼﻨﺎﻋﻴﺔ ﺃﻭ ﻋﻨﺎﺼﺭ ﻤﺸﻌﺔ ﻤﻥ ﺍﻟﻨﻔﺎﻴﺎﺕ ﺍﻟﻨﺎﺘﺠﺔ ﻋﻥ ﺍﻟﻌﻤل ﻓﻲ ﺍﻟﻤﺠﺎل ﺍﻟﻨﻭﻭﻱ.
ﻋﻠﻰ ﺍﻟﺭﻏﻡ ﻤﻥ ﺍﺴﺘﻌﻤﺎل ﻜل ﻤﻥ ﺍﻟﻤﺒﺎﺩﻻﺕ ﺍﻟﻌﻀﻭﻴﺔ ﻭﻏﻴﺭ ﺍﻟﻌﻀﻭﻴﺔ ﻋﻠﻰ ﻨﻁﺎﻕ ﻭﺍﺴﻊ ﺇﻻ ﺃﻨﻪ
ﻤﺎ ﺯﺍل ﻤﻘﻴﺩ ﺒﻌﻘﺒﺘﻴﻥ ﺭﺌﻴﺴﺘﻴﻥ ﻭﻫﻤﺎ:
 -١ﻀﻌﻑ ﺍﻟﺜﺒﺎﺕ ﺍﻟﺤﺭﺍﺭﻱ ﻭﺍﻹﺸﻌﺎﻋﻲ ﻟﻠﻤﺒﺎﺩﻻﺕ ﺍﻟﻌـﻀﻭﻴﺔ ﺒﺎﻟﻤﻘﺎﺭﻨـﺔ ﻤـﻊ ﺍﻟﻤﺒـﺎﺩﻻﺕ ﻏﻴـﺭ
ﺍﻟﻌﻀﻭﻴﺔ.
 -٢ﻀﻌﻑ ﺍﻟﺜﺒﺎﺕ ﺍﻟﻜﻴﻤﻴﺎﺌﻲ ﻟﻠﻤﺒﺎﺩﻻﺕ ﻏﻴﺭ ﺍﻟﻌﻀﻭﻴﺔ ﻓﻲ ﺍﻷﻭﺴﺎﻁ ﻋﺎﻟﻴﺔ ﺍﻟﺤﻤﻭﻀﺔ ﻭﺍﻟﻘﺎﻋﺩﻴﺔ ،ﺇﻟﻰ
ﺠﺎﻨﺏ ﺍﻟﺘﻜﻠﻔﺔ ﺍﻟﻌﺎﻟﻴﺔ ﻟﻠﻤﺒﺎﺩﻻﺕ ﻏﻴﺭ ﺍﻟﻌﻀﻭﻴﺔ.

ﻜﻲ ﻨﺘﻐﻠﺏ ﻋﻠﻰ ﻋﻴﻭﺏ ﻜل ﻤﻥ ﺍﻟﻤﺒﺎﺩﻻﺕ ﺍﻟﻌﻀﻭﻴﺔ ﻭﻏﻴﺭ ﺍﻟﻌﻀﻭﻴﺔ ﺘﻡ ﺘﺨﻠﻴﻕ ﺼﻨﻑ ﺠﺩﻴﺩ ﻤﻥ

ﺍﻟﻤﺒﺎﺩﻻﺕ ﺍﻷﻴﻭﻨﻴﺔ ﻴﻌﺭﻑ ﺒﻤﺒﺎﺩﻻﺕ ﺍﻟﻜﻭﻤﺒﻭﺯﻴﺕ ،ﻭﻫﻭ ﻋﺒﺎﺭﺓ ﻋﻥ ﻫﺠﻴﻥ ﻤﻥ ﺍﻟﻤﺒﺎﺩﻻﺕ ﺍﻟﻌـﻀﻭﻴﺔ
ﻭﻏﻴﺭ ﺍﻟﻌﻀﻭﻴﺔ ﻭﺫﻭ ﺼﻔﺎﺕ ﺠﻴﺩﺓ ﻤﻥ ﺍﻟﺜﺒﺎﺕ ﺍﻟﺤﺭﺍﺭﻱ ﻭﺍﻟﻜﻴﻤﻴـﺎﺌﻲ ﻭﺃﻴـﻀﺎ ﺍﻹﺸـﻌﺎﻋﻲ ،ﺒﺠﺎﻨـﺏ
ﺇﻨﺘﻘﺎﺌﻴﺘﻪ ﺍﻟﻌﺎﻟﻴﺔ ﻟﻠﻌﻨﺎﺼﺭ ﺍﻟﻀﺎﺭﺓ.
ﺘﻬﺩﻑ ﻫﺫﻩ ﺍﻟﺭﺴﺎﻟﺔ ﺇﻟﻰ ﺘﺤﻀﻴﺭ ﻜﻤﺒﻭﺯﻴﺕ ﺍﻟﺒﻭﻟﻲ ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ ﻜﻤﺒﺎﺩل
ﻜﺎﺘﻴﻭﻨﻲ ،ﻭﻫﻭ ﻫﺠﻴﻥ ﻤﻥ ﻤﺒﺎﺩل ﻏﻴﺭ ﻋﻀﻭﻱ)ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ( ﻤﻊ ﻤﺒﺎﺩل ﻋﻀﻭﻱ )ﺍﻟﺒﻭﻟﻲ
ﺃﻜﺭﻴﻼﻤﻴﺩ( ﻭﺍﺴﺘﺨﺩﺍﻤﻪ ﻓﻲ ﻤﻌﺎﻟﺠﺔ ﺍﻟﻤﻴﺎﻩ ﺍﻟﻤﻠﻭﺜﺔ ﺒﺎﻟﻌﻨﺎﺼﺭ ﺍﻟﻀﺎﺭﺓ ﻭﺍﻟﻨﺎﺘﺠﺔ ﻋﻥ ﺼـﺭﻑ ﺍﻟﻨﻔﺎﻴـﺎﺕ
ﺍﻟﻤﺸﻌﺔ ﻭﺍﻟﺼﻨﺎﻋﻴﺔ.
ﺍﻟﺭﺴﺎﻟﺔ ﻓﻲ ﻤﺠﻤﻠﻬﺎ ﺘﺤﺘﻭﻯ ﻋﻠﻰ ﺜﻼﺜﺔ ﺃﺒﻭﺍﺏ ﺭﺌﻴﺴﻴﺔ ﻫﻲ :
ﺍﻟﺒﺎﺏ ﺍﻷﻭل)ﺍﻟﻤﻘﺩﻤﺔ(:

ﺘﺤﺘﻭﻱ ﺍﻟﻤﻘﺩﻤﺔ ﻋﻠﻰ ﺃﻨﻭﺍﻉ ﺍﻟﺘﻠﻭﺙ ﻭﺍﻟﺨﻭﺍﺹ ﺍﻟﺴﺎﻤﺔ ﻭﺍﻟﻜﻴﻤﻴﺎﺌﻴﺔ ﻟﻠﻌﻨﺎﺼـﺭ ﺍﻟـﻀﺎﺭﺓ ﻤﺤـل

ﺍﻟﺩﺭﺍﺴﺔ )ﺍﻟﺤﺩﻴﺩ ﻭﺍﻟﻜﻭﺒﺎﻟﺕ ﻭﺍﻟﻨﺤﺎﺱ ﻭﺍﻟﺯﻨﻙ ﻭﺍﻟﻜﺎﺩﻤﻴﻭﻡ ﻭﺍﻟﺴﻴﺯﻴﻭﻡ ﻭﺍﻟﺭﺼﺎﺹ ﻭﺃﻴﻀﺎ اﻹﯾﺮوﺑﯿ ﻮم(،
ﻭﺘﺤﺘﻭﻱ ﺃﻴﻀﺎ ﻋﻠﻰ ﺍﻷﺩﻭﺍﺕ ﺍﻟﻤﺨﺘﻠﻔﺔ ﺍﻟﻤﺴﺘﺨﺩﻤﺔ ﻓﻲ ﻤﻌﺎﻟﺠﺔ ﺍﻟﻤﻴﺎﻩ ﺍﻟﻤﻠﻭﺜﺔ ،ﻜﻤﺎ ﺃﻨﻬـﺎ ﺘﺤﻤـل ﻓـﻲ
ﻁﻴﺎﺘﻬﺎ ﻤﺴﺤﺎ ﺸﺎﻤﻼ ﻴﻐﻁﻲ ﻋﻤﻠﻴﺔ ﺍﻟﺘﺒﺎﺩل ﺍﻷﻴﻭﻨﻲ ﻭﻨﺒﺫﺓ ﺘﺎﺭﻴﺨﻴﺔ ﻋﻥ ﺍﻟﻤﺒﺎﺩﻻﺕ ﺍﻟﻌـﻀﻭﻴﺔ ﻭﻏﻴـﺭ
ﺍﻟﻌﻀﻭﻴﺔ ،ﻜﻤﺎ ﺃﻨﻬﺎ ﺍﺸﺘﻤﻠﺕ ﻋﻠﻰ ﻤﻘﺎﺭﻨﺔ ﻫﺎﺩﻓﺔ ﺒﻴﻥ ﺍﻟﻤﺒﺎﺩﻻﺕ ﺍﻷﻴﻭﻨﻴﺔ ﺍﻟﻌﻀﻭﻴﺔ ﻭﺍﻷﺨـﺭﻯ ﻏﻴـﺭ
ﺍﻟﻌﻀﻭﻴﺔ ،ﻜﻤﺎ ﺃﻨﻬﺎ ﺍﺸﺘﻤﻠﺕ ﻋﻠﻰ ﻤﺴﺢ ﺸﺎﻤل ﻋﻠﻰ ﻤﺒﺎﺩﻻﺕ ﺍﻟﻜﻭﻤﺒﻭﺯﻴﺕ ﻭﻋﻠـﻰ ﻤـﺸﺭﻭﻉ ﺍﻟﻌﻤـل
ﺍﻟﻤﻘﺘﺭﺡ ﻋﻠﻰ ﻤﺩﻯ ﺍﻟﺜﻼﺜﺔ ﻋﻘﻭﺩ ﺍﻷﺨﻴﺭﺓ.
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ﺍﻟﺒﺎﺏ ﺍﻟﺜﺎﻨﻲ)ﺍﻟﻌﻤﻠﻲ(:

ﻭﻴﺸﺘﻤل ﻋﻠﻰ ﻭﺼﻑ ﻟﻠﻤﻭﺍﺩ ﺍﻟﻜﻴﻤﻴﺎﺌﻴﺔ ﺍﻟﻤـﺴﺘﺨﺩﻤﺔ ﻭﺩﺭﺠـﺔ ﻨﻘﺎﻭﺘﻬـﺎ ﻭﻁﺭﻴﻘـﺔ ﺍﻟﺘﺤـﻀﻴﺭ

ﺍﻟﻤﺴﺘﺨﺩﻤﺔ ﻓﻲ ﻫﺫﻩ ﺍﻟﺭﺴﺎﻟﺔ ﻭﻜﺫﻟﻙ ﺃﺠﻬﺯﺓ ﺍﻟﻘﻴﺎﺱ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻭﺍﻟﺘﺤﺎﻟﻴل ﺍﻟﺘﻲ ﺃﺠﺭﻴـﺕ ﻋﻠـﻰ ﺍﻟﻤﺒـﺎﺩل
ﺍﻷﻴﻭﻨﻲ ﺍﻟﻤﺴﺘﺨﺩﻡ ﻓﻲ ﻫﺫﻩ ﺍﻟﺭﺴﺎﻟﺔ.

ﺍﻟﺒﺎﺏ ﺍﻟﺜﺎﻟﺙ)ﺍﻟﻨﺘﺎﺌﺞ ﻭﻤﻨﺎﻗﺸﺎﺘﻬﺎ(:

ﻭﻴﺘﻀﻤﻥ ﻫﺫﺍ ﺍﻟﺒﺎﺏ ﺍﻟﻨﺘﺎﺌﺞ ﺍﻟﺘﻲ ﺘﻡ ﺍﻟﺤﺼﻭل ﻋﻠﻴﻬﺎ ﻭﻤﻨﺎﻗﺸﺘﻬﺎ ﺜﻡ ﺘﺤﻠﻴﻠﻬﺎ ،ﻜﻤﺎ ﺘﻡ ﻋﺭﺽ

ﻤﺴﺘﻔﻴﺽ ﻟﺘﺤﻀﻴﺭ ﻤﺒﺎﺩل ﺍﻟﺒﻭﻟﻲ ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ ،ﻭﻗﺩ ﺒﻴﻨﺕ ﺍﻟﺘﺤﺎﻟﻴل ﺃﻥ ﺍﻟﺼﻴﻐﺔ
ﺍﻟﻜﻴﻤﻴﺎﺌﻴﺔ ﺍﻟﻤﻘﺘﺭﺤﺔ ﻟﻠﻤﺒﺎﺩل ﺍﻟﻤﺤﻀﺭ ﻫﻲ:
[(SnO٢), (MoO٣)٤ (H٣PO٤)٣ + (– CH٢ – CH – CONH–)] ٣٫٦H٢O
ﻜﻤﺎ ﺃﻤﻜﻥ ﻋﻤل ﺘﺠﺭﺒﺔ ﻤﻨﺤﻨﻰ ﺍﻷﺱ ﺍﻟﻬﻴﺩﺭﻭﺠﻴﻨﻲ ﺍﻟﻤﻌﻴﺎﺭﻱ ) (pH titration curveﻋﻠﻰ
ﻤﺒﺎﺩل ﺍﻟﺒﻭﻟﻲ ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ ﻭﻗﺩ ﺘﺒﻴﻥ ﺃﻥ ﺍﻟﻤﻨﺤﻨﻰ ﻴﺤﺘﻭﻱ ﻋﻠﻰ ﻨﻘﻁﺔ ﺍﻨﺤﺭﺍﻑ
ﻭﺍﺤﺩﺓ  ،ﻤﻤﺎ ﻴﺩل ﻋﻠﻰ ﺃﻥ ﻫﺫﺍ ﺍﻟﻤﺒﺎﺩل ﺍﻷﻴﻭﻨﻲ ﻴﺤﺘﻭﻱ ﻋﻠﻰ ﻤﺠﻤﻭﻋﺔ ﻭﺍﺤﺩﺓ ﻓﻌﺎﻟﺔ ﻭﺃﻨﻪ ﺫﻭ ﺨﻭﺍﺹ
ﺤﺎﻤﻀﻴﺔ.
ﺃﺸﺘﻤل ﻫﺫﺍ ﺍﻟﺒﺎﺏ ﺃﻴﻀﺎ ﻋﻠﻰ ﻨﺘﺎﺌﺞ ﺍﻟﺘﺤﺎﻟﻴل ﺍﻟﺘﻲ ﺃﺠﺭﻴﺕ ﻋﻠﻰ ﻋﻴﻨﺎﺕ ﺍﻟﺒﻭﻟﻲ ﺃﻜﺭﻴﻼﻤﻴﺩ
ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ ﻭﻗﺩ ﺃﺜﺒﺘﺕ ﺍﻟﺘﺤﺎﻟﻴل ﺃﻥ ﺍﻟﻤﺎﺩﺓ ﺍﻟﻤﺤﻀﺭﺓ ﻋﺩﻴﻤﺔ ﺍﻟﺫﻭﺒﺎﻥ ﻓﻲ ﺍﻟﻤﺤﺎﻟﻴل ﺍﻟﻤﺎﺌﻴﺔ
ﻭ ﺍﻟﻤﺤﺎﻟﻴل ﺍﻟﺤﻤﻀﻴﺔ ﻟﻜل ﻤﻥ ﺤﻤﺽ ﺍﻟﻨﻴﺘﺭﻴﻙ ﻭﺤﻤﺽ ﺍﻟﻬﻴﺩﺭﻭﻜﻠﻭﺭﻴﻙ ﺤﺘﻰ ﺘﺭﻜﻴﺯ  ٦ﻤﻭﻟﺭ ﻭﺃﻨﻬﺎ

ﺘﺎﻤﺔ ﺍﻟﺫﻭﺒﺎﻥ ﻓﻲ ﺍﻟﺘﺭﻜﻴﺯﺍﺕ ﺍﻷﻋﻠﻰ ﻤﻥ ﺍﻟﺤﻤﺽ ﺤﺘﻰ ﺘﺭﻜﻴﺯ  ٧ﻤﻭﻟﺭ ﻭﻜﺫﻟﻙ ﺍﻟﺘﺭﻜﻴﺯﺍﺕ ﺍﻷﻋﻠﻰ ﻤﻥ
ﺍﻟﻘﺎﻋﺩﺓ ) ﻫﻴﺩﺭﻭﻜﺴﻴﺩ ﺍﻟﺼﻭﺩﻴﻭﻡ ﻭ ﻫﻴﺩﺭﻭﻜﺴﻴﺩ ﺍﻟﺒﻭﺘﺎﺴﻴﻭﻡ( ﺤﺘﻰ ﺘﺭﻜﻴﺯ  ١ﻤﻭﻟﺭ ،ﻜﻤﺎ ﺘﺒﻴﻥ ﺃﻥ ﺍﻟﺜﺒﺎﺕ
ﺍﻟﻜﻴﻤﻴﺎﺌﻲ ﻟﻤﺒﺎﺩل ﺍﻟﺒﻭﻟﻲ ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ ﺃﻋﻠﻰ ﻤﻥ ﺍﻟﺜﺒﺎﺕ ﺍﻟﻜﻴﻤﻴﺎﺌﻲ ﻟﻤﺒﺎﺩل
ﺍﻻﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ ﻭﻫﺫﻩ ﺇﺤﺩﻯ ﺜﻤﺎﺭ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ،ﻭﻗﺩ ﺜﺒﺕ ﺒﺎﻟﺒﺭﻫﺎﻥ ﺃﻥ ﻤﺒﺎﺩل ﺍﻟﺒﻭﻟﻲ
ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ ﻟﻪ ﺜﺒﺎﺕ ﻜﻴﻤﻴﺎﺌﻲ ﻋﺎﻟﻲ ﻤﻘﺎﺭﻨﺔ ﺒﺒﻌﺽ ﻤﺒﺎﺩﻻﺕ ﺍﻟﻜﻭﻤﺒﻭﺯﻴﺕ.
ﺃﻅﻬﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻥ ﻤﺭﻜﺏ ﺍﻟﺒﻭﻟﻲ ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ ﻫﻭ ﻤﺭﻜﺏ ﺒﻠﻭﺭﻱ ﻭﺃﻥ
ﺨﻭﺍﺼﻪ ﺍﻟﺒﻠﻭﺭﻴﺔ ﻴﺯﺩﺍﺩ ﺘﺤﺴﻨﻬﺎ ﻜﻠﻤﺎ ﺍﺯﺩﺍﺩﺕ ﺩﺭﺠﺎﺕ ﺍﻟﺘﺠﻔﻴﻑ ﻤﻥ  o٥٠ﻡ ﺤﺘﻰ  o٦٠٠ﻡ.
ﻜﻤﺎ ﺘﺒﻴﻥ ﻤﻥ ﺍﻟﺘﺤﻠﻴل ﺍﻟﺤﺭﺍﺭﻱ ﻟﻠﻤﺎﺩﺓ ﺍﻟﻤﺤﻀﺭﺓ ﺃﻨﻬﺎ ﺘﻤﺘﻠﻙ ﺜﺒﺎﺘﺎ ﺤﺭﺍﺭﻴﺎ ﻋﺎﻟﻴﺎ ﺠﺩﺍ ﻤﻘﺎﺭﻨﺔ

ﺒﺒﻌﺽ ﺍﻟﻤﺒﺎﺩﻻﺕ ﺍﻷﺨﺭﻯ ،ﺤﻴﺙ ﺘﺒﻴﻥ ﺃﻥ ﺍﻟﻤﺎﺩﺓ ﺍﻟﻤﺤﻀﺭﺓ ﺘﺤﺘﻔﻅ ﺏ  %٨٧,٤٩ﻤﻥ ﻭﺯﻨﻬﺎ ﺇﺫﺍ ﺘﻡ
ﺘﺠﻔﻴﻔﻬﺎ ﻋﻨﺩ  o٤٠٠ﻡ ﻭﺘﺤﺘﻔﻅ ﺏ  %٦٣,٥٤ﻤﻥ ﻭﺯﻨﻬﺎ ﺇﺫﺍ ﺘﻡ ﺘﺠﻔﻴﻔﻬﺎ ﻋﻨﺩ  o٨٥٠ﻡ ،ﻜﻤﺎ ﺃﻨﻬﺎ ﺘﺤﺘﻔﻅ

-٢-

E.A. Abdel-Galil

اﻟﻤﻠﺨﺺ اﻟﻌﺮﺑﻲ

ARABIC SUMMARY

ﺏ  %٦٢,٧٧ﻤﻥ ﺴﻌﺔ ﺍﻟﻤﺎﺩﺓ ﺍﻟﻤﺤﻀﺭﺓ ﻷﻴﻭﻥ ﺍﻟﺴﻴﺯﻴﻭﻡ ﺇﺫﺍ ﺘﻡ ﺘﺠﻔﻴﻔﻬﺎ ﻋﻨﺩ  o٤٠٠ﻡ ،ﻭﻫﺫﻩ ﺍﻟﻨﺴﺒﺔ
ﻋﺎﻟﻴﺔ ﺒﺎﻟﻤﻘﺎﺭﻨﺔ ﻤﻊ ﻏﻴﺭﻫﺎ ﻤﻥ ﻤﺒﺎﺩﻻﺕ ﺍﻟﻜﻭﻤﺒﻭﺯﻴﺕ.
ﻗﺩ ﺘﻡ ﺩﺭﺍﺴﺔ ﻤﻌﺎﻤل ﺘﻭﺯﻴﻊ ﺍﻟﻌﻨﺎﺼﺭ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻤﻊ ﺃﺭﻗﺎﻡ ﻤﺨﺘﻠﻔـﺔ ﻤـﻥ ﺍﻷﺱ ﺍﻟﻬﻴـﺩﺭﻭﺠﻴﻨﻲ
) (pHﻋﻠﻰ ﻤﺒﺎﺩل ﺍﻟﺒﻭﻟﻲ ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ ﻓﻲ ﻤﺩﻯ ) (٤,١٠-١,٠٦ﻟﻌﻨـﺼﺭ
ﺍﻟﺤﺩﻴﺩ ﻭﻤﺩﻯ ) (٤,١٥-٠,٧٧ﻟﻌﻨﺼﺭ ﺍﻟﻜﻭﺒﺎﻟﺕ ﻭﻤﺩﻯ ) (٣,٧٩-٠,٦٧ﻟﻌﻨﺼﺭ ﺍﻟﻨﺤـﺎﺱ ﻭﻤـﺩﻯ
) (٣,٩١-٠,٧٦ﻟﻌﻨﺼﺭ ﺍﻟﺯﻨﻙ ﻭﻤﺩﻯ ) (٣,٥٤-٠,٥٦ﻟﻌﻨﺼﺭ ﺍﻟﻜـﺎﺩﻤﻴﻭﻡ ﻭﻤـﺩﻯ )(٤,٣٥-٠,٩٢
ﻟﻌﻨﺼﺭ ﺍﻟﺴﻴﺯﻴﻭﻡ ﻭﻤﺩﻯ ) (٣,٤٨-٠,٦٢ﻟﻌﻨﺼﺭ ﺍﻟﺭﺼﺎﺹ ﻭﺃﻴﻀﺎ ﻤﺩﻯ ) (٣,٥٥-٠,٧٦ﻟﻌﻨـﺼﺭ
ﺍﻹﻴﺭﻭﺒﻴﻭﻡ ،ﻭﻗﺩ ﻭﺠﺩ ﺒﺼﻔﺔ ﻋﺎﻤﺔ ﺃﻥ ﻗﻴﻡ ﻤﻌﺎﻤل ﺍﻟﺘﻭﺯﻴﻊ ) (Kdﺘﺯﺩﺍﺩ ﺒﺯﻴـﺎﺩﺓ ﺍﻷﺱ ﺍﻟﻬﻴـﺩﺭﻭﺠﻴﻨﻲ

) ،(pHﻭﻭﺠﺩ ﺃﻥ ﺍﻟﻌﻼﻗﺔ ﺒﻴﻥ ﻤﻌﺎﻤل ﺍﻟﺘﻭﺯﻴﻊ ) (Kdﻤﻊ ﺍﻷﺱ ﺍﻟﻬﻴـﺩﺭﻭﺠﻴﻨﻲ ) (pHﺘﻌﻁـﻰ ﺨﻁـﺎﹰ
ﻤﺴﺘﻘﻴﻤﺎﹰ ﻜﻤﺎ ﻭﺠﺩ ﺃﻥ ﻤﻴل ﻫﺫﺍ ﺍﻟﺨﻁ ﻴﺨﺘﻠﻑ ﻋﻥ ﺘﻜﺎﻓﺅ ﺍﻟﻌﻨﺼﺭ ﻭﻗﺩ ﺘﺒﻴﻥ ﺃﻥ ﺍﻻﺨﺘﻴﺎﺭﻴـﺔ ﻟﻠﻌﻨﺎﺼـﺭ

ﺍﻟﻤﺩﺭﻭﺴﺔ ﻟﻤﺒﺎﺩل ﺍﻟﺒﻭﻟﻲ ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ ﻜﺎﻟﺘﺎﻟﻲ :
اﻹﯾﺮوﺑﯿﻮم > ﺍﻟﻜﻭﺒﺎﻟﺕ > ﺍﻟﺯﻨـﻙ > ﺍﻟﻨﺤـﺎﺱ > ﺍﻟﻜـﺎﺩﻤﻴﻭﻡ > ﺍﻟﺤﺩﻴـﺩ > ﺍﻟـﺴﻴﺯﻴﻭﻡ >
ﺍﻟﺭﺼﺎﺹ
ﻜﺫﻟﻙ ﺘﻡ ﺩﺭﺍﺴﺔ ﻤﻌﺎﻤل ﺍﻟﺘﻭﺯﻴﻊ ﻟﻠﺒﻭﻟﻲ ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ ﻟﻠﻌﻨﺎﺼﺭ ﻤﺤل ﺍﻟﺩﺭﺍﺴﺔ
ﻋﻨﺩ ﺩﺭﺠﺎﺕ ﺤﺭﺍﺭﺓ ﺍﻟﺘﻔﺎﻋل ﺍﻟﻤﺨﺘﻠﻔﺔ ﻤﻥ ) o٦٥ ، ٤٥ ،٢٥ﻡ ( ﻭﻭﺠﺩ ﺃﻥ ﻤﻌﺎﻤل ﺍﻟﺘﻭﺯﻴﻊ  Kdﻴﺯﻴﺩ
ﺒﺯﻴﺎﺩﺓ ﺩﺭﺠﺔ ﺍﻟﺤﺭﺍﺭﺓ.
ﻭﻗﺩ ﺘﻡ ﺃﻴﻀﺎ ﺩﺭﺍﺴﺔ ﺘﺄﺜﻴﺭ ﻭﺠﻭﺩ ﺘﺭﻜﻴﺯﺍﺕ ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﻜﻠﻭﺭﻴﺩ ﺍﻟﺼﻭﺩﻴﻭﻡ ﻭﺍﺜﻴﻠﻴﻥ ﺜﻨﺎﺌﻲ ﺃﻤﻴﻥ

ﺤﻤﺽ ﺍﻟﺨﻠﻴﻙ ) (EDTAﻓﻲ ﺍﻟﻤﺤﺎﻟﻴل ﻋﻠﻰ ﻤﻌﺎﻤل ﺍﻟﺘﻭﺯﻴﻊ ﺒﺎﻟﻨﺴﺒﺔ ﻟﻌﻨﺎﺼﺭ ﺍﻟﺤﺩﻴﺩ ﻭﺍﻟﻜﻭﺒﺎﻟﺕ

ﻭﺍﻟﻨﺤﺎﺱ ﻭﺍﻟﺯﻨﻙ ﻭﺍﻟﻜﺎﺩﻤﻴﻭﻡ ﻭﺍﻟﺴﻴﺯﻴﻭﻡ ﻭﺍﻟﺭﺼﺎﺹ ﻋﻠﻰ ﻤﺒﺎﺩل ﺍﻟﺒﻭﻟﻲ ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ
ﻓﻭﺴﻔﺎﺕ ،ﻭﻗﺩ ﺘﺒﻴﻥ ﺃﻥ ﻤﻌﺎﻤل ﺍﻟﺘﻭﺯﻴﻊ ﻟﻠﻌﻨﺎﺼﺭ ﻤﺤل ﺍﻟﺩﺭﺍﺴﺔ ﻴﻨﺨﻔﺽ ﻜﻠﻤﺎ ﺯﺍﺩ ﺘﺭﻜﻴﺯ EDTA
ﻭﻜﻠﻭﺭﻴﺩ ﺍﻟﺼﻭﺩﻴﻭﻡ ،ﻜﻤﺎ ﺃﻥ ﻤﻌﺎﻤل ﺍﻟﺘﻭﺯﻴﻊ ﻴﺘﺄﺜﺭ ﻗﻠﻴﻼ ﺒﺈﻀﺎﻓﺔ ﻜﻠﻭﺭﻴﺩ ﺍﻟﺼﻭﺩﻴﻭﻡ ﻤﻘﺎﺭﻨﺔ ﺏ
. EDTA
ﻭﻗﺩ ﺘﻤﺕ ﺃﻴﻀﺎﹰ ﺩﺭﺍﺴﺔ ﺴﻌﺔ ﻤﺒﺎﺩل ﺍﻟﺒﻭﻟﻲ ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ ﻟﻠﻌﻨﺎﺼﺭ ﻤﺤل
ﺍﻟﺩﺭﺍﺴﺔ ﻋﻨﺩ ﺘﺭﻜﻴﺯﺍﺕ ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺃﻴﻭﻥ ﺍﻟﻬﻴﺩﺭﻭﺠﻴﻥ ﻭ ﻋﻨﺩ ﻗﻭﺓ ﺃﻴﻭﻨﻴﺔ ﺜﺎﺒﺘﺔ ) ،(٠,١ﻭﻗﺩ ﺘﺒـﻴﻥ ﺃﻥ
ﺴﻌﺔ ﺍﻟﻌﻴﻨﺎﺕ ﺘﺯﺩﺍﺩ ﻜﻠﻤﺎ ﻗل ﺘﺭﻜﻴﺯ ﺃﻴﻭﻥ ﺍﻟﻬﻴﺩﺭﻭﺠﻴﻥ)ﺃﻱ ﺯﻴﺎﺩﺓ  .( pHﻜﻤﺎ ﺘﻡ ﺃﻴﻀﺎ ﺩﺭﺍﺴﺔ ﺴـﻌﺔ
ﻤﺭﻜﺏ ﺍﻟﺒﻭﻟﻲ ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ ﻋﻨﺩ ﺘﺭﻜﻴﺯﺍﺕ ﻤﺨﺘﻠﻔﺔ ﻟﻌﻨﺼﺭ ﺍﻟـﺴﻴﺯﻴﻭﻡ ،ﻭﻗـﺩ

ﺘﺒﻴﻥ ﺃﻥ ﺍﻟﺴﻌﺔ ﺘﺯﺩﺍﺩ ﺒﺸﻜل ﻜﺒﻴﺭ ﻋﻨﺩ ﺍﻟﺘﺭﻜﻴﺯﺍﺕ ﺍﻟﻤﻨﺨﻔﻀﺔ ﻷﻴﻭﻥ ﺍﻟﺴﻴﺯﻴﻭﻡ ) ٠,٠١ﻤـﻭﻟﺭ ﻭﺤﺘـﻰ
 ٠,٠٥ﻤﻭﻟﺭ( ﺒﻴﻨﻤﺎ ﻋﻨﺩ ﺍﻟﺘﺭﻜﻴﺯﺍﺕ ﺍﻟﻌﺎﻟﻴﺔ ﻷﻴﻭﻥ ﺍﻟﺴﻴﺯﻴﻭﻡ ) ٠,٠٧٥ﻤﻭﻟﺭ ﻭﺤﺘﻰ  ٠,١٥ﻤﻭﻟﺭ( ﻭﺠﺩ
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ARABIC SUMMARY

ﺃﻥ ﺍﻟﺴﻌﺔ ﺘﺯﺩﺍﺩ ﺒﺸﻜل ﻁﻔﻴﻑ ﻭﺒﺴﻴﻁ ﺠﺩﺍ ،ﺘﻜﺎﺩ ﺘﻜﻭﻥ ﺜﺎﺒﺘﺔ .ﻜﻤﺎ ﺘﻡ ﺃﻴﻀﺎ ﺩﺭﺍﺴﺔ ﺴﻌﺔ ﻤﺭﻜﺏ ﺍﻟﺒﻭﻟﻲ
ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ ﻋﻨﺩ ﺩﺭﺠﺎﺕ ﺘﺠﻔﻴﻑ ﻤﺨﺘﻠﻔﺔ ) ٨٥٠ ،٦٠٠ ،٤٠٠ ،٢٠٠ ،٥٠

o

ﻡ( ﻭﻗﺩ ﺘﺒﻴﻥ ﺃﻥ ﺍﻟﺴﻌﺔ ﺘﻘل ﻜﻠﻤﺎ ﺍﺯﺩﺍﺩﺕ ﺩﺭﺠﺎﺕ ﺍﻟﺘﺠﻔﻴﻑ ﻤﻥ  o٥٠ﻡ ﺤﺘﻰ  o٨٥٠ﻡ.
ﻭﻜﺫﻟﻙ ﺘﻡ ﺩﺭﺍﺴﺔ ﻜﻴﻨﺎﺘﻴﻜﻴﺔ ﺍﻟﺘﺒﺎﺩل ﻟﻜل ﻤﻥ ﺃﻴـﻭﻥ ﺍﻟﺤﺩﻴـﺩ ﻭﺍﻟﻜﻭﺒﺎﻟـﺕ ﻭﺍﻟﻨﺤـﺎﺱ ﻭﺍﻟﺯﻨـﻙ
ﻭﺍﻟﻜﺎﺩﻤﻴﻭﻡ ﻭﺍﻟﺴﻴﺯﻴﻭﻡ ﻭﺍﻟﺭﺼﺎﺹ ﻭﺃﻴﻀﺎ اﻹﯾﺮوﺑﯿ ﻮم ﻭﺫﻟﻙ ﺒﻌﺩ ﺘﻬﻴﺌﺔ ﺍﻟﻅﺭﻭﻑ ﺍﻟﻤﻼﺌﻤﺔ ﻟﺩﺭﺍﺴﺔ ﺁﻟﻴﺔ
ﺍﻻﻨﺘﺸﺎﺭ ﺩﺍﺨل ﺍﻟﺤﺒﻴﺒﺎﺕ ﻜﻭﺴﻴﻠﺔ ﺘﺠﺎﺭﺏ ﻤﻨﻔﺼﻠﺔ ﻤﺤﺩﺩﺓ ،ﻭﻗﺩ ﻭﺠﺩ ﺃﻥ:
 ﺴﺭﻋﺔ ﺍﻟﺘﺒﺎﺩل ﺘﺯﺩﺍﺩ ﻜﻠﻤﺎ ﻗلّ ﻗﻁﺭ ﺤﺒﻴﺒﺎﺕ ﻤﺒﺎﺩل ﺍﻟﺒﻭﻟﻲ ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ. -ﺴﺭﻋﺔ ﺍﻟﺘﺒﺎﺩل ﺘﻘل ﻜﻠﻤﺎ ﺯﺍﺩﺕ ﺩﺭﺠﺔ ﺍﻟﺘﺠﻔﻴﻑ ﻤﻥ  o٥٠ﻡ ﺤﺘﻰ  o٤٠٠ﻡ.

 ﺴﺭﻋﺔ ﺍﻟﺘﺒﺎﺩل ﺘﺯﺩﺍﺩ ﻜﻠﻤﺎ ﻗل ﺘﺭﻜﻴﺯ ﺃﻴﻭﻥ ﺍﻟﻬﻴﺩﺭﻭﺠﻴﻥ )ﺃﻱ ﺯﻴﺎﺩﺓ . ( pH ﺴﺭﻋﺔ ﺍﻟﺘﺒﺎﺩل ﻻ ﺘﻌﺘﻤﺩ ﻋﻠﻰ ﺘﺭﻜﻴﺯ ﻤﺤﺎﻟﻴل ﺍﻷﻴﻭﻨﺎﺕ ﻤﺤل ﺍﻟﺩﺭﺍﺴﺔ. ﺴﺭﻋﺔ ﺍﻟﺘﺒﺎﺩل ﺘﺯﺩﺍﺩ ﻜﻠﻤﺎ ﺯﺍﺩﺕ ﺩﺭﺠﺔ ﺍﻟﺤﺭﺍﺭﺓ ﺍﻟﺘﻲ ﻴﺠﺭﻯ ﻋﻨﺩﻫﺎ ﺍﻟﺘﻔﺎﻋل ،ﻭﻓﻰ ﻫﺫﺍ ﺍﻟﺠﺯﺀ ﻤـﻥﺍﻟﺭﺴﺎﻟﺔ ﺘﻡ ﺤﺴﺎﺏ ﻁﺎﻗﺔ ﺍﻟﺘﻨﺸﻴﻁ ﻭﻤﻌﺎﻤل ﺍﻻﻨﺘﺸﺎﺭ ،ﻭﺇﻨﺘﺭﻭﺒﻴﺎ ﺍﻟﺘﺒﺎﺩل ﺍﻷﻴﻭﻨﻲ ﻟﻠﻌﻨﺎﺼﺭ ﻤﺤل ﺍﻟﺩﺭﺍﺴﺔ
ﻭﺫﻟﻙ ﺒﺘﻁﺒﻴﻕ ﻤﻌﺎﺩﻟﺔ ﺃﺭﻫﻴﻨﻴﻭﺱ.
ﺘﻡ ﺘﻁﺒﻴﻕ ﻤﻌﺎﺩﻻﺕ ﺍﻟﻤﻨﺤﻨﻴﺎﺕ ﻤﺘﺴﺎﻭﻴﺔ ﺍﻟﺤﺭﺍﺭﺓ ﻋﻠﻰ ﺍﻤﺘﺼﺎﺹ ﺠﻤﻴﻊ ﺍﻟﻌﻨﺎﺼﺭ ﺍﻟﻤﺩﺭﻭﺴﺔ ﻓﻲ
ﻭﺴﻁ ﺍﻟﻜﻠﻭﺭﻴﺩ ﻭ ﺘﻤﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻋﻨﺩ ﺩﺭﺠﺎﺕ ﺤﺭﺍﺭﺓ ﻤﺨﺘﻠﻔﺔ ) o٦٥ ، ٤٥ ،٢٥ﻡ ( ،ﻓﻭﺠﺩ ﺃﻥ
ﺇﻤﺘﺯﺍﺯ ﺠﻤﻴﻊ ﺍﻟﻌﻨﺎﺼﺭ ﻋﻠﻰ ﻤﺒﺎﺩل ﺍﻟﺒﻭﻟﻲ ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒـﺩﻭ ﻓﻭﺴـﻔﺎﺕ ﻴﺘﺒـﻊ ﻤﻨﺤﻨﻴـﺎﺕ
ﻻﻨﺠﻤﺎﻴﺭ ،ﺃﻱ ﺃﻨﻪ ﺇﻤﺘﺯﺍﺯ ﻤﻥ ﻨﻭﻉ ﻜﻴﻤﻴﺎﺌﻲ ،ﻭﺒﺎﻟﺘﺎﻟﻲ ﺘﻡ ﺤﺴﺎﺏ ﺍﻟﻤﺤﺘﻭﻯ ﺍﻟﺤﺭﺍﺭﻱ ) (ΔHﻭﺍﻟﻁﺎﻗـﺔ

ﺍﻟﺤﺭﺓ ) (ΔGﻭﻜﺫﻟﻙ ﺍﻻﻨﺘﺭﻭﺒﻰ ) (ΔSﻟﺘﻔﺎﻋل ﻫﺫﻩ ﺍﻷﻴﻭﻨﺎﺕ ﻟﺘﻔﺎﻋـل ﻫـﺫﻩ ﺍﻷﻴﻭﻨـﺎﺕ )ﺍﻟﺤﺩﻴـﺩ
ﻭﺍﻟﻜﻭﺒﺎﻟﺕ ﻭﺍﻟﻨﺤﺎﺱ ﻭﺍﻟﺯﻨﻙ ﻭﺍﻟﻜﺎﺩﻤﻴﻭﻡ ﻭﺍﻟﺴﻴﺯﻴﻭﻡ ﻭﺍﻟﺭﺼﺎﺹ ﻭﺃﻴﻀﺎ اﻹﯾﺮوﺑﯿﻮم(.
ﺃﺨﻴﺭﺍ ﺠﺭﺕ ﺩﺭﺍﺴﺔ ﺍﺤﺘﻤﺎﻟﻴﺔ ﺍﺴﺘﺨﺩﺍﻡ ﻤﺒﺎﺩل ﺍﻟﺒﻭﻟﻲ ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ ﻓﻲ
ﻓﺼل ﺒﻌﺽ ﺍﻟﻌﻨﺎﺼﺭ ﺍﻟﻀﺎﺭﺓ ﻋﻨﺩ ﺩﺭﺠﺔ ﺤﻤﻭﻀﺔ ﻤﺤﺩﺩﺓ ) (pH = ٣٫٤٥ﺒﺎﺴﺘﺨﺩﺍﻡ ﺃﻋﻤﺩﺓ
ﻜﺭﻭﻤﺎﺘﻭﺠﺭﺍﻓﻴﺔ ﻤﻤﺘﻠﺌﺔ ﺒﻤﺒﺎﺩل ﺍﻟﺒﻭﻟﻲ ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ ،ﻭﻗﺩ ﺘﺒﻴﻥ ﻤﻥ ﻫﺫﻩ
ﺍﻟﺩﺭﺍﺴﺔ ﺇﻤﻜﺎﻨﻴﺔ ﻓﺼل ﻋﻨﺎﺼﺭ ﺍﻟﺭﺼﺎﺹ ﻭﺍﻟﺴﻴﺯﻴﻭﻡ ﻭ ﺍﻟﺤﺩﻴﺩ ﻓﻲ ﻤﺨﻠﻭﻁ ﻴﺤﺘﻭﻱ ﻋﻠﻰ ﺃﻴﻭﻨﺎﺕ
)ﺍﻟﺤﺩﻴﺩ ﻭﺍﻟﻜﻭﺒﺎﻟﺕ ﻭﺍﻟﻨﺤﺎﺱ ﻭﺍﻟﺯﻨﻙ ﻭﺍﻟﻜﺎﺩﻤﻴﻭﻡ ﻭﺍﻟﺴﻴﺯﻴﻭﻡ ﻭﺍﻟﺭﺼﺎﺹ ﻭﺃﻴﻀﺎ اﻹﯾﺮوﺑﯿﻮم( ﻋﻨﺩ
ﺘﺭﻜﻴﺯﺍﺕ ) ٠,٥ﻭ ١ﻤﻭﻟﺭ( ﻭ) ٣ﻤﻭﻟﺭ( ﻭ ) ٥ﻤﻭﻟﺭ( ﻤﻥ ﺤﻤﺽ ﺍﻟﻨﻴﺘﺭﻴﻙ ،ﻋﻠﻰ ﺍﻟﺘﻭﺍﻟﻲ.
ﻭﻤﻤﺎ ﺴﺒﻕ ﻴﺘﻀﺢ ﻟﻨﺎ ﺃﻥ ﻤﺎﺩﺓ ﺍﻟﺒﻭﻟﻲ ﺃﻜﺭﻴﻼﻤﻴﺩ ﺍﺴﺘﺎﻨﻴﻙ ﻤﻭﻟﻴﺒﺩﻭ ﻓﻭﺴﻔﺎﺕ ﻤﻥ ﺍﻟﻤﻭﺍﺩ ﺍﻟﻭﺍﻋﺩﺓ

ﻓﻲ ﻓﺼل ﻭﺇﺯﺍﻟﺔ ﺒﻌﺽ ﺍﻟﻌﻨﺎ ﺼﺭ ﺍﻟﻀﺎﺭﺓ.
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