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ABSTRACT 
The sorption behaviour of Te (IV), Ce (III) and Eu (III) on zirconium 

phosphate (ZrP) and ceric tungstate under various conditions was studied. Some 
factors affecting the sorption kinetics of the aforementioned metal ions on both 
ion exchangers were investigated. These factors were: hydrogen ion 
concentration in the absence of complexing agents, contact time, particle size of 
the two mentioned ion exchangers, metal in concentration and temperature. 
Radioactive isotopes were used for tracing the corresponding elements. Some 
physical parameters related to the sorption process were calculated from the 
obtained data.  

INTRODUCTION  

Inorganic ion exchangers are suitable for application in nuclear technology owing to 
their high chemical and radiation stability (1). Recently, a great variety of synthetic 
inorganic materials are available which can be used as sorbents for concentration of metal 
ions especially of radioisotopes in dilute solutions, and for separation of elements in 
various solutions under many different conditions(2-11). Interest in the industrial 
application of these sorbents has also increased, especially in the fields of nuclear 
technology and environmental remediation (12). Some synthetic inorganic ion exchangers 
have been applied for radioactive isotopes removal from aqueous solutions containing 
strong complexing agents (13-15) and for decontamination of aqueous waste solutions (16). 
Besides, inorganic ion exchangers have been used in separation processes.  

Zirconium phosphate (ZP), Zirconium titanium phosphate (ZrTiP) and ceric tungstate 
(Cew) have found some applications in the field of nuclear technology (15, 17-22).  In previous 
work (ZrP), (ZrTiP) and (CeW) have been synthesized for application in treatment of 
solutions containing some metal ions  (15, 23, 24). These ion exchangers have shown high 
sorption affinity towards some metal ion species of nuclear interest from solutions 
containing complexing agents. This indicates its good suitability for some radiochemical 
applications. However, these studies have also shown that the sorption equilibrium under, 
static conditions was attained after relatively long contact time for some of the studied 
metal ions from aqueous solutions containing complexing agents. Therefore it is 
important to study some factors which are expected to affect the sorption kinetics of the 
chosen metal ions on these ion exchangers, especially under true practical conditions, e.g. 
in the presence of some complexing agents. The present work aims at studying some 
factors affecting the kinetics of the sorption process of Te (IV) on CeW, ZrP and 
compared in some cases with that of Eu(III) and Ce(III), as representatives of Lanthanide. 
Radioactive isotopes of these elements have nuclear interest as fission products, besides 
Te is used for production of radioactive iodine. 



 

 

 

EXPERIMENTAL  

Reagents: 

All used reagents were of analytical grade; Zirconyl chloride (Zr OCl2.8H2O), Ceric 
ammonium nitrate ((NH4)2 Ce (NO3)6), Cerium (III) chloride (CeCl3.7H2O), Europium 
oxide Eu2O3 and HCl were products of Merck, Sodium tungstate (Na2WO4. 4H2O) and 
Tellurium oxide TeO2 were products of Aldrich, Citric acid C6H16O8 and Tartaric acid 
(C4H6O6) were products of Fluka and Sigma, respectively.  

Radioactive Tracers:  

The studied elements Ce, Eu and Te were traced using the corresponding radioactive 
isotopes, i.e. 141Ce, 154+152Eu and 123mTe, respectively. These isotopes were prepared by 
irradiating suitable weight of their respective salts in the Egyptian Reactor ET-RR-1 at 
Inshas.  

Stock solutions of the irradiated salts were prepared by dissolution in mineral acid 
solutions of different molarities as follows: Eu (III), Ce (III) individually in 1M HCl and 
Te (IV) in 6M HCl.  

All isotopes were assayed gamma radiometrically in solutions using a hyper pure Ge-
detector, coupled with a 8192 multichannel analyzer and IBM computer. The radioactive 
isotopes were assayed at the characteristic gamma energy at 145.4, 344.3 and 158.5 KeV 
for the isotopes 141Ce, 152Eu and 123mTe, respectively. The used ingoranic ion exchangers 
were synthesized as described previously in details elsewhere(15, 23, 24).  

The respective solutions were prepared in 25ml volumetric flask. Aliquots of 5ml from 
these solutions of known pH containing a certain concentration of the element and 
definite concentration of medium, (0.01 – 0.04 M) organic acids, were equilibrated with 
0.05g of each ion exchanger of the desired average particle diameter (0.25, 0.32 & 
0.51mm) by mechanical shaking at the desired temperature for a fixed time for studying 
sorption behavior of individual ions and for variable contact time. In each experiment 
after equilibration for the desired period, aliquots of the aqueous solutions were 
withdrawn and assayed, for the element radiometrically.  

The distribution ratio or percentage uptake of the element between the aqueous phase 
and the exchanger were then determined using, respectively the following equations:  
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Where  A0: is the area under the gamma energy peak of 1ml solution for the 
corresponding radioisotope before contacting the ion exchanger, A: is the area under the 
same peak of 1ml solution for the corresponding radioisotope after contacting the ion 
exchanger, V: volume of the aqueous phase in ml, and m: weight of dry ion exchanger in 
gram.  

RESULT AND DISCUSSION 

It is well known that the rate of an ion exchange reaction is controlled by the slowest 
step, i.e. the rate determining step in the ion exchange process. This slow step may be a 
film diffusion, a particle diffusion or the exchange reaction itself. Moreover, in complex 
systems as for example in solutions containing complexing ligands whereas complex 
ionic species may be formed, or dissociated when present in solution in contact with an 
ion exchanger, a chemically controlled reaction may occur. However, in the present work 
factors affecting the sorption kinetics of the chosen metal ions are studied. The 
investigated factors are: effect of hydrogen ion concentration, effect of contact time, 
effect of particle size, effect of metal ion concentrations and effect of temperature.   

Effect of hydrogen ion concentration in the aqueous phase on the sorption of Eu(III) 
and Te (IV) on ZrP and CeW.  

The effect of pH on sorption of Eu (III) and Te (IV) on ZrP and CeW, respectively 
was studied. The sorption was performed from solutions containing no comlexing agents, 
at 28 ± 1oC and 24 hours contact time. In the absence of complexing agents and at high 
pH values, Te (IV) and Eu (III) tend to hydrolyze and, polymerization may take place. 
Therefore, the sorption has been carried out at relatively low pH value i.e from slightly 
acidic solutions. At higher hydrogen ion concentration there is a a competition of H+ (12, 

24). It was observed that the sorption process is a ccompained by a decrease in the pH 
value of the aqueous solutions in all cases, i.e., a release of hydrogen ions took place. 
Figures (1a & 1b) show the relationship between percentage uptake and pH-values at 
equilibrium. As can be seen from these two figures the percentage uptake value increases 
with the increase of pH in all cases. This fact agrees with the properties of the weak acid 
ion exchangers.  

In case of inorganic ion exchangers the exchange process involves mainly: 
replacement of the hydrogen ions in the exchanger by the cationic species in the solution.  

If a metal ion Mn+ and the proton H+ are competing for the exchanger, in dilute 
aqueous solution, i.e. solution of activity coefficient ≈ 1. The equilibrium encountered 
can be represented by the following equation:  

n
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Where n
aq.M +  is the cation to be exchanged in the solution and the superscript bar denotes 

the exchanger phase. In the former reaction the ion hydration is omitted for simplicity. For 
the metal ion-proton exchanger the equilibrium constant M

HK  is given by:  
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Experimentally, the metal ion concentration used is generally less than the hydrogen 
and the n[HR] can be considered constant in equation (2). On the other hand, the 
distribution ratio of the metal ion at equilibrium is given by:  
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Substituting equation 2 in equation 3, gives  
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i.e the Kd values for the cation exchange process decreases with the increase of 
hydrogen ion concentration.  

Slope analysis of the relation between Kd & [H+] indicates that the sorption Te(IV) & 
Eu(III) cationic species is accompanied by release of one and two hydrogen ions, 
respectively. This may suggest that the sorbed Te and Eu species are mono and 
discharged cationic species, respectively. According to Baes and Mesmer (26) ,Te(IV) 
exists in slightly aqueous solutions in the absence of complex agents mainly as Te(OH3

+) 
up to pH 2.9. 

At higher pH values up to 9.9, TeO2 (OH)- predominates. The existence of such 
species was also proved in a previous work(27) . Consequently it may be suggested from 
the distribution data observed in Fig (1a & 1b) that Te(IV) is sorbed mainly in the form 
of hydrolyzed cationic species Te(OH)3

+  and Eu as EuOH2+. 

Effect of contact time 

Experiments have been carried out to study the effect of contact time on the sorption 
of Te(IV) from solutions containing organic acids on ZrP and CeW. The results are 
shown in figure (2), for the sorption of Te(IV) from solutions of 0.01M citric and tartaric 
acids. The sorption was carried out at temperature = 28 ±1oC, initial pH = 3 ± 0.01, 
[Te(IV)] = 1.1 × 10–3M and particle diameter = 0.32mm. The kinetics of sorption of ZrP 
and CeW are nearly similar and equilibrium percentage uptake values are attained after 



nearly three days, except in the case of the sorption of Te(IV) from 0.01M tartaric acid on 
CeW, where the sorption process is, relatively slower and  equilibrium is attained after 
longer contact time compared to its sorption on ZrP.  

Effect of particle size 

The effect of particle size of the used ion exchangers on the sorption kinetics of Te 
(IV) and Ce(III) has been studied. The sorption was carried out from solutions of citric 
acid 0.04M. the concentrations of selected metals were 10–4M and 1.1 × 10–3M for 
Ce(III) and Te(IV), respectively. The temperature and initial pH of aqueous media were 
held constant at 33 ± 1oC and 3 ± 0.02, respectively. The exchange sites on the two 
exchangers are the hydroxyl ions(12, 25) , which are accessible for cation exchange and 
which can be deprotonated by the exchanged ions even in acid media. The obtained data 
are shown in figures (3) for Ce(III) on ZrP and figures (4a & 4b) for Te(IV) on ZrP and 
CeW, respectively. The rate of uptake of Ce(III) and Te(IV) on both ZrP and CeW is 
affected by the particle size, a fact which suggests the existence of a kind of diffusion 
process, which is partially or totally responsible for controlling the rate of the uptake of 
Ce(III) and Te(IV) on the ion exchangers, especially at the beginning of the equilibrium 
period. However, the effect of particle size on the sorption rate seems to cease with the 
progress of exchange in case with the progress of exchange in case of Ce(III) on ZrP and 
Te(IV) on both ZrP and CeW indicating that the diffusion process in no more controlling 
the rate of sorption. As it is well known the decrease of particle size of the ion exchanger 
enhances both film and particle controlled processes (28), while it has no effect on the 
chemically controlled one. With respect to the sorption of Te(IV), it is probable that a 
diffusion mechanism is responsible for controlling the rate at the beginning of the process 
then chemical control seems to be the main mechanism with the progress of the 
exchange.  

It may also be suggested that the chemically controlled exchange is contributing to 
some extent to the first fast exchange whose rate is particle diffusion controlled. A test of 
the particle diffusion mechanism which controls the beginning of the exchange process is 
the application of the well known equation for particle diffusion, i.e., Boyd, Adamson 
and Myers equation (29):  

Qt/Qe =1- 6/π2 n=1∑∞ 1/n2 exp (-n2π2Di t/r2)                                             (5) 

Where Di is the internal diffusion coefficient, r is the particle radius, n is an integer 
number, Qt is the amount of exchange at time t and Qe is the amount of exchange at 
equilibrium. Bt is a mathematical function of Qt/Qe and the Bt values were calculated by 
using the following equation derived by Reichenberg(29).  
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Figures (5a & 5b) and (6a & 6b) show the relationship between Qt/Qe and Bt against 
contact time in the case of Te(IV) sorption on ZrP and CeW, respectively. These figures 
reveal that the rate determining step controlling the exchange process during the initial 
stages is particle diffusion since straight lines passing by the origin could be obtained on 
plotting Bt values against contact time for 2 hours (Figures 5b & 6b). 

The internal diffusion coefficient Di for the sorption of Te(IV) through Zrp & CeW 
particles of grain diameter(0.25, 0.32 and 0.51 mm) were determined from the following 
equation: 

 B= Di π2/r2                            (7) 

B can be deduced from the slopes of the straight lines in figs( 5b & 6b) where r is the 
average radius in Cm. The calculated values of Di are given in Table 1. From these values 
it can be deduced that the Di values tend to increase with the decrease of particle diameter. 
However, at particle size ≥ 0.32 it is almost constant .It may be proposed that at smaller 
particle diameter further increase in Di could be expected.  

Table 1: Diffusion coefficient Di, of Te(IV) at 330C exchange on Zirconium phosphate and 
ceric tungstate of different particle sizes. 

 
Particle diameter (mm) Dix1010 (cm2. s-1) 

                   ZrP                                          CeW 
0.25 10.5 4.800 
0.32 8.6 3.60 
0.51 8.5 --- 

Effect of metal ion concentration 

In order to test whether the diffusion controlled exchange process operating at the first 
hours of the sorption involves a film or particle diffusion control, the effect of ion 
concentration on the rate of uptake has been investigated in the case of Te(IV)-sorption 
on both ion exchangers. The sorption is carried out at temperature = 27 ± 1oC, particle 
diameter = 0.32mm, pHeq. = 2.6 ± 0.05 in the case of ZrP and = 3.0 ± 0.05 in the case of 
CeW. It is well known that the increase of the ion concentration has no effect on particle 
diffusion controlled ion exchange processes, but it enhances the rate of film diffusion 
controlled exchange processes (29). The obtained data show that the increase of Te (IV) 
concentration does not enhance the percentage uptake by the two ion exchangers which 
excludes a film diffusion mechanism.  

Effect of temperature 

The ion exchange of Eu (III) and Te(IV) with the hydrogen form of zirconium 
phosphate as well as of Te(IV) with ceric tungstate has been studied at 18.5, 28.0, 40.0 



and 50.0oC. The ion exchange process has been carried out from solutions containing the 
complexing agents 0.01M citric acid and 0.01M tartaric acid. Generally, the distribution 
ratio values for the sorption of these cations increase with increasing the temperature in 
the investigated temperature range. The results are shown in Figs. (8a & 8b). As can be 
seen from Fig. (8a) further sorption enhancement is obtained in case of Eu(III) by 
increasing the temperature from 18.5 to 50oC. With respect to Te(IV), the increase in 
temperature is very effective in the increasing of distribution ratios by the two ion 
exchangers which is observable from Figs. (8a & 8b). This indicates that the sorption 
process is an endothermic one. 

 

Conclusion 

ZrP and CeW are suitable inorganic ion exchanges for sorption of Te(IV), Ce(III) and Eu(III) 
from solutions containing Citric and tartaric acids as complexing agents yet the sorption process 
is a slow one especially for Te(IV) . ZrP has higher affinity towards sorption of Ce(III) (as 
representative of Lanthanide(III)) Where as CeW has higher affinity towards sorption of Te(IV) 
than Eu(III). 

Factors affecting the sorption process were studied which are pH of aqueous solution, contact 
time, particle size metal ion concentration and temperature.  

The obtained data have shown that, in the absence of complexing agents the exchanged Te(IV) 
and Eu(III) ionic species are Te(OH)3

+ and EuOH+. 

The rate of the sorption process on both ZrP and CeW is affected by particle size , a fact which 
suggests the existence of a kind of diffusion process, which is partially or totally responsible for 
controlling the rate of the uptake of Ce(III) and Te(IV) on the ion exchangers, especially at the 
beginning of the equilibrium period . However, the effect of particle size on the sorption rate 
seems to cease with the progress of exchange in case of Ce(III) on ZrP and Te(IV) on both ZrP 
and CeW indicating that the diffusion process in no more controlling the rate of sorption. 

The increase of metal ion concentration does not enhance the percentage uptake by the two ion 
exchangers which excludes a film diffusion mechanism. 

The increase in temperature is effective in increasing the sorption process on both ion exchangers. 

Di values tend to increase with the decrease of particle diameter.             
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Figure (1): Effect of pH on the percentage uptake of Te (IV) and Eu (III) in the absence of complexing agents at temperature = 28±1ºC, contact time = 24h, particle 
diameter = 0.32 mm. a) on zirconium phosphate, b) on ceric tungstate. 

 
Figure (2): Effect of contact time on the sorption of Te (IV) on ZrP and CeW ion exchangers from different media at initial pH = 3 ± 0.02, temperature =28 ± 1ºC, and 
particle diameter = 0.32 mm. 
  

                                         

                                                           
Figure (3): Relationship between % uptake and contact time for the sorption of Ce (III) on zirconium phosphate from 0.04M citric acid, at initial pH = 3.0 ± 0.02, 
concentration of Ce (III) = 10–4M (v/m = 100ml/g, temperature = 33 ± 1ºC). different particle diameters 



  
Figure (4): Relationship between % uptake and contact time for the sorption of Te (IV) from 0.04M citric acid, at initial pH = 3.0 ± 0.02, concentration of Te (IV) = 
1.1×10–3M. (v/m = 100ml/g, temperature = 33 ± 1ºC). a) on zirconium phosphate, b) on ceric tungstate of different particle diameters.  

 

  
Figure (5): a) Relationship between Qt/Qe and contact time, b) Bt and contact time for the sorption of Te (IV) from 0.04M citric acid, at initial pH = 3.0 ± 0.02, 
concentration of Te (IV) = 1.1×10–3M on zirconium phosphate of different particle diameters. (v/m = 100ml/g, temperature = 33 ± 1ºC).  

  
Figure (6): a) Relationship between Qt/Qe and contact time, b) Bt and contact time for the sorption of Te (IV) from 0.04M citric acid, at initial pH = 3.0 ± 0.02, 
concentration of Te (IV) = 1.1×10–3M on ceric tungstate of different particle diameters. (v/m = 100ml/g, temperature = 33 ± 1ºC).  
 
 



  
Figure (7): Effect of Te(IV) concentration for the sorption from 0.04% citric acid at pHeq = 2.60 ± 0.05, temperature = 27 ± 1ºC and particle diameter = 0.32mm. a) on 
zirconium phosphate, b) on ceric tungstate. 

    
Figure (8): Effect of temperature on the distribution of Eu (III) and Te(IV) from different media at contact time = 48h, initial pH = 3 ± 0.02, and particle diameter = 
0.32mm. a) On zirconium phosphate, b) on ceric tungstate. 

 

 
 
 
 
 
 
 
 
 
 
 
 


