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ABSTRACT

The present work is an investigation of the adsorption behavior of cesium(I)
and europium(III) on zirconium molybdate at different pHs, different metal
concentrations and different alcohol concentrations. The uptake percentages
were found to depend on both the alcohol content and metal concentration.
The effect of particle size with time was studied. It was found that the rate of
adsorption of Cs(I) is chemically controlled and no diffusion along the par-
ticles takes place. In case of Eu(III) the particle size showed a marked effect on
the rate of exchange.  2007 Trade Science Inc. -INDIA

INTRODUCTION

Recovery of valuable elements from the waste is
a subject of growing interest to many waste manage-
ment professionals because of the precious nature and
potential applications[1,2] of valuables present in the
waste. Actually, this subject is very appropriate to the
separation of precious metal ions present in high-level
waste of purex origin. Long-lived gamma emitting ra-
dionuclides such as Cs134, 137(2Y), 30(1Y) and Eu152, 154(12Y, 16Y)

were regarded as waste few decades ago. Now they
are being termed as valuables owing to the utilization
of these radioisotopes in the area of food irradiation[3,5]

and sewage treatment technologies[6] in recent years.
Several countries have installed various irradiation
facilities for processing of food and clean up of sew-
age waste[7-8]. The potential applications of these ra-
dionuclides have made everyone to reconsider the

existing disposal options and examine the possibility
of recovering these useful radionuclides from HLLW
for real applications. Also the stringent safety regula-
tions demand the separation of these long-lived
radiotoxic hazardous metal ions from a large volume
of waste and concentrate them into small volumes by
a suitable technology.

Inorganic compounds are extremely proven can-
didates for the separation and recovery of cesium
and europium from aqueous waste streams[9,10]. A
number of inorganic solvents show selectivity to Cs134

and Eu152+154 from alkaline waste solution, but so far
only few sorbents[11,13] were reported to be selective
to these radioisotopes from acid radioactive streams.
Zirconium phosphate(ZrP) has been prepared and
studied in the amorphous, semi crystalline and crys-
talline states. A tremendous amount of literature has
appeared on its ion exchange behavior in aqueous
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solutions. Of this literature we mention the books
and review articles[14,18]. N.Souka studied the adsorp-
tion behavior of some actinides on zirconium phos-
phate from mineral acid-alcohol media (6)[19].

Zirconium molybdate shows high sorption effi-
ciency and exhibits different affinity for Cs(I), Zn(II)
and Eu(III). This fact allows the sorption of these
elements from their aqueous solutions and their sepa-
ration from each other. Under appropriate conditions,
Zirconium molybdate shows high selectivity to both
europium and cesium ions[20]. In this work, the ad-
sorption of Cs(I) and Eu(III) on zirconium molyb-
date was studied. The effect of various parameters
such as contact time, metal concentration, particle
size and effect of different alcohols on the uptake
were investigated.

EXPERIMENTAL
Irradiation

The radionuclides used Cs(I) or Eu(III) were pro-
duced by irradiating weighed amounts of their salts
or oxides in the second research reactor at Inchas
ERE2, Egypt.

Solutions

Stoke solutions of cesium and europium(10-1M)
have been prepared by dissolving known amounts of
Chloride salts in redistilled water. Each solution was
then diluted to the required concentration and then
labeled with the corresponding radioisotopes(Cs134,
T1/

2
=2.06y) and (Eu152, 154, T1/

2
=12y).

Exchanger

Zirconium molybdate was synthesized and char-
acterized (IR and XRD) as methods reported before
[20]. The ion exchange capacity was determined by
repeated batch equilibration of the prepared ex-
changer till saturation with 10-2M CsCl or EuCl

3
 by

shaking in a water bath adjusted to 250C10C. The
capacity was then calculated by the following equa-
tion[21,22]:
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where C
0
=initial concentration of the counter ions; V=volume

of solution (ml); m=mass of exchanger (g); Z=valency of the
tested ion. The capacity of Cs+1 and Eu+3 were found 0.413 meq/

g and 0.285 meq/g respectively.

Uptake method

A portion of the prepared molybdate (m) was
mixed with a certain volume(v) of a solution con-
taining the specified ion then shacked at 250C0C.
After certain time, the solution was separated and
the concentration of the sorbed ion was determined
radiometrically using NaI scintillation detector con-
nected with an ST6 scaler timer. The counting rates
were at least 10 times as that of the background.
The distribution coefficient K

d
 and the uptake per-

cent B were determined as follows:
K

d
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where: A
i
=area of the -ray peak of the corresponding isotope

before contacting the ion exchanger; A
f
=area of the same peak

after contacting the ion exchanger; V=volume of the aqueous
phase (ml); and m=mass of the dry ion exchanger (g).

RESULTS AND DISCUSSION

Effect of pH

The pH dependence of the adsorption of Cs+1 and
Eu+3 on zirconium molybdate is shown in plots of the
uptake percentage as a function of the pH (1.9-9.5)
for Cs+1 and(1.9-6.5) for Eu+3 solutions(Figure 1). It
is evident that the adsorption of Cs+1 on zirconium
molybdate was greatly influenced by a change of pH.
Very low value of adsorption was observed at pH
values lower than 6 but above 6, a steady increase in
the uptake percentage was observed. These indicates
that zirconium molybdate behaves as cation and an-

Figure 1 : Effect of pH on the percentage uptake of Cs+

and Eu+3 on zirconium molybdate ion exchanger at 10-4

M metal ion concentration

%
U

pt
ak

e

pH



154 ICAIJ, 2(3) September 2007

Full  Paper

Adsorption of cesium and europium on zirconium molybdate ion exchanger

An Indian Journal
Inorganic CHEMISTRYInorganic CHEMISTRY

ion exchanger in alkaline and acidic media respec-
tively[16]. On the other hand, the uptake percentage
of adsorption of Eu+3 on Zirconium molybdate (Fig-
ure 1) increases gradually until pH=4. With values
of pH higher than 4, a large decrease in the uptake
was observed by the increase of pH. These can be
attributed to hydrolysis of Eu+3 after pH=5.

Effect of concentration

Figure 2 shows that the uptake percentage
changes as the concentration changes. Starting from
in the studied range 10-5M till 10-2M of Cs+1 and Eu+3

aqueous solutions. With increasing metal concentra-
tions, the uptake percentage decreased.

Adsorption isotherm

The adsorption isotherm for zirconium molyb-
date exchanger was performed at different cesium
or europium chloride concentrations varying from
10-5 till 10-3mol/l at 298K.

The concentration was investigated as a function
of time at constant temperature(298 K) for both ce-
sium and europium ions at pH values of 9.5 and pH4.7
for Cs+1 and Eu+3 respectively. The results obtained
are represented in(Figures 3 and 4). It could be seen
that the rate of uptake of Cs+1 or Eu+3 is rapid at the
beginning, becomes slower in latter stages and finally
it reaches an apparent saturation for all studied con-

Figure 3 : Variation of the adsorbed Cs+ ions, on hydrous zirconium molybdate, with time different cesium concentra-
tion, 298K and pH 9.5

Figure 4 : Variation of the adsorbed of Eu3+ ions, on hydrous zirconium molybdate, with time different cesium
concentration, 298K and pH 9.5

Figure 2 : Effect of Cs+ and Eu+3 ion concentration on the
adsorption on zirconium molybdate at pH 9.5 and 3.5,
respectively
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0.9310-6 meq/g to 0.5510-4 meq/g respectively,
when Cs+1 or Eu+3 ion concentrations increased from
110-5 to 110-3M. The percentage adsorption was
high at high dilution of Cs+1 or Eu+3 ion solution. The
maximum values obtained for Cs+1 and Eu+3 were 98%
and 93% respectively, at 10-5mol/l metal ion concen-
trations. This is explained to by due to the fact that, at
high dilutions, relatively large numbers of surface sites
are available for  uptake of small numbers of Cs+1 or
Eu+3 ions from the aqueous solution[23].

Adsorption data were further analyzed using the
Freundlich adsorption isotherm. Logarithmic depen-
dence of the amount of Cs+1 and Eu+3 adsorbed at
equilibrium(a

e
) versus bulk concentration of Cs+1 and

Eu+3 at equilibrium(C
e
) was found to be linear (Fig-

ures 5, 6) confirming the freundlich isotherm:

Log a
e
=log K+b log C

e

where K and b are freundlich constants corresponding to adsorp-
tion capacity and adsorption intensity respectively. These constants
were estimated from the intercept and slope of the straight-line
plot. The freundlich constants were found to be 1.2472mol.g-1

and 0.5667mol.g-1 for Cs(I) and  1.0955 mol.g-1 and 0.6321 mol.g-

1 for Eu(III), respectively.

The fractional value of b for both elements un-
der investigation proved that the surface of the ad-
sorbent is probably of heterogeneous nature[24]. The
higher value of K(adsorption capacity) for zirconium
molybdate shows once more that this material is a
more efficient exchanger, at least for Cs(I) and Eu(III)
removal from aqueous solutions.

Adsorption from alcoholic solutions

The effect of increasing concentrations of metha-
nol, ethanol, propanol-1 and propanol-2 on the ad-
sorption of Cs+1 and Eu+3 from 10-3M CsCl and EuCl

3

at pH9.5 for Cs+1 and pH4.7 for Eu+3 is given in fig-
ures 6 and 7. The data presented in figures 6 and 7
indicate that the substitution of increasing the amounts
of water by alcohols was found to increase the up-
take percentage of Cs+1 and Eu+3. For the same alco-
hol concentration, the magnitude of enhancement
in the uptake percentage of Cs+1 and Eu+3 from one
alcohol to another is according to the sequence:

Propanol-2>Propanol-1>Ethanol>Methanol
This sequence may be related to the decrease in

the reciprocal value of the dielectric constant of the

Figure 5 : Freundich sclsoption isothems of Cs+ and Eu3+

on zirconiummdybdate at 298k

Figure 6 : Effect of alcohol concentration on the distribu-
tion ratio, kd, of  Cs+ on zinconium molybdate ion ex-
changer

Figure 7 : Effect of alcohol  on the distribution ratio, kd,
of Eu3+ on zirconium molybdate ion exchanger

centrations. The time required to reach a saturation
value was found to be 60minutes for Cs+1 and 90 min-
utes for Eu+3. The figures revealed that, the amount
of Cs+1 or Eu+3 adsorbed at equilibrium increased from
0.9810-6meq/g to 0.6610-4meq/g and from

Medium Cs+1(meq/g) Eu+3(meq/g) 
Aqueous (without alcohol) 0.066 0.165 
Methanol 0.094 0.213 
Ethanol 0.095 0.225 
Propanol-1 0.096 0.237 
Propanol-2 0.099 0.255 

TABLE 1: The amount adsorbed(meq/g) of Cs+1 and Eu+3

(10-3M) solutions at pH 9.5 and 4.7 respectively on zirconium
molybdate at 70% alcohols
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alcohol and of decreasing chain length between the
last three solvents.

Also the amounts adsorbed of Cs+1 and Eu+3 ions
at for different alcohols are shown in TABLE 1

TABLE 1 shows that all values of the adsorbed
amounts are higher in mixed solvents than in both
ions of CsCl and EuCl

3
 solutions separately. This

may be due to the partial dehydration of the ions
resulting from the accessibility of more exchange sites
and higher affinity to these sites. Also due to the
more basicity of the used mixed solvents[25,26] lead-
ing to the replacement of more weakly acidic H+ in
zirconium molybdate[27].

The data given in this figure indicates that, for a
certain alcohol concentration, the adsorption of the
mentioned elements decreases with increasing of the
metal concentration.

Effect of particle size

The effect of particle size, on the rate of adsorp-
tion of Cs+1 and Eu+3(10-3M and 10-4M) solutions on
zirconium molybdate ion exchanger are shown in fig-
ures 8 and 9. The variation of Q

t
/Q

e
 where Q

t
=

amount exchanged at time t and Q
e
=amount ex-

changed at equilibrium.
From figure 8, no effect of the particle size in

case of adsorption of Cs+1 ions, on zirconium mo-
lybdate due to the difference in particle size from
0.1mm to 0.25mm. Thus the rate of adsorption is
chemically controlled and no diffusion along the par-
ticles takes place.

Adsorption of Eu+3 ions on zirconium molybdate
at 10-4M solution is given in (Figure 9). The particle
size has a marked effect on the rate of exchange, indi-
cating existence of diffusion mechanism[28].
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