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Separation of Fission Products by Ion Exchange Method

Byung-Hun Lee, Je-Geon Bang

Departmeat of Nuclear Engineering, Hanyang University

ABSTRACT

The sequential separation of Ru-103; Cs-137 and Ce-144 was carried out by organic cation
exchanger, Amberite CG-120, and inorganic ion exchangers, silica gel and montmorillonite. The
optimum conditions of Ru-103, Cs-137 and Ce-144 gg Amberite CG-120 are 0.01M-, 0.01M-
and 0. IM- hydrochloric acid for the adsorption, and 3M-, 3M- and 5M-hydrochloric acid for
the desorption, respectively. The optimum conditions of Ru-103;, Cs-137 and Ce-144 on silica gel
are pH 8, pH 8 and pH 8 for the adsorption, &ﬁd 3M-, 1M- and 1M-hydrochloric acid for the
desorption, respectively. The optimum conditions of Ru-103, Cs-137 and Ce-144 on montmo-
rillonite are pH 8, 0.01M-hydrochloric -acié and pH 4 for the adsorption, and 1M-, 5M- and
3M-hydrochloric acid for the desorption, respectively.

The adsorption which occurs at lower ionic strength and the differences in desorption ionic
strength are utilized for the separation of tracer mixture in continuous experiments. The
individual separation of Ru-103, Cs-137 and Ce-144 can be carried out more efficiently with

montmorillonite than with silica gel and Amberite CG-120.

INTRODUCTION

The binary fission of uranium-235 by thermal
neutron yields nuclides of 37 elements; that is, from
zine to dysprosium or in atomic numbers from 30
to 66, and their atomic masses are distributed
between 72 and 161. Cs-137 is important in deter-
mining the radioactivity of fission products after
long decay periods and is an important biological
hazard in old wastes. Recovered from wastes, this
isotope is a useful long-lived gamma source. Ce-144,
lanthanide element, contributes greatly to the
activity of mixed fission products with its short-
lived daughter, 17.5-min Pr-144. Ru-103 and Ru-
106, both in significant yields, contribute an impor-
tant part of fission activity. Although Ru-106 emits
no gamma rays, it is accompanied by its gamma

emitting daughter, 30-sec Rh-106. Ru-106 is one
of the most important fission product contaminants
in fuel reprocessing because of its multiple valance
states and its complex chemistry in aqueous solu-
tions. In the presence of strong oxidizing agents
ruthenium eXists as the volatile RuQ,.

The separation technique of fission products in
liquid state covers precipitation'~®, solvent extra-
ction*~®, and ion exchange.”~'", Precipitations from
solutions have disadvantages of coprecipitation which
result in contaminated products. The processes of
mixing, precipitation and subsequent filtration and
washing do not promote rapid separation. Solvent
extraction is widely used for isolation and purifica-
tion of many radio-nuclides. Ion exchange method
is very efficient for the selective separation of tracer
amounts of radioaclive element from a solution.

Ton exchange techniques are applicable to all
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the elements through proper choice of organic resins,
media, oxidation and complexing reactions. The
techniques are simple and rapid, when short columns
are used at moderately rapid flow rates. Synthétic
-organic ion exchangers have greater uniformity and
higher exchange capacity, than natural inorganic
-exchangers. However, they are more susceptible to
radiation damage. Changes in selectivity and capa-
«ity occur on exposure to radiation, and degradation
takes place at the high temperature. Inorganic ion
-exchangers are used for the high temperature
-separation of ionic components- in radioactive wastes.

F. Nelson et al.” studied the cation exchange
‘behavior -of the elements in HCl and HCIO, solutions,
including Ru-108, Cs-137 and Ce-144. ‘Many ele-
‘ments are strongly adsorbed from concentrated
HCIO, solutions. There are large differences in
adsorbility between HCl and HCIO, solutions. Slower
increase of distribution coefficients with molarity in
HCl compared with HCIO, is due to the formation
©of non-adsorbable chloride complexes.

E. Akatsu et al.™® determined the distribution
ratios of about 50 elements by batch method. Aqu-
eous phases were 0. IN-10N nitric acid and 0.01-10
M ammonium nitrate solutions.

M. El Garhy et al.'” used 6N-hydrochloric acid
containing a few- drops of very dilute HNO, in
separating **Zr-**Nb activity from uranium fission
products on silicagel. They found silica gel is highly
selective for adsorbing Zr-95 at low acidities, com-
pared with the anion-exchanger Dowex-2 when
using chloride media.

Sorption and fixation of microquantities of Cs by
montmorillonite were studied by B.R. Sawney.1®
Montmorillonite sorbed more Cs in the presence of
but did not fix
significant amounts of Cs againt replacement by

K than in the presence of Ca,

neutral salts.

‘In this study, the sequential separation of Ru-103,
Cs-137 and Ce-144 was carried out by cation exch-
angers: Amberite CG-120 (phenolic methylene sul-
fonic acid), montmorillonite (aluminium silicate), and
silica’ gel (silicic acid). By using the solntions of dif-
ferent pH and hydrochloric acid of different concen-
trations as eluant, optimum concentration of the pH
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or acid to separate sequentially the radioisotopes was
deter mined by batch and continuous experiments.

EXPERIMENTAL

1. Materials

The tracers used for the experiments were
obtained from Radiochemical Centre, Amersham,
England. Ru-103 (t,;,,=39.35d),
1 millilitre, ruthenium chloride in 4M-hydrochloric
acid, was diluted with distilled water to 0.1 ¢Ci/ml.
Cs-137 (t,,,=30.1y),
cesium chloride in 1M-hydrochloric acid, was diluted
with distilled water to 0.1u¢Ci/ml. Ce-144 (t,,,=
284.4d), 1 millicurie per 1 millilitre, cerous chloride
in 1M-hydrochloric acid, was neutralized with

1 millicurie per

10 millicurie per I millilitre,

soditim hydroxide, i.e. 0.224Ci/ml.

Amberite CG-120, 200-400 mesh, was obtained from
Philadelphia, U.S.A., silica gel, Wakogel Q-50, 60-
200 mesh, from Wako Pure Chemical Ind. Ltd.,
Osaka, Japan and montmorillonite from Ward's
Natural Science Establishment, New York, U.S.A.
All the regeants used in the chemical procedure
were of A.R. quality and therefore were used
without further purification. The pH value of the
solution was adjusted with sodium hydroxide or
hydrochloric acid.

2. Procedures

2.1 Batch Experiments

 0.05g of Amberite CG-120 were stirred for 3 hours
with 0.05ml of the tracer and 5ml of solutions of
pH 4 and hydrochloric acid of various molarities,
i.e. 0.01M-, 0.05M-, 0.1M-, 0.5M-, IM-, 2M-,
3M-, 4M-, 5M-, 6M-, 7M-, 8M-hydrochloric acid.
After stirring by a Wrist Action Shaker, 3ml of
the solution were taken into a centrifuge tube and
centrifuged. After settling, 1ml of the solution was
pipetted into a test sube and its activity was
measured by Nuclear Chicago Model 3725 Nal(Th
crystal well-type gamma scintillation counter. The
Kd value was calculated by the formula.

=( counting rate of initial solution )
counting rate of supernatant solution
ml of the agqueous phase

g of the adsorbent ml/g
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0.05g of montmorillonite were stirred for 3hours
-with 0.05ml of the tracer and 5ml of solutions of
various pH and hydrochloric acid of various molari-
ties. Acid strengths of 0.01M-, 0.05M-, 0.iM-,
Q0.5M-, 1M-, 2M-, 3M-, 4M-, 5M-, 6M-, 7M-,
-8M-hydrochloric acid and solutions of pH4, pH 8
and pH 10, were used.The experiment was carried
-out by the procedure similar to that of Amberite CG~
120,

0.05¢ of silica gel were stirred for 3hours with
0.05ml of the tracer and 5ml of solutions of various
pH and hydrochloric acid of various molarities. Acid
strengths of 0.01M-, 0.1M-, 1M-, 3M-, 5M-, 7M-
hydrochloric acid and solutions of pH 4 and pH 8,
were used. The experiment was carried out by the
‘procedure similar to that of Amberite CG-120.

2.2 Continuous Experiments

The continuous experiments were carried out by
‘using a glass column containing the exchanger bed
Smm (inside diameter) by 12cm long.

Amberite CG-120 on the column was first conditio-
ned by treatment with 3M-hydrochloric acid in case of
Ru-103 and Cs-137, and 5M-hydrochloric acid in Ce-
144, respectively. 0.1 ml of Ru-103 in 0.01 M-hydro-
-chloric acid, 0.05ml of Cs-137 in 0. 01M-hydrochloric
.acid and 0.05ml of Ce-144 in 0. IM-hydrochloric acid,
were added to the top of the columns, respectively,
.and then washed with 0.01M-hydrochloric acid in
-case of Ru-103 and Cs-137, and 0.1M-hydrochloric
.acid in Ce-144. The flow rate through the columns
‘was 0.1millilitre per 1 minute. The effluent was co-
illected in 1ml portions and the activity in successive
-samples was measured. The columns were eluted
with 3M-hydrochloric acid in case of Ru-103 and
Cs-137, and 5M-hydrochloric acid in Ce-144, respe-
-ctively. The eluate was collected and the activity in
.samples was measured.

Silica gel on the column was first conditioned by
treatment with 3M-hydrochloric acid in case of Ru-
103, and 1M-hydrochloric acid in Cs-137 and Ce-
144, respectively. 0.1ml of Ru-103, and 0.05ml of
«Cs-137 and 0.05ml of Ce-144 in pH8 solution, respe-
-ctively, were added to the top of the columns, and
dhen washed with pH 8 solution. The flow rate
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through the columns was 0.1 millilitre per 1 minute,
The effluent was collected in 1ml portions and the
activity in successive samples was measured. The
colunms were eluted with 3M-hydrochloric acid in
case of Ru-103, 1M-hydrochloric acid in Cs-137
and Ce-144, respectively. The eluate was collected
and the activity in samples was measured. 0.05ml
of the mixture in pH 8 solution were treated by
the procedure similar to that of the experiment,
carried out with each tracer, Ru-103, Cs-137 and
Ce-144. The column was washed with pH 8 solation,
and eluted with 8M-hydrochloric acid. The activity
portions of the sample solutions were collected and
analyzed by the method of paper electrophoresis.'®’

The continuous experiment for montmorillonite
0.05g of
montmorillonite were stirred for 3 hours with 0. Iml
Ru-103 and 5ml of pH 8 solution, 0.05ml! Cs-137
and 5ml of 0.01M-hydrochloric acid soliuton, and
0.05m! Ce-144 and 5ml of pH 4 solution, respecti-
vely. After stirring by a Wrist Action Shaker, 3ml
of the solution were taken into a centrifuge tnbe
and centrifuged. After settling, 1ml of the solutions
was pipetted into a test tube and its activity in

was used with the stirring apparatus.

sample was measured. The tracer on the montmori-
llonite was desorbed with 5ml of IM-hydrochloric
acid in case of Ru-103, 5M-hydrochloric acid in
Cs-137, and 3M-hydrochloric acid in Ce-144, respe-
ctively. After stirring, centrifuging and settling,
the activity in sample was measured. The procedure
was continued with appropriate solutions.

0.05ml of the mixture were treated by the pro-
cedure similar to that of the experiment, carried
out with each tracer, Ru-103, Cs-137 and Ce-144.
The tracers on the montmorillonite was stirred with
pH 8 solution, and desorbed with 1M-hydrochloric
acid. The activity in sample was measured and
analyzed by the method of paper electrophoresis.

RESULTS AND DISCUSSION

1. Adsorption and desorption on Amberite CG-120

The results of the batch experiment studies
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Table 1. Batch Experiment. Adsorption of 1*Ru,
137Cs and **Ce from solutions of pH 4 and
hydrochloric acid of various molarities by
Amberite CG-120.

Kd, ml/g

Soution

Ru-103 Cs-137 Ce-144
pH 4 316 256 10019
0. 01M-HCl 357 1240 2784
0. 05M-HCl1 205 194 7120
0. IM-HC1 129 166 72290
0. 5M-HC} 223 135 8910
IM-HCl 7 32 2423
2M-HC} 1 —0.6 —0.7
3M-HCl -1 —2.6 1
4M-HC1 0.4 0.4 1
5M-HC1 0.4 —0.1 -31
6M-HCl 0.4 0.9 0.1
7M-HCl1 -3 0.7 1.4
8M-HC1 1.4 —1.8 -0.2

obtained from 0.05g of Amberite CG-120 by stirring
for 3 hours with 0.05ml of Ru-103, Cs-137 and
Ce-144, and 5ml of solutions of pH 4 and hydro-
chloric acid of various molarities are shown in
Table 1.

The Kd value for Ru-103 shows maximum in

0.01M-hydrochloric acid. Adsorption of Ru-103 by
Amberite CG-120
hydrochloric acid and decreases rapidly with incre-

increases from pH 4 to 0.0IM-

Activity of the solution, %
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asing hydrochloric acid from 0.0IM- to 2M-, and?
then levels off. With solutions of hydrochloric acid’
greater than 2M-, Ru-103 is little adsorbed on-
Amberite CG-120.

The Kd wvalue for Cs-137 shows maximum in-
0.01M-hydrochloric acid. Adsorption of Cs-137 by-
Amberite CG-120 increases from pH 4 to 0.01M-
hydrochloric acid. The adsorption decreases slowly-
from 0.G1M- to 0.1M- and decreases rapidly with:
increasing hydrochloric acid from 0.1M- to 2M-
and then levels off. With solutions of hydrochloric-
acid greater than 2M-, Cs-137 is little adsorbed on
Amberite CG-120.

The Kd value for Ce-144 shows maximum in:
0. IM-hydrochloric acid. Adsorption: of Ce-144 by-
Amberite CG-120 decreases from pH 4 to 0.01M-
hydrochloric acid and
0.1M-. The adsorption decreases rapidly with:
increasing hydrochloric acid from 0.1M- to 2 M~
and then levels off. With solutions of hydrochloric-
acid greater than 2M-, Ce-144 is little adsorbed on.
Amberbed CG-120.

The optimum conditions for the adsorption and.
the desorption of Ru-103, Cs-137and Ce-144 are-
found from Table 1, that is, maximum adsorption:
in 0.01M-, 0.01M- and 0.1M-hydrochloric acid,.
respectively, and effective desorption in 3M-, 3M--

increases from 0.01 M- to-

and 5M-hydrochloric acid, respectively.
The results of the continuous experiment studies:
for the separation of Ru-103, Cs-137 and Ce-144 by-

60—
40—
Desorption, 3M—HCI
201 o
Adsorption, 0.01IM-HC1 | IR
I I 1 l [ 1
0 4 8 12 16 20 24

Column Volumes, ml

Fig. 1. Continuous Experiment. Adsorption and desorption of Ru-103 by Amberite CG-120.
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_ Activity of the solution, %
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60}
Desorption, 3 M-HCI
40+
20~
' Adsorption, 0.01M-HCI
Illllll___.ll‘llllll11
0 4 8 12 16 20 24 28 32 36 40

Column Volumes, ml

Fig. 2. Continuous B~periment. Adsorption and desorption of Cs-137 by Amberite CG-120.

Activity of the solution, %

60—
40—
20— i
Adsorption,
0. IM-HCl
| I I .

Desorption, 5 MHCI

11 1 b1 N T

Fig. 3. Continuous Experiment. Adsorption

_Amberite CG-120 are shown in Figures 1,2and 3. In
Figures, the radiocactivities of the effluents and the
~¢luates from the column are plotted against the
-volume of the effluents and the eluates.

On the separation of R_117103 from 0.1ml of the
“initial solution using Amberite CG-120 adsorption
and 3M-hydrochloric acid as eluant, 84.6% of Ru-
103 is desorbed by this strength of hydrochloric
.acid. 3.49% of Ru-103 is not adsorbed in the solution
of 0.01M-hydrochloric acid.

On the separation of Cs-137 from 0.05m! of the
initial solution using Amberite CG-120 adsorption
and 3M-hydrochloric acid as eluant, 95.5% of Cs-
137 is desorbed by this strength of hydrochloric
-acid. 0.89% of Cs-137 is not adsorbed in the solution
-of 0.01M-hydrochloric acid.

20 24 - 28 32
Column Volumes, m1- ‘
and- desorption of Ce-144 by Amberite CG-120.

36 40

On the separation of Ce-144 from 0.05ml of the
initial solution using Amberite CG-120 adsorption
and 5M-hydrochloric acid as eluant, 81.19 of Ce~
144 is desorbed by this strength of hydrochloric acid.
1009 of Ce-144 is adsorbed in the solution of 0. 1M
hydrochloric acid. '

2. Adsorption and desorption on silica gel

The results of the batch experiment studies
obtained from 0.05g of silica gel by stirring for 3
hours with 0.05ml of Ru-103, Cs-137 and Ce-144,
and 5ml of solutions of various pH and hydrochloric
acid of various molarities are shown in Table 2.
The Kd value for Ru-103 shows maximum in
the solution of pH 8 Adsorption of Ru-103 by

silica gel decreases rapidly from pH 8 to pH 4.
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Table 2. Batch Experiment. Adsorption of %Ry, The adsorption decreases slowly from pH 4 to 0.0L
Cs and **Ce from solutions of various M pydrochloric acid and then levels off. With
pH and hydrochloric acid of various mol-

arities by silica gel. solutions of hydrochloric acid greater than 0.01M-,

Ru-103 is little adsorbed on slica gel.

Solution Kd, ml/g The Kd value for Cs-137 shows maximum in the-
Ru-103 Cs-137 Ce-144 solution of pH 8. Adsorption of Cs-137 by silica gel
He 166 decreases slowly from pH 8 to 0. 1M-hydrochloric
pH X - 47 84831 acid and then levels off. With solutions of hydro-
P 16 1269 chioric acid greater than 0.1M-, Cs-137 is little
0.01M-HCI 2 8 1030 -
: adsorbed on silica gel.
0. 1IM-HCl 2 0.4 3 .
IMoTICY 0.9 46 0 The Kd value for Ce-144 shows maximum in the
IMLHCI _2:4 _2:0 . sollu(tiion of oH 81 lAdfsorptioxIl_I 8of Ce-:)m(tnl;yhsi:ca.
SM-HC 41 4.3 2 g:ll ‘ecrea.zes Z o(:vy rom p o to h : - y.ro--
TM-HCI 58 36 9 chloric acid and decreases rapidly with increasing

from 0.01M- to 1M- and then levels off. With

— Activity of the solution, %

60—
40—
Desorption, 3 M-HCI
20— Adsortion, pH 8
p_ﬂ—— [ 1 ltr I L
0 4 - 8 12 7 16 20 24

Column Volumes, m1

Fig. 4. Continuous Experiment. Adsorption and desorption of Ru-103 by silica gel.

__ Activity of the solution, %~

60—
- Desorption,v 1IM-HCI
40 Adsorption, pH 8 )
20}
| ] | ] | ] | | I {
0 4 8 12 16 20 24

Column Volumes, m1

Fig. 5. Continuous Experiment. Adsorption and desorption of Cs-137 by silica gel.
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— Activity of the solution, %
60—
10k Desorption, 1M-HCl
20—
Adsorption, pH 8
| | [ 1 | | | |
0 4 8 12 16 20 24
Column Volumes, ml
Fig. 6. Continuous Experiment. Adsorption and desorption of Ce-144 by silica gel.
solutions of hydrochloric acid greater than 1M-, Activity, cpm
Ce-144 is little adsorbed on silica gel. 1000—
The optimum conditions for the adsorption and I~
the desorption of Ru-103, Cs-137 and Ce-144 are 8001
found from Table 2, that is, maximum adsorption
in pH 8, pH 8 and pH 8, respectively, and effective
desorption in 3M~, 1M- and 1M-hydrochloric acid, 6001~
respectively. B
The results of the continuous experiment studies 400~
for the separation of Ru-103, Cs-137 and Ce-144 by -
silica gel are shown in Figures 4,5 and 6. 200{—
On the separation of Ru-103 from O0.1m! of the |
Initial ‘solution using silica gel adsorption and 3M- 0 NN T |
| [ -1 :
hydrochloric acid as eluant, 54.9% Ru-103 is -1 -8 —4 0 4 8 ’ 1'3

desorbed by this strength of hydrochloric acid. 22.0
o, of Ru-103 is not adsorbed in the solution of
pH &

On the separation of Cs-137 from 0.05ml of the
initial solution using silica gel adsorption and 1M-
hydrochloric acid as eluant, 5.9% of Cs-137 is
desorbed by this strength of hydrochloric acid. 83.5%
of Cs-137 is not adsorbed in the solution of pH 8.

On the separation of Ce-144 from 0.05ml of the
initial solution using silica gel adsorption and 1M-
hydrochloric acid as eluant, 79.4% of Ce-144 is
desorbed by this strength of hydrochloric acid. 0.4%
of Ce-144 is not adsorbed in the solution of pH 8.

In the paper electrophoresis histogram of the
concentrated solutions, which obtained from the

_Distance from starting point, cm

Fig. 10. Paper electrophoresis histogram of tracer
mixture by silica sel.

high activity portions of the desorbed solutions i
the experiment with tracer mixture, the radioactivity-
The peak.
which is in.

appears one peak as shown in Fig. 10.
at +1lcm is identified as Ru-103,
agreement with the results reported in the liter-

ature.'®

3. Adsorption and desorption on montmorillonite

The results of the batch experiment studies:
obtained from 0,05g of montmorillonite by stirring;
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Table 3. Batch Experiment. Adsorption of **Ru,
137Cg and **Ce from solutions of various
pH and hydrochloric acid of various mol-
arities by montmorillonite.

Kd, ml/g

Solution

Ru-103 Cs-137 Ce-144
pH 10 1401 2323 26536
pH 8 2724 2124 42185
pH 4 2326 3690 45004
0. 01M-HClI 50 5126 41503
0. 05M-HCl 28 3166 22853
0. 1IM-HCl1 14 799 7067
0. 5M-HClL 1 508 761
1M-HC] —1.1 146 =91
2M-HCl1 1 142 —4.0
3M-HC1 1 127 —11.0
4M-HC1 —0.4 72 0.8
5M-HC1 —0.6 —1.0 —0.7
6M-HCl 0.4 0.7 —2.1
7M-HC1 —-15 1.4 —0.9
8M-HCl1 —0.6 0 —-2.3

for 3 hours with 0.05m! of Ru-103, Cs-137 and
Ce-144, and 5ml of solutions of various pH and
hydrochloric acid of various molarities are shown
in Table 3. '

The Kd value for Ru-103 shows maximum in the
solution of pH 8. Adsorption of Ru-103 by mont-
The
édsorption decreases slowly from pH 8 to pH 4 aﬁd

morillonite increases from pH 10 to pH 8.

Activity of the solution, %

‘\ctively, and effective desorption in 1M-,

J. Korean Association for Radiation Protection Vol. 8, No.1(1983)

decreases rapidly from pH 4 to 1M-hydrochloric
With solutions of hydro-
Ru-103 is little

acid and then levels off.
chloric acid greater than 1M-,
adsorbad on montmorillonite.

The Kd value for Cs-137 shows maximum in
0 01M-hydrochloric acid. Adsorption of Cs-137 by
montmorillonite decreases from pH 10 to pH 8 and
increases from pH 8 to 0 01M-hydrochloric acid.
The adsorption decreases hydrochloric acid from
0 01M- to 3M- and decreases rapidly with increasing
hydrochloric acid from 3M- to 5M~- and then levels
off. With solutions of hydrochloric acid greater than
5M~, Cs-137 is little adsorbed on montmorillonite.

The Kd value for Ce-144 shows maximum in the
solutions of pH 4. Adsorption of Ce-144 by mont-
morillonite increases slowly from pH 10 to pH 4
and decreases slowly from pH 4 to 0 1M-hydrochloric
acid. The adsorption decreases rapidly with increa-
sing hydrochloric acid from 0.1M- to IM-. With
solutions of hydrochloric acid greater than IM-,
Ce-144 is little adsorbed on montmorillonite.

The optimum conditions for the adsorption and
the desorrtion of Ru-103, Cs-137 and Ce-144 are
found from Table 3, that is, maximum adsorption
in pH 8, 0.01M-hydrochloric acid and pH 4, respe-
5M- and
3M-hydrochloric acid, respectively.

The results of the continuous experiment studies
for the separation of Ru-103, Cs-137 and Ce-144 by
montmorillonite in Figures 7,8 and 9.

On the separation of Ru-103 from 0.1ml of the

60—
Desorption, 1 M-HCI
40—
20—
Adsorption, pH 8
[ L— | N
0 10 20 30 40 50 60

Volumes, m1

Fig. 7. Continuous Experiment. Adsorption and desorption of Ru-103 by montmorillonite.
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— Activity of the solution, %

60—
Desorption, 5M-HCI
40—
20+ )
Adsorption, 0. 01M-HCI
—
- | ] | |
0 10 20 30 40 50 60

Volumes, ml

Tig. 8. Continuous Experiment. Adsorption and desorption of Cs-137 by montmorillonite.

100 Activity of the solution, % Desorption, 3 M-HCI
30t
60
40+
20
Adsorption, pH 4
0 10 20 30 40 . 50 60

Volumes, ml

Fig. 9. Continuous Experiment. Adsorption and desorption of Ce-144 by montmorillonite.

nijtial solution using montmorillonite adsorption and
1M-hydrochloric acid as eluant, 57.49 of Ru-103
is desorbed by this strength of hydrochloric acid.
11. 09 of Ru-103 is not adsorbed in the solution of
pH &

On the separation of Cg-137 from 0.05ml of the
initial solution using montmorillonite adsorption and
5M-hvdrochloric acid as eluant, 62.5% of Cs-137
is desorbed in this strength of hydrochloric acid.
15.09 of Cs-137 is not adsorbed in the solution of
9, 01M-hydrochloric acid.

On the separation of Ce-144 from 0.05ml of the
initial solution using montmorillonite adsorption and
3M-hydrochloric acid as eluant, 93.2% of Ce-144
is desorbed by this strength of hydrochloric acid.
1.49% of Ce-144 is not adsorbed in the solution of
pH 4.

In the paper electrophoresis histogram of the
concentrated solutions, which obtained from the high
activity portions of the desorbed solutions in the
the radioactivity
appears one peak as shown in Fig. 11. The peak

experiment with tracer mixture,
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' L Activity, cpm
1000

800 -

600 -

400 -

200

0 [ T S O I O R R A
—12 -4 0 4 8 12

Distance from starting point, ‘cm

Fig. 11. Paper electrophoresis histogram of tracer
mixture by montmorillonite.

identified as Ru-103, which is in
agreement with the results reported in the litera-

at +1lcm is
ture,1®
CONCLUSION

The adsorption which occurs at lower ionic
strength and the differences in desorption ionic
strength are utilized for the separation of elements
both individually and in groups.

The cation exchange data for Ru-103, Cs-137 and
Ce-144 in the solutions of various pH and hydro-
chloric acid of various molarities shows that the
separation of Ru-103, Cs-137 and Ce-144 can be
carried out more effiéiently with montmorillonite

than with silica gel and Amberite CG-120.
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