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ABSTRACT

Low and intermediate radioactive liquid waste streams are resulting
mainly from Nuclear Power Plants in addition to that originating from the
applications of radioisotopes in different fields of life (medicine-industry-
agriculture, research works, ect...). Treatment of these aqueous waste solutions
before its release is an important process that keeps the environment clean for
man and for the coming generations.
Carboxymethylated cross-linked pregelled starch has been prepared and used as
an organic exchanger for the removal of Co-60 and Cs-137 from aqueous waste
simulate. More than 90% of Co-60 and up to 60% of Cs-137 were removed from
the waste streams at 29 ± 1 "C after 60 minutes.
Different factors that may affect the removal process of both radionuclides using
the exchanger (e.g. contact time, temperature, and pH-value of the waste solution)
were studied systematically.

Key words: Ion Exchange /Carboxymethylated Cross-Linked Pregelled Starch /
Removal/ Cobalt-60 /Cesium-13 7/pH.

INTRODUCTION

Radioactive liquid wastes are originated from different applications of radioisotopes in life. In
the nuclear power plants they are originated as leakage from equipments, as a drain from reactor and
auxiliary systems, from decontamination and cleaning operations, from active laundry and from
personal shower. (1) In addition huge amounts of low and intermediate level liquid wastes are
collected from the applications of radionuclides in medicine, industry, agriculture, research works and
other applications. ®

Treatment process of low and intermediate level liquid wastes before its release to the
environment is essential and aims mainly at effective volume reduction of these wastes.(3) To avoid
the drawbacks of evaporation process(4) and to overcome the problem of chemical treatment of highly
salt solutions, ion-exchange technique has been widely used, as a very simple technique for
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processing of low and intermediate level liquid wastes. Ion-exchange process has extensive
applications in the different nuclear fields and involve cleaning up activities of primary and secondary
coolant circuits in Boiling Water Reactors, Pressurized Water Reactors and Heavy Water Reactors.
Treatrrient of fuel storage Pond water and reprocessing plants(5> 6), clean up of active drain water and
treatment of liquid wastes arising in the radioisotope production and its applications in the different
fields of life.(7)

In addition to the well-known cleaning role of ion-exchange techniques in the different fields
of nuclear industry.(8'9) They have also extensive applications in the treatment of hazardous waste
solutions containing heavy metals/10"11*.

This work is a part of R&D program for the treatment and immobilization of low and
intermediate level radioactive wastes that carried out at inorganic and applied chemistry unit ,
radioisotope department, Atomic Energy Authority of Egypt.

The present study aims at optimizing the process of treatment of low and intermediate level
liquid wastes simulate using the ion-exchange properties of carboxymethylate cross-linked pregelled
starch resins. The Carboxymethylated cross-linked pregelled starch resin has been prepared and used
for the removal of Co- 60 and Cs-137 from liquid radioactive waste simulate. Factors that may affect
the uptake of the two radionuclides using this resin (e.g. equilibration time, the reaction temperature,
pH of the waste solution simulate) were studied on laboratory batch scale experiments.

EXPERMINTAL WORK

A) Exchanger Preparation

1) Cross-linking of starch:

100 g pregelled starch was slurred in 150.0 ml water containing 1.5 g sodium chloride and 8 ml
epichlorohydrin. To this slurry, add 6.0g of sodium hydroxide in 40 ml water slowly over 30 minutes.
The mixture was stirred for 16 hours at room temperature. The pH was adjusted to 6.5 by 2%
hydrochloric acid. The product was washed with water, filtered, washed with water and ethanol, and
air-dried. The reaction of epichlorohydrin and starch in presence of NaOH can be represent as in the
following equation

ST-OH + CH2-CH-CH2C1 * ^ • S T - O - C H 2 - C H - C H 2 - O - S T (!)

O OH

2)CarboxymethyIating the cross-linked pregefled starch :

38.0 g NaOH in 86 ml water was added to 24.0 g cross-linked pregelled starch. To this
suspension, a solution of 12.0 g chloroacetic acid in 20.0 ml water was added by stirring at 0 °C . The
mixture was heated to 70 °C for 20 minutes, cooled to 0 °C, then partly neutralized with acetic acid,
washed with water, 1 N HC1, water, and ethanol and dried at room temperature. The cationic
properties are imported to cross-linked starch via its reaction with monochloroacetic acid. This
reaction can be represented in the following equation:

ST - O - CH2 - CH - CH2 - O - ST + C1CH2 COOH -SsS&> ST-O-CH2- CH -CH2-O-ST + HC1

OH O-CH2COOH (2)

ST= starch moiety
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To confirm the previous equations proposed for the preparation of thecarboxymethylate
cross- linked pregelled resin Infrared as a nondestructive test was carried out using Ftir- 8202 Fourien
transform, Shimadzu Infrared Spectrophotometer. The data of the infrared spectrum of the cation
resin prepared is shown in Fig.(l). It is clear from the figure that the bands present in the region
4000 - 3400 cm are due to the hydroxyl groups of that hydrogen-bonded in various degrees, i e the
hydroxyl group of the carboxylic unit or due to the remained undried water of the resin. CH2 group in
-CH2OH give rise to two characteristic bands near 2920 cm1 and 2850 cm1 and represent the
vibration of hydrogen atoms. Band near 1700 cm'1 is due to stretching vibration of -C = O groups
The bands near 1500 cm' are attributed to the stretching vibration of -C-O-0 groups. The band due
to etheral and/or hydroxylic -C-O group appears near 1300 cm"', also -C-O stretching vibration

localized near 1150 cm" and 1110 cm"1. The skeletal vibration of sugar rings is observed below 800
cm . * '
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Fig (I): IR Spectrogram of Carboxymethylated Cross-linked Pregelled Starch.
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B) Experimental Test Solution:

Co-60 (y : 1.17 and 1.33 Mev ,T1/2= 5.25 years) and Cs-137 (y: 0.662 Mev , T m = 30.1
years) carrier free solutions were purchased by Amersham , England and used as a traces in preparing
the liquid waste solution simulate. The two radionuclides represent the most important long lived
isotopes that found nearly in most low and intermediate level liquid waste streams collected. Co-60
representative for divalent element insoluble in alkaline solutions, while Cs-13 7 representative for
monovalent element soluble in wide pH range. Aliquot portions of distilled water were labeled with
Co-60 and Cs-137solutions separately (400 Bq / ml). The resulting solutions were used for
performing the work in this study.

C) Treatment Process:

Batch ion-exchange tests were carried out by weighing 0.1 gofcarboxymethy late cross-
linked pregeUed cations resin in a 50 ml stopper conical flask, 10 ml of the waste solution simulate
has been poured over the resin. The flask shacked in a thermostatic water bath shaker for a
predetermined time. At the end of shacking time, lml of the solution has been withdrawn and
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analyzed radiometerically using computerized multi-channel analyzer (PCA-P from Oxford
instruments Inc.).

Different factors that may affect the removal of Co-60 and Cs-137 from the waste solution
simulate such as equilibration time (contact time), pH values of the waste solutions and temperatures
of exchange reaction were studied systematically. The pH of the solution was adjusted using dilute
solutions of sodium hydroxide or hydrochloric acid.

RESULTS AND DISCUSSION

Considering the kinetic of the up take of both Co-60 and Cs-137 from liquid waste simulate, the
labeled samples (pH = 5.9) were shacked for increasing periods of time at 29±1 °C.
A stander method for exchange process evaluation is the determination of the equilibrium coefficient
(Kd)

Kd = (A0 .A f/A f)XV/M (3)

Where:

Kd= Distribution coefficient in (ml / g)

Ao = Initial activity of interest in the liquid waste solution.

Af = Final activity of interest in liquid waste solution after a period of contact,

V = Solution volume (m!).

M = Mass of ion - exchanger used (g)

A high Kd value in the operating environment is critical to achieving the maximum reduction in waste
activity.(8)

To evaluate the process uptake percentage could be also used as another indicator for the
efficient selectivity of the ion-exchanger for removal of Co-60 and Cs-137 from their waste
solutions where:

Uptake % = (Ao - Af /Af) X 100 (4)

It is clear from the data obtained in table (1) that increasing the contact time accompanied by an
increase in JQ values for both Co-60 and C-137. It is worth mentioning that after 60 minutes K̂
reached maximal for the both radionuclides. Therefore 60 minutes was chosen as an optimum
equilibration time for removal of Co - 6 0 and Cs-137from their liquid waste solutions under the
stated operating conditions. The same trend was reached for the up take percentage values for both
Co-60 and Cs-137. In addition the uptake percent values for Co-60 was higher than that for Cs-
137under the same experimental conditions (Table (1)). The data previously obtained could be
explained as follows. The divalent cobalt ions have electrostatic interaction with the active sites of
the exchanger resin higher than that of monvalent cesium ions.(i3) The same trend was observed for
similar work. (14) Also the easy exchange of cobalt ions with the active sites of carboxymethylate
cross- linked pregelled starch resin compared with cesium ions may attributed to the difference in
the atomic radii of both element .The atomic radius of cobalt that found in the first long period in
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the atomic table equa! to 61 pm is smaller than that of cesium found in the third long period in the
atomic table and has atomic radius 167 pm.

Table (1): Effect of contact time of carboxymethylate cross-linked pregelled starch
and liquid waste solution on the uptake percentage and distribution
coefficient K4 of Co-60 and Cs-137.

Contact time ( min.)

15

30

60

120

180

Cs-137

Uptake,%

59.8

63.5

63.9

63.5

59.3

Ko(ml/g)

1.5 x 102

1.7 x 102

1.8 x 102

1.7 x 102

1.5 x 102

Co-60

Uptake, %

95.8

95.7

97.6

95.3

92.3

Kd(ml/g)

2.3 x 103

2.2 x 103

4.1 x 103

2.0 x 103

1.5 x 103

To study the effect of the presence of one radionuclide on the uptake of the other
when the two nuclides are found in the same solution, mixtures having different proportions
of Co-60 and Cs-137 were added to the solid cation resins at 29±1 °C and shacked for 60
minutes. The data obtained were represented in table (2) . It was found that increasing the
portion of Co-60 activity on the expanse of Cs-137 activity affect negatively on the up take
percent of Cs-137.On the other hand, at high activity content of Cs-137, the uptake of Co-
60 did not affected (Table (2)). This may be attributed to the competing effect of cobalt on
cesium and this again confirms the explanation previously given for the uptake data
percentage of each radionuclide separately .

Table (2): Effect of activity level content of Co-60 and Cs-137 in the aqueous
waste solution on the uptake values of the both radionuclids

Composition of waste solution

Co-60,%

100

25

50

75

Zero

Cs-137,%

Zero

75

50

25

100

Uptake percent, %

CO-60,%

97.6

95.77

98.3

98.2

Zero

Cs-137,%

Zero

48.2

36.7

29.7

63.9
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The ion-exchanger needs to maintain its high capacity and physical integrity at very wide range
of pH. The data represented in Fig. (2) show the effect of different pH values on the uptake
percentage of Co-60 and Cs-137 from the liquid waste simulate. It is clear from the figure that
increasing the pH values (i.e. increasing the hydrogen ion concentrations) accompanied by a
detectable reduction in the uptake percent values for both Co~60 and Cs-137 ( Fig. (2)). On the other
hand raising the pH values up to 12 results in clear reduction in Cs-137 uptake percent while the
Co-60 uptake percent value did not be affected (Fig (2)). The same trend was observed for similar
exchanger in previous work.(15) This could be explained on the basis, that at lower pH values the
carboxylic groups of the resin are mostly unionized , hence exhibit lower exchange capacity but at
high pH values the active carboxylic groups of the cation exchanger are ionized so it can easily
exchange with the ions in the solutions.^ The reduction in Cs-137 uptake at high pH value,
Fig. (2), may be attributed to the slightly high concentration of sodium ion [Na+] in the alkaline
solutions, which can compete cesium ions and hence influence the ion exchange selectivity for
Cs-137.(9)

—•—Cs-137 uptake

—B— Co-60 up take
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Fig.(2) : Effect of pH- values of waste solution on
Co-60 and Cs-137 up take percentage •

The thermal stability of the ion-exchange resins is an important characteristic that determining
the choice of certain resin for the processing of low and intermediate level liquid radioactive wastes.
To study the effect of temperature of the exchange process on the uptake percent values of Co-60 and
Cs-137 from liquid waste solution using carboxymethylate cross-linked pregelled starch resin,
samples of the resin and labeled liquid waste simulate (pH = 5.9) were shacked for 60 minutes, at
different exchange temperatures (up to 80 °C). It is clear from the data represented in Fig.(3) that
raising the shacking temperature affect negatively, on the uptake of Cs-137.A (10 %) reduction in the
uptake of Cs-137 was reached when raising the exchange temperature from 29 °C to 80 °C( Fig.(3)).
On the other hand the uptake percent of Co-60 seems to be unchanged. This may be attributed to
strong electrostatic interaction exist between Co2 +and the cation exchange resin compared with that
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exist between Cs+ and the resins, therefore raising the temperature may lead to the break down of the
weak electrostatic interaction between cesium ion and the exchanger.

CL
3

100

80

60

40

20

-Cs-137 up take

-Co-60 up take

20 40 60 80 100

Temperature ,

Fig. (3}:Effect of exchange temperature on the up take percent of
Co-60 and Cs-137

CONCLUSION

In conclusion carboxymethylated cross-linked pregelled starch cation exchange resins can be
used safely as an organic exchanger for the treatment of low and intermediate level liquid waste
streams containing Co—60 and Cs-137 that may originated from the applications of radioisotopes in
different fields of life. Based on the data obtained from batch wise ion-exchange experiments for
liquid waste simulate solution it was found that up to 97% of Co-60 and about 63% of Cs-137 was
removed under the experimental conditions stated.

REFERENCES

(1) Zahra Sabonuni; M.Sc. Atomic Energy organization Iran . (1995).

(2) K.H. Lin ; J. Envron. Sci. Health, 26 (3), 373, (1991).

(3) G.A. Rae; Proceedings of the International Topical Meeting on Nuclear and Hazardous Waste
Management Spectrum " 96"August 18-23 1996, Seattle, WA., 340, (1996).

(4) C.J. Bonzon; J. P. Brown; and P.H. Krumrine ; Proceedings of the International Topical
Meeting on Nuclear and Hazardous Waste Management Spectrum "96" August 18-23 1996,
Seattle, WA., 462,(1996).

(5) International Atomic Energy Agency ; Technical Document TECDOC-238 .Vienna (1981).

(6) International Atomic Energy Agency ; Technical Report Series , No. 254 , Vienna (1985).

479



(7) S. Persson ; SKI Technical Report 85 - 1 Swedish Nuclear Power Inspectorate (1985).

(8) D.E. Kurath , G.N.. Brown and D.L. Herting ; Proceedings of the International Topical Meeting on
Nuclear and Hazardous Waste Management Spectrum "96" August 18-23 1996, Seattle , W.,
222 (1996).

(9) R. Braun, T.J. Dangieri , D.J. Fennelly , L.A. Bray, G.N. Brown , N.E. Brown , J.E. Miller,
D.D. Lee, R.G. Anthony, C.V. Philip ,T.T. Borek , W.J. Connors , J.D. Sherman ,W.C. Schwerin
and, R.R. Willis ; Proceedings of the International Topical Meeting on Nuclear and Hazardous
Waste Management Spectrum" 96" , August 18-23 1996 , Seattle , WA., 204, (1996).

(10)M.I. Khali!, and S.Farag ; the 4th ARAB International Conference "Polymer Science and
Technology" ,Cairo , Egypt, Sept. (1997 ).

(ll)Chang-Wu-Chon ; Polymer International, V. 38 , No. 4, 319, Dec. (1995).

(12)K. Nakanichi and P.H. Soloman ; Infrared Absorption Spectroscopy, 2Medition ,Holden-Day-
Inc.(1977)

(13)V.Vesely and V. Pekarek; Talanta ,19,219,(1972).

(14) T. Siyam , I.M. El-Naggarand H.F. Aly ; Proceedings of the International Topical Meeting
on Nuclear and Hazardous Waste Management Spectrum "96 " August, 18-23 1996, Seattle ,
WA., 60,(1996).

(15) M.A. El-Absy, I.M. El- Naggar and H.F. Aly; Proceedings of the 5th Conference of Nuclear
Science and Applications , 1 6 - 2 0 Feb. 1992 , Cairo , Egypt. Vol. (2), 950 , (1992).

480


