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Abstract Copper hexacyanoferrate was imbued on pores

of synthetic zeolite and the formation of needle shaped

copper hexacyanoferrate microcrystals was confirmed by

XRD and SEM. Batch equilibrations showed that the sor-

bent has good affinity for Cs and Sr which was further

confirmed from column studies. It is established that a

substantial amount ([8000 bed volumes) of low level

waste contaminated with 137Cs and 90Sr can be treated in

fixed bed column. The sorbent, owing to its low cost,

simple preparation process and excellent 137Cs and 90Sr

removal performance, is expected to find wide spread

application in nuclear industry.
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Introduction

Large volumes of low level radioactive waste effluents

containing a very low amount of dissolved solids (few hun-

dred ppm) and traces (about 5–20 Bq/ml) of radioactivity are

generated from day to day operations of various plants in a

nuclear installation. These effluents are treated to concen-

trate radionuclides (mainly 137Cs and 90Sr) into a small

volume and the large volume of decontaminated effluents are

discharged to environment. According to IAEA guidelines

and activity limit prescribed by AERB India, effluents with

activity below 3.7 9 106 Bq/M3 qualify for discharge from

plant to environment [1]. Efforts are also being made to

reduce the activity release to as low as reasonably achievable

(ALARA), towards zero-discharge.

Treatment of the waste usually involves in situ precipi-

tation of transition metal hexacyanoferrate coupled with

barium sulphate/phosphate and ferric hydroxide for removal

of 137Cs, 90Sr and actinides [2, 3]. Ferric hydroxide precip-

itation serves twin objectives i.e., as a flocculating agent and

as a carrier for lanthanides and actinides. This precipitation

based process is not very effective for the treatment of very

low active (\15 Bq/mL) effluent. Ultra filtration in combi-

nation with chemical treatment improves decontamination

performance [4]. Reverse osmosis, an alternative option, has

been tested on pilot plant scale in India, resulting in a

decontaminated effluent (permeate) containing\1 Bq/mL

from 5–20 Bq/mL waste feed [5].

Ion exchange removal of 137Cs using transition metal (Cu,

Ni and Co) hexacyanoferrates (HCF) is widely investigated

[6–10]. These sorbents possess very high distribution coef-

ficient for 137Cs (*105 mL/g) [11]. However, direct appli-

cability of these sorbents in fixed bed column mode is

limited, because of their powdery consistency. Nevertheless,

the sorbent has been prepared in column usable form by

various techniques including in situ formation of the pre-

cipitates on porous materials like silica gel [12, 13], activated

charcoal [14], PU (polyurethane) foam [15, 16], synthetic

zeolite [17–20], ion exchange resins [21], etc. and in situ

polymerization like PAN [22]. PU-foam loaded Cu-hexa-

cyanoferrate (Cu-HCF) has been tested in India for the

treatment of low level waste [16]. Although loading of sor-

bent on PU-foam is more than 80% by weight, the volumi-

nous nature of foam limits waste processing throughput. At

the Loviisa NPS, Finland, a full scale system for industrial

scale removal of Cs was used with HCF exchanger and Cs

decontamination factor of[2000 was obtained [9]. In a
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recent work in authors’ laboratory, 137Cs removal by nano

sized crystals of cobalt hexacyanoferrate on anion exchange

resin support has been reported [21]. But the sorbent suffers

compatibility issues when spent resin immobilization in

cement is considered. In this respect, inorganic matrices are

the best choice and synthetic zeolite has attracted the most

attention. Impregnation of Ni- hexacyanoferrate on pores of

a chabazite type synthetic zeolite was reported by Mimura

et al. [17]. A similar study was carried out in author’s labo-

ratory using synthetic zeolite of 13X which has good affinity

for 137Cs [23]. In addition, crystalline silicotitanate is another

candidate for the said applications [24, 25]. However, its

application is limited perhaps due to difficulties in bulk

preparation and cost constraints.

Removal of 90Sr from low level waste streams has been

attempted using inorganic sorbents like hydrous titanium

oxide [26], monosodium titanates [27], sodium nonatitanates

[28], hydrous manganese oxide (HMO) [29], and synthetic

zeolite type 4A [18]. All these sorbents are obtained in

powder form. The Sr affinity of the powder was found to

reduce significantly when made into a composite and hence

its application in column mode has been limited. In India,

HMO loaded on PU-foam has been used successfully in

column mode [16]. Synthetic zeolite of type 4A has good

affinity for Sr and was used in column for treatment of about

6000 bed volumes of waste [30]. These results motivated us

to attempt incorporation of Cu-HCF into the pores of 4A

zeolite so that a single column can be used for simultaneous

removal of 137Cs and 90Sr from low level waste streams.

Present paper reports preparation and characterization of

Cu-HCF loaded on to the pores of synthetic zeolite of type

4A. It is conclusively established that a column of modified

synthetic zeolite is adequate for simultaneous removal of
137Cs and 90Sr from low level waste stream.

Experimental

Materials and methods

Zeolite 4A, a synthetic zeolite of type A, was locally pro-

cured in bead form (0.3–0.8 mm) and used as such. Solutions

of Copper sulphate, Potassium ferrocyanide, Sodium nitrate,

Cesium nitrate and Strontium nitrate, were prepared using

AR grade salts. The 137Cs used as tracer was separated from

alkaline intermediate level waste as CsNO3 in 0.5 M HNO3.

The 85?89Sr tracer as SrNO3 was obtained from Board of

Radiation and Isotope Technology (BRIT), Mumbai.

Preparation of sorbents

Preparation of Cu-HCF on zeolite 4A pores was done as

per the procedure by Mimura et al. [17]. In brief, the zeolite

beads were equilibrated with 0.5 M CuSO4 solution for

24 h including solution impregnation under reduced pres-

sure for about 15 min. The beads were then separated and

air dried. Later the Cu-loaded beads were impregnated with

0.5 M K4Fe(CN)6 solution under reduced pressure for

15 min and left standing overnight. Finally, the beads, after

water washing, were stored under water in a plastic bottle.

This is designated as conventional procedure and the pro-

duct obtained is tagged ‘4A-IC’.

A similar product, ‘4A-IM’ was synthesized after

changing the procedural steps and solution concentrations.

This process is designated as modified process. As com-

pared to conventional process, two major changes have

been made viz., (i) impregnation step is reversed and (ii) a

reduced concentration of CuSO4 is used. A thumbnail view

of the preparation process is presented in Fig. 1.

Characterization of sorbent

XRD study

Identification of crystalline phases in virgin zeolite and

their modified products was carried out using X-ray

diffraction studies. The X-ray diffractograms were recor-

ded on crushed powder samples employing Cu Ka (40 kV,

30 mAmp) radiation using a Siemens D-500 X-ray

diffractometer.

SEM analysis

The morphology of the precipitate loaded onto zeolite

beads was determined by SEM analysis using Philips XL-

30 ESEM, coupled with EDAX. All beads were cut and

cross section was analyzed after gold coating. The EDX

analysis of the precipitate was carried out to determine

elemental constituents.

Batch equilibration tests

Initial batch equilibration tests were carried out to assess

the Cs and Sr uptake performance of the pristine zeolite

and its two modified products. In all tests, a known amount

(0.1 g, air-dried) of sorbent was equilibrated with 10 mL of

test solution at ambient conditions in stoppered glass vial.

The test solution (pH 7–8) was prepared by addition of a

radiotracer (137Cs or 85?89Sr) in NaNO3 (5 g/L) solution.

pH was adjusted by addition of requisite amount of sodium

hydroxide, when required. Sodium nitrate was added

mainly to avoid uptake of radionuclides by the vials. No

inactive salt of Cs and Sr was added. The estimated Cs and

Sr concentration in the feed solution is about 0.001 and

0.5 ppm, respectively. The equilibration was done by

shaking for 6 h in a wrist action shaker followed by

894 J Radioanal Nucl Chem (2017) 311:893–902

123



overnight standing. After 24 h, the solution was filtered

through 0.45 micron paper and the concentration of the

radionuclides was measured radiometrically using a well-

type NaI (Tl) scintillation detector coupled to a single

channel analyzer and counter assembly. Based on the

measured initial and final concentration of the radioele-

ment, Batch distribution coefficient (Kd, mL/g) was cal-

culated as follows:

Kd ¼ Ci � Cf

Cf

� V

W

where Ci and Cf are the radioelement activity in solution

before and after equilibration (counts/min/mL), V is the

volume of equilibrating solution (mL) and W is the weight

of sorbent (g).

Batch test for kinetic studies was carried out employing

0.5 g sorbent and 50 mL of test solution (pH 7–8). The

solution was stirred magnetically. At periodic time inter-

vals 2 mL sample was withdrawn, filtered through 0.45

micron paper and analyzed. For Sr uptake studies, a test

solution containing 1 ppm Sr, 85Sr radiotracer and 5 g/L

NaNO3 was used. Similarly, test solution containing 1 ppm

Cs and 137Cs radiotracer in 5 g/L NaNO3 was used for Cs

uptake studies.

Column tests

All column experiments were conducted using a glass

column (I.D. = 1.0 cm) fitted with a PTFE stopcock and

sintered glass disc. A peristaltic pump (Watson–Marlow,

Model 532 U) was used for metering the solution. Each run

was conducted with a 10 mL fresh sorbent bed by loading

about 9.0 g of the sorbent. Sorbents employed include

pristine zeolite 4A, 4A-IC and 4A-IM. The feed solution

was passed through the column from bottom to top at the

flow rate of about 40 bed volumes per hour. Effluent

samples were collected periodically and analyzed

radiometrically.

The simulated waste solution (pH:8) used in column

studies was prepared in 25 L batches by addition of a

known volume of 137Cs and 85Sr in sodium nitrate (5 g/L)

solution. No inactive salt of Cs and Sr was added.

A column run was carried out with actual waste solution

(Table 1) collected from effluent treatment plant. It may be

noted that the major gross b activity is due to 137Cs and
90Sr. In addition, a trace amount of 106Ru was also found to

be present. The Total Dissolved Solids (TDS) is accounted

for by the presence of NaNO3.

Results and discussion

The synthetic Zeolite 4A has an extended three dimen-

sional network of [SiO4]4- and [AlO4]5- connected to each

other by oxygen atom. Typical oxide formula for the

zeolite can be represented as Na2O Al2O3 2SiO2 5H2O. It

has high aluminium content (Si/Al = 1) and possesses

maximum Na ion exchange capacity (*5 meq/g) [31].

Further geometric arrangements of the secondary building

units are such that small face sharing b-cages characteristic

of sodalite are linked through double 4-member rings.

Presence of Al (which holds negative charge), on the cor-

ners of 4-member rings facilitates strong affinity for diva-

lent atoms. Without compromising its affinity for Sr2?,

efforts were made to impart Cs affinity, making it suit-

able for simultaneous removal of Sr and Cs ions from low

level waste solution. This was done by incorporating Cu-

HCF onto macro pores of the zeolite as discussed below.

Two products viz, 4A-IC and 4A-IM were obtained after

impregnation of Cu-HCF by conventional and modified

procedure, respectively. Powder X-ray diffraction pattern

of the pristine zeolite (Fig. 2) indicates that the material is

highly crystalline. Further, peaks matched well with the

standard pattern of zeolite-A, ensuring the quality of the

starting zeolite. The XRD pattern of the product 4A-IM

shows the peaks of crystalline Cu-HCF (‘*’ marked peaks

in Fig. 2) and the peaks of the virgin zeolite (unmarked

Zeolite 4A
beads (50 g) 

Impregnation-1 
• soaking under reduced 

pressure for 15 min 
• shaking for 4 hours 
• standing overnight   

Air 
drying

0.5 M K4Fe(CN)6
(50 mL)

Impregnation-2
• soaking under reduced 

pressure for 15 min 
• shaking for 4 hours 
• standing overnight   

Product 
(Cu-HCF loaded 

on zeolite 4A) 

0.1M CuSO4
(50 mL)

DM water 
(for washing)

Fig. 1 Thumbnail view of the preparation of Copper hexacyanoferrate impregnated on synthetic zeolite of type 4A through modified procedure

Table 1 Composition of actual

low level waste used in column

tests

Component Concentration

pH 8.0

TDS 500 ppm

Gross b 18 Bq/mL
137Cs 7 Bq/mL
90Sr 4 Bq/mL
106Ru 1 Bq/mL
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peaks in Fig. 2) [32]. It shows that the Cu-HCF formed into

zeolite pores is crystalline in nature.

Figure 3 compares the XRD pattern of the two

impregnated zeolite products. The 4A-IC sample is poorly

crystalline and even the zeolite 4A reflexes are weaker.

This, in conjunction with the SEM results presented sub-

sequently indicates that Cu-HCF formed in conventional

procedure is less crystalline as compared to the product

obtained through the modified procedure. This may be

attributed to hindered precipitation between Cu2? and HCF

as part of Cu2? is bound through ion exchange reaction.

SEM micrographs of the beads (cross sectional view)

and their EDX profile is presented in Figs. 4, 5, and 6.

Figure 4 depicts the microstructure of zeolite 4A. The

microstructure consists of rounded, granular aggregates

typical of such zeolites. The packing of these aggregates in

turn results in the macropores that are targeted for Cu-HCF

loading.

Figure 5 represents the microstructure of 4A-IC. The

rounded granules visible in the microstructure of the pris-

tine zeolite are covered with copper HCF precipitate. This

is further confirmed from the EDX profile wherein strong

peaks of copper, potassium and Fe appeared. This in con-

junction with the XRD pattern for 4A-IC indicates Cu-HCF

crystallization is inhibited and the amorphous Cu-HCF is

coating the zeolite aggregates. The preparation route and

the presence of Cu in the structure have strong implications

for Sr uptake performance as will be described

subsequently.

Figure 6 shows the microstructure of 4A-IM in the

vicinity of a macropore. The granular structure of the

zeolite (similar to Fig. 4) is evident in the sample. In

addition, fine needle like crystals appears in the macro

pores of the zeolite. The inset of the Fig. 6 shows the finer

details of the needle like crystals, which are about 2 lm in

length and 100 nm in thickness. EDX profile of the crystals

confirmed that these are the crystals of copper HCF. This

observation (Fig. 6) is in excellent agreement with higher

sample crystallinity resulting from modified process, as

also evident in Fig. 3.

Table 2 shows the results of Cs and Sr uptake studies by

the zeolite samples. Excellent Cs removal performance was

obtained by both the Cu-HCF impregnated zeolites. On the

other hand, reduced Sr uptake by the impregnated product,

as compared to the pristine zeolite, was noted. Unlike the

results reported by Nakai et at [20], only a negligible

amount of Sr uptake was observed by 4A-IC. This reduced

Sr uptake was expected as some sites into which Sr2? could

be accommodated were already occupied by Cu2? used in

step-1 of impregnation process. In the modified method,

the macro pores of zeolite were filled with K4Fe(CN)6 and

when Cu2? solution was added in step-2, it was mostly

utilized for the formation of Cu-HCF. Therefore, the

resultant product did not sacrifice significant Sr uptake

performance.

In addition to high sorption performance, for practical

application, faster kinetics for both Cs and Sr uptake is

desirable. Thus it was of interest to study the rate of uptake,

particularly for Sr, as presence of Cu-HCF may slow down

the rate of diffusion. Figure 7 shows the variation in Cs

uptake by 4A-IM as a function of time. All Cs was

adsorbed quickly by Cu-HCF. Presence of Cu-HCF on the

outer periphery of the zeolite beads (as seen in SEM

micrograph) may have led to rapid Cs pickup. A similar

study for Sr uptake was also carried out and the results are

presented in Fig. 8. The Sr uptake by the pristine zeolite

was also carried out under similar conditions for compar-

ison. It can be seen that nature of Sr uptake by both the

Fig. 2 XRD patterns of the virgin zeolite (4A), copper hexacyano-

ferrate loaded on 4A via modified procedure (4A-IM) and copper

hexacyanoferrate powder (HCF). The peaks marked with asterisk are

the X-ray reflections of hexacyanoferrate

Fig. 3 XRD pattern of the impregnated zeolites prepared via

conventional procedure (4A-IC) and modified procedure (4A-IM)
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Fig. 4 SEM/EDX profile of the virgin zeolite (4A)

Fig. 5 SEM/EDX profile of the copper hexacyanoferrate loaded zeolite prepared through conventional procedure (4A-IC)

Fig. 6 SEM/EDX profile of the copper hexacyanoferrate loaded zeolite prepared via modified procedure (4A-IM), inset of SEM micrograph

shows a magnified view of the needle like crystals, EDX pattern was recorded by pointing the probe on the magnified needle
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zeolites are similar and it took only about 6 h to attain a

plateau corresponding to the equilibrium conditions. This

indicates that the rate of Sr uptake by 4A-IM remained

same even after incorporation of Cu-HCF.

The batch equilibration results presented above showed

that 4A-IM is superior for simultaneous removal of Cs and

Sr from low level waste. Further confirmation of the fact

was obtained by conducting a series of column tests and the

results are discussed below.

Figure 9 shows the results of column test carried out

with 4A-IC. The simulated waste containing 137Cs and
85?89Sr tracer in NaNO3 (5 g/L) solution was used as feed

for the column. As indicated in batch results, excellent Cs

removal performance was observed in column run also. No

breakthrough for Cs occurred till run termination during

which 4000 bed volumes of waste was passed. The column

did not show good Sr removal performance. About 10%

breakthrough of Sr was observed in the first sample and

thereafter Sr concentration in the effluent was found to

increase progressively. From the column results, it can

conclusively be stated that impregnation of Cu-HCF on 4A

through conventional method is not suitable for simulta-

neous removal of Cs and Sr from low level waste effluent.

Figure 10 shows the column performance of 4A-IM for

removal of Cs and Sr from simulated waste. Almost

complete removal of Cs and Sr occurred till 5000 bed

volumes of waste treatment, after which effluent Sr con-

centration increased slowly, but no Cs breakthrough

occurred till 9000 bed volumes of waste treatment. This

confirmed that concurrent removal of Cs and Sr from low

level waste effluent is more effective when Cu-HCF is

impregnated by modified process.

Figure 11 shows a comparative view of Sr removal by

the three sorbents (4A, 4A-IC and 4A-IM). The Sr removal

study by 4A was carried out with simulated waste as used

above except for the absence of 137Cs radiotracer. In line

with batch results, better Sr removal by 4A was observed.

Since the column run was carried out at the initial stages of

the study, it was continued only for about 5000 bed vol-

umes. About 5% breakthrough of Sr was observed in the

Table 2 Uptake of Cs and Sr by the pristine and Cu-HCF loaded

zeolite samples

Name Distribution coefficient (mL/g)

Cs Sr

4A 900 5800

4A-IC 24,000 50

4A-IM 25,000 1800

Fig. 7 Cs uptake by 4A-IM as a function of contact time

Fig. 8 Sr uptake by 4A and 4A-IM as a function of contact time

Fig. 9 Removal of Cs and Sr from simulated low level waste using

fixed bed column of Cu-HCF loaded zeolite 4A (4A-IC) synthesized

through conventional method, column volume: 10 mL, flow rate: 40

bed volumes/h
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last sample collected at run termination. Interestingly, Sr

removal performance by 4A-IM is comparable with 4A,

even though a wide difference in Kd values was obtained in

batch tests. The good column characteristic can be attrib-

uted to the high affinity for Sr, which remains unaffected

even in presence of Cu-HCF.

Good batch uptake of of 137Cs and 90Sr together by 4A-

IM, encouraged us to conduct a column run with actual low

level effluent. The feed solution (Table 1) used was actual

low level effluent collected from effluent treatment plant

and of reprocessing plant origin. The column results can

therefore be directly applied to assess its utility in treat-

ment of low level waste. Like earlier, the column run was

also carried out with 10 mL bed and feed was passed at the

flow rate of 40 bed volumes/hour. For easy evaluation, the

column results are presented in Fig. 12 in terms of the

effluent gross b activity. It is seen that an effluent con-

taining\3.7 Bq/mL of gross b activity was generated after

about 8000 bed volumes of waste. A typical gamma

spectrum of the column feed and effluent collected after

about 8000 bed volumes of waste treatment is shown in

Fig. 13. The detailed radiochemical analysis of some

samples revealed that this gross b activity is due to the

presence of 106Ru and 125Sb. The peaks for 125Sb were

barely visible in sample and it accounted about 0.4 Bq/mL

in beta activity. At this stage also, a negligible Cs leakage

from the column was seen. The 137Cs peak in gamma

spectrum is due to background. It may be noted that col-

umn performance of 4A-IM with actual waste is superior as

compared to simulated waste, possibly owing to the lower

concentrations of 137Cs and 90Sr in actual waste. If 106Ru

and 125Sb were not present, the column of 4A-IM could

have been used to treat large volumes. Nevertheless, a

throughput of 8000 bed volumes is much higher than any

process reported so far.

Based on the column results described above, it can

undoubtedly be stated that 4A-IM is a promising candidate

for the treatment of low level waste effluent contaminated

with traces of 137Cs and 90Sr. Feasibility of using the sorbent

for treatment of higher Cs and Sr contaminated effluent was

also examined. Two series of batch tests were carried out

utilizing test solutions containing varying concentration of

Cs and Sr. As seen earlier, all test solutions contained 5 g/L

of NaNO3. Results of the batch tests were presented in Fig. 14

as percentage removal in a single batch contact as a function

of initial concentration of the metal ion. The sorbent is quite

efficient for Cs and Sr removal even when high

Fig. 10 Column performance of 4A-IM (Cu-HCF impregnated 4A

zeolite by modified procedure) for removal of Cs and Sr from

simulated low level waste, column volume: 10 mL, flow rate: 40 bed

volumes/h

Fig. 11 Removal of Sr from simulated low level waste by column of

4A, 4A-IC and 4A-IM, column volume: 10 mL (each), flow rate: 40

bed volumes/h

Fig. 12 Decontamination of actual low level waste by column

performance of 4A-IM (Cu-HCF impregnated 4A zeolite by modified

procedure), column volume: 10 mL, flow rate: 40 bed volumes/h
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concentrations of the radionuclides are present. The Cs and

Sr removal efficiency of the sorbent remains same within the

concentration range of the metal ion studied. Though initial

concentration of Cs and Sr taken for equilibration was same

(0.3 mmol/L), the equilibration concentration of Cs and Sr

was found to be 8.8 9 10-4 mmol/L and 0.02 mmol/L,

respectively. Assuming specific activity of 137Cs and 90Sr in

waste is 30 and 70 Ci/g, this concentration corresponds to

3.5 mCi/L of 137Cs and 126 mCi/L of 90Sr respectively.

Since equilibrium concentration in batch test is considered as

the feed concentration for column studies, it can be stated

that the sorbent is also suitable for decontamination of

intermediate level waste solution that are generated in

nuclear industry.

When the above batch uptake data were plotted in

Fig. 15 against the equilibrium concentration of the metal

ion in log–log plot, a straight line was obtained both for Cs

and Sr uptake by 4A-IM. This linear relationship suggests

that Freundlich absorption isotherm holds good for both the

metal ions within the concentration range studied. The

Freundlich isotherm equation can be written as follows:

log q ¼ logK þ 1

n
log½M�eq

where q is the amount of the metal ion sorbed by the unit

weight of the sorbent in mmol/g, [M]eq is the equilibrium

concentration of the metal ion in mmol/L, K and n are

constants. From the intercept and slope of each of the

straight lines, log K and n were calculated and tabulated in

Table 3.

It can be seen that the value of ‘n’ is almost the same for

metal ions. This unit value of ‘n’ suggests monolayer

adsorption, even though the surface coverage as per Fre-

undlich equation is unlimited. The values of K can be

related to the exchange capacity of the sorbent. This result

can be used for calculating Cs and Sr exchange capacities

of the sorbent under dynamic conditions. Using Freundlich

equation, the Cs and Sr exchange capacity of the sorbent, in

equilibrium with 8.8 9 10-4 mmol/L Cs and 0.02 mmol/L

Sr, was calculated and the values were found to be

0.03 mmol/g both for Cs and Sr. The corresponding col-

umn loading is about 120 Ci of 137Cs and 190 Ci of 90Sr

per litre of the sorbent.

Fig. 13 A typical gamma spectrum of the column feed and a column

effluent sample collected after about 8000 bed volumes of waste

treatment

Fig. 14 Uptake of Cs and Sr by 4A-IM as a function of initial

concentration of the metal ion

Fig. 15 Log–log plot of Cs and Sr uptake by 4A-IM as a function of

initial concentration of the metal ion concentration

Table 3 Freundlich constant

for Cs and Sr absorption by 4A-

IM

Radioelement Log K n

Cs 1.661 0.958

Sr 0.249 1.043
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Conclusions

A simple process has been evaluated for impregnation of

Copper hexacyanoferrate on pores of synthetic zeolite 4A.

This impregnated sorbent has good affinity for both Cs

and Sr ions. The Cs and Sr sorption by the sorbent fol-

lows Freundlich adsorption isotherm. In fixed bed column

mode, the sorbent can remove both 137Cs and 90Sr

simultaneously from low level liquid waste effluents

generated in nuclear industry. The sorbent is particularly

useful for reduction of gross b activity from low level

waste to below specified limits prescribed by regulatory

authority (\3.7 Bq/mL) before environmental discharge.

It is established that more than 8000 bed volumes of low

level waste contaminated with 137Cs and 90Sr can be

treated by the sorbent bed at flow rate of 40 bed volumes

per hour. Adoption of the process will not only reduce

environmental discharges, but also be a cost effective

solution for the management of low level waste generated

by the nuclear industry.
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work.
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