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PRELIMINARY LABORATORY INVESTIGATION FOR 
THE REMOVAL OF RADIOACTIVE CESIUM FROM PUREX AQUEOUS WASTE SOLUTIONS 

INTRODUCTION 

. - 
The work r epo r t ed  i n  t h i s  document i s  t he  r e s u l t  o f  some p r e l i m i n a r y  work 

i n v e s t i g a t i n g  t h e  f e a s i b i l i t y  -- . o f  removing cesium .- f rom . Purex..current a c i d  waste 

(CAW) by i on  exchange. 
. . 
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For-  severa l  Years r a d i o a c t i v e  cesium has been removed from s to red  a l k a l  ine 
wastes. as p a r t  o f  Hanford 's  Waste Treatment program. The f lowsheets  are 

based on i o n  exchange techniques. A z e o l i t e  made by L inde Company, AW-500, 

was used f o r  s to red  Purex wastes. (ly2) An organic  i o n  exchanger, ARC-359, 

made by Diamond Shamrock Company, was used f o r  t he  s to red  Redox wastes which 

have a h igher  a l k a l i n i t y .  ( l Y 3 , 4 ) )  

. - 

. . . -  . Current  wastes, generated by t he  Purex p l a n t  were t r e a t e d  w-i th phospho- 

. - t u n g s t i c  ac id  (PTA) t o  p r e c i p i t a t e  cesium p r i o r  t o  t h e  s t r on t i um  so l ven t  

e x t r a c t i o n  step. ( I y 5 )  The PTA p r e c i p i t a t i o n  s tep  was no t  e n t i r e l y  

s a t i s f a c t o r y  because t h e  cesium losses were excessive, t he  chemicals were 

expensive, and t h e  chemicals cou ld  n o t  be recovered f o r  reuse. Therefore,  

research was s t a r t e d  t o  f i n d  a more des i r ab le  process t o  remove cesium f rom 

CAW p r i o r  t o  Purex s ta r t up .  



In 1964, Nelson, Alkire and Mercer proposed a flowsheet using the naturally 
occurring zeol i te ,  c l inop t i lo l i t e ,  for  removing cesium from Purex current acid 
waste . (6) The process was not f u l l y  developed a t  the time because prior- 
i t i  es were p u t  on processing. the very 1 arge volume of stored alkaline wastes. 
The PTA precipitation process did not seriously interfere  with processing the 

alkaline wastes.. Now that  most of the alkaline waste has been processed, 
equipment would be available for  processing acidic wastes through ion 
exchange. Ion exchange has several advantages over the PTA precipitation 
process. These include lower cost,  lower cesium losses, reusabi l i ty  of the 
i o n  exchanger and the use of existing processing equipment. 

SUMMARY 

The laboratory work reported i n  t h i s  paper showed that  cesium can be removed 
from current acid waste (CAW) by f i r s t  removing strontium and rare  earth by 
solvent extration then passing the resulting 1AW solution through an ion 
exchange column containing a zeol i te .  The method for  removing strontium and 
rare  earth by solvent extraction i s  well documented and i s  not discussed 
here. Zeolon-900, a synthet ic  zeol i te  made by  ort ton Company, had the 
highest a f f in i ty  for  cesium of the ion exchangers tested. .Maximum cesium 
absorption occurred between pH 4.0 and pH 8.5. 

The absorption of cesium from CAW or 1AF was lower than that  observed with . 

1AW. IAF i s  B Plant solvent extraction feed made from CAW. 1AW i s  waste 
raff i nate from sol vent extract i  on .. 

Laboratory ion exchange column runs showed f ive  percent cesium breakthrough 
4 occurred a t  92 column volumes. Decontamination factors  of 1.17 x 10 and 

3 2.92 x 10 were found for  aluminum and iron, respectively, during a lab- 
oratory column run. Sodium decontamination factors  were not measured for  
these runs; however, Nelson, Alkaire and Mercer found the decontamination of 

4 (6) sodium from cesium druing the processing of acid wastes was 1 x 10 . 



CONCLUSIONS 

Laboratory data indicate that a flowsheet can be devised to remove cesium from 

current Purex acid waste. The data show that lAW, produced by the solvent 
extraction of strontium from CAW, can be'routed directly to an ion exchange 

column for cesium removal without any intermediate treatment. 

EXPERIMENTAL 

Four ion exchangers were chosen for'testing in the ion exchange experiments: 

(1) AW-500, a zeolite from Linde Division of Union Carbide Corporation, 

(2) Decalso from Ionac (emperical formu1 a Na20 A1(O'H)3 XH~O), 

(3) ' Duolite ARC-359, a phenolic ion exchange resin from Diamond Shamrock, 

(4) Zeolon-900, a synthetic zeol i te from Norton. 

All solutions used for these sthdies were synthetic solutions whose 

compositions were based on chemical analysis of actual radioactive waste 
materials combined. with flowsheet compositions. Table I shows the 
constitution of the three synthetic solutions examined. Because cesium 
sel,ect.ivity is dependent (among other things) on pH, it was treated as a 

variable in the solutions investigated. 

Select-iviLy and. absorbabilfty of cesium by the ion exchangers was tested by 
batch contacts. Although batch contact studies do not provide as much 

information as column runs, the. information can be used to quickly screen the 
candidate materials and conditions. 

Batch contact runs were made by weigh":ing 0.50 grams of ion exchanger in a 

small vial, addilly five mil 1 i l  iters o f  synthetic waste solution, and gently 
agitating the vial for 20 to 22 minutes. The resulting solutions was decanted 



and analyzed by atomic absorption techniques. Since the contact time was the 

same i n  each case, the amount of Cs adsorbed by the resin could be measured by 
the following equation: 

- KO - C )  v 
'(d - g c .  (1) 

Where Kd = Distribution constant of Cs on the ion exchange. 

C0 = Concentration of Cs in feed solution 
. . (before contact w i t h  ion exchanger). 

C = Concentration of Cs in product 
(After contact with ion exchanger). 

V = ,Volume of solution used 
( i n  th.is case 5.0 ml). 

g = Gramsof zeo l i t eused  ( i n t h i s c a s e 0 . 5 g ) .  

High K d  values indicate that  a large amount of Cs has exchanged for  the 
cation of the ion exchanger. 

The compositions of the three synthetic solutions,used for  t h i s  study are  

shown in Table I .  Current acid waste (CAW) i s  the acidic waste from the Purex 
process a f te r  i t  has been par t ia l ly  denitrated with sugar. 1AF i s  feed 

solution to  the B Plant solvent extraction process. I t  i s  CAW which has been 
diluted s l ight ly  by the addition of c i t r i c  acid as a chelating agent and 
neutralizing t o  a pH of 4.620.2 w i t h  sodium carbonate. IAW i s  the waste 
ra f f ina te  from the B Plant solvent extraction process. This solution i s  

similar to  1AF b u t  does not contain strontium and rare  earths. I t  also 
contains some hydroxyacetic acid, a buffering agent used in the solvent 

extraction scrub solution. 



TABLE I '  

CHEMICAL COMPOSITION OF SYNTHETIC SOLUTIONS 

~ 1 + 3  
+ 2 

Ca 

C s+ 
F e'3 
M'J+~ 

N a+ 
Rare ~ a r t h s + 3  

~ r + 2  
H + 

CAW 

0.20M - 
0.002M - 
0.002M - 
0.20M - 
0.002M - 
0.70M - 
0.005M - 
0.002M - 
1.00M - 

IAF 

. 0.13M - 
0.0013M - 
0.0013M - 
0.13M - 
0.0013M - 
2.39M - 
0.003M - 
0.0013M - 

pH 4.6 

IAW 

O . l l M  - 
0.0005M - 
0.0011M - 
O . l l M  - 
0.0005M - 
2.OM - 
0.0025M - 

t r a ce  

Since cesium removal from a lka l ine  waste has proved e f fec t ive ,  i t  was decided 

t o  t r y  pH adjustment.in the  basic range f o r  comparison with ac id ic  con- 

d i t ions .  Adjustment of the  solution pH was made ussing sodium hydroxide. A 

reddish-brown prec ip i t a te ,  presumably Fe(OH)3, resu l t ed  in each case 

addition of t he  NaOH. To e l imina te  so l ids  the  solut ions  was centrifuged. 

Supernatant l iquid  was decanted off  and contacted with the  ion exchangers. 

For ac id ic  IAN solut ions ,  i t  was decided t o  t r y  pH between 4 and 5 s ince  the  
, - pH of IAW in the plant  process i s  4.5. 

Cesium was analyzed by atomic absorption and the  d i s t r ibu t ion  constants ( K d )  

were ca lcula ted.  The K d l s  are shown in Table 11. 
4 



TABLE I 1  

CESIUivl K d  FOR SYNTHETIC 1AW SOLUTIONS 

A1 k a l  i n i  t y  Exchanger 
o r  A c i d i t y  Form AW-500 

d 
Decal so 

Kd 
ARC-359 

Kd 
Zeolon-900 

1.6M OH- 
1.2Fi OH- 
0.777 OH- 
0.2n OH- 

pH 8.5- 
pH 5.0 
pH 4.5 
pH 4.0 

Note, very  favorab le  d i s t r i b u t i o n  c o e f f i c i e n t s  were found i n  t h e  pH range i n  

which 1AW and 1AF f a l l .  Zeolon-900 absorbs cesium b e t t e r  than AW-500 which 

abosrbs cesium b e t t e r  than Decalso. 

An o p t i o n  considered was t o  remove cesium p r i o r  t o  removing st ront , ium by 

so l ven t  e x t r a c t i o n .  I f  t h i s  op t ionwere  used, would cesium absorb b e t t e r  f rom 
m i l d l y  a c i d i c  IAF con ta in ing  complexants, o r  s t rong  1, a c i d i c  CAW which does 

n o t  con ta in  complexants. 

Cesium Kd f o r  1AF s o l u t i o n s  were determined and are shown i n  Table 111. 
However, as s t ron t i um may be adsorbed by t h e  i o n  exchangers, i t  was necessary 
t o  determine s t r o n t i  um Kd a lso.  . 

TABLE I11 

CESIUM Kd AND STRONTIUM Kd FOR SYNTHETIC ~ A F  SOLUTIONS 

Decal so 4.0 43.2 1.9 
4.5 45.9 1.5 
5 .O 43.2 1.5 

Zeo 1 on-900 4.0 93.6 1.1 
4.5 83.7 1.1 
5 .O 85.4 1.1 



The above r e s u l t s  show s l i g h t l y  lower cesium Kd ls  w i t h  ~ A F  than those 

observed w i t h  1AW. The data a l so  show t h a t  some s t ron t i um i s  absorbed. 

The d i s t r i b u t i o n  o f  cesium and s t ron t i um f rom CAW.was measured a t  hydrogen i o n  

concent ra t ions  h igher  and lower than. t h e  f lowsheet  va lue o f  1M. - Resu l ts  are 

shown i n  Table I V .  

TABLE I V  

CESIUM Kd AND STRONTIUM Kd FOR SYNTHETIC CAW SOLUTIONS 

Decal so 

, . 

. . The da ta  i n  Tables I11 and S V  show t h a t  t h e  s t r o n g l y  a c i d i c  CAW s o l u t i o n  
. . 

suppresses t h e  absorpt ion of cesium,'  b u t  seems t o  improve the. absorp t ion  o f  
s t ront ium..  

The preceeding t e s t s  were made w i t h  t h e  i o n  exchangers i'n t h e  H+ form. 

Tests were made t o  f i n d  i f  the re  was any d i f f e r e n c e  i n  cesium s e l e c t i v e t y  

between i o n  exchangers i n  t h e  H+ form o r  i n  t h e  ~ a +  form i o n  exchangers. 

The t e s t s  were conducted us ing  CAW s o l u t i o n  and two z e o l i t e s ,  AW-500 and 

Zeolon-900. The da ta  i s  shown i n  Table V. 



TABLE V 

'OMPARING Kd ON SODIUM FORM ZEOLITE 
TO HYDROGEN FORM ZEOLITE 

H + Form - Form - Form - Form - 

Zeol on-900 pH .0.4 42.8 49.4 7.9 7.9 
1.95M - 29.4 29.1 9.0 9.3 

The above data indicate that it does not make much difference whether the 
zeolite is in the hydrogen form or in the sodium form prior to the loading 

. . 
cycle. 

Batch distribution data indicates the best conditions for removing cesium from 

CAW would be to use 1AW solution with Zeo.1on-900. Column studies were made 

using.Zeolon-900 and 1AW at pH 1.0, 4.5, and 7.0. The ion exchange column 

used was 1.9 ~enti~eters in diameter, 1 7  centimeters high, filled with 20 

milliliters of wet, settled Zeolon-900. Solution was pumped downflow through 

the ion exchange bed by a Fluid Metering, Inc. laboratory pump at a rate of 

one co.lurnn volumes per hour. . Effluents from the column were collected in 

20 milliliter fractions by a Camag Varicol fraction collector. Each fraction 
represented one column volume. 

The column runs consisted of five steps: (1) loading, (2) washing out 

interstitial feed solution with water, (3) scrubbing co-absorbed sodium from 
the column, (4) eluting cesium from the column, and (5) rggenerating the ion 

exchanger to the sodium or hydrogen form. 

In the first run, 50 column volumes of 1AW were passed downflow through the 

column. The column was then washed with three column volumes of water to 
remove interstitial feed solution. Sodium was scrubbed from the column with 

11 column volumes of 0-15E ( N H ~ ) ~ C ~ ~  Cesium was eluted from the column 



with 11 column volumes of 3M - ( ~ i l ~ ) ~ C 0 ' ~  - 2M N H a O H .  Analysis of the column 
effluents are shown in Table VI. 

The data show that  cesium breakthrough had not occurred during the loading 
cycle. In the processing plant the cesium ion exchange column i s  usually 

. . 
loaded to about f ive percent breakthrough.. The data also show that  we eluted 
less than 20 percent of the cesium loaded on the column. 

Following elution the column was water washed with four column volumes of 

water and regenerated by passing two column volumes of 6M - NaNO through the 3 
column. 

The second run consisted of loading 62 column volumes of 1AW adjusted to  

p H  1.0 onto the column. After lozding the column was washed with four column 
volumes of water, and sodium ivas scrubbed from the column with 11 column 

volumes of 0.15M - ( N H ~ ) ~ C O ~ .  The column was eluted with 24 column volumes of 
3M - ( N H ~ ) ~ C O ~ - Z M  - NH40H. cesium analyies of the eff luents  are shown i n   able 
VII. 

The data indicate that  cesium breakthrough had not occurred even af te r  loading 

on 62 column volumes. The amount of cesium los t  during loading was about 0.1 
percent. Around 0.5 percent of the cesium was l o s t  during the water wash and . 

another 0.2 percent was los t  during the scrub step. The elution step removed 

96 percent of the cesium from the column. A plot of the percent cesium 
remaining on the ion exchange column during the elution cycle i s  shown i n  

Figure 1. 



TABLE V I  

CONCENTRATION OF CESIUM I N  1AW pH 4.5 EFFLUENTS 

1AW Feed 82.0 'ppm Cs 

Column Volumes 

1 

20 

2 5 

30 

3 5 

40 

4 5 

50 

Water' wash compos i t e  

Scrub composite 

E l u t e  1 

3 

5 

7 

9 

11 
E l u t e  composite 

C, ppm Cs 

0.00 

0.04 

0.06 

0.06 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.05 

0.04 

0.02 

0.02 

0.08 

5.17 

63.55 

331.80 

52.89 



TABLE V I I  

CONCENTRATIONS OF Cs IN'lAW pH 1.0 EFFLUENTS 

1AW Feed 128.57 ppm Cs 

Column Volumes 

1 
5 
10 
15 
20 
.25 
30 
35 
40 
4 5 
50 . 

5 5 
60 
62 

Water wash composite 
Scrub 1 

3 
5 
7 
9 
11 

Scrub composite 
Elute 1 

3 
5 
7 
9 
11 
13 
15. 

23 
E.1 ute composite 

C, ppm Cs 



13 RHO-CD-456 

Decontamination f a c t o r s  f o r  aluminum and i r o n  were determined by measuring t h e  

concent ra t ion  o f  i r o n  and aluminum i n  both the  feed s o l u t i o n  and i n  the  com- 

pos i ted  e l u t e d  product.  Decontamination fac to rs  were ca l cu la ted  by d i v i d i n g  

the  concent ra t ion  o f  contaminate per  u n i t  o f  cesium (grams per gram) i n  the  , 

feed so. lu t ion by the concent ra t ion  o f  contaminate per u n i t  o f  cesium (grams 

per gram) i n  the  product  so lu t i on .  The r e s u l t s  are shown i n  Table ~1.11. 

TABLE V I I I  

IRON AND ALUMINUM DECONTAMINATION FACTORS 

Feed Product 

g/g CS 919 C S  D F 

A f t e r  recond i t i on ing  the  co-lumn w i t h  water and 6M - NaNOj, the  t h i r d  run  

.was made by 1 oadi ng 92 co 1 umn vo 1 umes of 1AW a t  pH' 7 onto the  co 1 umn. The 

1 oaded column was. washed w i t h  f o u r  column volumes o f .  water, scrubbed l i ~ i  t h  

17 column volumes o f  0.15M - (NH4)iC03 and e l u t e d  w i t h  25 column volumes 

o f  3M ( N H ~ ~ ) ~ C O ~  - 2M - NH40H. Cesium analyses o f  t he  e f f l u e n t s  are shown 

i n  Table. I X ,  The r a t i o  o f  the cesium concent ra t ion  i n  the  column e f f l u -  

ents (C) t o  $he cesium concent ra t ion  i n  t h e  feed (Co) i s  shown p l o t t e d  i n  

F igu re  2 .  - 
. - 

P l o t t i n g  the  cesium breakthrough curve of Run 3 on p r o b a b i l i t y  paper as was 

done i n  F igure  3, one can see t h a t  f i v e  percent  breakthrough w i l l  occur a t  
92 column volumes. . 



CONCENTRATION OF Cs I N  1AW. pH 7.0 EFFLUENTS 

1AW Feed 132.63 ppm Cs 

Co 1 umn 
Vo 1 umes 

Loading 1 
5 

E f f l u e n t s  
C, ppm Cs 

0.08 
0.17 
0.21 
0.20 
0.17 
0.21 
0.19 
0.20 
0.19 
0.19 
0.18 
0.18 
0.. 19 
0.22 
0.28 
0.48 
0.63 
0.83 
0 .'99 
1.17 
.1.39 
1.63 
2.05 
2.65 
3.08 
3.46 
4.11 

. 4.50 
' -  4.80 

Column Volumes 
Water wash comoosite 
Scrubbi ng i 

2 

Scrub composi t e  
E l u t i n g  1 

13 
15 
17 
19 
21 
2 3 
25 

E lu te  compos:ite 

E f f  1 uents 
C, ppm Cs 

9.00 
7.08 
1.53 
0.46 
0.41 
0.50 
0.50 
0.51 
2.16 
2.38 
2.51 
1.47 
2.60 , 

8.51 
49.50 

468.33 
1005.00 
1227.06 
1162.90 
904.50 
627.12 
414.10 
251.10 
138.72 
76.50 
37.72 

474.70 

14 

TABLE I X  
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FIGURE 1- 

PERCENT CESIUf4 REMAINING ON ZEOLON-900 
ION  EXCHANGE COLUMN DURING ELUTION, RUN 2 
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FIGURE 2 

CESIUM C/C, OF I O N  EXCHANGE COLUMN EFFLUENTS 
RUN 3 






