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R E C O V E R Y  O F  CESIUM F R O M  P U R E X  ALKALINE WASTE WITH A SYNTHETIC ZEOLITE 

L .  A .  Bray  

INTRODUCTION 

The r ecove ry  of  cesium from Purex  

F r o c e s s  a l k a l i n e  was t e s  u s i n g  an 

i n o r g a n i c  exchange r e s i n  (DECALS0 @) 

has  been  s t u d i e d .  The r e s u l t s  o f  

l a b o r a t o r y  s t u d i e s  u s i n g  s y n t h e t i c  

was t e s  and h o t  c e l l  s t u d i e s  u s i n g  

f u l l  l e v e l  was t e s  a r e  d e s c r i b e d  i n  

t h i s  r e p o r t .  

F i s s i o n  p r o d u c t  was t e s  from t h e  

Purex  S e p a r a t i o n s  F a c i l i t y  a t  Hanford 

a r e  c o n c e n t r a t e d ,  t r e a t e d  w i t h  e x c e s s  

c a u s t i c ,  and s t o r e d  i n  underground 

mi ld  s t e e l  t a n k s .  Most o f  t h e  f i s -  

s i o n  p r o d u c t s  p r e c i p i t a t e  and drop  

t o  t h e  bot tom o f  t h e  t a n k s  l e a v i n g  

ces ium and sodium i n  s o l u t i o n .  The 

r a d i o i s o t o p e  1 3 7 ~ s ,  found i n  t h i s  s o -  

l u t i o n ,  i s  a  gamma e m i t t e r  (0 .66  MeV) 

w i t h  a  h a l f  l i f e  o f  about  30 y e a r s .  

Recovery of  1 3 7 ~ s  from t h e s e  w a s t e s ,  

t o  p rov ide  gamma-ray s o u r c e s  f o r  

t e l e t h e r a p y ,  r a d i o g r a p h y ,  and i r r a d i -  

a t i o n  u n i t s ,  e t c . ,  ha s  been c o n t i n u -  

i n g  s i n c e  1961 .  The r ecove ry  i s  made 

p o s s i b l e  by p a s s i n g  t h e  a l k a l i n e  s u -  

p e r n a t e  d i r e c t l y  th rough a  bed of  

a l u m i n o s i l i c a t e  g e l  i o n  exchange ma- 

t e r i a l  (DECALSO) . The cesium i s  t h e n  

sh ipped  by r a i l  t o  Oak Ridge N a t i o n a l  

Labo ra to ry  f o r  e l u t i o n ,  f u r t h e r  p u r i -  

f i c a t i o n ,  and e n c a p s u l a t i o n .  Approx- 

i m a t e l y  3  M C i  o f  1 3 7 ~ s  have been 

sh ipped  on DECALS0 t o  ORNL d u r i n g  

t h e  l a s t  seven  y e a r s .  

o f  a  scheme proposed  by Oak Ridge f o r  

t h e  s a f e  shipment  o f  1 3 7 ~ s  i n  an  O R N L  

s h i e l d e d  t r a n s f e r  t a n k  (STT, Model 11)  

f i l l e d  w i t h  DECALSO. Th i s  f i r s t  h o t  

exper iment  was d e s i g n e d  t o  s i m u l a t e  t h e  

proposed  l o a d i n g  and e l u t i o n  c y c l e s .  

A s m a l l  volume o f  r e s i n  was t r e a t e d  

w i t h  s u c c e s s i v e  volumes o f  f u l l -  l e v e l  

t a n k  103-C s u p e r n a t e .  

The s u p e r n a t e  c o n t a i n e d  s8M Na' and - 
16 C i  1 3 7 ~ s  p e r  l i t e r  of s o l u t i o n .  

A t  t h e  comple t ion  o f  t h e  l o a d i n g  c y -  

c l e ,  t h e  abso rben t  was w a t e r  washed 

and e l u t e d  w i t h  s u c c e s s i v e  volumes 

of  10M - NH4N03. DECALS0 was l oaded  

t o  o v e r  80 C i  1 3 7 ~ s  p e r  g a l l o n  o f  

r e s i n  a t  50% b reak th rough ,  and ove r  

95% o f  t h e  cesium was e l u t e d  from 

t h e  r e s i n  i n  4  bed volumes o f  NH4N03. 

S i n c e  t h e  STT cask  h e l d  400 g a l  of 

r e s i n ,  i t  was p r e d i c t e d  t h a t  32,000 

C i  1 3 7 ~ s  cou ld  be sh ipped .  

Cesium Load-Out and Recoverv Fa-  

c i l i t i e s  - The F i s s i o n  P roduc t  Recov- 

e r y  Program was i n i t i a t e d  a t  Hanford 

i n  August o f  1960 t o  r e c o v e r  1 3 7 ~ s .  

Cesium was f i r s t  r e cove red  a t  Purex  

Head-End f o r  r a i l  shipment  t o  O R N L .  

A cesium l o a d - o u t  f a c i l i t y  was con -  

s t r u c t e d  a t  "C" t a n k  fa rm t o  a l l o w  

ces ium r e c o v e r y  t o  p roceed  i ndepen -  

d e n t l y  of  t h e  Purex  o p e r a t i o n .  

P rev ious  Labo ra to rv  I n v e s t i e a t i o n s  - 

In  1961 ,  L .  L .  Ames, J r . ,  and J .  L .  
I n i t i a l  Labo ra to ry  I n v e s t i g a t i o n  - 

Nelson r e p o r t e d  t h e i r  f i n d i n g s  f o r  
I n  May o f  1960,  a  b r i e f  s t u d y ,  com- 

( 1 , 2 )  
compara t ive  cesium l o a d i n g s  on 

p l e t e d  by Bray and Van Tuy l ,  
DECALSO, 1.inde 4A, and c l i n o p t i l o l i t e  

was aimed a t  t e s t i n g  t h e  f e a s i b i l i t y  



c o l u m n s .  ( 3 9 4 )  Work on t h e  r e c o v e r y  

o f  c e s i u m  by p r e c i p i t a t i o n  methods  

was a imed a t  r e d u c i n g  t h e  sodium t o  

c e s i u m  mole r a t i o  p r i o r  t o  l o a d i n g  

o n t o  DECALSO. ( 5 )  L a b o r a t o r y  work 

w i t h  DECALS0,(6) a  d e s c r i p t i o n  o f  t h e  

SST l o a d i n g  c a s k ,  and  t h e  p u r i f i c a -  

t i o n  o f  1 3 7 ~ s  by t h e  a lum p r o c e s s  ( 7 )  

were  r e p o r t e d  i n  1 9 6 5 - 6 6 .  

The i n i t i a l  work i n  o u r  l a b o r a t o r y  

was c o m p l e t e d  i n  1 9 6 0 .  Chang ing  f e e d  

c o m p o s i t i o n s  h a s  r e q u i r e d  c o n t i n u e d  

s u p p o r t .  The p r i n c i p a l  o b j e c t i v e s  

o f  t h i s  e x t e n d e d  work w e r e :  

To i n c r e a s e  c e s i u m  l o a d i n g  

To s t u d y  f e e d s  c o n t a i n i n g  a luminum 

To c h a r a c t e r i z e  t h e  l o a d i n g  b e -  

h a v i o r  o f  c e s i u m  f rom v a r i o u s  

t a n k s .  

S U M M A R Y  

The f i n d i n g s  c o n c e r n i n g  t h e  v a r i -  

a b l e s  t h a t  a f f e c t  t h e  l o a d i n g  c h a r -  

a c t e r i s t i c s  o f  DECALS0 a r e  summar ized .  

F i v e  v a r i a b l e s  were  c o n s i d e r e d :  

Sodium t o  c e s i u m  mole  r a t i o  

pH 
T e m p e r a t u r e  

F l o w - r a t e  o f  t h e  i n f l u e n t  s o l u t i o n  

R e s i n  p r e t r e a t m e n t .  

The l o a d i n g  o f  c e s i u m  was d e p e n -  

d e n t  o n  t h e  sod ium t o  c e s i u m  mole  

r a t i o .  L o a d i n g s  o f  200 g  o f  c e s i u m  

p e r  l i t e r  o f  e x c h a n g e r  w e r e  o b t a i n e d  

i n  t h e  a b s e n c e  o f  s o d i u m ,  w h i l e  l o a d -  

i n g s  w e r e  o n l y  0 .8  g / l i t e r  a t  a  mole  

r a t i o  o f  1 0 , 0 0 0 .  

The P u r e x  a l k a l i n e  s u p e r n a t e  c o n -  

t a i n s  a  sod ium t o  c e s i u m  mole  r a t i o  

o f  a p p r o x i m a t e l y  1 0 , 0 0 0 .  A t  t h e s e  

l e v e l s  i t  was f o u n d  t h a t  t h e  t e m p e r a -  

t u r e  o f  t h e  i n f l u e n t  s o l u t i o n  r e p -  

r e s e n t e d  a  m a j o r  v a r i a b l e .  A d e c r e a s e  

i n  t e m p e r a t u r e  f rom 50 O C  t o  25 O C  

i n c r e a s e d  t h e  l o a d i n g  by 7 0 % ,  and  a  

d e c r e a s e  f rom 50 O C  t o  6  O C  i n c r e a s e d  

t h e  l o a d i n g  by 1 9 0 % .  T h e r e f o r e  c o o l -  

i n g  c a p a c i t y  i s  e s s e n t i a l  f o r  a n  

e f f i c i e n t  l a r g e - s c a l e  c e s i u m  r e c o v e r y  

f a c i l i t y .  

The pH o f  t h e  a l k a l i n e  s u p e r n a t e  

w a s t e  a l s o  a f f e c t s  t h e  l o a d i n g  o f  

c e s i u m .  A pH i n c r e a s e  f rom 1 0 . 8  t o  

1 2 ,  1 2 . 5 ,  o r  1 3  d e c r e a s e d  t h e  c e s i u m  

l o a d i n g  by 8 . 5 ,  27 o r  4 2 % ,  r e s p e c -  

t i v e l y .  Below a  pH o f  1 2 ,  t h e  l o s s  

o f  l o a d i n g  was s l i g h t ,  b u t  above  i t  

t h e  change  i n  c e s i u m  l o a d i n g  was 

s i g n i f i c a n t  . 
The c e s i u m  l o a d i n g  on t h e  Na+- fo rm 

"as  r e c e i v e d "  r e s i n  was compared w i t h  

r e s i n  t r e a t e d  w i t h  1 M  - NaOH, NaN03 o r  

N H  NO f o r  a  p e r i o d  o f  24 h o u r s .  The 4  3  
c e s i u m  r e t a i n e d  v a r i e d  f rom 97% f o r  

NaOH, 1 2 2 %  f o r  NaN03, t o  1 3 0 %  f o r  

NH4N03. 

Four  P u r e x  w a s t e  t a n k s  were  sam- 

p l e d ,  and t h e  c o m p o s i t i o n  o f  e a c h  

a l k a l i n e  s u p e r n a t e  was d e t e r m i n e d .  

The c o m p o s i t i o n  v a r i e d  i n  sod ium t o  

c e s i u m  mole  r a t i o ,  pH, a n d  a luminum 

c o n c e n t r a t i o n .  The c e s i u m  l o a d i n g  

c a p a c i t y  was d e t e r m i n e d  f o r  e a c h  s o -  

l u t i o n  by u s e  o f  DECALS0 s a m p l e d  f r o m  

an  ORNL s h i e l d e d  t r a n s f e r  t a n k  (STT) . 
The l o a d i n g s  v a r i e d  a s  p r e d i c t e d  w i t h  

t h e  above  f i n d i n g s .  From t h i s  i n f o r -  

m a t i o n ,  Tank 101-A was s e l e c t e d  t o  

p r o v i d e  f e e d  f o r  r a i l  s h i p m e n t s  f o r  

t h e  n e x t  s e v e r a l  y e a r s .  

Aluminum s a l t s  d r o p p e d  o u t  o f  s o -  

l u t i o n  a n d  p l u g g e d  t h e  DECALS0 r e s i n  

bed  u n d e r  c e r t a i n  pH, aluminum c o n -  

c e n t r a t i o n ,  and  t e m p e r a t u r e  c o n d i t i o n s .  

However ,  a  5 / 1  f e e d  t o  w a t e r  d i l u t i o n  

e f f e c t i v e l y  p r e v e n t e d  s u b s e q u e n t  

p r e c i p i t a t i o n .  
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E X P E R I M E N T A L  

DECALS0 i s  a  sodium a l u m i n o -  

s i l i c a t e  g e l  [Na20.A1(OH) 3.6Si(OH) 4 .  

6H20] i n o r g a n i c  c a t i o n  e x c h a n g e r .  

The r e s i n  was p u r c h a s e d  f rom I o n i c  

Chemica l  Company, a  d i v i s i o n  o f  

P f a u d l e r  P e r m u t i t  I n c o r p o r a t e d ,  

Birmingham, N . J .  The e x c h a n g e r  p a r -  

t i c l e  s i z e  was 20 t o  50 mesh and  t h e  

p a c k e d  d e n s i t y  was 0 . 6 6  g/cm5 ( d r y  

w e i g h t ) .  

The 1 3 7 ~ s  t r a c e r  l e v e l  a c t i v i t i e s  

i n  t h e  i n f l u e n t  (Co) and  t h e  e f f l u e n t  

(C) s o l u t i o n s  were  measured  by gamma 

s p e c t r o s c o p y .  The f o u r ,  f u l l - l e v e l  

e x p e r i m e n t s  w e r e  c a r r i e d  o u t  i n  t h e  High  

L e v e l  R a d i o c h e m i s t r y  F a c i l i t y ,  and 

were  a l s o  measured  by an i n - c e l l  

gamma s p e c t r o m e t e r .  (8  

The s y n t h e t i c  l o a d i n g  r e s u l t s  were  

p l o t t e d  o n  l o g - p r o b a b i l i t y  p a p e r  t o  

d e t e r m i n e  t h e  i n s t a n t a n e o u s  p e r c e n t  
2 b r e a k t h r o u g h  (C/Co x  1 0  ) a s  a  f u n c t i o n  

o f  t h e  column volume.  A column v o l -  

ume ( c v )  i s  d e f i n e d  a s  t h e  volume 

o c c u p i e d  by t h e  d r y  r e s i n .  The ces ium 

r e t a i n e d  on DECALS0 ( m i l l i g r a m s  o f  

ces ium p e r  gram o f  r e s i n )  a s  a  f u n c -  

t i o n  o f  s e v e r a l  v a r i a b l e s  was d e t e r -  

mined a t  0 .5C/Co.  

The 1 3 7 ~ s  t r a c e  l o a d i n g  e x p e r i m e n t s  

were  c o n d u c t e d  w i t h  a  s y n t h e t i c  f e e d  

( T a b l e  I ) ,  and t h e  t e m p e r a t u r e  o f  t h e  

i n f l u e n t  s o l u t i o n  was c o n t r o l l e d  w i t h  

a  j a c k e t e d  column and w a t e r  b a t h .  

R E S U L T S  A N D  D I S C U S S I O N  

Between 1960  and  1 9 6 5 ,  s h i p m e n t s  

o f  1 3 7 ~ s  l o a d e d  o n t o  DECALS0 w e r e  

r o u t i n e l y  s e n t  be tween  Hanford  and 

ORNL w i t h o u t  i n c i d e n t .  I n  l a t e  1 9 6 5 ,  

we w e r e  r e q u e s t e d  t o  d e t e r m i n e  how 

t h e  f e e d  (103-C) s u p e r n a t e  was a f f e c -  

t e d  when c o a t i n g  w a s t e ,  c o n t a i n i n g  

a luminum, was added  t o  t h e  f e e d  t a n k .  

Because  a  q u a n t i t y  o f  u n a l t e r e d  s u p e r -  

n a t e  was s t o r e d  i n  o u r  High L e v e l  

R a d i o c h e m i s t r y  F a c i l i t y ,  we w e r e  a b l e  

t o  compare  p r o c e s s  c h a r a c t e r i s t i c s  of 

s u p e r n a t e s  a l m o s t  i d e n t i c a l  i n  compo- 

s i t i o n  e x c e p t  f o r  t h e  a d d i t i o n  o f  

c o a t i n g  w a s t e .  Dur ing  t h e  i n v e s t i g a -  

t i o n ,  two o t h e r  t a n k s  o f  s u p e r n a t e  were  

a l s o  a n a l y z e d  (105-C and 1 0 1 - A ) .  I n  

a d d i t i o n ,  s t u d i e s  u s i n g  s y n t h e t i c  

w a s t e s  were  c o m p l e t e d  t o  p r e d i c t  r e -  

q u i r e m e n t s  f o r  s e l e c t i n g  f u t u r e  f e e d s  

and l o a d i n g  p r o c e d u r e s .  

C E S I U M  R E T A I N E D  A S :  

A F u n c t i o n  o f  Sodium t o  Cesium Mole 

R a t i o  

P r e v i o u s  e x p e r i m e n t s ( 5 )  h a v e  dem- 

o n s t r a t e d  t h a t  t h e  r a t i o  o f  sodium t o  

ces ium would l i m i t  t h e  amount o f  c e s -  

ium l o a d e d  o n t o  DECALSO. F i g u r e  1 

c a n  be u s e d  t o  d e t e r m i n e  e i t h e r  t h e  

maximum l o a d i n g  a t t a i n a b l e  w i t h  a  

g i v e n  sod ium t o  c e s i u m  mole r a t i o ,  

o r  t h e  maximum p e r m i s s i b l e  sodium t o  

T A B L E  I .  S y n t h e t i c  S u p e r n a t a n t  c e s i u m  r a t i o  f o r  a c h i e v i n g  a  g i v e n  
Feed S o l u t i o n  ces ium l o a d i n g .  The e x p e r i m e n t s  

C o n s t i t u e n t  C o n c e n t r a t i o n ,  y 
were p e r f o r m e d  a t  a  pH o f  1 0 . 5 ,  a t  

Na+ 4 . 6  
25 "C, and w i t h  a  f l o w  r a t e  o f  6  c v /  

C s  + 2 . 1  
h r  ( f o r  a  m a j o r i t y  o f  t h e  p o i n t s ) .  

N O 3  1 . 3  
From t h i s  s t u d y ,  i t  was p r e d i c t e d  

NO i 2 . 1  
and  l a t e r  v e r i f i e d  t h a t  t h e  l o s s  i n  

c e s i u m  c a p a c i t y  c o u l d  be d i r e c t l y  r e -  

l a t e d  t o  a n  i n c r e a s e  i n  t h e  sod ium t o  



c e s i u m  mole  r a t i o .  When t h e  f e e d  

s u p e r n a t e  (103-C)  c o m p o s i t i o n  was a l -  

t e r e d  by t h e  a d d i t i o n  o f  c o a t i n g  

w a s t e ,  t h e  Na/Cs r a t i o  c h a n g e d  f rom 

9 , 4 0 0  t o  1 1 , 7 4 0 ,  t h e  pH r e m a i n e d  c o n -  

s t a n t ,  and t h e  ~ 1 ' ~  c o n c e n t r a t i o n  i n -  

c r e a s e d  f rom 1 . 6  t o  5 . 9  g / l  ( T a b l e  1 1 ) .  

A  l o s s  i n  c e s i u m  l o a d i n g  o f  1 3 %  was p r e -  

d i c t e d  f rom F i g u r e  1 a s  compared  t o  

3 3 %  i n  a c t u a l  I i a n f o r d  STT l o a d i n g s .  

T h i s  v a r i a n c e  b e t w e e n  p r e d i c t e d  and 

a c t u a l  l o a d i n g  i n d i c a t e d  t h a t  v a r i a b l e s  

o t h e r  t h a n  t h e  sod ium t o  c e s i u m  r a t i o  

must  a l s o  b e  e v a l u a t e d .  

A F u n c t i o n  o f  T e m p e r a t u r e  

At h i g h  f i x e d  sod ium t o  c e s i u m  

r a t i o s ,  t h e  m o s t  i m p o r t a n t  v a r i a b l e  

a f f e c t i n g  c e s i u m  l o a d i n g s  was d e t e r -  

mined  t o  b e  t h e  i n f l u e n t  f e e d  t e m p e r a -  

t u r e .  The a l k a l i n e  s u p e r n a t e  c u r -  

r e n t l y  b e i n g  p r o c e s s e d  r a n g e s  i n  tem- 

p e r a t u r e  f rom 40 t o  60 O C  i n  t h e  s t o r -  

a g e  t a n k ;  t h e r e f o r e ,  c o o l i n g  o f  t h e  

i n f l u e n t  f e e d  i s  r e q u i r e d  t o  o b t a i n  

h i g h  c e s i u m  l o a d i n g .  A  l o w e r i n g  o f  

t h e  t e m p e r a t u r e  f r o m  50 O C  t o  25 o r  

6 O C  w i l l  i n c r e a s e  t h e  c e s i u m  l o a d i n g  

by 70 o r  1 9 0 % ,  r e s p e c t i v e l y .  F i g u r e  2  

shows t h e  p e r c e n t  b r e a k t h r o u g h  (C/Co x 
2 

1 0  ) f o r  t h e  s y n t h e t i c  c e s i u m  a l k a l i n e  

s u p e r n a t e  ( T a b l e  I )  a s  a  f u n c t i o n  o f  

t h e  number o f  column vo lumes  p a s s e d  

t h r o u g h  t h e  c o l u m n .  The c e s i u m  l o a d -  

i n g  (mg/gram o f  DECALSO) a t  0 . 5  C/Co 

f o r  f e e d  t e m p e r a t u r e s  o f  6 ,  25 a n d  50 O C  

was d e t e r m i n e d  t o  b e  1 . 3 1 ,  0 . 7 7 ,  and  

0 . 4 5 ,  r e s p e c t i v e l y .  The l o g a r i t h m  o f  

t h e  c e s i u m  r e t a i n e d  was f o u n d  t o  b e  a  

s t r a i g h t  l i n e  f u n c t i o n  when p l o t t e d  

a g a i n s t  t h e  i n f l u e n t  t e m p e r a t u r e  

( F i g u r e  6 ) .  

A  F u n c t i o n  o f  t h e  I n f l u e n t  pH 

I n  e a r l i e r  DECALS0 w o r k ,  no  

c h a n g e  i n  c e s i u m  l o a d i n g  due  t o  pH was 

f o u n d  be low 1 2 .  When t h e  f o u r  p r o c e s s  

t a n k  s a m p l e s  (105-C ,  1 0 3 - C  w i t h  c o a t -  

i n g  w a s t e ,  101-A and  103-C)  w e r e  

c h e c k e d  f o r  pH, i t  was f o u n d  t h a t  t h e y  

r a n g e d  f r o m  pH 1 0 . 8 5  t o  1 3  ( T a b l e  1 1 ) .  

To d e t e r m i n e  i f  pH was a  v a r i a b l e  

above  1 2 ,  s y n t h e t i c  a l k a l i n e  s u p e r n a t e  

s o l u t i o n s  ( T a b l e  I )  w e r e  a d j u s t e d  t o  

pH 1 0 . 8 ,  1 2 ,  1 2 . 5  and  1 3 .  The Na+ c o n -  

c e n t r a t i o n  was h e l d  c o n s t a n t  by a d d i n g  

NaN03-NaOH i n  v a r y i n g  r a t i o s .  The 

c e s i u m  l o a d i n g  a t  0 . 5  C/Co was d e t e r -  

mined  t o  be  1 . 5 2 ,  1 . 3 9 ,  1.11 a n d  0 . 8 8  

mg/g,  r e s p e c t i v e l y  ( F i g u r e  3 ) .  T h e r e -  

f o r e ,  a  pH i n c r e a s e  f r o m  1 0 . 8  t o  1 2 ,  

1 2 . 5 ,  o r  1 3  w i l l  d e c r e a s e  t h e  c e s i u m  

l o a d i n g  by 8 . 5 ,  2 7 ,  o r  4 2 % ,  r e s p e c t i v e l y .  

A  F u n c t i o n  o f  Flow R a t e  

Cesium l o a d i n g s  on DECALS0 i n c r e a s e d  

w i t h  d e c r e a s i n g  f l o w  r a t e  ( c v / h r )  . 
F i g u r e  4  shows s i m i l a r  r e s u l t s  a s  

t h o s e  o b t a i n e d  on o t h e r  r e s i n s .  ( 9 )  

The b r e a k t h r o u g h  c u r v e s  a r e  n e a r l y  

s t r a i g h t  l i n e s  ( a b o v e  0 . 0 2  C/Co) on 

l o g a r i t h m i c - p r o b a b i l i t y  p a p e r .  The 

l o a d i n g  a t  0 . 5  C/Co was l i n e a r  when 

TABLE 11. A n a l y s i s  o f  t h e  S u p e r n a t a n t  S o l u t i o n  f rom f o u r  T a n k s  

C o n s t i t u e n t  101-A Tank - 1 0 5 - C  Tank 1 0 3 - C  Tank 103-C T a n k ( w i t h  c o a t i n g  w a s t e )  

1 3 7 ~ s ,  C i / g a l  1 2 . 6  8 . 9  8 . 2  7 . 2  

~ a ' ,  g / l i t e r  1 3  8  106 1 0 1  11 3  

~ 1 ' 3 ,  g / l i t e r  0 . 6  2 . 3  1 . 6  5 . 9  

PH 1 0 . 8 5  1 3 . 0  1 2 . 8  1 2 . 9  

Na/Cs Mole R a t i o  8400 9100 9400 1 1 , 7 4 0  



p l o t t e d  a g a i n s t  c v / h r  on s e m i l o g a r i t h -  

m i c  p a p e r  ( F i g u r e  5) a n d  show t h a t  a  

f l o w  r a t e  d e c r e a s e  f rom 1 1 . 4  t o  0 .59  

c v / h r  i n c r e a s e d  t h e  l o a d i n g  by. 4 0 % .  

A F u n c t i o n  o f  R e s i n  P r e t r e a t m e n t  

N o r m a l l y ,  DECALS0 i s  p r e t r e a t e d  

w i t h  NH4N03 b e f o r e  b e i n g  u s e d .  The 

c e s i u m  i s  a l s o  e l u t e d  w i t h  5M - NH4N03 

a n d ,  t h e r e f o r e ,  t h e  r e s i n  i s  u s u a l l y  

i n  t h e  NH4+-form a f t e r  e a c h  l o a d i n g -  

e l u t i o n  c y c l e .  A s e r i e s  o f  t e s t s  were  

c o m p l e t e d  t o  d e t e r m i n e  t h e  e f f e c t  o f  

s e v e r a l  d i f f e r e n t  p r e t r e a t m e n t s .  The 

c e s i u m  l o a d i n g  f o r  t h e  Na+-form "as  

r e c e i v e d "  r e s i n  was compared w i t h  

r e s i n  t h a t  had b e e n  t r e a t e d  w i t h  1 M  - 
NaOH, NaN03, o r  NH4N03 f o r  a  p e r i o d  o f  

24 h o u r s .  The c e s i u m  r e t e n t i o n  v a r i e d  

f rom 9 7 %  f o r  NaOH, t o  1 2 2 %  f o r  NaN03, 

a n d  t o  130% f o r  NH4N03 ( F i g u r e  6 ) .  I t  

was a l s o  d e t e r m i n e d  t h a t  t h e  i n i t i a l  

l o a d i n g  on DECALS0 i n  t h e  N H ~ - f o r m  

was a l w a y s  l a r g e r  t h a n  s u b s e q u e n t  

l o a d i n g s ,  and  t h a t  s u b s e q u e n t  l o a d i n g s  

c o r r e s p o n d e d  t o  t h e  NaN03 p r e t r e a t m e n t  

e x p e r i m e n t  . 

H O T  C E L L  E X P E R I M E N T S  

Four  a l k a l i n e  s u p e r n a t e  s o l u t i o n s  

were  o b t a i n e d  f rom 103-C ( w i t h  c o a t i n g  

w a s t e ) ,  1 0 3 - C ,  105-C,  and  101-A t a n k s  

f o r  c e s i u m  l o a d i n g  e v a l u a t i o n .  The 

s o l u t i o n s  were  f i r s t  a n a l y z e d  t o  o b t a i n  

v a l u e s  f o r  t h e i r  sodium t o  c e s i u m  mole  

r a t i o s ,  1 3 7 ~ s  a c t i v i t i e s ,  ~ 1 ' ~  c o n c e n -  

t r a t i o n s ,  and pH v a l u e s  ( T a b l e  1 1 ) .  

Each s o l u t i o n  was t h e n  p a s s e d  t h r o u g h  

a  s m a l l  bed o f  DECALSO, and  c e s i u m  

b r e a k t h r o u g h  c u r v e s  w e r e  o b t a i n e d  a s  a  

f u n c t i o n  o f  t h e  number o f  column v o l -  

umes o f  e f f l u e n t  ( F i g u r e  7 ) .  Tank 

101-A,  which  had  t h e  l o w e s t  Na/Cs mole  

r a t i o ,  pH v a l u e ,  and  aluminum c o n c e n t r a -  

t i o n ,  g a v e  t h e  h i g h e s t  c e s i u m  l o a d i n g  

o n  DECALSO. 

A L U M I N U M  P R E C I P I T A T I O N  

A l k a l i n e  s u p e r n a t e  s o l u t i o n s  and 

a l k a l i n e  c o a t i n g  w a s t e s  a r e  s t o r e d  i n  

s e p a r a t e  u n d e r g r o u n d  t a n k s .  A l k a l i n e  

s u p e r n a t e  s o l u t i o n s  c o n t a i n  low ( 1  t o  

3  g / l i t e r )  c o n c e n t r a t i o n s  o f  a luminum,  

w h i l e  c o a t i n g  w a s t e s  c o n t a i n  l a r g e  

c o n c e n t r a t i o n s  i n  t h e  fo rm o f  sod ium 

a l u m i n a t e  (NaA102) .  I n  t h i s  f o r m ,  t h e  

aluminum i s  s o l u b l e  i n  e x c e s s  c a u s t i c  

b u t  w i l l  p r e c i p i t a t e  f rom s o l u t i o n  a s  

t h e  pH i s  l o w e r e d  (<pH 1 1 ) .  

I t  was d e t e r m i n e d  t h a t  when 103-C 
+ 3  a l k a l i n e  s u p e r n a t e  ( 1 . 6  g  A 1  p e r  

l i t e r )  was p a s s e d  t h r o u g h  t h e  N ~ ~ + - f o r m  

DECALS0 r e s i n ,  t h e  o r i g i n a l  pH o f  1 2 . 8  

d r o p p e d  t o  8 . 3  i n  t h e  f i r s t  column 

volume o f  e f f l u e n t  and  t h e n  i n c r e a s e d  

t o  9 . 2 ,  9 . 9 ,  1 0 . 3 ,  1 0 . 7 ,  1 1 . 5 ,  1 2 . 3 ,  

1 2 . 7 ,  and 1 2 . 8  w i t h  e a c h  a d d i t i o n a l  

column vo lume ,  r e s p e c t i v e l y .  The c a u s e  
o f  t h e  i n i t i a l  d r o p  i n  pH was d u e  t o  

t h e  N H 4 +  i o n  b e i n g  removed by t h e  h i g h  

c o n c e n t r a t i o n  o f  sodium i n  t h e  i n f l u e n t .  

U n d o u b t e d l y ,  aluminum p r e c i p i t a t e d  on  

t h e  r e s i n  d u r i n g  t h e s e  f i r s t  few column 

v o l u m e s ,  b u t  enough  i n t e r s t i t i a l  s p a c e  

r e m a i n e d  t o  a l l o w  a d d i t i o n a l  s u p e r n a t e  

t o  p a s s  t h r o u g h  t h e  b e d ,  remove t h e  r e -  

m a i n i n g  N H 4 +  i o n ,  i n c r e a s e  t h e  pH, and 

r e d i s s o l v e  t h e  aluminum p r e c i p i t a t e .  

However,  when a d d i t i o n a l  aluminum was 

added  t o  t h e  103-C s u p e r n a t e  ( 5 . 8  g /  

l i t e r )  v i a  c o a t i n g  w a s t e  a d d i t i o n s ,  t h e  

i n t e r s t i t i a l  s p a c e  was e x c e e d e d  and  

t h e  s h i p p i n g  c a s k s  b e g a n  t o  p l u g .  

T h i s  was d e m o n s t r a t e d  by f i r s t  c o n v e r t -  

i n g  t h e  NH4+-form r e s i n  i n  t h e  STT t o  

t h e  ~ a + - f o r m  w i t h  1 M  - NaOH. The l o a d i n g  



was t h e n  c o m p l e t e d  by u s i n g  103-C 

( w i t h  c o a t i n g  w a s t e )  s u p e r n a t e  w i t h o u t  

p l u g g i n g .  

When t h e  101-A t a n k  a l k a l i n e  s u p e r -  

n a t e  was s e l e c t e d  t o  r e p l a c e  t h e  a l u m i -  

num c o n t a m i n a t e d  103-C t a n k ,  a  s e c o n d  

aluminum p r e c i p i t a t i o n  p r o b l e m  d e v e l o p e d .  

A l t h o u g h  t h e  aluminum c o n c e n t r a t i o n  i n  

t h i s  s o l u t i o n  was l o w e r  t h a n  i n  t h e  1 0 3 -  

C t a n k  ( 0 . 6  g / l i t e r  v e r s u s  1 . 6  g j l i t e r ) ,  

s o  was t h e  pH ( 1 0 . 8 5  v e r s u s  1 2 . 8 ) .  

T h e r e f o r e ,  when t h e  t a n k  t e m p e r a t u r e  o f  

60 O C  was l o w e r e d  t o  25 O C  ( t o  i n c r e a s e  

t h e  c e s i u m  l o a d i n g  c a p a c i t y ) ,  t h e  max- 

imum s o l u b i l i t y  o f  sodium a l u m i n a t e  was 

e x c e e d e d ,  and  a luminum p r e c i p i t a t i o n  

o c c u r r e d  p r i o r  t o  c o n t a c t  w i t h  t h e  

DECALS0 r e s i n .  Two methods  t o  p r e v e n t  

t h i s  p r e c i p i t a t i o n  were  d e v e l o p e d :  ( 1 )  

t h e  i n f l u e n t  a l k a l i n e  s u p e r n a t e  c a n  be 

h e l d  above  40 " C  (which  a l s o  l o w e r s  

t h e  maximum c e s i u m  l o a d i n g ) ,  o r  (2 )  t h e  

a l k a l i n e  s u p e r n a t e  c a n  be  d i l u t e d  p r i o r  

t o  c o o l i n g .  A 5 / 1  f e e d  t o  H20 r a t i o  

was f o u n d  t o  p r e v e n t  p r e c i p i t a t i o n  a t  

t e m p e r a t u r e s  a s  low a s  6 O C .  
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F I G U R E  2 .  Ces ium B r e a k t h r o u g h  a s  a  
F u n c t i o n  o f  t h e  Column T e n p e r a t u r e  
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FIGURE 3 .  Ces ium B r e a k t h r o u g h  a s  a 
F u n c t i o n  o f  I n f l u e n t  pH 
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Column Volume: 5 0  rnl DECALSO, ~ H ; - ~ o r r n  
(33 z) 

C r o s s  Section: 1.9 c m 2  
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FIGURE 4 .  Cesium B r e a k t h r o u g h  a s  a  
F u n c t i o n  o f  t h e  Flow Rate  
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FIGURE 5. Cesium Breakthrough as a 
Function of Resin Pretreatment 
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F I G U R E  6 .  Cesium R e t a i n e d  as a  F u n c t i o n  
o f  pH, CoZumn T e m p e r a t u r e ,  and Flow R a t e  
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FIGURE 7 .  Ces ium B r e a k t h r o u g h  Demonstra-  
t i o n  w i t h  A c t u a l  " H O T n  A l k a l i n e  S u p e r n a t e  
o f  V a r y i n g  C o m p o s i t i o n  
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