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RECOVERY OF Ia7Cs FROM FISSIOlI-€%ODUCT WASTES ASJD 'JBANSPORT BY All 
ALUMINOSILICATE IOFI EXCHAHGER 

R. E. Lewis, T. A. Butler,  E. Lamb 

A method f o r  recovering fission-product cesium from aged 
basic fission-product waste with an aluminosil icate ion 
exchanger (Decalso) w a s  developed and demonstrated. 
i s  se lec t ive ly  adsorbed on Decalso fran IBnford M e x  
Supernatant lox, a basic 9 M N a N O 3  solution, and concen- 
t r a t e d  by a f ac to r  of about 8.5. 
transported from HAP0 t o  ORNL i n  shielded containers fo r -  
merly used for shipping solutions,  and the cesium i s  eluted 
with ammonim salts f o r  pur i f ica t ion  and source fabricat ion.  
I n  the  period Apri l  lgl t o  Augus t  1$4, 2 Mcuries of 137Cs 
was recovered f r o m  Ila[anCord t a s t e s  and transported t o  ORNL 
by t h i s  procedure. 

Cesium 

The Decalso column i s  

INTRODUCTION 

T h i s  report describes t h e  development and demonstration of an ion exchange 
procedure fo r  recovering fission-product cesium from basic  f i s s ion  -product 
wastes and a means for  t ransport ing la rge  quankities of 137~s from 
Hiehland, Washington, ta Oak Ridge, Tennessee, 

Fission-produet cesium has been recovered m d  puri€ied i n  rnultikilocurie 
quant i t ies  at Oak Ridge National Laboratory1 since 1954. 
aged waste solut ions containing fission-produet mixtures were transported 
t o  O W L  and processed f o r  the individual  f i s s ion  products. When the 
demand for cesium for use as radiat ion and heat SOUTCCS exceeded %he 
demand for associated f i s s ion  products I wastes t h a t  contained w i r i l y  f i ss ion-  
product cesium were investigated.  Hanford Purex Supern;z't;ant IOY, a basic  
high-molarity-NaN03 solut ion,  i s  low i n  associated f i s s ion  products yet  
contains appreciable quant i t ies  OT fission-product cesium. Since cesium 
contains 3'(-42:6 "37Cs md i s  low i n  "*CS, it i s  u s e f u l  f o r  'neat and 

Pr ior  t o  l%O 



rad ia t ion  S O U T C ~ S ,  

A suj. table ion exchanger f o r  cesium recovery must be moderately select.i.ve 
f o r  cesiim over sodium, stable i n  basic  and neu t r a l  solut ions,  and 
reusable f o r  many cycles. Cesium sorption and el.ution r a t e s  mus-t be fast 
enough t'hat solut ion f l o w  r a t e s  o f  >_I c01 .m volume per hoix can be 
maintained, and t'ne cesium must be recoverable by  e lu t ion  with a mall 
volime of eluant.  As a medim1 for t ransportat ion,  the ion exchanger must 
be s tab le  t o  high rad.riation f i e l d s  for extended times. The cesium should 
not be leached from it by t ap  r;rater o r  vo la t i l i zed  a t  high teiriperatures 
such as might occur i f  the cask should be ruptured or exposed t o  f i r e  
during t r a n s i t  (I 

Among the inorganic ion er,chs,ngc?rs s' 0 7  ing high select ivi . ty  for ces im are  
heteropoly acids2"5 a n d  tineir salts, but these a r e  no6 s tab le  i n  basic  
solutiori. S a l t s  of hydrous oxides and. polybasic acids  s i~ch  as zirconirm 
phosphate ,9-l3 have been used on a l imited scale e 

synthet ic  aluminosil icates (Lj.n.de molecul_af s ieves)  and z,eoli tes have been 
developed a.k Hanforp f o r  recovery and pe 

e 6  
Recovery processes using 

anent storage of czsium f3*om 
both ac id ic  w a ~ t e s l . + - ~ 7  and basic  wastes 3 . 
A s  a result; of preliminary s tudies  with 30 inorganic ion  exchangers, 
I)ecal.so, a synthetic, aluminosil icate ion exchanger, produced by Ponac 
Chemical. Coriipany, w a s  chosen. 
the empS.rical formula N ~ ~ ~ * A ~ ( o I I ) ~ ~ ~  Si(OH)4*x HzO. It i s  insolub1.e i n  
neut ra l  and mi1.dl.y basic salt solut ions,  b id  decomposes i n  salu'iions of  
PH <2.'~. 
gravi ty  i s  1.66, and 20-30 mesh mater ia l  has a bulk densi ty  of  0.534 
kg,/liLer. 
at tached through oxygen t o  the aluminum, order of s c l e c t i d t y  of 
Decalso f o r  monovalent ions i s  Cs' > Rb' > K '  > Na' > Lit, 
Decalso has lower s e l e c t i v i t y  than several  o.ther ion exchangers studi.ed, 
the r a t e  of sorption and. e lu t ion  o f  cesium from the annrphous ion exchanger 
was such that there  was l i t t l e  I.eakage o f  "37~s  d-iiring sorption cycle, 
and 3 ' 7 ' ;  o f  the cesiuii was recovered dwing  e lu t ion ,  even a t  flow r a t e s  o f  
1 c o l m  vol/hr.  

'The amorphous mater ia l  i s  a pfj .mutit l8 with 

~ t s  ion-exchange capacity for  cesium i s  2,0 m e q / g ,  its spec i f ic  

'The exchangeable ion of Decal.so i s  tne sodium ion, which i s  

Although 

The s e l e c t i v i t y  o f  Decalso i n  removing ccsitun from sodium solutioms w a s  
detumPned Prom s t a t i c  d i s t r ibu t ion  coef f ic ien ts  and i n  colmnn experiments. 
'The d i s t r ibu t ion  coef f ic ien ts  were useful for  determining the e f f ec t  o f  
variables  on the  sorption of cesium 'and i n  studying the  sorption r a t e ;  but 
column studies more c losc ly  approximate acbual operating contlitions. 
Cesium was concentrated on Decalso f-fom basic  9 M - NaN03 by a f a c t o r  of 8*5. 
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S t a t i c  Distr ibut ion Coeff ic ients  

Distr ibut ion coef f ic ien ts  were measured by contacting a weighed portion of 
air-dried Decalso with a known volume of solut ion containing LO mg/li ter 
of cesium traced with 137Cs, and vasying amounts of NaN03.  
adjusted t o  12.6 w i t h  NaOH and the  solut ion was l e f t  i n  contact with the 
ion exchanger f o r  a known length of time before assay. 
coef f ic ien ts  were calculated from the r e l a t ion  

The pH w a s  

Distr ibut ion 

xL - x2 ml. of solut ion 
% =  x2 g of so l id  

where x1 i s  .the o r ig ina l  counting r a t e  (counts/min*ml) and x2 the r a t e  
a f t e r  the  contact.  

Effect of sodium concentration. The d i s t r ibu t ion  coef f ic ien t  of cesium on 
Decalso decreased with increasing sodium concentration (Table 1). 

Table 1. Distr ibut ion coef f ic ien t  of cesium on Decalso 
as a function of sodium concentration 

0.2 g of Decalso per LO m l  of sol.ution, 
pH 12.7, Cs conc. 10 mg/l^iter, 16 hr 
contact a t  2 S o C ,  sodium as NaNO3 

Distr ibut ion 
N a  Conc, M I coef f ic ien t  

0.2 
1.0 
2.0 
2.8 
4.0 
6.0 
8. 0 
9.0 

430 
1 70 
85 
49 
22 
3.3 
8 
6.7 

Effec t  of rad ia t ion  damage on se l ec t iv i ty .  m e r e  was no decrease i n  
s e l e c t i v i t y  of Decalso for  cesium over sodium a f t e r  exposure t o  150 Nmds 
of g m a  rad ia t ion ,  as sh0t.m by the  d i s t r ibu t ion  coef f ic ien ts  of cesium 
on Decalso from solut ions of various sodium concentrations and by ion- 
exchange -capacity measurements. 
l i g h t  tan ,  and tile mater ia l  w a s  more f r i a b l e  a f t e r  radiat ion than before. 

The Decalso changed color from white t o  

Effect  of cesium concentration. 
had l i t t l e  e f f e c t  on the  f r ac t ion  of cesium sorbed (Table 2) .  

Cesium concentrations, up t o  50 mg/l i ter ,  
The 

f r ac t ion  depends, instead,  on the s e l e c t i v i t y  of the ion exchanger and the 
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sodium concentraiion. Thus t'ne sodium concentration , which determines Q , 
i s  the fac tor  l imi t ing  the mount  of ccsiim tha t  c m  be adsorbed ra ther  
than the ion exchange capacity of the ion exchanger. O n L y  a Pew p r c c n t  
o f  the exchange c a p c i t y  i s  represented by cesium becausc of the  presence 
of the la rge  mount of sodium. 

Table 2.  Distr ibut ion coef f ic ien t  of ._..- cesium on Decalso ,-.- 

a t  .various cesiim concentrations 
~ I__ _I- 

0.2 g Decalso per 10 ml. of sol.i.&i.on, 
pH 12.7, 16 hr contact,  3.7 M N a N 0 3  

_c 

Cesium cone, 
mg/l i t e 1- 

Trace 
2 
5 
8 
20 
50 
200 
500 

29.8 
30.1 
29.0 
2'7.0 
27*2 
2'7.0 
24.0 
22*2 

Effec t  of ___  anions. _..- There vas no s i p i f i . c a n t  cizrwngi. i n  the d i s t r ibu t ion  
coef f ic ien t  of cesium on Decalso from 4.0 M N a N O 3  coriixining hydroxj.de 
frm pH 9.0 to 0.4 M N a O L  
0.1 M - solut ions of f&S04, Na3PO4, N a C l ,  Na&03, Na.AI-02, or  NaNO;?I. 

-. 

Also, tht;.yc was no change a f t e r  addi t ion of 

Sorption rate. 
solut ions of high sodim concentration. Equilibrium w a s  yeached i n  1 hr 
i n  solutions containiqq 2-3 M N a N 0 3  asnd 10 mg of cesium per l i t e r  and 90s 
equilibrium occiri-red i n  15 m&. 

Cesium was rapic3J.y sorbed on 20-30 mesh Decalso from 

Column Sorption 

Wkten cesiivfl i s  sorbed on a Decalso column, breakthrough depends on the 
s e l e c t i v i t y  o f  the ion exchanger- and the sorption raLe. If 5elect:ivity 
i s  high birt the r a t e  of approaching equilibrium i s  sl.ow, cesium wi1.I 
break twough immediately. Tierefore column e.qeriments give data  more 
applicablx t o  the probl.ern than do d.istribut;ian coef f ic ien ts  alone. 
mmber of column volumes t h a t  coul.d. be passed through a Decal,so bed vas 
determined by passing a solut ion corkaining sodiuts and cesium tagged with 
'3TCs 'craccr through a 25-a bed o f  20-30 mesh Bcca3.so at a fl.ow r a t e  
of 1.0 c0l .m vol/hr. Cesium d id  not break Lhro-ugh until the  col~uubm was 
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nearly loaded, but then the breakthrough w a s  rapid--usually within 1 column 
volume, and r e su l t s  were reproducible +LO$. 
having passed through the  c o l m s  a t  
determined a t  various sodium concentrations. 

The nimber of c o l i m  volumes 
breakthroup;h of the 13?Cs was 

Effect of sodium concentration. 
decreased the number of column volumes of solut ion passing t'nrowh the 
column before 5O.h breakthrough (Table 3> ,  as w o a d  be expected from 
d i s t r ibu t ion  coef f ic ien t  studies.  

Increasing the sodium concentration 

Effect  of temperature. 
volumes of solut ion were passed before breakthrough of cesium at 25°C than 
a t  50°C. 
temperature increased the number of' column volumes bgforc: cesium break- 
through (Table 3).  

When the sodium concentration w a s  % M, more column - 
However, at sodium concentrations below 2 M, an increase i n  

Table 3. Effect of temperature on column s o g t i o n  of cesim 
from N a N O 3  solut ions 

20-30 mesh Decalso, 1 column vol/hr 
f l o w  r a t e ,  10 mg Cs/ l i te r ,  PII 12, '7 

No. of column volun1es 
N a N 0 3  
cone, M - 

before 50% breakthrough 
A t  25 "C A t  50 "C 

0.5 
1.0 
2.0 
1.k . 0 
6.0 
9.0 

142 
80 
45 
20 
11 

3.5 

1-70 
100 
50 
20 
9 
6.y 

The increased number of column volimes of' d i l u t e  solution passing before 
breakthrough a t  50°C than a t  25°C is  probably due t o  the increased r a t e  
of adsorption. The reverse condition for  solut ions containing >4 M 
sodium may be due to  a s h i f t  i n  the equilibrium constant resulting-from 
a change i n  the degree of hydration of the  two ions with Increasing 
temperature. 
(3 
breakthrough a b  25°C than a t  50°C. 

Since Kanford Purex Supernatant 10% i s  very concentrated, 
sodium salts) ,  more column volmes of waste can be passed before 
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Elution experiments were ru11 by sorbing cesium on a Decalso colurmz from a 
sol.ution containine 9 M N a N O 3  a t  pH l2:( and 10 rng o f  cesium per l i L c r  
tagged wit,l? 13'Cs. A f t e r  breakthrough, the cesium w a s  zluted.  Tic: 
percentage cesium coming off  the column w a s  detemined by mater ia l  balance. 
When 37'7: of the cesium had been eluted,  the counting r a t e  of 13yiCs on the 
r e s in  was used t o  dete-mine the f rac t ion  remaining on the Decalso. 

Selection of E l u ~ u i t s  

Ammonium nitrate and mmoniuui stQfate were most, e f fec t ive  as eluants.  
More than 98% of the cesium 'FQS eluted with 4 columi7. volumes o f  4 M I NH4N03  
o r  2 M (NH4)2SO* a t  flow rates of 2 column volimes per h r  a t  85"C, F ight  
colUmn volumes of 4 M ( N Q ) $ O ~  I J ~ S  required f o r  the same r e s i ~ t s .  ~ e s s  
than O.S$ of tine cesivdn w a s  removed with 10 co1.m volumes of 4 M I NH4OR. 

Dil.ute nitric acid could not be used becausc acids attacked the a l m i n o -  
s i l i c a t e .  

t h a t  Decalso dissolves i n  acid solut ions up t o  ~ € 1  2*7. 

A solution containing 0.1 M - KNO3 dissol.vcd Decalso, forming 
and s i l i c i c  ac id ,  which plugged the colixfln. Further t e s t s  showed 

Elution of Cesium _s_____...l_.__ From Heated and I r rad ia ted  Decalso 
--I 

I n  the t ransfer  of' mul t ik i locur i r s  of l a 7 C s  oa beds of Decalso, the ioii  
exchange mater-ial. wiP1.. be subjected t o  high radiat ion f i e l d s  and gmna 
heating. Studies were made t o  se:: i f  long periods of storage at tempera- 
t u re s  grea te r  than ambient would cawye p a r t i a l  f i xa t ion  of the cesium 
into the s t rue twe of the ion exchanger. 

E f f e c t  ___._.~..__.-- of i r r ad ia t ion  and h e s i n g  ioii exchange;-. Cesim e lu t ion  w a s  
not affected by 150 Mrad ganma i r m d i a t i o n  of the cesium foim of Decalso, 
From similarly i r r a d i a k d  samples heated t o  temperatures below 1 0 0 ° C  a t  
atmospheric pressure,  >95$ of the cesium was released by 4 column volumes 
of 4 M NK4NO3 at 25OC. Samples heated t o  temperatures grea te r  Lhan 1 0 0 ° C  
at atGospheric pressure were incompletely elu1;t.d. This ind ica tes  Yflat 
dehydration of the ion exchanger f ixes  a f rac t ion  of the cesium i n  the 
s'iructure (Table 4 ) .  
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'Table 4. Cesium eluLion Prom heated and i r r ad ia t ed  Decalso 

Gamma i r r ad ia t ion  150 Wad 
Decalso cesium content 0.16 mg/g 
E l u a n t  4 co~umn vox of 

Flow r a t e  2 &lumn vol/hr 
4 M NH4N03 

Heat Treatment b o u t  Eluted ,  $ 
Temp, O C  Time, hr 25Oc Eluant  85 "C 1:luant 

! 

62 200 99.7 99.9 
100 200 96.0 39.5 
125 60 85 .o 98.0 
400 16 15.0 20.0 
1000 16 <a 3. <<o .1 

As shown i n  Table 14, cesim e lu t ion  w a s  more e f f i c i e n t  u t  85°C than at 
kppi ient ly  cesiurn f ixed by the heating i s  move readi ly  released. at the  
higher eluant temperature. 

25 "c . 

APPLICATION OF PElOCESS TO RECOVEHY ATiD TRLlNSPORTA41!ION OF F I S S I O N -  
P R O ~ U C T  CESIUM 

Fission-product c e s i m  recowred on Decalso from aged HanPord Purex Su- 
pcT2natan-t 10% wastes and shi.ppc?d. on t;he Decalso from HAP0 bo OKNL has 
been routinely used for  cesium source fabr ica t ion  a t  ORNL since A p r i l  
lgdl. 

'Tie process for recovering t h i s  fission-product cesim from Xanford i s  
outlined i n  Fig. I. 
i s  cenkrifugod arid passed through it shielded tank containing b00 gal of 
Decalso at 25OC u n t i l  the cesium begins t o  break through, i.e, when 
approximately 50,000 curies of L37Cs has been adsorbed. 
wash4 with water, and the casks (Fie;. 2) a r e  sealed. The ca:;ks are 
lnadcrl ,  two t o  a modified gondola car (Fig=. _SI, and shipped from Hanford 
t o  OHNL. A t  OMlL, more thlw 9'P$ of the 137Cs i s  eluted from the Jlecalso 
beds at the Fission I?rcxlucts Dcwloprnent Laboratory w i t h  1000-1200 gal of 
$5 M NH@03 at 80°C a t  a flow ratc  of 4 gal/min* The elwitit i s  stored i n  
un&r~round tanks, which have storage capacity f o r  as much as 0.5 Mcurie 
of '"Cs, The ion exchange b d s  a r e  rinsed and returned t o  Hanford, i n  
$he ammonium form, t o  be reloaded with cesium. ! b e  subsequent pur i f ica t ion  
of t he  cesium and source compound preparation a% ORBL mve been &scribed 
elseli iere .19 

Aged Purex waste, w i t h  a sodium coneentrcttiion of 9 E, 

The beds a re  then 

Tn the period from April 1961 to August 1~x4 a total of 1.93 Mcurier; of 
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"37Cs vas i.1-covered fyom Sanford YUTX Supernatant 10% .c:askq's and trans. 
ported to OHNL i n  I3 shipments of three casks pcr shiprncmi,.2'U 
cycles the Decalso i n  the cask had 90:; of i t s  or ig ina l  capa,city and showed 
the same s e l e c t i v i t j  f o r  c e s i u m  over sodium as i n  the f i r s t  runs, 

APl.er 1 2  
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