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RECOVERY OF FISSION PRODUCTS FROM WASTE, SOLUTIONS 

BY SOLVENT EXTRACTION 

D. E .  Homer D. J. Crouse 
K. B. Brown B, Weaver 

ABSTRACT 

I n c r e a s i n g  i n d u s t r i a l ,  m i l i t a r y ,  and space requirements  f o r  c e r t a i n  

f i s s i o n  products  p l a c e  emphasis on new and l a r g e - s c a l e  methods for. t h e i r  

recovery  from waste l i q u o r s  produced by t h e  f u e l  rec.overy processes .  With 

r e c e n t  developments of new organic  e x t r a c t a n t s  f o r  s e p a r a t i n g  and re- 

cover ing  t h e s e  f i s s i o n  products ,  s o l v e n t  e x t r a c t i o n  o f f e r s  a v e r s a t i l e  

a l t e r n a t i v e  t o  ion-exchange, p r e c i p i t a t i o n ,  and c r y s t a l l i z a t i o n  procedures  

h e r e t o f o r e  used f o r  sma l l - sca l e  r ecove r i e s .  

A process  f lowshee t  has  been developed f o r  t h e  recovery  of s t ron t ium 

and mixed rare e a r t h s  from a d j u s t e d  Purex 1IW s o l u t i o n  by t h e  use  n f  d i ( 2 -  

e thy1hexyl )phosphor ic  a c i d  ( D2EHPA). A f t e r  adding t a r t r a t e  t o  complex t h e  

i r o n  and c a u s t i c  t o  a d j u s t  t h e  pH t o  6, s t ron t ium and rare e a r t h s  are  co- 

e x t r a c t e d  and then co - s t r ipped  wi th  n i t r i c  a c i d  i n  t h e  f i r s t  cyc1.e- I n  

a d d i t i o n a l  D2EHPA e x t r a c t i o n  cyc le s ,  they are i s o l a t e d  as concen t r a t ed  

f r a c t i o n s .  The mixed rare e a r t h s  from t h i s  process  can be t r e a t e d  by 

t r i b u t y l  phosphate (TBP) e x t r a c t i o n  t o  s e p a r a t e  the i n d i v i d u a l  r a r e  e a r t h  

e lements  of which promethium and cer ium are of g r e a t e s t  i n t e r e s t .  Z i r -  

conium-niobium a l s o  may be recovered wi th  D2EI-iPA from a c i d i c  w a s t e  l i q u o r s .  

hn amine p re t r ea tmen t  e x t r a c t i o n  process  has  been developed f o r  re- 

moving n i t r i c  a c i d ,  i r o n  s u l f a t e ,  zirconium-niobium, and ruthenium from 

waste s o l u t i o n s  t o  f u r n i s h  a feed  l i q u o r  more amenable t o  subsequent 

p rocesses  f o r  r ecove r ing  f i s s i o n  products .  The s e p a r a t e  recovery  of  ru-  

thenium, zirconium-niobium, and rare e a r t h s  may a l so  be p o s s i b l e  by 

amine e x t r a c t i o n  I 
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A, process  based on t h e  u s e  of s u b s t i t u t e d  phenols has  been developed 

f o r  recover ing  cesium from a l k a l - i n e  waste s o l u t i o n s .  These compounds are  

s e l e c t i v e  e x t r a c t a n t s  f o r  cesium, g i v i n g  h igh  decontaminat ion from o t h e r  

f i s s i o n  products  and sodium, and they  are r e a d i l y  s t r i p p e d  w i t h  d i l u t e  

n i t r i c  a c i d .  

Previous s t u d i e s  have a l s o  o u t l i n e d  methods f o r  recover ing  neptunium, 

plutonium, and technet ium w i t h  sol-vents  siiitilar t o  those  d e s c r i b e d  he re .  

When a p p r o p r i a t e l y  combined, t hese  developments o f f e r  a ve r sa t i l e  i n t e -  

g r a t e d  s o l v e n t  e x t r a c t i o n  f lowsheet  f o r  t h e  recovery of a l l  important  

f i s s i o n  products  and o t h e r  components from waste l i q u o r s .  
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1. INTRODUCTION 

Large demands f o r  c e r t a i n  r a d i o a c t i v e  f i s s i o n  products ,  Sr90, Ce144, 

lhn147, C S ' " ~ ,  e tc . ,  a re  a n t i c i p a t e d  f o r  i n d u s t r i a l ,  space,  and o t h e r  uses.  

Although s m a l l - s c a l e  r e c o v e r i e s  of t h e s e  m a t e r i a l s ,  p r i n c i p a l l y  by pre-  

c i p i t a t i o n ,  have been conducted f o r  many yea r s ,  a t t e n t i o n  has  been given 

only  r e c e n t l y  t o  methods more a d a p t a b l e  t o  product ion  of l a r g e  coilnnercial 

q u a n t i t i e s .  A t  t h e  O a k  Ridge Na t iona l  Laboratory a t t e n t i o n  has  cen te red  

on t h e  u s e  of v e r s a t i l e  s o l v e n t  e x t r a c t i o n  methods f o r  recover ing  t h e  

f i - s s ion  products  from r e a c t o r  f u e l  process  waste l i q u o r s .  Processes  have 

been developed through l a b o r a t o r y  s c a l e  f o r  s t ron t ium and mixed rare e a r t h  

recovery  by e x t r a c t i o n  w i t h  d i  (2-ethylhexy1)phosphoric a c i d  and i t s  sodium 

sa l t ,  i n d i v i d u a l  r a r e  e a r t h  s e p a r a t i o n s  wi th  t r i b u t y l  phosphate,  

zirconiuni-niobium recovery  by e x t r a c t i o n  w i t h  di(2-ethylhexy1)phosphoric 

a c i d ,  and cesium recovery  by e x t r a c t i o n  wi th  s e l e c t e d  s u b s t i t u t e d  

pheno 1 s . "" l8 
heen developed t o  remove bulk  i m p u r i t i e s  such as n i t r i c  a c i d ,  s u l f a t e  and 

i ron ,  and c e r t a i n  f i s s i o n  products  such as zirconium-niobium and ruthenium. 

Such p re t r ea tmen t  produces feed s o l u t i o n s  more amenable t o  t h e  subsequent  

recovery  of o t h e r  f i s s i o n  products  and might a l s o  be adapted t o  t h e  i s o -  

l a t i o n  of zirconium-niobium, ruthenium, and poss ib ly  rare e a r t h s  a These 

combined developments a f f o r d  soI.vent e x t r a c t i o n  methods f o r  r ecove r ing  

most of t h e  v a l u a b l e  f i s s i o n  products  from waste l i q u o r s .  Previous  s t u d i e s  

a l s o  sugges ted  s o l v e n t  e x t r a c t i o n  methods f o r  r ecove r ing  o t h e r  v a l u a b l e  

compotlen ts  such as neptunium, plutonium, and technetium. 

1-11. 12- lis 

Feed p re t r ea tmen t  methods using amine e x t r a c t i o n  have al .so 

9,19 

2G,21 

This  paper d e s c r i b e s  the  h i g h l i g h t s  of t he  developments a long  wi th  

t h e  p e r t i n e n t  process  chemis t ry  and c o n t r o l l i n g  v a r i a b l e s ,  w i th  r e f e r e n c e s  

t o  r e p o r t s  from Oak Ridge Nat iona l  Laboratory and elsewhere,  d e s c r i b i n d  

much of t h e  chemis t ry  and developmental  s t u d i e s  i n  g r e a t e r  d e t a i l .  The 

names, s t r u c t u r e s ,  and sources  of t h e  less  common e x t r a c t a n t s  and d i l u e n t s  

used arc g iven  i n  Table  1. 

2. COMPOSITION OF FEED LIQUORS 

Nearly a l l  t h e  s t u d i e s  r epor t ed  h e r e  w e r e  made wi th  s imula ted  

Purex 1WW waste  of composi t ion similar t o  t h a t  c u r r e n t l y  produced a t  the  



Table 1. Reagents and Di luents  Used f o r  the Solvent  E x t r a c t i o n  of F i s s i o n  Troducts 

a b Compound S t r u c t u r e  Source A v a i l a b i l i t y  

D i  (2-ethylhexy1)phosphoric Acid 
(D2EHPA) 

Primene 3M 

p-Dodecylphenoi (PDF) 

- o-YnenyIphenol (OPP) 

~k-Chloro-2-phenylphenol (PCGPP) 

$-%-butyl -2 (c-ne thy  1 ) benzyl - 

Szntophen- 1 

Mono-heptadecylphosphoric Acid 

phenol ( B ~ P )  

~ S C O  125-82 

D i isopropyl  benzene 

Se l f  -ev ident  

H ~ N - c ( R ) ( R ~  ) ( R ~ ' ) ;  R+R'+R" 
= 18-24 carbon atoms 

dodecyl = mixed isomers 

S e l  f - evident  

S e l f  -ev ident  

Se 1 f - eviden-t 

4- chloro-2- benzylpheno 1 

heptadecyl  = 1-(3-echyi- 
p e n t y l )  -4-e thyloc ty l  

Refined a l i p h a t i c  petroleum 
f r a c t i o n  

Mixed isomers 

Enion Carbide;  V i r -  C 
g in ia -Caro l ina  Co. 

Rohn and Haas Co. C 

Rohm and Haas Co. 

Dow Chernical Co. 

Xa t h e  son, Co 1 eman 
and B e l l  

Dow Chemical Co. 

Monsanto Chemical Co. C 

Dow Chemical Go. E 

American Mineral  

Dow Chemical Co. 

S p i r i t s  Co. 
C 

C 
~- - 

a Source of p a r t i c u l a r  r e a g e n t s  used; i n  many cases o t h e r  s u p p l i e r s  a re  a v a i l a b l e .  

C r e p r e s e n t s  commercial q u a n t i t i e s ;  E r e p r e s e n t s  experimental  q u a n t i t i e s .  b 
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Hanford p l an t .  22 

added i n  most experiments  f o r  a n a l y t i c a l  purposes.  Purex 1WW w a s t e  i s  t h e  

evapora t ion-concent ra ted  aqueous r a f f i n a t e  from the  t r i b u t y l  phosphate- 

n i t r i c  a c i d  e x t r a c t i o n  process  used t o  recover  plutonium and uranium from 

spen t  uranium r e a c t o r  f u e l .  

i n  Fe3', 0 .1  ,M i n  A13', and c o n t a i n s  smaller amounts of f i s s i o n  and c o r r o s i o n  

products  ( S o l u t i o n  A, Table 2).  

of somewhat s i m i l a r  composi t ion b u t  c o n t a i n s  much less  i r o n  and n o  s u l f a t e .  

Tracer q u a n t i t i e s  of t h e  a p p r o p r i a t e  r a d i o i s o t o p e s  were 

~t i s  about  4 - M i n  I - INO~,  I. - M i n  SO$-, 0.5 _M 

Waste From t h e  Savannah River  p l a n t  i s  

The s t ron t ium and cesium recovery  processes  subsequent ly  desc r ibed  

r e q u i r e  p r i o r  n e u t r a l i z a t i o n  of t h e  waste  s o l u t i o n  w i t h  c a u s t i c .  To pre-  

v e n t  t h e  p r e c i p i t a t i o n  of i r o n  and o t h e r  hydro lyzable  metals, an  aqueous 

cornplexing agen t  i s  added. T a r t r a t e  has  been used most e x t e n s i v e l y ,  a l -  

though o t h e r  complexants such as c i t r a t e ,  e t c . ,  a r c  a l s o  The 

a d d i t i o n  of about  2 moles of sodium t a r t r a t e  per  mole o f  i ron ,  coupled 

w i t h  d i l u t i o n  of t h e  n e u t r a l i z e d  l i q u o r  t o  about  t h r e e  t i m e s  i t s  i n i t i a l  

volume, produces s t a b l e  f eeds .  1 ,arger  amounts of t a r t r a t e  would n o t  s i g -  

n i f i c a n t l y  i n t e r f e r e  w i t h  t h e  recovery  processes ,  bu t  dec reas ing  t h e  r a t i o  

a p p r e c i a b l y  can r e s u l t  i n  p r e c i p i t a t i o n  of hydrous i r o n  oxide.  For the  

s t ron t ium recovery  p rocess  t h e  pH of the  feed  s o l u t i o n  i s  a d j u s t e d  t o  '+.5 
LO 6 ( S o l u t i o n  B, Table  ?). 

a d j u s t e d  t o  a 2 ,  r e s u l t i n g  i n  a somewhat g r e a t e r  c o n c e n t r a t i o n  of sodium 

ion  ( S o l u t i o n  C, Table  2) .  

I n  t h e  cesium recovery  process  t h e  pW i s  

Process  changes are  expected a t  Hanford wherein t h e  f r e e  a c i d  con ten t  

of t h e  Purex 1WW w i l l  be  reduced t o  about  0.5 _M dur ing  t h e  decomposition of 

n i t r a t e  w i th  formaldehyde. " 
Purex FTIJ, w i l l  g ive  s o l u t i o n s  lower i n  sodium ion concen t r a t ion .  

of cesium recovery  have been made w i t h  w a s t e s  of t h i s  type a d j u s t e d  by 

adding c a u s t i c  and t a r t r a t e  (So lu t ion  D, Table 2) .  

changes a r e  planned, such as r e p l a c i n g  Eerrous su l famate  w i t h  U(IV) n i t r a t e  

as a plutonium reduc tan t ,  which w i l l  dec rease  t h e  i r o n  c o n c e n t r a t i o n  and 

e l i m i n a t e  s u l f a t e  from t h e  waste .  These less contaminated feeds ,  w i th  

less i r o n  t o  be complexed and less sodiuni t o  compete f o r  t he  e x t r a c t a n t ,  

w i l l  respond even b e t t e r  t o  t h e  p rocesses  desc r ibed  h e r e  than the f eeds  

used i n  t h e  c u r r e n t  tests. 

N e u t r a l i z a t i o n  of t h i s  waste, des igna ted  

Tests 

I n  t h e  f u t u r e ,  o t h e r  

23 
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Table 2. Approxiniate Composition of Simulated 

Waste and Feed S o l u t i o n s  

Solucion A Purex 1WW conta ins ,  i n  m o l e s / l i t e r :  

4.5 NO;, 0.6 N a + ,  0.5 Fe3+, 0.1 Ai3+, 0.01 Cr3+, 0.01 Ni2i - ,  

0.005 u@+, 0.002 ~ r " " ~ 0 . 0 0 3  CS+, 0.006 sm3+ ( s e e  f o o t n o t e  a ) ,  

0.003 Ce3+, 0.003 Ru, and s m a l l  amounts 

,Strontium-Rare E a r t h  Recovery Feed : 
t a r t ra te -complexed  (2  moles/mole F e ) ,  a d j u s t e d  w i t h  NaOII 

t o  pH 4.5-6, and d i l u t e d  3-fold.  Contains,  i n  r n o l e s / l i t e r :  

0.33 SO$-, 1.5 NO;, 2.7 N a  , 0.1'r Fe3$-, 0.033 A13+, 0.0053 
+ Cr3+,  0.0033 Ni2$-, 0.0016 UO$+, O.OOO'7 Sr", 0.001 C s  , 

0.002 Sm3+ (see f o o t n o t e  a ) ,  0.001 Ce3+, 0.001 Ru, and 

sma1.1 amounts of Zr, S i ,  and PPO~,-.  

4.0 H+, 1.0 SO:-, 

b 
of Z r ,  S i ,  and PO:-. 

-_ S o l u t i o n  B h r e x  1WlJ ( S o l u t i o n  A )  

-1- 

S o l u t i o n  C Cesium Recovery Feed: Same as S o l u t i o n  3 a d j u s t e d  w i t h  

a d d i t i o n a l  NaOH t o  pI1 P-13 (excess  NaOH above pH '7 = 

0.1-0.6 E ;  Na = 2.9-3." - M). 

S o l u t i o n  D Adjusted Formaldehyde-Treated Purex lWd [FTW) : Composition 
+ and pH range same as S o l u t i o n  C, except  Na -1.7-2.2 

and NO, - 0.2 E. 
i S o l u t i o n  E Tank Waste Supernate  c o n t a i n s ,  i n  m o l e s l l i t e r :  0.001 C s  , 

4 8.0 N a  

t o  pII 12-13 (0.1-0.4 - M a d d i t i o n a l  NaOH). 

3 NO;, 3 NO;, 1 COZ- ( o r i g i n a l  pH -10) a d j u s t e d  

I n  some cases 

d i l u t e d  two-fold p r i o r  t o  NaOH a d d i t i o n .  
I__. 

Note: Radioisotopes w e r e  added i n  many experiments f o r  a n a l y t i c a l  expedi- 
Zr-Nb95, Rule" )ju152"154, C e 1 4 4 ,  ency. These included Sr8', C S ~ " ~  J '  

Y"', Pm'47, Ba133, Rb8", a n i  mixed f i s s i o n  products .  

a 

b O . O 1  _M PO:-, 0.02 _M S i ,  and 0.006 _M Z r  added but  w e r e  mostly p r e c i p i t a t e d  

Sin used t o  r e p r e s e n t  cF@'s ( t o t a l  rare e a r t h s )  excluding C e .  

on aging.  T h i s  s i m u l a t e s  p l a n t  p r a c t i c e  where most o f  t h e s e  components i n  
t h e  o r i g i n a l  process  r a f f i n a t e  a r e  p r e c i p i t a t e d  d u r i n g  evapora t ion .  



Another w a s t e  l i q u o r  c o n t a i n i n g  a p p r e c i a b l e  amounts of cesium i s  t h e  

Hanford t ank  farm supe rna tan t  l i q u i d  which i s  produced by n e u t r a l i z i n g  

the Purex 1WW l i q u o r  and s o m e  o f  t h e  o t h e r  p l a n t  w a s t e  l i q u o r s  w i t h  

c a u s t i c  p r i o r  t o  t ank  s to rage .  Most of t h e  po lyva len t  metals are  pre- 

c i p i t a t e d ,  b u t  t h e  a l k a l i n e  supe rna tan t  l i q u i d  c o n t a i n s  n e a r l y  a l l  t h e  

o r i g i n a l  cesium and trace q u a n t i t i e s  of o t h e r  r a d i o a c t i v e  components. 

The approximate bulk  composition is, i n  moles/Liter: 

3.0 NO;, 3.0 NO,; pH about  10 ( S o l u t i o n  E, Table  2). 

8 Na4-, 1 Cog-, 

3. GENERAL EXPERIMENTAL PROCEDURES 

I n  ba tch  e x t r a c t i o n  t e s t s ,  t h e  o rgan ic  and aqueous phases were con- 

t a c t e d  e i t h e r  by mixing i n  an  open s e p a r a t o r y  funnel  w i th  a high-speed 

i n t e r f a c e  st irrer o r  i n  s e p a r a t o r y  funne l s  mounted i n  a B u r r e l l  w r i s t -  

a c t i o n  shaker .  Continuous tests w e r e  made i n  Knolls- type mini-mixer- 

s e t t l e r s  - 
mal ly  c o n t a i n s  s m a l l  amounts oE i r o n  and o t h e r  i m p u r i t i e s .  The DF’EHPA- 

T B P - h s c o  s o l v e n t  (composi t ion below) was el  caned p r i o r  t o  u s e  by a l t e r n a t e  

c o n t a c t s  w i th  0.5 v o l  of 6 I - ~ O ~ ,  0.5 v o l  of 2 g NaBH, and vol of 

0.5 _M m03. 

D i (  2 - e thy lhexy l )  phosphoric  a c i d  (DPEHPA), as rece ived ,  nor-  

4. RECOVERY OF STRONTIUM AND RARE EARTHS 

D i  ( 2 -e thy lhexy l )  phosphoric  a c i d  (D2EHPA) and i t s  sodium sa l t  (NaD2EHP) 

are v e r s a t i l e  c a t i o n  exchangers which, depending upon t h e  chosen cond i t ions ,  

can e x t r a c t  v a r i o u s  me ta l s  i n  v a r i o u s  degrees .  A gene ra l  r e a c t i o n  may 

be w r i t t e n  as  

where X r e p r e s e n t s  the  d i (e -e thylhexyl )phosphate  an ion ,  [HX]2 t h e  dimer 

form i n  which t h e  a c i d  ex is t s  i n  hydrocarbon d i l u e n t s ,  and t h e  s u b s c r i p t s  

aq  and org  refer  t o  t h e  aqueous and o rgan ic  phases,  r e s p e c t i v e l y .  With 

sodium-forrri r eagen t ,  N a  would r e p l a c e  Ii: . T h i s  equat ion  i s  somewhat + + 
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* 
over s impl i f i ed  bu t  i s  s u i t a b l e  f o r  the  p r e s e n t  d i scuss ion .  Hydrocarbons 

such as kerosenes o r  Amsco 125-82 are s a t i s f a c t o r y  d i l u e n t s  f o r  D2EBPA 

and many of i t s  meta l  complexes i n  eq i i i l ib r ium w i t h  a c i d  s o l u t i o n s ,  bu t  

mod i f i ca t ion  O E  the  d i l u e n t  wi th ,  f o r  example, t r i b u t y l  phosphate (TBP) 
i s  needed Lo main ta in  the  i n i s c i b i l i t y  of  NaD2EHP i n  the  s o l v e n t  phase. 25 

)-I. 1 St:rontium Extrac.t:ton and S t r i p p i n g  

Since  hydrogen ions  a r e  more t i g h t l y  bound by the  D2EHP anions  than 

s t ron t ium ions ,  e x t r a c t i o n s  a re  s l i g h t  :from a c i d  s o l u t i o n  b u t  become 

appreciab1.e from l i q u o r s  a t  h ighe r  pH. A s  shown i n  F ig .  1, the  maximum 

e x t r a c t i o n  from t h e  ad jus t ed  Purex waste l i q u o r s  i s  obta ined  a t  pH k e 6  

t o  6. 
w i t h  d i l u t e  a c i d .  

This  means a l s o  t h a t  s t ron t ium i s  e a s i l y  s t r i p p e d  from the s o l v e n t  

The s t ron t ium e x t r a c t i o n  c o e f f i c i e n t  depends, of course ,  upon t h e  

e x t r a c k a n t  concen t r a t  i.on "'" ( s e e  a l s o  Eq.  1 and f o o t n o t e ) .  

e x t r a c t i o n s  ( E  

and t h i s  concen t r a t ion  has  been used i n  t h e  process  t e s t s .  

owing t o  t h e  marked change of s t ron t ium e x t r a c t i o n  w i t h  pH, the  process  

s o l v e n t  composition has  been s e t  a t  0.2 M D2EHPA-0.1 M NaD2EHP-0.15 M 

TBP i n  Amsco 125-82. This  NaD?EHP/D?EHPA r a t i o  provides  a buf fered  

Adequate 

3) have been obta ined  w i t h  0.3 - M e x t r a c t a n t  (Fii-g. 1) 
0 

a 
S p e c i f i c a l l y ,  

- - - 
-E * 

* 
Although Eq. 1 ho lds  f o r  e x t r a c t i o n  o f  several .  metals from a c i d i c  so- 
lut ions24,26,27 it  does riot g ive  a r e p r e s e n t a t i v e  p i c t u r e  of Sr2+ ex- 
t r a c t i o n p 6  and espec ia l - ly  over  ~ I - I  extended pW range. 
~ c ~ o w e i i 2 8  sugges t  a gene ra l  equat ion ,  Sr2+ t n/y(ZX)y+,SrX2- ( Z X ) , - ~  
+ 2 Z+, where Z = 11 o r  Na and X = di(2-ethylhexy1)phosphate. Reagent 
dependence given by s l o p e s  n/y of l og  [H'.l2 
a t  c o n s t a n t  $ NaD2EHP have v a r i e d  f r o i n  -3 :: loo$ D2EHPA t o  0.95 a t  
100% NaD2EHP. 
+ 2 11' ( i n  agreement w i t h  Peppard, et ail) wi th  d iminish ing  v a l u e s  of n/y 
r e f l e c t i n g  changes i n  n o r  y o r  both as more of t he  r eagen t  i s  converted 
t o t h e  sodium s a l t .  I t  i s  known t h a t  po lymer iza t ion  beyond d imer i -  
z a t i o n  occurs  as  t h e  pe rcen t  of r eagen t  i n  the  sodium form inc reases .  
Equat ion (1) r e s g e s e n t s  s a t i s f a c t o r i l y  e x t r a c t i o n  o f  rare  e a r t h s  from 
a c i d i c  l i quor s ,  bu t  the r e a c t i o n  i s  probably more complicated i n  
h igh  pH r eg ions  where much of t h e  r eagen t  i s  i n  1:iie sodium form. 

This  concen t r a t ion  of TBP i s  s u f f i c i e n t :  f o r  m i s c i b i l i t y  of NaDPEHP i n  
t h e  so lven t .  25 

Recent r e s u l t s  of 

ESr p l o t t e d  log  [ t o t a l  ZX]  

This  sugges t s  a n  i n i t i a l  r e a c t i o n  Sr2+ -t 3(HX), $ SrX2'41-lX 

1 

.x-* 
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F i g .  1. E x t r a c t i o n  of Rare E a r t h s  and St ront ium f r o m  Adjusted lwlJ 
So lu t ion ,  Aqueous: same as So lu t ion  B except  a d j u s t e d  wi th  c a u s t i c  t o  
v a r i o u s  i n i t i a l  pII 1 evels ;  t r aced  wi th  mixed f i s s i o n  products .  Organic : 

Phase r a t i o :  
1/1. Contact  t i m e :  10 min. 

g DPEHPA-0.1 _M NaD2EHP--0.15 g TXP i n  h s c o  125-82. 
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+ +  s o l v e n t  t h a t  minimizes Na -1% t r a n s f e r  between t h e  organic  phase and low 

a c i d  aqueous phase and simpl.i.fies main ta in ing  t h e  pN between 4.5 and 6. 
Except f o r  t h e  rare  e a r t h s ,  d e s c r i b e d  below, o t h e r  f i s s i o n  products ,  

i n c l u d i n g  Ku, Zr-Nb, and C s  a re  n o t  a p p r e c i a b l y  e x t r a c t e d  from t h e  waste  

l i q u o r s  under c o n d i t i o n s  optimized f o r  s t ront ium. E x t r a c t i o n s  of chromium 

are  a l s o  i n a p p r e c i a b l e ,  Most of t h e  t r a c e  uranium and some i r o n  and alumi- 

num are  e x t r a c t e d ,  t h e  l a t t e r  two slowly, b u t  a l l  a re  e a s i l y  separa ted  

dur ing  s t r i p p i n g  (see below). Calcium, i f  p r e s e n t ,  and n i c k e l  are ex- 

t r a c t e d ,  but,  t h e s e  elements,  a s  noted la te r ,  can be s e p a r a t e d  i n  sub- 

sequent  o p e r a t i o n s .  Although t h e  e x t r a c t i o n  c o e f f i c i e n t s  f o r  sodium a r e  

low, the  l a r g e  c o n c e n t r a t i o n  of t h i s  i o n  i n  t h e  aqueous phase a f f o r d s  

s i g n i f i c a n t  competi-tion wi.th s t r o n t i u m  (and rare e a r t h s )  f o r  t h e  ex- 

t r a c t a n t .  Liquors  c o n t a i n i n g  g r e a t e r  amounts of sodium than  those  t e s t e d ,  

o r  expected i n  p r a c t i c e ,  could be handled b u t  wi th  some l o s s  i n  s t r o n t i u m  

e x t r a c t i o n  e f f i c i e n c y .  O n  t he  o t h e r  hand, b e t t e r  e x t r a c t i o n s  would be 

obta ined  from t h e  Purex process  waste l i q u o r s  expected i n  t h e  f u t u r e  

which, a f t e r  ad justment,  w i . 1 1  have a lower sodi-um content .  V a r i a t i o n s  

i n  s u l f a t e  c o n c e n t r a t i o n  of t he  l i q u o r  have l i t t l e  e f f e c t  on t h e  e x t r a c t i o n  

process .  3,11 

4.2 Rare E a r t h s  Ex t rac t ion ,  and S t r i p p i n g  

The f i s s i o n  product  rare e a r t h s  are  c x l r a c t e d  more s t r o n g l y  than  

s t r o n t i u m  from t a r t r a t e - c o n p l e x e d  Purex 1WW a t  pH's less than  6. Thei r  

c o e f f i c i e n t s  arc= much l a r g e r  ai. pR less than 4, becoming approximately 

equal  t o  those  f o r  s t r o n t i u m  a t  pH 6 t o  7 and f i n a l l y s n a l l e r  than ihose  

f o r  s t r o n t i u m  a t  h i g h e r  pH's (F ig .  1). V e r s a t i l e  o p p o r t u n i t i e s  a re  t h u s  

presented  f o r  separate extracri on of  s t ront i i im and ram e a r t h s ,  co- 

e x c r a c t i o n  and s t r i p p i n g ,  o r  c o - e x t r a c t i o n  w i t h  p a r t i t i o n i n g  i n  t h e  s t r i p  

cyc le ,  through usc of pIi and phase r a t i o  changes. I n  c o n t r a s t  t o  r a p i d  

s t r o n t i u m  e x t r a c t i o n  ( e q u i l i b r i u m  reached w i t h i n  a minut-e), t h e  approach 

t o  e q u i l i b r i u m  i s  slow f o r  t h e  e x t r a c t i o n  of rare e a r t h s  and y t t r i u m  from 

a d j u s t e d  Purex l W W  s o l u t i o n .  As shown i n  F ig .  2> t h e  c o e f f i c i e n t s  a r e  

s t i l l  i n c r e a s i n g  beyond 30 min of c o n t a c t  t i m e ,  However, s i n c e  t h e  mass 

t r a n s f e r  i n  1 min i s  90 t o  957; 01 t h a t  i n  30, good recovery of  rare earths 

can be obta ined  w i t h  reasonable  c o n t a c t  p e r i o d s ,  The o r d e r  of  e x t r a c t a -  

b i l i t y  from t h e  ta r t ra te -complexed  s o l u t i o n  a t  pH 6, up t o  30 min of 
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Fig.  2. Hate of Rare Ear ths  and Y t t r i u m  E x t r a c t i o n  from Adjusted 
1Wd S o l u t i o n  at I n i t i a l  pII 6. 
t r a c e r s  and 0.04 g / l i t e r  each of Y and Eu. OrEanic: 
MaD2EHP4.15 - M TRP i n  Amseo 125-82. 

Aqueous: S o l u t i o n  B wi th  a p p r o p r i a t e  
0.2 - M WEHPA-Q.1 - M 

Organic/aqueous phase r a t i o :  ?/1. 



c o n t a c t  t i m e ,  i s  Pni > C e  > Eu > Y. On t h e  o t h e r  hand, from noncmplexed 

sodium n i t r a t e  s o l u t i o n  (corresponding t:o t h e  second c y c l e  feed i n  t h e  

f lowshee t  descr ibed  below), e q u i l i b r i u m  i s  reached r a p i d l y ,  and t h e  o r d e r  

of e x t r a c t a b i l i t y  i s  Y >> Eu > Pm > C e  (Fig.  3 ) .  Using 0.2 _M D2EHPA- 

0.1 -_M N ~ D ~ E H P - O . ~ ~  -_M TBP i n  h s c o  125-82, e x t r a c t i o n  c o e f f i c i e n t s  f o r  

cerium are  about  10 a t  pH 1 and i n c r e a s e  t o  about  100 a t  pH 1.5. E f f i c i e n t  

s t r i p p i n g  of t h e  rare e a r t h s ,  bu t  n o t  y t t r ium,  i s  obta ined  w i t h  1 to  2 _M 

HNO, (Fig.  4), and, as expected, t h e  s t r i p p i n g  o r d e r  i s  i n v e r s e  t o  t h a t  

i n  e x t r a c t i o n  from t h e  s imple a c i d  n i - t r a t e  s o l u t i o n :  C e ,  Pm > E u  >> Y. 

The complete s t r i p p i n g  of y t t r i u m  r e q u i r e s  l a r g e r  aqueous volumes o r  more 

concent ra ted  a c i d .  T h i s  behavior  a f f o r d s  a convenient  iiiethod f o r  sepa- 

r a t i n g  y t t r i u m  from t h e  rare e a r t h s  at t h i s  p o i n t .  

4.3 Flowsheet €o r  t h e  Recovery of S t ront ium and t h e  Rare E a r t h s  

Many d i f f e r e n t  arrangements of a process  f o r  recovery,  s e p a r a t i o n ,  

and p u r i f i c a t i o n  of s t r o n t i u m  and rare e a r t h s  are  p o s s i b l e .  Other than 

t h e  v e r s a t i l i t y  o f f e r e d  by pB C O I I t K O l ,  d i - f f e r e n t  organic  complexants can 
29 be added t o  the  aqueous feed o r  s t r i p  s o l u t i o n s  t o  change t h e  degree  

and o r d e r  of e x t r a c t a b i l i t y  of d i f f e r e n t  metals. Si.nce t h e  amount of 

s tudy  r e q u i r e d  t o  examine a l l  process  arrangements i s  formidable ,  emphasis 

h a s  been placed on a p a r t i c u l a r  flowsheet: (Fig.  5 )  t h a t  i n c l u d e s  a f i r s t  

c y c l e  f o r  c o - e x t r a c t i o n  and s t r i p p i n g  of s t r o n t i u m  and rare  e a r t h s  t o  

g i v e  s e p a r a t i o n  from t h e  bulk  of t h e  1WW components, a second c y c l e  f o r  

s e p a r a t i n g  t h e  s t r o n t i u m  from t h e  rare e a r t h s ,  and a thi-rd c y c l e  f o r  f u r t h e r  

puri-fying and c o n c e n t r a t i n g  t h e  s t ront ium.  T h i s  f lowshee t  w a s  based on 

batch,  batch - coun t e r c u r r  en t , and cont inuous -e aun t e r c u r  r e n  t tests w i  til 

s imulated waste s o l u t i o n s .  It  w a s  subsequent ly  test:ed (see below) on 

a sample o f  a c t u a l  Purex 1 W  obta ined  from t h e  Nanford p l a n t .  F i g u r e  5 
shows d a t a  on t h e  f l o w  r a t i o s ,  t h e  idea l .  s t a g e  requirements ,  and t h e  sepa- 

r a t i o n  of t h e  meta ls  of p r i n c i p a l  importance. T h e  s o l v e n t  used i n  a l l  

-x- 

1- 11 

8 

** 

.- * 
Stront ium i s  more s t r o n g l y  e x t r a c t e d  than  calcium by D2EHPA from EDTA- 
conplexed s o l u i  i ons ,  i n  c o n t r a s t  t o  s t r o n g e r  e x t r a c t i o n  of calcium than 

Calcium w a s  not added t o  t he  s imulated s o l u t i o n s  used i n  t h e s e  tes ts  
s i n c e  i t  was o r j  g i n a l l y  thought t o  be an i n s i g n i f i c a n t  componcnt oE 
t h e  Purex 1WTi l i q u o r .  

s t r o n t i u m  from o t h e r  s o l u t i o n s  sucli as n i t r a t e ,  a c e t a t e ,  t a r t r a t e ,  e t c ,  30 
X %  
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Fig .  3. Ex t rac t ion  of I+re Earths and Yttrium from Sodium Nitrate- 
Ni t r ic  Acid So lu t ion  (2 ,M zNO3). 0.5 g l l i t e r  each of C e ,  Eu, 
arid Y i n  NaN0,-HN03 s o l u t i o n  wi th  appropr i a t e  tracers. Organic:  0.2 _M 
D2EHPA-0.1 _M NaD2EWP--0.15 _M TBP i n  Anisco 129-82. 
phase r a t i o :  2/1. Contact  t i m e :  6 min. 

Aqueous: 

Organic/aqueous 



UNCLASSIFI ED 
OR . . . . . . . . N . . L-LR- D ..._. WG 7 1 737 .. . . . . . . . . 

0.1 
0 1 2 3 4 

INITIAL H N 0 3  CONCENTRATION, 111 

Fig .  I + *  S t r i p p i n g  of Rare Earths  and Y t t r i u m  with N i t r i c  Acid. 
Organic:  
t a i n i n g  e x t r a c t e d  rare  e a r t h s  with a p p r o p r i a t e  t r a c e r s .  Phase r a t i o :  
1/1. Contact  t i m e :  5 mine 

0.2 _M D2ERPA-0.1 _M NaD2EHP-0.15 ,M TBP i n  Amsco 125-82 con- 
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1s t  cy 3 -- 
(Solution 3, Table 1) I 
60 g/l iter No 
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0.06 g/l iter Sr 
0.44 g/l iter 'iRE 

S t  ront t urn -Rare Earth 
Extraction 
(4 Stages) 

NaOIl t o  pH2 

'Strontium-Rare Earth 
Strip 

(4 Stages) 

Raffi rmte 1 s t  Cycle Prodllct 
lo Waste 15 g/l iter N a  

1.3 M HNO3 

To Solveni 

Rare Earth PrGdiJcl 
25 g/liter t R E  

3rd Cycle Feed 
30-40 g/ l i ter  No 
0.1 g/li ter Sr 
Trace, Rare Earths 
i, 0.01 g/liter Fe 

HN*3 

__r ......... 

Roffi nate 
to Waste 

Strontium Producl 
18 g/l iter 51- 
5-10 g/lirer N a  
1 hi HNO3 

To Solvent - -+ Recovery 

Fig .  5. Flowsheet f o r  Rccovcry of Strontium and Rare Ear ths  f r o m  
Adjusted IWW. Numbers i n  c i r c l e s  denote r e l a t ive  volume f l o w s .  
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t h r e e  c y c l e s  i s  0.2 M D2EHPA-0.1 

A s  noted previous ly ,  t h i s  proportiion of t h e  a c i d  arid s a l t  forms of t h e  

e x t r a c t a n t  p r e v e n t s  e x c e s s i v e  pK change i n  t h e  e x t r a c t i o n  system, which 

i s  e spec i - a l ly  import:ant i n  c y c l e s  1 and 3 f o r  main ta in ing  t h e  e f f i c i e n c y  

of t h e  s t r o n t i u m  e x t r a c t i o n .  

NaD2EHP-0.15 _M TBP i n  Amsco 125-82. 

I n  t h e  f i r s t  cycl.e, more than. 99% of t h e  s t r o n t i u m  and more than 95% 
of t h e  rare e a r t h s  a re  recovered from t h e  ta r t ra te -complexed  feed a t  

pH ' t . 5  t o  6 by c o u n t e r c u r r e n t  e x t r a c t i o n  a t  a n  organic/aqueous r a t i o  of 

211. The f i r s t - c y c l e  product  i s  obta ined  by c o - s t r i p p i n g  w i t h  2 _M HNO, 

a t  an organic/aqueous r a t i o  of 511. F iss ion-product  decontaminat ion 

f a c t o r s  measured over  t h i s  c y c l e  are about  25 from ruthenium, 10 from 

Zr-Nb, and 25 from cesium. Although most o f  t h e  uranium, 5 t o  25% or' 

t h e  i r o n ,  and some al.uminum are  e x t r a c t e d ,  t h e s e  elements  a r e  n o t  s t r i p p e d  

by t h e  2 _M HNO, b u t  a r e  removed from t h e  s o l v e n t  i n  a subsequent s o l v e n t  

recovery s t e p .  L e s s  i r o n  and aliminum are  e x t r a c t e d  i f  phase c o n t a c t  

t i m e s  a r e  he ld  t o  a minimum. 3 

Second-cycle feed i s  prepared by a d j u s t i n g  t h e  f i r s t - c y c l e  s t r i p  

product  t o  pH 2 w i t h  c a u s t i c .  The rare  e a r t h s  a r e  e x t r a c t e d  al: t h i s  pH 

whi le  s t r o n t i u m  remains i n  t h e  aqueous phase. To a i d  t h i s  s e p a r a t i o n ,  

t h e  extract  i s  scrubbed w i t h  o n e - f i f t h  i t s  volume of 1.2 

The s t r o n t i u m  i n  t h e  aqueous r a f f i n a t e  i s  a l m o s t  f r e e  of r a r e  e a r t h s .  

The rare e a r t h s  a re  s t r i p p e d  from t h e  scrubbed e x t r a c t  w i t h  2 - M HNO, t o  

g i v e  a product  s o l u t i o n  n e a r l y  f r e e  of s 'irontium and c o n t a i n i n g  about  

25 g of rare e a r t h s  per l i t e r .  

6 

NaNO, (pH 2 ) .  

The second-cycle r a f f i n a t e  i s  a d j u s t e d  t o  pH 6 w i t h  c a u s t i c  f o r  

t h e  t h i r d  cyc le ,  t h e  purpose of t h i s  c y c l e  being t o  c o n c e n t r a t e  t h e  

s t r o n t i u m  and t o  f u r t h e r  s e p a r a t e  i t  from sodium and r ad ioac . t i ve  con-, 

taminants.  Scrubbing w i t h  a c o n t r o l l e d  amount o f  n i t r i c  a c i d  t o  g i v e  

a pH of  3 t o  4 i n  t h e  scrub  sysliern g r e a t l y  improves t h e  s e p a r a t i o n  froin 

~ o d i u m . ~  S t r i p p i n g  wit:'ri 1.5 _M HNO, y i e l d s  a s t r o n t i u m  product: s o l u t i o n  

c o n t a i n i n g  18 g of s t r o n t i u m  and less  than  10 g of sodium per  l i t e r .  

4.3.1 Solvent  Recovery 

I ron ,  uranium, aluminum, and o t h e r  e x t r a c t e d  el-ements a r e  removed 

from t h e  used s o l v e n t  by c o n t a c t i n g  w i t h  sodium carbonate  s o l u t i o n  (about  

1 E )  contzaining sodium t a r t r a t e .  A f t e r  p a r t i a l  a c i d i f i c a t i o n  t o  t h e  



o r i g i n a l  composition, t he  recovered s o l v e n t  i s  recyc led  t o  t h e  e x t r a c t i o n  

s t e p .  
11 

I + . &  Demonstration Runs 

The th ree -cyc le  p rocess  was s u c c e s s f u l l y  demonstrated i n  min ia tu re  

m i x e r - s e t t l e r s ,  f i r s t  w i th  s imula ted  Purex I.ww,~ and f i n a l l y  i n  a h o t  
8 c e l l ,  w i t h  a sample of a c t u a l  Purex 1WW l i q u o r  from t h e  Hanford p l a n t .  

The r e s u l t s  of t h e  h o t - c e l l  tes ts  were i n  good agreement wi th  d a t a  from 

p r i o r  ba tch  and cont inuous  t e s t s .  

The s t ron t ium and rare e a r t h s  r e c o v e r i e s  i n  the  f i r s t  c y c l e  were 

99.'( and 94$, r e s p e c t i v e l y .  

p o s s i b l e  by i n c r e a s i n g  t h e  e x t r a c t i o n  c o n t a c t  t i m e s  (F ig .  2 ) .  

c y c l e  decontaminat ion f a c t o r s  were '15 from cesium, 170 from ruthcnium, 

and about  3000 from Zr-Nb, t he  l a t t e r  va lue  being much h ighe r  than pre-  

d i c t e d  from o t h c r  t e s t s ,  probably due t o  scavenging o f  t h e s e  elements  

by a s m a l l  amount of p r e c i p i t a t e  t h a t  formed i n  t h e  a d j u s t e d  feed.  

Grea te r  r e c o v e r i e s  of r a r e  e a r t h s  should be 

F i r s t -  

Nearly a l l  t h e  s t r o n t i u m  and rare e a r t h s  i n  the  f i r s t  c y c l e  product  

were recovered i n  t h e  subsequent  c y c l e s .  However, t h e  rare e a r t h /  

s t ron t ium decontaminat ion f a c t o r  f o r  t h e  second c y c l e  w a s  80, compared 

wi th  2.5 ;* lo4 obta ined  i n  ear l ier  t e s t s ,  owing t o  a c c i d e n t a l  ope ra t ion  

a t  pH's h ighe r  t han  in tended .  O v e r a l l  s t r o n t i u m  decontaminat ion f a c t o r s  

were b e t t e r  t han  1500 from r a r e  e a r t h s ,  about  IO5 from Zr-Nb, about  

3 x lo3 from cesium, about  l o4  from ruthenium, and more than 2 x 10" 

from i ron .  The s t ron t ium product  s o l u t i o n  conta ined  n i c k e l  a t  a concen- 

t r a t i o n  approximately equal t o  t h c  s t ron t ium;  however, subsequent  t e s t s  

showed t h a t  t he  a d d i t i o n  of a s m a l l  amount of cthylenediaminetetraacetic- 

a c i d  t o  t h e  t h i r d  c y c l e  feed p reven t s  n i cke l  e x t r a c t i o n  wi thout  a f f e c t i n g  

s t r o n t i u m  recovery.  

While the  r e s u l t s  of t h e  calcium ana lyses  of t h e  s t ron t ium product 

s o l u t i o n s  were inconc lus ive ,  previous d a t a  have shown t h a t  calcium i s  

e x t r a c t e d  more s t r o n g l y  than  s t ron t ium and should follow s t ron t ium 

through t h e  process .  For example, from So lu t ion  B a t  pH 5.6, t h e  ex- 

t r a c t i o n  c o e f f i c i e n t s  € o r  calcium, s t ront ium,  and barium were about  430, 
5, and 0.01, r e s p e c t i v e l y .  These same d a t a  show t h a t  calcium-stront ium 

s e p a r a t i o n s  can be achieved by D2EHPA e x t r a c t i o n .  E f f e c t i v e  s e p a r a t i o n s  

4 

2 9 3  have been obta ined  a t  Hanford by p a r t i t i o n i n g  i n  t h e  s t r i p p i n g  cyc le .  
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Mcl-Icnry and Posey of t h e  Oak Ridge National Laboratory I s o t o p e s  Div is ion  

have descr ibed  a c a l c i i m - s t r o n t i u m  s e p a r a t i o n  process  based on a D2EHPA 

e x t r a c t i o n  From a c e t a t e - b u f f e r e d  s o l u t i o n s .  32 

The d u r a t i o n  of the h o t - c e l l  t es t  was n o t  s u f f i c i e n t  t o  provide 

d a t a  on s t a b i l i t y  of t h e  s o l v e n t  t o  r a d i a t i o n .  Howver,  a modified 

v e r s i o n  of t h e  D2EHPA process has  been developed and used a t  Hanford 

f o r  r o u t i n e  product ion of megacurie amounts of SrgO i r o m  h i g h l y  r a d i o -  

a c t i v e  was1.e c o n c e n t r a t e s .  29731 

5, PROMETHIUM AND RARE EARTH SEPARATIONS 

The well-known s e p a r a b i l i t y  of rare e a r t h s  by extrac1:ion w i t h  t r i -  
12-1)+ b u t y l  phosphate from concent ra ted  a c i d s  w a s  used i n  developing a 

process  15’10‘ f o r  s e p a r a t i n g  promethium from a mixture  of f i s s i o n - p r o d u c t  

rare  e a r t h s  such as t h a t  ob ta ined  from t h e  D2EHTA s t r o n t i u m - r a r e  e a r t h  

recovery process  d e s c r i b e d  above. ‘fie two-cycle florcrsheet: i s  based on 

s e p a r a t i o n  f a c t o r s  of about  1.9 between proinetlii.um and t h e  ad j o i n i n g  

r a r e  e a r t h s ,  neodymium and samari.i.rm, when e x t r a c t i n g  from 12 - M HNO, with 

100% TBP. C o e f f i c i e n c s  a t  lower a c i d i t i e s  are s m a l l  enough t o  s t r i p  t h e  

elements  from t h e  o r g a n i c  phase w i t h  water o r  d i l u t e  n i t r i c  a c i d .  Stream 

f l o w s  and t h e  feed p o i n t s  of the n iu l r i s t age  c o u n t e r c u r r e n t  p a r t i t i o n i n g  

system are chosen s o  t h a t  i n  t h e  f i r s t - c y c l e  promethim and t h e  h e a v i e r  

rare  e a r t h s  a re  e x t r a c t e d ,  s e p a r a t i n g  them from neodymium and t h e  l i g h t e r  

rare e a r t h s .  A f t e r  11ei.ng s t r i p p e d  w i t h  2 - M HNO, and concentraced by 

evaporati-on, t h e  promethium i s  i so lnErd  i n  the second-cycle aqueous phase 

by e x t r a c t i n g  away y t t r ium,  samarium, and the h e a v i e r  rare e a r t h s .  S ince  

this process  h a s  been descr ibed ,  1-5’16 f u r t h e r  detai1.s a re  n o t  presented  

h e r  e. 

Cerium may be recovered from t h e  promekhium process  f i r s t - c y c l e  

r a f f i n a t e  by e x t r a c t i n g  wFth D2EHPA a f t e r  oxi.dacion to  C e ( 1 V ) .  

p rocesses  f o r  cerium ( m d  y t t r i u m )  have been developed and used r o u t i n e l y  

i n  t h e  ORNT, f i s s i o n  product  product ion f a ~ i l i t i e s . ’ ~  

i s  a l s o  a p o t e n t i a l  alternate t o  TBP e x t r a c t i o n  f o r  t h e  separa1:ion of 

promethium and o t h e r  rare e a r t h s .  

Recovery 

E x t r a c t i o n  by D2EBPA 

26,34 



6. CESIUM RECOVERY 

A new method w a s  developed €o r  r ecove r ing  cesium from a l k a l i n e  

waste s o l u t i o n s  by e x t r a c t i o n  wi th  s u b s t i t u t e d  phenols i n  a s u i t a b l e  

d i  luen t. ”” 
Furex 1WW (So lu t ion  C, Table 2) and ta r t ra te -complexed  formaldehyde- 

t r e a t e d  Purex 1WW (So lu t ion  D, TabLe 2) but  t h e  process  i s  a l s o  a p p l i -  

c a b l e  t o  t h e  t r ea tmen t  of Hanford-tank-farm supe rna tan t  l i q u i d s  ( S o l u t i o n  E, 

Table  2) .  O f  t h e  compounds examined thus far, b e s t  r e s u l t s  were obta ined  

wi th  2-dodecylphenol (PDP) and e s p e c i a l l y  2-phenylphenol  (OPE’), 14-chloro- 

2’-phenylphenol (PCOPF), 14 -=-butyl-2- (a-methylbenzy1)phenol (BAMBP), and 

)t-chloro-P-benzylphenol (Santophen-1).  

Most s t u d i e s  were made wi th  t a r t r a  te-complexed s imulated 

S u p e r f i c i a l l y  a t  least ,  a l k a l i  metal e x t r a c t i o n  by the  phenols may 
i- be cons idered  as c a t i o n  exchange between a l k a l i  meta l  i on  M and t h e  

hydrogen o f  t h e  phenol, as  r ep resen ted  by the  gene ra l  equat ion ,  

where RH i s  a s u b s t i t u t e d  phenol and t h e  s u b s c r i p t s  aq  and o r g  refer t o  

the  aqueous and o rgan ic  phases,  r e s p e c t i v e l y .  Cursory tes ts  confirm 

t h a t  one H i s  r e l e a s e d  f o r  each C s  e x t r a c t e d .  From t h e  s i m p l e s t  

s to i ch iomet ry  both a and b would be expected t o  equal  1. However, 

reagent-dependence tes ts  i n d i c a t e  t h a t  11 i s  l a r g e r  than  1. For example, 

a log- log  p l o t  of t h e  cesium e x t r a c t i o n  c o e f f i c i e n t  ve r sus  f r e e  phenol 

(PDP and BAMBP) c o n c e n t r a t i o n  i n  d i i sopropylbenzene  from t r a c e r  s o l u t i o n  

a t  pH 11.7 t o  11.8 gave a s lope  of about  j, i n d i c a t i n g  t h a t  b i s  about  j 

( r e f  9 ) .  
cesium pe r  6 moles of pheno l  was obta ined  by c o n t a c t i n g  0.5 _M o r  l.0 _M 

BAMBP i n  d i i sopropylbenzene  w i t h  concen t r a t ed  CsN03-GsOH o r  CsOH s o l u t i o n s  

a t  pH about  13.5 (ref 9). 
er t ies  a re  extremely weak a c i d s  so t h a t ,  i n  a d d i t i o n  t o  s e n s i t i v i t y  t o  

pH change, a p p r e c i a b l e  cesium e x t r a c t i o n s  are obta ined  only  from h igh ly  

a l k a l i n e  l i q u o r .  As expected, t h e  c x t r a c t e d  cesium i s  e a s i l y  s t r i p p e d  

by ve ry  d i l u t e  a c i d s .  

p ing  i s  r a p i d  ( e q u i l i b r i u m  a t t a i n e d  i n  Less than a minute) .  

-!- 3 

I n  o t h e r  experiments ,  a maximum loading  of about  1 mole  of 

The phenols showing the b e s t  e x t r a c t i o n  prop- 

Cesium t r a n s f e r  du r ing  both  e x t r a c t i o n  and s t r i p -  
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I n  c o n t a c t i n g  h i g h l y  a l k a l i n e  (NaOH) l i q u o r s ,  a p p r e c i a b l e  q u a n t i t i e s  

of some phenols a r e  t r a n s f e r r e d  from t h e  so lven t  t o  t h e  aqueous phase, 

w i th  an accompanying decrease  i n  aqueous pH. This  i s  presumably due t o  

t h e  p a r t i a l  conversi-on of t h e  phenol t o  t h e  sodium phenate s a l t  which 

d i s t r i b u t e s  a lmost  completely t o  t h e  aqueous s o l u t i o n .  The amount con- 

v e r t e d  depends upon the  aqueous c a u s t i c  concen t r a t ion ,  t h e  organic/aqueous 

phase r a t i o ,  and t h e  phenol s t r u c t u r e .  With 1.0 _M OPP i n  d i i s o p r o p y l -  

benzene, d i s t r i b u t i o n  t o  So lu t ion  C i s  n e g l i g i b l e  below equ i l ib r ium pH 10 

and s m a l l  a t  pH 11, b u t  i n c r e a s e s  r a p i d l y  t h e r e a f t e r  w i th  i n c r e a s i n g  

c a u s t i c  concen t r a t ion  (Fig.  6). 
of t h e  OPP d i s t r i b u t e s  t o  t h e  aqueous a t  a phase r a t i o  of l / l . .  

hav io r  of PCOPP and Santophen-l  i s  s i m i l a r ,  a l though l o s s e s  are  lower 

a t  comparable pH's. By contrast:,  t h e  d i s t r i b u t i o n  of B M P  t o  t h e  same 

s o l u t i o n  i s  less than 1 g / l i t e r ,  even a t  pH 13. 
reagent: w i th  c a u s t i c  i s  low, and t h e r e  i s  l i t t l e  pH change i n  t h e  aqueous 

phase.9 

p re s s ing  e f f e c t  on t h e  cesium ex t r ack ion  c o e f f i c i e n t  owing to  i t s  h igh  

power dependence on phenol concen t r a t ion .  However, i t  i s  impor tan t  t o  

n o t e  t h a t  such s o l v e n t s  can s t i l l  be used e f f e c t i v e l y  i n  coun te rcu r ren t  

e x t r a c t i o n  by adding a c i d  t o  the  f i .nal  s t a g e s  t o  lower t h e  pH s l i g h t l y ,  

f o r  example, t o  10 o r  11 (F ig ,  6 ) .  This  r egene ra t e s  che aqueous-phase 

sodj.inn phenate  t o  t h e  phenol, which then r e t u r n s  t o  t h e  organic  phase. 

Acid a d d i t i o n  i s  e s s e n t i a l  wi th  OPP and PCOPP b u t  no t  ~ 7 i t h  BAMBP and 

pro3abl.y n o t  e s s e n t i a l  wi th  Santophen-1 provided t h a t  t h e  e x t r a c t i o n s  

a r e  conducted a t  a pH 7.ess than 12. The more aqueous-soluble  r e a g e n t s  

do impose an upper l i m i t  on feed pH and sodium corrcentrati .0~7 to  avoid  

emulsion, probably caused by th i rd-phase  formation.  

A t  equ i l ib r ium pH 13, about  two- th i rds  

The be- 

The r e a c t i o n  of t h i s  

High l o s s e s  of e x t r a c t a n t  from t h e  so lven t  have a l a r g e  de- 

a 

The dependence of the cesium e x t r a c t i o n  c o e f f i c i e n t  from ad jus t ed  

Purex lwFl (So lu t ion  C, Table 2) on f i n a l  pH i s  shown i n  F ig .  7 f o r  1 %  

s o l u t i o n s  0: phenols i n  di isopropylbenzene.  With BAPBP, t h e  c o e f f i c i e n t  

i s  aboui: 2 a t  equ i l ib r ium pB 12, i n c r e a s i n g  ts 6 a t  pR 12.5, and 22 a t  

pII 13. With OPP, PCOPP, and Santsphen-1, t h e  c o e f f i c i e n t s  i n c r e a s e  wi th  

i n c r e a s i n g  pH up t o  pH 12 t o  12.5 and then decrease ,  The dec rease  a t  

t h e  h ighe r  pH's i s  due t:o t h e  l o s s  o f  phenol from the s o l v e n t  phase. A t  

pH v a l u e s  lower than 12, where t h e  e f f e c t  of e x t r a c t a n t  l o s s  on t h e  
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Fig. 6. Loss of 0-phcaylphenol fro t he  Aqueous Phase. Aqueous: 
Solution C adjusted tovarious pH levels ranging 10 to 13.6. 
1 - M OPP in diisopropylbcnzene. Organic/aqueous phase ratio: l/L. 
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Pig. 7.  Ext rac t ion  of Cesium from A d j u s t e d  Purex lWd Solution. 
Solution C adJusted to various plI l eve ls  r a n g i n g  11 to 13. Aqueous: 

Organic: 1 M phenol in diisopropylbenzene. Phase ra t io:  1/1. - 
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c o e f f i c i e n t  i s  r e l a t i v e l y  small, c o e f f i c i e n t s  f o r  Santophen-1 and PCOPP 

a r e  n i n e  t imes and t h r e e  t imes,  r e s p e c t i v e l y ,  h ighe r  than  those  f o r  BAbIEP, 

which i n  t u r n  a r e  h ighe r  than those  f o r  QPP. 

sodium o r  o t h e r  a l k a l i   metal^,^'^ so  t h a t  recovery  and s e p a r a t i o n  i s  

a . t ta ined  even from t h e  o r i g i n a l l y  h i g h l y  a c i d  waste  l i q u o r s  t h a t  have 

been n e u t r a l i z e d  wi th  c a u s t i c  t o  g ive  a l a r g e  concen t r a t ion  of sodium 

ion .  The s e l e c t i v i t y  of t h e  phenols f o r  cesium over  o t h e r  f i s s i o n  

products  i s  a l s o  excel1en. t .  For example, c o e f f i c i e n t s  f o r  e x t r a c t i o n  

of s t ront ium,  ruthenium, Zr-Nb, and europium from So lu t ion  C w i th  1 2  
OPP i n  d i i sopropylbenzene  were l e s s  than  under c o n d i t i o n s  where 

t h e  cesium c o e f f i c i e n t  w a s  about  1. I n  a d d i t i o n ,  t h e  e x t r a c t i o n s  of 

meta1.s such as i r o n ,  aluminum, chromium, and nickel .  are extremely weak. 

Of t h e  d i l u e n t s  t e s t s ,  b e s t  r e s u l t s  were obta ined  f o r  most of t h e  

The a f f i n i t y  o f  t h e  s o l v e n t  f o r  cesium i s  much g r e a t e r  than t h a t  f o r  

8 

8 

phenols w i t h  s u b s t i t u t e d  benzenes, such as d i i sopropylbenzene .  This  

d i l u e n t  has  a high f l a s h  p o i n t  (about  l75'F), i s  commercially a v a i l a b l e ,  

and was used throughout  most of t h e  exper imenta l  s t u d i e s .  Favorable  

r e s u l t s ,  w i th  lower cesium e x t r a c t i o n  c o e f f i c i e n t s ,  were obtained wi th  

t r i c h l o r o e t h y l e n e ,  carbon t e t r a c h l o r i d e ,  80$, ~ S C O  125-82-2'0$ tr  i- 

decanol ,  and 1 ,2 -d ich la roe thane .  D i f f e r e n t  r e s u l t s  were obta ined  wi th  

BAMBP. I n  t h i s  ca se ,  cesium e x t r a c t i o n  c o e f f i c i e n t s  were considerab1.y 

h ighe r  w i th  a l i p h a t i c  d i l u c n t s ,  f o r  example, w i th  Ansco 125-82 and kero- 

sene,  than wi th  d i i sopropylbenzene .  

6 . 1  Process  T e s t s  

A cesium recovery f lowshee t  (Fig.  8)  w a s  eva lua ted  i n  ba tch  counter -  

c u r r e n t  t e s t s  w i th  s imula ted  Purex waste s o l u t i o n s .  Cesium r e c o v e r i e s  

of 97 t o  b e t t e r  than 99.8% were demonstrated from So lu t ion  D w i t h  OPP 

and from S o l u t i o n  C w i th  QPP, PCOPP, Santophen-1, and S&f5P.9 

cesium w a s  s epa ra t ed  from o t h e r  components of t h e  waste by e x t r a c t i n g  

i n  5 o r  6 s t a g e s  wi th  15 s u b s t i t u t e d  phenol i n  d i i sopropylbenzene  a t  

an organic/aqueous phase r a t i o  of 1/1. The pI-1 i n  t h e  l a s t  e x t r a c t i o n  

s t a g e  w a s  a d j u s t e d  t o  10 or  11 t o  avoid  e x t r a c t a n t  l o s s ,  as  dcsc r ibed  

above. 

r a t i o  of 5/l t o  remove en t r a ined  l i q u o r  and t o  g ive  s t i l l  f u r t h e r  

Thc 

The e x t r a c t  w a s  scrubbed w i t h  d i l u t e  c a u s t i c  a t  an organic/aqueous 
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decontaminat ion from sodium and o t h e r  c a t i o n s .  The c a u s t i c  concen t r a t ion  

chosen f o r  sc rubbing  depends on the. phenol used, t h a t  i s ,  on the ba lance  

between cesium e x t r a c t i o n  power and r e a c t i v i t y  toward sodium hydroxide.  

With OPP, 0.3 _M NaOB i s  a s u i t a b l e  concen t r a t ion .  A t  lower concen- 

t r a t i o n s ,  r e f l u x  of cesium t o  t h e  e x t r a c t o r  i s  excess ive .  W i t h  Santo- 

phen-l  and BAMBP, 0.01 _M NaOW can be used wi thout  excess ive  r e f l u x i n g .  

The e x t r a c t e d  cesium was s t r i p p e d  e a s i l y  wi th  0.05 _M HNO,. 

aqueous phase r a t i o s  of 20/1., s t r i p p i n g  c o e f f i c i e n t s  were h ighe r  than 

l0G0 f o r  OPP, PCOPP, Santophen-1, arid RAMBP. 

8 

A t  organic /  

Typ ica l  r e s u l t s  a r e  shorn  i n  Table  3 f o r  a ba t ch  c o u n t e r c u r r e n t  run 

w i t h  19  EAMHP i n  d i i sopropylbenzene  t o  recover  cesium from So lu t ion  C 

a d j u s t e d  t o  pH 12.6. Cesium recovery was b e t t e r  than 99.8s i n  f i v e  s t a g e s .  

I n  t h i s  p a r t i c u l a r  t e s t ,  t h e  e x t r a c t  w a s  scrubbed wi th  0.3 _M NaOH a l though,  

as mentioned above, 0.01 I M NaOH would have been adequate  and p r e f e r a b l e .  

Cesium ext : ract ion c o e f f i c i e n t s  i n  the e x t r a c t i o n  and scrub  s e c t i o n s  were 

around 8 and about  33, r e s p e c t i v e l y .  The pH i n  the f i f t h  e x t r a c t i o n  s t a g e  

w a s  c o n t r o l l e d  a t  10 t o  11 by a c i d  a d d i t i o n  t o  prevent  army l o s s  of RAMBP 

t o  t h e  ra f f ina te ,  

s i n g l e  s tage wi th  0.05 v o l  of 0.05 WNO,, y i e l d i n g  a product  s o l u t i o n  

con ta in ing  2.4 g of cesium, 0.2 g of sodium, and 0.04 g of i r o n  per  l i t e r .  

The o v e r a l l  cesium/sodium decontaminat ion f a c t o r  w a s  n e a r l y  6000. 

The cesium w a s  s t . r ipped  t o  b e t t e r  than. 99.85 i n  a 

Although c o u n t e r c u r r e n t  t e s t s  have n o t  been made wi th  the  si.niulated 

Hanford tank  waste  (So lu t ion  E, Table 2 ) ,  ba tch  e x t r a c t i o n  t e s t s  show 

t h a t  e f f e c t i v e  cesium recovery  cou1.d be r e a d i l y  obta ined .  Cesium ex- 

t r a c t i o n  c o e f f i c i e n t s  f o r  1 - M 'BAMBP i n  d i i sopropylbenzene  a t  a phase r a t i o  

oE 1 from Solu t ion  E w e r e  6 a t  i n i t i a l  pH 12.5 and $3 a t  i n i t i a l  pH 13.1. 
Cycl ic  t e s t s  w i th  h i g h - a c t i v i t y  waste  w i l l  be made i n  o r d e r  t o  t e s t  

t he  s t a b i l i t y  of t he  phenols t o  r a d i a t i o n  degrada t ion .  Res is tance  t o  

chemical deg rada t ion  of RAMBP was i n d i c a t e d  i n  a ba tch  c y c l i c  t e s t  with 

s imula ted  waste. No s i g n i f i c a n t  v a r i a t i o n  i n  performance w a s  appa ren t  

over  15 e x t r a c  t i o n - s t r i p p i n g  c y c l e s  
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Table 3 .  Batch Countercur ren t  Recovery of Cesium 

Organic:  
Aqueous f e e d :  S o l u t i o n  C a d j u s t e d  t o  pH 12.6 w i t h  NaOH 
Scrub: 0.3 M NaOH 
Acid ( t o  5th-extract ion s t a g e ) :  
Flow rat{-os  : 

1 - M B N P  i n  d i i sopropylbenzene  

3 E EINO, 
Organic/feed/scrub/acid = 1/1/0.2/0.075 

C s  y -Act iv i ty  (counts  min”’ rnl-I) 
Cesium Ext rac  ti-on 

Organic Aqueous C o e i f i c i c n t  (EO) PI1 a Stage  

Scrub-2 

- 1. 
Aqueous feed 

E x t r a c t  ion-  1 

-2 

-3 
- 11 

-5 

- -  
12.6 

12.7 
12. ‘‘T 

12.7 

12.6 

10.9 

_-  
1 . 8 0 ~ 1 0 ~  

2.62~10~ 

4.4 x103 

6 x10’ 
P.- 

5. 55x103 
5. 27x103 

1. 7‘6xio5 
2.06x1.0~ 

3.4 x103 

6 x102 

<2 x10“ 

<2 X1O2 

3 2  

34 
-- 
8.7 
7.7 
7 .4  

3 
..,- 

6.2 Other E x t r a c t a n t s  

Many phenols, o t h e r  than those  mentioned, have been t e s t e d  and have 

given i n f e r i o r  performance owing t o  low e x t r a c t i o n  power and/or high  

aqueous s 0 1 u b i l i . t y . ~  

traction behavior  of t h e  v a r i o u s  phenols has encouraged cont inuing  search  

f o r  compounds of s t i l l  b e t t e r  e x t r a c t i o n  p r o p e r t i e s .  

as d inony lnaph t ha 1 m e  sill f o n i c  a c i d ,  e x t r a c  t c e s ium18’ 

acid and a l k a l i n e  s o l u t i o n  over  t h e  pH range 1 t o  12. A s  t o  a p p l i c a t i o n s  

t o  process  l i q u o r s ,  t hese  e x t r a c t a n t s  have n o t  been compet i t ive  w i t h  t h e  

pheno1.s owing t o  r e l a t i v e l y  poor s e l e c t i v t t y  and low e x t r a c t i o n  c o e f f i c i e n t s .  

Never the less ,  t h e  c o n s i d e r a b l e  v a r i a t i o n  i n  ex- 

High-molecular-weight s u l f o n i c  a c i d s  (and sodium s u l f o n a t e s )  such 

36 f Toin bo th  

Sodium te t raphenylboron  ( u s u a l l y  used i n  hexone) i s  a s t r o n g  and 

s e l e c t i v e  e x t r a c t a n t  f o r  cesium from a c i d  (plI h i g h e r  t:han 2) and a l k a l i n e  

waste l i q u o r s ,  but  a s u i t a b l e  s t r i p p i n g  method h a s  n o t  been found f o r  

t h i s  reagent .  36-38 



Ii igh-molecular-weight monoalkylphosphoric a c i d s ,  such as monohepta- 

decylphosphoric  a c i d ,  e x t r a c t  cesium i n  p re fe rence  t o  sodium from a c i d  

(pH 1 t o  3 )  sodium n i t r a t e  s o l u t i o n s  and show p o t e n t i a l  u t i l i t y  i n  sepa- 

r a t i n g  cesium and sodium from s i m p l e  s o l u t i o n s - "  I t s  a p p l i c a t i o n  t o  

the h i g h l y  contaminated waste  s o l u t i o n s  has  been imprac t i ca l  owing t o  

formation o f  heavy emulsions and poor s e l e c t i v i t y .  

Promising methods f o r  cesium e x t r a c t i o n  from waste  sol .ut ions w i t h  

Dc tn i l ed  com- 31,39-41 d ip i c rg l amine  i n  n i t robenzene  have been r epor t ed ,  

pa r i sons  of t h i s  s o l v e n t  w i t h  t h e  phenols have n o t  been made. 

7. ZIRCONIUM-NIOBIUM 

The h igh  a f f i n i t y  of  D2EHPA f o r  t e t r a v a l e n t  meta l  ions2' can be  

u t i l i z e d  i n  r ecove r ing  Zr-Nb from ac.idS.c wastes .  With 0.3 _M D2E'HPA- 

0.15 - M TBP i n  Amsco 125-82, about  9G$ of t h e  Zr-Nb w a s  e x t r a c t e d  upon 

c o n t a c t i n g  a n  equal  volume of a c i d  I'urex 1WW (So lu t ion  A, Table 2j €or  

30 min a t  room tempera ture  (Fig.  9 ) .  
was achieved i n  10 min a t  53°C and i n  1 min a t  83°C. A s  expected from 

the l a r g e  e x t r a c t i o n  c o e f f i c i e n t s  ( E  = 1-5 t o  20) obta ined  from the 

h igh ly  a c i d  l i-quor,  s t r i p p i n g  was i n e f f e c t i v e  v i t h  minera l  a c i d s .  How- 

ever ,  complexants such as o x a l i c  a c i d  were e f f e c t i v e  s t r i p p i n g  a g e n t s ;  

more than 99$ of t h e  Zr-Nb was removed from t h e  s o l v e n t  a f t e r  Ei.ve 10-min 

c o n t a c t s  w i t h  1. _M o x a l i c  a c i d  a t  an organic/aqueous r a t i o  of 5. 
presen.ce of TBP i n  the s o l v e n t  had a l a r g e  b e n e f i c i a l  e f f e c t  on s t r i p p i n g  

but  no  s i g n i f i c a n t  e f f e c t  on e x t r a c t i o n .  

Approximately the same recovery 

0 

a 

The 

1-7 

8 . PRETREATMENT OF AQUEOUS FEED WITH AMINES 

Pr e 1 im i n a  r y t e s t: s 9 y  l9 have shown t h a t  l a rge  amounts of t h e  major 

waste  components ( i . e , ,  n i t r i c  a c i d ,  i ron ,  and s u l f a t e )  can h e  e x t r a c t e d  

from s imula ted  Purex 1 W W  (So lu t ion  A, Table 2) w i t h  a primary amine. 

Most of t h e  f i s s i o n  product  zirconi-um-niobium, ruthenium, and rare e a r t h s  

can a l s o  bc  e x t r a c t e d .  Removal of t he  n i t r i c  a c i d  and i r o n  produces a 

?c 

?c 
The aqueous chemis t ry  o f  ruthenium i s  complex and o f t e n  depends upon 
s o l u t i o n  h i s t o r y ,  and t h e  q u a n t i t a t i v e  p r e d i c t i o n  of i t s  behavior  i s  
n o t  always p o s s i b l e  wi th  s imulated f eeds .  
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more amenable feed t o  t h e  s t ron t ium and cesium recovery  processes  due t o  

lower requirements  f o r  sodium hydroxide and sodium t a r t r a t e  i n  feed ad-  

justment  and lower sodium ion  c o n c e n t r a t i o n  i n  t h e  r e s u l t i n g  l i q u o r .  

The p r i o r  removal. of some of t h e  o t h e r  f i s s i o n  products  can a l s o  be an 

advantage.  

A s  shotyq i n  F ig .  10, t h e  e x t r a c t i o n  of i r o n  and s u l f a t e  i s  n e g l i g i b l e  

u n t i l  s u f f i c i e n t  amine i s  supp l i ed  t o  e x t r a c t  most of t h e  n i t r a t e .  With 

0.26 _M Primene JM i n  Amsco 125-82 d i l u e n t ,  72% of the  n i t r a t e ,  2$, of t h e  

s u l f a t e ,  and less than  1% of t h e  i r o n  were e x t r a c t e d  i n  a s i n g l e  c o n t a c t  

a t  an organic/aqueous phase r a t i o  of l j - ~ / l .  

t h e  i r o n  and n i t r a t e  and 43% of t h e  s u l f a t e  were e x t r a c t e d .  

of t h e  zirconium-niobium, 88% of t h e  ruthenium, and 57% of t h e  cerium 

were a l s o  e x t r a c t e d  a t  the  h ighe r  r a t i o ,  whi le  more than 97% of t h e  

cesium and s t ron t ium remained i n  t h e  aqueous phase.  I n  a l l  t e s t s  a t  

h igh  phase r a t i o s ,  t o  prevent  p r e c i p i t a t i o n  of remaining hydro lyzable  

meta ls ,  t h e  f i n a l  aqueous pH w a s  he ld  ai: 2 o r  l e s s  by supply ing  a 

p o r t i o n  of t h e  amine e x t r a c t a n t  i n  the  s u l f a t e  salt form o r  by adding 

s u l f u r i c  a c i d  t o  t h e  e x t r a c t o r .  

A t  a r a t i o  of 26/1, 96% of 

About 99% 

By proper  c o n t r o l  of f low r a t i o s ,  t he  e x t r a c t e d  cerium (and pre-  

sumably o t h e r  rare e a r t h s )  can be s e l e c t i v e l y  scrubbed from t h e  so lven t  

and may be combined, i f  d e s i r e d ,  w i t h  t h e  s t ront ium-cesium stream. 

The o t h e r  e x t r a c t e d  metals can be s t r i p p e d  wi th  n i t r i c  a c i d ,  and t h e  

amine n i t r a t e  formed can be conver ted  t o  f r e e  amine f o r  r e c y c l e  by coti- 

t a c t i n g  wi th  a base.  

9 

P o s s i b i l i t i e s  f o r  u s ing  amines t o  recover  f i s s i o n - p r o d u c t  zirconium- 

niobium, ruthenium, and rare e a r t h s  a re  a l s o  suggested by t h e  e x t r a c t i o n  

da ta .  

9. CONCLUSIONS 

The developments desc r ibed  i n  t h i s  paper o f f e r  a v e r s a t i l e ,  i n t e -  

g r a t e d  s o l v e n t  e x t r a c t i o n  f lowshee t  f o r  t h e  recovery  and p u r i f i c a t i o n  o f  

n e a r l y  a l l  t h e  E i s s ion  products  of p r i n c i p a l  importance from r e a c t o r  

f u e l  process  waste l i q u o r s ,  i nc lud ing  s t ront ium,  r a r e  e a r t h s  (mixed o r  

s e p a r a t e d ) ,  cesium, and zirconium-niobium. A schematic diagram of such 
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F i g .  10. Extraction of N i t r i c  Acid, Iron, S u l f a t e ,  and F i s s i o n  
Products  f r o m  Purex 11.M S o l u t i o n  w i t h  Primene J M .  Organic:  0.26 g 
Prirrierre JM ( p a r t i a l l y  i n  s u l f a t e  salt form a t  phase r a t i o s  e ighteen  
and greater)  i n  Amsco 1-25-82. Aqueous: S o l u t i o n  A. Contact  time: 
3 min. 
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(11.) 0.25 _- M Primene JM i n  l~nisco 12.5-82. 



a f lowshee t  i s  shown i n  P i g .  11. Previous s t u d i e s  have suggested s o l v e n t  

e x t r a c t i o n  methods f o r  recover ing  o t h e r  v a l u a b l e  components from t h e  w a s t e  

l i q u o r s ,  i n c l u d i n g  neptunium and plutonium w i t h  organoni t rogen and organo- 

phosphorus compounds, and technet ium w i t h  organoni t rogen compounds. 20 21 
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