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v i i  

FOREWORD 

This  i s  t h e  second i n  a s e r i e s  of p rog res s  r e p o r t s  t o  be  i ssued  on 

t h e  Act in ide  P a r t i t i o n i n g  and Transmutation Program, which is a m u l t i s i t e  

e f f o r t  coordinated a t  t h e  Oak Ridge National  Laboratory.  The f i r s t  r e p o r t  

was i ssued  ~s,ORNL/TM-5888. The o v e r a l l  program o b j e c t i v e  is  t o  eva lua t e  

t he  f e a s i b i l i t y  and i n c e n t i v e s  f o r  p a r t i t i o n i n g  ( sepa ra t ing )  t h e  long-l ived 

b i o l o g i c a l l y  s i g n i f i c a n t  i s o t o p e s  from f u e l  cyc l e  was tes  and t ransmuting 

(burning) them t o  sho r t e r - l i ved  o r  s t a b l e  i s o t o p e s  i n  power r e a c t o r s .  

During FY 1977 and 1978, t h e  p r i n c i p a l  emphasis w i l l  b e . o n  t h e  

experimental  eva lua t ion  of p a r t i t i o n i n g . a c t i n i d e s ,  followed by t h e i r  

recovery i n  forms s u i t a b l e  f o r  f a b r i c a t i o n  i n t o  t ransmuta t ion  t a r g e t s .  

De ta i l ed  computer ana lyses  w i l l  be  undertaken t o  determine t h e  e f f e c t s  on 

r e a c t o r  and f u e l  cyc l e  o p e r a t i o n s  of r ecyc l ing  t h e  p a r t i t i o n e d  a c t i n i d e s  

and t o  f u r t h e r  v e r i f y  t h e  f e a s i b i l i t y  of t ransmuta t ion  i t s e l f .  I n  FY 1979 

the  major e f f o r t  w i l l  be  d i r e c t e d  toward a d e t a i l e d  assessment of t he  c o s t s ,  

r i s k s ,  and b e n e f i t s  a s s o c i a t e d  wi th  t h i s  concept .  The program is expected 

t o  produce: (1) r e a l i s t i c  r ep roces s ing  and r e f a b r i c a t i o n  f lowsheets  which 

have been a t  l e a s t  p a r t l y  v e r i f i e d  by experimental  work, ( 2 )  s e v e r a l  

r e a l i s t i c  t ransmuta t ion  schemes based on s o p h i s t i c a t e d  r e a c t o r  phys ics  

c a l c u l a t i o n s ,  (3 )  an e v a l u a t i o n  of p a r t i t i o n i n g  and t ransmuta t ion  impacts 

on a l l  phases of t h e  nuc lea r  f u e l  c y c l e ,  (4 )  a meaningful r i sk-cos t -benef i t  

a n a l y s i s ,  and (5) a program plan  f o r  f u t u r e  development and demonstrat ion 

requirements  f o r  eventua l  implementation i n  commercial ope ra t ions .  Th i s  

a n a l y s i s  should c o n s t i t u t e  a reasonably f i r m  t e c h n i c a l  b a s i s  f o r  determining 

whether pa r t i t i on ing - t r ansmuta t ion  r e p r e s e n t s  a v i a b l e  waste  management 

a l t e r n a t i v e  f o r  managing long-l ived w a s t e  n u c l i d e s  t h a t  a r e  generated by 

a nuc lea r  power economy. 

The program c o n s i s t s  of 16  major t a s k s .  This  r e p o r t  summarizes t h e  

work done on each of t h e s e  du r ing  t h e  per iod  A p r i l  1-June 30, 1977. 
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SUMMARY 

Nonradioact ive s t u d i e s  i n  PUREX PROCESS MODIFICATIONS on t h e  e x t r a c t i o n  

and s t r i p p i n g  of uranium cont inue  t o  demonstrate uranium l o s s e s  of <0.01% 

i n  both cont inuous mixe r - se t t l e r  and ba t ch  coun te rcu r ren t  experiments.  I n  

a n t i c i p a t i o n  of t e s t i n g  va r ious  f lowsheet  cond i t i ons  i n  f u t u r e  h o t - c e l l  

tests, i n v e s t i g a t i o n s  were made t o  e s t a b l i s h  t h e  range of flow r a t e s  and 

impel le r  speeds which w i l l  ensure  good ope ra t ion  of t h e  mixe r - se t t l e r s .  

Resu l t s  showed t h a t  t h e  two 16-stage mixe r - se t t l e r  u n i t s  performed most 

s a t i s f a c t o r i l y  a t  t o t a l  flow rates up t o  4.5 l i t e r s l h r  and impe l l e r  speeds 

of 800 t o  1100 rpm. Plutonium l o s s e s  i n  ba t ch  coun te rcu r ren t  e x t r a c t i o n  

t e s t s  ( fou r  e x t r a c t i o n  and f o u r  scrubbing s t a g e s )  were found t o  be <0.01% 

us ing  an extractant- to-aqueous volume r a t i o  of 2.  S t r i p p i n g  of plutonium 

was r e l a t i v e l y  poor when plutonium s o l u b i l i z e d  i n  30% TBP was aged b e f o r e  

s t r i p p i n g  wi th  0.3 M HN03, b u t  w a s  r e l a t i v e l y  good f o r  t h e  unaged cond i t i on .  

E f f o r t s  i n  ACTINIDE RECOVERY FROM SOLIDS dur ing  t h i s  r e p o r t  per iod  

were d i r e c t e d  toward determining t h e  d i s s o l u t i o n  parameters  i n  va r ious  

r eagen t s  f o r  Pu02, U02, U 3 O 8 ,  Pu02-U02 s o l i d  s o l u t i o n s ,  and Am02-Pu02 mixed 

s o l i d s .  Severa l  r eagen t s  were examined, i nc lud ing  v a r i o u s  concen t r a t ions  

of HNO3, HN03-HF, HN03-H2S04, HN03-(NH4)2Ce(N03)6, and HN03-HF-H2S0,. Both 

Na2C03 and Na2C03-KN03 were i n v e s t i g a t e d  a s  p o s s i b l e  sal t  f u s i o n  agen t s  

us ing  s imulated PuOz-contaminated HEPA f i l t e r  media. The weight  percent  

a c t i n i d e  d i s so lved  was measured f o r  each of t h e  mixtures ,  and plutonium 

adso rp t ion  isotherms were developed t o  determine whether any of  t h e  

d i s so lved  plutonium was be ing  adsorbed by t h e  f i l t e r  medium. The 

HN03-(NH~)2Ce(N03)6 mixture appears  t o  g ive  accep tab le  decontamination 

f a c t o r s  f o r  r e f r a c t o r y  plutonium us ing  a s e r i e s  of c r o s s c u r r e n t  decon- 

tamina t ion  s t a g e s .  The s a l t  mixtures  do not  appear t o  be  accep tab le  a s  

fu s ion  agents ;  i n  add i t i on ,  s eve re  co r ros ion  problems a r e  a s s o c i a t e d  w i t h  

t h i s  approach. Conceptual f lowsheets  are presented  based on t h e  most pro- 

mising systems examined thus  f a r .  

Work r e l a t i v e  t o  AMERICIUM-CURIUM RECOVERY WITH OPIX, TALSPEAK, AND 

CEC dur ing  t h i s  per iod  cons i s t ed  o f :  (1) s e t t l i n g  rate measurements of 

r a r e -ea r th  o x a l a t e s  under semicontinuous p r e c i p i t a t i o n  cond i t i ons ,  (2) an  



e v a l u a t i o n  of  t h e  OPIX p o t e n t i a l  f o r  removing r e s i d u a l  t r a c e s  of neptunium 

and plutonium from t h e  HLLW, (3)  Talspeak mixe r - se t t l e r  runs  on t h e  f i r s t  

c y c l e ,  (4) Talspeak d i s t r i b u t i o n  c o e f f i c i e n t  measurements, (5) s t u d i e s  of 

methods f o r  removing monoethylhexylphosphoric a c i d  f r u ~ u  t l~e  Talspeak 

e x t r a c t a n t ,  and (6) an  examination of t h e  e f f e c t s  of zirconium on t h e  

behavior  of Talspeak. It was found t h a t  t h e  volume of o x a l a t e  p r e c i p i t a t e  

a f t e r  complete s e t t l i n g  was about  1% of t h e  t o t a l  s o l u t i o n  volume. Batch 

p r e c i p i t a t i o n  t e s t s  i n d i c a t e  t h a t  about  99.5% of t h e  plutonium can be  

removed when t h e  plutonium is t r i v a l e n t .  Encouraging r e s u l t s  were obta ined  

f o r  t h e  f i r s t  c y c l e  of t h e  Talspeak i lowsheet  AS performed i n  cht! mixer- 

s e t t l e r  run;  however, t h e  d i s t r i b u t i o n  c o e f f i c i e n t  s t u d i e s  i n d i c a t e  t h a t  

f lowsheet  mod i f i ca t ions  w i l l  be  r equ i r ed .  I n  a d d i t i o n ,  s i g n i f i c a n t  amounts 

of i n t e r f a c i a l  s o l i d s  a r e  formed i n  t h e  Talspeak e x t r a c t i o n  when zirconium 

is p r e s e n t  i n  t h e  f i r s t - c y c l e  feed  i n  concen t r a t ions  g r e a t e r  than M. 
Also,  t h e  e thy lene  g lyco l  s c rub  systems would have t o  b e  opera ted  a t  n e a r l y  

1:l volume r a t i o s  w i t h  t h e  o rgan ic  e x t r a c t a n t .  Consequently t h e  e thy lene  

g l y c o l  w i l l  have t o  be  p u r i f i e d ,  poss ib ly  by ion  exchange. 

This  q u a r t e r  t h e  s t u d i e s  i n  AMERICIUM-CURIUM RECOVEKY USING BIDENTATE 

EXTRACTANTS involved measuring e x t r a c t i o n ,  sc rub ,  and s t r i p  d i s t u f b u r i o n  

c o e f f i c i e n t s  f o r  a c t i n i d e s  and o t h e r  key elements  between s y n t h e t i c  LWR 

waste s o l u t i o n ,  made 0 . 1  M i n  n i t r i t e ,  and 302 dihexyl-N,N-diethylcarbamyl- 

methylene phosphonate (DHDECMP) i n  di isopropylbenzene (DIPB). 

Work concerning AMERlC1UM-CURIUM RECOVERY USING INORGANIC I O N  EXCHANCE 

MEDIA focused on t h e  e f f e c t  of pH on t h e  a f f i n i t y  of t i t a n a t e ,  n i o b a t e ,  and 

z i r c o n a t e  i o n  exchange m a t e r i a l s  f o r  r a r e -ea r th  i ons .  Resu l t s  ob ta ined  

du r ing  t h e  previous  r e p o r t  per iod  implied t h a t  t hese  a f f i n i t i e s  would 

d i s p l a y  a s t r o n g  pH dependence. 

Flowsheets were developed i n  t h e  a r e a  of RECOVERY ALTERNATIVES APPLICA- 

BLE TO WASTE STREAMS f o r  t h e  e x t r a c t i o n  of Np, Pu, Am, Cm, Tc, and Pd from 

high- leve l  l i q u i d  waste .  The process  involves  t h r e e  b a s i c  p a r t s :  f i r s t ,  

t h e  e x t r a c t i o n  of  U ,  Np, Pu, Am, and Cm t oge the r  wi th  f i s s i o n  product  Z r ,  

Nb, Mo, Y ,  and rare e a r t h s  u s ing  0.5 - M dihexoxyethylphosphoric a c i d  (HDHoEP) 

i n  d ie thylbenzene  (DEB) followed by s t r i p p i n g  of Np, Pu, Z r ,  Nb, and Mo 

w i t h  o x a l a t e  and s t r i p p i n g  of Am, Cm, and r a r e  e a r t h s  w i th  8 g H N O 3 ;  second, 

t h e  p u r i f i c a t i o n  of Np and Pu from t h e  Z r ,  Nb, Mo, and o x a l a t e  u s ing  0.25 M 



tricaprylmethylammonium n i t r a t e  (TCMA*N03) i n  DEB; and t h i r d ,  t h e  e x t r a c t i o n  

of Tc and Pd from t h e  r a f f i n a t e  of t h e  f i r s t  p a r t  u s ing  0 . 1  g TCMAeN03 i n  

DEB. The process  h a s  been s t u d i e d  us ing  s y n t h e t i c  l i q u i d  waste .  D i s -  

t r i b u t i o n  r a t i o s  f o r  s e l e c t e d  a c t i n i d e s  and f i s s i o n  products  u s ing  HDHoEP 

and TCMA*N03 a r e  presented .  

I n  t he  s tudy  of ACTINIDE RECOVERY FROM COMBUSTIBLE WASTE, t h e  eva lua t ion  

of leaching ,  a c i d  d i g e s t i o n ,  and f u s i o n  methods f o r  a c t i n i d e  recovery from 

i n c i n e r a t o r  ash  was cont inued.  High-fired plutonium oxide (wi th  2 4  ' ~ m  

p r e s e n t ' i n  t r a c e r  amounts) w a s  used i n  each case .  S o l u b i l i z a t i o n  and 

recovery of t h e  a c t i n i d e s  served a s  t h e  measure of method e f f i c i e n c y .  Fusion 

wi th  90 w t  % Na2C03--10 w t  % NaN03 gave t h e  b e s t  a c t i n i d e  recovery (197%). 

Emphasis i n  ACTINIDE RECOVERY AND RECYCLE PREPARATION FOR WASTE STREAMS 

was centered  on t h e  assessment of methods and r e c y c l e  p repa ra t ion  f o r  s a l t  

waste and waste-water s t reams.  Fu r the r  progress  w a s  made i n  a f e a s i b i l i t y  

s tudy  f o r  removing a c t i n i d e s  from t h e  sal t  was tes  w i t h  a  b i d e n t a t e  organo- 

phosphorous e x t r a c t i o n  process  and a  combined b i d e n t a t e - - t r i b u t y l  phosphate 

e x t r a c t i o n  process .  An eva lua t ion  of adsorbents  f b r  removing d e t e r g e n t s  

.from waste-water s t reams was i n i t i a t e d .  

Work r e l a t i n g  t o  RADIATION EFFECTS focused on completing t h e  a n a l y s i s  f 

f o r  i on  exchange m a t e r i a l s .  An i n t e r i m  r e p o r t  is expected t o  be  i n  f i n a l  

form dur ing  t h e  next  per iod .  Th i s  r e p o r t  w i l l  provide  a  compi la t ion  of t h e  

a v a i l a b l e  information which has  been converted t o  a c o n s i s t e n t  set of u n i t s .  

Addi t iona l  r u l e s  of thumb, a s  w e l l  as sample c a l c u l a t i o n s  demonstrat ing t h e  

t a b l e  usage, w i l l  a l s o  be inc luded .  

The FUEL AND TARGET FABRICATION STUDIES dur ing  t h i s  per iod  were con- 

cerned wi th  pre l iminary  e v a l u a t i o n s  of a l t e r n a t i v e  t ransmuta t ion  t a r g e t  

forms. These cons ide ra t ions  inc lude  t h e  a n a l y s i s  of a l t e r n a t i v e  d i l u e n t s  

and t h e  use of annular  t a r g e t  rods .  

LMFBR TRANSMUTATION STUDIES focused on t h e  s e l e c t i o n  of a  model LMFBR 

and i t s  refuel.  m a t e r i a l .  Reference va lues  f o r  burnup, power dens i ty ,  kef f ,  

and breeding r a t i o  were computed. The c a l c u l a t i o n s  were performed us ing  

2-D, multigroup d i f f u s i o n  theory .  

THERMAL REACTOR TRANSMUTATION STUDIES a r e  desc r ibed  f o r  t h r e e  con- 

f i g u r a t i o n s  of  t a r g e t  m a t e r i a l :  (1) a c t i n i d e s  uniformly d i spe r sed  i n  LWR 

f u e l  rods;  (2) a c t i n i d e s  concent ra ted  i n  s e p a r a t e  elements  kl ail LWR f u e l  



x i i  

assembly; and (3)  ac t in ide -con ta in ing  rods  comprising s e p a r a t e  assemblies ,  

surrounded by uranium-containing LWR f u e l  assembl ies .  I n  ca se  1, about 15% 

of t h e  was te  a c t i n i d e  inven to ry  is  f i s s i o n e d  and about 50% is  converted t o  

plutonium i s o t o p e s  f o r  f i s s i o n i n g  l a t e r  ( a f t e r  20 yea r s  of r ecyc l ing  

o p e r a t i o n s ) .  In  c a s e  2 ,  about  50% of t h e  waste  a c t i n i d e  inventory  is 

f i s s i o n e d  a f t e r  20 y e a r s  of ope ra t ions .  Case 3 i s  l e a s t  a t t r a c t i v e  of t h e  

t h r e e  because  t h e  f l u x  i n  t he  s e p a r a t e  t a r g e t  assemblies  is  four  . to  t e n  t i m e s  

lower than  i n  r e g u l a r  f u e l  assemblies .  However, we a n t i c i p a t e  t h a t  t h i s  

s i t u a t i o n  can  be l a r g e l y  a l l e v i a t e d  hy s a l t i n g  t h e  waste  a c t i n i d e  elements 

wf t h  f  issi le  m a t e r i a l .  

The t a s k  a r e a s  FUEL CYCLE IMPACT STUDIES, RISK~BENEFIT ANALYSIS, and 

t h e  DETAILED ECONOMIC ANALYSIS were i n a c t i v e  dur ing  t h i s  per iod .  

Under ANALYSIS, COORDINATION, AND EVALUATION, a l t e r n a t i v e  i n c i n e r a t i o n  

f lowsheets  were drawn up. The i n c i n e r a t i o n  combination c o n s i s t i n g  of con- 

v e n t i o n a l  a i r  i n c i n e r a t i o n  and mol ten-sa l t  fu s ion  of t h e  ashes  f o r  a c t i n i d e  

recovery  does  not  appear  t o  r e s u l t  i n  s i g n i f i c a n t  r educ t ions  i n  salt  waste 

volumes a s  compared wi th  f luidized-bed i n c i n e r a t i o n  wi th  sodium carbonate .  

The tandem system, however, would probably decrease  t h e  chances of s i g n i f -  

i c a n t  a c t i n i d e  l o s s e s .  Work dliring this p e r i ~ d  a l s o  included a continucd 

review of t h e  va r ious  ongoing programs wi th  r e d i r e c t i o n  a s  necessary .  

E d i t i n g  cont inues  on t h e  forthcoming pre l iminary  assessment of t h e  concept ,  

t o  be  publ i shed  as 0RNL/~~-5808.  



1. PUREX PROCESS MODIFICATIONS 

W. D.  Bond, F. A .  Kappelmann, S. Katz,  and F. M. S c h e i t l i n  
(Oak Ridge Nat iona l  Laboratory)  

T h h  &h d o c u u  on modi~ica;tiom t o  t he  Pwrex pkocua 
which ahaLLed tre?lue;t i n  higheh k e c a v h u  0 6  uhartium, 
nep;tuvLium, and ptutoniwn. Madi~icat ia~n t o  the pmcaa 
o p W m  m e  covlnidmed, ah w& ah &ehnaCiv~ i n  
deanup A y a t m  wkich k m ~ t t  i n  am&m wahze vaLwn~  
and actinide Loaa a. 

1.1 In t roduc t ion  

The Purex process  employs t r i b u t y l  phosphate (TBP), u s u a l l y  a t  a 

concen t r a t ion  o f '  30 vo l  %, i n  a hydrocarbon d i l u e n t  (n-dodecane) - t o  e x t r a c t  

uranium and plutonium from f u e l  d i s s o l v e r  s o l u t i o n s .  The t h e o r e t i c a l  degree  

of  recovery i s  d i c t a t e d  both  by t h e  e x t e n t  of  e x t r a c t a b i l i t y  of  t hese  

a c t i n i d e s  from an aqueous s o l u t i o n  s a l t e d  by n i t r i c  a c i d  and by t h e  e f f e c -  

t i veness  of s t r i p p i n g  t h e  a c t i n i d e s  from t h e  e x t r a c t a n t .  Nominally, each 

of t h e  e x t r a c t a b l e  a c t i n i d e s  undergoes a t  least two c y c l e s  ( e x t r a c t i o n  and 

s t r i p p i n g )  of so lven t  e x t r a c t i o n  t o  achieve  t h e  necessary  decontamination 

from f i s s i o n  products  and s e p a r a t i o n  from each o t h e r .  Any a c t i n i d e s  n o t  

e x t r a c t e d  from t h e  s o l u t i o n  of d i s so lved  f u e l  remain wi th  t h e  h igh- leve l  

aqueous waste ,  whereas any a c t i n i d e s  n o t  s t r i p p e d  from t h e  organic  phase 

r e p o r t  t o  t h e  was tes  r e s u l t i n g  from t h e  r egene ra t ion  and r e c y c l e  of t h e  

e x t r a c t a n t .  I n  e x i s t i n g  Purex p l a n t s ,  t h e  e x t r a c t a n t  i s  p u r i f i e d  f o r  

r ecyc le  by scrubbing i t  w i t h  an aqueous sodium carbonate  s o l u t i o n  which 

removes most of t h e  p r i n c i p a l  so lven t  degrada t ion  products  as w e l l  a s  t h e  

a c t i n i d e s  and f i s s i o n  products .  Thus, t h e  sodium carbonate  s o l u t i o n  may 

become a t r a n s u r a n i c  waste stream and r e q u i r e  f u r t h e r  t rea tment  i n  s a l t  

waste  management. The a c t i n i d e  va lues  remaining i n  n i t r i c  a c i d  s t reams 

from t h e  second and t h i r d  Purex c y c l e s  ( p u r i f i c a t i o n  cyc le s )  appear t o  b e  

amenable t o  r e c y c l e  i f  app ropr i a t e  ox ida t ion  and reduct ion  methods a r e  

used t o  s epa ra t e ' .  t h e  a c t i n i d e s  from each o t h e r .  

Experiments a r e  be ing  c a r r i e d  ou t  on t h e  Purex process  r e l a t i v e  t o  

t h e  coun te rcu r ren t  e x t r a c t i o n  and s t r i p p i n g  of  a c t i n i d e s  u s ing  bo th  

cont inuous m i x e r - s e t t l e r s  and ba t ch  equipment. The purpose of t hese  



experiments  is  t o  determine t h e  e f f e c t s  on a c t i n i d e  l o s s e s  by e i t h e r  

i n c l u d i n g  a d d i t i o n a l  s t a g e s  of  e x t r a c t i o n  and s t r i p p i n g  o r  us ing  an 

a d d i t i o n a l  Purex c y c l e  t o  remove a c t i n i d e s  from t h e  high-level  wasce stream. 

The e f f e c t s  of  t h e  inc reased  e x t r a c t i o n  of t h e  zirconium and ruthenium 

f i s s i o n  products  a r e  a l s o  be ing  eva lua ted .  It is  n o t  known whether t h e  

inc reased  r a d i a t i o n  damage caused by t h e  a d d i t i o n a l  e x t r a c t i o n  s t a g e s  

( o r  c y c l e s )  w i l l  r e s u l t  i n  a d d i t i o n a l  i n t e r f a c i a l  p r e c i p i t a t e s  and cruds.  

Zirconium compounds formed w i t h  degrada t ion  products  a r e  r epo r t ed  t o  be  

of l i m i t e d  s o l u b i l i t y  b o t h  i n  t h e  organic  and aqueous phases and have been 

observed t o  impair  o p e r a b i l i t y  when high-burnup f u e l s  a r e  processed.  

A l l  l a b o r a t o r y  work t o  d a t e  has  been c a r r i e d  o u t  u s ing  sisacllared, nuu- 

r a d i o a c t i v e  f u e l  d i s s o l v e r  and h igh- leve l  w a s t e  s o l u t i o n s  a s  feeds .  

Plutonium work is c a r r i e d  o u t  a t  t h e  t r a c e r  l e v e l .  

1 . 2  S t u d i e s  Using Mixer-Settl .ers 

T h i r t e e n  exper imenta l  runs  were made us ing  cont inuous,  countercur ren t  

m i x e r - s e t t l e r  equipment. Runs R-3 and R-4 examined t h e  e x t r a c t i o n  of 

uranium followed by a  subsequent  s t r i p  wi th  0 .3  - M HN03 (Fig .  1 .1) .  Eleven 

r u n s  (S s e r i e s )  were made us ing  0 . 1 M  HN03 f o r  s t r i p p i n g  uranium (Fig.  1 .2 ) .  

The concen t r a t ions  and volumes ul: t h e  e f f l u e n t s  shown i n  F igs .  1.1 and 1 .2  

w e r e  es t ima ted  us ing  t h e  SEPHIS computer code.' I n  a d d i t i o n  t o  providing 

d a t a  on uranium recovery ,  t h e  S series of experliuellts a l s o  eva lua ted  t h c  

h y d r a u l i c  performance of t h e  mixe r - se t t l e r  u n i t s  and t h e  range of ope ra t ing  

c o n d i t i o n s  t h a t  should b e  used i n  f u t u r e  h o t - c e l l  t e s t s .  The use  of s t i r r e r  

speeds and flow rates t h a t  gave good hydrau l i c  performance r e s u l t c d  i n  

uranium l o s s e s  t h a t  were l e s s  than U.Ul2'. 

1 .2 .1  R s e r i e s  experiments  

Condit ions f o r  t h e  R s e r i e s  experiments a r e  shown i n  Table 1.1. En 

t h e  f i r s t  two runs  (R-1 and R-2), which were r epo r t ed  iast  q u a r t e r ,  i t  was 

neces sa ry  t o  use  d iv ided  f low of t h e  aqueous stream t o  t h e  s t r i p p i n g  bank 

(0.5 l i t e r l h r  t o  s t a g e  1 and 3.0 l i t e r s l h r  t o  s t a g e  5 ) .  The need t o  d i v i d e  

t h e  f low was e l imina ted  when t h e  s p l i t  s t i r r e r  paddles  i r i  rhe  s t r i p p i n g  bai~k 

were rep laced  wi th  s o l i d  stirrer paddles  (F ig .  1 .3)  to . improve  mixing 

c h a r a c t e r i s t i c s .  Some f u r t h e r  improvement i n  ope ra t ion  was a l s o  obta ined  
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SCRUB (AS)  

F l  
FEED (AF)  

3 0 0  g/1 
2.5 & 

EXTRACTANT ( A X )  

3 0  vol % 
7 0  vol % 

- 
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IA  MIXER-SETTLER 
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30vol  % 
7 0  vol % 
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1 2  3 4 5 6  7 8 9 1 0 1 1 1 2 I 3 1 4 1 5 1 6  

IC MIXER-SETTLER 

T B P  I NDD 
30 vol % 
70 VOI X I 

AQUEOUS PRODUCT (ICU) 

3 6 . 9  g/1 
0.39 M 

Fig.  1 . 1 .  Purex flowsheet using 0 . 3  M HN03 i n  stripping (R s e r i e s ) .  - 



IC MIXER-SETTLER 

Fig.  1 . 2 .  Purex flowsheet using 0 . 1  3 HN03 i n  stripping ( S  s e r i e s ) .  





Table 1.1. Flowsheet conditions for  R s e r i e s  experiments 

Temperature = 43'C 

S t i r r e r  speed: 1100 rpm 

Process Flow r a t e  
stream ( l i t e r s l h r )  Composition 

Feed (1AF) 0.50 Q300 g U l l i t e r s  and $2.5 M HN03 

Solvent (1AX) 

Scrub (US) 

by a more precise  leve l ing  of the mixer-settler uni t s ,  A t  the  same time 

the  stirrer paddles w e r e  replaced, new feed pumps were ins ta l led ;  however, 

the  pump replacement had e i t h e r  o r  no e f f e c t  on the operation of the 

s t r i pp ing  bank. 

A sumiuary of t h e  uranium losses  f o r  the  R series runs is  given i n  

Table 1.2. Losses w e r e  calculated on the  analysis  of e f f luen t  streams 

taken a t  t h e  end of t h e  run and w e r e  grea tes t  f o r  the  str ipped organic (CW). 

The grea tes t  loss ,  0.032X, w a s  experienced i n  run R-2 where there  was 

d i f f i c u l t y  i n  operating the  s t r ipping bank. Stage-to-stage d i s t r ibu t ion  
0 * 

coef f ic ien ts ,  DA, measured f o r  the s t r ipping bank of R-2 w e r e  about a 

f ac to r  of 2 higher than f o r  t he  other  runs. With the divided flow i n  runs 

K-1 and R-2, the f i r s t  f i v e  s tages  oi: the s t r ipp ing  bank w e r e  essen t ia l ly  

ineffect ive.  A comparison of the organic-phase concentration prof i les  of 

the  s t r ipp ing  bank fo r  runs R-1 and R-4 is shown i n  Fig. 1.4. The uranium 

content of the organic phase i n  run R-1,  where s p l i t  flow was used, is  

es sen t i a l l y  constant i n  s tages  1 through 5, whereas i n  run R-4, with 

* 0 
DA is defined a s  the  concentration of a species i n  the  organic 

phase divided by its aqueous concentration when the system is  a t  chemical 
equilibrium. 



Table 1.2.  Uranium recovery i n  R series runs  

Run Product conc. 
Run time Addi t ives  t o  ( g  U / l i t e r )  % U l o s s a  X U  

number (h r  I feed lAP 1 C U  1AW 1CW recovery 
~~ 

R-1 1 2  None 82.9 41.5 2 4 99.996 

R-2 11 co ld  FP'S' 92.5 36.1 2 x lo-4 3 x 99.970 . . 

R- 3 1 0  ' None 96.1 37.1 9 x 4 , 99.995 

a 
Based on e f f l u e n t  stream a n a l y s i s  a t  s teady  state. 

b ~ a l c u l a e e d  from l o s s e s .  
C 

FP's = f i s s i o n  products .  



ORWL D Y I  77 -1104 

Fig.  1 .4 .  Concentrat ion p r o f i l e  of t h e  organic phase i n  t h e  s t r i p p i n g  

bank. 



s i n g l e  flow, t he  uranium con t inues  t o  s t r i p  o u t .  The concen t r a t ion  pro- 

f i l e s  f o r  t h e  organic  and aqueous phases i n  t h e  e x t r a c t i o n  bank of run R-4 

( see  Fig.  1 .5)  a r e  t y p i c a l  of a l l  t h e  runs.  

Steady-state  ope ra t ion  was appa ren t ly  achieved i n  about  4 h r  (F igs .  1 . 6  

and 1 . 7 ) ,  a l though cons ide rab le  s c a t t e r  was observed i n  t h e  a n a l y s i s .  I n  

runs  R-3 and R-4, t h e  equipment w a s  s h u t  down overn ight  a f t e r  6 h r  of 

o p e r a t i o n ,  l eav ing  t h e  inventory  i n  t h e  system, and then  run an a d d i t i o n a l  

4 h r  on t h e  fol lowing day (F ig .  1 . 8 ) .  The uranium concen t r a t ions  of t h e  

products  reached about t h e  same va lue  t h e  second day; however, t h e  l o s s e s  

t o  t h e  r a f f i n a t e s  appeared t o  i nc rease ,  even though they  were s t i l l  low 

va lues .  This  sugges ts  t h a t  shutdown ope ra t ions  would n o t  ' neces sa r i l y  

i n c r e a s e  uranium l o s s e s  t o  unacceptable  l e v e l s .  

Measurement of s tage-to-stage d i s t r i b u t i o n  c o e f f i c i e n t s  f o r  uranium, 

D'(u), gave reasonable agreement i n  runs  R-3 and R-4 f o r  bo th  t h e  e x t r a c t i o n  
A 

and s t r i p p i n g  banks (Tables 1 . 3  and 1 . 4 ) .  The uranium concen t r a t ions  i n  t h e  

phases were q u i t e  d i f f e r e n t  i n  some s t a g e s ,  a l though the  runs  were essen- 

t i a l l y  i d e n t i c a l .  I n  t he  R s e r i e s  runs ,  samples of each were taken v i a  

means of band-operated p i p e t s .  Some in te rmixing  of l i q u i d s  ''from d i f f e r e n t  

s t a g e s  could have occurred ,  and t h i s  may p a r t l y  exp la in  t h e  observed 

d i f f e r e n c e s  i n  runs R-3 and R-4. Also, a t t empt s  t o  measure t h e  d i s t r i b u t i o n  

c o e f f i c i e n t s  of zirconium i n  run R-4, and zirconium and ruthenium i n  run 

R-2, were unsuccessfu l  i n  t h a t  t h e  chemical a n a l y t i c a l  methods used proved 

t o  be u n r e l i a b l e  bo th  a t  low l e v e l s  and when t h e s e  elements were p re sen t  

a long  wi th  app rec i ab le  amounts of uranium, 

* 
1.2 .2  S s e r i e s  experiments 

The o b j e c t i v e s  of t hese  experiments w e r e :  (1) t o  e s t a b l i s h  t h e  ranges 

of t o t a l  flow r a t e s  and impe l l e r  speeds which would g ive  s t a b l e  ope ra t ion ,  

and (2) t o  determine t h e  product  l o s s e s  and s t a g e  e f f i c i e n c i e s  a t t a i n e d  

under s t a b l e  ope ra t ing  cond i t i ons .  I n  a d d i t i o n ,  t h e s e  runs  were made t o  

* 
Work c a r r i e d  ou t  i n  c o l l a b o r a t i o n  wi th  H. C .  Savage and V.  C .  A. Vaughen. 

Data obtained a r e  of mutual i n t e r e s t  t o  LWR program(ERDA A c t i v i t y  No. 
KX-0201-04-0) . 
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Table 1.3. Operating uranium concentrations and distribution 
coefficients in the extraction bank 

R-3 R-4 

Aqueous U Aqueous U 

Stage concentration 'OA('> concentration 
D~(u) 

number (g/liter) (glliter) 



Table 1.4. Operating uranium concentrations and distribution 
coefficients, D~(u), in the stripping bank 

R- 3 R- 4 
Aqueous U 

D p J )  
Aqueous U 

Stage concentration concentration 
D p J )  

- 
number (glliter) (glliter) 



provide  reasonable  o p e r a t i n g  c o n d i t i o n s  f o r  f u t u r e  h o t - c e l l  experiments.  

A m i x e r - s e t t l e r  is ope rab le  over  a  f a i r l y  wide range of impe l l e r  speeds 

and l i q u i d  throughputs ,  as shown i n  F ig .  1 .9 .  
2  

Experimental.  Eleven exper imenta l  runs  were made i n  t h e  S s e r i e s .  

These r u n s  d i f f e r e d  from t h o s e  i n  t h e  R series wi th  regard  t o  t h e  a c i d  

c o n c e n t r a t i o n  and t h e  volume used i n  t h e  s t r i p p i n g  bank (F igs .  1.1 and 1 . 2 ) .  

The composi t ions of t h e  p roces s  s t reams and t h e i r  flow r a t i o s  ( r e l a t i v e  t o  

t h e  f eed  s t ream) are given  i n  F ig .  1 .2 .  Both t h e  1 A  and 1 C  u n i t s  were 

ope ra t ed  a t  43OC, which pe rmi t s  e x c e l l e n t  phase sepa ra t ion .  

The o p e r a t i n g  c o n d i t i o n s  t o r  t h e  S seties e x p e r i m e n ~ s  are shuwn l u  

Table 1 . 5 .  Impel le r  speeds  of 800, 1100, and 1700 rpm were employed. 

T o t a l  f low r a t e s  of t h e  r e f e r e n c e  va lue  ( R ) ,  U.SR, and 1.5R were used 

(Table 1 .5 )  whi le  main ta in ing  flow r a t i o s  f i x e d  a t  t h e  va lues  shown i n  

F ig .  1.1. The time used f o r  each run w a s  t h a t  Observed t o  reach ar l e a s t  

99% of  s t e a d y  s t a t e  i n  b o t h  m i x e r - s e t t l e r  banks. I n  two runs ,  1A and 

2A, t h e  m i x e r - s e t t l e r s  used f o r  t h e  A and C u n i t s  were switched. The pur- 

pose of swi tch ing  t h e s e  m i x e r - s e t t l e r s  w a s  t o  determine t h e  e f f e c t ,  i f  any, 

of t h e  stirrer c o n f i g u r a t i o n  (each mixe r - se t t l e r  u t i l i z e d  s t i r r e r s  w i th  

d i f f e r e n t  b l a d e  c o n f i g u r a t i o n s )  on t h e  performance c h a r a c t e r i s t i c s  i n  

e x t r a c t i o n  and s t r i p p i n g .  For runs  1 through 9 ,  t h e  back s t i r r e r  i n  t h e  

1 C  u n i t  had fou r  b l a d e s  (1.27 cm long  x 0.56 cm wide x 0.16 cm t h i c k ) .  

The stirrers i n  t h e  A bank had e i g h t  b l a d e s  and were similar t o  t h e  s t i r r e r %  

i n  t h e  C bank except  f o r  t h e  0.32-cm s l o t  s e p a r a t i n g  t h e  b l ades  (0.48 

cm long  X 0.56 cm wide x 0.16 cm t h i c k )  a long  t h e  stirrer s h a f t  (Fig.  1 .3 ) .  

I n  t h e  fo l lowing  d i s c u s s i o n s ,  t he  four-bladed stirrers a r e  r e f e r r e d  to as 

so l id -b l ade  s t i r r e r s  and t h e  eight-bladed s t i r r e r s  a r e  c a l l e d  s p l i t - b l a d e  

stirrers. An o r i g i n a l l y  scheduled run ( run  6) us ing  a  flow r a t e  of 1.5R 

and an  impe l l e r  speed of 800 rpm was not  made because the  r e s u l t s  ob ta ined  

i n  r u n s  4 and 5 i n d i c a t e d  t h a t  t h e  h ighe r  flow rates would not  provide 

s a t i s f a c t o r y  ope ra t ion .  

The m i x e r - s e t t l e r  conta ined  both  o rgan ic  and aqueous phases a t  t h e  

beginning  of  each run .  Every run,  except  run  1, w a s  s t a r t e d  wi th  an i n i t i a l  

i nven to ry  ok uranium i n  t h e  mixer -seer le r .  I n  each succrediug run, t h e  

i n i t i a l  inventory  inc luded  t h e  uranium t h a t  was d i s t r i b u t e d  throughout t h e  
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Fig. 1.9. Diagrammatic representation of operating regions for mixer-settlers. 



Table 1.5. Operating parameters for Purex experimental 
runs in 16-stage inixer-setrleru 

Run 
Run time  low ratea Agitator speed 

number (hr) (literslhr) (r~m) 

1 4 Reference 1100 

3 4 R e f  erencr 800 

1~~ 4 Reference 1100 

4 4 1.5 x reference ' 1100 

4 1.5 x reference 1700 extraction bank; 
1300 strip bank 

7 6.25 0.5 x reference 1100 

8 5 0.5 x reference 1700 

3 7 n.5 x reference ' 800 

lAC 4.5 Reference 1100 

2Ac 5. Reference 800 

a 
Reference flow rate: Feed (AF) = 0.50 literlhr 

Solvent (AX) = 1.75 literslhr 
Scrub (AS) 0.20 litarlhr 
Strip (CX) = 2.00 li~erslhr 

'A and C banks reversed to test effect of solid and split 
agitator blades. 



s t a g e s  from the  previous  run. The runs  were performed i n  t h e  o r d e r  l i s t e d  

i n  Table 1 .5 .  The i n i t i a l  inventory  of so lven t  'and aqueous phases a t  t h e  

start of run  1 was accumulated by feeding  t h e  banks wi th  n i t r i c  a c i d  

s o l u t i o n s  and 30% TBP ( p r e e q u i l i b r a t e d  wi th  0 . 0 1 g  HN03). P r i o r  t o  run 1, 

t h e  A bank inventory  w a s  accumulated by s u b s t i t u t i n g  2.5 g HN03 f o r  t h e  

uranium feed s o l u t i o n s ,  u s ing  t h e  same flow r a t e  a s  i n  run 1. A l l  o t h e r  

i npu t  streams and flow r a t e s  t o  t h e  A bank were t h e  same a s  those  shown 

i n  Fig.  1 .2.  The i n i t i a l  C bank inventory  w a s  obta ined  by feeding  t h e  

organic  phase e x i t i n g  from t h e  A bank t o  t h e  C bank under t h e  cond i t i ons  

shown i n  Fig.  1 .2.  

During each run ,  samples of t h e  product and waste  s t reams were with- 

drawn on an  hour ly  b a s i s  u n t i l  t h e  last  hour of ope ra t ion ;  a t  t h a t  time 

samples were taken every 1 5  min (Fig.  1 .10) .  Flow r a t e s  were monitored 

every  30 min and ad jus t ed  when necessary.  Temperatures were checked 

p e r i o d i c a l l y  by i n s e r t i n g  a thermometer i n t o  t h e  s o l u t i o n s . i n  t h e  mixer- 

s e t t l e r s .  Ag i t a to r  speeds, which were maintained w i t h i n  +50 rpm, were 

monitored cont inuously by t h e  speed-control  pane l  meter  and occas iona l ly  by 

means of a  S t r o b a t i c .  

A t  t h e  end of t h e  run,  samples of. bo th  t h e  o rgan ic  and aqueous phases 

from each of t h e  32 s e t t l i n g  chambers of t h e  A and C banks were taken v i a  

a m u l t i p l e  sampler device  (F ig .  1 .11) ,  which permi ts  r ap id  removal of 2.5- 

m l  volumes of each phase. These samples were analyzed f o r  t h e i r  uranium 

and n i t r i c  a c i d  concent ra t ions .  Equil ibr ium d i s t r i b u t i o n  c o e f f i c i e n t s  

of f o u r  p re se l ec t ed  s t a g e s  were determined by removing aqueous and organic  

samples froiii these  s t a g e s ,  performing ba t ch  equ i l i b r ium shakeouts ,  and 

ana lyz ing  t h e  phases f o r  uranium con ten t .  Samples of t h e  composite AW and 

CW s t reams were a l s o  taken and analyzed f o r  uranium. 

Resul t s .  Each experimental  run was eva lua ted  by s e v e r a l  methods, 

inc luding:  (1) de te rmina t ion  of uranium concen t r a t ions  i n  t h e  product  and 

waste  s t reams,  (2) c a l c u l a t i o n  of uranium m a t e r i a l  ba lance ,  (3) e s t ima t ion  

of o v e r a l l  s t a g e  e f f i c i e n c i e s  from McCabe-Thiele diagrams, and ( 4 )  v i s u a l  

observa t ion  of t h e  s e t t l i n g  chambers dur ing  ope ra t ion  ( t o  d e t e c t  any 

f looding ,  emulsion a t  t h e  aqueous-organic i n t e r f a c e ,  e t c . ) .  These methods 

were i n s u f f i c i e n t  t o  q u a n t i t a t i v e l y  s p e c i f y  t h e  optimum ope ra t ing  cond i t i ons ;  
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however, the summation of a l l  r e s u l t s  and observations gave a good quali- 

t a t i v e  indication of t he  eystem performance a t  each nf the run conditions. 

The r e l a t i v e  value and l imi ta t ions  of each evaluation method a r e  discussed 

i n  t h e  following paragraphs. 

The f i n a l  uranium concentration in the  aqueous r a f f ina t e  (1AW) from the 

ex t rac t ion  bank varied from 2.6 x 10'~ t o  3.4 x g l l i t e r ,  while tha t  i n  

the  organic waste (1CW) from the s t r i p  bank varied from 1 x 10'~ t o  11.2 

g l l i t e r  (Table 1.6) . The ana ly t ica l  l i m i t  f o r  uranium is  about 2 x 10" 

g l l i t e r ,  and s ign i f i can t  e r r o r s  caa be expcctsd below ahout 1 x 10'~ g l l i t e r .  

Therefore, no s ignif icance was attached t o  var ia t ions  in the uranium con- 

cen t ra t ion  in the aqueous r a f f i n a t e  o r  organic waste unless the value 

exceeded about 1 x 10" g / l i t e r .  (For reFerence purposes, SEPHIS calcu- 

l a t i o n s  predict  uranium concentrations of about 3 x lo-'' and about 8 x lo-' 
g l l i t e r  in the aqueous r a f f i n a t e  and organic waste, respectively,  which a r e  

values f a r  below our ana ly t i ca l  capabil i ty.)  Uranium concentrations i n  the  

organic and aqueous product streams from the extfact iun and s t r ipping banks 

ranged from about 68 t o  99 g l l i t e r .  

Material balances f o r  uranium i n  the extract ion and s t r ipping banks, 

as w e l l  as an overa l l  balance fo r  both banks, w e r e  made. The apparent 

overa l l  material balance f o r  uranium ranged from 97 t o  l l O X ,  with the 

exception of run 5 (133%) i n  which flooding was obeerved 111 the s t r ipping 

bank (Table 1 . 7 ) .  Since che l u t e r i a l  balance depends d i r ec t ly  on uranium 

analyses and flow r a t e ,  the  values of both these parameters must be 

accurately known. The extract ion bank product stream (1AP) is  Llle input 

stream t o  the  s t r ipp ing  bank, and the  material  b a l c r r l ~ s ~  f o r  oaah bank 

depend on the analysis  of t h i s  stream. The uranium concentrations i n  end 

streams a r e  based on multiple samples taken during the run and should be 

considered a good estimate. Thus, the overa l l  uranium material halance 

f o r  both banks i s  a l so  dependent on the  accuracy of the flow raLe meaaurc- 

ments (+5%). 

Overall e f f ic ienc ies  of the  extract ion and s t r ipping bcurks were 

estimated from t h e  McCabe-Thiele diagrams i n  which the number of ac tua l  

s tages  required t o  produce given aqueous r a f f ina t e  and organic waste 

uranium concentrations a r e  compared with the  number of theore t ica l  s tages  

t o  produce the same concentrations based on SEPHIS calculations (Table 1 .7) .  



Table 1.6. Operating condi t ions  and uranium analyses  of product and waste streams f o r  Purex 
experimental runs i n  16-stage mixer -se t t l e r s  

Run Agi ta tor  
Uranium concentrat ionb ( g / l i t e r )  

C 
Run time 

a 
speed Uranium l o s s  (%) 

number (hr)  Flow r a t e s  (rpm) A W AF' CW CU A W CW 

4 Reference 

4 Reference 

4 Reference 

4 Reference 

4 1 .5  x reference 

4 1.5 x reference 1700 ex t . ;  
1300 s t r i p  

8 5 0.5 x reference 1700 7.6 x 81.7 6.3 X 67.9 3.6 X lv4 7.6 X 

9 7 0.5 x re fe rence  800 1.1 x 79.3 7.1 x 72.7 5 .3  X 10" 8.5 X lo-' 

1~~ 4.5 Reference 1100 2.8 x 85.0 1 .4  X 73.6 . 1.3  X 10'~ 1.7 X 

2~~ 5 Reference 800 2.2 X 85.7 8.4 X 73.7 1 . 1 ~ 1 0 ' ~  1 . 0 ~ 1 0 - ~  

Uranium concer- t r a  t i o n s  
pred ic ted  by SEPHIS 

a ~ e f e r e n c e  flow: AF = 0.50 lL t e r / h r ;  AX = 1.75 l i t e r s / h r ;  AS = 0.20 l i t e r / h r ;  CX = 2.00 l i t e r s / h r .  
h e e d  (AF) = 292 g  liter 
CLoss caLculated from uranium analyses  a t  t he  end of run. 
dsp l i t -b lade  a g i t a t o r s  i n  s t r i p  bank; sol id-blade a g i t a t o r s  i n  ex t r ac t i on  bank. 



"ble 1.7.  Uraniun mate r ia l  balance and estimated o v e r a l l  s t age  e f f i c i e n c i e s  f o r  Purex 
experimental  runs i n  16-stage mixer - se t t l e r s  

ES timateda 

Uraniun m a t e r i a c i a l a n c e :  output / input  o v e r a l l  s t age  

Run Extract ion St-i? Extract ion + s t r i p  e f f i c i e n c y  (%) 

number :%> (3 (%> Ext . S t r i p  Observations 

1 100 105 106 6 5 85 Extract ion bank organic continuous. 
S t r i p  bank organic  continuous except 
s t zges  1 and 3. 

2 94 105 99 5 5 d Fozning on .surface of organic phase - 
a l l  s t ages .  

3 101 105 106 80 d A l l .  s tages  organic  continuous. S tab le  

operat ion.  

1~~ 119 .3 7 104 7 5 d Sane a s  Run 1. 

4 9 3 106 9 9 55 <<75 Extract ion bank same a s  1. S t r i p  

b a ~ k  organic continuous except 
s t cges  1, 10, 11. 

5 ,111 1201 133 55 d S t r i p  bank flooding. 

7 .LO4 145 109 55 <75 A l l  s tages  organic continuous. 
S tab le  operat ion.  

8 . L O 1  9 6. 97 5 5 - Foaming on sur face  of organic 
phase - a l l  s t ages .  S t r ipp ing  poor. 
Uranium v i s i b l e  a t  s t age  3.. 

9 9 8 1 L2. 110 5 5 75 Extzaction bank organic continuous. 
S t r i p  bank organic continuous except 
s t ages  1, 3,  9, 11, 12. 

1~~ LO5 39 104 %lo0 75 . Emmlsion i n  s t r i p  bank. 

2 ~ '  L13 3 2 103 80 7 5 Exxraction bank s t a b l e .  Emulsion i n  

s t age  1 6 , w i t h  organic l o s s  t o  product 
(cn:b . 

a~s t imats -d  from McCabe.-Thiele d i a g r a m .  
b ~ n c e r t ~ l n t y  i n  o r g a x k  (KC) feed r a t e .  
CSplit-t.Lade a g i t a t o r  i n  s t r i p  bank; solic-blade a g i t a t o r  i n  ex t rzc t ion  b ~ n k .  
d ~ o  t de t ?mined .  



A s  noted previous ly ,  ana lyses  could n o t  r e l i a b l y  determine uranium concen- 

t r a t i o n s  below about  1 x g l l i t e r .  For t h i s  reason ,  t h e  number of i d e a l  

s t a g e s  i n  each bank w a s  compared wi th  t h e  number of a c t u a l  s t a g e s  r equ i r ed  

t o  reach  about  1 x g / l i t e r .  Based on SEPHIS c a l c u l a t i o n s ,  t h e  number 

of i d e a l  s t a g e s  i s  about 3.5 f o r  t h e  e x t r a c t i o n  bank and about  12  f o r  t h e  

s t r i p p i n g  bank. Estimated o v e r a l l  e f f i c i e n c i e s  f o r  t h e  e x t r a c t i o n  and 

s t r i p p i n g  banks f o r  those runs  f o r  which s u f f i c i e n t  d a t a  were obta ined  a r e  

shown i n  Table 1 .7 .  Samples taken from p rese l ec t ed  s t a g e s  f o r  equ i l i b r ium 

shakeouts  had uranium concen t r a t ions  t h a t  were too  low f o r  a c c u r a t e  ana lyses  

and hence could not  be  used t o  determine s t a g e  e f f i c i e n c i e s .  

A qua r t z  window a l lows  obse rva t ion  of a l l  32 s e t t l i n g  chambers i n  t h e  

mixe r - se t t l e r s .  Thus, abnormal o r  u n s a t i s f a c t o r y  ope ra t ion  ( i . e . ,  f looding ,  

emulsion a t  t h e  aqueous-organic i n t e r f a c e ,  e t c . )  dur ing  a run could e a s i l y  

be  determined v i s u a l l y .  P e r t i e n t  obse rva t ions  f o r  each run,  a long  with 

a n a l y t i c a l  r e s u l t s ,  a r e  recorded i n  Table 1 .7 .  

Discussion and Conclusions. A s  discussed  i n  t h e  previous  s e c t i o n ,  

t h e  va r ious  methods used t o  determine optimum ope ra t ing  cond i t i ons  f o r  

t h e  16-stage mixe r - se t t l e r s  are only  q u a l i t a t i v e ;  however, summation of a l l  

r e s u l t s  and obse rva t ions  provide  a reasonably good i n d i c a t i o n  of system 

performance a t  each of t h e  run  cond i t i ons .  I n  p a r t i c u l a r ,  very  poor o r  very  

good ope ra t ion  was e a s i l y  determined. Based on t h e  r e s u l t s  summarized 

Tables  1 . 3  and 1 .4 ,  t h e  mixe r - se t t l e r  system was operable  a t  t h e  r e f e rence  

f low r a t e  and a t  one-half t he  r e f e rence  flow r a t e  u s ing  a g i t a t o r  speeds of 

800 and 1100 rpm. System performance was u n s a t i s f a c t o r y  a t  a g i t a t o r  speeds 

of 1700 rpm a t  a l l  of t h e  flow r a t e s  t e s t e d .  System periormance w a s  poor a t  a 

f l o w  r a t e  of one and one-half t imes t h e  r e f e rence  .flow r a t e  and a n  a g i t a t o r  

speed of 1100 rpm. The . run  a t  an a g i t a t o r  speed of 800 rpm and a flow r a t e  

of one and one-half t imes t h e  r e f e rence  flow r a t e  w a s  n o t  made due t o  t i m e  

l i m i t a t i o n s ;  however, i t  is be l i eved  t h a t  system performance would have 

been l e s s  s a t i s f a c t o r y  than a t  t h e  lower f low rates. The r e s u l t s  a r e  shown 

diagrammatical ly  i n  Fig.  1.12. 

The performance of t h e  two types  of stirrers was eva lua ted  by comparing 

runs  1 and 2 ( s o l i d  b l ades  i n  t h e  s t r i p p i n g  bank, s p l i t  b l ades  i n  t h e  

ex t rac t ion-scrub  bank) w i t h  runs  1 A  and 2A ( s p l i t  b l ades  i n  t h e  s t r i p p i n g  
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bank, s o l i d  b l a d e s  i n  t h e  ex t rac t ion-scrub  bank).  Some emulsion was 

observed a t  t h e  aqueous-organic i n t e r f a c e  i n  t he  s t r i p p i n g  bank i n  run l A ,  - 

whi le  some organic  l o s s  t o  t h e  product stream (CU) was observed i n  run 2A. 

Also, uranium s t r i p p i n g  w a s  poorer  i n . r u n  1A than i n  run 1 (Fig .  1 .13) .  

Thus i t  is concluded t h a t  t h e  so l id-b lade  a g i t a t o r s  performed more 

e f f e c t i v e l y  i n  t h e  s t r i p p i n g  bank. The d a t a  i n d i c a t e  improvement i n  t h e  

e f f i c i e n c y  of t h e  ex t rac t ion-scrub  bank wi th  t h e  s p l i t - b l a d e  a g i t a t o r s  

as compared w i t h  t h e  so l id-b lade  a g i t a t o r s  (80 t o  100% v s  75 t o  80%). 

However, s i n c e  t h e s e  e f f i c i e n c i e s  a r e  somewhat q u a l i t a t i v e  and based on 

only  two runs ,  a preference  f o r  e i t h e r  type  of s t i r r e r  b l ades  i n  t h e  

e x t r a c t i o n - s c r u b . u n i t  cannot be made a t  t h i s  t ime. 

Uraniwn l o s s e s  were q u i t e  low under t h e  cond i t i ons  t h a t  were determined 

t o  be  operable ,  apparent ly  rangirig from about  2 x t o  5 x %. The 

l o s s e s  i n  t h e  S s e r i e s  runs  a r e  lower than those  i n  t h e  R s e r i e s  runs  

p r imar i ly  because of t h e  lower n i t r i c  a c i d  concen t r a t ions  used i n  s t r i p p i n g .  

1 . 3  Batch Countercur ren t  Ex t r ac t ion  T e s t s  

E x t r a c t i o n  and s t r i p p i n g  experiments are being  c a r r i e d  o u t  t o  gene ra t e  

d i s t r i b u t i o n  c o e f f i c i e n t  d a t a  f o r  t he  e x t r a c t i o n  of uranium, plutonium, and 

key f i s s i o n  products  i n t o  TBP a n d , t o  e v a l u a t e  t h e  f e a s i b i l i t y  of s i g n i f i -  

c a n t l y  reducing t h e  amounts of  uranium and plutonium i n  h igh- leve l  was tes .  

D i s t r i b u t i o n  c o e f f i c i e n t  d a t a  a r e  necessary  t o  p r e d i c t  t h e  number of s t a g e s  

r equ i r ed  f o r  a given recovery va lue .  

1 .3 .1  Experimental 

Batch col lntercurrent  e x t r a c t i o n  tests employ f o u r  e x t r a c t i o n  s t a g e s  

and f o u r  scrubbing s t a g e s  (F ig .  1 .14) .  The feed  s t a g e  (No. 4) is considered 

t o  be bo th  an  e x t r a c t i o n  s t a g e  and a scrubbing s t a g e .  We c a r r y  ou t  t he  

ope ra t ions  diagrammed i n  Fig.  1.14 u n t i l  16  c y c l e s  are completed, which 

ensures  t h a t  >99.9% of s t eady  s t a t e  is a t t a i n e d .  On completion of t h e  

16  c y c l e s ,  s t a g e  compositions a r e  equa l  t o  t hose  determined f o r  cont inuous 

ope ra t ions .  I n  a l l  e x t r a c t i o n  t e s t s ,  t h e  feed  s o l u t i o n  e n t e r s  at  s t a g e  4 ,  

t h e  scrub  s o l u t i o n  a t  s t a g e  1, and t h e  e x t r a c t a n t  a t  s t a g e  7. The aqueous 

r a f f i n a t e  e x i t s  from s t a g e  7, whi le  t h e  o rgan ic  e x t r a c t  e x i t s  from s t a g e  1. 

S t r ipp ing  tests a r c  c a r r i e d  o u ~  i n  a manner s i m i l a r  t o  t h a t  used i n  t h e  
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extraction-scrub tests. In a few cases, however, less than seven stages 

were employed. In all our tests, the organic phase entered aL Ll~e IligllesL- 

numbered stage and the stripping solution entered at stage 1. This numbering 

system was used because it is compatible with the computer program for SEPHIS 

calculations. 

The apparatus used in the batch countercurrent tests (see Fig. 1.15) 

consists of seven 125-ml separatory funnels which are water-jacketed for 

temperature control. The .water jackets are connected In series and require 

only a single flow intake of hearing or cooling water. Two such sets of 

separatory funnels are utilized. One is located in a laboratory hood for 

cold work, while the other is located in an alpha glove box for studies 

involving plutonium extractions. 

1.3.2 Uranium 

Tests continued to show that four extraction stages and four scrub 

stages are sufficient to reduce the uranium losses to 0.01%. Seven stages 

of stripping with 0.3 - M HN03 using A/O* ratios of 1.7 to 2.2 were insuffi- 

cient for removing >99.99% of the uranium. Distribution coefficients, 

DO (u) , in the range of 1.5 to 2.0 were obtained by using organic feeds which 
A 
had uranium concentrations in the range of 15 to 85 glliter and were 0.2 to 

0.4 g in HN03. The measured values of D~(u) suggest that 99.99% of the 

uranium would be stripped using 12 tci 16 stages and an A/6 rtltlu ul: 2. DaLs 

obtained with mixer-settler runs (see Sect. 3.3.1) confirm that 16 stages 

are sufficient. 

Previously reported problems related to HN03 concentration measurements 

in the presence of uranium were resolved; however, our accuracy of measuring 

HN03 at concentrations of 0.1 M and below in the organic phase is of the - 
order of - +50%. Samples of stock solutions were submitted weekly over a 

period of 6 weeks to determine reproducibility of measurements. Table 1.8 

gives the average values (2) and the corresponding standard deviations (0) 

for the six samples of each stock solution. 

Equilibrium distribution data obtained for the extraction of uranium 

and HN03 in six runs are given in Tables 1.9 and 1.10. Concentrations in 

the feed ranged from 72 to 316 g of uranium per liter and 1.9 to 2.5 M HN03. - 

* 
A/O designates the aqueous-to-organic volumetric flow ratio. 





Table 1.8. Average values and standard deviattcrne of 
uranium and nitr ic  acid analyses 

Uranium 
- - HNo 3 

X (g l l i ter)  o(U) % X(3)  ~ ( m o d  X 

Aqueous phase 

Stork 1 313.7 0.67 0.2 2.06 0.13 6.3 

2 156.6 0.50 0.3 1.04 0.05 4.6 

3 95.52 0.65 0.7 2.01 0.03 1.4 

4 47.88 0.34 0.7 2.10 0.01 0.6 

5 1.56 0.02 1.4 1.98 0.07 3.5 

Organic phasea 

Stock 1 108.8 0.64 0.6 

2 54.0 0.39 0.7 

3 0.53 0.006 1.1 

- 

a 
30% TBP-NDD. 



Table 1.9. Batch countercurrent extraction of uranium with 30% TBP 

Temp. = 4 3 O C ;  volume ratio of extractant/feed/scrub = 50/15/10 

Run 

Q R IA T AD AF 

Feed composition 

U, g/liter 

m03, M 
Scrub solution 

m03, g 
Equilibrium organic, g ~/litzr 
Stage 1 

.-l 

3 
4 
5 
6 
7 

Equilibrium aqueous, g U/litsr 
Stage 1 

i! 
3 
4 
5 
6 
7 

DO (u) 
A~tage 1 

2 

3 
4 
5 
6 
7 

Materiai balance, %' 
% loss 



Table 1 . lo .  Equi l ibr ium d i s t r i b u t i o n  of n i t r i c  a c i d  
i n  h a t c h  coun te rcu r ren t  e x t r a c t i o n  t e s t s  

a 
Run 

Q R IA T AD AF 

Organic HN0 3 ,  M 
Stage 1 

2 
3 
4 
5 
6 
7 

Aqueous HN03, M 
Stage  1 

2 
3 
4 
5 
6 
7 

a 
See Table 1.9 f o r  run cond i t i ons .  

b ~ e a d  as 6.9 x 10'~. 



The n i t r i c  a c i d  concen t r a t ion  i n  t h e  scrubbing s o l u t i o n  v a r i e d  from 2.2 

t o  3.0 - M. Uranium l o s s e s  t o  t he  aqueous r a f f i n a t e  va r i ed  from about  0.001 

t o  0.01%. Mate r i a l  ba lances  ranged from 86 t o  114% f o r  t h e  f i v e  runs.  

Runs T and AD were n e a r l y  ? d e n t i c a l  wi th  regard  t o  cond i t i ons ,  and t h e  
0 

va r i ance  i n  D (U) r e f l e c t s  t h e  p r e c i s i o n  of t he  experiments.  The D ~ ( u )  
A 

va lues  determined i n  s t a g e s  where t h e  uranium concen t r a t ion  w a s  less than  

0 .1  g / l i t e r  were n o t  reproducib le .  The D'(u) va lues  f o r  a l l  runs  except  
A 

AF would be expected t o  be  almost i d e n t i c a l  f o r  s t a g e s  5 ,  6 ,  and 7 because 

he re  t h e  HNO3 concen t r a t ions  i n  t h e  o rgan ic  and aqueous phases a r e  almost 

i d e n t i c a l .  Also, the'  t o t a l  uranium concen t r a t ion  i s  low s o  t h a t  t h e  e f f e c t  

of uranium complexing on t h e  f r e e  TBP concen t r a t ion  is n e a r l y  immeasurable. 

Fur ther  s tudy  i s  r equ i r ed  t o  determine whether t h e  a n a l y t i c a l  procedure, 

i n t e r s t a g e  entrainment ,  o r  contaminat ion of samples is involved.  N i t r i c  

a c i d  concen t r a t ions  i n  t h e  organic  a r e  nea r ly  cons t an t  throughout t h e  
0 

scrubbing s e c t i o n s  ( s t a g e s  1 through 4 ) .  The DA(HN03) va lues  a r e  a l s o  

n e a r l y  cons t an t  i n  bo th  t h e  e x t r a c t i o n  and scrubbing  s t a g e s ,  a l though they  

are d i f f e r e n t  i n  t h e  two s e c t i o n s .  

T e s t s  of t h e  s t r i p p i n g  of uranium from 30% TBP wi th  0.2 t o  0.4 - M HN03 

us ing  A/O phase r a t i o s  of approximately 1.7 t o  2.2 showed d i s t r i b u t i o n  

va lues  i n  t h e  range of about  1.0 t o  2.5 (Table 1 .11 ) .  T h e  percent  of 

uranium remaining uns t r ipped  i s  determined p r i m a r i l y  by t h e  HN03 concen- 

t r a t i o n  of the  s t r i p  s o l u t i o n .  T h e  HN03 concen t r a t ion  of t h e  o r i g i n a l  30% 

TBP feed had l i t t l e  o r  no e f f e c t  on HNO3 concen t r a t ions  i n  s t a g e s  1 through 

4 of t h e  seven-stage s t r i p p i n g  t e s t s  f o r  i n i t i a l  concen t r a t ions  of 0.2 t o  

. 0.4 - Fi HNU3.  Under t h e  cond i t i ons  used t o  o b t a i n  t h e  d a t a  presented  i n  

Table 1.12, about 1 2  t o  16 s t a g e s  would b e  r equ i r ed  t o  s t r i p  99.99% of t h e  

uranium. Mixer -se t t le r  . t e s t s  ( s ee  Sec t .  1 .2)  confirmed t h a t  16 s t a g e s  are 

s u f f i c i e n t  . 

1.3 .3  Plutonium 

Plutonium l o s s e s  t o  t h e  aqueous r a f f i n a t e  w e r e  less than  0.01% i n  

e x t r a c t i o n  tests.. Anomalous r e s u l t s  were obta ined  i n  t h e  r educ t ive  s t r i p p i n g  

of plutonium w i t h  0.3 g HN03. Poor s t r i p p i n g  appa ren t ly  r e s u l t e d  from aging  

phenomena r e l a t e d  t o  the  time span between e x t r a c t i o n  and s t r i p p i n g  
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Tahle 1.11, Batch countercurrent  s t r i p p i n g  of uranium from 30% TEP 

Run 
K(A) K AE AG Z 

Temperature, O C  25 

Aqueous/organic r a t i o  2.20 

a 
Feed concen t ra t ions  

U ,  g / l i t e r  84.3 
Fu, g / l i t e r  * 
m 0 3 ,  M 0.20 

E t r i p  solution a c i d i t y  

m 0 3 ,  M 0.30 

Equil ibrium organic ,  g  liter 
Stage 1 5.45 

2 11.5 
3 21.1 
4 33.1 
5 53.7 
6 b 
7 b 

Equil ibrium aqueous, g  liter 
Stage 1 3.29 

, 2  7.16 
3 13.5 
4 20.9 
5 36.6 
6 b 
7 b 

D" (U) 
A ~ t a g e  1 

2 
3 
4 
5 
6 
7 

U material balance ,  % 102 

Unstripped U ,  % 6.5 

a ~ s t e r i s k  denotes  where t h a t  element is  absent .  

b ~ i v e - s t a g e  s t r i p p i n g  run.  



Table 1.12. Equil ibr ium d i s t r i b u t i o n  of  n i t r i c  ac id  

i n  ba t ch  coun te rcu r ren t  s t r i p p i n g  t e s t s  

Run 

K (A) K AE AG Z 

Organic W 0 3 ,  - M 
Stage 1 

2 

3 
4 
5 
6 
7 

Aqueous HN03, g 
Stage 1 

2 
3 
4 
5 
6 
7 

a 
Five-stage s t r i p p i n g  run.  

b ~ e a d  as 0.11. 



exper iments .  Crosscur ren t  s t r i p p i n g  t e s t s  showed t h a t  the  plutonium 

s t r i p p e d  normally when t h e r e  was no apprec i ab le  time de l ay  ((2 days) 

between e x t r a c t i o n  and s t r i p p i n g .  

R e s u l t s  of  ba t ch  coun te rcu r ren t  e x t r a c t i o n  t e s t s  a r e  shown i n  Table 

1.13.  Losses  of plutonium t o  t h e  aqueous r a f f i n a t e  under t h e  cond i t i ons  

used were less than  0.01%. Th i s  degree of e x t r a c t i o n  could be  accomplished 

e i t h e r  i n  t h e  presence o r  i n  t h e  absence of nonradioac t ive  (co ld)  f i s s i o n  

product  e lements  and wi th  uranium s a t u r a t i o n s  of t h e  organic  phase a s  g r e a t  

a s  20%. The d d s t r i b u t i o n  c o e f f i c i e n t s  decrease  i n  s t a g e s  6 and 7 because 

of t h e  lower HN03 concen t r a t ions  of t he  aqueuus phases of chose xtdges .  

Tho HNOa e x t r a c t i o n  by t h e  incoming f r e s h  organic  i s  t h e  g r e a t e s t  ill t he se  

s t a g e s  ( s i n c e  organic-phase load ing  i s  low) and Lllus produccc lower 

c o n c e n t r a t i o n s  of HN03 i n  t h e  corresponding aqueous phases.  The concen- 

t r a t i o n  p r o f i l e  f o r  plutonium throughout t he  e x t r a c t i o n  and scrubhing 

s t a g e s  f o r  run  X (F ig .  1 .16)  i s  r e p r e s e n t a t i v e  of t he  o t h e r  runs  given i n  

Table 1.13.  

Plutonium w a s  s t r i p p e d  normally from a 30% TBP phase when t h e  time 

d e l a y  between e x t r a c t i o n s  and s t r i p p i n g  was l e s s  t han  about 2 days. The 
n 

r e s u l t s  a r e  summarized f n  Table 1.14. A s  shown, t h e  D (Puj values i l lcreasc 
A 

wi th  i n c r e a s i n g  ag ing  t i m e  of  t h e  o rgan ic  feed  s o l u t i o n s  i n  t h e  t e s t s  wi th  

0.3 g HN0 ( runs  AC, Y ,  and AH) . Sllui lar  behavior  i s  note0 i n  L11e 0.4 - M 

HN03 t e s t s  ( runs  AB and Z ) .  The s t r i p p i n g  behavior  w a s  e s s e n t i a l l y  n o r m 1  

f o r  f eed  aged up t o  2 days.  This  was confirmed by ca r ry fng  o u t  a seven- 

stago a rosocur ren t  s t r i p p i n g  t e s t  o f  a f r e s h l y  prepared s o l u t i o n  of plutonium 

i n  30% TBP (0.437 g of plutonium p e r  l i t e r )  . Spectrophotometric i n v e s t i -  

g a t i o n s  w i t h  t h e  a i d  of M, H. Lloyd of ORNL a r e  under way t o  determine 

whether a c c e l e r a t e d  h y d r o l y s i s  of TBP is  r e spons ib l e  f o r  t h e  process  

s t r i p p i n g  in aged feed s o l u t i o n .  

The sources  of t h e  o rgan ic  f e e d s  were composite,  e x t r a c t  phases generated 

from our  e x t r a c t i o n  runs  ( s e e  Fig.  1.13, Sec t .  3.3.1).  These composites 

were used as f e e d s  f o r  s t r i p p i n g  tests i n  o r d e r  t o  save t i m e  s i n c e  t h e  work 

w i t h  plutonium is  c a r r i e d  o u t  i n  a glove box. Ex t r apo la t ions  of l i t e r a t u r e  

d a t a  t o  t h e  a c i d i t y  of our  f eed  s o l u t i o n s  i n d i c a t e d  t h a t  room-temperature 

h y d r o l y s i s  of TBP would b e  too  slow t o  produce s i g n i f i c a n t  amounts of 



Table 1..13. Batch countercurrent extraction of plutonium with 30% TBP 

Volume ratio of extractant/feed/scrub = 50/15/10 
Four extraction and four scrubbing stages 

Run 

S (A) W X AA 

Temperature, OC 

Feed solutiona 
Pu, giliter ' 

U, glliter 
Cold IT elements, g 
HN03, M 

Scrub solution 

moj. fi 

Equilibrium organic, glliter 
Stage 1 

2 
3 
4 
5 
6 
7 

Pu material balance, X 

Pu loss, 91: 

a~~terisk denotes where that element is absent. 

b~c.t determined. Alpha pulse analyses on aqueous phases were not sensitive enough to differentiate 
plutoni~m from americfum and hence determind Dl (Pu) with any accuracy. In runs X and AA, extraction 
with thanoyltrifluoroacetone (TTA) were utilized to separate and to measure the plutonium. 

C~c-rresponas to 33,000 MWdItonne of burnup of LWR fuel. 



Fig. 1.16. Concentration profile of plutonium in batch countercurrent 

extraction (run X) . 



Table 1.14. ~ a t c h '  coun te rcu r ren t  s t r i p p i n g  of plutonium 
from aged 30% TBP e x t r a c t s  

Organic feed e n t e r s  s t a g e  7 

Run 
AC AB Y Z AH 

Aqueous/organic r a t i o  

Temperature, O C  

Feed so lu t iona  
Pu, g / l i t e r  
U,  g l l i t e r  

HN03, 
Aging time, days 

S t r i p  s o l u t i o n  

H N 0 3 ,  g 

DO (Pu) 
A ~ t a g e  1 

2 
3 

4 
5 
6 
7 

Pu material balance ,  % 

Pu uns t r ipped ,  % 

- 

a ~ s t e r i s k  denotes  where t h a t  element is  absen t .  



d i b u t y l  phosphoric a c i d .  The r e s u l t s  of our s t u d i e s ,  when completed, may 

have impl ica t ions  wi th  regard t o  minimum holdup times i n  s t r i p p i n g  opera t ions ,  

p a r t i c u l a r l y  in the  plutonium p u r i f i c a t i o n  cycles .  

1.3.4 Comparison of experimental d i s t r i b u t i o n s  of uranium, plutonium, and 
n i t r i c  a c i d  with va lues  ca lcu la ted  by the  SEPHIS code 

SEPHIS c a l c u l a t i o n s  of the  d i s t r i b u t i o n s  of uranium, plutonium, and 

HN03 i n  severa l  of our  ba tch  countercurrent  e x t r a c t i o n  and s t r i p p i n g  runs 

(Tables 1.15-1.17) w e r e  performed by R. H. Rainey of ORNL. Experimental 

r e s u l t s  f o r  uranium d i s t r i b u t i o n s  agreed reasonably wel l  with the  ca lcula ted  

va lues  wi th  r e spec t  t o  t r e n d s  i n  the  da ta  and to che magr~ l~ude  of t0ficcn.- 

t r a t i o n s ,  Although no t  shown f o r  the  uranium runs,  the  ca lcu la ted  values of 

HN03 d i s t r i b u t i o n  i n  the  e x t r a c t i o n  and s t r i p p i n g  agreed reasonably well  

wi th  experimental va lues ,  except f o r  the  organic-phase concentrat ions i n  the  

s t r i p p i n g  runs. I n  the  s t r i p p i n g  runs,  the  HN03 conce11Lrations in t h c  

organic  phase a r e  below 0 . 1  M, where experimental e r r o r s  a r e  most s i g n i f i c a n t  

( see  Tables 1.8 and 1.12).  

Calcula t ions  of plutonium d i s t r i b u t i o n s  a l s o  agreed reasonably we l l  with 

observed values ,  p a r t i c u l a r l y  i n  s t a g e s  4 through 7 (Table 1.17).  The d is -  

t r i b u t i o n  c o e f f i c i e n t  f o r  plutonium, D'(Pu), decreased s u b s t a n t i a l l y  ffoid 
A 

s t a g e  4 t o  s t age  7 ,  pr imar i ly  because of t h e  lower concentrat ion of HN03 i n  

these  s t ages .  The e x t r a c  t a n t  (307: TBB p ~ e e q u i l i b r a t c d  with Q .01 - M HNna) 

e n t e r s  a t  s t age  7, where HNO3 e x t r a c t i o n  i s  g r e a t e s t ;  ex t rac t ion  of HNU3 

gradual ly  decreases down t o  the  feed s t age  ( s t age  4 ) .  

T t  i s  perhaps fortuitous t h a t  SEPHIS c a l c u l a t i o n s  predicted the  con- 

c e n t r a t i o n s  of uranium and plutonium reasonably w e l l  ia the l a s t  cxtrclation 

o r  s t r i p p i n g  s t a g e .  An accura te  p red ic t ion  f o r  product l o s s e s  should be 

poss ib le  f o r  a given number of s t a g e s  i f  t h e  SEPHIS ca lcu la t ions  a r e  

app l i cab le  over a wide range of concentra t ions  and combinations of uranium, 

plutonium, and HN03. Fur ther  comparisons of SEPHIS ca lcu la t ions  with da ta  

from experimental runs  on the  coext rac t ion  and cos t r ipp ing  of uranium and 

plutonium a r e  planned. 



TabIe  1 .15.  Comparison of e x p e r i m e n t a l  d i s t r i b u t i o n  o f  uranium ( g l l i t e r )  i n  e x t r a c t i o n  
r u n s  w i t h  v a l u e s  c a l c u l a t e d  by t h e  SEPHIS code 

S t a g e  number 
1 2 3 4 5 6 7 

Run AF 
Aqueous phkse 

Esp t l  . 
SEPHIS 

Organic  phase  
Exp t 1 . 
SXPHIS 

Run AD 
Aqueous phase  

Exp t l  . 
SEPHIS 

Organic  phase  
E x p t l  . 87.8 8 9 . 8 .  92.5 94.3 12.8  0.36 3.4 x lo-3 
SEPHIS 87.3 9 1 . 1  92.0 92.2 1 2 . 1  0.19 2.7 X 



Table  1 .16 .  Comparison of exper imenta l  d i s t r i b u t i o n  o f  uranium ( g / l i t e r )  
i n  s t r i p p i n g  r u n s  w i t h  v a l u e s  c a l c u l a t e d  by t h e  SEPHIS code 

S tage  number. 
1 2 3 4 5 6 7 

Run AE 
Aqucouo pkasc 

E x p t l  . 2.50 5.07 9.04 12.5 17.6 24.9 30.9 
SEPHIS 3.66 7.84 12.5 17 -6  23.6 30.9 35.2 

Organic  phase 
E x p t l .  4.68 9.58 16.4 23.0 31.3 42.2 59 .O 
SEPHIS 4.99 11 .3  18.4 26.3 35 .O 45.2 57  .h 

Run AG 
Aqueous phase 

E x p t l .  0.15 0.36 0.85 1.93 4.15 7.81 8.50 

SEPHIS 0.20 0.64 1 .55  3.34 6.43 10.0 10.9 

Organic  phase 
Exptl , 0 , 1 7  0 ; 33 0.88 1.89 4.29 9.09 1 7 . 2  
SEPIIIS 0.15 0.49 1.24 2.80 5.84 11.08 18.2 



Table 1.17. Comparison of experimental  d i s t r i b u t i o n  of plutonium and n i t r i c  a c i d  
in e x t r a c t i o n  run AA with  va lues  c a l c u l a t e d  by t h e  SEPHIS code 

S tage  number 
1 2 3 4 5 6 7 

Plutonium, g l l i t e r  
Organic phase 

Expt l .  0.435 0.457 0.457 0.452 0.025 1.0 x lo-? 1.1 x lo-+ 
SEPHIS 0.459 0.459 0.46.9 0.469 0.026 1.6 x 1.0 x lo-4 

Aqueous phase 
Exp t l  . 0.0334 0.0368 0.0351 0.0601 0.0024 1 . 3 ~ 1 0 - ~  2.5 X lo-' 
SEPHIS 0.0538 0.0544 0.0537 0.0531 0.0032' 2 . 4 ~ 1 0 ' ~  2.9 X lo-' 

Nitr ic  aced, M 
Organic phase ~n CI 

Exp tl . 0.61 0.58 0.59 0.57 0.54 0.44 0.30 
SEPHIS 0.50 0.50 0.51 0.51 0.48 0.42 0.28 

Aqueous phase 
Expt l .  2.36 2.34 2.38 2.32 2.14 1.90 1.34 
SEPHIS 2.22 2.24 2.25 2.26 2.14 1.88 1.32 

D ~ U )  
Exp t l  . 1 3  . . 12.4 13.0 7.5 10.5 7.9 4.4 
SEPHIS 8.5 8.7 8.7 8.9 8.2 6.5 3.6 
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2. ACTINIDE RECOVERY FROM SOLIDS 

E. L. Lewis and D.  F. Luthy (Mound Laboratory)  

The ob j i c ; t i ve  0 6  tkis .tmh iA t o  r n e q w e  f i e  a b i U t y  
t o  decon;tami&e b o U a  ~ i n g  heage& which m e  
comp.t ibte wLth Rhe kepkocus ing  and . k e 6 a b ~ c a t i a n  
@omhe&. The .initiae b t u d i e ~  ~ o c u n  on f i e  a b U y  
t o  d e c o W n a t e  HEPA ~L&tm. 

2 .1  Experimental Work 

2.1.1 Adsorption s t u d i e s  

The decontamination of HEPA f i l t e r s  is a complex process  involv ing  

s e v e r a l  phenomena. Act in ides  may be  d i s so lved  by a l each ing  reagent ,  b u t  

then adsorbed by a s o l i d  ma t r ix  i n  t h e  mixture.  I f  t h e  l a t t e r  e f f e c t  

occurs ,  i t  could l i m i t  t h e  o v e r a l l  decontamination f a c t o r  (DF) and should be  

considered i n  t h e  conceptual  des ign .  

I n i t i a l l y ,  two types of plutonium d i s s o l u t i o n  t e s t s  were conducted 

wi th  8 M HN03 t o  d e t e r m i n e ' i f  adso rp t ion  e f f e c t s  by t h e  f i l t e r  m a t e r i a l  
<_) 

- * 
could be  observed. I n  one, Pu02 w a s  placed i n  t h e  a c i d  a t  b o i l i n g  

temperature.  I n  t h e  o t h e r ,  contaminated f i l t e r  medium w a s  added t o  t h e  

b o i l i n g  a c i d .  In both t e s t s ,  samples were taken and f i l t e r e d  through a 

4-l.l Pyrex f i l t e r .  The r e s u l t i n g  percentage of plutonium i n  t h e  aqueous 

phase ( a  s p a r k l i n g  c l e a r  s o l u t i o n )  was measured as a func t ion  of time by t h e  

a lpha  a c t i v i t y  i n  t h e  a c i d .  

The r e s u l t s  of t he se  i n i t i a l  scout ing  tests a r e  shown i n  Fig.  2.1. The 

s m a l l  number of obse rva t ions  and t h e  l a r g e  s c a t t e r  make it d i f f i c u l t  t o  

determine i f  any d i f f e r e n c e  i n  t h e  d i s s o l u t i o n i n g  r a t e s  ( i . e . ,  t h e  s l o p e s  of 

t h e  l i n e s )  r e s u l t e d  from t h e  a d d i t i o n  of t h e  f i l t e r  m a t e r i a l ;  however, a 

s l i g h t  s h i f t  downward i n  t h e  percentage of plutonium i n  t h e  aqueous phase 

a f t e r  extended h e a t i n g  appears  t o  have occurred.  These tests suggested,  

t h e r e f o r e ,  t h a t  some of t h e  plutonium was adsorbing on t h e  f i l t e r  m a t e r i a l .  

* 
The Pu02 w a s  a mixture of 80 w t  % 2 3 8 ~ ~ ,  16  w t  % 2 3 9 ~ ~ ,  2.5 wt % 

2 4 0 ~ ~ ,  0.2 w t  % 2 r 2 ~ ~ ,  and small amounts of o t h e r  a c t i n i d e s  ca l c ined  a t  
750°C. The average p a r t i c l e  s i z e  w a s  about  20 p. 



Fig. 2.1. Effect of presence of filter material on the dissolutioning 

of Pu02 in 8 - M HITOs. 

19 

ORNL DWG. 77-1310 

13 I I I  I  I I I I I  I I I I I I 1 I 

12 - - 

%I I - - 
8 .  

510- - - .- 
0 . 7 6 9  + 0 . 3 5 3  

3 
0 / 

/- 
- /' 

N 6 -  
- 

0 
3 

PuOz Plus Filter 

ma 5- Medium 
- 

10 
N 

9 =0 .447  t 

LL 
4  - - 

0 

I- 3- 
- 

DISSOLUTION T IME,  t ( h r )  

z 
3 

0 2 -  
2 
a 

I 

- 

= - 
0 1 I I  I I I I I I I I I 1 I  I I 1 I 

0 1 2 3 4  5 6  7 8 9 10 1 1  12 13 14 15 16 17 18 



Consequently, plutonium adso rp t ion  isotherms were developed t o  determine 

t h e  magnitude of t h i s  e f f e c t  more a c c u r a t e l y  and assess i t s  poss ib l e  

s i g n i f i c a n c e  i n  l i m i t i n g  the  u l t i m a t e  DF which could be achieved.  

Adsorption isotherms w e r e  determined f o r  Pu-HN03 and Pu-HN03-HF 

systems. A s t o c k  plutonium s o l u t i o n  w a s  prepared by f i l t e r i n g  a n  aqueous 

plutonium s o l u t i o n  produced by r e f l u x i n g  t h e  plutonium i n  8 g HN03. A l iquo t s  

were subsequent ly withdrawn from the  s t o c k  s o l u t i o n  t o  make up s tandard  

p1,utonium s o l u t i o n s  us ing  convent iona l  volumetr ic  f l a s k s  and t h e  d e s i r e d  

a c i d  s t r e n g t h .  F i l t e r  m a t e r i a l  w a s  shredded and ba l l -mi l led  t o  less than  

40 mesh. An adsorp t ion  test w a s  performed by mixing 1 g of t h e  uncon- 

taminated, shredded f i l t e r  m a t e r i a l  w i t h  100 m l  of a  s tandard  plutonium 

s o l u t i o n ,  s t i r r i n g  t h e  mixture magnet ica l ly  f o r  s e v e r a l  hours ,  and al lowing 

t h e  system t o  e q u i l i b r a t e  overn ight .  A blank  sample was run wi thout  f i l t e r  

m a t e r i a l  t o  c o r r e c t  f o r  adso rp t ion  on t h e  test beakers .  A l l  t e s t s  were 

performed a t  ambient temperature (%20°C). 

Af t e r  e q u i l i b r a t i o n  had been achieved i n  each t e s t ,  t h e  aqueous-phase 

volume was measured; then  t h e  s o l u t i o n  was f i l t e r e d  and t h e  plutonium 

concen t r a t ion  i n  t h e  f i l t r a t e  measured by a lpha  counting.  The v a r i a b l e  X 

(mil l igrams of 3 8 ~ ~  adsorbed) was obta ined  by d i f f e r e n c i n g  the  apparent  

change i n  plutonium concen t r a t ion  i n  t h e  aqueous phase and c o r r e c t i n g  f o r  

any volume changes. 

I n  many adso rp t ion  s t u d i e s ,  t h e  s o l i d  phase is  chemical ly i n e r t  and 

does n o t  r e a c t  apprec iab ly  wi th  t h e  f l u i d  phase. I n  t hese  systems, however, 

some of t h e  f i l t e r  m a t e r i a l  is  d i s so lved  by t h e  a c i d s ;  thus  t h i s  e f f e c t  

should Le cunsidered.  For example, a f t e r  extended pe r iods  of mixing, %30 

w t  % of t h e  f i l t e r  material d i s s o l v e s  i n  8 M HN03 and 'L50 w t  % d i s s o l v e s  i n  - 

8 - M FINO3-0.1 - M HF. 

Consequently, t h e  s o l i d  mass i s  reduced dur ing  an adso rp t ion  t e s t  u n t i l  

t h e  a c i d  is dep le t ed  and chemical equ i l i b r ium i s  a t t a i n e d .  This  e f f e c t  i s  

taken i n t o  account simply by measuring t h e  f i n a l  s o l i d  weight a t  t h e  end of 

t h e  experilueqt. Thus, tihe r e s u l t i n g  s o l i d  mass was f i l t e r e d ,  washed, and 

d r i e d .  Since f i r i n g  a t  1000°C had only  a s m a l l  e f f e c t  on t h e  f i n a l  weight 

compared wi th  the  dry ing  s t e p ,  t h e  weight of t h e  d r i e d  s o l i d s  w a s  used f o r  



t h e  v a r i a b l e  m ( f i n a l  mil l igrams of HEPA mate r i a l  a f t e r  co r rec t ing  f o r  the  

a n a l y t i c a l  f i l t e r  a s h ) .  

Figure 2.2 shows a comparison of the  adsorption of plutonium by the  

HEPA f i l t e r  medium i n  8 M HN03 v s  8 - M HN03-0.1 - M HF. The o rd ina te  is  X/m 

a s  c a l c u l a t e d  from the  v a r i a b l e s  defined above. The absc i s sa ,  C ,  is t he  

f i n a l  2 3 8 ~ ~  concentra t ion  expressed a s  milligrams per  m i l l i l i t e r  of so lu t ion .  

The Freundlich equation1 r e l a t e s  ~ / m  and C a s  follows: 

log(~/rn) = l o g  (k) I ( l / n ) l o g  (6) , (2.2) 

The p l o t  of log(X/m) v s  log(C) should, the re fo re ,  be l i n e a r  with a 

s l o p e  of l / n  and an  i n t e r c e p t  of log(k) .  This r e l a t i o n s h i p  appears t o  bc  

v a l i d  f o r  t h e  8 - M HNO3 system over the  small concentrat ion range t h a t  has  

been examined. The add i t ion  of HI? apparently reduces the  adsorpt ion  over 

t h i s  same concentra t ion  range. Experimental r e s u l t s  ind ica te ,  however, t h a t  

even f o r  t h e  HN03 system t h i s  adsorption e f f e c t  i s  r e l a t i v e l y  small compared 

wi th  t h e  l a r g e  e f f e c t s  of leachant  compositions on the  r e s u l t i n g  percentage 

of plutonium dissolved ( s e e  Sect .  2.1.2). One a d d i t i o n a l  point  has been 

evaluated  f o r  t h e  HN03-(NH4] zCe(N03) 6 system; i t  l ies  betwccn the  HNOj  an? 

HN03-HF p l o t s .  

2.1.2 E f f e c t s  of aqueous reagent  composition on d i s s o l u t i o n  of Pu02 from 
syn the t i c  Wastes -. . - -., . .-.>.-.. _-- 

Contaminated HEPA f i l t e r  ma te r i a l  was prepared by mixing Pu02 powder 

wi th  shredded f i l t e r  ma te r i a l .  The 2 3 8 ~ ~  concentra t ion  i n  the  'mixture was 

11 mg per  cubic cent imeter  of prepared medium. Small samples 01 t h i s  

prepared mixture (%3 g) were added t o  g l a s s  beakers containing 250 m l  u1 

t h e  leaching so lu t ion .  A l l  tests were performed at b o i l i n g  temperature. 

Samples w e r e  withdrawn p e r i o d i c a l l y  and the  2 3 8 ~ u  concentrat ion of the  

s o l u t i o n  determined a f t e r  f i l t r a t i o n  of the  a l i q u o t .  The contents  of the  

beakers w e r e  s t i r r e d  every  2 h r .  The volume and the  concentrat ion of the  

s o l u t i o n  were kept  cons tant  by adding ac id  of proper concentrat ion i n  

o rde r  t o  replace  t h a t  l o s t  by evaporation. 
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Fig. 2.2. Adsorption of plutonium by filter medium in HN03, HN03-HF, 
and HN03-Cc(1V). 



Table 2.1 l ists t h e  r e s u l t s  from t h e s e  t e s t s  as observed f o r  v a r i o u s  

r e a g e n t  mixtures .  The r e s u l t s  f o r  t h e  acid mixtures  a r e  p l o t t e d  i n  Fig. 2 . 3 ;  

t h e  d a t a  shown i n  F ig .  2 .1 are a l s o  p l o t t e d  i n  Fig.  2.3. In  ana lyz ing  t h e  

d a t a  shown i n  F ig .  2.1, a t i m e  t rend  w a s  assumed t o  occur .  I n  Fig .  2.3, t h e  

same d a t a  were analyzed us ing  t h e  assumption t h a t  t h e  system was a t  chemical 

e q u i l i b r i u m  throughout t h e  sampling per iod .  Comparison of t h e s e  two f i g u r e s  

i n d i c a t e s  t h a t  t h e  a d s o r p t i o n  e f f e c t  descr ibed  above i s  r e l a t i v e l y  small 

compared w i t h  t h e  e f f e c t  of reagent  composition on t h e  percentage of plutonium 

dit;t;olved. 

Under t'he chemical  equi l ibr iuui  hypothes is ,  t h e  data are analyzrrl sililPly 

by c a l c u l a t i n g  t h e  means and s tandard  d e v i a t i o n s  f o r  t h e  samples. Although 

some t i m e  dependence of t h e  percenrage d l s su lved  e x i s t s  i n i t i a l l y ,  this  

dependence does n o t  appear  t o  be s t a t i s t i c a l l y  s i g n i f i c a n t  dur ing  t h e  

sampling per iod;  hence i t  h a s  been neglec ted  i n  f avo r  of t h e  equi l ibr ium 

hypo thes i s .  In  a d d i t i o n ,  t h e  d a t a  f o r  d i f f e r e n t  reagent  mixtures  were 

pooled when a  s t a t i s t i c a l  d i f . fe rence  between t h e  two sample means d i d  no t  

appear  t o  e x i s t ,  based on a simple t-test. Consequently, i n  Fig.  2.3,  t h e  

d i s s o l u t i o n i n g  d a t a  f o r  a l l  runs  con ta in ing  e i t h e r  0.1 o r  0.05 - N HF have 

been pooled. Also, s i n c e  no s i g n i f i c a n t  e f f e c t  f o r  adding 0 .1  - N vs 0.5 - 1J 

H2S04 appears  t o  e x i s t ,  t h e s e  d a t a  w e r e  pooled. 

Comparison of t h e  sample means shown i n  Fig.  2 . 3  i n d i c a t e s  t h a t  t h e  

presence  of f l u o r i d e  i o n  has  t he  l a r g e s t  e f f e c t .  S u l f u r i c  a c i d  appears  ro  

enhance t h e  d i s s o l u t i o n i n g  of r e f r a c t o r y  plutonium, compared wi th  n i t r i c  

acid a lone ,  b u t  t h i s  e f f e c t  is  a l s o  l i m i t e d .  

A s i m i l a r  a n a l y s i s  was perforuled for ,the d i soo lu t ion ing  data nht.a.i.ned 

by adding vary ing  amounts of c e r i c  ammonium n i t r a t e .  These r e s u l t s  ( s e e  

F ig .  2.4) c l e a r l y  show t h a t  t h e  cerium enhancement e f f e c t  i s  about  t h e  same 

order of m a p i t i l d e  as that observed f o r  HF. 

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

plutonium oxide in HNo3-ce4+ s o l u t i o n s  is probably as shown i n  Eqs. (2.3) 

and (2.4):  



Table 2.1. Dissolution of PuO2 with various 
reagents in aqueous systems 

Acid test Reagent composition Time heated ~ ~ 0 2 ~  

number (hr) dissolved (wt %) 

4 N HN03-0.05 M cANb 
4 N HN03-0.05 M CAN 
4 N HN03-0.05 M CAN 
8 N HN03-0.1 N-~2~0, 
8 i HN03-0.1 i H2SO4 
8 N HN03-0.1 N H2SO4 

12 N HNE3-0.1 N ~ ~ 2 . 1  N H2SUt+ 
12 - N HNO3-O.1 N HF-0.1 N H2S0, 

12 N ~~0~10.1 N HF- 
12 N mo3-0.1 N HF 
12 N HNO~-O.I N HF 
4 N &03-0.005 M CAN 
4 N HN03-0.005 M CAN 
4 % HN03-0.005 M CAN 

4 N HN03-0.005 M C%-KM~O~ 
4 HNO 3-0. 005 M CAN-KMnOrr 
4 - N HN03-0.005 M CAN-KMn04 

12 N HNo3-031 N HF 
12 N HNO~-O.O~ HF 
12 N HNO~-O.O~ N HF 

12 N HN0;-0.1 N ~2~0,-0.01 N HF 
12 E HN03-0 .1 N H2S0,-0 .O1 E HF 
12 N HN03-0.1 N H2S0,-0.01 N HF 
12 N HN03-0.01~ H2SOt+-0.1 N HF 
12 N HN03-0.01 N H2SOt+-0.1 N HF 
12 - N HN03-0.01 N H2S0,-0.1 N HF 

8 N ~~03-0T5 N H;?SOt+ 
8 N HN03-0.5 N H2SOt+ 
8 N HN03-0.5 N H2SOt+ 

12 N ~ ~ 5 3 - 0  .05 & HF-0.01 N H2SUt+ 
12 NHNO3-0.05 N HF-0.01 N H2S04 
12 N - HN03-0.05 N HF-0.01 N - H2SOI, 

4 N HN03-5.1 M CAN 
4 N HN03-0.1 M CAN 
4 N HN03-0.1 M CAN 
8~ H N O ~ - K ~ S ~ ~  
8 N FINO3-K2S20e 
8 N HN03-K2S208 

4 N-HNO~+O .i5 M CAN 
4 f HNO3+O.15 % CAN 
4 N - HN03i-O.15 2 - CAN 
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Fig. 2.4. Effec t  of the  i n i t i a l  c e r i c  ion concentrat ion on the  percent  

of PuOz dissolved i n  the presence of shredded HEYA f i l t e r s .  



Because s t o i c h i o m e t r i c  q u a n t i t i e s  of ce4+ are r equ i r ed  f o r  complete d i s -  

s o l u t i o n  of  the  PuO2, l a r g e  amounts of ce4+ are r equ i r ed  t o  d i s s o l v e  l a r g e  

q u a n t i t i e s  of PuO2. Therefore ,  i t  would seem advantageous t o  u se  small 

amounts of  ce4+ and then  add ox id i z ing  compounds t o  r eox id i ze  t h e  c e 3 +  

t o  c e 4 + .  An example of t h i s  would be  t h e  a d d i t i o n  of KMn04 t o  t h e  dep le t ed  

s o l u t i o n .  I n  t h e  r e s u l t i n g  r e a c t i o n ,  t h e  permanganate would b e  reduced and 

t h e  d e p l e t e d  cerium would be  reoxid ized;  t h a t  i s ,  

where 1 mole of manganese oxldlxes 3 uo le s  of cerium. This  approach was 

used i n  a c i d  t e s t s  25 and 25A ( s e e  Table 2.1) .  Approximately 1 g of KMn04 

w a s  added t o  a dep le t ed  4 - N HN03-0.005 g (NHQ)2Ce(N03)6 s o l u t i o n  and t h e  

s o l u t i o n  hea ted  a n  a d d i t i o n a l  15  h r .  During t h i s  per iod  of t ime,  t h e  amount 

of  d i s s o l v e d  Pu02 increased  s i g n i f i c a n t l y  from 1 2  w t  X i n  t h e  dep le t ed  

s o l u t i o n  t o  26 w t  % i n  t h e  regenera ted  s o l u t i o n .  This  method does, however, 

add manganese and potassium t o  t h e  d i s so lved  salts of t h e  waste s t ream. 

2.1.3 Plutonium d i s s o l u t i o n  from a c t u a l  HEPA glove-box f i l t e r  m a t e r i a l  
u s ing  aqueous r e a g e n t s  --.---- ..,.., 

Small t e s t  samples of %3 g each were removed from an  a c t u a l  glove-box 
* 

f i l t e r  contaminated wi th  PuOz. Each sample conta ined  %55 mg of 2 3 8 ~ ~ .  The 

samples were placed i n  a  g l a s s  beaker  con ta in ing  100 ni l  of t h e  l each ing  

r eagen t  - e i t h e r  4 N HN03-0.1 M (NH1+)2Ce(N03)6 o r  12  N HN03-0.05 - N HF-0.01 

N H2S04. The tests were performed a t  b o i l i n g  temperature.  The con ten t s  - 

of  t h e  beakers  were s t i r r e d  every  hour ,  and samples were withdrawn period- 

i c a l l y  f o r  f i l t r a t i o n  and plutonium a n a l y s i s .  The volume and t h e  acid 

concen t r a t ion  of t h e  s o l u t i o n  were kep t  c0nstan.t  by adding a c i d  of proper  

concen t r a t ion  i n  o r d e r  t o  r e p l a c e  t h a t  l o s t  by evapora t ion .  The r e s u l t s  

ob ta ined  i n  t h e s e  experiments  a r e  summarized i n  Table 2.2. The amount of 

* 
The same t y p e  of  ox ide  a s  descr ibed  i n  Sec t .  2.1.1. 



Table 2.2.  Disso lu t ion  of small samples of a c t u a l  HEPA f i l t e r s  

Acid t e s t  Reagent composition Time PuO 2 Liters of  
number hea ted  d i s so lved  a c i d  per  

(hr) (wt %) gram 3 8 ~ ~  

a  
Abbreviat ion f o r  c e r i c  ammonium n i t r a t e .  



Pu02 d i s so lved  averaged 92.5 w t  % us ing  4 N HN03-0.1 M (NEIL,) 2Ce(N03), and 

93.3 wt % us ing  1 2  N HN03-0.05 - N HF-0.01 - N H2SO4. These percentages compare 

w e l l  w i t h  those  found f o r  t h e  d i s s o l u t i o n  of s imulated f i l t e r  samples (85.4 

and 93.9 w t  % r e s p e c t i v e l y ) .  

Larger  samples (40 g) of  an a c t u a l  HEPA f i l t e r  were t r e a t e d  w i t h  12 N 

FINO3-0.05 - N HF-0.01 - N H2S04. These experiments were conducted s i m i l a r l y  t o  

t hose  p rev ious ly  descr ibed  (us ing  3-g samples) except  t h a t  d i f f e r e n t  r a t i o s  

df a c i d  volume ( l i t e r s )  t o  3 8 ~ ~  weight (grams) were used. Also, t h e  f i l t e r .  

medium w a s p r o c e s s e d  through s e v e r a l  succes s ive ,  i d e n t i c a l  s t a g e s  i n  an 

a t t empt  t o  o b t a i n  t h e  g r e a t e s t  o v e r a l l  DF ( s e e  Table 2.3) .  An a c i d  

v o l u m e / ~ u ~ ~  weight r a t i o  of 0.67 y i e l d s  a 99.35% d i s s o l u t i o n  i n  f i v e  s t a g e s .  

On t h e  o t h e r  hand, a volume/weight r a t i o  of 2.35 produces a 99.53% d i s -  

s o l u t i o n  i n  t h r e e  s t a g e s .  Thus we have a DF of 154 f o r  t h e  smaller 

volume/weight r a t i o  and 213 f o r  t h e  h ighe r  r a t i o .  These f i n a l  d i s s o l u t i o n  

pe rcen tages  and DFs were determined by ca lo r ime t ry  and gannna counting* of 

t h e  f i n a l  f i l t e r  media r e s i d u e s .  A l l  o t h e r  d i s s o l u t i o n  percentages  and DFs 

were determined by a lpha  counting of s o l u t i o n  samples. 

A p o s s i b l e  exp lana t ion  f o r  t h e  f a c t  t h a t  a l a r g e r  a c i d  volume t o  Pu02 

weight  r a t i o  i n c r e a s e s  t h e  e x t e n t  of  d i s s o l u t i o n  i s  thought t o  be  a s  fol lows:  

The HF i n  t h e  l each ing  s o l u t i o n  is r e a c t i n g  wi th  both  Pu02 p a r t i c l e s  and 

g l a s s  p r e s e n t  i n  t h e  f i l t e r  m a t e r i a l .  When a small amount of l eachan t  is 

added t o  a r e l a t i v e l y  l a r g e  amount of contaminated f i b e r g l a s s  f i l t e r ,  t h e  

F- c o n c e n t r a t i o n  of t h e  s o l u t i o n  is  qu ick ly  dep le t ed  as SiF4 gas i s  produced. 

The remaining HF i s  no t  s u f f i c i e n t  t o  d i s s o l v e  90% of t h e  Pu02 p re sen t ,  a s  

d e s i r e d .  Conversely, i f  a l a r g e  amount of l eachan t  i s  added t o  t h e  same 

amount of contaminated t i l t e r ,  s u t t i c i e n t  HY is plteseilf t o  reacr wirh rhe 

g l a s s ' a n d  d i s s o l v e  90% ( o r  g r e a t e r )  of t h e  Pu02. What i s  needed, t h e r e f o r e ,  

is a l a r g e r  amount of HF i n  t he  f i r s t  s t a g e  of t h e  process .  Th i s  could be  

accomplished by u s i n g  a l a r g e r  volume of 1 2  - N HN03-0.05 N HF-0.01 - N H2S04 

o r  a h ighe r  concen t r a t ion  of HF i n  t h e  a c i d  mixture.  For t h e  subsequent 

* 
A f t e r  be ing  water washed alid d r i e d ,  t h e  f i l t e r  r e s i d u e s  were assayed 

f o r  p lu tonium'content  u s ing  an  a lpha  decay co lo r ime te r  and gamma counting.  



Table 2.3. Mul t i s t age  d i s s o l u t i o n  of  l a r g e  samples 
of  a c t u a l  HEPA f i l t e r s  

Acid test Reagent S tage  Cumulative L i t e r s  of Time 
number composition w t  % Pu02 a c i d  p e r  hea t ed  

d i s so lved  gram 2 3 e ~ u  (hr) 



s t a g e s ,  a  HF concen t r a t ion  of 0.05 - N should be  s u f f i c i e n t  s i n c e  most of t h e  

g l a s s  has  r eac t ed .  

2.1.4 Plutonium recovery  by sal t  f u s i o n  

* 
Sodium carbonate  and Na2CU3-KNU3 f u s i o n s  were completed us ing  Pu02- 

contaminated f i l t e r s .  Small samples were prepared by thoroughly m'ixing 

0 . 1  g of Pu02 and 1 .5  g of f i l t e r  m a t e r i a l .  Approximately 1 3  g of s a l t  

(.Na2C03 o r  Na2C03-KN03) and 1 . 5  g of contaminated f i l t e r  w e r e  placed i n  a  

p la t inum c r u c i b l e ,  mixed thoroughly,  and hea ted  s lowly t o  950°C. The 

c r u c i b l e  and i t s  c o n t e n t s  were maintained a t  950°C f o r  1 h r  b e f o r e  be ing  

al lowed t o  coo l  s lowly  t o  ambient temperature.  The cooled mel t  was then 

removed from t h e  c r u c i b l e  and d i s so lved  i n  4 g HN03. The a c i d  w a s  main- 

t a i n e d  a t  b o i l i n g  temperature f o r  a t  least 1 h r  and Subsequently sampled f o r  

'PU concen t r a t ion .  

Table  2.4 t a b u l a t e s  t h e  r e s u l t s  achieved i n  t h e s e  fus ion  experiments.  

A s  can  be  seen ,  t h e  maximum d i s s o l u t i o n  obta ined  w a s  71% us ing  a s a l t  

mix ture  of Na2C03-30 w t  % KN03. When t h e  percent  Pu02 d i s so lved  is  p l o t t e d  

as a f u n c t i o n  of KN03 concen t r a t ion ,  t h e  s o l u b i l i t y  dependence appears  t o  be  

l i n e a r  between 0 and 16% KN03 and then  l e v e l s  o f f  at  h ighe r  KN03 concen- 

t r a t i o n s .  The a c i d  concen t r a t ion  was increased  t o  8 N and t h e  hea t ing  time 

inc reased  t o  7 h r  wi th  l i t t l e  i n c r e a s e  (2%) i n  t h e  amount of Pu02 d isso lved .  

Such r e s u l t s  con£ i r m  what we had suspec ted ,  t h a t  is ,  t h a t  t he  Pu02 had no t  

been conver ted  t o  a compound which was r e a d i l y  s o l u b l e  i n  n i t r i c  ac id .  

Also,  because of t ime l i m i t a t i o n s ,  on ly  t h r e e  Na2C03-KN03 fus ions  were 

performed and t h e  maximum weight pe rcen t  KN03 used was 30%. I f  t ime 

pe rmi t s ,  more f u s i o n s  w i l l  b e  completed nex t  q u a r t e r  u s ing  h igher  con- 

c e n t r a t i o n s  of KN03. It should be noted  t h a t  t h e  g r e a t e r  t h e  weight 

pe rcen t  of KNO3 i n  t h e  f u s i o n  mat r ix ,  t h e  more vigorous t h e  r e a c t i o n .  

The 71% recovery ob ta ined  us ing  Na2C03-30% KN03 is considered 

u n s a t i s f a c t o r y  f o r  ou r  purposes.  The e x t e n t  of d i s s o l u t i o n  must be g r e a t e r  

than  90% i n  o rde r  t o  achieve  l a r g e  DFs, and t h i s  goa l  might be achieved 

by us ing  KN03 concen t r a t ions  g r e a t e r  than  30%. 

* 
The same type  of ox ide  a s  desc r ibed  i n  Sec t .  2.1.1.  



Table 2.4. Na2C03-KN03 fusion of Pu02 

Fusion test Salt composition Time heated Operating PuO2 
number (wt %) (hr) temperature solubilized 

("C) (wt %) 



7 . l . 5  9 ~ 0 2 - 7 5  -= w t  --. % UO2 s o l i d  s o l u t i o n  s t u d i e s  
-- 

The s o l i d  s o l u t i o n  used i n  t h e s e  s t u d i e s  w a s  composed of  plutonium 

and 2 3 8 ~  ox ides  which had been f i r e d  a t  1600°C i n  a reducing atmosphere. 

A t o t a l  o f  s i x  d i s s o l u t i o n  tests were performed; t h e  r e s u l t s  a r e  summarized 

i n  Table 2.5. The powdered Pu02-U02 s o l i d  s o l u t i o n  w a s  mixed thoroughly 

w i t h  shredded f i l t e r  m a t e r i a l  u s ing  a r a t i o  of 1 g of s o l i d  s o l u t i o n  t o  

1 2  g of f i l t e r .  A smal l  sample of t h e  mixture (Q3 g) w a s  added t o  a g l a s s  

beaker  c o n t a h ~ i n g  250 ml of l each ing  s o l u t i o n .  Samples were withdrawn 

p e r i o d i c a l l y ,  f i l t e r e d ,  and t h e  pcrcentage s o l i d  s o l u t i o n  d i s so lved  was 

determined.  The volume and t h e  concen t r a t ion  of t h e  s o l u t i o n  were kep t  

c o n s t a n t  hy adding a c i d  of proper  concen t r a t ion  i n  o r d e r  t o  r ep l ace  t h a t  

l o s t  by evapora t ion .  

As can  be  seen  i n  Table 2.5, f o u r  r eagen t s  were succes s fu l  i n  d i s -  

s o l v i n g  g r e a t e r  than  93% of t h e  Pu02-U02 i n  2 h r .  These were 1 2  2 

HN03-0.1 - N HF, 12  N HN03-0.05 N HF-0.01 - N H2S04, 4 N HN03-0.1 M 

( ~ ~ + ) 2 C e ( N 0 3 ) 6 ,  and 8 - N HN03. Both t h e  4 - N HN03 and t h e  4 NHN03-0.1 

N H2S04 were unsuccessfu l  i n  providing a 90% d i s s o l u t i o n  even when - 

l e a c h i n g  t imes of  7 h r  were used. Therefore ,  i t  can be  concluded t h a t  

8 - N HN03, 1 2  - N HN03-0.1 NHF, 12  N HN03-O.US NHF-0.01 - N II2SO4, and 

4 N HN03-0.1 M ( N H I , ) ~ C ~ ( N O ~ ) ~  would b e  accep tab le  l e a c h a n t s  f o r  Pu02-U02 

s o l i d  s o l u t i o n ,  wh i l e  4 - N HN03 and 4 N - HN03-0.1 N H2S04 are unacceptable .  

2.1.6 U02 and U308 d i s s o l u t i o n  s t u d i e s  

Contaminated filter saup le s  were propsr~d  by mixing 0.2 g of e i t h e r  

U02 o r  U3O8* with  2.8 g of shredded f i l t e r  m a t e r i a l .  These samples were 

combined i n  a g l a s s  round-bottom f l a s k  con ta in ing  250 m l  of t h e  d e s i r e d  

l e a c h i n g  r eagen t .  Tile flaalco were then a t t ached  t o  reilux cundcl~sers, 

and t h e  c o n t e n t s  were hea~ed  and r e f luxed  a t  k o i l i n g  temperature.  Samples 

were withdrawn p e r i o d i c a l l y ,  f i l t e r e d ,  and t h e  uranium concen t r a t ion  of 

t h e  s o l u t i o n  determined. 

* 
Depleted 'U oxide.  



Table 2.5. Pu02-U02 s o l i d  s o l u t i o n  d i s s o l u t i o n  

Acid Time PuO 2-UO 
t e s t  hea ted  d i s so lved  

number ~ e a ~ e n t  composition (h r )  ( w t  %) 

a 
CAN i s  abbrev ia t ion  f o r  c e r i c  ammonium n i t r a t e .  



Table 2.6 l is ts  t h e  r e s u l t s  of t h e  d i s s o l u t i o n  t e s t s  w i th  v a r i o u s  

a c i d  mixtures .  A s  can be  seen,  t h e  uranium oxides  d i s so lved  r a p i d l y  and 

t h e  e x t e n t  of  d i s s o l u t i o n  was g r e a t e r  than  90% i n  every test. Eigh t  

normal HN03 performed as w e l l  as any of t he  a c i d  mixtures ,  d i s s o l v i n g  

e s s e n t i a l l y  100% of  t h e  UO2 o r  U30e a f t e r  6 h r  of hea t ing .  A s  a comparison, 

t h e  amount of  Pu02 d i s so lved  a f t e r  6 h r  was only  %7% ( s ee  Fig. 2 .3) .  

2.1.7 Americium-plutonium d i s s o l u t i o n  s t u d i e s  

Leaching s t u d i e s  w e r e  performed us ing  a procedure i d e n t i c a l  t o  t h a r  

employed i n  t h e  Pu02-U0 s o l i d  so lu t io l i  e x p e r h ~ e n t s  . Cant~minorud  lllttl- 

material was prepared by mixing AmO2-PuO2 powder wi th  shredded f i l t e r .  

Small samples of t h i s  mixture  were then  tireared w l ~ l l  va r ious  lcachi i lg  

r e a g e n t s ,  i nc lud ing  4 - N HN03-0.1 - M ( N H I + ) ~ C ~ ( N O ~ ) ~ ,  12 N HN03-0.05 N 

HF-0.01 - N H2S04, 1 2  - N HN03-(3.1 - N HF-O.1N H2S04, and 8 - N HN09. These 

experiments  have n o t  y e t  been completed; t h e r e f o r e ,  t h e  r e s u l t s  w i l l  b e  

summarized and d i scussed  i n  t h e  nex t  q u a r t e r l y  r e p o r t .  

2.2 Conceptual Flowsheets 

Based on t h e  s t u d i e s  performed thus  f a r ,  i t  appears  t h a t  u u l t i p l e -  

s t a g e  decontaminat ion w i l l  be  r e q u i ~ e d  t o  achieve  h igh  a c t i n i d e  reu~uvals ,  

e x p e c i a l l y  f o r  r e f r a c t o r y  plutonium. F igure  2.5 r e p r e s e n t s  a four-s tage 

decontaminat ion p roces s  and assumes a 90% a c t i n i d e  removal i n  each s t age .  

The d i s s o l u t i o n  agen t  used is 12  - N HN03-0.05 - N HF-0.01 N HzS04, which 

proved e t t e c t l v e  on r e f r a c ~ ~ i y  plutonium oxida.  

Figure  2.6 r e p r e s e n t s  a n  a l t e r n a t i v e  decon tamina~ ion  f l u w s l ~ e e t  u s ing  

(NHI , )ZC~(NO~)~ i n  vary ing  concen t r a t ions  wi th  4 - N HN03. The concen t r a t ions  

of  (NH1+)2ce(N03)~ shown a r e  a l s o  based on c a l c u l a t i o n s  us ing  e x p e r h e n t a l  

4 + d a t a .  These c a l c u l a ~ i o ~ ~ s  i ~ i d i c a t e  thnc 0.01 uule  nf Cs i c  requi red  f n r  

each  c u r i e  of  a c t i n i d e s  i n  o r d e r  t o  achieve  a d i s s o l u t i o n i n g  of 90% o r  

g r e a t e r .  Therefore ,  t h i s  p roces s ,  even under unfavorable  circumstances,  

should provide  a n  o v e r a l l  DF of 10,000 f o r  t h e  fou r  s t a g e s .  One d i s -  

advantage o f  t h i s  p roces s ,  however, is t h e  l a r g e  amount of t h e  expensive 



Table 2.6. U 0 2  and U3O8 dissolution studies 

Acid test Reagent composition 

number 

Time heated U 0 2  or U3O8 

(hr) dissolveda 
(wt %) 

a 
Expressed as weight percent uranium metal. 
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I SHREDDER 1 . . . - - - - 

li.OOO Ci ACTINIDES 1 4.000 3 F.M. I 

75 Liters 
Acid 

12.0 N HN03 

0.05 N HF 

0.01 N Hp SO4 u 5 0  Liters 
Acid 

I20 N HN03 
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(NH4) 2Ce (NO 3) r eagen t  t h a t  i s  r equ i r ed  ( ~ 2 0  t i m e s  t h e  s t o i c h i o m e t r i c  

amount). I n  a d d i t i o n ,  a subsequent s e p a r a t i o n  of t h e  cerium and t r i v a l e n t  

a c t i n i d e s  would a l s o  be  r equ i r ed ,  and t h i s  d i f f i c u l t  s epa ra t ion  would 

f u r t h e r  i n c r e a s e  t h e  p roces s ing  c o s t s .  

2.3 Summary and Conclusions 

E a r l i e r  s t u d i e s  r epo r t ed  l a s t  q u a r t e r ,  i n  which t h e  temperature of t h e  

HNO3 s o l u t i o n  w a s  v a r i e d ,  showed a s l i g h t  i n c r e a s e  i n  t h e  d i s s o l u t i o n i n g  

r a t e  of  r e f r a c t o r y  Pu02 wi th  temperature.  A subsequent Arrhenius p l o t  

i n d i c a t e d  t h a t  t h e  apparent  a c t i v a t i o n  energy f o r  plutonium d i s s o l u t i o n  

by HN03 a l o n e  w a s  about  4.8 kcal/g-mole ( t9 .45 kcal/g-mole)*. This  

r e l a t i v e l y  low a c t i v a t i o n  energy sugges t s  t h a t  t h e  r a t e - c o n t r o l l i n g  s t e p  

is  some t y p e  of phys i ca l  process  (e .g . ,  f i l m  o r  pore d i f f u s i o n ,  o r  

p h y s i c a l  adso rp t ion  o r  deso rp t ion )  r a t h e r  than  a  chemical process .  

Plutonium a d s o r p t i o n  isotherms were developed f o r  t h e  Pu-HN03 and 

Pu-HN03-HF systems which proved t h a t  t h e  f i l t e r  medium d i d  adsorb plutonium. 

X 
The - r a t i o  f o r  t h e  Pu-HN03-HF system was l e s s  than t h a t  f o r  t h e  Pu-HN03 

Ill 

system f o r  a l l  concen t r a t ions  measured. The s i g n i f i c a n c e  of t h i s  r e s u l t  

i s  t h a t  h ighe r  DFs can  probably be obta ined  wi th  HN03-HF (assuming t h a t  

each l e a c h i n g  r eagen t  i s  e q u a l l y  e f f e c t i v e  f o r  d i s s o l v i n g  PuOz). 

D i s s o l u t i o n  t e s t s  w i t h  HN03-H2S04 a c i d  mixtures  were conducted on 

f i l t e r  medium contaminated wi th  Pu02. Resu l t s  showed t h a t  t hese  mixtures  

w e r e  r e l a t i v e l y  i n e f f e c t i v e  as l e ach ing  reagents .  The b e s t  l e a c h a n t s  were 

found t o  b e  mixtures  of HNO3-HF and HN03-HF-H2SO4, i n  which t h e  HF con- 

c e n t r a t i o n  was 0.05 - N o r  g r e a t e r .  These s o l u t i o n s  d i s so lved  g r e a t e r  

than  90% of  t he  plutonium i n  1 5  h r .  It w a s  a l s o  found t h a t  4  - N HN03-0.15 

M (NH4)2Ce(N03)6 d i s so lved  93% of t h e  plutonium i n  approximately 5 h r .  

Additfon o f  KM1104 C o  HN03 and (NH4) 2 C e ( ~ 0 3  j s d l u t i o n s  appears  t o  r eox id l ze  

t h e  cerium and thus  a l lows  more of t he  plutonium t o  d i s s o l v e  wi th  s l i g h t l y  

reduced concen t r a t ions  of  c e r i c  i on .  However, t h e  reagent  con ta in ing  

0.15 - M c e r i c  i on  b u t  no permanganate is  a recommended l eachan t  at  t h i s  time. 

* 
Approximate 95% confidence i n t e r v a l .  



Both small and l a r g e  samples of a c t u a l  HEPA glove-box f i l t e r s  

(contaminated wi th  PuOz) were t r e a t e d  wi th  v a r i o u s  l each ing  s o l u t i o n s .  

The reagent  12  - N HN03-0.05 - N HF-0.01 - N HzSOq'proved s u p e r i o r  t o  

4 - N HN03-0.1 - M (NH4) 2Ce(N03) f o r  s m a l l  samples, w i th  g r e a t e r  than  89% 

of t h e  Pu02 be ing  d i s so lved .  F o r . l a r g e r  samples, an i n c r e a s e  i n  t he  

r a t i o  of a c i d  volume t o  Pu02 weight was found t o  i n c r e a s e  the  d i s s o l u t i o n  

percentage s i g n i f i c a n t l y .  

Nei ther  Na2C03 nor  Na2C03-KN03 was s a t i s f a c t o r y  as a fus ion  agent  f o r  

Pu02. The h i g h e s t  Pu02 recovery,  71%, was achieved us ing  a Na2C03-30 w t  % 

KN03 s a l t  mixture.  Also, s e r i o u s  co r ros ion  problems a r e  a s s o c i a t e d  wi th  

t h i s  process .  For example, t h e  plat inum c r u c i b l e s  and the  furnace  used i n  

t h e s e  experiments were s e v e r e l y  a t t acked  by t he  , r e s u l t a n t  vapors .  Addi t iona l  

f u s i o n  t e s t s  us ing  h ighe r  KN03 percentages a r e  planned f o r  nex t  q u a r t e r .  

The Pu02-75% U02 s o l i d  s o l u t i o n  d isso lved  r e a d i l y  i n  8 1 HN03, 

12 - N HN03-0.1 - N HF, 12  - N HN03-0.05 - N HF-0.01 - N H2S0,, and 4 - N HN03-0.1 - M 

( N H ~ , ) ~ c e ( N 0 3 ) ~ .  A l l  of t hese  would be  accep tab le  l each ing  r eagen t s  s i n c e  

each d i s so lved  g r e a t e r  than  93% of t h e  Pu02 . in  2 h r  a t  b o i l i n g  temperature.  

2 
Hueda has  repor ted  t h a t  Pu02-U02 can be  d i s so lved  i n  HN03 a lone  (up t o  

35% Pu02) . Baehr and ~ i ~ ~ e l ~  r e p o r t  t h a t  U02-15% Pu02 f i r e d  a t  1600°C 

w i l l  d i s s o l v e  e a s i l y  i n  14 - M HN03. These sources  s u b s t a n t i a t e  r ecen t  

f i n d i n g s  a t  Mound Laboratory.  . 

Severa l  d i s s o l u t i o n  t e s t s  were completed wi th  UO2- and U308-contaminated 

f i l t e r s .  Each of  t h e  l each ing  r eagen t s  used i n  t h e  t e s t s  d i s so lved  t h e  

uranium oxide r a p i d l y .  E igh t  normal HNO3 performed a s  w e l l  a s  any of t h e s e  

r eagen t s ,  d i s s o l v i n g  %loo% of t h e  UO2 o r  U308 i n  6 h r .  

2.4 References f o r  Sec t ion  2 . 

1. J. A. Ayres, Decontamination of Nuclear - .- ~ e a c t o r s  and Equipment, P a c i f i c  

Northwest Laboratory B a t t e l l e  Memorial I n s t i t u t e ,  ~ o n a l d  P r e s s ,  New 

York, 1970. 

2. A. U r i a r t e  Hueda, D i s so lu t ion  of Nuclear Fue l s ,  Jun ta  de Energia  

Nuclear,  JEN-201-DM~/I-22 (1968). 

3. W. Baehr and T. Dippel ,  The d is solution of PuO2-'Containing ~ r e e d e r  Fue l s  

i n  HNO3 f o r  Aqueous Reprocessing by Purex Method, I n s t i t u t e  f o r  Heisse  

Chemie, EUR-3704 ( J u l y  1967).  



3. AMERICIUM-CURIUM RECOVERY WITH OPIX, TALSPEAK, AND CEC 

W. D. Bond, C .  W. Forsberg,  F. A .  Kappelmann, S. Katz, and F. M. S c h e i t l i n  
(Oak Ridge Nat iona l  Laboratory)  

Thin wohh e x m i n u  .the UAC 0 6  o x d a t e  pzecijita-tion and 
cation exchange ( O P l X  p h 0 C U h  ;to hemove the  l m h a n i d u  
and ~?~~~n@u;tovLiu.m ac;tinida @om ;the high-level Liquid 
w u x e  phoduced by ;the PwLex halve& ex;DLaotian p a c u a .  
T d p e a h  halve& exZJmcaXon and cation exchange cham- 
atagmphy (CEC ) m e  ,sZudied CIA mct l~och  06 s e ~ ~ ~ t g  
;the lanthavtidu and ~ v d e n t  ac;tinida. 

T'he conceptua l  f lowsheets  descr ibed  by ~ e d d e r '  a r e  used a s  a guide i n  

exper imenta l  s t u d i e s .  A number of s t e p s  i n  t h e s e  t e n t a t i v e  f lowsheets  

r e q u i r e  exper imenta l  v e r i f i c a t i o n  and a d d i t i o n a l  d a t a  so t h a t  a g r e a t e r  

degree  of confidence can  be  provided. 

Work du r ing  t h i s  r e p o r t  per iod  h a s  centered  on c e r t a i n  a r e a s  of t h e  

OPIX and Talspeak f lowsheets  (F igs .  3.1-3.3). The o b j e c t i v e  of t h e  work 

i s  t o  o b t a i n  s u f f i c i e n t  d a t a  f o r  eva lua t ion  of  t h e  t e c h n i c a l  f e a s i b i l i t y  

of t h e s e  p roces ses  and t h e i r  p o t e n t i a l  f o r  scale-up. 

3 .1  OPLY Proccao 

Semicontinuous p r e c i p i t a t i o n  of r a r e -ea r th  o x a l a t e s  w a s  c a r r i e d  ou t  

t o  determine t h e  s e t t l i n g  c h a r a c t e r i s t i c s  and n a t u r e  of t h e  p r e c i p i t a t e s ,  

and t h e  assembly of equipment f o r  cont inuous p r e c i p i t a t i o n  s t u d i e s  w a s  

completed. A few l a b o r a t o r y  scout ing  t e s t s  w e r e  conducted on t h e  removal 

of  Np(1V) and Pu( I I1 )  u s ing  OPIX. 

3.1.1 Semicontinuous p r e c i p i t a t i o n  of r a r e -ea r th  o x a l a t e s  

While t h e  cont inuous  p r e c i p i t a t i o n  equipment was undergoing i n s t a l -  

l a t i o n ,  a s h o r t  s e r i e s  of semicontinuous p r e c i p i t a t i o n  experiments w a s  

c a r r i e d  o u t .  The purpose of t h e s e  experiments was t o  d u p l i c a t e  a 

cont inuous  process  w i t h  a ba tch  technique.  A 150-ml s o l u t i o n  prepared by 

mixing a s y n t h e t i c  w a s t e  s o l u t i o n  and o x a l i c  a c i d  i n  a f l a s k  wi th  a 

magnetic s t i r r e r  w a s  used i n  most of t h e  experiments.  A 15-ml sample 

was withdrawn from t h e  f l a s k  every 10  min. ' A f t e r  each sampling, t h e  
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BASIS: ONE MTHM REPROCESSED 

Fig. 3.1. Conceptual flowsheet for oxalate precipitation. 
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BASIS ONE MTHM REPROCESSED 
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BASIS : ONE MTHM REPROCESSED 
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fo l lowing  s o l u t i o n s  were added t o  t h e  f l a s k :  (1) 1 0  m l  of a  0 .3  M 

(COOH) 2-0 .15 M FINO3 s o l u t i o n ;  and (2)  5 m l  of a s y n t h e t i c  waste  s o l u t i o n  

which conta ined  r a r e  e a r t h s ,  a t  a  concen t r a t ion  of 1 .8  g l l i t e r ,  and o t h e r  

f i s s i o n  products ,  and was 2.4 M i n  HNO3. A f t e r  s i x  o r  seven samplings, 

t h e  s l u r r y  i n  t h e  f l a s k  began t o  approach equi l ibr ium.  

A p i p e t t o r ,  which i s  a constant-volume sampling device  capable of 

t a k i n g  f a i r l y  r e p r e s e n t a t i v e  samples, was used t o  withdraw t h e  samples. 

These samples,  which c o n s i s t e d  of s l u r r i e s  of c r y s t a l s  and s o l u t i o n ,  were 

then  poured i n t o  25-ml graduated c y l i n d e r s ,  and t h e  s e t t l i n g  rate of t h e  

s o l i d s  was measured a s  a func t ion  of t i ~ u e .  Photographs of t h e  p r e c i p i t a t e  

were taken i n  each  case .  

Table 3.1 sumrnari~e~ the r e s u l t s  of t h c s e  expeti-ments. The fo l lowing  

conc lus ions  can b e  drawn from t h e  r e s u l t s :  

1. S t r o n t l u u  and barium i n t e r f e r e  w i th  r a r e -ea r th  p r e c i p i t a t i o n ,  as 

shown by t h e  s e r i e s  of  i d e n t i c a l  runs  made us ing  d i f f e r e n t  types  

of s y n t h e t i c  was te  s o l u t i o n s  (Table 3.1) .  Wastes made of pure 

neodymium p r e c i p i t a t e d  r a p i d l y  compared wi th  completely s y n t h e t i c  

waste  s o l u t i o n s .  Add i t i ona l  experiments ,  i n  which ruthenium, 

zirconium, barium, and s t ron t ium were succes s ive ly  added, showed t h a t  

t h e  barium and strontium caused t h e  slower p r e c i p i t a t i o n .  Pure 

barium and s t ron t ium do n o t  p r e c i p i t a t e  i n  o x a l i c  a c i d  under t h e  

p r e s e n t  exper imenta l  c o n d i ~ i a n s .  About 1.S win was r equ i r ed  f o r  

approximately 99% s e t t l i n g  of s y n t h e t i c  waste  s o l u t i o n s  con ta in ing  

barium and s t ront ium.  Thus, i t  i s  be l ieved  t h a t  some barium and 

s t ron t ium a r e  c o p r e c i p i t a t e d  wi th  the r a L c  e n r t h c  and that t h i s  

i n t e r f e r e s  w i t h  r a p i d  c r y s t a l  growth. 

2 .  Microscopic examination of  t h e  p r e c i p i t a t e  i nd ica t ed  t h a t  c r y s t a l s ,  

n o t  agglomerates  of c r y s t a l s ,  were formcd, The pure c r y s t a l s  a r e  

rods  with a length-to-diameter r a t f o  ol 5 (Fig.  3 . 4 ) .  Rod l e n g t h  i s  

about  0.001 i n .  (2.5 x 10'~ cm) . Many c r y s t a l s  a r e  formed imperfec t ly  

w i t h  f a u l t e d  c r y s t a l  growth. I n  such cases ,  t h e  c r y s t a l  may appear 

s p h e r i c a l  b u t ,  upon c l o s e  examination, is  found t o  c o n s i s t  of a  number 

of  r o d l i k e  c r y s t a l  p r o j e c t i o n s  which have grown from a  c e n t r a l  p o i n t ,  



Table 3.1. Semicontinuous p rec ip i ta t ion  of rare-earth oxalates 

Run Se t t l i ng  veloci ty  (cm/min) 
number Feed composition Aa Ba C a 

1 Complete synthet ic  waste 0.733 0.808 

Neodymium only, equivalent 
concentration 

Zirconium only 

Rare ea r ths  + Ru 

Rare ear ths  + Ru + Z r  

No p rec ip i t a t e  No p rec ip i t a t e  No p rec ip i t a t e  

1.05 1.85 1.36 

1.59 1.91 1.72 

6 Rare ea r ths  + Ru + Z r  + Ba 0.378 0.310 0.264 

7 Rare ear ths  + Ru + Z r  + Sr 0.294 0.264 0.353 

8 B a  + Sr only No p rec ip i t a t e  No p rec ip i t a t e  No p rec ip i t a t e  

a 
Se t t l i ng  ve loc i t i e s  were measured by following the  c lear-par t icula te  in te r face  as the 

pa r t i c l e s  s e t t l e d  i n  a graduated cylinder. A is the s e t t l i n g  r a t e  from the 15-cm3 mark t o  the  
13-cma mark, - B from 1 3  t o  11, and C from 11 To 9. - 



B i g ,  3 . 4 .  Photomicrograph of rare-earl11 oxalato precipitate.  



3. The volume of t h e  s e t t l e d  p r e c i p i t a t e  cake was l e s s  than 1% of t he  

volume of t h e  mother l i q u o r .  

4 .  The s i z e  of t h e  p r e c i p i t a t e  i nd ica t ed  t h a t  s e t t l i n g  p lus  decan ta t ion  

may n o t  be a workable method f o r  achiev ing  l i q u i d - s o l i d  s epa ra t ion .  

Severa l  experiments were at tempted a t  40°C. The l a b o r a t o r y  equipment 

was n o t  i n s u l a t e d ,  and thermal convect ion caused by coo l ing  of 

graduated c y l i n d e r  w a l l s  was s u f f i c i e n t  t o  prevent  s e t t l i n g  of t he  

p r e c i p i t a t e .  The h ighe r  l e v e l s  of h e a t i n g  generated by r a d i o a c t i v e  

decay i n  t h e  p r e c i p i t a t e  may cause s u f f i c i e n t  thermal convect ion t o  

prevent  s epa ra t ion ,  and e i t h e r  c e n t r i f u g a t i o n  o r  f i l t r a t i o n  w i l l  

l i k e l y  be r equ i r ed  f o r  t h e  l i q u i d - s o l i d  s e p a r a t i o n .  

5 .  The d e n s i t y  of  t h e  p r e c i p i t a t e  i s  about  2.0 g/cm3. This  i s  c a l c u l a t e d  

from Stokes law by assuming a  s e t t l i n g  v e l o c i t y  of 0.75 cm/min, room- 

temperature ope ra t ion ,  s p h e r i c a l  c r y s t a l s  w i th  a diameter  of 6.0 x 10'~ 

i n .  (1.5 x cm) , and a  v i s c o s i t y  equal  t o  t h a t  of water .  There 

i s  a g r e a t  d e a l  of u n c e r t a i n t y  i n  t h i s  c a l c u l a t i o n ,  and f u t u r e  

experiments w i l l  se rve  t o  quan t i fy  t h e  r e s u l t s  more a c c u r a t e l y .  

3.1.2 S tud ie s  on removal of Np(1V) and P ~ ( I I I )  

Batch p r e c i p i t a t i o n  t e s t s  showed t h a t  t h e  OPIX process  w a s  e f f e c t i v e  

i n  removing about 99.5% of t h e  plutonium from s y n t h e t i c  waste  s o l u t i o n  when 

t h e  plutonium was t r i v a l e n t .  With an  i n i t i a l  plutonium concen t r a t ion  of 

0.2 m g l l i t e r ,  %3% of t h e  plutonium remained i n  t h e  superna te  a f t e r  precip-  

i t a t i o n  and %0.5% remained a f t e r  passage through an  ion  exchange column 

(Table 3.2) .  A n e g l i g i b l e  amount of t e t r a v a l e n t  neptunium appeared t o  b e  

c a r r i e d  by t h e  r a r e -ea r th  o x a l a t e  p r e c i p i t a t e ;  t h e  concen t r a t ion  of ' 

neptunium remaining i n  t h e  superna te  gave va lues  comparable t o  publ ished 

d a t a  f o r  t h e  s o l u b i l i t y  of  Np(1V) o x a l a t e  i n  1 M HN03 and 0.2 M o x a l i c  

a c i d . l  We used 2 3 7 ~ p  i n  t h e s e  experiments ( s p e c i f i c  a c t i v i t y ,  8.01 x 10' 

counts  min-' mg-'), and feed  concen t r a t ions  r equ i r ed  t o  g ive  good counting 

r a t e s  were on t h e  o r d e r  of 1 mg/ml. The experiments ,  t h e r e f o r e ,  could n o t  

d e t e c t  any a f f i n i t y  of t h e  r a r e -ea r th  o x a l a t e s  f o r  Np(1V). Next q u a r t e r ,  

t h e  experiments w i l l  be repea ted  us ing  feed  concen t r a t ions  t h a t  a r e  lower 

by f a c t o r s  of 10 t o  100. The neptunium i n  t h e  supe rna t e  d i d  n o t  'load on 



Table 3.2. P r e c i p i t a t i o n  of Np(1V) and Pu(I I1)  o x a l a t e s  along with 
raze-ear th  o x a l a t e s  a t  25OC 

(Condit ions:  0.2 - M o x a l i c  ac id  and 0.9 M HN03) - 

time Superna-;e Ion exchange e f f l u e n t  10s s 

Element Run (hr) Conc. ( m g i l i t e r )  % of t o t a l  Conc. (mg/l i tez)  % of t o t a l  (%:I 

- - 

a 
Experiments no: performed. 



t h e  ion  exchange column, i n d i c a t i n g  t h a t  e i t h e r  t h e  o x a l a t e  complexes are 

too  s t r o n g  o r  t h e  neptunium w a s  reoxid ized  t o  t h e  pentava len t  s t a t e .  

Fur ther  evidence of ox ida t ion  of Np(1V) t o  Np(V) was suggested by t h e  

observed i n c r e a s e  of neptunium scavenging on ag ing  t h e  p r e c i p i t a t e s  

overn ight  i n  t h e  mother l i q u o r .  

The plutonium t h a t  was loaded on t h e  ion  exchange r e s i n  e l u t e d  poor ly .  

Only about 50% w a s  recovered wi th  40 column volumes of 3  g HN03 (Table 3 .3 ) .  

These r e s u l t s  may i n d i c a t e  t h a t  t h e  p r i n c i p a l  s p e c i e s  i s  Pu(1V) r a t h e r  

than Pu(I I1)  . 

Table 3 . 3 .  Elu t ion  of plutonium from OPIX 
col.umn w i t h  3 - M HN03a 

(Conditions: Column volume c o n s i s t s  of 
200-400 mesh Dowex 50x8 r e s i n )  

Column Percent  
volumes Pu e l u t e d  

a  
Cumula t ive~va lues  a r e  used f o r  column 
volumes and percent  plutonium e l u t e d .  

For convenience, 0.01 - M f e r r o u s  su l famate  w a s  used i n  t h e s e  t e s t s  t o  

reduce t h e  Np(V) and Pu(1V) i n  t h e  s t o c k  s o l u t i o n  t o  t h e  t e t r a v a l e n t  and 

t r i v a l e n t  s p e c i e s  r e s p e c t i v e l y .  A r educ t ion  t ime of 1 h r  w a s  allowed. I n  

upcoming t e s t s ,  t h i s  procedure w i l l  be  examined t o  determine whether t h e  

cond i t i ons  a l low complete reduct ion .  



3.2 Talspeak S t u d i e s  

3.2.1 Mixe r - se t t l e r  s t u d i e s  

One mixe r - se t t l e r  run  w a s  made on t h e  f i r s t  c y c l e  of t h e  Talspeak 
3 

r e f e r e n c e  f lowsheet  (F ig .  3 .5) .  I n  t h i s  run,  neodymium w a s  used t o  

r e p r e s e n t  t h e  e x t r a c t i o n  and s t r i p p i n g  behavior  of  r a r e  e a r t h s  and t o  

e v a l u a t e  t h e  gene ra l  performance of  t h e  m i x e r - s e t t l e r  u n i t s  us ing  t h e  

r e f e r e n c e  f lowsheets .  The c o n d i t i o n s  used i n  t h e  run  a r e  given i n  Table 

3 . 4 .  The o p e r a t i o n a l  and sampling procedures  employed were t h e  same as 

t h o s e  used i n  t h e  Purex runs  ( s e e  Sec t .  1 . 3 . 2 ) .  The t o t a l  run time was 

7.5 h r ,  w i t h  an  i n i t i a l  3.5-hr ope ra t ion ,  a n  overn ight  shutdown, and 4 

h r  of o p e r a t i o n  t h e  fo l lowing  day. The ana lyses  f o r  neodymium and t h e  

p e r c e n t  of  neodymium i n  t h e  e x i t i n g  product and waste  s t reams a r e  l i s t e d  

i n  Table 3.5. The r e s u l t s  show t h a t  W.5% of t h e  neodymium w a s  presen t  i n  

t h e  americium-curium product  s o l u t i o n  ( U P ) ,  whi le  %0.15% was l e f t  i n  t h e  

s t r i p p e d  e x t r a c t a n t  (2AP). Samples were taken of t h e  aqueous and organic  

phases  of a l l  32 s t a g e s  a f t e r  4 h r  of ope ra t ion  on t h e  second day, b u t  t h e  

r e s u l t s  of t h e s e  a n a l y s e s  are n o t  y e t  a v a i l a b l e .  The neodymium l o s s e s  

t o  t h e  1AP and ZAP streams w e r e  g r e a t e r  than would b e  expected on t h e  b a s i s  

of  p rev ious ly  r epo r t ed  d a t a  i n  t h e  l i t e r a t u r e .  1 , 3  

3.2.2 Batch so lven t  e x t r a c t i o n  s t u d i e s  

Laboratory-scale  ba t ch  e x t r a c t i o n  s t u d i e s  a r e  be ing  c a r r i e d  ou t  t o  
0 

o b t a i n  v a h ~ e s  of t h e  d i s t r i b u t i o n  coeff iciezzt  (D ) f o r  s e l e c t e d  r a r e  
A 

0 
e a r t h s  and a c t i n i d e s .  I n  f u t u r e  experiments ,  we p lan  t o  measure D A 1 s  Io i  

o t h e r  f i s s i o n  products  which may b e  p re sen t  a s  i m p u r i t i e s  i n  Talspeak 

feeds.  These d i s t r i b u t i o n  c o e f f i c i e n t  data could l e a d  to a r e v i s i o n  of 

o u r  r e f e r e n c e ,  conceptua l  Talspeak f lowsheet  ( s e e  F ig .  3.2,  Sec t .  3 .2) .  

L a s t  q u a r t e r  we measured DO'S f o r  americium and plutonium between 
A 

1 - M g l y c o l i c  acid-0.025 - M DTPA s o l u t i o n s  and HDEHP us ing  e i t h e r  DIPB o r  

normal dodecane (NDD) as t h e  d i l u e n t  f o r  t h e  HDEHP. The method employed 

r ad iome t r i c  assay  of  plutonium and americium. The d i s t r i b u t i o n s  of  

plutonium and americium i n  samples were determined b y  gross a lpha  

de t e rmina t ions  us ing  a lpha  pulse-height  a n a l y s i s .  Plutonium d i s t r i b u t i o n  
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Table 3.4. Run conditions for input streams 
in mixer-settler f1,owsheet: test (run TAL 1) 

(Temperature: 43OC; stirrer speeds: lA, 800 rpm and 2A, 1100 rpm) 

Feed stream Composition 

Flow rates (mllhr) 
Desired ~easured~ 

1 ' AF 4.84 g/liter Nd, 1.0 M CzH1+03, 500 494 
0.36 M Na, pH 2.87 - 

1 AX 0.8 - M HDEHP in DEB 750 800 

?Measured by changes of volume of the feed tanks. 

Table 3.5. Concentrations and percentages 
of neodymium in effluent streams 

Nd concentration (glliter) % of Nd feed 
Time (hr) 1 AP 2 AP 2 AW 1 AP 2 AP 2 AW 

Overnight shutdown 

1 1.5 X 4.6 X a 0.53 0.13 a 

2 1.7 X 3.8 x a 0.72 0.12 a 

3 1 . 2  x 1 r 2  4 3  x a n -47 0 - 1 4  a 

4 1.0X10-~ 1.8X10-~ 5.85 0.43 0.06 9 3 

a 
Analysis not made. 



c o e f f i c i e n t s  were always determined i n  t h e  presence of americium, us ing  

t h e  5.15-MeV peak f o r  plutonium and t h e  5.50-MeV peak f o r  americium. 
0 

The D va lues  f o r  americium decreased by f a c t o r s  of 2 t o  4  when t h e  
A 

pH of t h e  aqueous phase was increased  from 2 . 4  t o  3.0 (Table 3 . 6 ) .  
0 

Plutonium behavior  was e r r a t i c ,  and t h e  D va lues  showed no p a r t i c u l a r  
0 

A 
t rend  wi th  changing pH. The DA va lues  f o r  Am are about a f a c t o r  of 3.5 

h ighe r  (4.86 v s  1.48) a t  pH 2.7 when NDD r a t h e r  than DIPB i s  employed a s  
0 

t h e  d i l u e n t  (Table 3 . 7 ) .  The D va lues  f o r  americium pass  through a 
A 

maximum a t  about  pH = 1 f o r  t h e  pH range 0.6 t o  2 . 7 .  Plutonium c o e f f i c i e n t s  

appeared t o  decrease  wi th  i n c r e a s i n g  pH over  t h e  range of  0.6 t o  2 . 7 .  A pH 

of about  1 would appear t o  be  a more d e s i r a b l e  va lue  t o  use  f o r  r e e x t r a c t i o n  

of  americium than t h e  va lue  of 1 .5  used i n  ou r  r e f e rence  f lowsheet .  However, 

t h i s  observa t ion  r e q u i r e s  v e r i f i c a t i o n  a t  o t h e r  concen t r a t ions  of DTPA. An 

average concen t r a t ion  of 0.025 MDTPA as used i n  t h e  r e f e r e n c e  f lowsheet  is  

too  low t o  prevent  losses  of americium. Inc reas ing  t h e  DTPA concen t r a t ion  

i n  t h e  r e f e rence  f lowsheets  is more d e s i r a b l e  than  changing t h e  flow r a t i o s .  

3.2.3 Recycle of Talspeak e x t r a c t a n t s  

P r a c t i c a l  methods a r e  no t  a v a i l a b l e  f o r  t h e  p u r i f i c a t i o n  of HDEHP from 

degrada t ion  products  expected t o  be  generated by r a d i a t i o n  and hydro lys i s ,  

and from h igh ly  e x t r a c t a b l e  elements  which are l i k e l y  t o  b e  p r e s e n t  as 

i m p u r i t i e s  i n  t h e  aqueous f eed  t o  t h e  Talspeak process .  The p r i n c i p a l  

degrada t ion  product  expected from HDEHP is  mono-2-ethylhexylphosphoric a c i d  

(H2MEHP). Highly e x t r a c t a b l e ,  d i f f i c u l t - t o - s t r i p  elcments  Lhar: are expected 

t o  be i m p u r i t i e s  i n  Talspeak f e e d s  inc lude  zirconium, molybdenum, plutonium, 

neptunium, and poss ib ly  ruthenium. I n  a d d i t i o n ,  t h e  s o l u b i l i t y  l i m i t s  of 

t h e s e  elements i n  t h e  e x t r a c t a n t  and aqueous phases may l e a d  t o  formation 

of p r e c i p i t a t e s  o r  of a t h i r d  o rgan ic  phase. An aqueous o x a l i c  a c i d .  

s o l u t i o n  has  t e n t a t i v e l y  been s e l e c t e d  i n  our  r e f e r e n c e  f 1 o w s h e e t . a ~  the  

scrubbing reagent  f o r  t h e  elements  t h a t  a r e  d i f f i c u l t  t o  s t r i p  from HDEHP, 

and e thy lene  g lyco l  has  been s e l e c t e d  f o r  removal of H2MEHP. An important  

c r i t e r i o n  i n  t h e  choice  of sc rubbing  s o l u t i o n s  i s  t h a t  t h e  HDEHP s o l u b i l i t y  

b e  low, s o  t h a t  excess ive  l o s s e s  are avoided. S o l u b i l i t y  d a t a  a r e  needed, 

p a r t i c u l a r l y  with regard  t o  e thy lene  g lyco l  where l o s s e s  a r e  expected t o  

be s i g n i f i c a n t  . 



Table 3 . 6 .  D i s t r i b u t i o n  c o e f f i c i e n t s  of Am and Pu(1V) 
between 0.  b g HDEHP in DIBP and 1 .r? g1,ycolic 

acid--0.025 g DTPA a t  25OC 

k e r n e n t  no t  p re sen t .  

Table 3.7 .  D i s t r i b u t i o n  c o e f f i c i e n t s  of Am and Pu(1V) 
between 0.5 ... M . HDEHP i n  NDD and 1 .0  M g l y c o l i c  

acid--0.025 - M UTPA at  25°C 
-.-,.--. 

""n 



During t h i s  q u a r t e r ,  we measured H2MEHP and HDEHP d i s t r i b u t i o n s  

throughout t h e  e x t r a c t i o n  and scrubbing o p e r a t i o n s  dep ic t ed  i n  t h e  r e f e r e n c e  

Talspeak f  lowsheet,  and observed i n t e r f a c i a l  s o l i d  formations when zirconium 

w a s  presen t  i n  Talspeak feed  s o l u t i o n s  a t  concen t r a t ions  of l o q 4  - M o r  

g r e a t e r .  

3.2.4 D i s t r i b u t i o n s  of  H2MEHP and HDEHP 

The d i s t r i b u t i o n  c o e f f i c i e n t s  f o r  H2MEHP were determined by ana lyses  

of t h e  aqueous phase only.  Measured amounts of H2MEHP were added t o  t h e  

0.7 - M HDEHP i n  diethylbenzene (DEB) o r  t o  t h e  0.5 - M HDEHP i n  NDD. High- 

p u r i t y  HDEHP w a s  used t o  prepare  t h e  HDEHF and d i l u e n t  s o l u t i o n s .  The 

d i s t r i b u t i o n  c o e f f i c i e n t s  were determined by making succes s ive  c o n t a c t s  

( 1 : l  volume r a t i o )  w i t h  f r e s h  p o r t i o n s  of t h e  a p p r o p r i a t e  aqueous o r  

e thylene  g lyco l  phase and subsequent ly ana lyz ing  t h a t  phase. The a n a l y s i s  

cons i s t ed  of conver t ing  t h e  aqueous- o r  g lycol -so luble  organic  phosphoric 

a c i d s  t o  PO:- and determining t h e  t o t a l  phosphate.  The aqueous s o l u b i l i t y  

of H2MEHP i s  cons iderably  h ighe r  than t h a t  f o r  HDEHP and could be  determined 

by d i f f e r e n c e .  The s o l u b i l i t y  of HDEHP i n  scrubbing l i q u i d s  could be 

measured d i r e c t l y  u s ing  t h e  pure compound. 

The d i s t r i h u t i o n  c o e f f i c i e n t s  were determined from l i n e a r  r eg re s s ion  

ana lyses  of p l o t s  of t h e  logar i thms of t h e  H2MEHP concen t r a t ions  i n  t he  

scrubbing phase v s  t h e  number of c o n t a c t s .  The s l o p e  of t h e  curve i s  

-log ( 1  + D ~ )  f o r  e x t r a c t a b l e  s p e c i e s  whose d i s t r i b u t i o n  c o e f f i c i e n t s  a r e  
0 

cons t an t .  The fo l lowing  equat ion* was der ived  f o r  t h e '  scruhhing of HeMEHP 

from HDEHP-diluent mixtures.  u s ing  equal-volume con tac t s :  

S S 
l o g  C = -n [ l og  ( 1  + Do) ] + l o g  ( I o  Do) , 

S 

where 

Cs = equ i l i b r ium concen t r a t ion  of H2MEHP i n  scrubbing phase of 

' COIltaCr n ,  

*. 
With these  assumptions: (1) phase equ i l i b r ium,  (2 )  cons t an t  volumes, 

and (3) n e g l i g i b l e  changes i n  t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  between scrubs .  



n = number of phase con tac t s ,  

D' = r a t i o  of concentra t ion of H2MEHP i n  scrub t o  t h a t  i n  the  
0 

HDEHP phase, 

I = i n i t i a l  concentra t ion of H2MEHP i n  HDEHP phase before contact ,  
0 

and a d e f i n e s  a 95% confidence i n t e r v a l .  

Equation (3.1) can be used f o r  volume r a t i o s  o the r  than un i ty  by 
S S 

s u b s t i t u t i n g  the  e x t r a c t i o n  f a c t o r ,  E:, f o r  Do i n  the  l o g ( 1  + Do) term, 

g iv ing t h e  general  case: 

S 
l o g  c s = -n[ log( l  + E ~ ) ]  +  log(^^ D:), 

where 

V = volume of scrub solut ion,  
s 

Vo = volume of HDEHP (or  any phase containing t h e  ex t rac tab le  species) .  

Equations (3.1) and (3.2) a r e  p a r t i c u l a r l y  use fu l  f o r  the  est imation 

of d i s t r i b u t i o n  c o e f f i c i e n t s  when an a n a l y t i c a l  method is not r ead i ly  

a v a i l a b l e  f o r  t h e  phase i n i t i a l l y  containing the  impurity o r  ex t rac tab le  

spec ies .  An equation s i m i l a r  t o  Eq. (3.2) can e a s i l y  be derived f o r  the  

change i n  concentra t ions  of the  phase i n i t i a l l y  containing the  ex t rac tab le  

spec ies  wi th  repeated con tac t s ,  i n  t h e  event t h a t  an ana lys i s  f o r  the  scrub 

o r  t r a n s f e r  phase is no t  r e a d i l y  ava i l ab le .  

Tables 3 .8  and 3 .9  show the  r e s u l t s  of l i n e a r  regress ions  using the  

experimental d a t a  obtained. I n  Eq. (3.1) ,  t h e  accuracy of the  determination 

of d i s t r i b u t i o n  c o e f f i c i e n t s  is  r e f l e c t e d  i n  the  95% csnfidcnce limits, 
S 0 

0(95), o t  log(1  + D ) and i n  thc range of t h e  Ds values ca lcula ted  using 
0 

these  confidence limits. To ensure consistency with our o the r  ex t rac t ion  
0 

s t u d i e s ,  we have reported the  c o e f f i c i e n t  D which is  the  rec ip roca l  of 

S 
S ' 

D . Also, d i f f i c ~ l l t i e s  encountered i n  t h e  a n a l y t i c a l  procedure f o r  t o t a l '  
0 

phosphate lead t o  uncer ta in ty  i n . t h e  values of line s lopes  ( ~ i ~ s .  3 .6  and 

3.7). However, the  o v e r a l l  r e s u l t s  show the  magnitude of the  separa t ions  

t h a t  can be expected. The following conclusions can be drawn from the  
0 

D values  tha t  were determined: 
S 



Table 3.8. Scrubbing of H2MEHP from 0.7 - M HDEHP i n  DEB a t  25OC 

Scrubbing phase 

no HDEHP concen t r a t ion  
Run Kumber of "S i n  sc rub  l i q u i d  

number c o n t a c t s  l o g ( 1  + ~ 2 )  + a(95)  Mean High Low (!! x 

pH 3.0, 0.05 M DTPA wi th  
1 - M g l y c o l i ~  a c i d  1 4 

2 5 
3 6 

2 - M g l y c o l i c  a c i d  lb 6 

pH 1.5, 0.05 M DTPA w i t 3  
1 M g l y c o l i ~  a c i d  2b 6 

6 

Ethylene g lyco l  1 4 

10% o x a l i c  a c i d  1 5 

a 
Bead a s  3 x 113-'. 

Z r  and Eu i n i t i a l  concen t r a t ions  i n  t h e  aqueous phase of 0.001 and 0.05 - M, r e s p e c t i v e l y .  



Tab12 3.9. S c r ~ b b i n g  of H2MEHP from 0.5 - M HDEHP 5n NDD a t  25OC 

HDEHP concen t r a t ion  
Numbzr of i n  sc rub  l i q u i d  

Scrubbing phase c o n t a c t s  l o p ( l  + D:) + ~ ( 9 5 )  Mean Higt  Low (g x 

pH 1.5 ,  0.05 - M DTPA with 

1 - M g l y c o l i c  a c i d  6 0.1248 - + 0.0072 3.00 ' 3.21 2.82 4 

1 - M g l y c o l i c  a c i d  J c 0.1621 - + 0.0573 2.21 3.66 1.52 5 

2 - M g l y c o l i c  a c i d  6 0.1298 - + 0.0849 2.87 9.18 1.56 2 

5 0.3992 + 0.1292 0.66 1.16 0.42 3 5 
03 

Ethylene g lyco l  - 03 



Fig. 3.6 . .  concentration of H2MEHP in 1 - M glycolic acid-0.05 - M DTPA 
as a f ~ i n r . t i o n  of the number of contacts. 



NUMBER. O F  CONTACTS 

Fig.  3.7. Concentration of H2MEHP in 2 M glycolic acid-0.05 - M DTPA 
as a function of the number of contacts. 



1. H2MEHP is  more s o l u b l e  i n  t h e  aqueous phase than  i n  t h e  organic  

p l ~ a s e  wi th  t h e  p H  3.U,  g l y c o l i c  acid-DTPA s o l u t i o n s ,  us ing  DEB a s  

t h e  d i l u e n t  f o r  HDEHP. With pH 1 .5  s o l u t i o n s ,  however, i t  i s  more 

s o l u b l e  i n  t h e  organic  phase us ing  e i t h e r  DEB or '  NDD .as t h e  - d i l u e n t  . 
The d i s t r i b u t i o n s  were unaf fec ted  by t h e  presence of M zirconium 

and 0.05 - M europium, w i t h i n  t h e  confidence l i m i t s  of t h e  experiments.  

The import of  t hese  r e s u l t s  i s  t h a t  H2MEHP w i l l  be  scrubbed ou t  

(50 t o  ,70% p e r  cyc le)  i n  t h e  aqueous a c t i n i d e  product  i n  t h e  ra re-  

e a r t h  e x t r a c t i o n  s t e p  (pH 3) of Talspe2k. I n  t h e  a c t i n i d e  

e x t r a c t i o n  s t e p  (pH 1 .5  aqueous),  t h e  H2MEHP w i l l  be  r eex t r ac t ed  

t o  a h igh  degree a s  evidenced by t h e  DO va lues  f o r  t h a t  s t e p  of ' ~3 ' .  
S 

2.  Ethylene g lyco l  i s  e f f e c t i v e  i n  scrubbing H2MEHP from t h e  HDEHP 
0 

(D = 0.4 t o  0 .7 ) ;  however, s i g n i f i c a n t  volumes of t h i s  l i q u i d  
S 

would be r equ i r ed ,  depending on t h e  degree of removal sought and 

t h e  volumes of  HDEHP t o  be  p u r i f i e d .  For t h e  same reasons ,  t h e  

s o l u b i l i t y  of HDEHP (4 x M o r  1 . 3  g l l i t e r )  i n  e thy lene  

g lyco l  may be  excess ive  f o r  i t s  use  a s  a scrubbing agent .  

3.2.5 I n t e r f a c i a l ,  zirconium-bearing s o l i d s  

A few t e s t s  were made t o  determine t h e  e f f e c t  of t h e  presence of 

zirconium i n  aqueous Talspeak s o l u t i o n s .  Although t h e  t e s t s  cons i s t ed  of 

s imple phys i ca l  obse rva t ions ,  t h e  r e s u l t s  a r e  worthy of r e p o r t i n g .  High- 

p u r i t y  HDEHP was used i n  t h e s e  tests. When t h e  feed  contained zirconium 

a t  a concen t r a t ion  of M, we observed only  small amounts of an  i n t e r -  

f a c i a l  s o l i d  ( o r  organic  t h i r d  phase) from ra re -ea r th  e x t r a c t i o n s ,  and 

i n t e r f e r e n c e  wi th  s e p a r a t i o n  of , the  phases was minimal. When zirconium 

was p re sen t  a t  a concen t r a t ion  of lo-", - however, t h e  e f f e c t  was marked, 

making s e p a r a t i o n  by g r a v i t y - s e t t l i n g  d i f f i c u l t .  We p l an  t o  eva lua t e  t h e  

o p e r a t i o n a l  behavior  of our  mixe r - se t t l e r  wi th  zirconium concen t r a t ions  

of to l . r 4  - M i n  t h e  f eed  ~ o l u t i o n s .  



3 . 3  References f o r  Sec t ion  3 

1. A .  G. Crof f ,  D.  W. Tedder, J.  P. Drago, J. 0.  Blomeke, and J. J. Perona, 

A Pre l imina ry  Assessment of  P a r t i t i o n i n g  and Transmutation a s  a 

Radioac t ive  Waste Management Concept, O R N L / T M - ~ ~ O ~  (September 1977).  

2. J. A. P o r t e r ,  Ind. Eng. Chem., Process  Design Dev. 2, 289 (1964). 

3 .  B.  Weaver and F. A. Kappelmann, Talspeak: A New Method of Separa t ing  

Americium and Curium from Lanthanides by E x t r a c t i o n  from an Aqueous 

S o l u t i o n  Aminopolyacetic Acid Complexwith a Monoacidic Phosphate o r  

Phosphonate, ORNL-3559 (August 1964) . 



4. AMERICIUM-CURIUM RECOVERY USING BIDENTATE EXTRACTANTS 

L .  D.  McIsaac, J. D .  Baker, R.  E. LaPointe ,  and N.  C .  Schroeder 

(A l l i ed  Chemical Corporation-Idaho Chemical Programs) 

The objective od t k i n  &.uh A ;ta a&dy the ~ e & d n a a  
od n e W  bidentate ex;frta&a& i n  hecovehng lthe 
;ttLa~n@uXovtiwn ac;tinidu dhom t h e  HLLW. One phae 0 6  
t k i n  a;tudy i nvo l vu  the  deveLopment 0 6  @omhe& which 
d u d b e  ;the extmction 0 6  the  a W u  and lanthanidu,  
;th& decovLtamination dhom o th m  dAaion phodum, Rhe 
a;ttLipping od the ex;ttrac;tant, and the  deanup od the  
u e d  aolvent doh hecyde.  

4.1  S tud ie s  Using Syn the t i c  LWR Waste 

Addi t iona l  d i s t r i b u t i o n  c o e f f i c i e n t s  f o r  a c t i n i d e s  and o t h e r  key 

elements  between s y n t h e t i c  commercial LWR waste s o l u t i o n  and 30% dihexyl-N,N- 

diethylcarbamylmethylenephosphonate (DHDECMP) i n  di isopropylbenzene (DIPB)* 

have been measured. Ex t r ac t ion ,  sc rub ,  and s t r i p  d a t a  r epo r t ed  i n  Table 

4 . 1  were obta ined  by us ing  t h e  same procedures  descr ibed  last  q u a r t e r .  

Table 4 . 1  is a composite of newly obta ined  d a t a  and v a l u e s  r epo r t ed  i n  t h e  

previous  r e p o r t  i n  t h i s  s e r i e s .  
1 

Under t h e  cond i t i ons  used f o r  t h e  e x t r a c t i o n  c o n t a c t  (0 .1 - M n i t r i t e ) ,  

favorable  d i s t r i b u t i o n  c o e f f i c i e n t s  w e r e  obta ined  f o r  a c t i n i d e s  and 

l an than ides .  Of t h e  nonac t in ide  and l an than ide  elements  p r e s e n t  i n  

s y n t h e t i c  LWR s o l u t i o n ,  on ly  zirconium, y t t r i um,  technetium, palladium, 

niobium, molybdenum, and ruthenium a r e  e x t r a c t e d  t o  any large e x t e n t .  O f  

these ,  zironium, niobium, and molybdenum a r e  removed from t h e  organic  phase 

by con tac t ing  i t  wi th  3 g HN03-0.05 g H2C204 scrub  s o l u t i o n .  S t r i p  c o n t a c t s  

wi th  0.05 - M HN03-0.05 - M NH20H*HN03 show t h a t  on ly  uranium, ruthenium, 

palladium, and technetium a r e  n o t  removed from t h e  o rgan ic  phase. Add i t iona l  

d i s t r i b u t i o n  d a t a ,  us ing  0.05 g HN03-0.05 - M H2C20r and 0.5 - M Na2C03 

* 
Technical  grade DIPB: %lo% or tho ,  50% meta, and 40% pa ra  isomers.  



Table 4.1. DHDECMP extraction-scrub-strip studies with synthetic Purex 

f irst-cycle waste ' (HAW) solution made 0.1 g in  n i t r i t e  

Distribution coeff ic ients  
Feed Extraction Scrub contacts Strip contacts 

component contact 1 2 1 2 3 

Ba(I1) 

Cs(1) 

Te (IV) 

Sb (V) 

Sn ( IV) 

Tc (VII) 

Mo (VI) 

Nb (V) 

Zr (IV) 

Y(II) 



so lu t ions ,  a r e  presented i n  Table 4.2. Uranium and ruthenium a r e  e f f i c i e n t l y  

s t r ipped  by carbonate; technetium is  a l s o  s t r ipped ,  bu t  l e s s  e f f i c i e n t l y .  

Preliminary ex t rac t ion  d i s t r i b u t i o n  c o e f f i c i e n t s  f o r  var ious  key 

elements from reduced syn the t i c  LWR so lu t ion ,  0.01 - M Fe(S03NHz)z-0.02 - M 

HSO3NH2, a r e  shown i n  Table 4.3. For comparison, values obtained using 

0 .1  - M NaN02 a r e  l i s t e d  i n  t h e  f a r  right-hand column. Ferrous sulfamate 

was prepared by d i s so lv ing  s to ichiometr ic  q u a n t i t i e s  of f e r rous  ammonium 

s u l f a t e  and sulfamic ac id  i n  water .  This s o l u t i o n  was made and c1-- 

f r e e  by passing i t  through a sulfamate anion exchange column. A new method 

of prepara t ion2 f o r  a 1 : 2 molar r a t i o  of Fe(S0 3NH2) :HSO 1NH2 involves the  

add i t ion  of i ron  f i l i n g s  t o  sulfamic ac id  a t  a mole r a t i o  of 1:4. Care 

should be taken t o  p ro tec t  t h i s  so lu t ion  from oxygen, l i g h t ,  and hea t .  

Experimental procedures f o r  obta in ing the  d a t a  i n  Table 4.3 were the  same 

a s  those used f o r  obta in ing t h e  r e s u l t s  shown i n  Table 4.1. A s  expected, 

neptunium shows a much higher d i s t r i b u t i o n  c o e f f i c i e n t  when reduced t o  the  

quadrivalent  s t a t e .  Niobium and ruthenium a l s o  ex t rac ted  t o  a g r e a t e r  

ex ten t  under these condit ions.  Other elements t o  be measured include 

plutonium, uranium, and rhodium. 

Experiments were run t o  determine whether neptunium would maintain a 

high d i s t r i b u t i o n  c o e f f i c i e n t  f o r  seve ra l  scrub con tac t s  a f  t e r  being 

ext rac ted  from reduced syn the t i c  LWR waste so lu t ion .  Normal scrubs,  two 

0.2-volume con tac t s  with 3 - M HN03-0.05 M H2C204, f a i l e d  t o  maintain a high 

d i s t r i b u t i o n  c o e f f i c i e n t . ( D  < 5 ) .  However, when the  scrub was changed t o  

3 - M HN03-0.05 g H2C204-0.02 - M HS03NH2-0.007 - M'Fe(S03NH2)2, the  d i s t r i b u t i o n  

c o e f f i c i e n t s  f o r  t h e  f i r s t  and second scrubs were maintained a t  70 and 22 

r e spec t ive ly .  

The capaci ty  of DHDECMP t o  load with rare-ear th  elements was determined 

i n  an experiment i n  which varying concentra t ions  of lanthanum were ex t rac ted  

from 3 .0  - M HN03 i n t o  30% DHDECMP-DIPB. These r e s u l t s  a r e  given i n  Fig. 4.1, 

which is a p l o t  of aqueous- v s  organic-phase lanthanum concentrat ions a t  

equil ibrium. A s  expected, the  DLa* i s  inverse ly  propor t ional  t o  

* 
In accordance with the  ISEC-74, t h i s  no ta t ion  w i l l  be used i n  a l l  

f u t u r e  r e p o r t s .  This no ta t ion  replaces  Eg.  



Table 4.2. Oxalic ac id  and sodium carbonate s t r i p  data  

Dis t r ibut ion co e f f i c i en t s  

Element 0.05 M H2C20,-0.05 - M HN03 0.5 - M Na2C03 



Table 4 . 3 .  Distribution coefficients for key elements from 

reduced synthetic LWR waste solution 

Element 0.01 - M Fe(S03NH2)2--0.02 - M HS03NH2 0.1 3 NaN02 



Fig.  4.1.  Lanthanum load ing  of  30% DHDECMP-DIPB. 



t h e  concen t r a t ion  of lanthanum i n  t h e  e x t r a c t a n t .  The va lue  of D f e l l  
La 

below 1 when t h e  e x t r a c t a n t  was loaded t o  %70% of its t h e o r e t i c a l  capac i ty .  

It should a l s o  be noted t h a t  t h e  o rgan ic  s epa ra t ed  i n t o  two phases when 

loaded t o  %86% of i t s  capac i ty .  I n  t h e  a c t i n i d e  removal process  envisioned 

f o r  LWR waste ,  t h e  e x t r a c t a n t  would be  loaded t o  %5% of i t s  capac i ty ;  

hence t h e r e  would be no load ing  problem due t o  r a r e -ea r th  elements.  

4.2 Ex t r ac t ion  Mechanisms 

D i s t r i b u t i o n  c o e f f i c i e n t s  f o r  Pu(1V) between 30% DHDECMP i n  b I ~ B  and 

v a r i o u s  concen t r a t ions  of  FINO3 were determined dur ing  t h i s  r e p o r t  per iod .  

The r e s u l t s  a r e  shown i n  F ig .  4.2, a long  wi th  d a t a  obta ined  las t  q u a r t e r .  

Plutonium w a s  s e t  i n  t h e  quadr iva l en t  s t a t e  by adding 1 drop of 30% H202 

t o  t h e  n i t r a t e  t r a c e r  and t ak ing  it  t o  i n c i p i e n t  dryness  i n  concent ra ted  

HN O3.  The t r a c e r  was then  taken up wi th  t h e  p a r t i c u l a r  HN03 concen t r a t ion  

be ing  s tud ied  and made 0.025 - M i n  n i t r i t e .  The sample was subsequent ly 

capped t o  prevent  l o s s  of NO2 and allowed t o  s t and  f o r  1 h r .  A f t e r  t h i s  

per iod ,  1:l e x t r a c t i o n s  were performed i n  t h e  manner descr ibed  i n  prev ious  

r e p o r t s .  

E f f o r t s  t o  determine d i s t r i b u t i o n  c o e f f i c i e n t s  f o r  Pu(I I1)  usi.ng 

0.025 - M Fe(S03NHz)z o r  0.25 - M sodium formaldehyde s u l f o x y l a t e  (NaCH20S02) 

were succes s fu l  wi th  HN03 concen t r a t ions  up t o  '1 - M. A t  h ighe r  concen- 

t r a t i o n s ,  however, ox ida t ion  t o  Pu(1V) r e a d i l y  occurred .  

Other a r e a s  of  i n t e r e s t  t h a t  a r e  b a s i c  t o  understanding t h e  e x t r a c t i o n  

c a p a b i l i t i e s  of DHDECMP are being  pursued. Addi t iona l  s t u d i e s  w i l l  be  

made t o  determine how the  va r i ance  i n  n i t r a t e  and hydrogen ion  concen- 

t r a t i o n s  independent ly a f f e c t s  americium d i s t r i b u t i o n  c o e f f i c i e n t s .  

The n a t u r e  of t h e  e x t r a c t e d  complex a l s o  p r e s e n t s  an  i n t e r e s t i n g  

problem. Evidence i n  t h e  l i t e r a t u r e 3  i n d i c a t e s  t h a t  one of  the methyIlene 

pro tons  i n  DHDECMP could b e  a c i d i c .  Considering t h e  s i m i l a r i t y  i n  t h e  

s t r u c t u r e  o l  DHDECMP t o  ace ty l ace tone  about t h e  methylene c a r b o n , . t h i s  is 

n o t  too  s u r p r i s i n g .  Acidic  methylene hydrogens could have important  r o l e s  

i n  t h e  a b i l i t y  of DHDECMP t o  form complexes. Loss of a  methylene proton 

would a l low n e u t r a l  complexes of meta ls  t o  be  e x t r a c t e d  i n t o  t h e  organic  





phase. In  a d d i t i o n ,  a roma t i c i ty  s i m i l a r  t o  metal  complexes of ace ty l ace tone  

might e x i s t  ' i n  t hese  complexes : 

The c o r r e c t  number of IT e l e c t r o n s  ( i . e . ,  s i x )  a r e  a v a i l a b l e  f o r  t h i s  

s t r u c t u r e .  Whether o r  no t  enough p l a n a r i t y  e x i s t s  f o r  e f f e c t i v e  IT o r b i t a l  

over lap  i s  s p e c u l a t i v e .  E f f o r t s  t o  o b t a i n  a metal  complex of DHDECMP w i l l  

be  at tempted.  An NMR spectrum of t h i s  complex should show a l a r g e  down- 

f i e l d  s h i f t  i f  a roma t i c i ty  does e x i s t .  

4.3 Conceptual Flowsheet 

The ba t ch  equ i l i b r ium d i s t r i b u t i o n  c o e f f i c i e n t s  presented  i n  Table 4 .1  

w e r e  used t o  prepare  a pre l iminary  m a t e r i a l  ba lance  f lowsheet  f o r  a c t i n i d e  

removal. The b a s i s  f o r  t h i s  f lowsheet  ( s e e  Fig.  4.3) is  1 tonne of PWR-U 
4 

f u e l  processed a s  descr ibed  i n  t h e  l i t e r a t u r e .  Decontamination f a c t o r s  

(DFs) used in t h i s  f lowsheet  a r e  based on ope ra t ion  a t  23OC.* Therefore,  

t h e  feed  t o  t h e  e x t r a c t i o n  con tac to r  (HAW stream) would need t o  be cooled,  

c l a r i f i e d ,  and ad jus t ed  t o  an  as y e t  undetermined concen t r a t ion  of HN02. 

The d e s i r e d  americium DF ( r e f .  5)  of 1000 would be  accomplished us ing  f i v e  

e x t r a c t i o n  s t a g e s .  The necessary  DFs f o r  o t h e r  a c t i n i d e s 5  would a l s o  b e  

achieved by f i v e  e x t r a c t i o n  s t a g e s .  The o rgan ic . s t r eam is scrubbed t o  

remove t h e  e x t r a c t e d  zirconium. A l l  of t h e  l an than ides ,  americium, 

curium, and neptunium, a s  w e l l  a s  99+% of t h e  plutonium are removed i n  

t h e  f i r s t  s t r i p  con tac to r .  The second s t r i p  con tac to r  removes any r e s i d u a l  

plutonium, a long  wi th  %50% of t h e  uranium. I n  t h e  f i r s t  s o l v e n t  wash 

con tac to r ,  t h e  remaining uranium and a c i d i c  degrada t ion  products  a r e  

* 
The americium d i s t r i b u t i o n  c o e f f i c i e n t  decreases  i n  magnitude by 

approximately 5%I0C w i t h  increased  temperature.  
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scrubbed from t h e  e x t r a c t a n t .  Solvent  p u r i f i c a t i o n  is completed i n  t h e  

second so lven t  wash con tac to r .  Before r ecyc l ing ,  t he  organic  would be 

routed  t o  a so lven t  makeup tank  f o r  a n a l y s i s  and adjustment of DHDECMP and 

d i l u e n t  concent ra t ions .  

Ten ta t ive ly ,  t h e  ac t in ide - f r ee  HLLW would b e  s o l i d i f i e d ,  t h e  so lven t  

washes would b e . s e n t  t o  s a l t  waste  management, and t h e  a c t i n i d e  s t reams 

would be subjec ted  t o  a n  o x a l a t e  p r e c i p i t a t i o n  s t e p  p repa ra to ry  t o  t h e  

Talspeak process .  Severa l  areas i n  t h i s  f lowsheet  need f u r t h e r  i n v e s t i -  

ga t ion .  For example, t he  opt imal  HN02 concen t r a t ion  i n  t h e  feed  i s  no t  

known, and t h e  D has  n o t  y e t  been determined. I n  a d d i t i o n ,  e x t r a c t a n t  
HNO 2 

r ecyc le  needs t o  be  proved. The r e l a t i v e  volumes of each s t ream a l s o  need 

t o  b e  determined. I n v e s t i g a t i o n  of a mixed d i l u e n t ,  decalin-DIPB, is  

under way. It i s  be l ieved  t h a t  t h e  DHDECMP i n  t h i s  d i l u e n t  g ives  a 

s u f f i c i e n t l y  h igh  americium d i s t r i b u t i o n  c o e f f i c i e n t  t o  permit ope ra t ion  

of t h e  con tac to r  a t  45 t o  50°C. Th i s  i s  t h e  expected ambient temperature 

of t h e  HAW feed  s o l u t i o n .  
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5. AMERICIlJM<URIUM RECOVERY USING INORGANIC I O N  EXCHANGE MEDIA 

D .  R.  T a l l a n t  (Sandia Labora tor ies )  

The ob j e o t i v e  ad tk in ~ t u d y  t o  detenmine t h e  
u d e d d n a a  0 6  c W n  inonganie i o n  exchange media 
dotr AepvmaXng t h e  a2 ivden ; t  a c a 2 n i . d ~  and 
h v t t h a n i d a .  Duhing t h e  d h t  yeah, d e a n i b U y  
uliee be detetunined. 16 a u c c a a d d ,  dtowbhe& 
w i l l  be devdoped d d n g  Xhe ~ e c o n d  yeah. 

During t h i s  q u a r t e r ,  work focused on determining t h e  e f f e c t  of pH 

on t h e  a f f i n i t i e s  of t i t a n a t e ,  n ioba te ,  and z i r c o n a t e  i on  exchange 

m a t e r i a l s  f o r  r a r e -ea r th  i ons .  The r e s u l t s  ob ta ined  dur ing  t h e  l a s t  

r e p o r t  per iod  implied t h a t  t h e s e  a f f i n i t i e s  would d i s p l a y  a s t r o n g  pH 

dependence. 

The experiments were c a r r i e d  o u t  by c o n t a c t i n g  a 5 ppm lanthanum 

s o l u t i o n  wi th  weighed amounts of t h e  hydrogen forms of t h e  v a r i o u s  ion  

exchange m a t e r i a l s .  The pH of each s o l u t i o n  w a s  ad jus t ed  by adding d i l u t e  

HN03 o r  ammonia and was monitored wi th  a  pH meter and g l a s s  e l e c t r o d e .  

A f t e r  an e q u i l i b r a t i o n  per iod  of >60 h r ,  t h e  s o l u t i o n  w a s  analyzed f o r  

remaining lanthanum us ing  i n d u c t i v e l y  coupled plasma-opt ical  emission 

spectroscopy.  The r e s u l t s  of t h e s e  experiments a r e  p l o t t e d  i n  Fig.  5 .1,  

which p r e s e n t s  a f f i n i t i e s  i n  terms of d i s t r i b u t i o n  c o e f f i c i e n t s ,  
Kd ' 

where 
( f r a c t i o n  of ~ a ~ +  on ion  exchanger) . (ml of s o l u t i o n )  

K = 
d ( f r a c t i o n  of ~a'+ i n  s o l u t i o n )  (g  of i on  exchanger) 

I n  t h e  f i g u r e ,  upward- and downward-pointing arrows denote,  

r e s p e c t i v e l y ,  p o i n t s  f o r  which only  lower and upper l i m i t s  of t h e  K 's 
d 

were determinable.  K 's f o r  europium on t h e  n i o b a t e  m a t e r i a l  were a l s o  
d 

determined a s  a  func t ion  of pH and were found t o  e x h i b i t  n e a r l y  t h e  same 

pH dependence a s  t h e  lanthanum K 's. 
d 

A s  expected, t h e  K 's a r e  s t r o n g l y  dependent on pH. Fu r the r ,  t h e  
d 

p o s i t i o n s  on t h e  pH axes  of t h e  Kd curves  f o r  t h e  t h r e e  ion  exchange 

m a t e r i a l s  a r e  i n  l i n e  wi th  t h e i r  a c i d  s t r e n g t h s  (n ioba te  > t i t a n a t e  > 

z i r c o n a t e ) ,  s i n c e  it would be expected t h a t  a s t r o n g e r  a c i d  would tend 
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pH 
Fig. 5.1. Effec t  of pH on the  a f f i n i t y  of lanthanum f o r  various 

inorganic ion exchange mater ia ls .  



t o  exchange H+ f o r  ~ a ~ +  more e a s i l y  ( i . e . ,  a t  a lower pH) than a weaker 

ac id .  

The s t rong dependence on pH of the  K d V s  is encouraging i n  t h a t  

d i f fe rences  i n  K -vs-pH curves between lanthanides  and a c t i n i d e s  could be 
d 

exploited a s  a b a s i s  f o r  p a r t i t i o n i n g .  Experiments a r e  planned o r  i n  

progress t o  e s t a b l i s h  K -vs-pH curves f o r  europium, gadolinium, promethium, 
d 

americium, and curium through the  use  of r ad io t race r s .  



6 .  RECOVERY ALTERNATIVES APPLICABLE TO WASTE STREAMS 

E. P. Horwitz, W. H. Delphin,  G. W. Mason, and M. S t e i n d l e r  
(Argonne Nat iona l  Laboratory)  

T k i n  b k  dacuneh on p&ocedbing & a n a t i v e b  don 
n e c o v d n g  a c t i d e n  and fechn&wn dmm high- 
Lev& L i q u i d  wanfe. AdchXo Mae wonk w i D  examine 
d . t e h W v e n  don nepvm%g .the L a n t h a n i d a  &om 
t h o .  R n i v d e n t  a c l t i d u  and don necavehing ac t i n ideh  
dhom b& w n n f u .  

6 . 1  In t roduc t ion  

The p re sen t  program is d i r e c t e d  toward t h e  examination of t h e  f e a s i b i l i t y  

of r ecove r ing  macro amounts of long-l ived a c t i n i d e s ,  neptunium, plutonium, 

americium, and curium, and f i s s i o n  product  technetium and pal ladium from 

commercial h igh- leve l  was te  (HLLW), us ing  dihexoxyethyl  phosphoric a c i d  

(HDHoEP) and t r i cap ry lme thy l  ammonium n i t r a t e  (TCMA0NO3). To d a t e ,  t h e  

p roces s  is d iv ided  i n t o  t h r e e  d i s t i n c t  p a r t s .  These p a r t s  have been developed 

i n  s u f f i c i e n t  d e t a i l  t o  permit  f lowsheet  cons t ruc t ion .  An a d d i t i o n a l  

americium/curium-lanthanide s e p a r a t i o n  s t e p  is being  developed and w i l l  be 

i .ncnrposated i n t o  t h e  f lowsheet  nex t  q u a r t e r .  

The f i r s t  p a r t  of ,tlie PPOCQCG in1r0.l-ves .the e x t r a c t i o n  o f  l.rrarl;ium, 

neptunium, plutonium, americium, and curium from s y n t h e t i c  HLLW s o l u t i o n  

us tng  HDHoEP i n  d ie thylbenzene  (DEBS. Zircoui.cim, niobium, mnl..yhdenum, i r o n ,  

y t t r i um,  and t he  l a n t h a n i d e s  are a l s o  erctrested by the tM>HoEP. An o x a l a t e  

s t r i p  i s  used t o  back-ext rac t  t h e  neptunium and p lu ton iu~a ,  together w i ~ h  the 

zirconium, xliobium, molybdenum, and i r o n .  The americium, curium, y t t r ium,  

and l an than ides ,  which rewin i n  t he  o rgan ic  phase dur ing  t h e  o x a l a t c  s t r i p ,  

a r e  then  back-extracted us lng  8 M l W O  j .  

The second p a r t  of t h e  p roces s  involves  t h e  p u r i f i c a t i o n  of neptunium 

and plutonium from t h e  zirconium, niobium, molybdenum, and i r o n  and t h e  

o x a l a t e  s t r i p  s o l u t i o n  us ing  TCMA'NOa i n  DEB. Neptunium and plutonium are 

e x t r a c t e d  i n t o  t h e  o rgan ic  phase  and s t r i p p e d  w i t h  formic a c i d .  



The t h i r d  p a r t  of the  process involves the  e x t r a c t i o n  of technetium 

and palladium from t h e  r a f f i n a t e  of the  f i r s t  p a r t ,  using TCMAaN03 i n  DEB. 

Six molar n i t r i c  ac id  i s  used t o  back-extract the  technetium and palladium. 

Extensive ex t rac t ion  e q u i l i b r i a  da ta  have been obtained using HDHoEP 

and TCMAWN03. Preliminary conceptual flowsheets based on these  d a t a  have 

been prepared and t e s t ed  on syn the t i c  HLLW. I n  cons t ruct ing  the  flowsheet,  

emphasis was placed on achieving a high decontamination of a c t i n i d e s ,  

technetium, and palladium from t h e  HLLW. 

The chemical information developed i n  t h e  experimental program w i l l  

be supplemented by severa l  types of ongoing reviews aimed a t  evaluat ion  of 

the  f e a s i b i l i t y  of the  above flowsheet.  For example, the  l iqu id - l iqu id  

e x t r a c t i o n  schemes w i l l  be t e s t e d  i n  high-speed c e n t r i f u g a l  contac tors .  

Radiation s t a b i l i t y  and macro loading s t u d i e s  of HDHoEP and TCMA*N03 a r e  

a l ready i n  progress.  Some e f f o r t  w i l l  a l s o  be d i rec ted  a t  obta in ing process- 

r e l a t e d  information (e.g.,  corros ion of and compat ib i l i ty  with ma te r i a l s  of 

cons t ruct ion ,  commercial a v a i l a b i l i t y  of o r  est imated c o s t s  t o  produce 

reagents ,  safe ty-re la ted  p roper t i e s ,  e t c . ) .  

A study of t h e  f e a s i b i l i t y  of car ry ing out  the  t h i r d  p a r t  of the  

separa t ion  scheme, a s  w e l l  a s  developing a flowsheet f o r  sal t-waste 

processing, using high-speed l iqu id - l iqu id  chromatography (LLC) is under 

way. Early e f f o r t s  have been d i rec ted  a t  t h e  evaluat ion  of var ious  i n e r t  

supports  f o r  t h e  s t a t ionary  phases and a t  an assessment of column s t a b i l i t y .  

The LLC s t u d i e s  w i l l  be described i n  t h e  next  q u a r t e r l y  r epor t .  

6.2 Experimental 

6.2.1 Ex t rac tan t s  

The quaternary amine employed i n  t h i s  s tudy was TCMA0N03. A t echn ica l  

grade of t h i s  amine (ca l l ed  Aliquat-336 chloride*) was obtained from General 

M i l l s ,  Inc. This amine was e i t h e r  used a s  received f o r  the  flowsheet 

t e s t i n g  o r  was pur i f i ed  by l iqu id - l iqu id  e x t r a c t i o n  using a cyclohexane-50:50 

wa te r : ace ton i t r i l e  system f o r  K measurements. The quaternary amine remains 
d 

* 
Trade name of General M i l l s ,  Inc. ,  Kankakee, Ill. 



i n  the  a c e t o n i t r i l e  phase, whereas the  t e r t i a r y  and lower amines concentrate 

i n  t h e  cyclohexane phase. Two batch ex t rac t ions  (organic/aqueous r a t i o  = 1 )  

of t h e  ace ton i t r i l e -wa te r  phase with cyclohexane a r e  normally employed. 

Following the  e x t r a c t i o n ,  t h e  acetonitr i le-H20 is removed from the  quaternary 

amine by means of a commercial r o t a r y  evaporator. No de tec tab le  d i f fe rence  

i n  the  pur i f i ed  and technical-grade Aliquat-336 was observed. The HDHoEP 

w a s  synthesized and p u r i f i e d  following t h e  procedure of Peppard, Mason, and 

Gif f i n .  
1 

6.2.2 Measurements of Kd 

Dis t r ibu t ion  r a t i o  measurements were performed i n  the  conventional 

manner us ing standard s c i n t i l l a t i o n  and gamma counting techniques. The Kd 

measurements* made a t  50°C were c a r r i e d  out  by placing 7-ml c u l t u r e  tubes . 

conta in ing the  two phases i n  a constant-temperature water bath.  Af ter  5 min, 

t h e  tubes were removed from t h e  water bath  and t h e  phases were equ i l ib ra ted  

f o r  15 sec  by means of a vor tex  mixer. The c u l t u r e  tubes.were then returned 

t o  t h e  ba th  f o r  1- t o  2-min i n t e r v a l s  before being withdrawn and remixed f o r  

1 5  sec .  Four 15-sec e q u i l i b r a t i o n s  were used f o r  Kd measurements a t  5 0 ' ~ .  

However, one to  two 15-sec e q u i l i b r a t i o n s  were used f o r  flowsheet t .est ing 

i n  order  t o  simulate phase contact  times i n  high-speed c e n t r i f u g a l  con- 

t a c t o r s .  Phases w e r e  never vortex-mixed longer than 15 sec  before re turning 

t h e  tubes t o  the  constant-temperature bath.  

Hydroxylammonium n i t r a t e  (HAN), f e r rous  n i t r a t e ,  and hydrazinium di-  

n i t r a t e  w e r e  used a s  a fediiefng agent, a ca ra lys r ,  and a ~ i i t r o u s  acld sca- 

venger respect ively .  The HAN was prepared from t h e  hydrochloride s a l t  by 

n e u t r a l i z i n g  the  hydrochloride with Dowex 2-X8 on the  hydroxyl cycle  and 

t h e  n e u t r a l i z i n g  the  r e s u l t a n t  hydroxyamine with HN03. The. HAN was s tored 

i n  0 .1  - M HN03. Ferrous n f r r a r e  was prepared from ferrlc 1 1 1 ~ r . a ~ e  i i ~ ~ l l  HAN. 

A 0.17 M Fe(I1)-0.50 M HAN s tock so lu t ion  was used i n  making the  Np(1V) and 

Pu(I11) Kd measurements. Hydrazinium d i n i t r a t e  was a l s o  prepared from the  

* 
The r a t i o  of the  organic t o  aqueous concentrat ion a t  chemical 

equil ibrium. 



dihydrochlor ide  salt  by n e u t r a l i z i n g  t h e  hydrochlor ide  wi th  Dowex 2-X8 

on t h e  hydroxyl c y c l e  and then  n e u t r a l i z i n g  t h e  r e s u l t a n t  hydrazine wi th  

HN03. The N2Hs(N03)2 w a s  s t o r e d  i n  0.1 - M HN03. 

Tetramethylammonium hydrogen o x a l a t e  (TMAeHOx) w a s  prepared by n e u t r a l -  

i z i n g  s tandard  1 - M o x a l i c  a c i d  s o l u t i o n  wi th  t h e  s t o i c h i o m e t r i c  q u a n t i t y  of  

s tandard  tetramethylammonium hydroxide* s o l u t i o n .  

6.2.3 P repa ra t ion  of  s y n t h e t i c  l i q u i d  waste  

Syn the t i c  waste s o l u t i o n  was prepared by mixing HN03 s o l u t i o n s  of  salts 

of nonradioac t ive  i so topes  of f i s s i o n  products  accord ing  t o  t h e  procedure 

descr ibed  by Bond and ~ e u z e . ?  The q u a n t i t i e s  of f i s s i o n  product  e lements  

used corresponded t o  t hose  c a l c u l a t e d  f o r  a t y p i c a l  LWR f u e l  i r r a d i a t e d  t o  

a burnup of 33,000 MWd pe r  tonne of heavy meta l .  The products  from 1 tonne 

o f  t h i s  f u e l  were assumed t o  be  p re sen t  i n  e i t h e r  5569 liters of  2.9 g HN03 

(HAW w a s t e  stream) o r  5900 l i t e r s  of 2.4 M HNOB (EEW waste  s t ream) .  (The 

EEW waste  stream is  formed from exhaus t ive  TBP e x t r a c t i o n  of t h e  H A W  waste 

stream.)  I n  a d d i t i o n  t o  t h e  f i s s i o n  products ,  0.19 g of i r o n  pe r  l i ter  ( a s  

f e r r i c  n i t r a t e )  w a s  in t roduced  i n t o  t h e  s y n t h e t i c  w a s t e  (EEW waste  s t ream) 

t o  s imu la t e  co r ros ion  products .  The presence of i r o n  i n  t h e  waste s o l u t i o n  

i s  p a r t i c u l a r l y  important  i n  t h e  proposed process  because it is  a c a t a l y s t  

f o r  t h e  r educ t ion  of Np(V) t o  Np(1V). Syn the t i c  waste s o l u t i o n  w a s  f i l t e r e d  

a f t e r  p repa ra t ion  from s t o c k  s o l u t i o n s  a s  descr ibed  by Bond and Leuze. 
2 

Separa te  p o r t i o n s  of t h e  s y n t h e t i c  waste  were spiked wi th  %lo8 d i s lmin  of 

2 3 9  e i t h e r  Np, 2 3 9 ~ ~ ,  o r  2 4 1 ~ m f o r  f lowsheet  t e s t i n g .  

6 . 3  Resu l t s  and Discussion 

6.3.1 Ex t r ac t ion  of Ac t in ides  u s ing  HDHoEP 

The p a r t i t i o n i n g  of t h e  a c t i n i d e s  from HLLW us ing  t h e  d ia lkylphosphor ic  

a c i d ,  HDHoEP, is  based on the  h igh  d i s t r i b u t i o n  r a t i o s  of tri-, t e t r a - ,  and 

hexavalent  a c t i n i d e s  from a c i d i c  s o l u t i o n .  F igure  6.1 shows t h e  K ' s . o f  
d 

s e l e c t e d  a c t i n i d e s  a s  a func t ion  of HNO3 concen t r a t ion  us ing  0.5 MHDHoEP 

* 
Olj ~ a i n e d  from Eas tma 'Organic Chemicals. 



Fig. 6.1. D i s t r i b u t i o n  r a t i o s  of se lec ted  a c t i n i d e s  and of cerium, 
europium, and yt t r ium a s  a funct ion of HN03 concentration.. Organic 
phase - 0.05 M HDHoEP i n  DEB. U(V1) d a t a  - Kd x 2; Pu(1V) - (0.05 M 
NaN02 + HNO~IT  Np(1V) - (0.05 M HAN + 0.017 M Fe + 0.06 M N2H4 + HNO3); 
Np(V) - (0.05 M HAN + HN0 3) ; C;(III) - (0.05-g HAN + HNO;) . Pu(1V) 
and Np(1V) d a t a  were obtained by back-extraction. 



i n  DEB a t  50°C. The h ighe r  temperature was s e l e c t e d  because of t h e  s e l f -  

h e a t i n g  e f f e c t s  which t ake  p l a c e  i n  HLLW. D i s t r i b u t i o n  r a t i o s  f o r  s e l e c t e d  

l an than ides  were included f o r  comparison. The K f o r  Am(II1) is  s l i g h t l y  
d 

lower than t h a t  of Ce( I I1)  . Figure  6 . 2  shows t h e  K of Am(II1) i n  1 M HN03 
d - 

as a func t ion  of HDHoEP concen t r a t ion  i n  NDD and DEB. The lower K va lues  
d 

f o r  t he  aromatic  d i l u e n t  are expected because of t h e  i n t e r a c t i o n  of t h e  

benzene r i n g  wi th  t h e  phosphate group. However, t h e  d i f f e r e n c e  i n  s l o p e s  

and t h e  change i n  cu rva tu re  of  t h e  e x t r a c t a n t  dependency d a t a  a r e  no t  

e a s i l y  explained.  Peppard, Mason, and  if f  in1 found a s i g n i f i c a n t  d i f f e r e n c e  

between t h e  aggrega t ion  of  HDHoEP i n  an aromatic  d i l u e n t  and t h a t  i n  an 

a l i p h a t i c  d i l u e n t .  The average va lues  of t h e  molecular  aggrega t ion  f o r  a 

0 .1  M HDHoEP s o l u t i o n  i n  benzene and cyclohexane a r e  2  and 3 r e s p e c t i v e l y .  

These d i f f e r e n c e s  i n  aggrega t ion  cannot exp la in  a l l  t h e  f e a t u r e s  of t h e  

e x t r a c t a n t  dependency curves .  Vandegrif t and ~ o r w i t z ~  have shown t h a t ,  i n  

t h e  ca se  of t h e  e x t r a c t i o n  of Ca(I1) by HDEHP, i n t e r f a c i a l  r e a c t i o n s  e n t e r  

i n t o  t h e  e q u i l i b r i a  and in f luence  t h e  r e a c t i o n  o r d e r s  and thus  the  e x t r a c t a n t  

dependencies.  

The K d a t a  i n  F igs .  6 . 1  and 6 . 2  show high  t o  moderate e x t r a c t a b i l i t i e s  
d 

of Am(II1) from HN0 3 concen t r a t ions ,  even up t o  ' 1.5 g, us ing  H ~ H O E P  . The 

e q u i l i b r i a  f o r  t h e  e x t r a c t i o n  of a c t i n i d e ( I I 1 )  i ons  may be  descr ibed  by 

t h e  fol lowing equat ions :  

a t  HN03 concen t r a t ions  less than  1 .5  3, and 

a t  HNO3 concen t r a t ions  above 1 . 5  M, where HY is  t h e  a c i d  HDHoEP, Y is  t h e  

anion DHoEP-, and m is t h e  degree of  a s s o c i a t i o n  of t h e  e x t r a c t a n t .  The 

e x t r a c t i o n  of t h e  n i t r a t o  complex a t  h ighe r  HN03 concen t r a t ions  is i nd i ca t ed  

by t h e  change i n  t h e  a c i d  dependency slope. from -3.5 a t  low a c i d i t y  t o  a 

s lope  of -2 at: 4 - M I W 3 .  (A s l o p e  of -3.5 is  expected f o r  a t r i p o s i t i v e  ion  
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P i g .  6 . 2 .  Distribution r a t i o  of Am(II1) as a function of the molar 

of HDHoEP i n  dodecane and i n  diethylbenzetle. Aqueous phase - 1 . 0  - M HNOB 
temperature = 25-C. 
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when t h e  i o n i c  s t r e n g t h  is n o t  h e l d  cons t an t . )  Lenz and smutz4 have shown 

t h a t  Nd(II1) and Sm(II1) a l s o  form n i t r a t o  complexes when e x t r a c t e d  from 

high  HNO3 concen t r a t ions  by HDEHP. 

~ x t r a c t i o n  of macro concen t r a t ions  of L a ( I I I ) ,  Nd(II1) , and Eu(II1)  

from HN03 by 0.5 M HDHoEP i n  DEB has  shown t h a t  s a t u r a t i o n  of t h e  e x t r a c t a n t  

occurs  a t  a HDHoEPIM(II1) r a t i o  of 3.0 [note  Eq. (6 .2) ] .  No formation o f .  

p r e c i p i t a t e  took p l ace  on s a t u r a t i o n ,  a l though t h e  lanthanide-loaded organic  

phases d i d  become r a t h e r  v i scous .  An equ i l i b r ium curve f o r  t h e  e x t r a c t i o n  

of macro concen t r a t ions  of Eu(I I1)  i s  shown i n  Fig.  6.3. The s o l u b i l i t y  of 

Ln(II1)-HDHoEP complexes i s  s t r i k i n g l y  d i f f e r e n t  from t h e  behavior  of Ln(I I1)  

i n  HDEHP, which forms a  p r e c i p i t a t e  when t h e  L~(III)/HDEHP r a t i o  exceeds 

116. It i s  p o s s i b l e  t h a t  HDHoEP is  a c t i n g  a s  a  t r i d e n t a t e  l i g a n d  wi th  t h e  

e t h e r  group, forming a seven-membered r i n g  wi th  t h e  metal  ion .  Thus t h e  

M ~ +  i on  would have a  coord ina t ion  number of n i n e ,  which. i n  d i l u t e  s o l u t i o n  

i s  t h e  case5 f o r  hydrated ~ a "  t o  od3+.  

The e x t r a c t i o n  of Arn(II1) w a s  s t u d i e d  as a func t ion  of t h r e e  independent 

v a r i a b l e s ,  namely, a c i d i t y ,  e x t r a c t a n t  concen t r a t ion ,  and temperature u s ing  

a two-level, t h r e e - f a c t o r i a l  experimental  s t r a t e g y .  From t h e s e  d a t a  a  

p r e d i c t i v e  model equat ion  w a s  der ived  express ing  t h e  l o g  K a s  a  func t ion  of 
d  

a c i d i t y ,  e x t r a c t a n t  concen t r a t ion ,  and temperature.  The l e v e l s  ( ranges)  of 

t h e  t h r e e  independent v a r i a b l e s  and t h e  p r e d i c t i v e  modeling equat ions  are 

shown i n  Table 6.1. 

Separa t ion  f a c t o r s *  (a )  a t  50°C f o r  s e l e c t e d  t r i v a l e n t  meta l  i ons  r e l a -  

t i v e  t o  Am(1II) a t  - <2 M HN03 a r e  as fol lows:  Cm/Am = 1.1, Ce/Am = 1.2 ,  .- - 
Pm/Am = 1.9,  ~u/Am = 3.0, and Y/Am = 33.0. These va lues  ag ree  f a i r l y  w e l l  

wi th  t h e  d a t a  of Peppard, Mason, and  iffi in' f o r  HDHoEP i n  benzene vs  

HC104 a t  25OC. The sepa ra t ion  f a c t o r s  change somewhat a t  h ighe r  a c i d i t i e s .  

For example, t h e  a f o r  Y/Am decreases  t o  9.0 a t  6  M HNOs,  which makes it  - 

puuulLle t o  s t r i p  Y(II1)  a long  wi th  Am(II1) using h - M HNO?. 

F igure  6 .1  shows t h a t  t h e  e x t r a c t i o n  of t e t r a -  and hexavalent  a c t i n i d e s  

is very  h igh  a t  a l l  HNO3 concen t r a t ions  s tud ied .  This  behavior  is  w e l l  

* 
Separa t ion  f a c t o r  i s  def ined  as t h e  r a t i o  of  d i s t r i b u t i o n  c o e f f i c i e n t s  

f o r  two d i f f e r e n t  e x t r a c t a b l e  s p e c i e s  a t  t h e  same cond i t i ons .  
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Fig.  6 . 3 .  Equilibrium curve f o r  the  e x t r a c t i o n  of Eu(II1) from 0.45 
M HN03 us ing 0.5 M HDHoEP i n  DEB and the  e x t r a c t i o n  of Tc(VI1) from - 
2 - M HN03 us ing 0.50 M TCMAwNO3 i n  DEB. Temperature = 50°C. 



Table 6.1. Predic t ive  model equations f o r  the  ex t rac t ion  
of Am(II1) by HDHoEP i n  DEBa 

High and low l i m i t s  of independent va r iab le  
Equation Acidity Extrac tant  concentrat ion Temperature 

number (g HNO 3)  (M - HDHoEP) ("c) 

Eq* (1) 

l o g  K = - 0.724 - 1.037X1 + 0.393X2 + 0.156X3 
d 

- l o g  [HNO~] + 0.0415 ; x2 - - l o g  [HDHoEP] + 0.151 . 
X1 - ' 0.343 1.151 

Eq. (2) 

l o g  Kd = 0.422 - l . l l O X 1  + 0.754X2 + 0.130X3 

X and X same a s  i n  Eq. (1) ; X2 = 
l o g  [HDHoEP] + 0.651 

1 2 0.350 

Eq. (3) 

l o g  I< - 1.369 - 0.499X1 + 0.194X2 + 0.097X3 
d 

X and X2 same a s  i n  Eq. (1 ) ;  Xg = 
log  [HDHoEP] + 0.151 

1 0.151 

a 
These models w i l l  pred ic t  Kd t o  within + 4% approximately 95% of 

t h e  t i m e  f o r  the  defined ranges of t h e  independent va r iab les .  



known f o r  o t h e r  d ia lkylphosphor ic  a c i d  e x t r a c t a n t s  (e .g . ,  HDEHP). The 

d i f f i c u l t y  i n  u t i l i z i n g  d ia lkylphosphor ic  a c i d s  a s  e x t r a c t a n t s  f o r  t e t r a -  

and hexavalen t  a c t i n i d e s  l i e s  i n  t he  problem of s t r i p p i n g  these  elements 

from t h e  o rgan ic  phase. T h i s  problem w i l l  be  d iscussed  below. The 

e x t r a c t i o n  o f  Np(1V) and Pu(1V) wi th  HDHoEP, i n  a l l  p r o b a b i l i t y ,  involves  

t h e  e x t r a c t i o n  of n i t r a t o  complexes, even from 1 M  HN03. The s l o p e s  of 

a c i d  dependency cu rves  a r e  l e s s  than 3, and t h e  formation cons t an t s  of 

a c t i n i d e ( 1 V ) - n i t r a t o  complexes a r e  h ighe r  than s i m i l a r  complexes f o r  

a c t i n i d e ( I I 1 )  i ons .  Peppard, Mason, and ~ c ~ a r t ~ '  have conc lus ive ly  shown 

t h a t  n i t r a t e  i s  t r a n s f e r r e d  t o  t he  o rgan ic  phase f o r  t h e  e x t r a c t i o n  o t  

Th(1V) by  HDEHP. The fo l lowing  equa t ions  desc r ibe  some p o s s i b l e  e q u i l i b r i a :  

Pu (NO 3 ) 2 2+ + (HDHoEP) 2 Pu (NO 3 ) 2 (DHoEP) 2 + 2 ~ + ,  (6.4) 

+ 
Pu (NO ) 3 + (HDHoEP) 2 Pu (NO 3 ) 3 (DHoEP) (HDHoEP) + H+ , (6.5) 

where t h e  a b b r e v i a t i o n s  a r e  de f ined  as discussed  previous ly .  S imi la r  

e q u i l i b r i a  may b e  w r i t t e n  f o r  t h e  e x t r a c t i o n  of u0z2+: 

~ 0 2  2+ + 2 (HDHoEP) 2 U02 (DHoEP) 2 2 (HDHoEP) + 2 ~ + ,  (6.7) 

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  HDHoEP is  a c t i n g  a s  bo th  an a c i d i c  and 

a n e u t r a l  e x t r a c t a n t  i n  Eqs. (6.5) and (6 .7) ,  and poss ib ly  Eqs. (6 . I ) ,  (6.31, 

(6.6), and (6 .8) .  S imi l a r  behavior  h a s  been r epor t ed  f o r  t h e  e x t r a c t i o n  

of  Nd(II1)  and Sm(II1) by HDEHP. 
4 

6.3.2 E x t r a c t i o n  of s e l e c t e d  f i s s i o n  and co r ros ion  products  us ing  HDHoEP 

F igu re  6.4 shows t h e  K d ' s  of s e l e c t e d  f i s s i o n  products  and co r ros ion  

p roduc t s  as a func t ion  of H N 0 3  us ing  0.5 M HDHoEP i n  DEB a t  50°C. A s  

expected (based on previous  exper ience  wi th  HDEHP) , t h e  K ~ ' S  f o r  Fe ( I I1 )  , 



0 . 5 0 ~  HDHoEPIN DEB 

50°C 

Fig. 6 . 4 .  Distribution rat ios  of selected f i s s ion  products as a 

function of HNO3 concentration. Organic phase - 0.05 M HDHoEP in  DEB. 

Zr (IV) , Nb (V) , Mo (VI) , and Fe (111) data were obtained by back-extraction. 



Z r  (IV) , Nb (V) , and Mo (VI) are high  at  a l l  HN0 concen t r a t ions  s tud ied  b u t  

have somewhat poor r e p r o d u c i b i l i t y  because of v a r i a t i o n s  i n  t h e  s p e c i e s  

p r e s e n t  i n  t h e  aqueous phase ( h y d r o l y s i s  products  wi th  d i f f e r e n t  e x t r a c t -  

a b i l i t i e s  a r e  appa ren t ly  fo rmed) .  Equat ions analogous t o  those  used t o  

d e s c r i b e  t h e  e x t r a c t i o n  of t e t r a -  and hexavalen t  a c t i n i d e s  may be  w r i t t e n  

as fo l lows:  

~ r 0  2+ + 2 (HDHoEP) 2 2 Z r O  (DHoEP) 2HDHoEP + ' 2 ~ + ,  (6.9) 

MOO 2t  + 2 (HDHoEP) 2 MO (DHoEP) 2 2HDHoEP + 2 ~ ' .  (6.10) 

The K 's f o r  Zr(1V) and Nb(V) were obta ined  by r e v e r s e  e x t r a c t i o n ,  t h a t  is,  
d 

by e q u i l i b r a t i n g  o rgan ic  phase which contained t h e  e x t r a c t e d  n u c l i d e  wi th  

f r e s h  aqueous phase. The r e v e r s e  K ' s  f o r  Zr(1V) and Nb(V) a r e  h ighe r ,  by 
d 

a  f a c t o r  of  1 .5  and 20, r e s p e c t i v e l y ,  than t h e  forward K d 1 s . *  The Fe ( I I1 )  

and Mo(V1) d a t a  were a l s o  obta ined  by r e v e r s e  e x t r a c t i o n .  Nevertheless ,  

Zr ( IV) ,  Nb(V), and Mo(V1) a r e  a l l  e x t r a c t e d  t o  98% o r  g r e a t e r  i n  15-sec 

e q u i l i b r a t i o n s .  The e x t r a c t i o n  of Fe ( I I1 )  by HDHoEP i s  somewhat slow, as 

is  t h e  c a s e  wi th  HUEHP. 

F igu re  6.4 a l so . shows  t h e  very  poor e x t r a c t i b i l i t y  of S r ( I 1 )  and Tc(VI1). 

Although a d d i t i o n a l  d a t a  on o t h e r  f i s s i o n  products  w i l l  b e  obta ined  i n  t h e  

n e a r  f u t u r e ,  t h e  fo l lowing  f i s s i o n  and co r ros ion  products  would be  expected 

t o  be  poor ly  e x t r a c t e d ,  based on exper ience  wi th  WEHP: rubidium, 

ruthenium, rhodium, pal ladium, s i l v e r ,  cadmium, t e l l u r ium,  cesium, barium, 

n i c k e l ,  and chromium. The e x t r a c t i b i l i t y  of  Sb(I I1)  by HDHOEP, al though 

u n c e r t a i n ,  w i l l  probably be  similar t o  t h a t  of some of  t h e  l an than ides .  The 

K ' s  of  Sb(V) should b e  much less than  those  f o r  t h e  l an than ides .  
d  

6.3.3 E x t r a c t i o n  of a c t i n i d e s  from HLLW us ing  HDHoEP 

F igu re  6.5 shows a conceptua l  f lowsheet  f o r  t h e  e x t r a c t i o n  of a c t i n i d e s  

from HLLW (EEW was te  stream12 us ing  0.5 - M HDHoEP i n  DEB. This  f lowsheet  was 

* 
Forward K ~ ' S  are probably lower because of hydro lys i s  products  w i th  

d i f f e r e n t  e x t r a c t a b i l i t i e s  , which a r e  formed i n  t h e  aqueous phase. 
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developed and is be ing  t e s t e d  us ing  s y n t h e t i c  waste  s o l u t i o n .  The f i r s t  

s t e p  i n  t h e  f lowsheet  i nvo lves  t h e  i n t r o d u c t i o n  ol: HAN aid l i yd ra~ iu ium 

n i t r a t e  (N2H4.2HNO3) i n  o r d e r  t o  a d j u s t  t h e  ox ida t ion  s t a t e s  of neptunium 

and plutonium. 8'9 The HAN reduces  Np(V1) t o  Np(V) and, i n  t h e  presence of 

Fe (11) , reduces Np (V) t o  Np (IV) . Since i r o n  i s  always' p r e sen t  i n  t h e  HLLW 

from c o r r o s i o n  of s t a i n l e s s  s t e e l ,  Fe( I1)  is  produced from ~ e ( 1 1 1 )  by 

r e d u c t i o n  wi th  t h e  HAN.. Hydrazinium n i t r a t e  is  a l s o  in t roduced ,  a long wi th  

t h e  HAN, t o  remove excess  HN03, which would des t roy  t h e  HAN. These reducing 

a g e n t s  would s e r v e  t o  reduce 107 ro I-, which is  subsequea t ly  p r e c i p i t a t e d  

by t h e  excess  Pd(I1)  p r e s e n t .  

The Pd12 could  b e  removed by f i l t r a t i o n  o r  c e n t r i f u g a t i o n  be fo re  

c a r r y i n g  o u t  t h e  subsequent  l i q u i d - l i q u i d  e x t r a c t i o n  (LLE), s i n c e  che s o l i d  

t ends  t o - c o n c e n t r a t e  a t  t h e  organic-aqueous i n t e r f a c e .  A s u b s t a n t i a l  

p o r t i o n  (>go%) o f  t h e  12'1 presen t  i n  s o l u t i o n  could 'probably be  removed 

by  t h i s  technique,  a l though we have n o t  i n v e s t i g a t e d  t h i s  process .  It i s  

expec ted ,  however, t h a t  i n  f u e l  r ep roces s ing  - >99% of t h e  iod ine  w i l l  r e p o r t  

t o  t h e  d i s s o l v e r  of f -gas  t r a i n .  Any iod ine  remaining i n  t h e  d i s s o l v e r  feed  

would b e  e x t r a c t e d  by t r i -g-buty l  phosphate (TBP) dur ing  t h e  exhaus t ive  

e x t r a c t i o n  and i n  t h e  HA column. By. i n t roduc ing  excess  H I  i n t o  t h e  HLLW 

a long  w i t h  the  HAN, one could  probably remove t h e  pal ladium and rhodium 

v ia  p r e c i p i t a t i o n  of t h e i r  i od ides .  

The HAN-%'e(TT) mixture  a l s o  reduces  some Pii(IV) ro P u ( f f I ) .  Huwrve~, 

i t  w a s  found t h a t  Fe( I1)  w a s  r e a d i l y  oxid ized  i n  2 - M HN03 by t h e  a c t d .  

The d e s t r u c t i o n  of t h e  Fe( I1)  r e s u l t e d  in ox ida t ion  of Pu(I I1)  t o  Pu(IV), 

b u t  s i g n i f i c a n t l y ,  Np(1V) w a s  n o t  apprec iab ly  a f f e c t e d .  A s i m i l a r  obser- 

v a t i o n  was made by Thompson, Burney, and ~ ~ d e r "  whi le  s tudying  t h e  valence 

ad jus tment  of neptunium and plutonium i n  enriched-uranium process ing  us ing  

f e r r o u s  sulfamate.  The n e t  e f f e c t  of t h e  HL~N-N.~H, mixture  i s  t h a t  neprunium 

and plutonium are a d j u s t e d  t o  t h e i r  t e t r a v a l e n t  ox ida t ion  states. 

Two s e p a r a t e  s t reams of  HDHoEP a r e  used t o  e x t r a c t  t h e  a c t i n i d e s  from 

EEW waste .  C a l c u l a t i o n s  from t h e  measured K va lues  show t h a t  t h e  f i r s t  
d  

s t r eam removes >99.5% of t h e  uranium, neprunium, and plutonium a ~ ~ d  30% of 

t h e  americium, curium, and r a r e  e a r t h s .  Using an  organic/aqueous phase 

r a t i o  of  0.25 ( t h a t  i nc ludes  a  sc rub  s t ream) ,  about  34% of t h e  capac i ty  of 



t h e  HDHoEP would b e  consumed by t h e  zirconium, molybdenum, y t t r i um,  and 

i r o n  which a r e  e x t r a c t e d  a long  w i t h  t h e  a c t i n i d e s .  However, bo th  phases 

s e p a r a t e  r a p i d l y  and c l ean ly .  The e x t r a c t i o n  of americium and curium dur ing  

t h e  f i r s t  s t a g e s  i s  somewhat more complicated than t h e  e x t r a c t i o n  of  Np(IV) 

and Pu(IV) because of t h e  in f luence  of t h e  macro amounts of zironium on t h e  

K 's of  t h e  t r i v a l e n t  metal  i o n s .  The K of  americium was found t o  be a. 
d d 

f a c t o r  of f o u r  t i m e s  h ighe r  i n  t h e  f i r s t  s t a g e  (Kd = 2.4) than  i n  t h e  second 

and t h i r d  s t a g e s  (Kd = 0.6) .  This  phenomenon may be  expla ined  by t h e  

i n t e r a c t i o n  of macro q u a n t i t i e s  of zirconium wi th  HDHoEP. weaver1' has  

shown t h a t  zirconium forms complexes w i t h  a c i d i c  phosphorus-based e x t r a c t a n t s ,  

which are b e t t e r  e x t r a c t a n t s  f o r  metal  i ons  than  t h e  o r i g i n a l  e x t r a c t a n t .  

However, we b e l i e v e  t h a t  t h e  e f f e c t  of zironium i s  no t  l a r g e  wi th  HDHoEP, 

and once t h e  bulk  of t h i s  element i s  e x t r a c t e d  ( i . e . ,  a f t e r  t h e  f i r s t  s t a g e ) ,  

t h e  K 's of americium from t h e  s y n t h e t i c  waste  s o l u t i o n  should be c l o s e  t o  
d 

those measured us ing  pure HN0 3 .  

The q u a n t i t i e s  of neptunium, plutonium, and americium e x t r a c t e d  w e r e  

c a l c u l a t e d  f o r  an  i d e a l ,  s t eady- s t a t e ,  countercur ren t*  LLE us ing  t h e  

fol lowing equat ion:  
12  

where x and x are t h e  concen t r a t ions  of s o l u t e  i n  t h e  r a f f i n a t e  and t h e  
r f  

feed  s o l u t i o n ,  r e s p e c t i v e l y ,  R i s  t h e  organic/aqueous phase r a t i o ,  K is  t h e  

d i s t r i b u t i o n  r a t i o ,  and n is  t h e  number of s t a g e s  (and hence RK is t h e  u sua l  

e x t r a c t i o n  f a c t o r ) .  I n  s i t u a t i o n s  where t h e  K was no t  c o n s t a n t  f o r  each 
d 

s t a g e ,  t h e  fo l lowing  equat ion  was s u b s t i t u t e d  i n  t h e  denominator of Eq. 

(6.11) : 

* 
The fo l lowing  assumptions a l s o  apply  t o  Eq. (6.11): (1) cons t an t  K d l s ,  

(2) cons t an t  organic/aqueous volume r a t i o s ,  (3) phase equi l ibr ium,  (4) 
n e g l i g i b l e  backmixing, and (5) n e g l i g i b l e  i n t e r f a c i a l  e f f e c t s  f o r  each s t age .  



where K.l, K 2 ,  and Kg are t h e  d i s t r i b u t i o n  r a t i o s  i n  s t a g e s  1, 2, and 3, 

r e s p e c t i v e l y .  The squeous f eed  is in t roduced  i n t o  s t a g e  1. Equation 

(6.11) w a s  a l s o  used i n  t h e  fo l lowing  modified form t o  c a l c u l a t e  t h e  con- 

c e n t r a t i o n  o f  s o l u t e  remaining i n  t h e  aqueous phase a f t e r  coun te rcu r ren t  

s t r i p p i n g :  

where x and x are t h e  concen t r a t ions  of  s o l u t e  i n  t h e  s t r i p p e d  o rgan ic  and 
0 f 

f eed  o rgan ic  s o l u t i o n s ,  r e s p e c t i v e l y ,  and R ' K '  ( t he  convent iona l  s t r i p p i n g  

f a c t o r )  is t h e  r e c i p r o c a l  of  RK. 

Table 6.2 g i v e s  t h e  exper imenta l  RK va lues  obta ined  f o r  neptunium, 

plutonium, and americium us ing  s y n t h e t i c  EEW. The low KK va lues  f o r  

neptunium and plutonium i n  t h e  second and t h i r d  s t a g e s  sugges t  t h e  presence 

of  p r i m a r i l y  Np(V) and P u ( I I I ) ,  r e s p e c t i v e l y .  E s s e n t i a l l y  a l l  of t h e  Np(1V) 

and Pu(1V) a r e  e x t r a c t e d  i n  t h e  f i r s t  s t a g e .  Since curium h a s  almost t h e  

s a m e  K as americium and t h e  average K 's f o r  lanthanum-europium a r e  a l s o  
d d 

c l o s e  t o  t h e  Kd of  americium, i t  was assumed t h a t  t h e  f r a c t i o n  of curium 

and r a r e  e a r t h s  remaining i n  t h e  r a f f i n a t e  would be t h e  same as t h a t  of 

americium. On t h e  o t h e r  hand,. more than  99.5% of t h e  y t t r i u m  should be  

e x t r a c t e d  by t h e  HDHoEP. 

Table 6.2.  Experimental  e x t r a c t i o n  f a c t o r s  f o r  neptunium, plutonium, 
and americium from s y n t h e t i c  EEW 

( ~ r g a n i c / a q u e o u i  r a t i o  = 0.25; T = 5 0 " ~ )  

Element 
Stage number 

RK1 RK2 RK3 



The aqueous r a f f i n a t e  from t h e  f i r s t  HDHoEP ex t rac t ion ,  which s t i l l  

conta ins  70% of t h e  americium, curium, and lanthanides  (lanthanum-europium), 

i s  d i l u t e d  with H20 and ex t rac ted  again with 0.5 - M HDHoEP i n  DEB. This 

treatment reduces t h e  a c i d i t y  t o  1.4 M HNO3, which inc reases  the  K f o r  
d 

americium. I n  addi t ion ,  the  temperature is reduced t o  25OC i n  order  t o  

f u r t h e r  increase  t h e  K (see  Table 6.1) .  Measured K 's f o r  americium using 
d d 

syn the t i c  waste were i n  t h e  range of 4 t o  5. Assuming an RK of 2 ,  a ten- 

s tage ,  i d e a l ,  countercurrent  LLE should give an o v e r a l l  americium-curium DF 

of > l o 3 .  

The two loaded HDHoEP-DEB streams could be  combined a t  t h i s  s t age ,  

passed through t h e  americium, curium, and lanthanide  s t r i p p i n g  s t ages ,  and 

then routed t o  t h e  plutonium, neptunium, zirconium, molybdenum, and i ron  

s t r i p p i n g  s tages .  However, i t  i s  more e f f i c a c i o u s  t o  keep the  streams 

separa ted  a t  t h i s  point  because only the  f i r s t  HDHoEP-DEB stream conta ins  

any appreciable  q u a n t i t i e s  of neptunium, plutonium, zirconium, molybdenum, 

and i ron .  

The neptunium and plutonium, together  with t h e  zirconium, niobium, 

molybdenum, and i r o n  (but not  uranium), a r e  r e a d i l y  s t r ipped  from the  loaded 

organic phase using a 0.35 g o x a l i c  ac id  (Hz0x)--0.35 g tetramethylammonium 

hydrogen o x a l a t e  (TMA'HOx) mixture. Under these  condi t ions ,  most of the  

americium, curium, and r a r e  e a r t h s  would remain i n  the  organic phase. The 

chemical b a s i s  f o r  t h i s  s t e p  l i e s  i n  t h e  f a c t  t h a t  the  formation constants  

of t h e  oxala to  complexes f o r  Np(IV), Pu(IV), Zr(IV), Nb(V), Mo(V1); and 

Fe(II1)  a r e  many o rde r s  of magnitude l a r g e r  than the  formation constants  of 

t h e  oxala to  complexes of Am(III),  Cm(III),  and r a r e  e a r t h s ( I I 1 ) .  Table 6.3 

conta ins  a l is t  of the  formation constants  (B1 and Bz) of t h e  oxala to  

complexes of U(V1) , Am(II1) , and ~r (IV) l3 and of Np (IV) and Pu(1V) . l4 The 

t h e o r e t i c a l  reduction i n  t h e  Kd of Am(II1) i n  the  presence of oxa la te  ion  

can therefore be ca lcu la ted  using t h e  following equation: 



Table 6 . 3 .  Formation c o n s t a n t s  of oxa la to  complexes obtained from t h e  
l i t e r a t u r e  and c a l c u l a t e d  Kd reduc t ions  f o r  c e r t a i n  

a c t i n i d e s  and zirconium a t  0.083 - M [H+] 

(T = 25OC, = 1.0 ,  K = 8.32 x and K = 2.79 x lo-" f o r  o x a l i c  ac id )  
1 2 

u (VI) 

NP ( IV) 

Pu ( IV) 

Am(II1) 

Z r  (IV) 



0 
where K and K a r e  t h e  d i s t r i b u t i o n  r a t i o s  i n  t h e  absence and presence of 

d d 
t h e  o x a l a t e  i on ,  r e s p e c t i v e l y ,  and B 1  and 62 a r e  t h e  f i r s t  formation c o n s t a n t  

and t h e  product  of t h e  f i r s t  and second formation cons t an t s ,  r e s p e c t i v e l y .  

The concen t r a t ion  of [c20h2-] i s  r e a d i l y  c a l c u l a t e d  a s  a func t ion  of [H+] 

by us ing  t h e  fo l lowing  equat ion:  

where C is t h e  t o t a l  a n a l y t i c a l  concen t r a t ion  of o x a l i c  a c i d  p l u s  o x a l a t e ,  
T 

a i s  t h e  f r a c t i o n  of C presen t  as o x a l a t e  an ion  [c~oL,~-]  and K1 and K 2  a r e  
T 

t h e  a c i d  d i s s o c i a t i o n  c o n s t a n t s  of o x a l i c  ac id .  Values of a ' C can b e  sub- 
T 

s t i t u t e d  f o r  [c20k2-] i n  Eq. (6.14).  By t ak ing  t h e  [H+] of an equimolar 

mixture of H2C20r and TMAeHC204 a s  0.083 M, and C = 0.70, a va lue  of 
T 

a CT = 1.17 x is  obta ined .  S u b s t i t u t i o n  of t h i s  va lue  in. Eq. (6.14) 
0 

a l lows  t h e  r educ t ions  i n  t h e  K 's f o r  uranium, neptunium, plutonium, 
d 

americium, and zirconium t o  be  c a l c u l a t e d  ( s e e  Table 6.3) .  
0 

Only i n  t h e  c a s e  of Am(II1) i s  i t  p o s s i b l e  t o  e s t i m a t e  t h e  K a t  0.083 M 
d 

[H+].  I f  we ignore  t h e  e f f e c t  of  temperature on t h e  [H+] and f3 va lues ,  t h e  

K f o r  Am(II1) i n  t h e  presence of 0.35 M H ~ O X  + 0.35'M TMA'H20x is  es t imated  
d 

t o  be  Q70. This  r e s u l t  i s  f a i r l y  c l o s e  t o  t h e  experimental  va lue ,  which is 

%52. Never the less ,  t h e  r educ t ions  i n  K 's f o r  uranium, neptunibm, plutonium, 
d 

and zirconium i n  t h e  presence of H2Ox + TMA'HOx appear  t o  b e  excess ive .  

Table 6.4 shows some experimental  K ' s  f o r  s e l e c t e d  a c t i n i d e s  and f i s s i o n  
d 

products  i n  t h e  presence of  o x a l i c  a c i d  and .TMA.HOx. Table 6.5 shows 

t h e  exper imenta l ly  observed e f f e c t  of i n c r e a s i n g  concen t r a t ion  of TMA'HOx 

on t h e  K d l s  of U(V1) and Pu(V1). The d a t a  i n  t h e s e  t a b l e s  ag ree  s e m i -  

q u a n t i t a t i v e l y  wi th  t h e  c a l c u l a t e d  r educ t ions  i n  K i n  t h e  presence of 
d 

o x a l a t e  shown i n  Table 6.3. For example, t h e  c a l c u l a t e d  r educ t ion  f a c t o r s  

p r e d i c t  t h a t  Pu(1V) would be  s l i g h t l y  more e f f e c t i v e l y  s t r i p p e d  than  Np(1V) 

b u t  much more e f f e c t i v e l y  s t r i p p e d  than U(1V). Both r e s u l t s  a r e  observed 

exper imenta l ly .  I n  add i t i on ,  t h e  r educ t ion  f a c t o r s  p r e d i c t  t h a t  Zr(1V) 

would be  e a s i e r  t o  back-extract  w i th  o x a l a t e  than any of t h e  a c t i n i d e s ,  



Table  6.4.  Experimental  back-ext rac t ion  d a t a  f o r  s e l e c t e d  a c t i n i d e s  
and f i s s i o n  products"  from 0.5 M HDHoEP i n  DEB us ing  

H2C2O4 and H 2 C 2 O 4  + TMAmHC204 a t  50°C 

0.25 M H2C204 + 0.25 TMA0HC_2q4 
- O w 5  H2C204 F i r s t  c o n t a c t  Second con tac t  

Pu ( IV) 2.7 0.13 0.078 

Am(lI1) 64 

Y (111) 254 250 

Zr ( IV) 0.7 0.22 0.054 

Nb (V) 0.010 0.0057 

Mo (VI) 0.03 0.0057 0.0080 

Fe (111) 0.44 0.089 0.0047 

n.35 M H2C20t+ + 0.35 W'HC704 

F i r s t  c o n t a c t  Second con tac t  

Np ( TV) 0 . 1  b 

Pu ( IV) 0 . 0 8 ~  

Am(EIl) 5 3.b 

a 
Assumed va lence  s t a t e .  

b ~ e a s u r e d  us ing  loaded o rgan ic  from s y n t h e t i c  waste s o l u t i o n .  



Table 6.5. Experimental K ' s  of U(V1) and Pu(1V) from 0.5 M HDHoEP in 
d - 

DEB using H2C204 and TMA-HC20, at 50°C 

Medium 
Kd 

(VI) Pu ( IV) 



which is  a l s o  observed experimental ly.  The back-extraction of Pu(IV) may 

be  expressed by t h e  fol lowing e q u i l i b r i a :  

where Eq. (6.17) r ep resen t s  t h e  formation of h igher ,  more-soluble oxala to  

complexes. No formation of p r e c i p i t a t e  has been observed during the  oxa la te  

s e r i p p i a g  of loaded organic  phase obtained from syn the t i c  waste processing. 

A n  R'K'  value of 5.0 (RK = 0.2) was employed t o  c a l c u l a t e  the  f r a c t i o n s  

of neptunium and plutonium remaining i n  t h e  organic phase, using Eq. (6.13). 

Af te r  four  equi l ibr ium s tages ,  these  f r a c t i o n s  would t h e o r e t i c a l l y  be re- 

duced by a f a c t o r  of 770. Even l e s s  zirconium, niobium, molybdenum, and 

i r o n  would remain i n  t h e  organic  phase; however, U ( V 1 )  and yt t r ium,  

together  wi th  americium, curium, and the  lanthanides ,  would not be  s t r ipped .  

The r e s u l t a n t  oxa la te  s t r i p  s o l u t i o n  containing the  neptunium and plutonium, 

along wi th  zirconium, niobium, molybdenum, and i ron ,  would then be t r ans fe r red  

t o  t h e  neptunium, plutonium p u r i f i c a t i o n  cycle ,  which is  discussed i n  Sect .  

6.3.4. 

Af te r  t h e  oxa la te  s t r i p ,  the  f i r s t  HDHoEP-DEB stream i s  comhined with 

the  second, and t h e  r e s u l t i n g  7750 l i t e r s  of 0.5 M HDHoEP i n  DEB is trans-  

f e r r e d  t o  t h e  8 M m03 s t r i p p i n g  s tage .  An eight -s tage  countercurrent  

e x t r a c t i o n ,  RK = 0.4, leaves  only 0.04% of t h e  americium and curium i n  the  

organic  phase. The s t r ipped  HDHoEP-DEB stream, which s t i l l  conta ins  uranium 

and yt t r ium,  is  then t r ans fe r red  tn  t h e  e x t r a c t a n t  cleanup. 

Ex t rac t ion  cleanup, as shown i n  Fig.  6.5, involves only the  use of a 

1 - M HN03 scrub.  This  scrub removes r a d i o l y t i c  decomposition products from 

t he  HDHoEP p lus  any excess HN03 ex t rac ted  i n t o  the  organic phase from the  

8 - M HN03 s t r i p .  Since y t t r ium and uranium have not  been s t r ipped  from t h e  

e x t r a c t a n t ,  they would be recycled.  I f  one used the  same HDHoEP-DEB stream 

f o r  20 processing cycles ,  approximately 10% of t h e  e x t r a c t a n t  capaci ty  would 



b e  consumed by y t t r i u m  and uranium. However, i f  one app l i ed  t h e  f lowsheet  

i n  Fig.  6.5 t o  HAW waste,  then y t t r i u m  and uranium would consume 420% of 

t h e  e x t r a c t a n t  capac i ty  a f t e r  20 cyc le s .  However, . the uranium concen t r a t ion  

could be he ld  down by c o n t i n u a l l y  withdrawing a few percent  of t h e  so lven t  

volume f o r  i n c i n e r a t i o n  and cont inuous ly  r ep l ac ing  i t  with  f r e s h  so lven t .  

I n v e s t i g a t i o n s  of t he  use  of phosphoric a c i d  f o r  e x t r a c t a n t  cleanup 

a r e  i n  progress .  Approximately 8 - M H3P04 no t  on ly  s t r i p s  uranium (K = 0.27) 
d 

and y t t r i u m  (K = 0.36) from 0.5 M HDHoEP i n  DEB b u t  would a l s o  probably 
d - 

back-extract  r a d i o l y t i c  and h y d r o l y t i c  decomposition products  r e a d i l y .  

However, a method must be  found f o r  removing the  y t t r i u m  and uranium from 

t h e  scrub  s o l u t i o n  and r ecyc l ing  t h e  phosphoric a c i d .  

The phys i ca l  p r o p e r t i e s  of HDHoEP i n  DEB a r e  q u i t e  f avo rab le .  A 0.5 - M 

HDHoEP s o l u t i o n  i n  DEB has  a d e n s i t y  of 0.879 g / d .  Phase disengagement 

throughout t he  va r ious  e x t r a c t i o n ,  scrubbing,  and s t r i p p i n g  s e c t i o n s  was 

e x c e l l e n t .  I n  a d d i t i o n ,  no formation of emulsions o r  i n t e r f a c i a l  p r e c i p i t a t e s  

was observed. Pre l iminary  tests on t h e  r a d i a t i o n  s t a b i l i t y  of 0.5 - M HDHoEP 

s o l u t i o n  i n  DEB have been c a r r i e d  o u t .  No d e t e c t a b l e  change i n  e i t h e r  

forward o r  r eve r se  K 's has  been observed up t o  an absorbed dose of 20 
d 

W h r l l i t e r .  The e x t r a c t a n t  i s  a l so .  e a s i l y  synthes ized  and p u r i f i e d ,  and 

should be comparable i n  c o s t  t o  HDEHP. 

6.3.4 P u r i f i c a t i o n  of neptunium and plutonium from o x a l a t e  s t r i p  u s i n g  
TCMA .NO 

Figure  6.6 shows a f lowsheet  f o r  t h e  p u r i f i c a t i o n  of neptunium and 

plutonium from t h e  oxa la t e  s t r i p  s o l u t i o n  us ing  0.25 - M TCMAaN03 i n  DEB. 

The process  is based on t h e  h igh  e x t r a c t a b i l i t i e s  of Np(1V) and Pu(1V) from 

HN03 us ing  TCMAaN03. Figure 6.7 shows t h e  K 's of  s e l e c t e d  a c t i n i d e s  a t  
d 

50°C us ing  0.50 - M TCMA0N03 i n  DEB and s e l e c t e d  f i s s i o n  products  a t  25OC 

us ing  0.50 - M TCMA-NO3 i n  Solvesso*. The f i s s i o n  product d a t a  were obta ined  

from Koch. 1 5  

* 
Product of Exxon Chemical Co., Houston, Tex. 
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Fig. 6.7. D i s t r i b u t i o n  r a t i o s  of se l ec ted  a c t i n i d e s  and f i s s i o n  products  
a s  a funct ion  of HN03 concent ra t ion .  Organic phase - 0.50 M TCMA*N03 i n  DEB. 
Pu(1V) - (0.05 M NaN02 + FINO3), Np(1V) - (0.05'M HAN + 0.017 M Fe + 0.06 g 
N2H4 + FINO3). Pu(1V) and Np(1V) d a t a  w e r e  obtained by back-extract ion.  



The e x t r a c t i o n  of the  t e t r a n i t r a t o  complex of Pu(1V) by TCMA*N03 is  

descr ibed by the  fol lowing equil ibrium: 

where R i s  a mixture of C l o  and C8 hydrocarbon chains.  The stoichiometry 

of t h e  ex t rac ted  complex is  supported by loading experiments and e x t r a c t a n t  

dependency da ta .  
15  

The f i r s t  s t e p  i n  t h e  process involves the  ' add l l io l~  01 8 g IIN03 to the 

o x a l a t e  s t r i p  so lu t ion .  The l a r g e  increase  i n  a c i d i t y  e f f e c t i v e l y  destroys 

t h e  complexing a b i l i t y  of t h e  o x a l a t e  ion.  Since the  H20x-TMA-HOx back- 

e x t r a c t s  only  t e t r a v a l e n t  neptunium and plutonium and s i n c e  s t a b i l i z e s  

the  t e t r a v a l e n t  neptunium and plutonium, no valence adjustment s t e p  i n  the  

feed  s o l u t i o n  should be necessary.  I n  o rde r  t o  ensure t h a t  t h e  r a f f i n a t e  

is  decontaminated from neptunium and plutonium a t  l e a s t  a s  wel l  a s  the  

r a f f i n a t e  from t h e  HDHoEP e x t r a c t i o n ,  four  i d e a l  s t a g e s  w e r e  used i n  the  

conceptual  flowsheet,  even though the  RK was a s  high a s  100 f o r  plutonium 

and as low a s  f o r  zirconium. 

The r a f f i n a t e  from t h e  TCMA*N03 e x t r a c t i o n  goes t o  an evaporation and 

waste s o l i d i f i c a t i o n  process.  I't i s  assumed a t  t h i s  s t age  t h a t  no d i f f i c u l t y  

w i l l  be encountered with t h e  decomposition of TMA0HC2O9. However, both t h i s  

p o t e n t i a l  problem and t h e  use of TMA-HOx a s  a puss ib le  s u b s t i t u t e  for 

TMA0HC204 w i l l  be inves t iga ted .  

The neptunium and plutonium a r e  back-extracted from the  organic phase 

using 1 M HCOOH-0.1 - M HN03.  he presence of HN03 i n  the  formic ac id  prevents  

formation of emulsions.) Table 6.6 shows the  experimental K d ' s  f o r  successive 

back-extract ions of Np(1V) and P u ( 1 ~ )  using 1 g  HCOOH-0.1 g H N 0 3 .  An RK 

va lue  of 0.4 (R'K' = 2.5) was used t o  c a l c u l a t e  the  f r a c t i o n s  of neptuaium 

and plutonium reniaining i n  t h e  organic phase. Af ter  f i v e  equi l ibr ium 

s t a g e s ,  these  f r a c t i o n s  would t h e o r e t i c a l l y  be reduced by a f a c t o r  of 167. 

The physical  p r o p e r t i e s  of  TCMAWN03 i n  DEB a r e  a l s o  q u i t e  favorable.  

A 0.25 - M TCMAeN03 s o l u t i o n  i n  DEB has a dens i ty  of 0.87 g/ml. Phase dis-  

engagement was good, al though somewhat slow during formic ac id  s t r ipp ing .  

The r a d i a t i o n  s t a b i l i t y  of TCMAWN03 i n  xylene has r e c e n t l y  been inves t iga ted  

by Conta r in i  e t  a1.16 They found t h a t  absorbed doses i n  the  range of 



Table 6.6.  . Experimental K ' s of Np (IV) a and Pu(1V) from 
d 

0.25 - M TCMAaN03 i n  DEB us ing  1 - M HCOOH-0.1 - M HN03 a t  50°C 

Contact  NP ( IV) a Pu ( Iv) 

F i r s t  0.38 0.66 

Second 0.24 0.25 

Third 0.18 0.23 

a 
Valence s t a t e  i s  unce r t a in .  

50 t o  100 W h r l l i t e r  had r e l a t i v e l y  smal l  nega t ive  e f f e c t s  on t h e  e x t r a c t i o n  

p r o p e r t i e s  of Aliquat-336 n i t r a t e  i n  xylene.  Thus, t h e  e x t r a c t a n t  cleanup 

s t e p  us ing  4 g HN03 shown i n  Fig.  6.6 is  l i t t l e  more than a  precondi t ion ing  

s t e p  t o  remove HCOOH. 

6.3.5 Ex t r ac t ion  of technetium and pal ladium from l i q u i d  waste  u s ing  
TCMA-NO3 i n  DEB 

Figure 6 .8  shows a conceptua l  f lowsheet  f o r  t h e  e x t r a c t i o n  of technetium 

and pal ladium from t h e  r a f f i n a t e  obta ined  from t h e  HDHoEP e x t r a c t i o n  of 

americium and curium ( see  Fig.  6 .5) .  The process  i s  based on t h e  high 

e x t r a c t a b i l i t i e s  of Tc(VI1) and Pd(I1)  from - < 3  - M HN03 us ing  TCMA0NO3. 

F igure  6.7 shows t h e  Kd of Tc(VI1) as a func t ion  of HNO3 us ing  0.50 M 

TCMAaN03 i n  DEB a t  50°C. Only pre l iminary  Kd d a t a  on pal ladium e x t r a c t i o n  

wi th  TCMAaN03 are avai lable .  a t  t h i s  tj-me; however, these d a t a  i n d i c a t e  

t h a t  Pd(I1)  has  e s s e n t i a l l y  t h e  same o r  s l i g h t l y  lower K d t s  than  Tc(VI1) 

from 1 .5  and 6.0 g HN03 us ing  0 . l o  g TCMA'N03 i n  DEB. More complete 

d i s t r i b u t i o n  r a t i o s  f o r  Pd(I1)  . w i l l  b e  obta ined  dur ing  t h e  nex t  r e p o r t  

'. per iod .  Therefore,  t h e  r e s u l t s  shown i n  Fig.  6.7 a r e  t e n t a t i v e .  

F igure  6.9 shows t h e  e x t r a c t a n t  dependency of Tc(VI1) on TCMABN03 

mola r i t y  i n  DEB from 1 g and 6 g HN03 and an ex t r apo la t ed  e x t r a c t a n t  

dependency a t  2 M HN03. The l i n e s  i n  Fig.  6.9 have s l o p e s  of 1 .0 ,  which 

i n d i c a t e s  a simple 1:l r a t i o  of  amine :per tec tne ta te :  

TcO,,- + R ~ C H ~ K + N O ~ -  R ~ C H ~ N + T C O ~ -  + NO3- 
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MOLARITY of TCMA.N03 in DEB 

Fig. 6.9. Distribution ratio of Tc(VI1) as a function of the 
concentration of TCMA*N03 in DEB. Temperature = 50°C. 



- 
Ext rac t ion  of macro concentra t ions  of Tc04 from 2 M HN03 using 0.50 - M 

TCMA*N03 i n  DEB have shown t h a t  s a t u r a t i o n  of the  e x t r a c t a n t  occurs a t  a 
- 

TCMA/TCOI, r a t i o  of 1.0.  No p r e c i p i t a t e  o r  third-phase formation took 

p lace  on s a t u r a t i o n .  An equi l ibr ium curve f o r  t h e  e x t r a c t i o n  of macro 
- 

concentra t ions  of Tc04 is  shown i n  Fig.  6.3. Molecular weight da ta ,  on 

t h e  o t h e r  hand, show t h a t  t h e  average aggregation number of high-purity 

trioctylmethylammonium n i t r a t e  (TOMAN) i n  xylene gradual ly  increases  

from I i n  d i l u t e  s o l u t i o n  M) t o  8 i n  a 0.5 - M s o l ~ t i o n . ~ '  This 

gradual  change i.n aggregation number of the  quaternary ammoniunl s a l t  

complicates the  i n t e r p r e t a t i o n ' o f  the  first-power exrracknt depc~~denel&a 

d a t a ,  The explanation probably l ies  i n  the  mechanism of the  p e r t e c t n e t a t e  

e x t r a c t i o n ,  which i s  c u r r e n t l y  being inves t iga ted .  
17 

The flowsheet described In  Fig. 6.8 i s  based on the  e x t r a c t i o n  of 

Tc(VI1) and Pd(I1) from 1.25 - M HN03 using U.10 fi TCMA-NO3 k~ DDD. The Kd 

and RK values  f o r  Tc(VI1) from 1.25 - M HN03 a r e  ~ 2 4  and ~ 8 ,  r e spec t ive ly ,  

a t  30°C. It  was assumed t h a t  Pd(I1) has  a comparable Kd under these  

condi t ions .  Approximately 6% of the  e x t r a c t a n t  capaci ty  would be consumed 

by the  technetium and palladium, assuming t h a t  the  ~CMAlmetal r a t i o s  a r e  

1 f o r  technetium and 2 f o r  palladium. Using a low-molarity s o l u t i o n  of 

TCMA-NO3 makes it f e a s i b l e  t o  s t r i p  t h e  technetium and palladium with n i t r i c  

a c i d .  The RK value  is U.42 f o r  G - M Im03 a L  5 0 ' ~ .  

A s  discussed i n  Sect .  6.3.4, the  physical  p r o p e r t i e s  of the  TCMA*NU3 

i n  DEB and i ts  r a d i a t i o n  s t a b i l i t y  appear t o  be very favorable.  The 

c l r t rac tant  c l ~ a n l l p  would probably be e s s e n t i a l l y  a precondit ioning s t e p  t o  

remove excess HN03 from the  organic phase. 

A flowsheet f o r  t h e  e x t r a c t i o n  of neptunium, plutonium, americiuu, 

and curium, a s  we l l  a s  f i s s i o n  product technetium and palladium, from HLLW 

has  been developed based on l abora to ry  batch e x t r a c t i o n  da ta  obtained using 

s y n t h e t i c  waste. The process u t i l i z e s  HUHoEP and TCMA-NO3 as the e x t r a c t a n t s  

f o r  t h e  a c t i n i d e s  and technetium, palladium, r e spec t ive ly .  E i the r  known 

o r  reasonably probable d i s t r i b u t i o n  c o e f f i c i e n t s  were used I n  developing 



t h e  process  and p r e d i c t i n g  t h e  t h e o r e t i c a l  s t a g e s  r equ i r ed  f o r  t he  d e s i r e d  

s e p a r a t i o n  f a c t o r s .  The f lowsheets  have been t e s t e d  us ing  s y n t h e t i c  l i q u i d  

waste  and appear  t o  b e  func t iona l .  Phys i ca l  p r o p e r t i e s  and s t a b i l i t y  t o  

r a d i a t i o n  of t h e  two e x t r a c t a n t s  a r e  ve ry  favorable ;  however, e x t r a c t a n t  

cleanup i s  complicated by d i f f i c u l t i e s  i n  s t r i p p i n g  y t t r i u m  and uranium. 

Addi t iona l  work on t h i s  problem and t h e  s e p a r a t i o n  of americium-curium 

from r a r e  e a r t h s  i s  i n  progress .  
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7. ACTINIDE RECOVERY FROM COMBUSTIBLE WASTE 

G. H. Thompson, E. L. Chi lds ,  and D. L .  Cash 
(Rockwell I n t e r n a t i o n a l ,  Rocky F l a t s  P l a n t )  

The ob jec t i ve  06 t hh  &h ;to detenmine t h e  necoven- 
a b i U t y  0 6  ac;tinidu Qnom i n c i n W o n  a n h u .  D u g  t h e  
necond y m ,  t h e  dina%ibu!ion oQ a c t i n i d u  thhough -the 
p k e ~ m e d  necoveny nyntem w i l l  be m u w e d .  

7.1 In t roduc t ion  

Combustible wastes produced dur ing  r e a c t o r  f u e l  f a b r i c a t i o n  and 

reprocess ing  a r e  comprised of paper ,  wood, p l a s t i c s ,  rubber ,  c l o t h ,  spent  

s o l v e n t ,  a c t i v a t e d  carbon, and ion  exchange r e s i n s .  These was tes  are 

i n c i n e r a t e d  o r  a c i d  d iges t ed  t o  reduce volume and organic  con ten t  a s  w e l l  

as t o  f a c i l i t a t e  a c t i n i d e  recovery.  The product is  a r e s i d u e  con ta in ing  

a c t i n i d e s  and f i s s i o n  products .  The o b j e c t i v e  of t h i s  p r o j e c t  is  t o  

e v a l u a t e  methods f o r  recover ing  a c t i n i d e s  from t h e s e  r e s idues .  ORNL has  

e x p l i c i t l y  s t a t e d  t h a t  on ly  c u r r e n t l y  known recovery methods a r e  t o  be 

eva lua ted .  I n  o rde r  f o r  a method t o  r e c e i v e  s e r i o u s  cons ide ra t ion ,  i t  must 

(1) provide e f f i c i e n t  recovery of  a c t i n i d e s  from r e s i d u e s  i n  a form s u i t a b l e  

f o r  r ecyc le  o r  t ransmutat ion,  (2)  r e s u l t ' i n  l i t t l e  a c t i n i d e  entrainment  i n  

t h e  process  off-gas,  (3) n o t  m a t e r i a l l y  i nc rease  f i n a l  w a s t e  volumes, and 

(4) n o t  d e l e t e r i o u s l y  a f f e c t  g l a s s  o r  conc re t e  w a s t e  forms. 

During t h e  f i r s t  r e p o r t  pe r iod ,  a  pre l iminary  l i t e r a t u r e  survey w a s  

completed .' A pre l iminary  e v a l u a t i o n  o f  common l each ing  and f u s i o n  methods 

showed t h a t  fu s ion  wi th  commonly used r eagen t s  d i s s o l v e s  >60% of t h e  ash  from 

t h e  f luidized-bed i n c i n e r a t o r  (FBI) process  and l each ing  wi th  concent ra ted  

HN03 d i s s o l v e s  40 t o  60% of t h e  same ash .  P repa ra t ion  of plutonium- 

contaminated ash w a s  i n i t i a t e d .  

7.2 Experimental 

7.2.1 Ma te r i a l s  

An a t tempt  w a s  made t o  prepare  contaminated ash  by adding plutonium 

n i t r a t e  i n  0.35 - M HN03 t o  ash ,  d ry ing  t h e  ash ,  and then f l u i d i z i n g  i t  i n  a 



q u a r t z  r e a c t o r  a t  550°C. Although the  amount of n i t r a t e  p re sen t  w a s  smal l ,  

d e f l a g r a t i o n  occurred  a t  approximately 325OC. This  w a s  n o t  ,unexpected 

s i n c e  about  20% of FBI a s h  is  carbon, b u t  t h e  outcome confirmed t h a t  a 

d i f f e r e n t  approach w i l l  have t o  b e  used f o r  prepar ing  t h e  ash.  

Because t h e  most d i f f i c u l t  a c t i n i d e  t o  recover  w i l l  b e  h igh- f i red  Pu02 

r e s u l t i n g  from f u e l  f a b r i c a t i o n  ope ra t ions ,  ORNL suggested t h a t  t h i s  material 

b e  u s e d t o  e v a l u a t e  t h e  proposed recovery methods. Fu r the r ,  s i n c e  t r i v a l e n t  

a c t i n i d e s  and l a n t h a n i d e s  w i l l  be  p re sen t  dur ing  f u e l  f a b r i c a t i o n ,  it  was 

sugges ted  t h a t  " ' ~ m  t r a c e r  be  included.  

The Pu02 used i n  t h e  experiments  was prepared as fol lows.  Plutonium 

m e t a l  was d i s so lved  i n  1 2  - M H C 1  wi th  cool ing .  The s o l u t i o n  w a s  ad jus t ed  t o  

7' M NO3-, and t h e  plutonium w a s  sorbed on anion exchange r e s i n .  The column . - 

was then  washed w i t h  f i v e  column volumes of 7 - M HNO3 and t h e  plutonium 

e l u t e d  w i t h  0.35 M HN03. The a c i d i t y  was subsequent ly ad jus t ed  t o  0.5 g 

'..by d e n i t r a t i o n  w i t h  formic a c i d .  F i n a l l y ,  a t r a c e r  amount of 2 4 1 ~ m  wao 

added and plutonium and americium were p r e c i p i t a t e d  as t h e  o x a l a t e s .  A f t e r  

d ry ing ,  t h e  a c t i n i d e  o x a l a t e s  were ca l c ined  a t  925OC t o  cons t an t  weight.  

Ana lys i s  determined t h e  americium concen t r a t ion  t o  be  2.27 x g pe r  gram 

of plutonium. A l l  f u s i o n  and l each ing  agen t s  used i n  t hese  experiments 

were reagent-grade chemicals .  

'7.2.2 Procedure 

An a t t empt  w a s  made t o  d i s s o l v e  0.1 g of the. hi,&-fired PuOn i n  25 m l  

of  concent ra ted  HN03 (1 iqu id : so l id  r a t i o  of 250: l) .  The mixture  was 

r e f l w e d  f o r  12  h r ;  a t o t a l  r e f l u x  condenser w a s  used t o  prevent  l i q u i d  l o s s .  

A f t e r  t h e  mixture had been cooled suf  f i c i e n t l - y ,  i t  w a s  f i l t e r e d .  The 

f i l t r a t e  was subsequent ly d i l u t e d  t o  a known volume and sampled. Undissolved 

P u O ~  was r e f luxed  i n  a s o l u t i o n  of 0 .1  - 61 F- i n  12  ?7 HNOa f o r  2 h r ,  A f t e r  

t h e  mixture  had been cooled,  i t  w a s  f i l t e r e d .  The ' r e s u l t i n g  f i l t r a t e  was 

then  d i l u t e d  t o  a known volume and sampled. 

Two tests w e r e  made of t h e  a c i d  d i g e s t i o n  method developed by Lerch 

and Cooley. 2 9 3  Twenty m i l l i l i t e r s  of 95 v o l  % H2SOr - 5 v o l  % HNOo was 

r e f l w e d  w i t h  0.2 g of P u O ~  f o r  12 h r  ( t e s t . 1 )  and f o r  16  h r  ( t e s t  2 ) .  

Add i t i ona l  HN03 w a s  added incrementa l ly  dur ing  t h i s  t i m e  ( 2  t o  3 mL/hr). 



A f t e r  cool ing ,  t h e  a c i d  w a s  removed by f i l t r a t i o n  and t h e  r e s i d u e  w a s  washed 

wi th  4 M HN03 t o  s o l ~ i h i l i z e  plutonium and americium s u l f a t e s .  The r e s i d u e  

(undissolved oxide) was removed by f i l t r a t i o n  and then s o l u b i l i z e d  by 

r e f l u x i n g  i n  a s o l u t i o n  of 0 .1  - M F- i n  12  - M HN03, as descr ibed  above. 

For f u s i o n  experiments,  10  g  of f l u x  w a s  mixed wi th  0 .1  g  of PuO, 

( f l ux :  s o l i d  r a t i o  of 10: 1 )  . NaOH f u s i o n s  were done i n  both  n i c k e l  and 

high-puri ty  alumina c r u c i b l e s .  Other b a s i c  f l u x e s  (Na2C03, 90 w t  % Na2C03-10 

w t  % Na2S04, 90 w t  % Na2C03-10 w t  % NaN03, and 50 w t  % Na2C03-50 w t  % 

Na2B407*10 H20) were eva lua ted  i n  t h e  h igh-pur i ty  alumina c r u c i b l e s .  Acid ic  

f u s i o n s  (with KHS04 and K2S2O7) were c a r r i e d  ou t  i n  q u a r t z  c r u c i b l e s .  Samples 

were mixed and fused a t  t h e  d e s i r e d  temperature f o r  2  h r .  A f t e r  cool ing ,  t h e  

samples were s o l u b i l i z e d  i n  4 - M HN03 and f i l t e r e d  t o  remove any Pu02 remaining; 

then t h e  f i l t r a t e  w a s  d i l u t e d  t o  a  known volume and sampled. The r e s i d u e s  

were s o l u b i l i z e d  by r e f l u x i n g  i n  a  s o l u t i o n  of t h e  composition 12 - M HN03-0.1 

M F?. A f t e r  coo l ing  and f i l t r a t i o n ,  t hese  s o l u t i o n s  were a l s o  d i l u t e d  t o  a  - 

known volume and sampled. 

The e f f e c t  of  time was eva lua ted  v i a  f u s i o n  t e s t s  of 8 h r  dura t ion .  The 

a c t i n i d e  recovery methods were i d e n t i c a l  t o  those  descr ibed  above. 

7.3 R e s u l t s  and Discussion 

The r e s u l t s  of t he  l each ing  and a c i d  d i g e s t i o n  experiments  a r e  summarized 

i n  Tahle 7.1. The r e s u l t s  of  t h e  fus ion  experimenta a r e  presented  i n  Tables  

7.1 and 7.2. Act in ide  recovery  is  expressed a s  t h e  pe rcen t  recovered of t h e  

o r i g i n a l  quan t i t y .  

Leaching w i t h  concent ra ted  HN03 recovered only  0.09% and 3.5% of t h e  

plutonium and americium p r e s e n t ,  r e s p e c t i v e l y .  Such a low recovery is n o t  

s u r p r i s i n g  f o r  Pu02, and americium, which forms more s o l u b l e  oxides ,  was 

appa ren t ly  t rapped wi-thin the  p l u t o n i a  mat r ix .  This  exp lana t ion  i s  suggested 

by the  s i m i l a r i t y  i n  t he  amount of plutonium and americium recovered, and a  

c o n s i s t e n t  t r end  was observed throughout f o r  a given method. 

The a c i d  d i g e s t i o n  p roces s  succeeds i n  s o l u b i l i z i n g  t h e  h igh- f i red  

oxides ;  however, i t  appears  t o  be  f a i r l y  slow and r equ i r ed  f r equen t  a d d i t i o n s  

of HN03, w i th  r e s u l t a n t  evo lu t ion  ( a t  t h e  %230°C r e f l u x  temperature)  of NOx. 

Addi t iona l  s tudy  is needed f o r  a n  adequate  eva lua t ion  of  t h i s  method. 

The efficiency of NaQH fu s ion  ( T a h l ~  7.1) depended on the type  of 

c r u c i b l e  use.I. P?r example, f u s i o n  i n  n i c k e l  c r u c i b l e s  gave much b e t t e r  



Table 7.1. Actinide recovery by leaching, digestion, and fusion 

Leachant:solid ratio = 250:l 

Digestant:solid ratio = 100:l 

P1ux:solid ratio = 100:l 
Samp1e:'Am-traced Pu02 

.(2.27 x 10'~ g Am/g Pu) 

fired at 925OC to 

constant weight 

Method 

Actinide recovery 
(mean Z, 

Temperature Time + standard deviation) 
("C> (hr) Pu Am 

-- 

15.7 - M HNO 3 leacha 

H~SOI,-HNO~ digestiona 

a 
H2 SO* -HN03 digest ion 

NaOH fusion 
b 

NaOH fusionC 

Na2C03 fusion 

Na2C03-Na2S04 fusion 

Na2C03-NaN03 fusion 

Na2C03-Na2B407-10 H20 fusion 

KHSUI, fusion 

K2S2O7 fusion 

(Ref lux) 

(Reflux) 

(Ref lux) 

500 

500 

900 

900 

900 

900 

500 

500 

a 
3iugle determination. 

b~ickel crucible. 

C 
Alumina crucible. 



Table 7.2. Act in ide  recovery by fus ion  

F1ux:sol id r a t i o  of 100 : l  

Time: 8 h r  
Sample : Am-traced PuO 

(2.27 X 10'~ g Am/g Pu) 
f i r e d  a t  925OC t o  
cons t an t  weight 

a 
Act in ide  recovery (%) 

Temperature 

Flux ("c) Pu Am 

a 
Resu l t s  of s i n g l e  de te rmina t ion ,  except  f o r  ca rbona te -n i t r a t e  

(mean % ? s tandard  d e v i a t i o n ) .  

b ~ i c k e l  c r u c i b l e .  

'~lurnina c r u c i b l e .  



r ecover ie s  than fus ion i n  alumina. Resul ts  were reproducible;  i f  NaOH 

becomes a candidate f o r  t h e  recovery process, t h i s  phenomenon w i l l  be 

i n v e s t i g a t e d  f u r t h e r .  Unfortunately,  fus ion with NaOH a t  temperatures 

g r e a t e r  than 500°C i s  d i f f i c u l t  because t h e  molten NaOH "craw1.s" out  of 

the  c r u c i b l e ,  car ry ing m a t e r i a l  (e.g.,  ash o r  p lu tonia)  with it. Fusion 

wi th  Na2C03 o r  90 w t  % Na2C03-10 w t  % Na2SO4 a t  900°C is n o t  an e f f i c i e n t  

way t o  recover the  a c t i n i d e s .  The most s a t i s f a c t o r y  f l u x  t e s t e d  i n  t h i s  

s tudy  was a 90 w t  % Na2C03-10 w t  % NaN03 mixture, which e f f i c i e n t l y  

recovered plutonium and americium bu t  d id  not  a t t a c k  the  alumina c ruc ib le .  

The 50 w t  ' %  NazCOa-50 wt % Na2B~07*1QH10, while e f f i c i e n t l y  ressvar ing  

t h e  a c t i n i d e s ,  a l s o  severe ly  a t tacked t h e  alumina c ruc ib le .  The KHSOI, 

and K2S207 fus ions  gave high recover ies ,  bu t  have the  disadvantage of 

adding s u l f a t e  t o  t h e  waste. S u l f a t e  i s ' d e l e t e r i o u s  t o  g l a s s  waste forms. 

The e f f e c t  of inc reas ing  the  fus ion time f o r  the  samples ( i . e . ,  t o  8 

h r )  is  shown i n  Table 7.2. Act in ide  recover ies  were improved, e s p e c i a l l y  

f o r  NaOH i n  alumina, Na2C03, and 90 w t  % Na2C03-10 w t  % Na2S04. However, 

inc reas ing  the  r eac t ion  t i m e  does not  appear t o  be the  most e f f i c i e n t  way 

t o  inc rease  recover ies .  The f luxes  t h a t  a r e  e f f e c t i v e  i n  2 h r  a r e  not  

improved t o  any g r e a t  e x t e n t ,  while the  i n e f f e c t i v e  f luxes ,  although . 

s i g n i f i c a n t l y  improved, s t i l l  do not produce the  des i red  r e s u l t s ,  Increasing 

t h e  fus ion temperatures w i l l  probably prove t o  be  more advantageous. 

7.4 Summary and Conclusions 

The program t o  determine the  f e a s i b i l i t y  of a c t i n i d e  recovery from 

combustible waste i s  continuing.  During t h i s  quar t e r ,  an evaluat ion  of 

leaching and s o l u b i l i z a t i o n  methods using 2'1~m-traced high-fired Pu02 

showed t h a t :  

1. Fusion with commonly used f l u x e s  s o l u b i l i z e s  - >96% of high-fired 

pfuron5uiii-americium oxide. 

2. Acid d iges t ion  with 95 vo l  % H2S04-5 v01 % HN03 (concentrated ac ids)  

w i l l  s o l u b i l i z e  the  high-fired oxide but  r equ i res  l eng th ly  r e f l w i n g .  

3 .  Leaching with 12 - M HN03 does no t  s o l u b i l i z e  high-fired oxide. 

Attempts t o  prepare simulated ash by f l u i d i z i n g  plutonium n i t r a t e -  

t r aced  ash i n  a  quar tz  r e a c t o r  f a i l e d  because of i g n i t i o n  and rapid  burning 



of t h e  high-carbon ash .  A . l abo ra to ry - sca l e  FBI which w i l l  burn combust ible  

waste is being  b u i l t .  Ac t in ide  recovery methods w i l l  b e  eva lua ted  us ing  

t h e  contaminated a sh  produced i n  t h i s  FBI system. 

7.5 Future  Work 

E f f o r t s  involv ing  the  recovery of .plutonium and americium from mixtures  

of ash and h igh- f i red  oxide are under way. Such mixtures  s imu la t e  con- 

taminated ash ;  a c t u a l  contaminated a s h  w i l l  b e  prepared by adding plutonium 

t o  combustible was te  and burning i t  i n  a l abo ra to ry - sca l e  FBI system. This  

system, which is now i n  t h e  f i n a l  des ign  s t a g e ,  w i l l  be  f a b r i c a t e d ,  

i n s t a l l e d ,  and checked out  dur ing  t h e  n e x t  few months. Combustible was tes  

t o  be  burned i n  t h e  FBI system w i l l  i nc lude  gene ra l  t r a s h ,  i on  exchange 

r e s i n s ,  and spent  s o l v e n t s .  

The methods and techniques  developed us ing  co ld  a sh  and ash-oxide 

mixtures  w i l l  be  extended t o  a c t u a l  contaminated ash.  Promising primary 

and secondary recovery methods w i l l  be  more e x t e n s i v e l y  i n v e s t i g a t e d  u n t i l  

t h e  end of FY 1977. A t  p r e s e n t ,  t h e s e  methods comprise fu s ion  techniques  

( f o r  primary recovery)  which do no t  i n t roduce  s u l f a t e  t o  t h e  waste ,  and 

s o l u b i l i z a t i o n  of t h e  fused cake wi th  d i l u t e  a c i d  (secondary recovery) .  

The candida te  primary and secondary recovery methods w i l l  be s e l e c t e d  by 

t h e  end of FY 1977, and FY 1978 w i l l  be  spen t  i n  i n v e s t i g a t i n g  and 

documenting these  methods. Determination of a c t i n i d e  and f i s s i o n  product 

l o s s e s  t o  t h e  off-gas system w i l l  be  made concur ren t ly  wi th  fus ion  

experiments by means of a f i l t e r  and scruhher  system. 
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8. ACTINIDE RECOVERY AND RECYCLE PREPARATION FOR WASTE STREAMS 

J. D. Navratil, L. L. Martella, and C .  M. Smith 
(Rockwell I n t e r n a t i o n a l ,  Rocky F l a t s  P l a n t )  

The ob j e d v e  ad ltkin ;tank A ;ta dc.tetunine t he  deanibiLLty 
06 hemoving ac.t.inidu dhom necandahy aqueoun waA;te n & e m  
U d y  ;to be pmduced d h n g  heaCt0h dud dabfLicatian and 
hephacuahg. The w a z e  a & e m  m e  pahA 06 ltwa dLawnhec& 
e W e d  "S& Watm Management" and "Acid and WaZe Watm 
Management." E v d d a n  a 5 m&o& doh Rhe n& wacl;te and 
waclte-waten. nltheam and hecyde p@pama%n pab lem lAtiee be 
Rhe majah emphaA ad t k in  ;tank. 

8 .1  In t roduc t ion  

Evalua t ion  of methods on a l a b o r a t o r y  s c a l e  f o r  t h e  sal t  waste and 

waste-water s t reams a s  w e l l  as r e c y c l e  p repa ra t ion  problems w i l l  be  t he  

major emphasis of t h i s  t a sk .  Solvent  e x t r a c t i o n  and ion  exchange methods 

w i l l  be i n v e s t i g a t e d  t o  determine t h e i r  u t i l i t y  i n  t h e  process ing  of  sal t  

waste streams, and adso rp t ion  and membrane techniques w i l l  be  examined f o r  

t h e i r  a p p l i c a t i o n  t o  t rea tment  of waste-water s t reams.  The b e s t  methods 

f o r  both waste  s t reams w i l l  b e  t e s t e d  f u r t h e r  t o  o b t a i n  process  information 

f o r  f lowsheet  a n a l y s i s .  

During t h e  f i r s t  r e p o r t  pe r iod ,  a program p lan  was w r i t t e n ,  a pre- - 

l imina ry  l i t e r a t u r e  search  was gade,  and waste  s t reams w e r e  defined.' The 

t e s t i n g  of a b i d e n t a t e  organophosphorus e x t r a c t a n t  f o r  removing a c t i n i d e s  

from s a l t  was te  s t reams w a s  i n i t i a t e d .  Ex t r ac t ion  c o e f f i c i e n t s  f o r  uranium, 

plutonium, and americium w e r e  determined a s  a func t ion  of HNO3 concent ra t ion .  

A,program t o  determine t h e  f e a s i b i l i t y  of us ing  r eve r se  osmosis (RO) f o r  

water  p u r i f i c a t i o n  w a s  a l s o  i n i t i a t e d .  Conceptual f lowsheets  w e r e  con- 

s t r u c t e d  f o r  pu r i fy ing  waste  w a t e r .  The pre l iminary  f lowsheets  were based 

on exper ience  wi th  RO a t  Rocky F l a t s .  

8 . 2  Exper imenraf 

8.2.1 S a l t  waste p roces s ing  

The t e s t i n g  of  impure DHDECMP (dihexyl-N,N-diethylcarbamylmethylene 

phosphonate) f o r  removing a c t i n i d e s  from s a l t  waste s t reams was continued. 



P r i o r  work showed h igh  uranium e x t r a c t i o n  c o e f f i c i e n t s  a t  low a c i d i t y ,  

i n d i c a t i n g  t h a t  uranium s t r i p p i n g  r eagen t s  o t h e r  than  water o r  d i l u t e  HN03 
1 

would be  needed. However, uranium e x t r a c t i o n  c o e f f i c i e n t s  i n  d i l u t e  HN03 

may be  h i g h e r  w i t h  DHDECMP sub jec t ed  t o  Amberlyst A-26" r e s i n  t rea tment  

alonei  than  wi th  DHDECMP p u r i f i e d  v i a  a d d i t i o n a l  s t e p s .  

Various s t r i p p i n g  agen t s ,  which w e r e  s e l e c t e d  because of t h e i r  compati- 

b i l i t y  w i t h  subsequent  process ing  s t e p s ,  were t e s t e d  f o r  removing uranium 

from 30 v o l  % DHDECMP-CC14. The e x t r a c t a n t ,  con ta in ing  4 1  g of uranium 

pe r  l i t e r ,  was con tac t ed  w i t h  t h e  s t r i p p i n g  agen t s  four  t imes us ing  an 

aqueous/organic  r a t i o  of 1. The accumulated percent  of uranium s t r i p p e d  

a f t e r  each con tac t  is  p l o t t e d  i n  Fig.  8 .1.  The r e s u l t s  show t h a t  c i t r i c  

a c i d  w a s  t h e  most e f f e c t i v e  s t r i p p i n g  agent  t e s t e d ;  however, i t  w a s  n o t  much 

b e t t e r  than  four  wa te r  c o n t a c t s .  

A s y n t h e t i c  salt  waste s o l u t i o n  w a s  prepared and processed by both t h e  

DHDECMP and t h e  TBP s o l v e n t  e x t r a c t i o n  schemes. P r i o r  t o  processing,  two 

b a s i c  sa l t  w a s t e s  [ s y n t h e t i c  i n c i n e r a t o r  l i q u o r  (22 m l )  and a n a l y t i c a l  

was te  (1.9 m l ) ]  were combined and then  a c i d i f i e d  wi th  7 g HN03 (75 m l ) .  

The a c i d i f i c a t i o n  process  r equ i r ed  c a r e  because cons ide rab le  foam and h e a t  

were produced. F i l t r a t i o n  a f t e r  a c i d i f i c a t i o n  ind ica t ed  t h a t  no s o l i d s  

were p r e s e n t  i n  t h e  waste .  The compositions of t h e  two b a s i c  s o l u t i o n s  

p r i o r  t o  a c i d i f i c a t i o n  are shown i n  Table 8.1. 

The problcm o f  a c t i n i d e  removal, e s p e c i a l l y  plutonium, w a s  evalua ted  

us ing  bo th  e x t r a c t i o n  schemes. F igure  8.2 p r e s e n t s  t h e  plutonium and 

americium ana lyses  of t h e  a c i d i f i e d  salt waste a f t e r  consecut ive  c o n t a c t s  

w i t h  3U v o l  Z TBP-dodecane and 30 v o l  % DRDEC@-CClh, A n  aqueous/organic 

r a t i o  of  5 was used.  The r e s u l t s  show t h a t  t h e  DHDECMP w a s  more e f f e c t i v e  

i n  removing a c t i n i d e s  than TBP; however, t h e  r a t e  o f  plutonium e x t r a c t i o n  

decreased ,  f a d f c a t i n g  t h e  presence of a nonex t r ac t ab le  spec i e s .  

8.2.2 Waste-water p r o c e s s i n g  

An e v a l u a t i o n  of v a r i o u s  adso rp t ion  materials f o r  p o t e n t i a l  u se  i n  

removing d e t e r g e n t s  and an ions  from w a s t e  water  has  begun. The i n i t i a l  

* 
Product  of t h e  Rohm and Haas Co., Ph i l ade lph ia ,  Pa. 
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Fig. 8 . 1 .  Evaluation of uranium stripping with 30% DHDECMP-CC14. 

~queous/organic ra t io  = 1. 



Table 8.1. Composition of s y n t h e t i c  b a s i c  wastes 
p r i o r  t o  a c i d i f i c a t i o n  

Component Concentration 

Inc ine ra to r  Liquor 

Na2C0 3 

Na3P04 

NaC 1 

Na SO I ,  

NaNO 3 

Pu 

Am 

u 

Fiss ion  products  

Analyt ica l  W a ~ t e  

HNO 3 

HC 1 

NaNO 3 

K2Cr207 



NUMBER OF CONTACTS 

Fig.  8 .2 .  Resu l t s  of a c t i n i d e  removal wi th  TBP and DHDECMP. Aqueous/ 
organic  r a t i o  = 5; feed:  0.01 g of plutonium and 0.001 g of americium 
pe r  l i ter .  



e f f o r t  w i l l  c o n s i s t  of comparing t h e  breakthrough c a p a c i t i e s  of ac t iva ted  

carbons, macrore t icular  r e s i n s ,  and polyurethanes. 

Prel iminary breakthrough curves were determined by passing a de tergent  

s o l u t i o n  (Proctor  & Gamble P ie rce  Commercial Laundry Detergent dissolved i n  

de ionized water a t  a concentra t ion  of 2.6 g l l i t e r )  through a column con- 

t a i n i n g  about 1 g of adsorbent .  Frac t ions  (100 m l )  w e r e  co l l ec ted  and 

analyzed f o r  l i n e a r  a l k y l a t e  su l fona tes  (LAS). 

The r e s u l t s  of runs using Analab ac t iva ted  coconut carbon (40 t o  

50 mesh), Amberlite* xAD-4 macrore t icular  sorbent  (20 t o  SU mesh beads), 

and Analab polyurethane foam a r e  shown i n  Fig. 8 . 3 .  The foam was sub- 

s t i t u t e d  f o r  t h e  r i g i d  open-pore polyurethane (OPP) because t h e  high pH 

( % l l )  of  the  de tergent  s o l u t i o n  r e s u l t e d  i n  breakage of the  OPP-colm1 tond. 

The carbon a i d  r e s i n  appeared t o  have . s i m i l a r  c a p a c i t i e s ,  with t h e  carbon 

having a s l i g h t  advantage. Discriminat ion between the  two would depend 

on changing t h e  flow r a t e  and/or the  column design. The foam proved t o  

b e  very  i n e f f i c i e n t ,  probably due t o  t h e  l ack  of adsorption sites. 

Since so lu t ions  of high pH a r e  incompatible' with OPP, a de tergent  

s o l u t i o n  having a pH of 3.5 was prepared t o  determine t h e  breakthrough curve 

of OPY. Kuns were a l s o  made with XAD-4 r e s i n ' a n d  two a c t i v a t e d  carbons t o  .-s 

i n v e s t i g a t e  the  e f f e c t  of pH on t h e  adsorpt ion  of LAS. The r e s u l t s ,  
I ,  

presented i n  Fig.  8.4, show t h a t  the  OPP and XAD-4 have t h e  b e s t  adsorption 

c a p a b i l i t i e s .  The decrease i n  pH enhances adsorpffoa on ehe XAD-4, whi le  

t h e  . h a l a b  carbon appears t o  experience a decrease i n  adsorption.  The low 

adsorpt ion  on t h e  Witco 517'could be due t o  l a r g e  p a r t i c l e  s i z e  (20 t o  

60 mcoh) 

The adsorbents  were a l s o  t e s t e d  t o  determine t h e i r  ch lo r ide  removal 

c a p a b i l i t y .  A l l  of t h e  m a t e r i a l s  except the  coconut charcoal  achieved 

100% ch lo r ide  breakthrough with t h e  f i r s t  f r a c t i o n .  The coconut charcoal  

gave 100% brcakthrough with the  second f r a c t i o n .  

* 
Product of the  Rohm and Haas Co., Phi ladelphia ,  Pa. 
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Fig .  8 . 3 .  Breakthrough curves  f o r  adsorbents ,  w i th  a l k a l i n e  de t e rgen t  

(PH 12) 
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Fig.  8 . 4 .  Breakthrough curves for adsorbents, with ac id i f i ed  detergent 

(pH 3.5). 



8.3  Summary and Conclusions 

The eva lua t ion  of methods f o r  t h e  sal t  waste and waste-water s t reams 

and r e c y c l e  p repa ra t ion  problems was cont inued.  Pre l iminary  runs  were made 

w i t h  both  a b i d e n t a t e  organophosphorus process  and a combined bidentate-TBP 

e x t r a c t i o n  process  t o  remove a c t i n i d e s  from s a l t  waste .  The f i r s t  p rocess  

e f f e c t i v e l y  removed a c t i n i d e s  b u t  prevented e f f i c i e n t  s t r i p p i n g  of uranium. 

More e f f i c i e n t  uranium s t r i p p i n g  agen t s  than  water  were n o t  found. The 

combined process  appears  t o  be  more advantageous f o r  removing a c t i n i d e s  from 

sa l t  waste.  The TBP removes most of t h e  uranium and plutonium, whi le  t h e  

b i d e n t a t e  e x t r a c t a n t  removes most of t h e  remaining a c t i n i d e s .  

T e s t s  were run w i t h  a c t i v a t e d  carbon, mac ro re t i cu l a r  r e s i n s ,  and 

polyurethanes t o  determine t h e i r  r e l a t i v e  c a p a b i l i t i e s  f o r  removing d e t e r g e n t s  

and c o r r o s i v e  an ions  from w a s t e  water .  The pre l iminary  r e s u l t s  show t h a t  an  

OPP r e s i n  h a s  t h e  h ighes t  c a p a c i t y  f o r . d e t e r g e n t  b u t  a low capac i ty  f o r  

an ions .  

8.4 Future  Work 

The b i d e n t a t e  e x t r a c t i o n  process  w i l l  b e  eva lua ted  f u r t h e r  t o  determine 

whether i t  h a s  u t i l i t y  f o r  process ing  sal t  wastes .  New and recyc led  ex- 

t r a c t a n t s  w i l l  be  t e s t e d  wi th  s y n t h e t i c  waste t o  determine a c t i n i d e  DFs. 

The behavior  of impur i ty  i o n s  i n  t h e  process  w i l l  a l s o  b e  s t u d i e d .  

The i n v e s t i g a t i o n  of adso rp t ion  m a t e r i a l s  f o r  removing d e t e r g e n t s  and 

c o r r o s i v e  an ions  from waste-water streams w i l l  be completed. Conceptual 

f lowsheets  f o r  pu r i fy ing  waste  water  u s ing  membrane techniques  w i l l  be 

eva lua ted .  

8 .5  Reference f o r  Sec t ion  8 

1. J.  0.  Blomeke and D.  W. Tedder, Act in ide  P a r t i t i o n i n g  and Transmutation 

Program Progress  Report f o r  Per iod .October  1, 1976 t o  March 31, 1977, 

0~N~/TM-5888 (June 1977),  p. 58. 



9. RADIATION EFFECTS 

T. E .  Gangwer, M. Goldstein,  and K. K. S. P i l l a y  
(Brookhaven National Laboratory) 

9.1 Radiat ion E f f e c t s  i n  Ion Exchange Mater ia ls  

An in tens ive  l i t e r a t u r e  search  was i n i t i a t e d  t o  examine the  present  

knowledge on t h e  r a d i a t i o n  e f f e c t s  of process chemicals. During t h i s  r epor t  

per iod ,  our primary e f f o r t  has  been concentrated on reviewing ava i l ab le  

m a t e r i a l s  on t h e  e f f e c t  of ion iz ing  r a d i a t i o n  on ion  exchange mate r i a l s  used 

i n ,  a s  w e l l  a s  those  wi th  p o t e n t i a l  f o r  poss ib le  use  i n ,  nuclear  f u e l  and 

waste processing a r e a s .  A 1965 Russian publicat ion1 was i d e n t i f i e d  a s  a 

u s e f u l  s t a r t i n g  po in t .  While t h i s  book conta ins  an extens ive  survey of 

Russian and East  European pub l i ca t ions  up t o  1964, it  has  not included 

s e v e r a l  pub l i ca t ions  i n  the  English language. Another s i g n i f i c a n t  pub- 

l i c a t i o n 2  inc ludes  a comprehensive compilation of ion  exchange mate r i a l s ,  

al though i t  has no t  devoted any space f o r  r a d i a t i o n  e f f e c t s .  

Our e f f o r t s  a t  assembling mate r i a l s  of relevance 3-49 has centered 

around pre-1964 papers not  included i n  r e f .  1 and r e p o r t s  and publi,cations 

s i n c e  1964. It i s  genera l ly  f e l t  t h a t  published works from Russia, Hungary, 

and Poland st i l l  dominate, whi le  the re  a r e  fewer publfca t ions  f rom t he  

United S t a t e s ,  B r i t a i n ,  Germany, and Japan. Most of the  ma te r i a l  published 

i n  t h e  open l i t e r a t u r e  i n  t h e  English language has  been co l l ec ted ,  and o the r  

sources  a r e  being researched.  A few of t h e  important fore ign papers, 

i d e n t i f i e d  a s  va luable  from t h e i r  a b s t r a c t s ,  have been t r ans la ted .  We a r e  

planning t o  prepare a l i s t  of references  from fore ign sources,  i d e n t i f i e d  a s  

va luable ,  b u t  no t  t r a n s l a t e d .  The process of compiling these  ma te r i a l s  

i n t o  a convenient format is  now i n  progress.  The format used i n  the  

t a b u l a t i o n  of experimental d a t a  from var ious  research  r e p o r t s  c o n s i s t s  of 

t h e  fol lowing : 



Trade name(s) of t h e  s y n t h e t i c  and n a t u r a l  i on  exchangers--both 

organic  and inorganic  types .  

The i o n i c  forms used i n  t h e  experiment.  

T o t a l  exchange c a p a c i t i e s  expressed a s  m i l l i e q u i v a l e n t s  pe r  gram. 

of t h e  d ry  form of t h e  ion  exchanger. 

Radia t ion  sources  used i n  experiments ,and t h e i r  dose r a t e s  ( i n  r a d s l h r ) .  

I r r a d i a t i o n  condi t ions  used i n  experimental  s t u d i e s  as w e l l  as process- 

r e l a t e d  measurements. 

I n t e g r a l  dose rece ived  by t h e  ion  exchange m a t e r i a l  ( i n  r a d s ) .  

Loss of exchange capac i ty  a s  percent  of i n i t i a l  exchange capac i ty .  

G-values expressed as groups per  100 eV. 

A l i s t i n g  of va r ious  o t h e r  parameters  s t u d i e d  dur ing  t h e  i n v e s t i g a t i o n .  

Reference numbers and r e l e v a n t  a d d i t i o n a l  n o t a t i o n s .  

Very few experimental  s t u d i e s  i n  t h e  m a t e r i a l  reviewed thus  f a r  have 

provided a l l  t h e  above information.  Also, t h e  d a t a  presented  show s ig-  

n i f i c a n t  d i f f e r e n c e s  due t o  d i f f e r e n c e s  i n  t h e  o b j e c t i v e s  of t h e  o r i g i n a l  

work as w e l l  as i n  t h e  f a c i l i t i e s  and experimental  cond i t i ons .  For example, 

G-values have been repor ted  by s e v e r a l  i n v e s t i g a t o r s  i n  a v a r i e t y  of ways 

such a s  t h e  f  o l loh ing:  

1. The number of f u n c t i o n a l  groups which have l o s t  ion  exchange c a p a c i t y  

pe r  100 eV of absorbed r a d i a t i o n  energy. 

2.  G-values f o r  r a d i a t i o n  decompositfon products  such as ammonia, primary 

amines, secondary amines, and t e r t i a r y  amines. 

3. Radia t ion  y i e ld .  c a l c u l a t e d  f o r  gas  y i e l d  (mostly f o r  hydrogen) per  

100 eV of absorbed r a d i a t i o n .  

4 .  G-values f o r  Sob2- ion  formation from su l fona ted  r e s i n s .  

5. G-values expressed i n  terms o f . o t h e r  gaseous products  of r a d i a t i o n  

dccomposition, e t c .  

I n  compiling these  experimental  d a t a ,  an  a t t empt  is being  made t o  

exp res s  a l l  t h e  d a t a  i n  some uniform u n i t s  of  measurement and t o  p o i n t  o u t  

t h e  d i f f e r e n c e s  i n  manner of p r e s e n t a t i o n  by some of t h e  au tho r s .  Where 

p o s s i b l e ,  some of t h e  d a t a  have been used t o  r e c a l c u l a t e  r a d i a t i o n  doses 

and G-values f o r  un i formi ty  of p re sen ta t ion .  



Most of t h e  r e p o r t s  on r a d i a t i o n  e f f e c t s  on ion  exchange m a t e r i a l  

d e a l  w i th  t h e  phenomenonal a s p e c t s .  Very few have at tempted t o  s tudy  o r  

e x p l a i n  t h e  mechanisms. 

The t a b u l a t i o n  of exper imenta l  d a t a  has  combined t h e  d a t a  repor ted  i n  

r e f .  1 w i t h  those  from o t h e r  c o l l e c t e d  papers .  It i s  f e l t  t h a t ,  as p a r t  

o f  t h i s  compi la t ion ,  i t  would be d e s i r a b l e  t o  i nc lude  two a d d i t i o n a l  

t a b l e s  -- one from r e f .  1 and t h e  o t h e r  from r e f .  2.  Together ,  t h e s e  two 

t a b l e s  c o n t a i n  informat ion  which can be used a s  a  ready r e fe rence  t o  

complement t h e  t a b u l a t i o n  desc r ibed  e a r l i e r .  Addi t iona l  information on new 

ion  exchange m a t e r i a l s ,  nor  inc luded  i n  t h e  o r i g i n a l  t a b u l a L i o n s , . w i l l  be 

added where p o s s i b l e .  One of  t h e s e  t a b u l a t i o n s  g ives  t h e  s t r u c t u r a l  

formulas ,  a c t i v e  ion  exchange g roup( s j ,  and a  d e s c r i p t i 6 n  of the base 

m a t e r i a l s  used i n  t h e  p r e p a r a t i o n  of t h e  exchangers.  The o t h e r  con ta ins  a  

l i s t i n g  o f  phys i ca l  c h a r a c t e r i s t i c s ,  o p e r a t i o n a l  c o n t r o l s ,  and d e s c r i p t i v e  

informat ion ,  i nc lud ing  t h e  manufacturers  of t h e  ion  exchange m a t e r i a l s .  

The compi la t ion  of exper imenta l  d a t a  on t h e  r a d i a t i o n  e f f e c t s  on 

ion  exchange r e s i n s  w i l l  t h e r e f o r e  inc lude :  (1) a  chemical ly d e s c r i p t i v e  

t a b l e ,  (2)  a l i s t i n g  of gene ra l  phys i ca l  c h a r a c t e r ' i s t i c s ,  and ( 3 )  a  d e t a i l e d  

t a b u l a t i o n  of t h e  exper imenta l  d a t a  on t h e  e f f e c t s  of i o n i z i n g  r a d i a t i o n  

on i o n  exchange r e s i n s ,  w i t h  an  a t tempt  t o  inc lude  as many of t he  t e n  

parameters  desc r ibed  above a s  poss ib l e .  

A r e p r e s e n t a t i v e  example of such a l i s t i n g  is  shown i n  Table 9.1. 

Th i s  t a b l e  c o n t a i n s  s e v e r a l  parameters  t h a t  can be r e a d i l y  unde r s tood . ro  

make educated p r e d i c t i o n s  on process- re la ted  problems when a  p a r t i c u l a r  

exchanger is  used. It a l s o  c o n t a i n s  a  d e t a i l e d  l i s t i n g  of t h e  va r ious  

parameters  s t u d i e d  and r e f e r e n c e s  t o  t h e  o r i g i n a l  work. Comments on t h e  

c o n t e n t s  and format of t h i s  t a b l e  a r e  s o l i c i t e d  wi th  a view toward o p t i -  

miza t ion  of t he  u t i l i t y  of such a  compi la t ion  be fo re  t h e  f i n a l  t a b u l a t i o n  

is  made. 

We have i d e n t i f i e d  (not  y e t  f u l l y  d iges t ed )  over  a hundred pub- 

l i c a t i o n s  t h a t  a r e  n o t  inc luded  i n  r e f .  1. Since a s i g n i f i c a n t  number of 

p u b l i c a t i o n s  a r e  s t i l l  i n  Russian, Po l i sh ,  Czech, and Rumanian, i t  has  

on ly  been p o s s i b l e  t o  compile and document m a t e r i a l s  a v a i l a b l e  i n  English 

w i t h i n  t h e  t ime per iod  a v a i l a b l e .  



Table 9.1. Effect of ionizing radiation on ion exchange materials 

Exchange Internal Exchange 
Ionic capacity Source Radiation dose loss Other 

Resin form (meq/g) (radslhr) conditions (rads) ( % I  G~ parameters Ref. 

Dowex 50x12 H+, ~ a +  4.40 Air dry %lo9 22.6 -- a, b, c, d, e  137 1 

D~wex 50x12 H+ 5.17 v-ray (?)  Water 8 X lo7 -- 1.4 d, e  [I] 

4.9 e-accelerator Aq. acid 2.3 X lo9 -- 2.0 e ,  f 
(5.8 x lo8) 

Anberlite OH- 3.3 F.P. 6, Moist Max : 5-25 -- e ,  $7 [13,151 
IRA-400 y -rays 2 X lo8 

!:1.4 x lo7) 

I m c  55-40 OH- 3.62 6 0 ~ o  y-ray Water 
]lo6) 

Inac 55-40 OH- 3.62 10 Water lo8 17.1 7 e , f ,g ,h  [201 6 

Av-17 ~ 0 4 ~ -  3.45 e-accelerator Water 2.9 X 10' -- 2.6 e  [ 1 1 
(4.9 x lo8) 

Air-1 7 OH- 3.6 Eeac tor Water 2.5 X lo8 -- 3 2 e  [ 1 1 
(1.1 x lo7) 

a 
G-value expressed as groups/100 eV of absorbed radiation. 

b 
Parameters. are defined as follows: a. weight change; 

b .  solubility; 
c. thermal stability! 
d. formation of SO4 , 

H+, C1-, etc. ; 

e .  exchange capacity measurements; 
f .  products of decomposition; 
g. water-soluble products; 
h .  mechanism proposed. 



The repor t  of t h i s  l i t e r a t u r e  search w i l l  include: 

1. A d e t a i l e d  write-up descr ib ing the  terms and parameters employed 

and emplaining the  use and cross-usage of t h e  var ious  t ab les .  

2. A separa te  s e c t i o n  present ing general ized information pe r t inen t  t o  

t h e  evaluat ion of r a d i a t i o n  e f f e c t s  on ion exchange r e s i n s .  This 

s e c t i o n  w i l l  a l s o  point  o u t  con t rad ic t ions  i n  some of the  reported 

r e s u l t s ,  where such da ta  a r e  reported.  

3 .  An objec t ive  evaluat ion of the  present  knowledge, including both 

t h e  v i r t u e s  and l i m i t a t i o n s .  

4 .  Graphic i l l u s t r a t i o n s  of some of t h e  c h a r a c t e r i s t i c s  of ion  exchange 

r e s i n s  and t h e  changes t h a t  occur a s  a r e s u l t  of r a d i a t i o n  e f f e c t s .  

The parameters being considered include rad ia t ion  sources of 

d i f f e r i n g  LET values ,  v a r i a t i o n  i n  G-values with exposure time, 

inf luence  of cross-linkage, moisture content ,  and ion ic  form of 

the  resin. , 

It has  become evident  t h a t  information concerning the  r a d i a t i o n  

e f f e c t s  on inorganic ion  exchangers is  l imi ted .  Therefore, ins tead 

of t h e  tabulat ion-type presenta t ion,  a w r i t t e n  version of the  ava i l ab le  

information w i l l  be provided with the  reference.  

One important aspect  of t h i s  l i t e r a t u r e  survey w i l l  be the  i d e n t i f i -  

c a t i o n  of both t h e  s t r eng ths  and the  weaknesses of t h e  a v a i l a b l e  information. 

This w i l l  be provided i n  an object ive  manner with a view toward f a c i l i t a t i n g  

t h e  evaluat ion of process-related phenomena. 

When p laus ib le ,  general  rule-of-thumb statements w i l l  be c i t e d .  Some 

examples a re :  

1. A t t r i t i o n  of ion  exchangers exposed t o  i r r a d i a t i o n  is much more 

extens ive  i f  t h e  i r r a d i a t i o n  i s  car r i ed  out  i n  water o r  aqueous' 

so lu t ion  than i f  conducted i n  a i r .  

2.  The i r r a d i a t i o n  of monofunctional sulfonated (cat ion) exchangers i n  

a i r  and i n  vacuo i s  usual ly  accompanied by cross-l inking.  I f  these  

ion exchangers undergo r a d i o l y s i s  when swollen (due t o  contact  with 

water o r  aqueous e l e c t r o l y t e s ) ,  degradation is  the  predominant process. 



3 .  I n  t he  course of  r a d i o l y s i s  of ( ca t ion )  exchangers,  t h e  exchange 

capac i ty  of t h e  su l fone  group decreases .  I f  t h e s e  m a t e r i a l s  a r e  

i r r a d i a t e d  i n  air  o r  i n  water ,  new phenolic  and ca rboxy l i c  groups 

a r e  formed. 

4.  I n  gene ra l ,  s a l t  forms of ( ca t ion )  exchangers a r e  more s t a b l e  

than t h e  H+ form t o  r a d i a t i o n  i n  a i r  o r  i n  vacuo. Cat ion exchangers 

swollen i n  water  o r  i n  aqueous e l e c t r o l y t e s  can be s t a b i l i z e d  only 

by a few k inds  of i ons .  

5 .  A s  a r u l e ,  t h e  r a d i a t i o n  r e s i s t a n c e  of i o n  exchangers i n c r e a s e s  

wi th  i n c r e a s e  i n  t h e  degree of cross- l inkage.  
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10.  FUEL AND TARGET FABRICATION STUDIES 

A. G. Croff (Oak Ridge National  Laboratory)  
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10 .1  In t roduc t ion  

The pa r t i t i on ing - t r ansmuta t ion  (P-T) program is  concerned wi th  de te r -  

mining t h e  f e a s i b i l i t y  and d e s i r a b i l i t y  of recover ing  and f i s s i o n i n g  the  

noneconomic a c t i n i d e . v a l u e s  from primary and secondary t r a n s u r a n i c  waste 

s t reams.  To ensure  t h a t  t h i s  de te rmina t ion  is d e f e n s i b l e ,  i t  is  important 

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

b e s t  methods f o r  implementing P-T. I f  t h i s  p recau t ion  is  no t  taken,  any 

nega t ive  conclus ions  of t he  program w i l l  cont inue  t o  be  quest ioned s i n c e  

a b e t t e r  s t r a t e g y  might change these , conc lus ions ,  t hus  a f f e c t i n g  t h e  

f e a s i b i l i t y  o r  d e s i r a b i l i t y  of P-T, 

One a spec t  of P-T t h a t  appears  t o  be  p a r t i c u l a r l y  s e n s i t i v e  i n  t h i s  

r e s p e c t  concerns t h e  form of t h e  waste  a c t i n i d e s  i n  t h e  t ransmuta t ion  

r e a c t o r .  A s  a r e s u l t  of an information void concerning t h e  f a b r i c a b i l i t y  

and i r r a d i a t i o n  behavior  of many p o t e n t i a l  f u e l  m a t e r i a l s ,  we have thus  f a r  

r e s t r i c t e d  our  cons ide ra t ion  t o  two cases :  (1) homogeneous a c t i n i d e  r ecyc le ,  

and (2)  r ecyc le  i n  t a r g e t  e lements  o r  assemblies  w i th  a UOz d i l u e n t .  The 

d i l u e n t  is  . required t o  reduce t h e  power produced i n  a t a r g e t  element t o  

l e v e l s  comparable w i t h  those  i n  normal f u e l  e lements .  

By d e f i n i t i o n ,  t h e  homogeneous c a s e  i s  r e s t r i c t e d  t o  d i l u t i n g  t h e  

waste  a c t i n i d e s  w i th  normal r e a c t o r  f u e l .  Thus, t h e r e  is no freedom t o  

improve t h i s  system except  by changing t h e  type  of r e a c t o r  o r  f u e l  cyc l e  

( e  . g . , 5 ~ - e n r i c h e d  PWR v s  plutonium-enriched PWR) . 
On t h e  o t h e r  hand, t he  t a r g e t  c a s e  might be  improved by vary ing  t h e  

chemical and phys i ca l  forms of  t h e  waste  a c t i n i d e s .  The p r i n c i p a l  reasons  . 



t h a t  U 0 2  h a s  been assumed t o  be  t h e  d i l u e n t  t hus  f a r  a r e :  (1) i t  i s  probably 

compat ib le  w i th  t h e  o t h e r  a c t i n i d e  oxides ,  (2)  it performs in  a known and 

a c c e p t a b l e  manner du r ing  i r r a d i a t i o n ,  (3) i t  can be  d i s so lved  i n  H N 0 3  a lone  

d u r i n g  r ep roces s ing ,  and (4) i t  breeds  plutonium t o  a i d  i n  f u e l i n g . t h e  r e a c t o r .  o 

The f o u r t h  advantage c i t e d  above must a l s o  b e  recognized a s  a disadvan- 

t age .  I f  t h e  plutonium bred  i n  t h e  t a r g e t  is recyc led  back t o  t h e  t a r g e t ,  

t h e  s p e c i f i c  power of  t h e  t a r g e t  w i l l  b e  g r e a t e r  , than i n  t h e  case  where i t  

i s  n o t  r ecyc led .  This  w i l l  r e q u i r e  t h e  a d d i t i o n  of more d i l u e n t  which, i n  

t u r n ,  w i l l  i n c r e a s e  t h e  volume of t h e  waste-act inide-containing f u e l .  I n  a  

uranium-enriched PWR t h e  t a r g e t  volume w i l l  i n c r e a s e  by about  a  f a c t o r  of 5 ,  

from 2% of  t h e  c o r e  t o  10% of  t h e  c o r e ,  as compared with t h e  volume r equ i r ed  

w i t h  no uranium d i l u e n t .  In an LMFBR, t h e  volume w i l l  i n c r e a s e  by roughly a 

f a c t o r  of  2,  t o  about  3% o f  t h e  co re .  The a l t e rnaCive  i s  t o  remove t h e  

plutonium from t h e  t a r g e t s  and combine it wi th  t h e  normal plutonium produced 

i n  t h e  r e a c t o r .  This  procedure would inc rease  t h e  2 3 8 ~ ~  content  of t he  

plutonium from about  1.7% t o  about  5% i n  t h e  PWR, and from about 1% t o  1.5% 

i n  an LMFBR. The inc reased  heavy-metal con ten t  of t h e  t a r g e t s  would a l s o  

i n c r e a s e  t h e  volumes of t h e  process  s t reams generated a t  t h e  t a r g e t  repro- 

c e s s i n g  p l a n t .  

Based on t h i s  a n a l y s i s ,  t h e  t a r g e t  r e c y c l e  s t r a t e g y  can appa ren t ly  be 

s i m p l i f i e d  and/or  made more e f f e c t i v e  e i t h e r  by us ing  an " ine r t "  d i l u e n t  

o r  by e l i m i n a t i n g  t h e  d i l u e n t  a l t o g e t h e r .  I n  t h e  subsec t ions  below, two 

d i f f e r e n t  d i l u e n t  concepts  a r e  presented  and d iscussed .  

1 0 . 2  I n e r t  Di . lvent s  

The concept  of a n  i n e r t  ( i . e . ,  no a c t i n i d e  p,roduction) oxide  d i l u e n t  . 

is n o t  new s i n c e  it w a s  one of t h e  f i r s t  i d e a s  proposed a f t e r  U 0 2 .  The 

i n e r t  d i l u c n t  muot havo t h e  fo l lowing  p roper t i e s :  

1. chemical and phys i ca l  s t a b i l i t y  up t o  about  t h e  maximum expected 

temperatures ,  

2.  a ccep tab le  i r r a d i a t i o n  behavior ,  

3 .  s m a l l  neut ron  abso rp t ion  c r o s s  s e c t i o n ,  

4 .  s o l u b i l i t y  in aqueous HN03 and chemical d i s s i m i l a r i t y  from t h e  

a c t i n i d e s  t o  a i d  i n  p a r t i t i o n i n g ,  and 

5 .  chemical c o m p a t i b i l i t y  w i th  t h e  waste  a c t i n i d e s  and . c l add ing .  



C r i t e r i o n  1 a lone  e l i m i n a t e s  most chemical compounds because of mel t ing  o r  

decomposition a t  unacceptably low temperatures .  I f  i t  i s  assumed t h a t  waste  

a c t i n i d e  oxides  w i l l  be  used, c r i t e r i a  1 and 5 w i l l  probably r e s t r i c t  t h e  

choice  of compounds t o  metal  ox ides  o r  a few meta ls .  C r i t e r i o n  4 e l i m i n a t e s  

v i r t u a l l y  a l l  meta ls  and many oxides ,  which do no t  d i s s o l v e  i n  HN03 because 

of t h e i r  r e f r a c t o r y  n a t u r e ,  a s  w e l l  a s  most of  t h e  l an than ides ,  which a r e  

chemical ly s i m i l a r  t o  t h e  a c t i n i d e s .  The u l t i m a t e  r e s u l t  is t h a t  only 

two oxides ,  MgO (magnesia) and C a O  ( l ime),  appear  t o  have t h e  r e q u i s i t e  

q u a l i t i e s .  Some of t h e  p e r t i n e n t  phys i ca l ,  chemical,  and nuc lea r  p r o p e r t i e s  . . 

of t h e s e  two oxides  and of U02 are summarized i n  Table 10.1. 

Based on t h e  d a t a  given i n  Table 10.1, MgO appears  t o  be  supe r io r  t o  

C a O  because of i ts  lower c r o s s  s e c t i o n  and lower s o l u b i l i t y  i n  water .  Even ' 

though t h e  maximum u s e f u l  temperature (1927OC) of MgO i s  much lower than t h a t  

of U02 (2500°C), i t  is  s t i l l  accep tab le  as a d i l u e n t  because i t s  high thermal 

conduc t iv i ty  r e s u l t s  i n  a MgO element c e n t e r l i n e  temperature of 1100°C when a 

UO2 element w i t h  equ iva l en t  diameter  and l i n e a r  power would be beginning t o  

me1 t . 
~ e a g e n t - g r a d e  MgO is  r e a d i l y  s o l u b l e  i n  8 M HN03 a t  room temperature.  

Magnesium oxide prepared by burning magnesium metal  (ca .  2400°C),. a l though 

somewhat l e s s  s o l u b l e  i n  8 - M HN03 than t h e  reagent-grade MgO, i s  s t i l l  

r e a d i l y  so lub le .  Fused MgO (temperature >2800°C), may n o t  be  r e a d i l y  

so lub le ,  bu t  t h i s  cond i t i on  is  not  expected t o  occur  i n  commercial nuc lea r  

r e a c t o r s .  ~ i x t u r e s  of 2.71 w t  % PuO2 i n  MgO and 12.95 w t  % Pu02 i n  MgO have 

been irradiated to the equ iva l ee r  of 4000 MWd/ErmM withou; problems1 a t  a 

s p e c i f i c  power equ iva l en t  t o  107 MW/MTHM and a t  c e n t e r l i n e  temperatures  

ranging up t o  2450°C. These i r r a d i a t i o n s  were conducted i n  zirconium cap- 

s u l e s  w i th  no apparent  c o m p a t i b i l i t y  problems. F i n a l l y ,  t h e  chemical 

d i s s i m i l a r i t y  of M ~ ~ +  and t h e  a c t i n i d e s  should f a c i l i t a t e  the .  reprocess ing  

of t h e  t a r g e t s .  

Based on s p e c i f i c  power cons ide ra t ions  a lone ,  a MgO--waste a c t i n i d e  

element i n  a uranium-enriched PWR would con ta in  about  23 w t  % (10 v o l  %) 

waste a c t i n i d e s .  The waste a c t i n i d e  mixture would c o n s i s t  of %50% plutonium, 

23% neptunium, and 23% americium-curium. This  composition may r e q u i r e  t h a t  

a d d i t i o n a l  UO2 be  added t o  form a s o l i d  s o l u t i o n  wi th  Pu02, t hus  a id ing  



Table 10.1. C h a r a c t e r i s t i c s  of MgO and CaO a s  compared with UO, 

Property MgO CaO UO2 

Melting po in t ,  O C  2800 25 70 2500 

Max. use fu l  temp., O C  1927 2315 2500 

Boi l ing  po in t ,  O C  3600 2850 ? 

Approximate c e n t e r l i n e  1100~ 800a 
temperature of 
d i l u e n t  corresponding 
t n  the melting point  
of the  c e n t e r l i n e  of 
a  U02 element, O C  

Spec i f i c  g rav i ty ,  g / ~ m "  3.65 3.32 10.96 

Thermal conductivi ty,  0.076 0.17 
callsec-cm-OC 

Reaction with Hz0 Forms Mg (OH) Forms Ca (OH) 2 None 

S o l u b i l i t y ,  g/100 g H20 0.0009 0.165 Insoluble 

Thermal expansion, 
10-"n. /in.-OF 

E f f e c t i v e  thermal 0.05 0.35 
c r o s s  sec t ion ,  barns 

Dissolves i n  n i t r i c  Yes Y e s  

a c i d  (unless  fused? 
Y e s  

I r r a d i a t i o n  experience Very l imi ted  None Extensive; good 
b 

behavior 

Chemical compat ib i l i ty  OK 
with cladding 

a 
Assumes t h a t  surface  of element is  a t  500°F and t h a t  elements 

have t h e  same diameter. 

b ~ e e  r e f .  1. 



subsequent t a r g e t  d i s s o l u t i o n .  This  type  of f u e l  element would comprise 

about  2% of t h e  f u e l  rods  i n  a PWR a f t e r  f i v e  r ecyc le s .  

A p o s s i b l e  v a r i a n t  on t h i s  scheme would be  t o  d i s p e r s e  a c t i n i d e  m e t a l  

p a r t i c l e s  i n  t h e  MgO matr ix ,  thereby e l i m i n a t i n g  p o t e n t i a l  PuOz d i s s o l u t i o n  

problems. 

10 .3  Annular Fuel  Rods 

A second method f o r  reducing  t h e  l i n e a r  power of a f u e l  rod con ta in ing  

waste a c t i n i d e s  wi thout  adding UO2 d i l u e n t  i s  t o  make an  annu la r  f u e l  p e l l e t ,  

thus  reducing the  a c t i n i d e  mass per  u n i t  f u e l  rod l eng th .  A f t e r  f i v e  r e c y c l e s ,  

t h e  was te  a c t i n i d e s  i n  t h e  f u e l  p e l l e t  should comprise about 10  v o l  % of a 

s tandard  PWR f u e l  rod i n  o r d e r  t o  o b t a i n  t h e  c o r r e c t  l i n e a r  power. I f  t h e  

o u t s i d e  diameter  of  t h e  rod i s  0.3225 i n .  and t h e  d e n s i t y  of heavy meta l  as 

oxide i s  9.18 g/cm3 (equiva len t  t o  95% of t h e  t h e o r e t i c a l  d e n s i t y  of  U02), 

t h e  annulus would have a w a l l  t h i ckness  of 0.0083 i n .  This  t h i ckness  is 

f a r  too  smal l  t o  suppor t  t h e  p e l l e t  i t s e l f  p l u s  t h e  p e l l e t s  on top  of i t  

and s t i l l  achieve  reasonable  burnups. Therefore,  a waste a c t i n i d e  oxide 

annular  f u e l  p e l l e t  does n o t  appear  f e a s i b l e .  There is ,  however, a method 

a v a i l a b l e  f o r  s t r eng then ing  t h e  annulus which could p o t e n t i a l l y  be accom- 

p l i shed  i n  e i t h e r  a n  oxide o r  a m e t a l l i c  system. This  would involve  us ing  

a s l u g  of  i n e r t  m a t e r i a l  as a s u b s t r a t e  f o r  a s u r f a c e  l a y e r  of a c t i n i d e s  

t h a t  would r e s u l t  i n  t h e  c o r r e c t  power r a t i n g .  

With a n  oxide s u b s t r a t e ,  a s o l i d  r i g h t  c y l i n d e r  o f ,  f o r  example, A1203 

(alumina) would be formed. The alumina c y l i n d e r  would then  be surrounded 

wi th  a c t i n i d e  oxide powder and hot  pressed  t o  g ive  the  d e s i r e d  a c t i n i d e  

oxide s u r f a c e  l a y e r .  The r e s u l t i n g  p e l l e t  would subsequent ly be  ground, 

s i n t e r e d ,  and s o  f o r t h .  A f t e r  i r r a d i a t i o n ,  t h e  a c t i n i d e  oxides  could 

hopefu l ly  b e  d i s so lved ,  l e a v i n g  t h e  un reac t ive  alumina as a r e s idue .  

The advantage of t h i s  concept i s  t h a t  t h e  volume of  a c t i n i d e s  t h a t  

must be  reprocessed i s  reduced by a f a c t o r  of 10 t o  20 i f  no UO2 is added 

t o  promote Pu02 d i s s o l u t i o n .  

The disadvantages of t h i s  concept a r e  complexity and problems r e l a t e d  

t o  p o t e n t i a l  d i s s o l u t i o n .  The h o t  p re s s ing ,  s i n t e r i n g ,  and g r ind ing  of a n  

8-mil oxide s u r f a c e  l a y e r ,  assuming t h a t  t h i s  l a y e r  must remain i n t a c t  du r ing  

i r r a d i a t i o n ,  promises t o  b e  extremely d i f f i c u l t .  T h e . d i f f i c u l t y  encountered 



when a t t empt ing  t o  d i s s o l v e  P a n  which is  no t  i n  s o l i d  s o l u t i o n  may r e q u i r e  

t h a t  UO2 b e  added t o  a i d  i n  s o l u b i l i z i n g  such plutonium. This  procedure 

would reduce  t h e  p rev ious ly  mentioned a c t i n i d e  volume r educ t ion  f a c t o r  of 

1 0  t o  20 by about one-half ( i  .e., t o  5 t o  10) ; t h a t  is, i t  would double t h e  

was t e  a c t i n i d e  mass r e q u i r i n g  d i s s o l u t i o n  and reprocess ing .  

The m e t a l l i c  s u b s t r a t e  concept  would involve  f a b r i c a t i n g  a r i g h t  c y l i n d e r  

of  a n  i n e r t  metal  (e.g. ,  zirconium i n  LWRs and s t a i n l e s s  s t e e l  i n  FBRs) and 

c o a t i n g  i t  with  m e t a l l i c  was te  a c t i n i d e s  us ing  an  as y e t  undefined process .  

Because of t h e  h ighe r  d e n s i t y  of t h e  a c t i n i d e  meta ls  as compared wi th  t h a t  

of  t h e  ox ides  d iscussed  above, t h e  th i ckness  of t h e  s u r f a c e  l a y e r  would be  

reduced t o  about  0.005 i n .  

Th i s  concept  would o f f e r  two d i s t i n c t  advantages.  F i r s t ,  t h e  volume 

of m a t e r i a l  t h a t  would be  d i s so lved  would be  reduced by a f a c t o r  of 10 t o  20, 

t he reby  al lowing a commensurate r educ t ion  i n  t h e  s c a l e  of t h e  t a r g e t  

r ep roces s ing  p l a n t .  The second advantage is  t h a t  t h e  m e t a l l i c  a c t i n i d e s ,  

plutonium i n  p a r t i c u l a r ,  w i l l  be  much more amenable t o  d i s g o l u t i o n  than t h e  

ox ides ,  which should s e r v e  t o  minimize i n s o l u b l e  r e s i d u e s  i n  t h e  d i s s o l v e r .  

T h i s  a i s o  means t h a t  UOn d i l u e n t  would no t  be r equ i r ed  t o  b r i n g  t h e  PuOn i n t o  

s o l i d  s o l u t i o n  a s  i t  might be  i f  a c t i n i d e  oxides  a r e  used. 

Th i s  process  a l s o  h a s  two disadvantages:  (1) t h e  a c t i n i d e s  used f o r  

c o a t i n g  t h e  s u b s t r a t e  must be  reduced t o  t h e  m e t a l l i c  s t a t e ,  and (2)  a c t i n i d e  

metals tend t o  e x h i b i t  p o w  i r r a d i a t i o n  behavior .  The f i r s t  disadvantage 

does  n o t  appear  t o  be  s e r i o u s  s i n c e  t h e  number of subsequent f a b r i c a t i o n  

operations should be reduced and s i n c e  uranium and plutonium me ta l s  are 

r o u t i n e l y  produced f o r  weapons f a b r i c a t i o n .  It is  hoped t h a t  t h e  second 

d isadvantage  w i l l  n o t  be  r e a l i z e d  s i n c e  t h e  a c t i n i d e  l a y e r  is  very  t h i n  and 

r e c e i v e s  i t s  s t r u c t u r a l  s t r e n g t h  from t h e  well-behaved s u b s t r a t e  ma te r i a l .  
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11. LMFBR TRANSMUTATION STUDIES 

M. L. W i l l i a m s  and J. W. ' ~ c ~ d o o  (Oak Ridge Nat iona l  Laboratory)  

The ob jec;tive o 6 IthA XUA k b ;ta examine f ie i n -  
neacton a n p e a  0 6  long-Lived n u a d e  O u z m m W o n  
i n  p o  jected commmciae LMFBU . Vwting FY 7 9  7  7 ,  t k i n  
~ u b m  k w i L t  be concmned d t h  hcoping a;tudie?l 
leading t o  f i e  d&&n&on 0 6  one on ;two pnedmed 
;DuuznmWon modes which w Z  be examined i n  d W  
i n  FY 1 9 7 6 .  

During t h i s  q u a r t e r ,  t h e  n u c l i d e  composttions of a model LMFBR and i t s  

r e f u e l  m a t e r i a l  were s e l e c t e d .  Reference va lues  f o r  burnup, power dens i ty ,  

ke f f '  
and breeding  r a t i o  were computed, based on t h e  equ i l i b r ium configura-  

t i o n  of t h e  model. The c a l c u l a t i o n s  w e r e  performed us ing  2-D, mult igroup 

d i f f u s i o n  theory .  

The process ing  of "preliminary-preliminary" ENDF-V a c t i n i d e  c r o s s  

s e c t i o n s  has  been completed, and t h e  fo l lowing  l i b r a r i e s  have been generated:  

171  fine-group l i b r a r y ,  5 1  intermediate-group l i b r a r y ,  5 broad-group l i b r a r y ,  

and ORIGEN l i b r a r y .  I n  comparing these  newer c r o s s  s e c t i o n s  wi th  Benjamin's 
1 

d a t a ,  t h e  gene ra l  t rend  appears  t o  b e  a n  i n c r e a s e  i n  cap tu re  va lues  and a 
, 

decrease  i n  f i s s i o n  va lues  i n  t h e  newer d a t a .  

Zero-dimensional ORIGEN c a l c u l a t i o n s  w e r e  used t o  determine a c t i n i d e  

product ion by t h e  model LMFBR. It w a s  found t h a t  approximately 32 kg of 

neptunium, americium, and curium were produced every 337.5 days (270 f u l l -  

power days,  a t  80% capac i ty  f a c t o r ) .  This  m a t e r i a l ,  a long  w i t h  21  kg of 

a c t i n i d e s  from a &WR, was recyc led  i n  t h e  LMFBR u n t i l  an equ i l i b r ium con- 

d i t i o n  w a s  achieved.  The a c t i n i d e  inventory  a t  equ i l i b r ium cons i s t ed  of 

486 kg of a c t i n i d e s  i n  t h e  r e a c t o r  p l u s  127 kg of a c t i n i d e s  a t  t h e  

reprocess ing  p l a n t .  

A s tudy  of t h e  heterogeneous e f f e c t s  of lumping a c t i n i d e s  i n  s p e c i a l  

t a r g e t  assemblies  was completed. It was found t h a t  s p a t i a l  s e l f - s h i e l d i n g  

w a s  small i n  t h e  a c t i n i d e  assembly; t hus  homogeneous c a l c u l a t i o n s  a r e  

a p p l i c a b l e  t o  t h e  heterogeneous case .  Power peaking i n  t h e  a c t i n i d e  

assembl ies  was observed, and a parametr ic  s tudy  was c a r r i e d  o u t  t o  determine 

che effect  of vary ing  t h c  concen t r a t  inn of 3 8 ~  d i l u e n t  i n  t h e  assembly. 



R e s u l t s  showed t h a t  a s u b s t a n t i a l  amount of d i l u e n t  i s  r equ i r ed  t o  reduce 

t h e  power output  of  a n  a c t i n i d e  assembly t o  t h e  same l e v e l  a s  t h a t  of a 

f u e l  assembly. The r equ i r ed  2 3 e ~  concen t r a t ton  may be a s  much as 70 t o  80% 

of t h e  heavy meta l  i n  t h e  t a r g e t  assembly. 

S p e c t r a l  e f f e c t s  of lumping were a l s o  examined. It was found t h a t  an  

a c t i n i d e  assembly h a s  a somewhat ha rde r  spectrum than a f u e l  assembly 

(44% 0 > 2 keV, compared wi th  35% f o r  a f u e l  assembly).  The a d d i t i o n  of 

2 3 8 ~  d i l u e n t  tends  t o  s o f t e n  t h e  spectrum i n  t h e  t a r g e t  assembly; and a t  

75% d i l u e n t  concen t r a t ion ,  t h e  spectrum i n  the  a c t i n i d e  assembly i s  f a i r l y  

c l o s e  t o  t h a t  i n  a f u e l  assembly. 

11.1 Reference f o r  Sec t ion  11 

1. R. W .  Benjamin, F. J. McCrossen, T. C.  G o r r e l l ,  and V,  D. Vandervelde, 

A Cons i s t en t  S e t  of Heavy Act in ide  Multigroup Cross  Sec t ions ,  DP-1394 

E. I. du Pont de  Nemours and Co., Savannah River  Laboratory (1975). 



12.  THERMAL REACTOR TRANSMUTATION STUDIES 

T. C .  G o r r e l l  (Savannah River  Laboratory) 

The ab jec;t ive 0 6  ;thb aubXuA h i~ t o  atudy t h e  in-treactatr 
anpecb  0 6  long-Lived n u U e  W~nml lA;a; t ion i n  thenmat 
treactom. Utraniwn- and p.tu.toniwn-enttiched LWUA w X  be 
t h e  pk.inCipat treactoh t y p a  examined, aetlzough "CANDU" 
and h igh-powetr-de~ndy (SRL ptroduC;tion t y p e )  t h m a t  
treactonn w X  d o  be conaidehed. DwLing FY 19 77, $hth 
aub;tanh w X  be concehned w i t h  acoping atudien lead ing 
t o  t h e  detetuniMation 0 6  one otr ,two p t re6med Xhehmat 
treadotr XuMnrnu&u5our modu which w i l l  be examined i n  
d e t a i e  in FY 7978. 

Benchmark c a l c u l a t i o n s  of plutonium product ion i n  LWR f u e l  c e l l s  were 

completed. Measured va lues  of t h e  a c t i n i d e  content  of H. B. Robinson f u e l  

were compared wi th  c a l c u l a t e d  r e s u l t s  ob ta ined  from t h e  GLASS code. 
1 

Normalization between c a l c u l a t i o n s  and measurements was achieved by a ' s m a l l  

r educ t ion  i n  t h e  neutron width and cap tu re  width of t h e  6.7-eV resonance 

of 2 3 8 ~ .  Resu l t s  a r e  given i n  Table 12 .1  f o r  t h r e e  s e t s  of parameters a t  

two f u e l  exposures.  

The 2 3 5 ~  remaining a s  c a l c u l a t e d  by GLASS* is a few percent  l e s s  than  

measured. The c a l c u l a t e d  'PU/ 'U r a t i o  is  2% h ighe r  than measured. Good 

agreement w a s  a l s o  achieved i n  t h e  plutonium i s o t o p i c  r a t i o s  a t  t h e  two 

exposures .  The c a l c u l a t e d  2 4  O P U  con ten t s  a r e  s l i g h t l y  h ighe r ,  whi le  t h e  

2 q ' ~ ~  con ten t s  a r e  lower,  than  measured. 

The h o s t  l a t t i c e  f o r  t h e  a c t i n i d e  t ransmuta t ion  c a l c u l a t i o n s  is  des- .  

c r ibed  i n  r e f .  2. The f u e l  e lements ,  which a r e  arranged i n  a 17  x 17 a r r a y ,  

have' an i n i t i a l  2 3 5 ~  enrichment of 3.2 w t  %. The t o t a l  burnup achieved is  

33,000 PlWd/MTHM. Calcula ted  a c t i n i d e  con ten t s  of t h e  f u e l  a t  d ischarge  a r e  

given in Table 1 2 . 2 .  

* 
Cross s e c t i o n s  used were those  i n  t h e  s tandard  SRL 84-group l i b r a r y ,  

s p e c i f i e d  a s  STD.NUCPARAM.STANDARD and STD.MULTIGRP.STANDARD, as of March 

1377. 



Table 12.1.  Comparison of  measured and c a l c u l a t e d  
contents of H. B .  Robinson f u e l  

Ratio of 2 3  S~/totaZ U 

Exposure, MW~/MTHM 

W t  % 2 3 5 ~  

Measured Ca lcu l a t ed  

Ratio of 2 3 9 ~ / 2 3 e  U 

- * 3 9 ~ u / 2 3 8 u  (%I - 
Measured Calcu la ted  

Isotopic composition of % 

Pu i s o t o p e  

- - -  .- - -  
24,570 MWd/MTHM 30,9 20 MW~IMTHM 

Measured Ca lcu l a t ed  Measured Ca lcu l a t ed  



Table 12.2. Ac t in ide  con ten t  of i r r a d i a t e d  PWR f u e l a  

Ac t in ide  
Charged Discharged 

~IMTHM w t  % 

Uranium 

U-234 288 

U-235 32,000 

U-236 0 

U-238 967,712 

T o t a l  1,000,000 

Plutonium 

Pu-238 160 1.6 

Pu-239 5,744 56.5 

Pu-240 2,362 23.3 

Pu-241 1,339 13.2 

Pu-242 551 5.4 

T o t a l  10,156 100.0 

0 t h e r  a c f i n i d e s  

Np-237 512 

Am-241 4 8 

Am-243 109 

Cm-242 16  

Cm-244 34 

a 
Fuel  i s  i r r a d i a t e d  t o  33,000 MWd/MTHM a t  an average s p e c i f i c  

power of 37.5 MW/MT. 



Transmutat ion s t u d i e s  were made f o r  t h r e e  con f igu ra t ions  of t a r g e t  

material : 

1. uniform d i s p e r s a l  of a c t i n i d e s  i n  LWR f u e l  elements,  

2 .  a c t i n i d e s  concen t r a t ed  i n  s e p a r a t e  elements  i n  a PWR f u e l  assembly, and 

3 .  ac t in ide -con ta in ing  elements  comprising s e p a r a t e  assemblies ,  surrounded 

by uranium-enriched PWR f u e l  assembl ies .  

A summary of  r e s u l t s  f o r  each case  fo l lows .  Ca lcu la t ions  w e r e  made us ing  

t h e  SRZ, GLASS code, which computes multigroup neut ron  s p e c t r a  and r e a c t i o n  

r a t e s  f o r  s p e c i f i e d  c o n f i g u r a t i o n s  of f u e l  and t a r g e t  assemblies .  

Two methods were employed i n  a s s e s s i n g  t h e  e f f e c t i v e n e s s  w i th  which t h e  

was te  a c t i n i d e s  were f i s s i o n e d  i n  a given i r r a d i a t i o n  scheme. The f i r s t  was 

s imply t o  compare t h e  number of  grams of  waste  a c t i n i d e s  t h a t  would remain 

a f t e r  t ransmuta t ion  t o  t h a t  which would accumulate i f  t h e r e  were no i r r a d i a -  

t i o n .  I n  t h e  second method, each a c t i n i d e  w a s  weighted by h a l f - l i f e  on a 

l o g  s c a l e  of  0 t o  1 .0 ,  w i t h  t h e  1 .0  va lue  s e t  a t  l o 5  yea r s  ( fou r  t imes ;he 

h a l f - l i f e  of 'PU) . Act in ides  wi th  h a l f - l i v e s  less than o r  g r e a t e r  than  

l o 5  have weight ing f a c t o r s  less than 1 .0 ;  Resu l t s  ob ta ined  i n  t h i s  manner 

are des igna ted  " r e l a t i v e  importance.' '  

1 2 . 1  Uniform l l i s p e r s a l  i n  LWR Fuel 

I n  (h i3  mode of r ccyc le ,  n e t i n i d c s  o t h e r  than  uranium and plutonium 

( i . e . ,  t h e  "waste ac t in ides" )  were mixed uniformly wi th  r e g u l a r  LWR uranium 

f u e l ,  a t  a n  i n i t i a l  enrichment of 3 . 2  w t  % 2 3 3 ~  . Loadings were i n  a 1: 1 

r a t i o ;  t h a t  is, waste  a c t i n i d e s  from one discharged f u e l  element were 

charged t o  one new element.  I r r a d i a t i o n  t i m e s  were 3 yea r s  a t  an  80% 

c a p a c i t y  f a c t o r  (33,000 MW~/MT) ,  w i t h  1 year  of process ing  time; t h e  uranium 

and plutonium w e r e  no t  recyc led .  Af t e r  f i v e  r e c y c l e  ope ra t ions  ( t o t a l  t ime, 

20 y e a r s ) ,  t h e  neptunium and americium con ten t s  had ceased t o  change wi th  

exposure;  however, t h e  c o n t e n t s  of t he  h ighe r  a c t i n i d e s ,  e s p e c i a l l y  2 5 2 ~ f ,  

were s t i l l  i nc reas ing .  

I n  t h i s  ca se ,  t h e  waste  a c t i n i d e s  were removed from t h e  inventory  i n  

two ways: by f i s s i o n ,  and by conversion of t h e  2 3 7 ~ p  t o  plutonium, which 

was p a r t i t i o n e d  from t h e  waste  a c t i n i d e s  and would be  f i s s i o n e d  l a t e r  

when used as a f u e l .  A f t e r  f i v e  r e c y c l e s ,  only 15% of t h e  waste a c t i n i d e s  



had been f i s s i o n e d .  F igure  12 .1  compares t h e  r e l a t i v e  waste a c t i n i d e  

inventory  (excluding uranium and plutonium) w i t h  t h e  waste  ac t in ide  

2 3 7 accumulation i n  t h e  no-recycle ca se .  The conversion of Np t o  plutonium 

accounts  f o r  most of t h e  inventory  reduct ion .  The a s say  of plutonium 

obta ined  from a r e c y c l e  5 f u e l  element is  compared w i t h  a no-recycle 

element below: 

Pu 
i so tope  

Pu a s say  (%) 
Recycle 5 No r ecyc le  

F igure  12 .1  a l s o  shows t h a t  t h e r e  is l i t t l e  d i f f e r e n c e  between t h e  two 

methods ( i . e . ,  mass v s  r e l a t i v e  importance) of  accounting f o r  t h e  remaining 

a c t i n i d e s .  

12.2 Act in ides  Concentrated i n  Separa te  Elements 

Ac t in ides  o t h e r  than uranium and plutonium from 100 elements  were 

placed i n  a s i n g l e  element,  w i t h  zirconium being used as a d i l u e n t  t o  occupy 

t h e  remaining volume. The waste  a c t i n i d e s  from 100 r e g u l a r  f u e l  elements 

were added t o  t h e  inventory  a t  t h e  s t a r t  of each 3-year i r r a d i a t i o n  per iod .  

Adjacent e lements  contained t h e  s tandard  uranium-enriched PWK l oad ing  of 

A f t e r  f i v e  r e c y c l e  ope ra t ions ,  t h e  s p e c i f i c  power of t h e  t a r g e t  element 

exceeded t h a t  of t h e  uranium-enriched elements  by 50% and was inc reas ing  

w i t h  exposure. The r ecyc le  mode was r epea t ed ,  w i th  t h e  concen t r a t ion  f a c t o r  

reduced t o  50 : l .  The s p e c i f i c  power of  t h e  t a r g e t  e lements  was accep tab le  

f o r  t h i s  case .  F igure  12 .2  shows t h e  r e l a t i v e  inventory  f o r  t h i s  ca se ,  

i nc lud ing  a l l  a c t i n i d e s  from uranium t o  ca l i forn ium.  Af t e r  f i v e  r ecyc le s ,  

t h e  gram inventory  is 54% of t h a t  which would be experienced i n  t he  absence 

of i r r a d i a t i o n .  Using the  r e l a t i v e  importance index, t h e  inventory  is  64% 

of t he  no-recycle  case. 
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a c t i n i d e s  a.se concent ra ted  i n  s e p a r a t e  fuel elements .  

the 



Depleted uranium (0.2 w t  % 2 3  5 ~ ) ,  r a t h e r  than zirconium, w a s  used as 

t h e  a c t i n i d e  d i l u e n t  i n  one s e t  of c a l c u l a t i o n s  t o  s i m p l i f y  t a r g e t  d i s -  

s o l u t i o n .  The power genera ted  from 2 3 9 ~ ~  produced by t h e  2 3 8 ~  i n  t h e  d i l u e n t  

made i t  necessary  t o  reduce t h e  a c t i n i d e  concen t r a t ion  f a c t o r  t o  20: l .  Af t e r  

t h r e e  r e c y c l e  o p e r a t i o n s  (12 y e a r s ) ,  t h e  t o t a l  waste  a c t i n i d e  inventory  was 

equa l  t o  t h a t  f o r  no r e c y c l e  because t h e  plutonium produced from t h e  2 3 8 ~  

d i l u e n t  i n  the  t a r g e t  element was considered t o  b e  a waste a c t i n i d e  and 

r ecyc led  back t o  t h e  t a r g e t  element.  This  c a s e  i s  no t  d i r e c t l y  comparable 

t o  t h e  homogeneous r e c y c l e  c a s e  descr ibed  i n  Sec t .  12 .1  and w i l l  be pursued 

f u r t h e r  a t  a  l a t e r  d a t e .  

1 2 . 3  / \ i : t in i  r le-(hntaining Assemblies 

Two load ing  c o n f i g u r a t i o n s  f o r  s e p a r a t e  t a r g e t  assembl ies  were inves- 

t i g a t e d  us ing  neu t ron  f l u x  spectrum c a l c u l a t i o n s .  I n  t h e  f i r s t ,  a l l  element 

l o c a t i o n s  i n  t h e  square  assembly (264) contained waste  a c t i n i d e s  wi th  

zirconium d i l u e n t .  The thermal f l u x  i n  t h e  c e n t r a l  elements was heav i ly  

depressed ,  t o  a value  about  one-tenth t h a t  of t h e  ad j acen t  uranium-enriched 

a s sembl i e s .  The thermal  f l u x  i n  t he  o u t e r  a c t i n i d e  elements was four  t imes 

t h a t  of t h e  i n n e r  elements .  

I n  t h e  second conf igu ra t ion ,  waste  a c t i n i d e s  were charged only  t o  t h e  

e lements  n e a r  t h e  o u t s i d e  of t h e  t a r g e t  assembly, with H,O occupying i n n e r  

p o s i t i o n s .  Approximately 36% of t h e  element l o c a t i o n s  contained waste  

a c t i n i d e s .  The thermal  f l u x  i n  t h e  a c t i n i d e  elements  w a s  about one-half 

t h a t  of t h e  uranium-enriched assembl ies .  These r e s u l t s  i n d i c a t e  t h a t  t h e r e  

i s  l i t t l e  i n c e n t i v e  t o  employ a  s t anda rd ,  f u l l y  loaded LWR assembly f o r  

a c t i n i d e  d e p l e t i o n  under t h e s e  cond i t i ons .  A l t e r n a t e  p o s s i b i l i t i e s  include:  

(1)  s a l t i n g  t h e  elements  w i t h  h igh ly  enr iched  uranium o r  plutonium, (2) 

a new c o n f i g u r a t i o n  wi th  a  h ighe r  B70/uranium ra t . io ,  o r  ( 3 )  a p a r t i a l l y  

loaded assembly. 

No d e p l e t i o n  c a l c u l a t i o n s  have been made f o r  t h e  s e p a r a t e  assembly case .  

GLASS c a l c u l a t i o n s  r e q u i r e  about  four  t i m e s  a s  much computer time a s  t h e  

o t h e r ,  s impler  c o n f i g u r a t i o n s .  The GOSPEL code, which computes a c t i n i d e  

t r ansmuta t ion  f o r  a  f i x e d  f l u x  spectrum, is  being  modified t o  accommodate 

t h e  PWR c o n d i t i o n s .  



12.4 Program f o r  Next Quarter  

During t h e  nex t  q u a r t e r ,  f ou r  a d d i t i o n a l  c a s e s  w i l l  be s tud ied  wi th  

t h e  GLASS code: 

1. a l l  a c t i n i d e s  recyc led  except  uranium, mixed wi th  n a t u r a l  uranium i n  

t h e  concen t r a t ion  needed f o r  r e a c t i v i t y ,  

2. a l l  a c t i n i d e s  recyc led ,  w i t h  2 3 5 ~  added a s  needed f o r  r e a c t i v i t y ,  

3. waste  a c t i n i d e  elements i n  t h e  l a t t i c e  comprised of mixed plutonium- 

uranium f u e l ,  and 

4 .  s e p a r a t e  assembl ies  of waste  a c t i n i d e s  i n  a D20 r e a c t o r  system. 

I n  a d d i t i o n ,  t h e  i r r a d i a t i o n  per iod  of some of t he  ca ses  w i l l  be  extended 

us ing  t h e  GOSPEL code, wi th  neut ron  s p e c t r a  obta ined  from GLASS. 

12.5 References f o r  Sec t ion  12 
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13 .  NEL CYCLE IMPACT STUDIES 

A .  G .  Croff (Oak Ridge National Laboratory) 

The ob jec t i ve  0 6  A%..& Za~h i~ t o  andyze Zhe h p a a 2  
0 6  p a m % i o n i n g - ~ r n W o n  Zhat m e  nu t  b h g  
coMnklmed by O&UL subRanhn. E x a m @ - e ~  0 6  duch 
h p a a 2  m e  t h e  ebdea2 o  6 t h e  hecqded ac t i n i de  
n e ~ o n  auSvL ty  on nu&eah d u d  cyc le  o p W o ~ n  
and d & M n a ; t i o n  of; t h e  hecycled ac t i n i de  inven- 
,tohicn ,in huct cycRe, 

This task was not active during the April-June report period. 



14.  RISK~BENEFIT .ANALYSIS OF CONCEPT 

(Oak Ridge National  Laboratory and B a t t e l l e  Northwest) 

The ob jective 0 6  t k i n  ltank t o  e?l;timcLte the  addi- 
;tion& &dz~ ;that m e  h c m e d  a~ a &e?luLt 0 6  inmecued 
handling o 6 t he  long-lived nu did^, and the  l o n g - t m  
beneb& ,that would a c m e  cu a &u& 0 6  ,the biolog- 
ic&y ~ i g n i 6 i c a n t ,  Long-lived nudide  content 0 6  
hadioactive uracstu bdng aignidicantey &educed. 

This  task i s  i n a c t i v e  dur ing  M 1977. 



PLANTS IN A PARTITIONING-TRANSMUTATION FUEL CYCLE 

(Oak Ridge National Laboratory) 

Tkin abth w d Y  pmvide d W e d  cont emXmuX4n 0 6  dud 
&ep&ocebsLng and ke6abhication gavLtn o p w n g  w i t h  
and w&out pah;ti;tioning and &ummLLtation. The 
a n d y a h  w 2 . t  a how the  economic i m p a m  ad X h h  op&Lon 
on ;the duet c y d e .  

This task is inactive during FY 1977. 



16. PARTITIONING-TRANSMUTATION ANALYSIS, COORDINATION, AND EVALUATION 

D.  W. Tedder, A. G. Croff ,  and J. 0.  Blomeke 
(Oak Ridge National  Laboratory)  

T k i n  ;tank c o o h d i n a t a  all  ol thm e d d o m  & d a t e d  $0 

lthe pognam. 1vLtegtrated 6 L o w h e m  m e  devdoped 
dhom lthe e x p & e W  e v d u a L h n  06 subsqsXem 
U l i t k in  Xhe d u d  and ,tuJ~g& h e p h 0 ~ ~ 4 h T g  and 
neaab/ticaAbn @&. k e t a M v e  6Low h e a  
m e  evaluated; o p I t i o ~  m e  chosen doh d W e d  
a n d y s h .  C0n.h- m e  dedined wk ich  BacieLtate 
t h e  integhcr;tion 0 6  lthe concept .to d& aspe.cA 06 

t h e  d u d  c y c l e .  

16.1 I n c i n e r a t i o n  Analysis  

Addi t iona l  a n a l y s i s  w a s  conducted dur ing  t h i s  q u a r t e r  t o  examine 

i n c i n e r a t i o n  a l t e r n a t i v e s  i n  g r e a t e r  d e t a i l .  This  u n i t  ope ra t ion  i n t e r a c t s  

wi th  many o t h e r  waste  management s t e p s  i n  f u e l  r ep roces s ing  and r e f a b r i c a t i o n ,  

inc luding  the  ac id  and water  r e c y c l e  systems, salt  waste  management, off-gas 

t rea tment ,  and the  low- and in te rmedia te - leve l  w a s t e  immobil izat ion systems. 

Although smal l  amounts of combust ibles  may be  t o l e r a t e d  i n  a  f e d e r a l  

waste  r e p o s i t o r y ,  requirements  w i l l  l i k e l y  d i c t a t e  t h a t  a l l  radwastes  be 

chemical ly and r a d i o l o g i c a l l y  s t a b l e .  I n  a d d i t i o n ,  as much a s  25% of t h e  

t o t a l  a c t i n i d e  l o s s e s  may be  t o  combustible was tes .  Although t h e  t o x i c i t y  

indexes of t hese  was tes  a r e  gene ra l ly  s e v e r a l  o r d e r s  of magnitude lower* than  

the i n d e x  of the high-level  waste ,  they a r e  s t i l l  important  w i th  r e s p e c t  t o  

minimizing t h e  t o t a l  a c t i n i d e  l o s s e s  and should not  be  ignored.  Consequently,  

t h e  i n t e g r a t e d  p a r t i t i o n i n g  f lowsheets  i nc lude  radwaste i n c i n e r a t i o n  and sub- 

sequent  t rea tment ,  a l though t h e  most a t t r a c t i v e  system has  no t  y e t  been 

conc lus ive ly  i d e n t i f i e d .  

The assumed combust ible  wastes ,  which are summarized i n  Tables  16 .1  and 

16 .2 ,  inc.l.1ide a var ie ty  of m a t e r i a l s  wi th  d i f f e r e n t  l e v e l s  of contaminat ion.  

* 
Because t h e  r a d i o a c t i v i t y  i s  more dilute. 



Table 16.1. Composition of combustible trash 

C omponcn t wt % 
- 

Cellulose 8 8 

Latex 

Neoprene 

Hypalar 7 

Polyvinyl chloride 4 

Polyethylene 3 

Table 16.2. Composition of combustible waste 

Component wt % 

Trash 

Activated carbon 

Waste TBP solvent 

Cation exchange resins 

Kerosene 

Mixed ion exchange resins 

Anio11 exchange resins 



Extensive pre t rea tment  of t h e s e  was tes  would b e  r equ i r ed ,  r e g a r d l e s s  of 

t h e  type  of i n c i n e r a t i o n  used. Moreover, t h e  r equ i r ed  s o r t i n g ,  shredding,  and 

tramp-metal removal ope ra t ions  are l a r g e l y  unavoidable and n o t  s u b j e c t  t o  

conceptual  op t imiza t ion .  On t h e  o t h e r  hand, t h e  i n c i n e r a t i o n  method is  

s u b j e c t  t o  op t imiza t ion  and s e v e r a l  cons ide ra t ions  appear  important .  These 

inc lude :  (1) a c t i n i d e  r e c o v e r a b i l i t i e s  from t h e  i n c i n e r a t o r  e f f l u e n t s ,  (2)  

r e s u l t i n g  e f f l u e n t  compositions and volumes, (3) system s a f e t y  and o p e r a b i l i t y ,  

and (4) long-term maintenance requirements  and system a v a i l a b i l i t y .  The 

r e l a t i v e  c o s t s  a r e  a l s o  important ,  b u t  a r e  n o t  a dominant cons ide ra t ion  i n  

t h e  con tex t  of  a c t i n i d e  p a r t i t i o n i n g .  Because of t h e  many common c o n s t r a i n t s  

(e .g . ,  remote ope ra t ion ,  off-gas n e u t r a l i z a t i o n ,  e t c . ) ,  radwaste i n c i n e r a t i o n  

w i l l  probably be  unavoidably expensive.  

The c u r r e n t  genera t ion  of r e f e r e n c e  f lowsheets  assumes t h a t  t h e  radwaste  

w i l l  be  i n c i n e r a t e d  i n  a f l u i d i z e d  bed of sodium carbonate1 opera ted  a t .  about  

500°C, as shown i n  Fig.  16.1. This  system h a s  s e v e r a l  advantages,  i nc lud ing  

i n  s i t u  n e u t r a l i z a t i o n  of a c i d i c  off-gases  and low-temperature opera t ion .  

It a l s o  has  disadvantages,  i nc lud ing  (1) r e l a t i v e l y  h igh  volumetr ic  off-gas 

r a t e s ,  (2) incomplete combustion of s o l i d  w a s t e s ,  and (3) i n a b i l i t y  t o  

s o l u b i l i z e  r e f r a c t o r y  plutonium. I n  a d d i t i o n ,  it  gene ra t e s  s u b s t a n t i a l  

q u a n t i t i e s  of s a l t  wastes  which must be managed. 

In  t h e  r e f e rence  f lowsheets ,  t h e  s o l i d  e f f l u e n t s  from t h e  f l u i d i z e d -  

bed i n c i n e r a t o r  (FBI) a r e  combined and t r e a t e d  f o r  a c t i n i d e  recovery.  Th i s  

t rea tment  involves  fou r  s t e p s :  (1.) water  wash of t h e  combined s o l i d  e f f l u e n t s ,  

(2) s e p a r a t i o n  of t h e  i r isoluble  was tes  (ashes)  from t h e  sal t  l i q u o r ,  (3) 

HNOs l each ing  t o  recover  a c t i n i d e s  from t h e  ashes ,  and (4) c a t i o n  exchange t o  

recover  a c t i n i d e s  from t h e  sal t  l i q u o r .  The f i r s t  s t e p  c o n s i s t s  p r i m a r i l y  of 

s e p a r a t i n g  t h e  undes i r ab le  phosphate,  s u l f a t e ,  and c h l o r i d e  an ions  from t h e  

i n s o l u b l e  a sh  r e s idue .  Since some a c t i n i d e s  form water-soluble  carbonates ,  

t h e  p a r t i t i o n i n g  f a c i l i t y  must be  capable  of recover ing  them, poss ib ly  as 

suggested i n  s t e p  4 .  

Most of t h e  a c t i n i d e s ,  however, a r e  expected t o  remain wi th  t h e  w a t e r -  

i n s o l u b l e  a sh ,  and s t e p  3 would be  complicated by two e f f e c t s :  (1) t h e  

p o s s i b l e  organic  contaminat ion of t h e  a s h  from incomplete combustion, and 

(2)  the i ~ ~ s a l u b i l i t y  of r e f r a c t o r y  plutnnium i n  HIJ0.7 a lone .  The f i r s t  
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cons ide ra t ion  may r e s u l t  i n  hazardous ope ra t ing  c o n d i t i o n s  due t o  t he  

p o t e n t i a l  f o ~ m a t i o n  and accumulation of n i t r a t e d  organic  exp los ives .  The 

second cons ide ra t ion  i n d i c a t e s  t h a t  s i g n i f i c a n t  plutonium l o s s e s  would 

probably occur i f  r e f r a c t o r y  plutonium i s  even tua l ly  introduced i n t o  the  

i n c i n e r a t o r  i n  l a r g e  amounts. These l o s s e s  could be kep t  low, of course ,  

i f  on ly  uranium-enriched f u e l s  a r e  processed;  however, they  may become 

unacceptably high dur ing  t h e  process ing  of f a s t  r e a c t o r  f u e l s  o r  t rans-  

mutat ion t a r g e t s .  

F igures  16.2 and 16.3 o u t l i n e  one p o s s i b l e  a l t e r n a t i v e  i n c i n e r a t i o n  

system, which burns  t h e  same wastes  a s  t h e  FBI i n  F ig .  16 .1  b u t  u t i l i z e s  a 

combination of convent iona l ,  c o n t r o l l e d - a i r  i n c i n e r a t i o n 2  and molten-sal t  

fu s ion .  The c o n t r o l l e d - a i r  i n c i n e r a t o r  b u m s  t h e  ion  exchange r e s i n s ,  

.waste kerosene,  and gene ra l  t r a s h .  A c a u s t i c  scrub n e u t r a l i z e s  t he  c o r r o s i v e  

off-gases .  I n  F ig .  16.3, a molten-sal t  bed achieves  a  more complete com- 

b u s t i o n  of carbon i n  t he  c o n t r o l l e d - a i r  i n c i n e r a t o r  a shes  and a l s o  burns 

t h e  phosphate-bearing wastes ,  which o therwise  tend t o  form a dense,  b l ack  

smoke. The s a l t  e f f l u e n t  should have only a  very  low con ten t  of unoxidized 

carbon and p o t e n t i a l l y  w i l l  c o n t a i n  only  i o n i c  plutonium, which w i l l  r e a d i l y  

d i s s o l v e  i n  HN03. 

Since t h e  sal t  fu s ion  system a l s o  d i s s o l v e s  t h e  s i l i c a t e s ,  i t  then 
4 

becomes necessary  t o  perform a g e l a t i n  s t r i k e  subsequent t o  n i t r a t i o n  of 

t h e  sal t  cake. Otherwise, p o l y s i l i c a t e s  would form a n o n f i l t e r a b l e  g e l  i n  

t h e  a c i d  s o l u t i o n .  The r e s u l t i n g  g e l a t i n - s i l i c a t e  p r e c i p i t a t e  can be e a s i l y  

f i l r e r e d .  however. and p a s t  experience4 sugges t s  t h a t  s i g n i f i c a n t  a c t i n i d e  

l o s s e s  t o  t h e  p r e c i p i t a t e  can be  avoided by s imple washes wi th  0 .1  - M HN03. 

Unfortunately,  zirconium tends  t o  remain wi th  t h e  p r e c i p i t a t e ;  t hus  it  

would probably be  necessary  t o  i nco rpora t e  t h i s  p r e c i p i t a t e  i n t o  t h e  high- 

l e v e l  g l a s s .  Although t h e  presence of g e l a t i n  could cause s a f e t y  problems 

i n  t h e  s o l i d i f i c a t i o n  ope ra t ion ,  t h e  excess  g e l a t i n  i n  t h e  r e s u l t i n g  superna te  

i s  no t  expected t o  i n t e r f e r e  adve r se ly  wi th  any subsequent a c t i n i d e  recovery 

ope ra t ions  o r  sal t  waste immobil izat ion i n  concre te .  

I n  comparing t h e  e f f l u e n t s  from these  two i n c i n e r a t o r s ,  d i f f e r e n c e s  

e x i s t  w i t h  r e s p e c t  t o  bo th  e f f l u e n t  compositions and volumes. The c o n t r o l l e d  

a i r  i n c i n e r a t o r ,  f o r  example, would f a c i l i t a t e  a  s e p a r a t i o n  of t h e  a c t i n i d e s  
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i n  t h e  wastes from t h e  c h l o r i d e  and s u l f a t e  an ions .  The i n c i n e r a t i o n  o f  TRP 

i n  t h i s  system might a l s o  permi t  s e p a r a t i o n  of t h e  phosphate anion.  I n  

F ig .  16.1,  t hese  s p e c i e s  a r e  mixed toge the r  i n  t h e  carbonate  l i q u o r .  On t h e  

o t h e r  hand, t h e  mol ten-sa l t  system s o l u b i l i z e s  t h e  a s h  materials t h a t  would 

o the rwi se  remain behind du r ing  t h e  subsequent HN03 l e a c h  of t h e  FBI ash .  

Table 16 .3  summarizes t h e  r e l a t i v e  e f f l u e n t  vol~rmes according t o  genera l  

t ypes .  The most pronounced advantage f o r  t h e  combination i n c i n e r a t o r  is  t h e  

r e d u c t i o n  i n  off-gas r a t e s .  (This  r a t i o  may be  c l o s e r  t o  0.2.)  The use of 

sodium i n  the combined system could a l s o  b e  f u r t h e r  reduced i f  a l l  t h e  

c a u s t i c  i n  t h e  of f -gas  s c rub  is  n e u t r a l i z e d ,  b u t  more than h a l f  of t h e  

sodium i s  committed t o  t h e  sal t  fu s ion  system. From t h e  st .andpntnt  of 

e f f l u e n t  volume, t h e r e f o r e ,  i t  appears  t h a t  no dramatic  r educ t ion  is l i k e l y  

excep t  i n  t h e  r e l a t i v e  of f -gas  r a t e s .  However, t h e  combination system may 

e x h i b i t  some a d d i t i o n a l  f l e x i b i l i t y  s i n c e  i t  might be p o s s i b l e  t o  . u t i l i z e  

t h e  TBP sc rub  was tes  as a f l u x  i n  t h e  sal t  fu s ion .  This  approach might 

f u r t h e r  reduce t h e  salt  waste  volumes, b u t  could a l s o  complicate  t h e  sub- 

sequent  a c t i n i d e  recovery  s i n c e  t h e  TBP scrub can be h igh ly  contaminated. 

Consequently,  t h e  most c l e a r l y  perceived advantage f o r  t h e  combined system 
a 

is  i t s  p o t e n t i a l  f o r  s o l u b i l i z i n g  r e f r a c t o r y  a c t i n i d e s .  

J 

Table 16.3. Re la t ive  e f f l u e n t  volumes 

E f f l u e n t  
Cuu~bined sys tern 

FBI system 

Off-gas r a t e s  0.58 

Aqueous volumes 1.30 

Sol id  weights  0.94 

Moles of sodium consumed 0,81 



16.2 Other A c t i v i t i e s  

An overview of t h e  program was presented  a t  t h e  Second Annual ERDA 

Workshop on Act in ide  Recovery i n  Richland, Washington. The meeting was 

gene ra l ly  product ive ,  and s e v e r a l  new i d e a s  f o r  waste  management were 

suggested.  

Coordinat ion e f f o r t s  i n  t h e  v a r i o u s  o f f - s i t e  p a r t i c i p a n t s  cont inued.  

The pre l iminary  eva lua t ion  of t h e  pa r t i t i on ing - t r ansmuta t ion  concept w i l l  

be  completed next  q u a r t e r ,  and e f f o r t s  a r e  now under way t o  develop a d r a f t  

r e p o r t  summarizing a s e t  of updated f lowsheets  which f e a t u r e  t h e  coprocessing 

of uranium and plutonium, a s  w e l l  a s  co-s i ted  r ep roces s ing  and r e f a b r i c a t i o n  

f a c i l i t i e s .  
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