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A3 S T R A (; T 

P l u t o n i u m  metal  sc rzp ,  o x i d e ,  and o t h e r  r e s i d u e s  a r e  processed a t  

'Rocky F l a t s  u s i n q  b o t h  pyrocheni ical  and aqueous methods. The pyrocherni - 
c a l  processes c u r r e n t l y  i n  p r o d u c t i o n  i n c l u d e  e l e c t r o r e f i n i n g ,  f l u o r i -  

n a t i o n ,  h y d r i d i n q ,  in01 t e n  s a l t  e x t r a c t i o n  ( N S E ) ,  c a l c i n a t i o n ,  and 

r e d u c t i o n  o p e r a t i o n s .  I Aqueous p rocess inq  and waste t r e a t m e n t  methods 

i n v o l v e  n i t r i c  a c i d  d i s s o l u t i o n ,  i o n  exchanqe, s o l v e n t  e x t r a c t i o n ,  and 

p r e c i p i t a t i c n  techn iques .  An ove rv iew  of t h e  c h e m i s t r y  i n v o l v e d  i n  

t h e s e  o p e r a t i o n s  w i l l  be g i ven .  Research i n  p r o q r e s s  t o  improve t h e s e  

o p e r a t  i o n s  , o r  develop new processes, w i  11 a1 so be oresented. 

INTRODUCTION 

Rocky F l a t s  i s  a Government-owned and c o n t r a c t o r - o o e r a t e d  fac i !  i t v  
which o r i q i n a t e d  i n  1952. The P l a n t ' s  p r imary  m i s s i o n s  a r e  n e t a l  

f a b r i c a t i o n ,  assenbly ,  and c h e n i c a l  p r o c e s s i n g - - w i t h  emphasis on 

p r o d u c t  i o n - r e l a t e d  r e s e a r c h  and deve l  oonent. Cherni c a l  p r o c e s s i  nq 

a c t i v i t i e s  i n v o l v e  t h e  recove ry  o f  p lu ton ium f rom Rocky F l a t s  P l a n t  

sc rap ,  waste m a t e r i a l s  and res idues ,  and e f f l u e q t  streams. The f i n a l  

p r o d u c t  o f  t h i s  rec0ver.y and p u r i f i c a t i o n  e f f o r t  i s  h i q h - p u r i t y  

p l u t o n i u m  meta l  f o r  use i n  foundry  ope ra t i ons .  

Both  p.yrochemica1 and aqueous methods a r e  used a t  Rocky F l a t s  t o  

p rocess  p l u t o n i u m  meta l  scrap, ox ide ,  and o t h e r  res idues .  The p y r o -  

chemical  processes c u r r e n t l y  i n  p r o d u c t i o n  i n c l u d e  e l e c t r o r e f i n i n q ,  

f l u o r i n a t i o n  , h v d r i d i  nq , mol t e n  s a l t  e x t r a c t i o n ,  c a l c i n a t i o n ,  and 

r e d u c t i o n  o p e r a t i o n s .  Aqueous p rocess inq  and waste t r e a t m e n t  methods 

i n v o l v e  n i t r i c  a c i d  d i s s o l u t i o n ,  i on  exchange, s o l v e n t  e x t r a c t i o n ,  and 

p r e c i p i t a t i o n  techn iques .  A b r i e f  ove rv iew  o f  t h e  c h e m i s t r y  i r r vo l ved  i n  

t h e s e  o p e r a t i o n s  w i l l  be given. Research t o  improve t h e s e  o o e r a t i o n s ,  

o r  develop new processes,  w i l l  a l s o  be presented.  
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F i q u r e  1 shovrs a sirnpl i f i e d  f l o w  sheet f o r  p !u ton iu i i~ -233 rec0ver.y 

o p e r a t i o n s  a t  Rocky F l a t s ,  Impure p l u t c n i u m  m o t 2 1  i s  sen t  th rough a 
p y r o c h m i c a l  process,  c i l l e d  mo l t sn  s a l t  e x t r a c t i o n  ( M S E ) ,  t o  remove t h e  

e lementa l  impur i t , y  americiuil i .* The produc t  p l u t o n i c m  meta l  , i f  i t  meets 

P l a n t  p u r i t y  r e q u i r m e n t s ,  i s  sent  t o  the  fcundry .  Fletal  t h a t  dces n o t  

meet foundry  r e q u i  rernents i s  processed f u r t h e r ,  e i t h e r  th rough  an 

aqueous p rocess  us i r i s  i o n  exchange, o r  t h rough  a p.yrochernica1 e l e c t r o -  

r e f i n i n g  process.  The waste c h l o r i d e  s a l t  from i4SE i s  d i s s o l v e d ;  t h e n  

t h e  a c t i n i d e s  a re  p r e c i p i t a t e d  w i t h  carbonate  and r e d i s s o l v e d  i n  71.1 

“03; f i n a 1 l . y  t h e  p l t i t on iu in  is  p u r i f i e d  b.y an ion  excharrge. 

Impure p lu ton iu r l i  ox ide  res idues  are  d i s s o l v e d  i n  12111 H N 0 3 - O . l N  HF 

under  r e f l u x i n g  c o n d i t i o n s  and then p u r i f i e d  by an ion  exchanqe. 

P lu ton ium i s  leached f rom o t h e r  res idues ,  such as meta l  and g lass ,  and 

i s  a l s o  p u r i f i e d  by an ion  exchange. The p u r i f i e d  e l u a t e  f r o 3  t h e  ar,ion 

exchanqe process  i s  p r e c i p i t a t e d  w i t h  h,ydrogen pe rox ide .  The p l u t o n i u m  

p e r o x i d e  i s  c a l c i n e d  t o  t h e  ox ide ,  and t h e  p l u t o n i u m  o x i d e  i s  f l u o r i -  

nated.  The p l u t o n i u m  t e t r a f l u o r i d e  i s  f i n a l l y  reduced t o  t h e  meta l  w i t h  

c a l  c i  urn. 

A c i d  waste streams a re  processed th rough n i t r i c  a c i d  recove ry  and 
t h e n  sent  t o  a secondary p l u t o n i u m  recover,y process which zses an ion  

exchanqe. A c i d ,  b a s i c ,  and l a u n d r y  waste streams a r e  then  conbined and 

sent  t o  !Alaste Treatment. 4 d i s c u s s i o n  o f  t h e  process s teps  shown on 

F i g u r e  1 f o l l o w s .  

Mol t e n  S a l t  E x t r a c t i o n  

M o l t e n  s a l t  e x t r a c t i o n  has been used very s u c c e s s f u l l y  a t  P0ck.y 

F l a t s  s i n c e  1367 t o  reniove arnericiuin f rom p1utnn iuT. l  s 2  Plu ton ium,  i n  

* Amer ic ium qrows i r ;  t h e  p lu ton ium-239 fro7 t h e  h2t3 decay o f  
p lu ton ium-241.  
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2-kg batches,  i s  c o n t a c t e d  a t  750°C: w i t h  a mo l ten  s a l t  o f  35 mole X 
FlaC1-35 mole Z KC1-30 mole X i.lgCl2. The f - igC lz  r e a c t s  w i t h  t h e  arnericiurrl 

a c c o r d i n g  t o  t h e  r e a c t i o ? :  

Am t 3/2 i.lqC12 + ArnCl 3 + 3 / 2  F4q 

SI 

I n  a d d i t i o n ,  some p l i i t o n i u v  i s ' a l s o  l o s t  t o  t h e  s a l t  a s  PuCl3. A tw- 
s t e p  c o u n t e r - c u r r e c t  e x t r a c t i o n  i s  used t o  m i n i m i z e  t h e  amount of s a l t  

used i n  t h e  MSE process, reduce p l u t o n i u v  l o s s e s  t o  t h e  s a l t ,  and 

ach ieve  t h e  p r o p e r  l e v e l  o f  americ ium removal. 1 

.._ . The spent s a l t  f rom MSE i s  c u r r e n t l y  sen t  t o  an aqueous 

d i s s o l u t i o n / c a r b o n a t e  p r e c i p i t a t i o n  process t o  recove r  p l u t o n i u m  and 

americium. E f f o r t s  t o  recove r  p l u t o n i u m  and amer ic ium from spent 

NaC1-KC1-MgC12 MSE s a l t r  u s i n g  p y r o c h e m i s t r y  have been p a r t i a l l y  

s u c c e s s f u l  .4 

have been used i n  t h e  p a s t  t o  recove r  p l u t o n i u m  and americ ium, and 

produce s a l t s  which meet P l a n t  d i s c a r d  1 i m i  t s .  At tempts a t  c i i - rec t - - ' -  

r e d u c t i o n s  o f  MSE s a l t s  u s i n q  c a l c i u m  meta l  have been -!ess.._successficl , 
w i t h  a d i s c a r d a b l e  w h i t e  s a l t  phase, a. .nondiscardahle._bl.ack..  s a l t  phase, 

and l i t t l e  o r  no meta l  ~ r o d u c e c i . ~  U n t i l  r e c e n t l y ,  pyrochemical  a1lo.v 

p r o d u c t s  f rom s a l t  c leanuc have n o t  been: c o m p a t i b l e  wi.th: o t h e r  P l a n t  

o w r a t i o n s  becau,se o f  t h e  d i f f i c u l t y  i.n removinq i m p u r i t i e s ,  silch as 
a l u r n i n u m  and c a l c i u m ,  f rom t h e  americi.um - d u r i n q  aqueouls b r o c e s s i n q .  

Development o f  t h e  CV!P process ( v i d e  i n f r a ) ,  which removes- these i m p u r i -  

t i e s ,  has  renewed t h e  i n t e r e s t  i n .  p y r ~ o ~ F i ~ m . i . c a l - . r . e c o v e r y ~ ~ ~ o f s p e n t  MSE 

s a l t . 3  
i n v e s t i g a t e d .  f o r  PlSE. 

t b t a l l o t h e r m i c  r e d u c t i o n s  u s i n q  A l - r lq  and Zn-Mg a l l D y s -  - 

. .  

.~ . .. - 

_.. - . _. 

. .~ -- 

Other s a l t  systems, such -- as ._ b!aC!-CaCl2-t,lqC12, w i l l  aga in  be 

Calcium- r e d u c t i o n s  of CaC12-based s a l t s  have been 

shown t o  be s u c c e s s f u l  i n  t h e  p a s t  and c o u l d  l e a d  t o  a more c o m p a t i b l e  

s a l t  system i n  t h e  f u t u r e  a t  Rocky-F-lats f o r  MSE. - -  4 

E l e c t r o r e f i n i  nq  

I 

Impure p l u t o n i u m  meta l  froin MSE and 9 i r e c t  Ox ide  Reduct ion ( D O R )  i s  
s e n t  t o  an e l e c t r o r e f i n i n a  operat , ion.6 I n  plutonium e l e c t r o r e f i n i q q ,  

4 



inipure p l u t o n i u m  meta l  i s  p laced i n  a mol ten  s a l t  e l e c t r o l y t e  o f  q u i -  

molar  N a C l - K C l  and 3 mole % ilqC12. T r i v a l e n t  p?utoni i r in  i ons ,  r e q u i r e d  

t o  s t a r t  e l e c t r o l y s i s ,  a r e  generated -- i n  s i t u  by t h e  llgCl;! o x i d a t i o n  o f  

p l u t o n i u m  meta l .  l h e  ii:ipure P lu ton ium metal i s  m d e  anodic  ( p o s i t i v e )  

and a tunqs ten  e l e c t r o d e  i s  made c a t h o d i c  ( n e g a t i v e ) .  Lihen d d i r e c t  

c u r r e n t  i s  a p p l i e d ,  p l u t o n i u m  a t  t h e  anode i s  a n o d i c a l l y  d i s s o l v e d  and 

p l u t o n i u m  m e t a l  i s  d e p o s i t e d  a t  t h e  cathode. The chemical  b a s i s  f o r  

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

f r e e  energy o f  f o r m a t i o n  (-A+) f o r  the  c h l o r i d e s  o f  p l u t o n i u m  and t h e  

i m p u r i t y  elements. Elements w i t h  va lues o f  -A+ s m a l l e r  t han  t h a t  f o r  

p l u t o n i u m  w f l l  remain i n  t h e  anode. The t r a n s f e r  o f  i m p u r i t i e s  i s  s e t  

by t h e  e q ~ i i l i b r i u m  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  each element p a r t i t i o n -  

i n g  between t h e  mol t e n  anode-sal t i n t e r f a c e  and t h e  mol t e n  p l u t o n i u m -  

s a l t  i n t e r f a c e  a t  t h e  cathode.  4 

Spent anode hee ls  f rom e l e c t r o r e f i n i n q  (wh ich  c o n t a i n  a p p r o x i m a t e l y  

20-30 pe rcen t  o f  t h e  p l u t o n i u m  fed  t o  the  p m c e s s )  a re  e i t h e r  r e c y c l e d  

back t o  e l e c t r o r e f i n i n q ,  o r ,  i f  h i g h  enouqh i n  i m p u r i t i ? s ,  a re  o x i d i z e d  

and sent  t o  o x i d e  d i s s o l u t i o n .  The spent s a l t  i s  sent  t o  aqueous 

d i s s o l u t i o n  (see F i q u r e  1). 

F u t u r e  bvork t o  be done i n  e l e c t r o r e f i n i n q  i n c l u d e s  e v a l u a t i o n  o f  

CaCl2-based s a l t s ,  s i m i l a r  t o  those cons idered f o r  use i n  FtSE, which 
h i l l  a l l o w  d i r e c t  r e d u c t i o n  o f  p l u t o n i u m  f rom t h e  s a l t s .  Pdst r e s e a r c h  

and development usincl !iaC1-CaCl2-!4qCl2 f o r  e l e c t r o r e f i n i n q  looked 

promis inq .  

t h e  a b i l i t y  t o  recove r  t h e  o lu ton ium w i t h  ?he p r o d u c t  meta l  and produce 

s a l t  meet inq  t h e  P l a n t ' s  d i s c a r d  1 i r n i t s .  

-- I n  s i t u  r e d u c t i o n  o f  p l u t o n i u m  from t h e  s a l t  demonst ra ted  

4 

The a b i l i t y  t o  reuse t h e  s a l t  w i l l  be i n v e s t i q a t e d .  Pyrochemical  

t echn iques  t o  recove r  p l u t o n i u m  f rom spent anode hee ls  w i l l  a l s o  be 

examined. 

i n  a d i l u e n t  s a l t  of 45 r l o le  '?, K l - 5 4  c o l e  % CaC12 t g  o x i d i z e  t h e  

p l u t o n i u m  t o  PuC13. The reduced z i n c  scavenqes t h e  i i l i p u r i t i e s  and 

separa tes  froiri the  s a l t .  The s a l t  i s  reduced i n  a d i l u e n t  s a l t  o f  

One t echn ique ,  c a l l e d  pyroredox ( v i d e  -- i n f r a ) ,  u t i l i z e s  ZnCl;! 

4 
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26 mole % KC1-74 mole '4 CaC12 t o  recover  t h e  n u r i f i e d  p l u t o n i u m  which 

can he r e t u r n e d  t o  e l e c t r o r e f i n i n q  o r ,  i f  pu re  enouqh, t o  t h e  foundry .  

Pyroredox i s  a l s o  be inq  i n v e s t i q s t e d  ss a p r i w a r y  o p e r a t i o n  t o  p u r i f y  

p l  u t  on i urn, d 1 o ncj vi i t h e 1 e c  t r o r e  f i n i nil. 

Py r o  r e d  o x 

Pyroredox i s  a t h r e e - s t e p  Dlutoni i i r i i  p u r i f i c a t i o n  p r o ~ e s s . ~  Impure 

p l u t o n i u m  n ieta l  i s  reac%ed w i t h  ZnCl;! i n  a s o l v e n t  s a l t  o f  KC1-CaC12, as 

f o l  1 ows : 

Pu t 3/2 ZnClz + PuCl3 t 3/2 Zn 

I m p u r i t i e s  l e s s  c h e m i c a l l y  r e a c t i v e  than p l u t o n i u m  f o l l o w  t h e  

z i n c .  The s a l t  and z i n c  a re  a?'lowed t o  s o l i d i f y  and a re  separated.  The 

PuC13, c o n t a i n e d  i n  t h e  s a l t ,  i s  reac ted  w i t h  ca l c ium,  acco rd ing  t o  t h e  

r e a c t i o n :  

PuC13 t 3/2  Ca .+ 3 / 2  CaC12 f P u  

The p l u t o n i u m  reduces and separates from t h e  s a l t  phase. I n a t h e  t h i r d  

s tep ,  d i s t i l l a t i o n  i s  used t o  separate the  more v o l a t i l e  z i n c  and 

c a l c i u i i  f rom t h e  p lu ton ium.  

Pyroredox  i s  cur ren t1 .y  under development. Severa l  problems have 

been i d e n t i f i e d  and work i s  underway t o  overcome these o b s t a c l e s .  

As ment ioned p r e v i o u s l y ,  t h i s  process has immediate app l  i c a t i o n  as 

a p r i m a r y  p l u t o n i u h  p u r i f i c a t i o n  process and as a means t o  p rocess  merit 
e l e c t r o r e f i n i n q  anodes f o r  d i r e c t  r e c y c l e  back t o  e l e c t r o r e f i n i n q .  

D i r e c t  Oxide Reduct ion  

Imp len ien ta t ion  o f  t he  D i r e c t  Oxide Reduct ion  ( D O R )  process i n t o  

p r o d u c t i o n  i s  c u r r e n t 1  y underway. P lu ton ium o x i d e  from foundry  opera-  

t i o n s ,  h y d r i d i n q ,  and o t h e r  soi irces i s  c a l c i n e d  i n  a i r  a t  80li"C t o  

6 



remove any carbon o r  o t h e r  v o l a t i l e  i i n g u r i t i e s .  Th is  o x i d e  i s  then 

reduced by a 35 percent  s t o i c h i o m e t r i c  excess of c a l c i u m  i n  a CaC1, 

s o l v e n t .  The s a l t - t o - o x i d e  r a t i o ,  Sy we iqh t ,  i s  4 t o  1. The r e a c t i o n  

takes  p l a c e  i n  a tIq0 c r u c i b l e  which -is heated t o  app rox ima te l y  R 5 0 ° C .  

Upon coo l  i n 9  t o  roan t m p e r a t u r e ,  a we1 1 c o n s o l i d a t e d  01 t i ton ium p roduc t  

i s  ob ta ined  a t  b e t t e r  than W percen t  recovei-v, as we11 as s a l t  and 

ceramics  which a re  we11 below ‘the P l a n t  d i s c a r d  l i n i t s .  

Recent development work has been dcne de f i n i ’ nq  the  above o p e r a t i n g  

parameters and e v a l u a t i n g  a C a C l  ,-CaF, s a l t  s.ystem. 

Hydr i d i  ng 

A h y d r i d e  f a c i l i t y  was c o n s t r u c t e d  f o r  r e c o v e r i n g  Q lu ton ium,  as 
3 p l u t o n i u m  h y d r i d e ,  f rom v a r i o u s  t ypes  o f  meta l1  i c  subs t ra tes .  

H y d r i d i n g  does no t  damaqe c e r t a i n  types  o f  reusab le  s u b s t r a t e s ,  as does 

a c i d  l e a c h i n g .  H y d r i d i n q  a l s o  e l i m i n z t e s  t h e  m e  o f  l a r g e  volumes o f  

l e a c h i n g  a c i d  s o l u t i o n s  and t h e  need f o r  subs2quent removal o f  p l u t o n i u m  

from these s o l u t i o n s .  

D u r i n q  t h e  h v d r i d i n q  c y c l e ,  qaseous hydrogen r e a c t s  w i t h  p l u t o n i u m  

i n  an o x y q e n - f r e ~  r e a c t o r  t o  ,nroduce p l u t o n i u m  d i h y d r i d e .  I t i s  

p o s s i b l e  t o  produce ot ’7er p lu ton ium-hvdroqen comoounds hav inq  d i f f e r e n t  
hydroqen- to -D lu ton ium r a t i o s ,  dependinq on o p e r a t i n q  parameters.  Fo r  

t h i s  t v p e  o f  recove ry  process,  however, t h e  f o r m a t i o n  o f  n o n s t o i c h i o -  

m e t r i c  p l u t o n i u m  h y d r i d e  compounds i s  n o t  s i q n i f i c a n t .  

As p l u t o n i u m  h y d r i d e  i s  produced d u r i n g  a h y d r i d i n g  o p e r a t i o n ,  i t  

f a l l s  f r e e  f rom the  m e t a l l i c  s u b s t r a t e  and drops i n t o  a t r a y .  S ince  

PuH, i s  a p,vrophor ic  powder, i t  i s  o x i d i z e d  i n  a i r  t o  PuO2. Th is  change 

pe r in i t s  s a f e  hand1 i n q  of  t he  m a t e r i a l  d u r i n q  a d d i t i o n a l  p rocess ing .  

Res idua l  l iydropen t h a t  i s  n o t  used i n  t i v d r i d i n q  o p e r a t i o n s  i s  

pumped f rom t h e  r e a c t o r  t o  an appara tus  where the  hydrogen i s  burned i n  
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a n a t u r a l  gas flame. P lu ton ium has been s e l e c t i v e l y  removed f r o m  .meta 

l i c  s u b s t r a t e s  t h a t  do no t  fonn h,ydrides w i t h  hydroqen. P lu ton iu in  has 

a l s o  been rmoved from metals t h a t  absorb l i,ydrcgun ( i .e.,  t a n t a l u m ) ,  b t 
do n o t  produce a h y d r i d e  under the  h .ydr id ing  o p e r a t i n g  c o n d i t i o n s  used. 

The h y d r i d i n q  apparatus i s  used t o  recover  p l u t o n i u m  f rom (1) reusab le  

equipment, ( 2 )  p lu ton iur r i  scrap,  ( 3 )  p lu ton ium-coated  t o o l s ,  and 

( 4 )  p l u t o n i u m  m e l t s  f r o m  tan ta lum and tungs ten  c r u c i b l e s .  The h ,yd r id ing  

appara tus  i s  a l s o  used t o  o x i d i z e  such p y r o p h o r i c  m a t e r i a l  as s k u l l  

m a t e r i a l ,  p l u t o n i u m  c h i p s  and t u r n i n g s ,  mix tc i res  o f  p l u t o n i u m  h,ydr ide 

and p l u t o n i u m  ox ide ,  and p l u t o n i u m  h y d r i d e  t h a t  i s  genera ted  e l  sewhere 
on P1 a n t s i  t e .  

F l u o r i n a t i o n ,  Reduct ion ,  B u t t o n  Breakout  

U n t i l  r e c e n t l y ,  p l t i t on ium d i o x i d e  from t h e  c a ? c i n a t i o n  of p l u t o n i u m  

p e r o x i d e  was c o n t a c t e d  \ ; i th  HF i n  a r o t a r y  h y d r o f l u o r i n a t o r .  The 

r e a c t i o n  c o n v e r t e d  P u O Z  t o  PuF4, accord inq  t o  t h e  f o l l o w i n g  r e a c t i o n :  

The PuF, i s  t hen  loaded i n  ceramic (MgO) c r u c i b l e s ,  where i t . i s  r e a c t e d  

w i t h  ca l c iu rn  t o  form CaFz and p lu ton ium m e t a l  as f o l l o w s :  7 

PuF4 t 2Ca" + 2CaF2 t Pu" 

The p r o d u c t s  o f  t h e  r e a c t i o n ,  once coo led  t o  room tempera ture ,  a re  

e a s i l y  separa ted .  The p l u t o n i u m  meta l  i s  sent  t o  t h e  foundry ,  w h i l e  t h e  

CaF, s a l t  i s  s t o r e d  u n t i l  i t  can be d i s s o l v e d  i n  9N HNO3 f o r  recove ry  of 
r e s i d u a l  amounts o f  p lu ton ium.  

Though b o t h  h y d r o f l u o r i n a t i o n  and r e d u c t i o n  were accompl ished w i t h  

r e l a t i v e  ease, t h r e e  s i q n i f i c a n t  problems were apparent .  F i r s t ,  PuF4 i s  

a n e u t r o n  e m i t t e r ,  r e q u i r i n q  cons ide rab le  o r o t e c t i v e  s h i e l d i n c l  and 

c r e a t i n q  d i f f i c u l t y  i n  hand l i nq .  Secondly, t h ?  use o f  HF r e q u i r e s  

c o s t l y  equipment which m u s t  be r e s i s t a n t  t o  c o r r o s i o n .  F i n a l i v ,  t h ?  
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s a l t  f rom the reduction, CaF2, i s  n o t  d jscardable ,  and  must be precessed 

t o  recover residual p l u t o n i u m .  

I n  the l a s t  year,  d i r e c t  f luorinat ion has Seer, used t o  convert P u O 2  
3 t o  P u F 4 ,  as follows: 

t ion.  This wou ld  result, i n  
addi t ion ,  the prohlems prev 

Di ssol u t i  on 

one 
ous 

The prohlems previously discussed are basical ly  the same, with an 
added problem--disposal of excess f luorine.  Studies are underway t o  
find a sa fe ,  e f f i c i e n t  way t o  resolve i t .  IJltirnatel.y, the use of DOR, 

pr'eviously discussed, i s  exDeCted t o  replace f luor ina t ion  and reduc- 
process s tep ,  ra ther  t h a n  two. I n  
y discussed would be eliminated. 

Plutonium i s  solubi l ized i n  n i t r i c  acid solut ions a t  Rocky Flats .  
The feed material consis ts  of oxide, metal and glass,  d i s s o l u t i m  hee ls ,  
inc inera tor  ash and  sand, s l a g ,  and crucible  from reduction oDerations. 
The residues are contacted : v i t h  12M HNC3 containinq CaF2 o r  HF t o  hasten 
dissolut ion.  F o l l o w i n q  d i sso lu t ion ,  a l u m i n u m  n i t r a t e  i s  added t o  these 
solut ions t o  comDlex the excess f luoride ion. 

Comp 1 e t  F? d i s so 1 u t  i on of p 1 u t  on i u!n res  i dues , e s pec i a 1 1 ,y h i g h 

temperature calcined plutonium dioxide contained i n  residues such as 
inc inera tor  ash, continues to  cause problem, desp i te  continued research 
on t h i s  problem since the : - lanhat tan  Methods t o  improve the 
Rocky F l a t s  systeni include the use of addi t ives  (e.q., cerium) and 
electrochemistry,  other solvents ( H C 1 - S n C 1 2 )  as we1 1 as high-temperature 
fusion methods." 
t i o n ,  and other methods are  heinq invest iqated.  

High pressure d isso lu t ion ,  HF preleachinq, f luorina-  
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So lven t  E x t r a c t i o n  -. 

A m o d i f i e d ,  one-cyc le  puri!x process i s  used a t  R0ck.y F l a t s  t o  

recave r  p l  u t o n i  urn f rm m i  sce l  1 aneous Pu-!I res idues ,  The process  

u t i l i z e s  t h e  e x t r a c t i o n  of uranium ( V I )  i n t o  t r i l ? u t . y l  phosphate ( T B P ) ,  
l e a v i n g  p l u t o n i u m  (111) i n  t h e  r a f f i n a t e .  The p lu ton iu rn  i s  then sent t o  

i o n  exchanqe f o r  p u r i f i c a t i o n .  An e x t r a c t i o n  chromatography method i s  

be ing  s t u d i e d  as a p o s s i 5 l e . s u b s t i t g t e  f o r  t h e  l i q u i d - l i q u i d  e x t r a c t i o n  

TBP i s  sorbed on dn i n e r t  suppor t  so i o n  exchanqe column 

equipment can be used. E l e c t r o l y t i c  va lence ad jus tment  c o u l d  s i q n i f i -  

cant1.y improve t h i s  process. 

A c i d  waste streams a re  sent  th rouqh a n i t r i c  a c i d  recove ry  process 

and then t o  a secondary p l u t o n i u n  recovery  process u s i n q  an ion  exchange 

( F i g u r e  2) .  Another  area o f  s o l v e n t  e x t r a c t i o n  a n p l i c a t i o n  i n v o l v e s  t h e  

use o f  d i hexy l  - N , N-d i e t  hy 1 ca rbomoy 1 m e t  hy 1 phosphons t e  f o r  remov i ng 

f u r t h e r  amounts o f  p l u t o n i u m  and amer ic ium f r o m  t h e  a c i d  waste streams 

corninq f r o m  t h e  secondary p l u t o n i u m  recove ry  columns. 9 1 3  A l t e r n a t i v e  

s o l v e n t  e x t r a c t a n t s ,  sorhed o r  bonded on i n e r t  suppor t  r i a t e r i a l s  so i o n  

exchanqe column equipment can be used, a r e  be ing  s t u d i e d  t o  se1ec t i ve l . y  

e x t r a c t  o n l y  a c t i n i d e s  and no t  i m c , u r i t i e s .  

P r e c i p i t a t i o n  Processes 

P l u t o n i u m  p e r o x i d e  p r e c i p i t a t i o n  i s  used a t  Rocky F l a t s  t o  conver t  

t h e  p u r i f i e d  p l u t o n i i i m  n i t r a t e  s o l u t i o n  t o  a s o l i d ; "  t h e  p l u t o n i u m  

p e r o x i d e  i s  t hen  c a l c i n e d  to .Pu02 and sent  t o  t h e  r e d u c t i o n  step. The 

c h e m i s t r y  o f  t h e  p l u t o n i u m  pe rox ide  p r e c i p i t a t i o n  process  i s  b e i n q  

s t u d i e d ,  as w e l l  as a l t e r n a t i v e  p r e c i p i t a t i o n  processes such as o x a l a t e ,  

carbonate ,  f l u o r i d e ,  and t h e r n a l  d e n i t r a t i o n .  The l a t t e r  method shows 

t h e  most promise f o r  c o s t  and waste r e d u c t i o n .  

M o l t e n  s a l t  o x t r a c t i o n  res idues  a r e  processed t o  recove r  p l u t o n i u m  

by an aqueous p r e c i u i t a t i c n  process. The res id i i es  a re  d i s s o l v e d  i n  

d i l u t e  tic1 , t h e  a c t i n i d e s  a re  p r e c i p i t a t e d  w i t h  p o t a s s i u v  carhonate ,  and 
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t h e  p r e c i n i t a t e  r e d i s s o l v e d  i n  n i E r i c  a c i d  ( 7 Y )  t o  conver t  from a 
c h l o r i d e  t o  a n i t r a t e  system. The p l u t o n i u m  i s  then recovered from t h e  

7F? HN03 by an ion  exchanqe dnd the e f f l u e n t  sent  t o  w a s t ?  o r  amer ic ium 

recove ry .  !!e are  s t i i d y i n q  a c t i n i d e  (111 )  ca rbona te  c h e m i s t r y  and 

l o o k i n q  a t  new c a t i o n  exchanqers as  an a l t e r n a t i v e  t o  carbonate  

p r e c i p i t a t i o n .  ?5 ,16  

I o n  Exchancre 

Ver,y few elements form anions i n  n i t r i c  a c i d  s o l u t i o n s ,  thus  an ion  

exchanqe i s  a very  e f f e c t i v e  procedure f o r  p u r i f y i n g  p lu ton ium.  The 

p l u t o n i u m  h e x a n i t r a t o  an ion i s  sorbed on t h e  r e s i n  from a 7M n i t r i c  a c i d  

s o l u t i o n .  A n i t r i c  a c i d  wash i s  used t o  remove r e s i d c a l  i m p u r i t i e s  from 

t h e  r e s i n .  D i l u t e  n i t r i c  a c i d  i s  used t o  e l u t e  t h e  p u r i f i e d  p l u t o n i u m  

f rom t h e  r e s i n .  We have a c o n t i n u i n g  r e s i n  e v a l u a t i o n  proqram t o  t e s t  

new qel  and macroporous anion exchange r e s i n s ,  as w e l l  as i n o r q a n i c  i o n  

exchangers.  17 

Id a s t e T r e  a t  men t 

F i g u r e  2 o u t l i n e s  the  c u r r e n t  waste r e c o v e r y  and t r e a t m e n t  

processes,  and proposed changes, Ac id  waste streams a re  sent  t h rough  

n i t r i c  a c i d  and  secondary p lu ton ium recovery  processes b e f o r e  be inq  

neutralized w i t h  potass ium hydrox ide  and f i l t e r e d .  T h i s  s t ream i s  

combined w i t h  b a s i c  and laundry w a s t e  s t reams,  and sent  t o  waste t r e a t -  

ment. D u r i n q  waste t rea tmen t ,  t he  a c t i n i d e s  i n  t h e  aqueous waste a re  

removed by t h r e e  s taqes o f  h y d r o x i d e - i r o n  c a r r i e r - f l  occu l  an t  p r e c i p i  t a -  

t i o n .  The f i l t r a t e  s o l u t i o n  i s  then evapora ted  t o  a s o l i d  w i t h  a spray  

d r y e r  and t h e  s o l i d s  a re  cemented and sent  t o  r e t r i e v a b l e  s to rage.  

A f e r r i t e  waste t rea tmen t  process i s  b e i n g  i n v e s t i g a t e d  t o  d e t e r -  

mine i f  i t  can more e f f e c t i v e l y  ranove a c t i n i d e s  f r o m  waste s o l u t i o n  

w i t h  l e s s  s o l i d  waste genera t i on  than t h e  f i o c c u l a n t  p r e c i p i t a t i o o  

method p r e s e n t l y  used. 1 8  

12 



. '  

F e r r i t e  i s  introduced i n t o  the aqueous media by two techniques. 
With the in s i t u  method, f e r r i t e  i s  fori:ied within the act inide-contain-  
i n g  solution b,v additior: s f  F e ( I ! )  , Fe(III), and sodium hydroxide. 
With the preformed f e r r i t e  vethod, f e r r i t e  sol ids are prepared 
separately a n d  added t o  the ac t in ide  s o l u t i o n .  

-- 

Both preformed and i n  s i t u  f e r r i t e  lowered nlutoniiim concentrations -- 
i n  simulated process waste from I O - ~  q /1  t o  I O - ~  g/1 i n  one treatment 
s tep .  Two or three f?occulant  prec ip i ta t ions ,  as current ly  used for  
waste processing, were required t o  achieve the same r e s u l t .  F e r r i t e  
waste treatment produced 4.1 q/1 sol i d s ,  while production waste p r o c e s s -  
i n g  during the past year ,  using the flocculant process, produced 
7.9 g/1 sol ids .  

The Chemistry Research and Develooment group has a large var ie ty  of 
ac t in ide  process chemistry projects  underway. The work will c e r t a i n l y  
add  t o  our understanding of ac t in ide  chemistry and  w i l l  resu l t  in 
ac t in ide  process improvements. 

13 



REF ERE PIC E S 

1. 3. B. Kniqh ton ,  R. C. Auqe, J .  I/. R e r r y ,  and R. C. F r a n c h i n i ,  
"Mo l ten  S a l t  E x t r a c t i o r !  o f  Americiurfi f r x i  " lof ten P lu ton ium f l e t a l  ,'I 
1l.S. ERDA Rent. RFP-2365, Cow Chemical Co., Golden, Colorado,  
March 12, 1976. 

2. 

3, 

4. 

5. 

6. 

7. 

8. 

9. 

J. B. Knigh ton ,  P.  I;. Hagan, J. 0. N a v r a t i l ,  and G. I!. Thompson, 
i n  P r o d u c t i o n  o f  T ransp lu ton iu rn  Elei i ients,  - J .  D. W a v r a t i l  and . 

CI. W. Schulz  (Eds.) ,  American Chemical S o c i e t y ,  1981, p. 53. 

1.1. I .  Yamada, L. L. f l a r t e l l a ,  and J.  D. P l a v r a t i l ,  J. Less. Corn. 
tilet., 8fi, 211 (1982).  

3. B. Knigh ton ,  Rockwel l  I n t e r n a t i o n a l ,  Rocky F l a t s  P l a n t ,  
unpubl  i shed data.  

R. P. DeGrazio, " A  P r o t o t y p e  Hydr ic l ing  Anparatus ( A p p l i c a t i o n  f o r  
P l u t o n i u m  Recovery) ,'I U.S. ERDA Rept. RFP-2340, Dow Chemical 
Company, Golden, Colorado,  March 17, 1975. 

F. 3. Miner ,  "Chemis t ry  Research arid Devel  oornent Proqress  Repor t  
f o r  J u l y  1977 Through A p r i l  1978," U.S. DOE Rept. RFP-2803, 
Rockwel l  I n t e r n a t i o n a l  , Golden, Colorado,  November 8, 1978. 

L f .  V.  Conner, "Process Stud ies  on t h 2  Red i ic t ion  o f  P lu ton ium - T e t r a -  
f l u o r i d e  t o  Meta l  ," U.S. AEC Rept, RFP-728 ,  Dow Chemical Company, 
Golden, Colorado,  May 11, 1966. 

R. L. S t a n d i f e r ,  "Convers ion of P lu ton ium Oxide t o  P lu tnn iu in  T e t r a -  
f l u o r i d e  w i t h  F l u o r i n e  i n  a F l u i d  Bed Reactor  - P a r t  I ,  Development 
S tud ies , "  U.S. AEC Rept. RFP-1889, Dow Chemical Comoany,. Golden, 
Colorado,  August 23, 1972. 

L. A. B r a y  and 3. L. Ryan, i n  A c t i n i d e  Recovery From ldaste and 
Low-Grade Sources, J .  D. N a v r a t i l  and W. !.I. Schulz  (eds. ) ,  Harwood 
Academic Pub1 i s h e r s ,  F!ew York, 1982, p. 129. 

10. J. D. N a v r a t i l  and G. H. Thompson, Nucl . Techno1 . , - 43, 136 (1979). 

11. J .  D. N a v r a t i l  and R. G. Leebl  , "Mod i f i ed  Purex Processes f o r  t h e  
S e p a r s t i o n  and Recovery of P luton ium- iJranium Residues," U.S. D O E  
Rept . RFP-2675, Rockwel l  I n t e r n a t i o n a l  Go1 den, Colorado,  
J u l y  1978. 

12, L. L. M a r t e l l a  and 3. 0. N a v r a t i l ,  "Recovery o f  Uranium f rom Mixed 
P1 u t  o n i um-U r a  n i urn Res i dues h,y an E x t r a c t  i on Chroma t oq r a  ph y 
Process,"  U.S. W E  Rept. RFP-3289, Rockwel l  I n t e r n a t i o n a l ,  Golden, 
Col orado,  May 15,1982. 

14 



13. I-. L. b l a r t e l l a ,  J .  [i. P l a v r a t i l ,  and M. T. Saba, i n  A c t i n i d e  
Rec0ver.y fron: ! l a s t ?  and Lctw-Grade Sources, Karwood Academic 
P u b l i s h e r s ,  New York, 1382, p .  2 7 .  

-- 

14. P. G. tlaqan and F. ,J. Yi i i e r ,  i n  A c t i n i d e  S e p a r a t i o n s ,  
J. D. N a v r a t i l  and li. W. SChiJlZ T E d s . ) ,  Ainerican Chemical S o c i e t y ,  
Uashinqton,  D.C., 1950, p. 51. 

15. P. G. Hagan, J.  D. N a v r a t i l  , and R. S. C i c h o r z ,  J. I no rq .  Flucl. 
Chem., 43, 1054 (1981).  . - 

16. J. 0. P ! a v r a t i l ,  L. L. M a r t e l l a .  and G. H. Thompson. i n  A c t i n i d e  
Separa t i ons ,  J;  D. N a v r a t i l  and ! a i .  Ll. Schulz  (eds . ) ,  h e r i c a n  
Chemical Soc ie ty ,  blashinqton, O.C. ,  1980, p. 455. 

17. J. 0. N a v r a t i l  and L. L. M a r t e l l a ,  Nucl .  Techno1 ., 46, 105 (1979).  

18. T. E. Boyd and R. L. Yochen, " F e r r i t e  Treatment  o f  A c t i n i d e  'vJaste 

- 

S o l u t i o n s :  A P r c l  i m i n a r y  Study," U.S. DOE Rept. RFP-329'3, Rockwell  
I n t e r n a t i o n a l  , Gclden, Colorado, J u l y  30, 1982. 

15 


