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RECOVERY OF PLUTONIUM FROM HEPA FILTERS BY Ce(1V)-PROMOTED 
DISSOLUTION OF Pu02 AND RECYCLE OF THE CERIUM PROMOTER 

F. M. S c h e i t l i n  
W. D.  Bond 

ABSTRACT 

The experimental  s t u d i e s  c a r r i e d  out  i n  t h i s  
i n v e s t i g a t i o n  included (1) t h e  e l e c t r o l y t i c  produc- 
t i o n  of Ce( IV) from Ce(II1)  , (2) t h e  leaching  of 
r e f r a c t o r y  Pu02 from HEPA f i l t e r  materials wi th  
maintenance of Ce(1V) concent ra t ions  by anodic 
oxida t ion  dur ing  leaching ,  and ( 3 )  eva lua t ion  of 
methods f o r  con tac t ing  t h e  HEPA s o l i d s  wi th  t h e  
leaching  s o l u t i o n  and f o r  s epa ra t ing  t h e  s o l i d  
r e s idue  from t h e  leaching  l i q u o r .  Anodic ox ida t ion  
of Ce(II1)  w a s  accomplished with an  e lec t r ic  cu r ren t  
e f f i c i e n c y  of about 85% a t  cu r ren t  d e n s i t i e s  of 0.04 
t o  0.4  A/dm2 a t  a platinum anode. Ref rac tory  Pu02 
w a s  d i s so lved  by a 4.0 M HNO3 - 0.1 M Ce(1V) solu- 
t i o n  i n  1 .5  h r  a t  100"Cus ing  s t i r r e d - c o n t a c t  leach-  
i n g  of t h e  s o l i d s  o r  by r e c i r c u l a t i n g  t h e  leachant  
through a packed column of t h e  s o l i d s .  Cerium(1V) 
concent ra t ions  w e r e  maintained cont inuously by anodic  
ox ida t ion  throughout leaching .  D i s so lu t ion  t i m e s  up 
t o  10 h r  were requi red  unless  t h e  HEPA media w e r e  
ox id ized  i n i t i a l l y  i n  a i r  a t  300°C t o  des t roy  carbon- 
aceous s p e c i e s  which consumed Ce(1V) more r a p i d l y  
than  i t  could be  regenerated by anodic  oxida t ion .  
Leaching s o l i d s  i n  packed columns avoided t h e  rela- 
t i v e l y  d i f f i c u l t  l i q u i d - s o l i d s  s e p a r a t i o n  by c e n t r i -  
fuga t ion  which w a s  requi red  a f t e r  s t i r r e d - c o n t a c t  
leaching ,  however, t h e  s o l i d s  handl ing d i f f i c u l t i e s  
a s soc ia t ed  wi th  charging and d ischarg ing  of t h e  pack- 
ed columns in a remote environment remain a s i g n i f i -  
can t  des ign  obs t ac l e .  

On t h e  b a s i s  of t h e  experimental  r e s u l t s  obtain-  
ed i n  t h i s  s tudy  and so lvent  e x t r a c t i o n  sepa ra t ions  
demonstrated i n  t h e  l i t e r a t u r e ,  a chemical f lowsheet 
i s  proposed f o r  t h e  recovery of a c t i n i d e s  from HEPA 
f i l t e r s .  A 4 M HN03 - 0.1 M Ce(1V) n i t r a t e  s o l u t i o n  
is used as t h e l e a c h a n t  a n d t h e  Ce(II1)  i s  recyc led  
t o  t h e  leaching  ope ra t ion  us ing  b i d e n t a t e  so lvent  
e x t r a c t  ion.  
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1. INTRODUCTION 

This work w a s  c a r r i e d  out  as a p a r t  of a program t o  eva lua te  t h e  

t e c h n i c a l  f e a s i b i l i t y  of p a r t i t i o n i n g  and t ransmuta t ion  as a waste man- 

agement concept.  I n  t h i s  concept,  a c t i n i d e s  (and perhaps o t h e r  long- 

l i v e d  r ad ionuc l ides  such as 1291) would be removed from waste streams 

and transmuted by neutron cap tu re  o r  f i s s i o n i n g  t o  sho r t e r - l i ved  radio-  

nuc l ides .  The purpose of p a r t i t i o n i n g  and t ransmuta t ion  would be  t o  

reduce t h e  p o t e n t i a l  r i s k s  a s soc ia t ed  wi th  t h e  long t e r m  (>500 years )  

geologic  i s o l a t i o n  of nuc lea r  wastes. This  h a s  been d iscussed  i n  d e t a i l  

by s e v e r a l  i n v e s t i g a t o r s .  1-5 

The p resen t  experimental  s tudy d e a l s  s p e c i f i c a l l y  w i t h  t h e  leaching  

of plutonium from HEPA f i l t e r  materials us ing  a 4 M HN03 - 0 . 1  M Ce(1V) 

n i t r a t e  l each ing  s o l u t i o n ,  and t h e  recovery of Ce(II1)  from t h e  spent  

l each  l i q u o r  f o r  r e c y c l e  t o  t h e  l each ing  process  where it is oxid ized  t o  

Ce(1V). 

ed previously.  I n  w a s t e  p a r t i t i o n i n g ,  t h e  same type  of leaching  i s  a l s o  

being considered f o r  t h e  recovery of plutonium from t h e  ashes obta ined  

from t h e  burning of combustible w a s t e s '  and fromihe va r ious  s o l i d  wastes 

generated i n  f u e l  f a b r i c a t i o n . 2  

HN03 - 0.1  - M Ce(1V) n i t r a t e  s o l u t i o n  has  been shown6-8 t o  be t h e  most 

e f f e c t i v e  so lven t  f o r  r e f r a c t o r y  Pu02 t h a t  avoided t h e  use  of t h e  corro- 

sive f l u o r i d e  ion .  

- - 

Methods f o r  t h e  r e c y c l e  of t h e  Ce(II1)  ion  have not  been develop- 

Of t h e  a l t e r n a t i v e s  examined, a 4 - M 

The mechanism by which Ce(1V) promotes t h e  d i s s o l u t i o n  of r e f r a c t o r y  

p l u t o n i a  i n  n i t r i c  a c i d  i s  unknown. Maximum i n i t i a l  d i s s o l u t i o n  rates 

are obta ined  wi th  s o l u t i o n s  conta in ing  0 .1  M Ce(1V) and 4 M HNO 

During d i s s o l u t i o n ,  t h e  Ce(1V) i s  consumed by r a p i d  r e a c t i o n s ,  '''O with  

i n i t i a l l y .  - 3  - 
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4+ 2+ t h e  s o l u b l e  plutonium (Pu3+ and Pu ) producing Ce(II1)  i on  and Pu02 . 
When t h e  Ce(IV)/Ce(III)  r a t i o  i s  reduced t o  about u n i t y  t h e  d i s so lven t  

becomes i n e f f e c t i v e .  

plutonium, Ce(1V) is  a l s o  consumed by r e a c t i o n s  wi th  t h e  carbonaceous 

spec ie s  that are present  i n  HEPA f i l t e r  materials. The Ce(IV), a power- 

f u l  ox idant ,  ox id i zes  f r e e  carbon, organic  compounds and most metals. 

The ex ten t  of  Ce(1V) r educ t ion  dur ing  leaching  depends on t h e  amounts 

of Pu02 and carbonaceous spec ie s  a s soc ia t ed  wi th  t h e  HEPA material. 

Since t h e  carbonaceous spec ie s  reacts more r a p i d l y  than  does PuO a 

method t o  ox id i ze  Ce(II1)  and s o  maintain t h e  Ce(1V) concent ra t ion  dur ing  

leaching  i s  d e s i r a b l e  i n  o rde r  t o  avoid t h e  use  of l a r g e  q u a n t i t i e s  of 

Ce(1V) sa l t s .  Also, i t  is  d e s i r a b l e  t o  recover  t h e  Ce(II1)  from spent  

l each  l i q u o r  and t o  r ecyc le  it t o  t h e  leaching  ope ra t ion  f o r  ox ida t ion  

t o  Ce(1V) i n  o rde r  t o  avoid a s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  s a l t  w a s t e s .  

I n  a d d i t i o n  t o  t h e  ox ida t ion  r e a c t i o n s  involv ing  

2' 

The experimental  s t u d i e s  c a r r i e d  out  i n  t h i s  i n v e s t i g a t i o n  included 

(1) elec t rochemica l  product ion of Ce(1V) from C e ( I I I ) ,  (2)  l eaching  of 

r e f r a c t o r y  Pu02 from HEPA f i l t e r  materials whi le  maintaining t h e  Ce(1V) 

concen t r a t ion  by anodic  ox ida t ion  during leaching ,  and ( 3 )  methods f o r  

con tac t ing  t h e  HEPA s o l i d s  w i t h  t h e  leaching  s o l u t i o n  and f o r  s e p a r a t i n g  

the  s o l i d  r e s idue  from t h e  leaching  l i q u o r .  

On t h e  b a s i s  of t h e  experimental  r e s u l t s  and so lven t  e x t r a c t i o n  

s e p a r a t i o n s  demonstrated i n  t h e  l i t e r a t u r e ,  a chemical f lowsheet i s  pro- 

posed f o r  t h e  recovery of a c t i n i d e s  from HEPA f i l t e r s .  

Ce(1V) n i t r a t e  s o l u t i o n  is used as t h e  l eachan t ,  and a two-cycle so lven t  

e x t r a c t i o n  process  employing t r i -n-buty l  - phosphate (TBP) i n  t he  f i r s t  

A 4 - M HN03 - 0 . 1 M  - 

i n  1 , 2 , 1 1  cyc le  and dihexyl-N,N-diethylcarbamoylmethylene phosphonate 
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t h e  second cyc le  i s  used t o  make t h e  necessary  sepa ra t ions  f o r  t h e  

recovery of t h e  a c t i n i d e s  and f o r  t h e  r e c y c l e  of Ce(II1)  from t h e  con- 

cen t r a t ed  leach  l i q u o r s .  
. I  

2 .  ELECTROCHEMICAL PRODUCTION OF Ce(1V) FROM Ce(II1)  

I n  t h i s  s tudy ,  t h e  p repa ra t ion  of Ce(1V) from Ce(II1)  i n  HN03 solu- 

t i o n  w a s  i nves t iga t ed  us ing  t h r e e  d i f f e r e n t  e l e c t r o d e  arrangements:  

(1) anode and cathode compartments s epa ra t ed  by a porous, f r i t t e d - g l a s s  

b a r r i e r ,  (2 )  no b a r r i e r  between anode and cathode compartments, and (3) 

a shrouded cathode and an  unshrouded anode. In a d d i t i o n ,  several 

materials of cons t ruc t ion  w e r e  eva lua ted  with r e spec t  t o  co r ros ion  f o r  

t h e i r  a p p l i c a b i l i t y  as  e l e c t r o d e s  o r  process  v e s s e l s .  

2 . 1  Chemistry Involved i n  t h e  Choice of Electrochemical  C e l l s  

The e f f i c i e n c y  of e lec t rochemica l  c e l l s  f o r  ca r ry ing  out  t h e  

d e s i r e d  chemical r e a c t i o n s  o f t e n  depends on des igns  which prevent  t h e  

products  of t h e  r e a c t i o n s  i n  the  anode and cathode compartments from 

intermixing and r e a c t i n g  t o  form e i t h e r  t h e  o r i g i n a l  spec ie s  o r  undesir-  

a b l e  secondary products .  Since n i t r o u s  a c i d  (HN02) is  a ca thodic  reduc- 

t i o n  product of HN03, i t  must be prevented from d i f f u s i n g  i n t o  t h e  anode 

reg ion  and reducing t h e  Ce(1V) produced by anodic  ox ida t ion .  

Previous s t u d i e s  by Smith and coworkers12 showed t h a t  t h e  p r i n c i p a l  

r e a c t i o n  occur r ing  at t h e  anode w a s  t h e  ox ida t ion  of Ce(II1)  t o  C e ( 1 V ) .  

The h igh  y i e l d s  of Ce(1V) obta ined  by anodic  ox ida t ion  of Ce(II1)  i n  

HNO s o l u t i o n  w e r e  a t t r i b u t e d  by them t o  t h e  h igh  s t a b i l i t y  of t h e  

h e x a n i t r a t o c e r a t e  anion,  [Ce(N03) 6 ]  . They d id  n o t  i n v e s t i g a t e  t h e  

3 
2- 
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products  produced a t  t h e  cathode. 

Numerous s t u d i e s  l3-I6 of t h e  e l e c t r o l y s i s  of HN03 s o l u t i o n s  a t  P t  

e l e c t r o d e s  demonstrated t h e  complexity of t h e  r e a c t i o n s  a t  t h e  cathode. 

Ellingham13 showed t h a t  e i t h e r  HNO o r  hydrogen (H ) may be t h e  p r inc i -  

p a l  product depending on t h e  condi t ions .  H e  a l s o  determined t h e  mecha- 

nisms of t he  p r i n c i p a l  r e a c t i o n s  a t  t h e  cathode. 

2 2 

Ih le14  showed t h a t  

ammonium ion  could be produced as  a minor cathode r e a c t i o n  product when 

c u r r e n t  d e n s i t i e s  were above c e r t a i n  c r i t i c a l  va lues  f o r  any f i x e d  con- 

c e n t r a t i o n  of HNO 

l i t e r a t u r e  on s t u d i e s  of t h e  ca thodic  r educ t ion  of n i t r i c  oxide (NO), 

Snider  and Johnson17 have r e c e n t l y  reviewed t h e  3' 

HN02, and n i t r o g e n  d ioxide  (NO ) .  2 

The primary cathode r e a c t i o n  i n  t h e  e l e c t r o l y s i s  of HNO i s  gene ra l ly  3 

regarded as: 

+ 
H + e (HI,  

where (H) denotes  atomic hydrogen sorbed by t h e  P t  cathode. 

This process  is  followed by e i t h e r  of two secondary r e a c t i o n s :  

HN03 + 2(H) 2 HN02 + H20 
o r  

depending on t h e  conditions of t h e  e l e c t r o l y s i s .  Hydroxyl i on  is  

oxidized t o  oxygen and water a t  t h e  anode i n  HNO e l e c t r o l y s i s .  3 

React ion (2b) w i l l  occur only i f  r e a c t i o n  (2a) cannot proceed a t  a 

rate s u f f i c i e n t  t o  remove (H) as f a s t  as it  i s  produced by r e a c t i o n  (l), 

but t h e  rate of r e a c t i o n  (2a)  is  ve ry  slow even i n  s o l u t i o n s  conta in ing  

up t o  5 - M HN03 un le s s  HN02 is  present  as a c a t a l y s t .  

magnitude of t h e  cu r ren t  d e n s i t y  which can be employed t o  maintain only 

Therefore ,  t h e  

r e a c t i o n  (2a) i s  governed by t h e  concent ra t ion  of HNO which i s  2 
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e s t a b l i s h e d  i n  t h e  l a y e r  of s o l u t i o n  i n  immediate con tac t  wi th  t h e  

e l ec t rode .  But, t h e  i n c r e a s e  i n  HNO concen t r a t ion  a t  t h e  cathode sur-  

f a c e  i s  l i m i t e d  by t h e  fo l lowing  r e a c t i o n s  and t h e  r e s u l t a n t  evo lu t ion  

2 

of n i t rogen  oxide gases:  

3HN02 HN03 + 2NO-f + H 2 0  (3) 

HN02 + HN03 N204  + H 2 0  (4)  

(5) 
-f 

N 2 0 4  4 2N02+ . 
Thus t h e  rate of r e a c t i o n  (2a) is l i m i t e d  by t h e  maximum concen t r a t ion  

of HN02 which may be  present  a t  c e r t a i n  cu r ren t  d e n s i t y  va lues  f o r  any 

given HNOR concent ra t  ion.  

With a f u r t h e r  i n c r e a s e  of c u r r e n t  d e n s i t y ,  H2 product ion  by 

t i o n  (2b) commences a t  t h e  cathode. The c u r r e n t  d e n s i t y  a t  which 

reac- 

reac- 

13  t i o n  (2b) becomes t h e  dominant mechanism i s  des igna ted  by Ellingham 

as t h e  t r a n s i t i o n  cu r ren t  dens i ty  (TCD). Once v igorous  H2 product ion  

begins  and cont inues ,  i t  eventua l ly  sparges  t h e  s o l u t i o n  f r e e  of any 

HNO, formed p rev ious ly  a t  c u r r e n t  d e n s i t i e s  below t h e  TCD. The TCD 
L 

va lues  i n c r e a s e  

due t o  t h e  mass 

The e f f e c t  

d rama t i ca l ly  wi th  HN03 concen t r a t ion  and are presumably 

a c t i o n  e f f e c t  of HNO i n  r e a c t i o n  (2a ) .  

of HN02 concen t r a t ion  on t h e  TCD v a l u e  i s  q u i t e  marked. 

3 

3 For example, Ellingham13 observed i n  t h e  e l e c t r o l y s i s  of a 4 - M HNO 

s o l u t i o n  t h a t  t h e  a d d i t i o n  of 5 g KN02/11 (0.06 moles KN02/R) increased  

2 the  TCD va lue  from 0.07 t o  1 . 5  A/dm . I n  p a r t i a l l y  sparged s o l u t i o n s ,  

Mailen and Horner16 r epor t ed  t h a t  H 2 

p ressed  by NO; a d d i t i o n  t o  4 M HNO 3 

A/dm w e r e  employed. 

product ion  w a s  n o t  completely sup- 

when c u r r e n t  d e n s i t i e s  of 0.6 t o  2.3 - 
2 Ellingham13 a l s o  found t h a t  TCD va lues  could be  

lowered cons iderably  by s t i r r i n g  o r  sparg ing  t h e  HNO s o l u t i o n s  w i t h  3 
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a i r  t o  promote decomposition of HNO 

25 t o  40°C g r e a t l y  increased  t h e  TCD va lues .  

Inc reas ing  t h e  temperature  from 2' 

I n  t h e  e a r l y  s t a g e s  of t h e  e l e c t r o l y s i s  of HNO s o l u t i o n s  e s s e n t i a l l y  3 

f r e e  of HN02, H 

(2b) i s  dominant even a t  cu r ren t  d e n s i t i e s  below t h e  TCD va lue .  

as t h e  HN02 concen t r a t ion  b u i l d s  up i n  s o l u t i o n  a t r a n s i t i o n  t o  r e a c t i o n  

(2a) occurs  a t  t h e  cathode, and it becomes t h e  dominant r eac t ion .  Transi-  

t i o n  t i m e s  range from a few seconds a t  c u r r e n t  d e n s i t i e s  w e l l  below t h e  

TCD va lue  t o  20 min f o r  cu r ren t  d e n s i t i e s  approaching t h e  TCD value.  

i s  always t h e  p r i n c i p a l  i n i t i a l  product and r e a c t i o n  2 

However, 

Based on previous e lec t rochemica l  s t u d i e s ,  i t  appeared t h a t  several 

chemical ly  f e a s i b l e  op t ions  were a v a i l a b l e  f o r  t h e  design and ope ra t ion  

of an  e l e c t r o l y t i c  c e l l  f o r  producing Ce(1V) n i t r a t e  i n  h igh  y i e l d  from 

Ce(II1)  nitrate-HNO s o l u t i o n s  by anodic  oxida t ion :  3 
The anode and cathode compartments could be i s o l a t e d  by a 

s u i t a b l e  porous diaphragm. 

1. 

2 .  A shrouded cathode could be used wi th  allowance f o r  t h e  

escape of n i t rogen  oxide gases a t  t h e  top  of t h e  shroud. 

I f  necessary,  sparg ing  wi th  a carrier gas  could be used 

t o  enhance removal of n i t r o g e n  oxide gases .  The rates 

measured f o r  t h e  r e a c t i o n s  (31, ( 4 ) ,  and (5) toge the r  

wi th  t h e  e f f e c t s  of a i r  sparg ing  observed by Ellingham 

ind ica t ed  t h a t  t h e  HN02 concen t r a t ion  would be e f fec-  

t i v e l y  con t ro l l ed .  

formation of H2 r a t h e r  than  HN02 at t h e  cathode, depend- 

ing  on t h e  c u r r e n t  d e n s i t y  and HNO 

employed. 

18 

1 3  

Sparging could a l s o  promote t h e  

concen t r a t ion  3 



12 3 .  The e l ec t rodes  would no t  be i s o l a t e d .  Smith and coworkers 

showed t h a t  s o l u t i o n s  of Ce(IV) n i t r a t e  i n  HN03 could be 

produced wi th  h igh  y i e l d s  ( ~ 8 0 % )  a t  cu r ren t  e f f i c i e n c i e s  

of about 84% by employing a low cu r ren t  d e n s i t y  (1.0 A/dm ) 

a t  t h e  anode and a h igh  cu r ren t  d e n s i t y  (100 A/dm ) a t  t h e  

cathode. 

2 

2 

Although they  did n o t  s tudy  t h e  ca thodic  reac- 

t i o n s  o r  product ion of gases  a t  t h e  cathode, i t  would 

appear from Ellingham's work13 t h a t  a cu r ren t  d e n s i t y  

of 100 A/dm 

reduc t ion  product .  Therefore ,  because l i t t l e ,  i f  any, 

HN02 may have been produced along wi th  t h e  H2, i t  w a s  

no t  s u r p r i s i n g  t h a t  t h e i r  method d i d  no t  r e q u i r e  t h e  

2 a t  t h e  cathode would y i e l d  H2 as t h e  major 

cathode t o  be i s o l a t e d  from t h e  anode. Although these  

au tho r s  l a r g e l y  a t t r i b u t e d  t h e  success  of t he  method 

t o  t h e  formation of t h e  [Ce(NO ) ] anion,  t h e  f a c t  

t h a t  HN02 product ion w a s  suppressed a t  t h e  cathode 

appeared, t o  the  present  au tho r s ,  t o  be t h e  b e s t  

explana t ion  f o r  t h e  high y i e l d s  of Ce(1V) obtained by 

2- 
3 6  

t h e  method. 

2 . 2  Apparatus 

The e l e c t r o l y t i c  ce l l  us ing  a porous,  f r i t t e d - g l a s s  b a r r i e r  f o r  

e l e c t r o d e  compartment s e p a r a t i o n  i s  shown i n  Fig.  1. Both anode and 

cathode w e r e  cons t ruc ted  of 60-mesh plat inum screen, each w i t h  a s u r f a c e  

area of 2 .7  dm . The e l e c t r o d e  compartments were approximately 250 m l  

i n  volume and were separa ted  by a medium-porosity, f r i t t e d - g l a s s  b a r r i e r  

2 
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loca ted  a t  t h e  midpoint of t h e  g l a s s  tub ing  which jo ined  t h e  two cyl in-  

d r i c a l  g l a s s  compartments. S t i r r i n g  i n  t h e  anode compartment w a s  provided 

by a Teflon-coated stirrer b a r  a c t i v a t e d  by a magnetic stirrer. 

anode compartment could be  hea ted ,  when necessary,  by an electric ho t  

p l a t e  and an e lectr ic  hea t ing  tape .  

with a condenser f o r  r e f l u x  condi t ions .  

t h e  cathode compartment. The dc power supply w a s  equipped wi th  a v o l t -  

meter and an m e t e r  t o  measure t h e  e l e c t r o d e  v o l t a g e  and cu r ren t .  A t  

t h e  start of each experiment,  t h e  anode compartment contained 200 m l  of 

0.1 M Ce(N03)3 - 4.0 M HNO 

ed 200 m l  of 4.0 - M UNO3. 

The 

The compartment could a l s o  be  f i t t e d  

S t i r r i n g  w a s  no t  provided i n  

s o l u t i o n  and t h e  cathode compartment contain-  - - 3  

Experiments conducted w i t h  t h e  shrouded cathode used a simple one- 

pot  arrangement. The shroud f o r  t h e  cathode w a s  a c y l i n d r i c a l  (~7.O-cm- 

diam) polyethylene sleeve which surrounded t h e  c y l i n d r i c a l  (4.5-cm-diam) 

cathode. 

m i t  t h e  escape of any cathode gases  t o  t h e  atmosphere. 

The shroud extended through t h e  s u r f a c e  of t h e  l i q u i d  t o  per- 

2.3 Chemical Analyses 

Cerium(1V) concent ra t ions  w e r e  determined po ten t iome t r i ca l ly  by 

t i t r a t i o n  wi th  a s tandard  0.02 - N sodium o x a l a t e  s o l u t i o n  us ing  a P t  w i r e  

and a r e fe rence  calomel e l ec t rode .  A combination pH and m i l l i v o l t  meter, 

Beckman Model 4500, w a s  used t o  measure vol tage .  

anode s o l u t i o n ,  which were taken  f o r  Ce(1V) de termina t ion  as a func t ion  

of appl ied  cu r ren t  and t i m e ,  w e r e  immediately d i l u t e d  t o  50 m l  w i th  water 

and t i t r a t e d .  A t y p i c a l  t i t r a t i o n  curve i s  given i n  Fig.  2. The sharp  

change i n  v o l t a g e  ( u s u a l l y  500 mV) a t  t h e  endpoint permi t ted  accu ra t e  

The 2-ml samples of 
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Fig. 2. Potentiometric titration of Ce(1V) with 0.02 - N sodium 
oxalate. 
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de termina t ion  of t h e  Ce(1V) concent ra t ions .  We found t h i s  po ten t iome t r i c  

method s u p e r i o r  t o  t h e  f e r r o u s  ion-f e r r o i n  i n d i c a t o r  method12 f o r  end- 

po in t  de te rmina t ions .  

amount of Ce(1V) and b a c k - t i t r a t i n g  t h e  excess  wi th  a s tandard  s o l u t i o n  

of sodium oxa la t e  po ten t iome t r i ca l ly .  Ammonium ion  i n  t h e  cathode solu-  

t i o n s  w a s  determined by u s e  of an ion-spec i f ic  e l e c t r o d e  and an ORION 

Research Model 901 s p e c i f i c  i o n  meter. 

Ni t rous  a c i d  w a s  determined by adding a known 

2.4 Resu l t s  on Anodic Oxidation of Ce(II1)  t o  Ce(1V) 

Good y i e l d s  of Ce(1V) w e r e  obtained i n  t h e  anode compartment of t h e  

e l e c t r o l y t i c  c e l l  by us ing  ba r r i e r - sepa ra t ed  e l e c t r o d e s  (Table 1 and 

Fig.  3 ) .  The y i e l d  of Ce(1V) increased  i n  d i r e c t  p ropor t ion  t o  t h e  t i m e  

t o  %85% conversion a t  a cons tan t  app l i ed  c u r r e n t .  Ca lcu la t ions  based 

on Faraday's l a w  ind ica t ed  t h a t  t h e o r e t i c a l  y i e l d s  [l m i l l i e q u i v a l e n t  of 

Ce(1V) p e r  965 coulombs] were a t t a i n e d  over  t h e  l i n e a r  p o r t i o n s  of t h e  

curves shown i n  Fig.  3 .  Even a t  t h e  h ighes t  app l i ed  c u r r e n t s ,  0 .5  - 1 A, 

~ 8 5 %  of t h e  Ce(II1)  w a s  oxidized a t  t h e  anode wi th  t h e o r e t i c a l  e f f i c i e n c y .  

Analysis  of t h e  cathode s o l u t i o n  a f t e r  passage of 14,400 coulombs (1 A 

f o r  240 min) showed t h a t  0.022 mole of HN02 and 0.0008 mole of NH4+ i o n  

were p resen t  i n  the  ca tho ly te .  Visua l  observa t ions  ind ica t ed  t h a t  gas 

product ion i n  t h e  cathode compartment w a s  minimal. 

generated i n  t h e  i n i t i a l  s t a g e s  of t h e  e l e c t r o l y s i s  disappeared a f t e r  

% l O  min of opera t ion .  

i n  gene ra l  agreement wi th  t h a t  of Ellingham. Therefore ,  under t h e  

The few gas bubbles  

G a s  samples were n o t  taken.  This  obse rva t ion  i s  

2 cond i t ions  employed ( cu r ren t  d e n s i t i e s  ~ 0 . 4  A/dm 

6.0 V), HNO w a s  t h e  main product  of t h e  cathode r e a c t i o n .  

and p o t e n t i a l s  of 1 . 5  - - 

2 



1 3  

Table 1. Anodic ox ida t ion  of %0.1 M Ce(II1) s o l u t i o n  a t  25°C us ing  
plat inum e l e c t r o d e s  sepa ra t ed  by a p o r o u s ,  f r i t t e d - g l a s s  b a r r i e r  

I n i t i a l  Anode Solucion: 
I n i t i a l  Cathode Solu t ion :  

200 m l  of 0.0960 E Ce(N03I3 - 4 . 0  - M HNO3 
200 ml of 4.0 - M HNO3 

Run No. 1 2 3 4 

Current ,  A 

Voltage,  V 

T i m e ,  min 

15 

30 

45 

6 0  

75 

90 

1 2 0  

135 

150 

180 

210 

240 

- 

0.10 

1 . 7 0  

- - - -  
- 

0.007 

- 

- 

- 

0.0287 

0.0385 

- 

0.9460 

0.0580 

0.0675 

0.0775 

0.25 0 .5  

2.25 2.95 

Ce(IV) concen t r a t ion  (MI a - _ _ _ _ _ _ - _ - - - - - - -  
- 0.0250 

0.0265 0.0455 

- 0.0660 

0.0455 0.0870 

- 0.0860 

0.0750 0.0960 

0.0954 - 
0.0956 - 

- - 
- - 
- - 
- - 

1.0 

4.20 

- - -  
0.0450 

0.0850 

0.0925 

0.0925 

- 
- 

- 

- 

- 
- 

- 

~~ ~~ 

Complete ox ida t ion  of Ce(II1)  produces a 0 .0960  M Ce(1V) s o l u t i o n .  a - 
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ORNL DWG 78-5240R 

TIME (min) 

Fig. 3 .  
s o l u t i o n  at 25 OC. 
b a r r e e r .  

Anodic ox ida t ion  of 0.096 M Ce(II1)  n i t r a t e  i n  4 M HNO3 
Elec t rodes  separa ted  gy a porous,  f r i t t e d - g l a s s  
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Resu l t s  

shrouded and 

i s  seen t h a t  

obtained wi th  t h e  s t i r r ed -po t  e l e c t r o l y t i c  c e l l  w i th  both 

unshrouded e l e c t r o d e s  are shown i n  Fig.  4 and Table 2 .  It 

a s imple shroud around t h e  cathode e f f e c t i v e l y  p r o t e c t s  t h e  
. -  

Ce(1V) a g a i n s t  r educ t ion  by HN02. 

Ce(II1)  t o  Ce(1V) is achieved i n  t h e  s t i r r ed -po t  c e l l  i f  p r o t e c t i o n  

a g a i n s t  mixing of cathode and anode r e a c t i o n  products  i s  not  provided. 

A conversion of 88% i s  obtained us ing  t h e  shrouded e l e c t r o d e  which per- 

m i t s  t h e  escape of n i t rogen  oxide gases  t o  t h e  atmosphere a t  t h e  top  of 

The conversion of only 27% of t h e  

t h e  shroud. 

conversion, 

promote t h e  

analyze t h e  

Although sparging t h e  c a t h o l y t e  with a i r  may improve t h e  

t h e  Ce(1V) concent ra t ion  a t  88% conversion is  s u f f i c i e n t  t o  

d i s s o l u t i o n  of Pu02. 

cathode gases  i n  t h e s e  experiments.  

N o  a t tempt  w a s  made t o  c o l l e c t  and 

a 

Severa l  materials of cons t ruc t ion  f o r  u se  as e i t h e r  e l e c t r o d e s  o r  

f o r  t h e  f a b r i c a t i o n  of containment vessels f o r  C e ( 1 V )  i n  4 - M HN03 w e r e  

scouted wi th  r e s p e c t  t o  co r ros ion  (Table 3 ) .  

s t a i n l e s s  steel w a s  no t  s u i t a b l e  f o r  cons t ruc t ion  of containment vessels, 

but  t h a t  t i t an ium,  g l a s s ,  o r  Teflon w e r e  s a t i s f a c t o r y .  Nei ther  g raph i t e  

nor  t i t an ium w a s  s u i t a b l e  as an anode material; however, g r a p h i t e  appear- 

ed t o  be a s a t i s f a c t o r y  cathode material. 

i nd ica t ed  t h a t  f o r  a p r a c t i c a l  system e i t h e r  g lass - l ined  o r  t i t an ium 

v e s s e l s  w e r e  s a t i s f a c t o r y  f o r  containment of s o l u t i o n s ,  plat inum w a s  

s u i t a b l e  for the  anode, and g r a p h i t e  could be  used f o r  t h e  cathode pro- 

vided t h a t  i t  could b e  s a t i s f a c t o r i l y  i s o l a t e d  from t h e  anode s o l u t i o n  

conta in ing  Ce(IV). 

The r e s u l t s  showed t h a t  

These cursory  co r ros ion  tests 
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1 1 I I 1 

TIME (rnin) 

3 
Fig. 4 .  Anodic ox ida t ion  of 0.096 M Ce(II1)  n i t r a t e  i n  4.0 M HNO 

s o l u t i o n  us ing  t h e  s t i r r ed -po t  e l e c t r o l y t i c  c e l l  a t  25OC. 
- 

Curve A - without cathode shroud 
Curve B - with shrouded cathode 



Table 2. Yie lds  of Ce(1V) ob ta ined  u s i n g  a s t i r r e d - p o t  e l e c t r o l y t i c  
c e l l  w i th  and wi thout  a cathode shroud a t  a c u r r e n t  of 1.0 Aa 

Ce(IV) y i e l d  N e t  electrical 
C e l l  type  T i m e  (min) Ce(1V) (E) (% of t o t a l  Ce) e f f i c i e n c y  (%) 

Without cathode shroud 45 0.0263 

90 0.0265 

135 0.0263 

With ca thode  shroud 90 0.0245 

27 

27 

27 

2 5  

135 0.0654 68 

180 0.0850 88 

225 0.0850 88 

94 

47  

3 1  

44 

78 

76 

61 

The c e l l  i n i t i a l l y  contained 1 l i t e r  of 0.0964 M Ce(N03)3 - 4.0 M HN03. a 

b N e t  c e l l  e f f i c i e n c i e s  were c a l c u l a t e d  by Faraday's l a w .  
- - 
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Table 3.  React ion of va r ious  materials i n  
0 . 1  M Ce(1V) n i t r a t e  - 4.0 M HNO s o l u t i o n s  3 - - 

K a t  er ia l  Comments 

1. S t a i n l e s s  steel  

2. Nylon 

3 .  Carbon o r  g r a p h i t e  

4 .  Titanium 

5. Platinum 

Rapidly corroded a t  s l i g h t l y  e l eva ted  
temp. ( ~ 5 0 ° C ) .  Quickly eroded a t  room 
temp. when used as a n  anode t o  e l e c t r o -  
l y z e  ce( 111) t o  C e (  I V )  . 
Dete r io ra t ed  r a p i d l y  a t  room temp. 

Reacted a t  60°C. Not s u i t a b l e  as an 
anode material due t o  s p a l l i n g .  

Very l i t t l e  ( i f  any) r e a c t i o n  even a t  
60"C, but  no t  s u i t a b l e  as a n  anode 
material because t h e  formation of an  
oxide  coa t ing  caused h igh  electrical  
r e s i s t a n c e .  

Did n o t  react a t  100°C. Good as an  
anode material. 

6. Teflon Did n o t  react at 100°C. 

7. Alundum Did n o t  react a t  100°C. 
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3. LEACHING OF Pu02 FROM HEPA FILTERS 

Cerium(1V)-promoted leaching  of Pu02 from s y n t h e t i c a l l y  prepared 

mixtures  of r e f r a c t o r y  PuO and HEPA f i l t e r  materials w a s  i n v e s t i g a t e d  

us ing  two techniques:  (1) leaching  of t h e  s l u r r i e d  s o l i d s  i n  t h e  anode 

compartment of an e l e c t r o l y t i c  c e l l  with cont inuous r egene ra t ion  of Ce(IV), 

and ( 2 )  l eaching  of a packed column of Pu02 - HEPA material wi th  cont in-  

uous r e c i r c u l a t i o n  of t h e  l each  l i q u o r  through t h e  anode compartment of 

an  e x t e r n a l  e l e c t r o l y t i c  ce l l .  

2 

Good d i s s o l u t i o n  of plutonium w a s  achieved using e i t h e r  leaching  

technique. 

of ge l a t inous  s o l i d s  from leach  l i q u o r s ,  bu t  would present  some d i f f i -  

c u l t i e s  i n  t h e  remote o r  semi-remote loading  and unloading of s o l i d s .  

Combustion of t h e  carbonaceous spec ie s  present  i n  HEPA f i l t e r  materials 

p r i o r  t o  leaching  shortened t h e  t i m e  requi red  f o r  d i s s o l u t i o n  of Pu02, 

probably because t h e  Ce(1V) a t t acked  t h e  carbonaceous spec ie s  preferen-  

t i a l l y  s o  t h a t  t h e  rate of Pu02 d i s s o l u t i o n  w a s  no t  apprec iab le  u n t i l  

most of t h e  carbonaceous s p e c i e s  were oxidized.  The combustion s t e p  

might a l s o  h e l p  t o  avoid p o t e n t i a l  problems i n  t h e  recovery of plutonium 

The packed-column method would avoid t h e  d i f f i c u l t  s e p a r a t i o n  

by so lvent  e x t r a c t i o n  from leach  l i q u o r s  

pounds unoxidized by Ce(1V). 

3 .1  Materials 

3.1.1 HEPA f i l t e r  media 

The f i l t e r i n g  media u t i l i z e d  i n  t h e  

from t h e  fo l lowing  two most common types  

A. One type  had p l ea t ed  f i b e r g l a s s  

conta in ing  s o l u b l e  organic  com- 

Used 

leaching  tests were obta ined  

of HEPA f i l t e r s :  

media which were he ld  

19 
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a p a r t  by corrugated aluminum s e p a r a t o r s  and enclosed by 

a m e t a l  frame (Fig.  5) .  The media i n  t h i s  f i l t e r  w e r e  a t t ach -  

ed t o  t h e  frame by Styrofoam t h a t  w a s  formed i n  p l ace .  A 

p r o p r i e t a r y  b inder  he ld  t h e  f i b r o u s  f i l t e r  media toge the r .  

B .  The o t h e r  type  had a wooden frame and corrugated-asbestos  

s e p a r a t o r s  (Fig.  6 ) .  The f i b e r g l a s s  media were bonded 

toge the r  with a p r o p r i e t a r y  b inder  and jo ined  t o  t h e  

frame by a rubber-base glue.  

Values f o r  t h e  f l u o r i d e  conten t ,  t h e  r educ t ive  power, and t h e  mea- 

sured  l o s s  on i g n i t i o n  t o  300°C of t h e  media a f t e r  t h e i r  disassembly from 

t h e  f i l t e r  frame and t h e  s e p a r a t o r s  are l i s t e d  i n  Table 4 .  

3.1.2 P repa ra t ion  of Pu02 and i t s  mixtures  wi th  HEPA f i l t e r  media 

The Pu02 powder w a s  prepared by p r e c i p i t a t i n g  plutonium o x a l a t e  

from %1 - M HN03 s o l u t i o n  wi th  o x a l i c  a c i d ,  f i l t e r i n g ,  washing wi th  d i l u t e  

n i t r i c  a c i d ,  and then  f i r i n g  t o  temperature  i n  a p o r c e l a i n  c r u c i b l e  

hea ted  i n  a muff le  furnace.  Two ba tches  of Pu02 were prepared i n  t h i s  

manner us ing  f i n a l  f i r i n g  cond i t ions  of 800 and 1000°C f o r  4 h r .  Both 

oxide p repa ra t ions  w e r e  s l i g h t l y  reactive t o  4.0 M HNO 

t u r e s  ( ~ 1 0 4 ° C ) .  

a f t e r  a 6-hr d i s s o l u t i o n  per iod ,  whereas only  about  1% of t h e  Pu02 s in-  

t e r e d  a t  1000°C w a s  d i s so lved  under t h e  same cond i t ions .  

a t  r e f l u x  tempera- - 3  
About 5% of t h e  Pu02 s i n t e r e d  a t  8OO0C w a s  d i s so lved  

I n  t h e  tests 

of t h e  d i s s o l u t i o n  behavior  of Pu02 f i r e d  a t  e i t h e r  800 o r  1000°C, 50 mg 

of Pu02 and 200 m l  of 4.0 M HNO w e r e  employed. - 3  

Mixtures of Pu02-HEPA f i l t e r  media, 1 .6  w t  % Pu02, were prepared by 

mixing t h e  f i n e  Pu02 powder wi th  shredded HEPA f i l t e r  media t h a t  had 

been i g n i t e d  i n  air  a t  300OC i n  a muff le  furnace.  Frame materials and 
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F i g .  6 .  Type B HEPA f i l t e r .  
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Table 4 .  Some p r o p e r t i e s  of HEPA F i l t e r s  
~ 

Type Aa Type Bb 
Glass f i b e r  Separa tor  Glass f i b e r  Separa tor  

medium (aluminum) medium + g lue  ( a sbes tos )  

F luo r ide  content  , 9 10 
PPm 

120 710 

Relative weight' 0 .5  1.0 4.0 1.0 

Loss on i g n i t i o n  5 
a t  3OO0C, w t  % 

Reductive power , 4 d 

m e d g  

- 15 1 

- 6 

aSee  Fig. 5, Type A HEPA f i l t e r ,  p .  21. 

bSee Fig. 6 ,  Type B HEPA f i l t e r ,  p .  22. 

C weight of mediqm Relative weight = weight of s e p a r a t o r '  

N w 

dAs determined by t h e  amount of C e ( 1 V )  reduced i n  b o i l i n g  4 - M HN03 a f t e r  1 .5  h r .  
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and sepa ra to r  materials were n o t  included i n  t h e  mixtures  s i n c e  i t  w a s  

l i k e l y  t h a t  i n  a process ing  f a c i l i t y  t h e s e  materials would be  mechanical ly  

separa ted  from t h e  ac t in ide- laden  f i b e r g l a s s  p r i o r  t o  leaching .  I f  t h e  

aluminum s e p a r a t o r s  w e r e  included,  t h e i r  d i s s o l u t i o n  by t h e  Ce(IV)-HN03 

leachant  would not  only i n c r e a s e  t h e  q u a n t i t y  of aluminum n i t r a t e  waste, 

but  a l s o  r e q u i r e  a d d i t i o n a l  t i m e  and electric c u r r e n t  t o  r egene ra t e  t h e  

Ce(1V) reduced by t h e  aluminum. The asbes tos  s e p a r a t o r s  could be  l e f t  

w i th  t h e  media because they would n o t  i n c r e a s e  t h e  Ce(1V) consumption. 

3 . 2  Leaching Procedures 

3.2.1 S l u r r y  l each ing  i n  anode compartment 

Samples were leached i n  t h e  anode compartment of t h e  e l e c t r o l y t i c  

c e l l  descr ibed  earlier (Fig.  1 and Sec t .  2.2) wi th  200 m l  of 0.1 - M Ce(1V) 

n i t r a t e  - 4.0 - M HN03 s o l u t i o n  and an appl ied  c u r r e n t  of 1.0 A. The tests 

were c a r r i e d  out  a t  t h e  r e f l u x  temperature  wi th  s t i r r i n g .  A l l  l eachings  

w e r e  c a r r i e d  ou t  with HEPA f i l t e r  s o l i d s  t h a t  had been i g n i t e d  i n  a i r  t o  

3OOOC except  f o r  t hose  tests t h a t  w e r e  s p e c i f i c a l l y  designed t o  determine 

t h e  e f f e c t  of carbonaceous materials on t h e  leaching  process .  A l l  leach- 

i n g  experiments on Pu0,-HEPA mixtures  w e r e  conducted wi th  a blend of 50 

mg of  Pu02 and 

mg of Pu02 w a s  

temperature  on 

L 

3 g of HEPA media 

used t o  determine 

PuO d i s s o l u t i o n .  2 

3.2.2 Packed column l each ine  

s o l i d s .  I n  some experiments,  only 50 

t h e  e f f e c t s  of t h e  HEPA material and 

A schematic  diagram of t h e  appara tus  is  shown i n  Fig.  7. Photographs 

of t h e  o v e r a l l  equipment and of t h e  column and e l e c t r o l y t i c  ce l l  be fo re  

i n s t a l l a t i o n  i n  an  a lpha  containment glove box are shown i n  F igs .  8 and 9,  
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Fig. 8. The experimental equipment used in leaching a packed column 
of HEPA sol ids  with 0 . 1  M Ce(IT7) nitrate - 4.0 M HN03. - - 

* 
8 -  I 



Fig. 9 .  A detailed view of the glass column packed with HEPA solids 
and the electrolytic c e l l .  
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r e spec t ive ly .  

supported on a g l a s s  wool plug i n  t h e  g l a s s  column (3.5 c m  I D  x 15.0 cm 

long) w a s  leached wi th  a 0 . 1  M Ce(1V) - 4.0 M HNO s o l u t i o n  a t  a flow - 3  
rate of 0.6 R/hr. The l each  l i q u o r  w a s  r e c i r c u l a t e d  t o  t h e  packed column 

a f t e r  f i l t r a t i o n  and passage through t h e  anode compartment of an  e l e c t r o -  

l y t i c  ce l l  t h a t  w a s  descr ibed  previous ly  (Fig.  1 and Sect. 2.2) t o  regen- 

erate t h e  Ce(1V). 

ou tput  s i d e  of t h e  microbellows pump. A l l  t h e  materials of cons t ruc t ion  

exposed t o  t h e  Ce(1V)  s o l u t i o n  w e r e  e i t h e r  g l a s s ,  polyethylene,  o r  Teflon. 

The column w a s  wrapped wi th  a n  e lectr ic  hea t ing  t ape ;  t he  tub ing  down- 

stream of t h e  pump w a s  hea ted  by immersion of a c o i l e d  l eng th  i n  b o i l i n g  

water. 

I n  t h e s e  experiments,  15.0 g of t h e  Pu02-HEPA mixture  

- 

Liquid p re s su re  w i t h i n  t h e  system w a s  10 p s i g  a t  t h e  

3.2.3 Ana ly t i ca l  de te rmina t ions  

Cerium(1V) concen t r a t ions  were measured by t h e  poten t iomet r ic  

method descr ibed  i n  Sect .  2.3. 

ORNL Ana ly t i ca l  Chemistry Divis ion.  The plutonium con ten t s  of t h e  l e a c h  

l i q u o r s  and t h e  r e s i d u e s  were determined by s tandard  a s say  techniques 

f o r  a lpha  a c t i v i t y .  The s o l i d  r e s i d u e s  w e r e  s o l u b i l i z e d  by a c a u s t i c  

f u s i o n  process ,  and t h e  plutonium w a s  separa ted  from t h e  o t h e r  s o l u b l e  

elements be fo re  a s say  by a lpha  count ing.  The carbon con ten t s  of 

t h e  l each  l i q u o r s ,  an i n d i c a t o r  of t h e  presence of s o l u b l e  organic  com- 

pounds, w e r e  determined by ox id iz ing  t h e  organic  compounds with potassium 

p e r s u l f a t e  i n  a sea l ed  ampoule and measuring t h e  CO wi th  a nondispers ive  

i n f r a r e d  ana lyzer .  2o 

were determined wi th  a Brookfield v iscos imeter .  

A l l  o the r  ana lyses  w e r e  provided by t h e  

2 

The v i s c o s i t i e s  of s l u r r i e s  of leached HEPA media 
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3.3 Resu l t s  and Discussion 

3.3.1 E f f e c t s  of carbonaceous materials 

I n  t h e  i n i t i a l  tests, s l u r r i e s  of HEPA media were leached i n  t h e  

anode compartment of t h e  e l e c t r o l y t i c  c e l l  t o  determine t h e  e x t e n t  of 

t h e  r e a c t i o n  of Ce(1V) wi th  t h e  organic  spec ie s  p re sen t  i n  HEPA media 

and t h e  concen t r a t ions  of s o l u b l e  organics  i n  t h e  leach  l i q u o r  unoxidized 

by Ce(1V). 

t ies  of b inder  g lue  (Table 4 ,  Type B ) ,  an appl ied  cu r ren t  of 1.0 A was 

no t  s u f f i c i e n t  t o  main ta in  t h e  Ce(1V) concen t r a t ion  a t  i t s  i n i t i a l  va lue  

even a f t e r  a r e a c t i o n  t i m e  of 3 h r .  Analyses of t h e  l i q u o r s  a f t e r  leach- 

ing  per iods  of 1 t o  2 h r  showed t h a t  aqueous-soluble organic  compounds 

w e r e  p re sen t  (Table 5).  

t h a t  had been i g n i t e d  i n  a i r  t o  3 O O O C  p r i o r  t o  leaching  showed t h a t  t h i s  

w a s  an e f f e c t i v e  pre t rea tment  t o  reduce t h e  product ion of s o l u b l e  organic  

compounds and t o  f a c i l i t a t e  t h e  maintenance of C e ( 1 V )  concen t r a t ions  by 

anodic  oxida t ion .  

I n  t h e  HEPA media samples t h a t  contained s u b s t a n t i a l  quant i -  

Subsequent tests wi th  samples of HEPA media 

The i n t r o d u c t i o n  of f o r e i g n  organic  compounds should gene ra l ly  be  

avoided i n  so lvent  e x t r a c t i o n  s e p a r a t i o n s  because of t h e  p o s s i b l e  bui ldup  

of i m p u r i t i e s  i n  t h e  e x t r a c t a n t s .  Rather than  in t roduce  an unce r t a in  

f a c t o r  i n t o  t h e  subsequent recovery of plutonium from t h e  l each  l i q u o r s  

by so lven t  e x t r a c t i o n ,  it would be prudent  t o  e l i m i n a t e  t h e  so lub le ,  

o f t e n  d i f f i c u l t  t o  i d e n t i f y ,  o rganic  s p e c i e s  prev ious  t o  leaching  t o  

avoid t h e  n e c e s s i t y  of demonstrat ing t h a t  they  have no e f f e c t s  i n  so lven t  

e x t r a c t i o n  ope ra t ions  i n  which t h e  e x t r a c t a n t  i s  recycled.  Therefore ,  

i n  a l l  o t h e r  tests repor t ed  here ,  t h e  HEPA f i l t e r  media w e r e  given t h e  

i g n i t i o n  t reatment  p r i o r  t o  leaching  un le s s  s t a t e d  otherwise.  
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Table 5. Carbon content  of l i q u o r s  obta ined  from leaching  
HEPA f i l t e r  media 

a F i l t e r  F.un Leaching rat  i o  Leaching To ta l  carbon 
type  N o .  ( g /Q  t i m e  (h r )  (mg/R) 

B c- 1 25 

25 b B c- 2 

B c-3 25 

A c-4 10 

A c- 5 10 

1 336 

1 140 

2 228 

1 40 

1 5 2  
~ ~~ ~~ ~ ~ 

a The leaching  r a t i o  i s  def ined  as grams of HEPA f i l t e r  
material p e r  l i ter  of 4 - M HN03 - 0.1  - M Ce(1V) leaching  
s o l u t i o n .  

bHEPA samples i n  Run C-2 w a s  p r e i g n i t e d  i n  a i r  t o  3 0 0 ° C .  I n  
a l l  o t h e r  runs,  t h e  samples w e r e  n o t  i g n i t e d .  



31 

3.3.2 Separa t ion  of r e s idues  from l each  l i q u o r s  

Pre l iminary  s t u d i e s  i n  which HEPA media without  PuO were leached 2 

i n  t h e  anode compartment of t h e  e l e c t r o l y t i c  c e l l  showed t h a t  moderately 

d i l u t e  s l u r r i e s  of t h e  leached r e s idues  were very  v iscous  and t h a t  t h e  

ge l a t inous  s o l i d s  w e r e  d i f f i c u l t  t o  s epa ra t e .  I n  a d d i t i o n ,  t h e  plat inum 

anode w a s  coated by a s l imy depos i t ,  bu t  no d i f f i c u l t i e s  were encountered 

i n  maintaining t h e  d e s i r e d  1.0-A cu r ren t  i n  t h e  d i s s o l u t i o n  tests.  

Apparently, t h e  mechanical f o r c e  requi red  f o r  s t i r r ed -con tac t  leaching  

of t h e  s l u r r i e s  pu l led  a p a r t  t h e  ind iv idua l  g l a s s  f i b e r s  which comprise 

t h e  HEPA f i l t e r  material and promoted t h e i r  a t t a c k  by t h e  leachant .  

Subsequently, s e v e r a l  l eaching  tests w e r e  c a r r i e d  out  t o  determine t h e  

e f f e c t  of s o l i d s  concent ra t ion  on t h e  v i s c o s i t y  of s l u r r i e s  of HEPA 

res idues  and t h e  ease of sepa ra t ion  of t h e  s o l i d s  by c e n t r i f u g a t i o n .  

V i s c o s i t i e s  of s l u r r i e s  of leached Type A material were moderately h igh ,  

380 t o  500 cP, at  10-g/R concent ra t ion  and extremely h igh ,  2400 cP, a t  

17.5-g/R concent ra t ion  (Table 6 ) .  

However, a f t e r  s e p a r a t i o n  of t he  s o l i d s  t h e  clear l i q u i d  phase had a 

v i s c o s i t y  ( % l  CP) about equal  t o  t h a t  of 4 - M HN03. 

l i q u i d - s o l i d  sepa ra t ion  i n  s l u r r i e s  conta in ing  10 g/ll leached type  A 

materials w a s  i l l u s t r a t e d  by t h e  r e s u l t s  of some experiments us ing  a 

l abora to ry  c e n t r i f u g e  (Table 7 ) .  

compact cake obtained by c e n t r i f u g a t i o n  w a s  approximately 30% of t h e  

o r i g i n a l  s l u r r y  volume. 

t h a t  cake w a s  es t imated  t o  be  approximately 30 g/a .  

The la t te r  s l u r r i e s  were almost g e l s .  

The problem of 

The s e t t l e d  s o l i d s  volume of t h e  most 

The concent ra t ion  of leached HEPA material i n  

I n  c o n t r a s t  t o  t h e  d i f f i c u l t  problems wi th  t h e  sepa ra t ion  of s o l i d s  

a f t e r  s t i r r e d - c o n t a c t  leaching ,  tests wi th  HEPA s o l i d s  leached i n  a 
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Table 6. V i scos i ty  of s l u r r i e s  of leached HEPA s o l i d s  i n  
0 .1  - M Ce(1V) n i t r a t e  - 4.0 - M HN03 s o l u t i o n s  a t  25"Ca 

Run F i l t e r  S lu r ry  concen t r a t ion  V i s c o s i t y  
No. t y p e  (g lk>  (CP> 

C- 6 A 

c-7 A 

c-10 A 

C-8 B 

c-9 B 

10 

10 

17.5 

25 

37.5 

380 

5 00 

2400 

350 

680 

a Conditions:  s t i r r e d - c o n t a c t  leaching  a t  r e f l u x  temperature  
( ~ 1 0 4 ° C )  f o r  1 .5  h r  i n  t h e  e l e c t r o l y t i c  cell .  



Table 7 .  Cent r i fuga t ion  tests a t  25°C wi th  10 g/R s l u r r i e s  of HEPA 
materials (Type A) a f t e r  s t i r r e d - c o n t a c t  l each ing  

Cent r i fuge  speed Height (cm) of c e n t r i f u g e  cake i n  tubea a t :  
( rpm) 1 min 2 min 3 min 4 min 5 min 

500 7 .5  7 .5  7 .0  

1000 5 . 3  5 . 0  4.5 4.5 4.5 

1500 4 .5  4 . 0  3 .9  3.5 3 .5  

2000 3.7 3.5 3.5 3.5 3.5 

2500 3.5 3.5 3 .4  3 .4  3.4 

3000 3 . 3  3.3 3.2 3.2 3.2 

3500 3.0 3.0 3.0 3.0 3.0 

A c y l i n d r i c a l ,  2.5-cm-diam c e n t r i f u g e  tube  having a he igh t  of 9.8 cm w a s  f i l l e d  
t o  a 9 cm he ight  w i th  t h e  s l u r r y  and cen t r i fuged .  
of t h e  c e n t r i f u g e  tube  t o  t h e  c e n t e r  of r o t a t i o n  of t h e  c e n t r i f u g e  w a s  1 5 . 3  cm. 

a 

The d i s t a n c e  from t h e  base  

w w 
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column showed t h a t  t h e  expuls ion  of l each  l i q u o r  and washing of t h e  column 

w e r e  r e l a t i v e l y  easy.  Appl ica t ion  of about 2 p s i g  a i r  p res su re  t o  t h e  

column r e a d i l y  expel led  l i q u i d s .  

3.3.3 Leaching of Pu02-HEPA mixtures  

The i n i t i a l  l eaching  s t u d i e s  w e r e  made wi th  a s l u r r y  of Pu02-HEPA 

i n  t h e  anode compartment s o l i d s  with 0 .1  M Ce(1V) n i t r a t e  - 4.0 M HNO 

of t h e  e l e c t r o l y t i c  cel l .  The HEPA material samples, which had no t  been 

i g n i t e d  t o  remove carbonaceous spec ie s ,  were d e l i b e r a t e l y  s e l e c t e d  by 

v i s u a l  i n spec t ion  t o  con ta in  cons iderable  amounts of t h e  organic-base 

b inder  g lue  (Table 4 ,  Type B) so t h a t  t h e  "worst case" f o r  Pu02 d i s so lu -  

t i o n  would be determined. The r e s u l t s  of t h e  pre l iminary  tests confirmed 

expec ta t ions  t h a t  t h e  carbonaceous s p e c i e s  would prolong t h e  t i m e  t o  

achieve apprec i ab le  PuO 

of t h e  HEPA material (Table 8) because t h e  Ce(1V) concen t r a t ion  necessary  

f o r  PuO 

cu r ren t  of 1 .0  A u n t i l  most of t h e  carbonaceous material had been oxid ized  

(Sect .  3.3 .1  and Fig.  10) .  Although t h e  Ce(1V) concen t r a t ion  w a s  no t  

measured dur ing  leaching  of PuO -HEPA samples, t h e  c o l o r  of t h e  leaching  

s o l u t i o n  i n d i c a t e d  t h a t  t h e  Ce(1V) concen t r a t ion  had been t o o  low f o r  

e f f i c i e n t  Pu02 d i s s o l u t i o n  dur ing  t h e  f i r s t  5 h r .  Visua l  obse rva t ion  of 

co lo r  could be used as an  i n d i c a t o r  of t h e  Ce(1V) content  because i t  had 

been previous ly  observed i n  t h e  s t u d i e s  of anodic  ox ida t ion  of Ce(II1)  

t o  Ce(1V) t h a t  t h e  co lo r  of t h e  s o l u t i o n  w a s  yel low f o r  a C e ( 1 V )  concen- 

t r a t i o n  50.03 M and red-orange f o r  a concen t r a t ion  >0.05 M. 

3 - - 

d i s s o l u t i o n  beyond t h a t  requi red  i n  t h e  absence 2 

d i s s o l u t i o n  could no t  be  maintained by anodic  ox ida t ion  a t  a 2 

2 

- - 

Plutonium d iox ide  powders s i n t e r e d  a t  1000°C d i s so lved  r a p i d l y  only 

a t  t h e  r e f l u x  temperature ,  104OC (Table  9 ) .  On t h e  o t h e r  hand, 98% 



Table 8 .  Leaching of Pu02 o r  PuO2-unignited HEPA material s l u r r i e s  w i th  
0 .1  - M Ce(1V) n i t r a t e  - 4.0 HNO3 ( i n i t i a l l y )  

i n  t h e  anode compartment of t h e  
e l e c t r o l y t i c  ce l l  

% Pu leached 
Applied F i n a l  
c u r r e n t  Temp. T i m e  So lu t ion  r e s i d u e  

Run No.  Material (A) ("C) ( h r )  a n a l y s i s  a n a l y s i s  
a 

b DS-4 Pu02-HEPA 0 .8  Ref l u x  

DS-5 Pu02 -HEPA 0.8 

1.0 

b Ref l u x  

DS-6 PUO2 25 

b Ref l u x  

DS-8 PUO2 1 .0  25 C 

b Ref lux  

5.5 

12.5 

5.5 

12.5 

18  

5 .5  

18  

6 

43 

101  

82 

97 

98 

100 

30 

101  

99.99 
W 
cn 

a 

bReflux temperature is ~ ~ 1 0 4 ° C .  

In Runs DS-5 and DS-8, t h e  s o l i d - l i q u i d  mixtures  were s t i r r e d  by a magnetic 
stirrer. No s t i r r i n g  w a s  used i n  Runs DS-4 and DS-6. 

1000°C-fired Pu02 used; i n  o t h e r  tests, i t  w a s  800'C-fired material. C 
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Fig. 10. Change i n  Ce(1V) conten t  wi th  t i m e  dur ing  t h e  l each ing  of 
un igni ted  HEPA media i n  t h e  anode compartment a t  r e f l u x  temperatures .  
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Table 9. E f f e c t  of leaching  t i m e  and temperature on t h e  
d i s s o l u t i o n  of s i n t e r e d  (lOOO°C> Pu02 i n  t h e  anode 

compartment of t h e  e l e c t r o l y t i c  c e l l  i n i t i a l l y  
conta in ing  0 . 1  M Ce(1V) n i t r a t e  - 4.0 M HN03 

a t  c u r r e n t  of 1.0 A 

Run No. DS-9 DS-11 DS- 14 DS-13 

Temperature, O C  

Leaching t i m e  , h r  

1 

2 

3 

4 

5 

6 

23 

25 

11.9 

17.4 

18.1 

20.6 

22.2 

26.8 

47.6 

50 75 

% Pu leached 

66.8 33.6 

75.4 53.4 

73.3 72.8 

85.3 80.9 

78.9 80.9 

80.0 80.9 

75.0 89.6 

Ref l u x  

115 

108 

103 

103 

10 2 

102 

102  



d i s s o l u t i o n  of PuO 

25°C (Table 8, Run DS-6). The decrease  i n  PuO d i s s o l u t i o n  rates w i t h  

powder s i n t e r e d  a t  800°C w a s  achieved a f t e r  18 h r  a t  2 

2 

i nc reas ing  i g n i t i o n  temperature  i s  w e l l  known 21y22 and w a s  no t  i n v e s t i -  

gated f u r t h e r .  

No tests were made i n  t h e  e l e c t r o l y t i c  ce l l  on leaching  plutonium 

from s l u r r i e s  of Pu02 and p r e i g n i t e d  HEPA material because i t  had a l r eady  

become apparent  from work descr ibed  i n  Sec t .  3.3.2 t h a t  s e p a r a t i o n  of 

HEPA res idues  from l each  l i q u o r s  would be d i f f i c u l t .  Leaching tests i n  

t h e  packed column u t i l i z e d  Pu02 powder s i n t e r e d  a t  1000°C and t h e  i g n i t e d  

HEPA material s i n c e  t h e  s e p a r a t i o n  behavior  of HEPA s o l i d s  from t h e  

s l u r r i e s  w a s  i d e n t i c a l  f o r  e i t h e r  t h e  v i r g i n  o r  i g n i t e d  materials. With 

t h e  Ce(1V) concen t r a t ion  maintained by a c u r r e n t  of 1 .0  A i n  t h e  e l e c t r o -  

l y t i c  c e l l ,  t h e  Pu02 d isso lved  a f t e r  l each ing  f o r  1 .5  h r  a t  100°C (Fig.  

11) as determined by ana lyses  of t h e  leach  l i q u o r s .  It w a s  no t  c e r t a i n ,  

however, t h a t  a s m a l l  amount 51% had no t  remained w i t h  t h e  HEPA res idue .  

The s tudy demonstrated t h a t  t h e  Ce(1V) concen t r a t ion  necessary  f o r  PuO 

d i s s o l u t i o n  could be  maintained dur ing  t h e  leaching  of HEPA f i l t e r  s o l i d s  

2 

and t h a t  t h e  packed column concept w a s  f e a s i b l e .  

4 .  CHEMICAL FLOWSHEET FOR RECOVERY OF ACTINIDES AND RECYCLE OF CERIUM 

The proposed chemical f lowsheet (Fig.  1 2 )  f o r  t h e  recovery of acti- 

n i d e s  from HEPA f i l t e r s  w a s  developed i n  a c o l l a b o r a t i v e  e f f o r t 2 3  wi th  

B. C.  Finney and D .  W. Tedder of ORNL. The HEPA f i l t e r  material i s  

mechanically sepa ra t ed  from t h e  frame and space r s  and i g n i t e d  i n  a i r  t o  

3OOOC t o  remove carbonaceous materials p resen t  i n  g lues  and b inders .  

Subsequently,  t h e  HEPA s o l i d s  are leached w i t h  0 . 1  - M Ce(1V) n i t r a t e  - 
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Fig. 11. Packed-column leaching of plutonium from sintered (1000°C) 
HN03. Pu02-ignited HEPA solids mixtures with 0.1 - M Ce(1V) nitrate - 4.0 
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Fig. 12 .  Conceptual f lowsheet f o r  recovery of a c t i n i d e s  from HEPA 
f i l t e r  media. 
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* .  

4 .  

. 

4.0 M HNO 

the  s o l i d s  whi le  main ta in ing  t h e  Ce(1V) concent ra t ion  i n  t h e  l each  solu- 

t i o n  by anodic  oxida t ion .  A s o l u b l e  neutron poison, gadolinium n i t r a t e ,  

is used f o r  c r i t i c a l i t y  c o n t r o l  dur ing  leaching.  23 

ing  is u n s a t i s f a c t o r y  because i t  produces a v iscous  s l u r r y  t h a t  cannot 

be r e a d i l y  pumped or  cent r i fuged .  The Ce(1V) t h a t  i s  reduced dur ing  t h e  

leaching  process  i s  regenera ted  cont inuously by r eox ida t ion  of Ce(II1)  

a t  the  anode of an  e l e c t r o l y t i c  c e l l  us ing  an app l i ed  cu r ren t  d e n s i t y  

of 0.4 A/dm . 

s o l u t i o n  by pass ing  t h e  leachant  through a packed column of 3 - 

St i r red-contac t  leach- 

2 

The a c t i n i d e s ,  cerium, and gadolinium are recovered from t h e  l each  

l i q u o r  by two cyc le s  of so lven t  e x t r a c t i o n .  In  t h e  f i r s t  cyc le ,  plutonium, 

uranium and neptunium are recovered by TBP e x t r a c t i o n  a f t e r  reduct ion  

of Pu(V1) t o  Pu(1V) and Ce(1V) t o  Ce(II1)  w i th  o x a l i c  ac id  i n  a va lence  

adjustment s t e p  and s e p a r a t i o n  of t h e  l each  l i q u o r  from s o l i d s . 2 3  

adjustment can be accomplished by sparging w i t h  NO o r  N0224 r a t h e r  than  

by o x a l i c  ac id  sdd i t ion ,  i f  des i r ed .  The recovered plutonium, uranium, 

Valence 

and neptunium are recyc led  t o  t h e  

The C e ( I I I ) ,  Gd, Am, Cm, and 

l an than ide  elements , which may be 

23 main Purex p l a n t .  

trace amounts of o t h e r  a c t i n i d e  and 

p resen t ,  are recovered by t h e  b i d e n t a t e  

process  which uses  dihexyl-N-N-diethylcarbamoylmethylene phosphonate 

(DHDECMP) as t h e  e x t r a c t a n t .  The b i d e n t a t e  process  9 "9 23 w i l l  a l s o  

e x t r a c t  t h e  small amounts of t h e  plutonium, uranium, and neptunium, t h a t  

may remain a f t e r  t h e  TEiP e x t r a c t i o n .  

necessary t o  convert  i n e x t r a c t a b l e  Np(V) t o  e x t r a c t a b l e  Np(1V) o r  Np(V1). 

The a c t i n i d e s  are recovered from t h e  DHDECMP i n  two separate s t r i p p i n g  

opera t ions .  

A valence  adjustment s t e p  may be  

In t h e  f i r s t ,  a s o l u t i o n  of 0.005 - M H N 0 3  - 0.05 - M 
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hydroxylamine n i t r a t e  (HAN) i s  used t o  s t r i p  t h e  t r i v a l e n t  a c t i n i d e s ,  

t r i v a l e n t  l an than ides ,  and Np(V). The HAN reduces t h e  e x t r a c t a b l e  s p e c i e s ,  

Pu(1V) and Np(VI), t o  t h e  i n e x t r a c t a b l e  forms, Pu( I I1)  and Np(V), respec- 

t i v e l y .  Only about 20% of t h e  uranium (p resen t  as hexavalent  uranium) i s  

s t r i p p e d  i n  t h i s  opera t ion .  I n  t h e  second s t r i p p i n g ,  a s o l u t i o n  of 0.005 

- M HN03 - 0.05 - M o x a l i c  ac id  is  used t o  s t r i p  t h e  r e s i d u a l  uranium and 

trace amounts of Am, Cm, Gd, Pu, and Np t h a t  may remain a f t e r  t h e  f i r s t  

s t r i p p i n g  ope ra t ion .  I n  a d d i t i o n  t o  promoting t h e  s t r i p p i n g  of hexavalent  

uranium, o x a l i c  a c i d  promotes t h e  s t r i p p i n g  of Np(1V) and Pu(1V) i n t o  

d i l u t e  HNO by o x a l a t e  complexing. The Pu(VI),  Np(VI), and Np(V) are 

reduced extremely slowly by o x a l a t e  i on  a t  t h i s  low a c i d i t y .  

3 
9 

The products  from t h e  s t r i p p i n g  ope ra t ions  are evaporated t o  a d j u s t  

t h e  HNO, concen t r a t ion  and t o  decompose t h e  HAN and o x a l i c  a c i d ,  t h e  HAN 
3 

by r e a c t i o n  

of HN03 and 

r e a c t i o n  of 

wi th  HN0325 and t h e  o x a l i c  a c i d  by r e a c t i o n  w i t h  a mixture  

23 Since t h e  hydrogen peroxide i n  s e p a r a t e  evapora tors .  

HAN w i t h  HN03 proceeds a u t o c a t a l y t i c a l l y  and involves  HN02 

2 

as an in t e rmed ia t e ,  i t  may be d e s i r a b l e  t o  u t i l i z e  a NO2 gas  sparge  t o  

a s s u r e  smooth i n i t i a t i o n  of t h e  r e a c t i o n .  Af te r  t h e  evapora t ive  treat- 

ment, t h e  s o l u t i o n  i s  recyc led  u n t i l  t h e  americium-curium concen t r a t ion  

h a s  increased  s u f f i c i e n t l y  t o  be s u i t a b l e  f o r  c a t i o n  exchange chromato- 

graphic  s e p a r a t  ion2'  239 26' 27 of t hose  act  i n i d e s  from cerium, gadolinium, 

and any f i s s i o n  product lan thanides .  This could be  accomplished by 

e i t h e r  a "bleed" stream t o  t h e  cat ion  exchange chromatographic process  23 

o r  i n  a ba tch  campaign manner. 

t o  t h e  HEPA leaching  s t e p  would reduce t h e  amounts of cerium and gadolinium 

r e j e c t e d  t o  t h e  sa l t  waste 2'23 and hence minimize t h e  q u a n t i t y  of t h a t  

Recycle of HN03, cerium, and gadolinium 

waste. 
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Some cons ide ra t ion  w a s  given t o  t h e  use  of TBP f o r  t h e  recovery and 

r ecyc le  of cerium, bu t  f lowsheets  based on t h e  e x t r a c t i o n  of e i t h e r  Ce(IV) 

o r  Ce(II1)  by TBP were more complicated than  t h e  one a l r eady  descr ibed.  

A high recovery of cerium as Ce(1V) by e x t r a c t i o n  wi th  30 v o l  % TBP i n  

- n-dodecane would r e q u i r e  t h e  use  of an  e l e c t r o l y t i c  method t o  main ta in  

t h e  Ce(1V) concent ra t ion  due t o  i t s  slow reduc t ion  by t h e  e x t r a c t a n t  

(Fig.  1 3 ) .  I n  add i t ion ,  s p e c i a l  materials of cons t ruc t ion  would be 

needed t o  con ta in  t h e  co r ros ive  Ce(1V) s o l u t i o n s .  Cerium could a l s o  be 

recovered as Ce(II1)  s imultaneously wi th  gadolinium and t h e  t r i v a l e n t  

a c t i n i d e s  by e x t r a c t i o n  wi th  100 v o l  % TBP i n  t h e  second e x t r a c t i o n  

cyc le  i f  t h e  a c i d i t y  of t h e  aqueous phase w e r e  1 2  t o  1 4  M HNO Such a 

process  would r e q u i r e  an a d d i t i o n a l  s t e p  t o  a d j u s t  t h e  a c i d i t y  and u s e  

of an organic  phase wi th  undes i r ab le  phys i ca l  p rope r t i e s .  Moreover, 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  f o r  t h e  t r i v a l e n t  a c t i n i d e s  between 30 v o l  % 

DHDECMP s o l u t i o n  and 4.0 - M HN03'l are comparable t o  those  between 100 

v o l  % TBP and 1 2  t o  1 4  - M HN03. From t h e  foregoing cons ide ra t ions ,  a 

flowsheet based on TBP as t h e  s o l e  e x t r a c t a n t  d id  no t  possess  a marked 

advantage over one which used both TBP and DHDECMe. 

3' - 

28 

5.  CONCLUSIONS 

This  s tudy  permit ted conclus ions  t o  be  made regard ing  t h e  e l e c t r o -  

l y t i c  product ion of s o l u t i o n s  of Ce(1V) n i t r a t e  i n  HNO 

t o r y  Pu02 from HEPA f i l t e r  s o l i d s  us ing  0 .1  - M Ce(1V) n i t r a t e  - 4.0 - M HN03, 

t h e  s e p a r a t i o n  of t h e  s o l i d s  and leach  l i q u o r ,  and methods f o r  r ecyc le  

of cerium from l each  l i q u o r s .  

l eaching  r e f r a c -  3' 
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Fig. 13. The change i n  Ce(1V) concen t r a t ion  dur ing  t h e  aging of a 
30 vol % TBP extract conta in ing  Ce(1V) n i t r a t e  a t  25OC. 

. '  
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5 .1  E l e c t r o l y t i c  Product ion of Ce(1V) Nitrate i n  HNO Solu t ions  3 

Cerium(1V) nitrate-HNO s o l u t i o n s  are produced i n  good y i e l d  by 

anodic  ox ida t ion  of a 0.1 M Ce(II1)  n i t r a t e  - 4.0 M HNO s o l u t i o n  a t  

3 

3 - - 
2 platinum e lec t rodes  us ing  a cu r ren t  d e n s i t y  of 0.4 A/dm . Over 80% 

conversion of Ce(II1) t o  C e ( 1 V )  w a s  accomplished wi th  good cu r ren t  

e f f i c i e n c y  when t h e  anode and cathode compartments were separa ted  e i t h e r  

by a porous, f r i t t e d - g l a s s  b a r r i e r  o r  simply by a shroud around t h e  

cathode. 

at  the cathode from reducing t h e  Ce(1V) produced a t  t h e  anode t o  Ce(I I1) .  

Tests showed t h a t  t h e  Ce(1V)-promoted d i s s o l u t i o n  of r e f r a c t o r y  PuO i n  

4.0 M HNO w a s  completely s a t i s f a c t o r y  i f  80% of t h e  cerium were present  3 

as Ce(1V). 

These e l e c t r o d e  arrangements prevented t h e  HN02 which w a s  formec 

2 

- 

Attempts t o  produce Ce(1V) nitrate-HNO s o l u t i o n s  t h a t  w e r e  satis- 3 

f a c t o r y  f o r  e f f e c t i v e  d i s s o l u t i o n  of PuO 

cathode were unsuccessful  a t  cu r ren t  d e n s i t i e s  of 0 .4  A/dm 

27% of t h e  Ce(II1)  could be oxidized.  The r e s u l t i n g  Ce(1V) concent ra t ion  

w a s  n o t  s u f f i c i e n t  f o r  e f f e c t i v e  PuO d i s s o l u t i o n .  This method could be  2 

success fu l  wi th  ve ry  h igh  cu r ren t  d e n s i t i e s  a t  t h e  cathode; f o r  example, 

Smith and coworkers used 100 A/dm2.12 

H2 r a t h e r  t han  HN02 i s  t h e  major cathode r educ t ion  product and i t  is  no t  

necessary  t o  i s o l a t e  t h e  cathode from t h e  anode t o  o b t a i n  good y i e l d s  of 

Ce(1V). Such a procedure,  i f  employed, would r e q u i r e  cons ide ra t ion  of 

t h e  d i sposa l  of hydrogen, a p o t e n t i a l  explos ive  hazard.  

without  i s o l a t i n g  t h e  anode o r  

because only 

2 
2 

A t  t h e s e  high cu r ren t  d e n s i t i e s ,  

A few scout ing  tests w e r e  performed t o  determine s u i t a b l e  materials 

f o r  e l e c t r o d e s  and f o r  l i q u i d  containment. Platinum w a s  t h e  only  e lec-  

t r o d e  material t h a t  w a s  s a t i s f a c t o r y  f o r  Ce(1V) n i t r a t e  - HNO s o l u t i o n s .  3 
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Glass, Teflon, and t i t an ium were s a t i s f a c t o r y  con ta ine r  materials, b u t  

t i t an ium would be  t h e  only p r a c t i c a l  material  f o r  remote ope ra t ions  wi th  

h ighly  r a d i o a c t i v e  materials. 

5.2 Leaching HEPA So l ids  and Liquid-Sol ids  Separa t ions  

Both s t i r r e d - c o n t a c t  leaching  of HEPA s o l i d s  and r e c i r c u l a t i n g  t h e  

leachant  s o l u t i o n  through a packed bed of HEPA s o l i d s  w e r e  e f f e c t i v e  i n  

d i s so lv ing  Pu02; however, l i q u i d - s o l i d s  s e p a r a t i o n  w a s  much easier wi th  

t h e  packed bed. 

from t h e  bed us ing  a s l i g h t  overpressure  ( 2  p s ig )  of a i r .  

leaching ,  on t h e  o t h e r  hand, produced ve ry  v iscous  s l u r r i e s  which w e r e  

d i f f i c u l t  t o  concen t r a t e  by c e n t r i f u g a t i o n .  A t  s o l i d s  concen t r a t ions  as 

low as  10 g/!L, t h e  v i s c o s i t i e s  were of t h e  o rde r  of 500 cP. 

c e n t r i f u g a t i o n  a t  3500 rpm i n  a l abora to ry  c e n t r i f u g e  d i d  not  dewater 

t he  s o l i d s  s a t i s f a c t o r i l y .  The suspended s o l i d s  could be concent ra ted  

t o  only 30 g/R i n  t h e  c e n t r i f u g e  cakes from an  o r i g i n a l  concen t r a t ion  of 

10 g/R i n  t h e  s l u r r i e s .  

Leach l i q u o r s  and wash l i q u i d s  w e r e  r e a d i l y  expel led  

S t i r r ed -con tac t  

Prolonged 

Visua l  observa t ion  ind ica t ed  t h a t  i n  s t i r r e d - c o n t a c t  leaching  t h e  

HEPA s o l i d s  su f fe red  a t t r i t i o n ,  probably due t o  both t h e  phys ica l  f o r c e  

p u l l i n g  a p a r t  t h e  g l a s s  f i b e r s  making up t h e  s o l i d  ma t r ix  and a c i d  a t t a c k  

on t h e  f i b r o u s  materials. I n  packed beds,  i t  appeared t h a t  l i t t l e ,  i f  

any, d i s i n t e g r a t i o n  of t h e  o r i g i n a l  f i b e r s  occurred.  

I g n i t i o n  of t h e  HEPA s o l i d s  i n  a i r  t o  3OOOC w a s  found t o  be  benef i -  

c i a l  i n  reducing t h e  consumption of Ce(1V) by t h e  carbonaceous compounds 

t h a t  w e r e  p re sen t  as b inde r  o r  g lue  materials. Therefore ,  t h e  i g n i t i o n  

s t e p  would a l s o  s i g n i f i c a n t l y  reduce t h e  e l e c t r i c a l  energy r equ i r ed  f o r  

. t  
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I 

t h e  Ce(1V)-promoted leaching .  

s t e p  would be  t h e  s i g n i f i c a n t  decrease  of s o l u b l e  organic  compounds i n  

t h e  l each  l i q u o r  which might cause d i f f i c u l t y  i n  subsequent so lven t  

e x t r a c t i o n  opera t  ions.  

Another p o t e n t i a l  b e n e f i t  of t h e  i g n i t i o n  

5 .3  Cerium Recycle 

Based on informat ion  i n  t h e  l i t e r a t u r e ,  i t  would be  chemically 

f e a s i b l e  t o  recover  t h e  cerium as Ce(II1)  n i t r a t e  from spent  leach  l i q u o r s  

f o r  r ecyc le  t o  t h e  leaching  ope ra t ion  where i t  would be oxidized t o  Ce(1V) 

n i t r a t e .  

r ecove r i e s  of Ce(II1)  , a l l  o t h e r  lan thanides ,  and t h e  t r i v a l e n t  a c t i n i d e s  

from HN03 s o l u t i o n s .  

and t h e  r e c y c l e  of C e  based on two cyc le s  of so lven t  e x t r a c t i o n  has 

been descr ibed.  I n  t h e  f i r s t ,  TBP i s  employed t o  recover  plutonium, 

uranium, and neptunium. 

r ecyc le  and f o r  recovery of t r i v a l e n t  a c t i n i d e  elements.  

Bidenta te  ex t rac tan ts"  have been demonstrated t o  g ive  good 

A chemical f lowsheet  f o r  t h e  recovery of a c t i n i d e s  

3+ 

DHDECMP i s  employed i n  t h e  second f o r  Ce(II1)  
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