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ABSTRACT 

Procedures  were developed for the p r e c i p i t a t i o n  of 
p l u t o n i u m ( I I 1 )  o x a l a t e  from n i t r i c  ac id ,  hydroch lo r i c  ac id ,  
and su l famic  a c i d  s o l u t i o n s .  The plutonium was a d j u s t e d  t o  
Pu(II1) w i t h  a s c o r b i c  a c i d  i n  the presence  of a n  o x i d a t i o n  
l n h i b i t o r .  Plutonium d i o x i d e  was produced by c a l c i n i n g  the 
o x a l a t e  i n  a i r  a t  tempera tures  between 450 and 7 5 O o C .  

.. .. 0 .  

b .  . .  .. 
. . . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  .............. 

....... .. ..... 
0 .. . . .  ..... .. .. 



. . . . . . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . .  ................ *fJq 

CONTENTS 

Page 

. . . . . . . . . . . . . . . . . . .  4 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

SUMMARY 6 

DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

Experimental Methods . . . . . . . . . . . . . . . . . . . .  7 

a Precipitation of Plutonium(II1) Oxalate . . . . . . . . . . .  

List of Tables and Figures 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 Solubility Measurements . . . . . . . . . . . . . . . . .  
Precipitation Procedure . . . . . . . . . . . . . . . . .  10 
Particle Size Distribution . . . . . . . . . . . . . . .  14 
Radiolysis Effects . . . . . . . . . . . . . . . . . . .  15 

Calcination of Plutonium(II1) Oxalate to Plutonium Dioxide. . 16 

BIBLIOGRAPHY . . . . . . . . . . . . . . . . . . . . . . . . . .  19 

- 3 -  

. . . . . . . . . . . . . . . .  ....................... 



..... ... .................. . . . .  . * *  * '  - - *  . .  * -  .-. . * .  * .  ' .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ...................... 

LIST OF TABLES AND FIGURES 

Table Page 

I Precipitation of Plutonium(II1) Oxalate in Various A c i d  
Media.. . . . . . . . . . . . . . . . . . . . . . . . .  13 

11 Precipitation of 2 3 8 ~ ~ ( ~ ~ ~ )  Oxalate . . . . . . . . . . .  15 
Figure 

1 Effect of Nitric Acid and Oxalic Acid Concentrations on 

2 

. . . . . . . .  8 

9 
3 

9 
4 Particle Size Distribution of Plutonium Dioxide . . , . . 14 

the Solubility of Plutonium(II1) Oxalate 

Effect of Hydrochloric Acid and Oxalic Acid Concentrations 
on the Solubility of Plutonium(II1) Oxalate 

Effect of Sulfamic Acid and Oxalic Acid Concentrations 
on the Solubility of Plutonium(II1) Oxalate 

. . . . . . .  

. . . . . . .  

- 4 -  

...................... ' -  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
L 



. . . . . . . . . . . . . . . .  .......... .~ . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ...................... 

PRECIPITATION OF PLUTON1 UM(II I) OXALATE 
AND CALCINATION TO PLUTONIUM DIOXIDE 

INTRODUCTION 

The p r e p a r a t i o n  of plutonium d i o x i d e  i s  o f t e n  r equ i r ed  i n  t h e  
p rocess ing  of plutonium. The oxide is t h e  d e s i r e d  f i n a l  form f o r  some 
a p p l i c a t i o n s ,  whi le  f o r  o t h e r s  oxide is an  i n t e r m e d i a t e ,  Plutonium 
d i o x i d e  has been most o f t e n  produced on a l a r g e  s c a l e  by p r e c i p i t a t i o n  
of  p lu tonium(IV)  peroxide  o r  plutonium(1V) o x a l a t e  and subsequent  
c a l c i n a t i o n .  The technology of t h e s e  p rocesses  is w e l l  developed and 
is r e p o r t e d  i n  the l i t e r a t u r e .  2, The peroxide  p r e c i p i t a t i o n  has 
the advantage of p rov id ing  more e x t e n s i v e  p u r i f i c a t i o n  of plutonium 
from c a t i o n i c  i m p u r i t i e s  t han  does t h e  o x a l a t e  p r e c i p i t a t i o n .  On the 
o t h e r  hand, plutonium(1V) o x a l a t e  is more e a s i l y  f i l t e r e d  and handled 
than  p lu tonium(IV)  peroxide .  I n  bo th  p r e c i p i t a t i o n s ,  the s o l u b i l i t y  of 
the compounds is s i g n i f i c a n t ,  and t h e r e f o r e ,  the  l o s s  of plutonium t o  
the f i l t r a t e s  is r e l a t i v e l y  high; however, e f f i c i e n t  p rocesses  have 
been developed for p a r t i a l  recovery  of t h e  plutonium l o s s e s ,  The 
n e c e s s i t y  f o r  recovery  o p e r a t i o n s  is cons idered  t o  be t h e  g r e a t e s t  
d i sadvan tage  of  t h e s e  p rocesses .  

Another method f o r  producing plutonium d i o x i d e  i s  by  p r e c i p i t a t i o n  
of p l u t o n i u m ( I I 1 )  o x a l a t e  and subsequent  c a l c i n a t i o n .  The p r e p a r a t i o n  
and p r o p e r t i e s  of p l u t o n i u m ( I I 1 )  o x a l a t e  a r e  well-known and have been 
the s u b j e c t  of a number of i n v e s t i g a t i o n s .  (2-s) Limited s o l u b i l i t y  
data have been pub l i shed .  (J95'10) The thermal decomposi t ion of the 
o x a l a t e  t o  t h e  oxide  has  been thoroughly  i n v e s t i g a t e d  by thermogravi-  
m e t r i c  t echn iques .  ', Although the l i t e r a t u r e  i n d i c a t e s  that  the 
p r e c i p i t a t i o n  of p l u t o n i u m ( I I 1 )  o x a l a t e  i s  a s imple  procedure,  the 
p r e c i p i t a t i o n  has seldom been used as a p rocess  s t e p  i n  the l a r g e - s c a l e  
p roduc t ion  of plutonium d iox ide .  

The n e g l e c t  of p l u t o n i u m ( I I 1 )  o x a l a t e  for process  use  may have 
been due t o  the l a c k  of s u i t a b l e  r educ ing  a g e n t s  t o  a d j u s t  the plutonium 
t o  t h e  P u ( I I 1 )  s t a t e ,  I o d i d e  i o n  has been employed s u c c e s s f u l l y  as a 
r e d u c t a n t  p r i o r  t o  o x a l a t e  p r e c i p i t a t i o n ,  ( ') b u t  t h e  c o r r o s i v e n e s s  of 
i o d i d e  toward s t a i n l e s s  s t e e l  has  l i m i t e d  i t s  use .  Metal  i o n s  such  as 
Fe2+ reduce plutonium t o  t h e  P u ( I I 1 )  state,  b u t  t h e i r  u s e  i s  u n d e s i r a b l e  
because t h e y  form i n s o l u b l e  o x a l a t e s  that p r e c i p i t a t e  w i t h  the plutonium. 
Hydroxylamine i s  a u s e f u l  r eagen t  f o r  producing pU(II1) f o r  o x a l a t e  
p r e c i p i t a t i ~ n ' ~  I ;  however, t h e  va lence  ad jus tment  i s  s low and incomplete  
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under  some c o n d i t i o n s .  The'development of a s c o r b i c  acid (or i s o a s c o r b i c  
a c i d )  as a r e d u c t a n t  f o r  producing P u ( I I I ) ( 1 2 )  has provided a h i g h l y  
s a t i s f a c t o r y  r eagen t  f o r  u se  i n  the o x a l a t e  p r e c i p i t a t i o n .  Ascorbic  
a c i d  r a p i d l y  reduces  plutonium t o  the P u ( 1 I I )  s ta te  i n  v a r i o u s  a c i d  
m e d i a  ove r  a u s e f u l  range of concen t r a t ions .  

Perhaps the g r e a t e s t  p o t e n t i a l  advantage of t h e  p l u t o n i u m ( I 1 I )  
o x a l a t e  p r e c i p i t a t i o n  i s  that t h e  l o s s  of plutonium t o  t h e  f i l t r a t e  i s  
s u f f i c i e n t l y  low under  p rope r  c o n d i t i o n s  t o  e l i m i n a t e  the n e c e s s i t y  
of recovery  o p e r a t i o n s .  Also, the o x a l a t e  p r e c i p i t a t e  i s  g r a n u l a r  and 
e a s i l y  f i l t e r e d .  The s e p a r a t i o n  of  plutonium from i m p u r i t i e s  is com- 
p a r a b l e  t o  that ob ta ined  i n  the p r e c i p i t a t i o n  of plutonium(1V) o x a l a t e .  

The p r e s e n t  i n v e s t i g a t i o n  was under taken  t o  demonstrate  the a p p l i -  
c a b i l i t y  and v e r s a t i l i t y  of the p l u t o n i u m ( I I 1 )  o x a l a t e  p r e c i p i t a t i o n  
as a p rocess  r o u t e  f o r  plutonium d iox ide  product ion ,  and t o  develop 
t h e . t e c h n i c a 1  data and procedures  necessa ry  f o r  p l a n t  a p p l i c a t i o n s .  

SUMMARY 

Procedures  were developed f o r  the p r e c i p i t a t i o n  of  p l u t o n i u m ( I I 1 )  
o x a l a t e  from s o l u t i o n s  of plutonium i n  n i t r i c  a c i d ,  hydroch lo r i c  a c i d ,  
and su l f amic  a c i d .  I n  the p r e f e r r e d  procedure,  p l u t o n i u m ( I 1 I )  o x a l a t e  
i s  p r e c i p i t a t e d  a t  room tempera ture  by the slow a d d i t i o n  of 1M o x a l i c  
a c i d  t o  feed s o l u t i o n s  c o n t a i n i n g  from -5 t o  >lo0 g / l  of plutonium i n  
1M a c i d .  Before p r e c i p i t a t i o n ,  t h e  plutonium i s  a d j u s t e d  t o  P u ( I I 1 )  
by the  a d d i t i o n  of a s c o r b i c  a c i d  i n  the presence  of  a n  o x i d a t i o n  
i n h i b i t o r  such  as hydraz ine  o r  su l famic  a c i d .  

Under t h e  recommended c o n d i t i o n s  t h e  loss  of plutonium t o  the 
f i l t r a t e  is u s u a l l y  less  than  20 mg/l, and recovery  o p e r a t i o n s  are 
t h e r e f o r e  n o t  necessary .  S o l u b i l i t y  d a t a  f o r  p l u t o n i u m ( I I 1 )  o x a l a t e  
i n  v a r i o u s  a c i d  s o l u t i o n s  were determined t o  d e f i n e  optimum process  
c o n d i t i o n s .  The recommended p r e c i p i t a t i o n  procedure y i e l d s  p l u t o n i u m ( I I 1 )  
o x a l a t e  t h a t  i s  coa r se ,  dense,  and e a s i l y  f i l t e r e d .  Small  p a r t i c l e  s i z e s  
can be produced when des i red  by s imple  mod i f i ca t ions  of  t h e  procedure ,  

Plutonium d i o x i d e  is produced by c a l c i n i n g  a i r - d r i e d  p l u t o n i u m ( I I I )  
o x a l a t e  i n  air  a t  tempera tures  between 450 and 75OoC.  
s i z e  d i s t r i b u t i o n  of ox ide  produced by c a l c i n a t i o n  of the c o a r s e  o x a l a t e  
p r e c i p i t a t e s  is mainly i n  t h e  15 t o  40 micron range, while  oxide  
w i t h  a large pe rcen tage  of p a r t i c l e s  i n  the 1 t o  10 micron range 
i s  produced from t h e  f i n e r  p r e c i p i t a t e s .  

The p a r t i c l e  

- 6 -  
1 -:& ...................... . . . . . . . . . . . . . . . . .  .................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 



. . . . . . . . . . . . . . . .  .................. . . . . . . . . . . . . . . . .  ...................... . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  

DISCUSSION 

EXPERIMENTAL METHODS 

S o l u t i o n s  of plutonium i n  va r ious  ac id  media were prepared for 
p r e c i p i t a t i o n  t e s t s  by s tandard  t echn iques .  

0 S o l u t i o n s  of Pu( IV)  i n  n i t r i c  a c i d  were prepared by an ion  
exchange. 
was a d j u s t e d  t o  O.O5M f e r r o u s  su l f ama te  and was heated b r i e f l y  
a t  50°C t o  produce Pu(1V). 
s o l u t i o n  on a column of an ion  exchange r e s i n ,  washed w i t h  8M 
n i t r i c  a c i d ,  and e l u t e d  w i t h  O.3M n i t r i c  a c i d .  

A s o l u t i o n  c o n t a i n i n g  -1 g Pu/ l  and 8M n i t r i c  a c i d  

The Pu(Tv) was absorbed from t h i s  

S o l u t i o n s  of P u ( I I 1 )  i n  n i t r i c  a c i d  were prepared  by c a t i o n  
exchange. 
was a d j u s t e d  t o  0.05M hydroxylamine t o  produce P u ( I I 1 ) .  
P u ( I I 1 )  was absorbed from t h i s  s o l u t i o n  on a column of c a t i o n  
exchange r e s i n ,  washed w i t h  O.3M n i t r i c  a c i d ,  and e l u t e d  w i t h  a 
s o l u t i o n  c o n t a i n i n g  4.7M n i t r i c  a c i d  and 0.3M su l f amic  a c i d .  

A s o l u t i o n  c o n t a i n i n g  -1 g Pu/ l  and 0.3M n i t r i c  a c i d  
The 

S o l u t i o n s  of  P u ( I I 1 )  i n  hydroch lo r i c  a c i d  or su l famic  a c i d  were 
prepared  by d i s s o l u t i o n  of plutonium meta l  i n  t h e  r e s p e c t i v e  a c i d s .  

The p r e c i p i t a t i o n  t e s t s  were performed i n  o r d i n a r y  l a b o r a t o r y  
The g lassware  s c a l e d  t o  accommodate from 1 t o  100 g of  plutonium. 

p r e c i p i t a t e s  were f i l t e r e d  by vacuum on medium-porosity f r i t t e d  g l a s s  
d i s c s .  The  p l u t o n i u m ( I I 1 )  o x a l a t e  w a s  c a l c i n e d  t o  t h e  d i o x i d e  i n  a 
tube-type f u r n a c e  t h a t  was purged w i t h  a i r .  

The e q u i l i b r i u m  s o l u b i l i t y  of p l u t o n i u m ( I I 1 )  o x a l a t e  i n  a c i d  
s o l u t i o n s  w a s  determined a t  room tempera ture .  Pure p l u t o n l u m ( I I 1 )  
o x a l a t e  was e q u i l i b r a t e d  w i t h  s o l u t i o n s  of known a c i d  composi t ion,  and 
the s o l u b i l i t y  was determined at equ i l ib r ium.  All plutonium a n a l y s e s  
were by s t a n d a r d  a l p h a  coun t ing  t echn iques .  

The p a r t i c l e  s i z e  d i s t r i b u t i o n  of  plutonium d iox ide  samples was 
determined by t h e  Andreasen sed imen ta t ion  t echn ique .  ( 
oxide samples,  50 w t  $ s u l f u r i c  a c i d  w a s  used as the suspending medium; 
wa te r  s e rved  as t h e  suspending medium f o r  f i n e  samples .  With e i t h e r  
medium, 0.05 w t  $ sodium pyrophosphate  was added as a w e t t i n g  agen t .  
Plutonium a n a l y s e s  of t h e  sed imen ta t ion  f r a c t i o n s  were performed by 
a l p h a  coun t ing  t echn iques  a f t e r  d i s s o l v i n g  the oxide samples i n  h o t  
n i t r i c  a c i d  s o l u t i o n s  c o n t a i n i n g  O.O5M potassium f l u o r i d e .  

With coa r se  
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PRECIPITATION OF PLUTONIUM (Ill) OXALATE 

Solubility Measurements 

The solubility of plutonium(II1) oxalate at room temperature as a 
function of various acid and oxalate concentrations was determined 
in order to establish the minimum plutonium loss attainable in the 
oxalate precipitation and to define the conditions for minimum loss. 
Solubility data for nitric acid-oxalic acid solutions are shown in 
Figure 1; data for hydrochloric acid-oxalic acid and sulfamic acid- 
oxalic acid solutions are shown in Figures 2 and 3. These solutions 
all contained 0.05M ascorbic acid to stabilize the plutonium as Pu(II1). 
The data show that the solubility of plutonium(II1) oxalate increases 
rapidly with increasing nitric acid or hydrochloric acid concentration, 
but is less strongly influenced by sulfamic acid concentration. How- 
ever, the maximum concentration of sulfamic acid attainable is only 
about l.5M because of solubility limitations. 
the oxalic acid concentration in nitric acid and hydrochloric acid 
s o l u t i o n s  i s  to dec rease  t h e  s o l u b i l i t y ,  b u t  t h i s  t r e n d  appears  t o  be 
reversed in sulfamic acid solutions. 

The effect of increasing 

Nitric Acid, M 

FIG. 1 E F F E C T  OF N ITRIC  ACID AND OXALIC  ACID CONCENTRATIONS 
ON THE SOLUBILITY OF PLUTONIUM ( I l l )  O X A L A T E  

Q 
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Hydrochloric Acid, M 

FIG. 2 E F F E C T  OF HYDROCHLORIC ACID AND OXALIC  ACID CONCENTRATIONS 
ON THE SOLUBIL ITY OF PLUTONIUM(II I )  O X A L A T E  

10 I I I I 

1 

Sulfamic Acid, M 

FIG.  3 E F F E C T  OF SULFAMIC AC,ID AND OXALIC  ACID CONCENTRATIONS 
ON THE SOLUBIL ITY OF PLUTONIUM ( I l l )  O X A L A T E  
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The s o l u b i l i t y  data show tha t  p l u t o n i u m ( I I 1 )  o x a l a t e  should be 
p r e c i p i t a t e d  from n i t r i c  a c i d  or hydroch lo r i c  a c i d  f eed  s o l u t i o n s  a t  
an  a c i d i t y  of lM, or l ower , to  minimize l o s s e s  i n  the f i n a l  s l u r r y .  
Under t h e s e  cond i t ions ,  t h e  recommended excess  o x a l i c  ac id  c o n c e n t r a t i o n  
i s  -0.2M. Although t h i s  c o n c e n t r a t i o n  of o x a l i c  a c i d  does not  p rov ide  
the l o w e s t  plutonium s o l u b i l i t y ,  t h e  volume of the f i l t r a t e  i s  minimized 
( s i n c e  the o x a l i c  a c i d  p r e c i p i t a n t  i s  added as 1M s o l u t i o n ) ,  and t h e  
t o t a l  plutonium l o s s  i s  thus  n e a r  the minimum. The s o l u b i l i t y  data 
i n d i c a t e  that  under  these recommended c o n d i t i o n s  t h e  loss of plutonium 
t o  t h e  f i l t r a t e  w i l l  be l e s s  t han  20 mg Pu/ l  i f  e q u i l i b r i u m  i s  a t t a i n e d .  

The s o l u b i l i t y  data a l s o  show tha t  p l u t o n i u m ( I I 1 )  o x a l a t e  can be 
p r e c i p i t a t e d  from su l famic  a c i d  s o l u t i o n s  wi th  low plutonium l o s s  w i t h -  
ou t  a c i d  ad jus tment  of most feed s o l u t i o n s .  A 0.lM excess  c o n c e n t r a t i o n  
of o x a l i c  a c i d  w i l l  minimize plutonium l o s s  t o  the f i l t r a t e  under most 
c o n d i t i o n s .  A s  the data show, the s o l u b i l i t y  i s  less  than  10  mg Pu/ l  
over  a w i d e  range of  c o n d i t i o n s .  Thus, c l o s e  c o n t r o l  of ac id  and 
o x a l a t e  c o n c e n t r a t i o n s  i s  no t  r equ i r ed  when p r e c i p i t a t i , o n s  a r e  f r o m  
su l f amic  a c i d  s o l u t i o n s .  

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

P l u t o n i u m ( I I 1 )  o x a l a t e  can be p r e c i p i t a t e d  r e a d i l y  from n i t r i c  
a c i d ,  hydroch lo r i c  ac id ,  and su l famic  a c i d  feed s o l u t i o n s  c o n t a i n i n g  
from -5 t o  >lo0 g Pu/ l .  The procedure i s  s imilar  t o  t ha t  developed 
f o r  p r e c i p i t a t i n g  neptunium(1V) o x a l a t e ( 1 4 ) .  The main d i f f e r e n c e  i n  
t h e  procedures  i s  that  t h e  neptunium p rocess  i s  opera ted  most sa t is-  
f a c t o r i l y  a t  e l e v a t e d  temperature ,  wh i l e  t h e  plutonium p rocess  can  be 
ope ra t ed  a t  room tempera ture .  An o p e r a t i n g  tempera ture  of about  50°C 
i s  r e q u i r e d  w i t h  neptunium t o  a s s u r e  r ap id  r e d u c t i o n  of t h e  neptunium 
t o  t h e  Np(1V) s t a t e  w i t h  a s c o r b i c  a c i d ,  and t o  produce a dense,  g r a n u l a r  
p r e c i p i t a t e .  E leva ted  tempera ture  i s  no t  r e q u i r e d  w i t h  p lutonium 
because r e d u c t i o n  t o  P u ( I I 1 )  w i t h  a s c o r b i c  a c i d  i s  r a p i d ,  and coa r se  
p r e c i p i t a t e s  a r e  obta ined  a t  room tempera ture .  I n  p l u t o n i u m ( I I 1 )  
o x a l a t e  p r e c i p i t a t i o n s ,  as wi th  neptunium, a n  o x i d a t i o n  i n h i b i t o r  such  
as su l f amic  a c i d  o r  hydraz ine  i s  needed i n  the feed s o l u t i o n  t o  scavenge 
o x i d a n t s  ( n i t r i t e ,  r a d i o l y s i s  p r o d u c t s )  t h a t  could consume t h e  a s c o r b i c  
a c i d  r e d u c t a n t  and o x i d i z e  the P u ( I I 1 )  t o  h igher  va lence  states.  

The same g e n e r a l  procedure (except  f o r  t h e  feed  ad jus tmen t )  can be 
app l i ed  t o  p r e c i p i t a t e  p l u t o n i u m ( I I 1 )  o x a l a t e  f r o m  n i t r i c  a c i d ,  
hydroch lo r i c  a c i d ,  and su l f amic  a c i d  f eed  s o l u t i o n s .  The g e n e r a l  
p rocedure  i s  as fo l lows :  

. . . . . . . . . .  ..!:..::.. . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  ..................... 
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o Feed Adjustment 

N i t r i c  Acid S o l u t i o n s .  Adjus t  t h e  n i t r i c  a c i d  concen- 
t r a t i o n  t o  l e s s  t han  1 . 5 M ,  p r e f e r a b l y  t o  1 M  o r  lower.  Adjust  t o  
O . O 5 M  hydraz ine  o r  su l famic  a c i d  and mix f o r  10 minutes .  

Hydrochlor ic  Acid S o l u t i o n s .  Adjust  t h e  hydroch lo r i c  
a c i d  c o n c e n t r a t i o n  t o  l e s s  t han  1.5M, p r e f e r a b l y  t o  lM o r  lower.  
The use  of  an  o x i d a t i o n  i n h i b i t o r  i s  o p t i o n a l ,  b u t  t h e  a d d i t i o n  
of hydraz ine  o r  su l famic  ac id  t o  O . O 5 M  may be b e n e f i c i a l .  

Sulfamic Acid S o l u t i o n s .  No adjustment  i s  r e q u i r e d .  

o Valence Adjustment 

Add t h e  amount of 1M a s c o r b i c  ac id  s t o i c h i o m e t r i c a l l y  r equ i r ed  
t o  reduce t h e  plutonium t o  P u ( I I 1 )  and provide  a 0.03M excess .  
Mix f o r  10 minutes .  

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

Main ta in  e f f i c i e n t  mixing. Add t h e  s t o i c h i o m e t r i c  amount of 1 M  
o x a l i c  a c i d  p l u s  a 0.2M excess  a t  a c o n t r o l l e d  r a t e  over  a pe r iod  
of 30 t o  45 minutes .  ( A  0.1M excess  of o x a l i c  ac id  i s  s u f f i c i e n t  
w i t h  su l f amic  a c i d  feed  s o l u t i o n s . )  

D i g e s t i o n  

A g i t a t e  t h e  s l u r r y  f o r  30 minutes .  

e F i l t r a t i o n  

F i l t e r  as r a p i d l y  as p o s s i b l e  through a medium p o r o s i t y  f r i t .  

o Washing 

Wash t h e  p r e c i p i t a t e  on t h e  f i l t e r  f r i t  w i t h  about  t h r e e  cake 
volumes of  0.5 t o  1 M  a c i d  ( n i t r i c ,  hydroch lo r i c ,  o r  s u l f a m i c )  
c o n t a i n i n g  0.2M o x a l i c  a c i d .  

e Drying 

Dry by a s p i r a t i o n  of ambient a i r  as r equ i r ed  f o r  subsequent  
p rocess ing .  
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The above procedure y i e l d s  a p r e c i p i t a t e  t h a t  i s  dense and 
g r a n u l a r  and i s  e a s i l y  f i l t e r e d ,  washed ,  and d r i e d .  The f i l t r a t i o n  
r e q u i r e s  only  2 t o  2-1/2 t imes  longe r  than  t h e  t ime r equ i r ed  t o  f i l t e r  
an  e q u a l  volume of wa te r  through t h e  same f i l t e r  under t h e  same con- 
d i t i o n s .  The p r e c i p i t a t e  d r i e s  t o  a f ree- f lowing  powder. The p rocess  
i s  r a t h e r  i n s e n s i t i v e  t o  most p rocess  v a r i a b l e s  except  n i t r i c  a c i d  
o r  hydroch lo r i c  ac id  concen t r a t ion .  Under t h e  recommended cond i t ions ,  
t h e  l o s s  of plutonium t o  t h e  f i l t r a t e  i s  u s u a l l y  less  than  20 mg/l; 
t h e  wash l o s s e s  are approximate ly  t h e  same. This  small q u a n t i t y  of 
plutonium normally does not  warran t  recovery .  Recovery, i f  r e q u i r e d ,  
could be accomplished e a s i l y  by an ion  exchange p rocess ing  a f t e r  a c i d  
and va lence  ad jus tment  of t h e  waste  s o l u t i o n s ,  

A problem t h a t  may be encountered under  abnormal p rocess ing  con- 
d i t i o n s  i s  o x i d a t i o n  of the p r e c i p i t a t e d  plutonium from P u ( 1 I I ) t o  Pu(1V). 
This  phenomenon i s  most l i k e l y  t o  occur  i n  n i t r i c  a c i d  systems.  Oxi- 
d a t i o n  can  occur  i n  t h e  p r e c i p i t a t o r  i f  t h e  p r e c i p i t a t e  i s  n o t  maintained 
i n  t h e  s l u r r i e d  s ta te .  S tagnant  l a y e r s  of p r e c i p i t a t e  o x i d i z e  w i t h i n  
s e v e r a l  hours ,  t h e  t ime depending upon t h e  tempera ture  and t h e  n a t u r e  
and c o n c e n t r a t i o n  of  ox idan t s  p r e s e n t .  Oxida t ion  of s l u r r i e d  p r e c i p i -  
t a t e s  w i l l  no t  normally occur  u n l e s s  t h e  s l u r r i e d  p r e c i p i t a t e s  a r e  he ld  
u n t i l  the  r e d u c t a n t  i s  dep le t ed ,  u s u a l l y  a f t e r  s e v e r a l  days .  Oxida t ion  
i n  t h e  p r e c i p i t a t o r  i s  h i g h l y  u n d e s i r a b l e  because t h e  s o l u b i l i t y  l o s s  
of plutonium i s  inc reased ,  and t h e  oxid ized  p r e c i p i t a t e s  are d i f f i c u l t  
t o  f i l t e r .  Oxida t ion  of f i l t e r e d  p r e c i p i t a t e s  may occur  upon s t and ing ,  
p a r t i c u l a r l y  i f  incomple te ly  d r i e d .  F u l l y  d r i e d  p r e c i p i t a t e s  a r e  r a t h e r  
s t a b l e  toward o x i d a t i o n  under  normal c o n d i t i o n s .  Oxida t ion  of f i l t e r e d  
p r e c i p i t a t e s  may or may not  be o b j e c t i o n a b l e ,  depending upon t h e  
subsequent  p rocess ing  r equ i r ed .  Both p l u t o n i u m ( I I 1 )  and plutonium(1V) 
o x a l a t e  a r e  r e a d i l y  c a l c i n e d  t o  t h e  d i o x i d e .  

Typ ica l  performance d a t a  a r e  shown i n  Table I. 
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T A B U  I 

P r e c i p i t a t i o n  o f  P lu tonium(II1)  
Oxalate i n  Various Acid Media(&) 

N i t r i c  Acid 
Feed Composition Pu Loss i n  F i l t r a t e  
HN03, M g Pu/l m g  Pu / l  e 
1.0 28.1(b) 24 0.13 
1.0 18.8(b) 20 0.16 

3.2 33.8") 100 0.46 
2 .5  22.6") 45 0.30 

1.0 18.8(b) 12 0.09 

1.7 17.0 ( c  1 2 1  0.18 

Sulfamic Acid 
Feed Composition Pu Loss i n  F i l t r a t e  

NH,SOSH, M g Pu/l mg Pu/l  2 a  
0.6 83 .6  5 0.01 

0.5 94.0 6 0.01 
0.2 120.0 6 0.01 

Hydrochloric Acid 
Feed Composition Pu Loss i n  F i l t r a t e  
HC1, M g Pu/l  mg PU/l Z i z L  
3.0 8.8 59 0.92 
1.2 3.4 10 0.40 
1.2 34.0 12 0.06 

(a )  All prec ip l t a t lonR were made w i th  0.2M 
excess  o x a l i c  ac id .  Approximately 0.03M 
excess  a sco rb ic  ac id  r educ tan t  was added 
t o  a l l  feeds .  Plutonium i s o t o p i c  com- 
p o s i t i o n  was mainly '"Pu. 

anion exchange and contained 0.05M 
sulfamic ac id .  

( c )  Plutonium feed  s o l u t i o n  was prepared by 
c a t i o n  exchange and contained O.3M 
s u l f  amic ac id .  

( b )  Plutonium feed s o l u t i o n  was prepared by 
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P a r t i c l e  S i z e  D i s t r i b u t i o n  

The p a r t i c l e  s i z e  d i s t r i b u t i o n  of a t y p i c a l  sample of plutonium 
d iox ide  prepared by t h e  recommended g e n e r a l  p r e c i p i t a t i o n  procedure 
and subsequent  c a l c i n a t i o n  a t  7 5 O o C  i s  shown i n  F igure  4. A s  the data 
show, t h e  oxide i s  composed mainly of p a r t i c l e s  between 15 and 40 microns 
i n  s i ze .  Plutonium d iox ide  of f i n e r  p a r t i c l e  s i z e  may be r equ i r ed  f o r  
some a p p l i c a t i o n s ,  and can be produced wi thout  d i f f i c u l t y  by s imple  
m o d i f i c a t i o n s  i n  t h e  p l u t o n i u m ( I I 1 )  o x a l a t e  p r e c i p i t a t i o n  s t e p .  Three 
mod i f i ca t ions  t h a t  y i e l d  plutonium d iox ide  composed of a high percentage 
of p a r t i c l e s  i n  t h e  1 t o  10 micron s i z e  range a r e  desc r ibed  below. 

Procedure A: Same as g e n e r a l  procedure a l r e a d y  desc r ibed  except  
that  t h e  1M o x a l i c  ac id  p r e c i p i t a n t  i s  added i n  1 minute r a t h e r  
t han  i n  30 t o  45 minutes .  

Procedure B: Same as g e n e r a l  procedure except  that  the plutonium 
feed  s o l u t i o n  i s  added t o  t h e  1M o x a l i c  a c i d  p r e c i p i t a n t .  

Procedure C: Same as Procedure B except  t h a t  0.2M o x a l i c  a c i d  
p r e c i p i t a n t  i s  used.  

The p a r t i c l e  s i z e  d i s t r i b u t i o n s  of plutonium d i o x i d e  samples produced 
w i t h  these procedures  are shown i n  F igu re  4 .  
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FIG. 4 PARTICLE SIZE DISTRIBUTION O F  PLUTONIUM DIOXIDE 
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The above m o d i f i c a t i o n s  g i v e  about  the same l o s s  of plutonium 
t o  t h e  f i l t r a t e  as does t h e  g e n e r a l  procedure.  Because of  t h e  s m a l l e r  
p a r t i c l e  s i z e ,  however, t h e  f i l t r a t i o n  time i s  inc reased  by a fac tor  
of about  t h r e e  and the  t i m e  r equ i r ed  for complete d r y i n g  i s  g r e a t l y  
i n c r e a s e d .  Occas iona l  s t i r r i n g  of t h e  f i l t e r  cake w i l l  h a s t e n  d r y i n g  
and w i l l  p r even t  cake hardening.  If t h e  p r e c i p i t a t e  i s  no t  f u l l y  d r i e d  
and powdered be fo re  c a l c i n a t i o n ,  t h e  r e s u l t i n g  oxide w i l l  c o n t a i n  many 
l a r g e  agglomerates ,  which can however be subdivided e a s i l y  by mechanical  
a c t i o n .  

R a d i o l y s i s  E f f e c t s  

The p l u t o n i u m ( I I 1 )  o x a l a t e  p r e c i p i t a t i o n  was app l i ed  t o  va r ious  
composi t ions of plutonium i s o t o p e s ,  i n c l u d i n g  plutonium that w a s  p re -  
dominant ly  238Pu, 23sPu, or 242Pu. Only i n  the case  of 238Pu were 
r a d i o l y s i s  e f f e c t s  t roublesome.  The s p e c i f i c  a l p h a  a c t i v i t y  of 238Pu 
i s  about  250 times t h a t  of 2 3 e P ~ .  2 3 e P ~  i s  a l s o  a source  of low-energy 
gamma r a d i a t i o n .  The main e f f e c t  of r a d i o l y s i s  i n  t h e  p r e c i p i t a t i o n  i s  
t o  o x i d i z e  P u ( I I 1 )  t o  h i g h e r  va lence  s t a t e s  and t h u s  cause  inc reased  
l o s s  of plutonium t o  the f i l t r a t e  and wash s o l u t i o n s .  W i t h  t h e  g e n e r a l  
p r e c i p i t a t i o n  procedure a l r e a d y  desc r ibed ,  t h e  238Pu loss t o  the f i l t r a t e  
i s  4 t o  5 t i m e s  that  observed w i t h  239Pu, and t h e  loss t o  t h e  wash 
s o l u t i o n  i s  even h i g h e r .  Inc reased  c o n c e n t r a t i o n s  of o x i d a t i o n  i n h i b i t o r  
and r e d u c t a n t  i n  t h e  f eed  s o l u t i o n ,  and t h e  i n c l u s i o n  of t h e s e  r e a g e n t s  
i n  the wash s o l u t i o n  d e c r e a s e s  ( b u t  does not  e l i m i n a t e )  the l o s s e s ,  
I n c r e a s i n g  t h e  rate of  f i l t r a t i o n  a l s o  d e c r e a s e s  the l o s s e s ;  b u t  even 
w i t h  t h e s e  remedia l  p rocedures ,  t h e  loss  of 238Pu i s  s t i l l  2 t o  3 times 
tha t  observed w i t h  239Pu. 
t h e s e  e f f e c t s .  

The p r e c i p i t a t i o n  data i n  Table I1 demonst ra te  

T A B m  I1 

P r e c i p i t a t i o n  of 2 3 8 ~ ~ ( ~ ~ ~ )  Oxa la t e  

Feed Composition F i l t r a t e  L o s s ( & )  Wash 
Run Pu/l(c) HNO,, M N,H,, M C,H,O,(d), M m g  Pu/l  mg Pu/l $ - 

1.2 123 0.08 

2 7 . 9  1.0 0 . 1  0 . 1  54 1.0 126 0.08 

1 7.9 1.0 0.05 0.05 69 

3 7 .9  1.0 0.1 0.1 43 0.8 62 0.04 

4 10.0 1.4 0.1 0.1 41 0.6 45 0.02 

5 10.0 1.4 0.1 0.1 30 0.4 45 0.02 

6 10.0 1.4 0.1 0.1 32 0 . 6  59 0.03 

( a )  F i l t r a t i o n  t i m e s  i n  Runs 4,  5, and 6 were 30 t o  50% s h o r t e r  t h a n  i n  o t h e r  runs. 
(b) Wash s o l u t i o n  compos i t lon  i n  Runs 1 and 2 w a s  1M HN03-0.2M H,C,04-0.05M N2H,. 

(c) Plutonium was approx ima te ly  80% 2 3 8 ~ u .  
( d )  Ascorbic  a c i d .  

I n  the  r ema in ing  runs ,  0.05M a s c o r b i c  a c i d  was a l s o  p r e s e n t .  
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The r a d i o l y t i c  o x i d a t i o n  occurs  most e x t e n s i v e l y  w i t h i n  t h e  f i l t e r  
cake-the plutonium c o n c e n t r a t i o n  of t he  supe rna tan t  s o l u t i o n  i n  the 
p r e c i p i t a t o r  corresponds t o  t h e  expected s o l u b i l ? t y ,  whi le  t h e  concen- 
t r a t i o n  i n  t h e  f i l t r a t e  and wash s o l u t i o n s  i s  much h ighe r .  
f i l t r a t i o n  and washing of t h e  p r e c i p i t a t e  i s  d e s i r a b l e .  
would probably r e s u l t  i n  lower l o s s e s  than  f i l t r a t i o n .  S ince  t h e  
plutonium con ten t  of t h e  f i l t r a t e  and wash s o l u t i o n s  i s  i n  excess  of t h e  
e q u i l i b r i u m  s o l u b i l i t y  of p l u t o n i u m ( I I 1 )  o x a l a t e ,  and s i n c e  excess  
a s c o r b i c  ac id  r educ tan t  i s  p r e s e n t ,  r e p r e c i p i t a t i o n  of t h e  excess  
plutonium i n  t h e s e  s o l u t i o n s  w i l l  occur  w i t h i n  s e v e r a l  hours .  The 
p r e c i p i t a t e  can be recovered by subsequent  r e f i l t r a t i o n  o f  t h e  s o l u t i o n s  
through a c l e a n  f i l t e r ,  w i t h  t h e  r e s u l t  t h a t  t h e  o v e r - a l l  l o s s  of 
plutonium i s  not  s i g n i f i c a n t l y  g r e a t e r  t han  t h e  expected s o l u b i l i t y  l o s s .  

Thus, ra.pid 
C e n t r i f u g a t i o n  

2 3 8 P ~ ( I I I )  o x a l a t e  can be prepared and i s o l a t e d ,  b u t  i t  cannot be 
preserved  because o f  r a d i o l y t i c  decomposition. During t h e  f i r s t  few 
hours  a f t e r  2 3 8 P u ( I I I )  o x a l a t e  i s  f i l t e r e d ,  t h e  c o l o r  g r a d u a l l y  changes 
from t h e  o r i g i n a l  b r i g h t  green  t o  a d a r k z r  green;  w i t h i n  24 hours ,  t h e  
c o l o r  changes t o  a da rk  brown. The p r e c i p i t a t e  undergoes a l o s s  i n  
weight c o n c u r r e n t l y  w i t h  t h e  c o l o r  changes and a f t e r  s e v e r a l  days t h e  
weight l o s s  u s u a l l y  corresponds t o  a lmost  complete convers ion  t o  
plutonium d i o x i d e ,  In t e rmed ia t e  products  i n  t h e  course  of t h e  r a d i o l y t i c  
decomposi t ion could not  be i d e n t i f i e d  by X-ray d i f f r a c t i o n  a n a l y s i s .  
C a l c i n a t i o n  a t  any s t a g e  of decomposi t ion y i e l d s  c r y s t a l l i n e  plutonium 
d iox ide .  

CALCINATION OF PLUTONIUM (Ill) OXALATE TO PLUTONIUM DIOXIDE 

Thermogravimetric a n a l y s e s " ~ ' ~  of a i r - d r i e d  p l u t o n i u m ( I I 1 )  
o x a l a t e  have shown i t s  composi t ion t o  be Pu,(C,0,)3*10H20, These 
a n a l y s e s  have a l s o  shown tha t  when t h e  compound i s  heated i n  a i r ,  
decomposi t ion occurs  i n  s e v e r a l  s t a g e s  y i e l d i n g  i n t e r m e d i a t e  p roduc t s  
and e v e n t u a l l y  plutonium d iox ide .  Decomposition t o  plutonium d i o x i d e  
i s  a p p r e c i a b l e  a t  3OO0C and i s  almost  complete a t  40OoC. 
a d d i t i o n a l  weight l o s s e s  w i l l  occur  w i t h  cont inued h e a t i n g  t o  h i g h e r  
tempera tures .  For example, plutonium d iox ide  t ha t  has been c a l c i n e d  a t  
4 5 O o C  w i l l  l o s e  about  2% i n  weight  upon h e a t i n g  t o  800Oc. 

However, small 

Plutonium d iox ide  w a s  prepared i n  t h e s e  s t u d i e s  by t h e  fo l lowing  
procedure:  A i r - d r i e d  p l u t o n i u m ( I I 1 )  o x a l a t e  w a s  heated under  a stream 
of a i r  from room tempera ture  t o  125OC over  a 1-hour per iod  and main- 
t a i n e d  a t  t h i s  tempera ture  f o r  1 hour.  During t h i s  s t e p  most of t h e  
wa te r  of hydra t ion  evolved.  The tempera ture  was then  inc reased  a t  t h e  
rate of 3 t o  5 O C  p e r  minute t o  t h e  d e s i r e d  f i n a l  c a l c i n i n g  tempera ture ,  
and was maintained a t  t h a t  tempera ture  f o r  1 t o  2 hour s ,  The product  
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was cooled t o  room tempera ture  under t h e  a i r  s t ream. 
c a l c i n a t i o n  tempera ture  ranged from 450 t o  75OoC depending on the 
in tended  use  of  t h e  product .  

The f i n a l  

The above procedure y i e l d s  plutonium d iox ide  that  i s  o l i v e  t o  
olive-brown i n  c o l o r  and has a tapped d e n s i t y  u s u a l l y  between 2 .0  and 
2 .5  g/cc.  Oxide produced from coa r se  p a r t i c l e  p l u t o n i u m ( I I 1 )  o x a l a t e  
i s  f r e e - f l o w i n g  and r e l a t i v e l y  d u s t - f r e e .  
s i z e  o x a l a t e  i s  l e s s  f r ee - f lowing  and tends  t o  d u s t  somewhat, b u t  
hand l ing  i s  not  p a r t i c u l a r l y  d i f f i c u l t .  
w i t h i n  t h e  s p e c i f i e d  tempera ture  range i s  not  r e f r a c t o r y ;  i t  can be 
d i s s o l v e d  r e a d i l y  i n  ho t  concen t r a t ed  n i t r i c  a c i d  c o n t a i n i n g  about  
O . O 5 M  f l u o r i d e  i o n .  

Oxide from small p a r t i c l e  

Oxide produced by c a l c i n a t i o n  
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