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SUMMARY 

High-f i red Pu02 (950" t o  1700°C) can be d i s so lved  i n  b o i l i n g  6.1 - M HC1 
when the f l u o r i d e  ion concen t r a t ion  t o  plutonium mole (F'/Pu) r a t i o  i s  >0.5. 
The amount o f  Pu02 (950°C c a l c i n e d  oxide)  d i s so lved  i n  1 hour  i nc reased  from 
-0.2% t o  66%, 91%, and 100% a s  the F'/Pu r a t i o  increased from 0 t o  0.5, 1.0, 
and 1.8, r e spec t ive ly .  
decrease  w i t h  i ncreas i  ng oxide  c a l c i  na t ion  temperatures  and decreas i  ng oxide  
su r face  a reas .  
completely d i s so lved  i n  2.5 hours  versus 1 hour f o r  the 950°C c a l c i n e d  oxide.  

The  PuO2 d i s s o l u t i o n  r a t e s  i n  HC1-CaF2 s o l u t i o n s  

A t  a F'/Pu r a t i o  o f  1.8, the 1700°C c a l c i n e d  oxide  was 

i i i  
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INTRODUCTION 

A t  the r e q u e s t  o f  Rockwell Hanford Operat ions,  P a c i f i c  Northwest 
Laboratory (PNL)  has completed a pre l iminary  s tudy  t o  determine 1) i f  
p l  u toni  um d ioxide  (Pu02) can be sat i  s f a c t o r i  l y  and compl e t e l y  d i  ssol ved i n 
c o n s t a n t  b o i l i n g  (6.1 - M )  hydrochlor ic  a c i d  ( H C l ) ,  and ( 2 )  the d i s s o l u t i o n  
r a t e s  f o r  ox ides  of known surface area. 
HC1 i s  d e s i r e d  i n  o r d e r  t o  d i s s o l v e  scrap PuO2 i n  a plutonium recovery process  
designed p r i n c i p a l l y  t o  suppor t  pyrochemical process ing  o f  c h l o r i d e  salts .  
This  recovery process is  based on c h l o r i d e  anion exchange of  the p l u t o n i u m .  

A method f o r  d i s s o l u t i o n  o f  Pu02 i n  

Severa l  methods have been s t u d i e d  for  the 
common method was the use o f  ni t r ic  ac id  conta  
f l u o r i d e  usua l ly  added a s  HF. Cleveland (1970 
reviewed d i s s o l u t i o n  methods up t o  about  1980. 
HNOs-HF, included the use o f  a c i d s  such as HI, 
(Cleveland 1964; Molen 1967). Refractory Pu02 

d i s s o l u t i o n  o f  PuC2. The most 
ning a small concen t r a t ion  o f  
, Ryan and Bray (1980) have 
Aqueous methods, other than 

HBr, and HC1 con ta in ing  SnC12 
d i  ssol ves extremely sl owly i n 

mineral a c i d s ;  rates decrease  as the c a l c i n a t i o n  temperature o f  the oxide 
increases (Bjorklund and S t a r i t z k y  1954; Baehr and Dippel 1967). No 
d i s s o l u t i o n  d a t a  are known f o r  mixtures o f  HC1-HF. 
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EXPERIMENTAL PROCEDURE 

T h i s  sec t ion  d e t a i l s  t h e  prepara t ion  o f  p lutonium d iox ide,  t h e  
d i s s o l u t i o n  procedure, and t h e  equipment used i n  these t e s t s .  

PREPARATION OF PLUTONIUM D I O X I D E  

Plutonium d i o x i d e  in tended f o r  use i n  t h e  d i s s o l u t i o n  t e s t s  was s p e c i a l l y  
prepared and character ized. P l u t o n i  um s o l u t i o n s  from n i t r i c  acid-anion 

exchange p u r i f i c a t i o n  were ad jus ted  t o  0.05 - M i n  hydrazine t o  dest roy n i t r i t e  

ions;  ascorb ic  a c i d  was added t o  reduce t h e  plutonium t o  plutonium (111); and 
o x a l i c  a c i d  was added t o  p r e c i p i t a t e  plutonium (111) oxalate.  

oxa la te  was d r i e d  and d i v i d e d  i n t o  t h r e e  batches t h a t  were c a l c i n e d  f o r  

2 hours i n  a i r  i n  alumina c r u c i b l e s  a t  350°C, 5OO0C, o r  950OC. 

95OOC batch was reca lc ined i n  a z i r c o n i a  c r u c i b l e  a t  170OOC i n  water-saturated 

92% Ar-8% H2 t o  p rov ide  h i g h l y  s i n t e r e d  oxide. The 35OOC c a l c i n e d  ox ide had a 

sur face area o f  48.7 m2/g; t h e  5OOOC oxide, 39.4 m2/g; t h e  950°C oxide, 

1.5 m2/g; and t h e  170OOC oxide, 0.54 m2/g, as determined by a mod i f ied  BET 

method. 

ox ide batches i s  ev ident  from t h e  d i s s o l u t i o n  t e s t s .  

The f i l t e r e d  

P a r t  o f  t h e  

The importance o f  t h i s  d i f f e r e n c e  i n  t h e  sur face areas o f  t h e  f o u r  

DISSOLUTION TESTS USING HC1 OR HC1-CaF9 

Samples o f  each o f  t h e  f o u r  batches o f  ox ide were d isso lved i n  constant  

The t e s t s  were b o i l i n g  HC1 (6.1 - M )  o r  HC1 c o n t a i n i n g  known amounts o f  CaF2. 
conducted i n  a standard narrow mouth (224/40 j o i n t )  Erlenmeyer f l a s k .  The 
f l a s k  was f i t t e d  w i t h  a condenser w i t h  a 524/40 i n n e r  j o i n t  a t  t h e  bottom. 

Condenser water was cooled t o  6OC w i t h  a temperature bath. 
heated on a s t i r r i n g  h o t  p l a t e ,  and t h e  s o l u t i o n  was mixed by a Teflon@-coated 

magnetic bar. 

then a measured amount o f  ox ide was added t o  avo id  a heatup cycle.  

were withdrawn and f i l t e r e d  a t  appointed t ime i n t e r v a l s ,  and plutonium content  
i n  t h e  aqueous phase was determined. 

The d i s s o l v e r  was 

The s o l u t i o n  was heated t o  in tended d i s s o l u t i o n  temperature, 

Samples 

3 Tef lon  i s  a trademark o f  E. I .  du Pont de Nemours. 
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RESULTS 

Rates of d i s s o l u t i o n  f o r  the va r ious  experimental  cond i t ions  used i n  this 
s tudy are shown i n  Figure 1. In the absence of  f l u o r i d e ,  h igh - f i r ed  Pu02 
(>95OoC) was p r a c t i c a l l y  i n s o l u b l e  i n  b o i l i n g  (6.1 - M )  HC1, and lower- f i red  
oxide d isso lved  very slowly. The d i s s o l u t i o n  r a t e s  i n  pure HC1 decrease  
markedly w i t h  i nc reas ing  calci nation temperature  o f  the oxide.  The amount of  
oxide d isso lved  i n  5 hours was 28%, 7%, and -0.2% f o r  350"C, 500"C, and 950°C 
c a l c i n e d  oxide ,  r e s p e c t i v e l y  ( the  same o r d e r  a s  the measured Pu02 s u r f a c e  
areas). An exact correlation w i t h  surface area was n o t  observed or expected 
s i  nce 350°C c a l c i  ned Pu(  I I I )  oxalate  i s probably not  comp'etely converted t o  
Pu02 (Cleveland 1970). 
abso rp t ion  method may no t  be r e a d i l y  a v a i l a b l e  f o r  aqueous d i s s o l u t i o n .  The 
results a t  950°C are similar t o  those found by Cleveland (1964). 
found t h a t  only 0.74% of the i n i t i a l  Pu02 d isso lved  a f t e r  1 hour. 
had been prepared by burning metal i n  a i r ,  and 10 g of the oxide  had been 
t r e a t e d  w i t h  100 mL of  b o i l i n g  12 - M HC1. 

In a d d i t i o n ,  a l l  su r f ace  a r e a s  measured by the BET gas  

Cleveland 
The Pu02 

With  f l u o r i d e  added t o  the d i s s o l v e n t ,  the r a t e  of Pu02 d i s s o l u t i o n  
inc reased  s i g n i f i c a n t l y  a s  the f l u o r i d e  t o  plutonium mole (F'/Pu) r a t i o  
inc reased  from 0 t o  2. 
i n  the f i r s t  hour inc reased  from -0.2% t o  66%, 91%, and 100% as the F'/Pu 
r a t i o  increased  from 0 t o  0.5, 1.0, and 1.8, r e s p e c t i v e l y .  As shown i n  
F igure  1, the d i s s o l u t i o n  rate i n  HC1-CaF2 s o l u t i o n s  decreases  w i t h  an 
i ncrease in oxide calci nation temperature and a correspondi ng decrease i n 

oxide surface area. 
oxide d isso lved  i n  1 hour versus 91% f o r  the 950°C c a l c i n e d  oxide.  A t  a F'/Pu 
r a t i o  o f  1.8, complete d i s s o l u t i o n  of the 1700°C c a l c i n e d  oxide  r equ i r ed  2.5 
hours versus 1 hour f o r  the 950°C c a l c i n e d  oxide.  
r a t e s  for Pu02 can be obta ined  i n  HC1 s o l u t i o n s  con ta in ing  F' i n  a r a t i o  t o  Pu 
of about  2. F luor ide  interferes w i t h  HC1 Pu(1V)  anion exchanqe, b u t  the 
a d d i t i o n  o f  A13+ ion  a f t e r  d i s s o l u t i o n  t o  complex the F' ion  w i l l  c o u n t e r a c t  
this e f f e c t .  

For 950°C c a l c i n e d  oxide ,  the  amount o f  Pu02 d i s so lved  

A t  a F'/Pu r a t i o  of 1.0, only 35% of  the 1700°C c a l c i n e d  

Acceptable d i s s o l u t i o n  

No s t u d i e s  were performed t o  determine the e f f e c t  o f  other m e t a l l i c  
impurities on the d i s s o l u t i o n  rate of  Pu02 i n  HC1-CaF2 s o l u t i o n s .  
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FIGURE 1. D i s s o l u t i o n  o f  Pu02 U s i n g  HC1 and CaF2 
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Metallic impurities which complex fluoride strongly may be present i n  
quanti t i e s  approaching to ta l  f luoride concentration. Extrapolation from the 
n i t r i c  acid-fl uori de system ndicates t h a t  these impurities w i  11 markedly 
influence Pu02 dissolution by lowering f ree  F' and HF a c t i v i t i e s  (Ryan and  
Bray 1980). Assuming t h a t  a t  any given acidity the PuO2 dissolution ra te  i s  
f i rs t  order w i t h  respect t o  f ree  (uncomplexed to  metal) f luoride or HF 
concentration, the ef fec ts  of var ious  f luoride complexing metal ions  a t  25°C 
can be estimated from the i r  complex formation constants (Si l len and Martell 
1964). 
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