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ABSTRACT 

Duplex p y r o l y t i c  carbon-coated s o l - g e l  Tho and ( T ~ , u ) o ~  
p a r t i c l e s ,  i r r a d i a t e d  from 15,000 t o  17,500 Mwd7metric t o n  
( ~ h  + U )  and decayed 10 and 19 months, were ground t o  -100 mesh 
t o  i n s u r e  f r a c t u r e  of t h e  coa t ings  and, then, were leached w i t h  
b o i l i n g  f luor ide-ca ta lyzed  n i t r i c  a c i d  t o  d i s s o l v e  t h e  thorium, 
uranium, and f i s s i o n  products .  Recoveries of 99.6% o r  more of  
t he  uranium and 99,9$ of t h e  thorium were r e a l i z e d ,  a long  wi th  
d i s s o l u t i o n  of more than  86% of t h e  gamma e m i t t e r s .  These r e s u l t s  
c o n t r a s t  markedly wi th  e a r l i e r  gr ind- leach  s t u d i e s ,  u s ing  ground 
graphite-rna tkix fue  1 t h a t  contained laminar -coated ( ~ h ,  U)c2 
p a r t i c l e s ,  which gave unacceptable  l o s s e s  of up t o  6.3$ of t h e  
thorium and 4.5$ of t h e  uranium t o  t h e  leached carbon res idue .  
Grinding and leaching  may t h e r e f o r e  be a p p l i c a b l e  t o  mGR f u e l s  
con ta in ing  coated s o l - g e l  oxide p a r t i c l e s ,  a l though t h e  f e a s i -  
b i l i t y  of t he  process  would s t i l l  be marginal  due t o  t h e  neces- 
s i t y  of s t o r i n g  the  f i s s i o n  product-contaminated r e s idue  a s  a 
h igh  - o r  i n t e rmed ia t e - l eve l  s o l i d  waste.  
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Two p r i n c i p a l  methods have been proposed f o r  t h e  recovery. .o,f  

thor ium and uranium from High Temperature Gas-Cooled Reac to r  (HTGR) f u e l  

e lements  composed of p y r o l y t i c  ca rbon-coa ted  ( T ~ , u ) c ~  o r  ( T ~ , u ) o ~  p a r t i c l e s  

d i s p e r s e d  i n  a . g r a p h i t e  m a t r i x .  With e i t h e r  f u e l , .  t h e  thor ium and uranium 

must be s e p a r a t e d  from g r e a t e r  q u a n t i t i e s  of carbon.  The proposed burn-  

l e a c h  p r o c e s s  i n v o l v e s  o x i d i z i n g  t h e  ca rbon  t o  C02,  l e a v i n g  an  " a s h w - o f  

Tho2--U9O8--fission p roduc t  o x i d e s  t o  be d i s s o l v e d  i n  f l u o r i d e - c a t a l y z e d  

n i t r i c  a c i d .  The c o n c e n t r a t i o n  of t h e  r e s u l t i n g  s o l u t i o n  would.:b.e. a d j u s t e d  

t o  make feed  f o r  a  c o n v e n t i o n a l  aqueous s o l v e n t  e x t r a c t i o n  system. . The 

proposed g r i n d - l e a c h  p r o c e s s  i n v o l v e s  c r u s h i n g  t h e  g r a p h i t e  m a t r i x  and f u e l  

p a r t i c l e s  t o  expose t h e  thorium- and u ran ium-conta in ing  c o r e s  t o  t h e  

l e a c h i n g  a c t i o n  of n i t r i c  a c i d ;  uranium.and thor ium a r e  t h e n  r e c o v e r e d  by 

s 'olvent e x t r a c t i o n .  

H o t - c e l l  e v a l u a t i o n  of t h e  burn- leach  p r o c e s s ,  w i t h  i r r a d i a t e d  

Peach Bottom F u e l  compacts o b t a i n e d  from Genera l  g tomics ,  h a s  been completed 

and a  r e p o r t  i s  i n  press. '  F i s s i o n  p roduc t  v o l a t i l i t y ,  t h e  p r i n c i p a l .  

unknown p r i o r  t o  t h e  t e s t s ,  was low and t h e  p r o c e s s  appeared a p p l i c a b l e  t o  

HTGR f u e l s .  However, e v a l u a t i o n  of t h e  g r i n d - l e a c h  p r o c e s s  i n  t h e  h o t -  

c e l l 2  w i t h  long-decayed Peach Bottom and AVR f u e l  compacts, c o n t a i n i n g  

( T ~ , u ) c ~  p a r t i c l e s  w i t h  a  s i n g l e  l aminar  c o a t i n g ,  i n d i c a t e d  t h a t  t h e  

l eached  g r a p h i t e  r e s i d u e s  c o n t a i n e d  e x c e s s i v e  thor ium (6.9% of t h e  t o t a l ) ,  

uranium (4.5%), and gamma e m i t t e r s  ( u p  t o  35%). These r e s u l t s  comple te ly  

c o n t r a d i c t e d  t h e  promises  o f  g r i n d - l e a c h  exper iments  w i t h  u n i r r a d i a t e d  

p r o t o t y p e  f u e l  i n  which r e c o v e r i e s  o f  g r e a t e r  t h a n  99.7% of t h e  heavy 

m e t a l s  wcre r e a l i z e d .  i 

T h i s  memo b r i e f l y  d e s c r i b e s  g r i n d - l e a c h  exper iments  w i t h  dup lex-  

c o a t e d  s o l - g e l  Thoa and ( T ~ , U ) O ~ ,  and ( T ~ , u ) c ~  t h a t  had been i r r a d i a t e d  



a s  loose  p a r t i c l e s  (no suppor t i ng  m a t r i x )  i n  t he  GCR-ORR Loop a s  

Experiments 1-14 and 1-15. A more complete r e p o r t  of t h e s e  experiments 

i s  i n  p repa ra t i on .3  The p a r t i c l e s  were ground i n  a  food b lender  t o  -100 

mesh t o  i n s u r e  t h a t  a l l  t he  p a r t i c l e s  had been broken, and then were leached 

and washed s e v e r a l  t imes  u s ing  t h e  b e s t  procedures developed du r ing  e a r l i e r  

l e a c h i n g  exper iments ,  

Table  1 summarizes t h e  r e s u l t s  of t h e s e  leaching  experiments .  

Recovery of  t h e  uranium and thorium was s a t i s f a c t o r y  i n  a l l  of t h e  t e s t s ,  

and i n  t he  longer-decayed m a t e r i a l  from experiments 1-14, t h e  average 

r e t e n t i o n  of  t h e  f i s s i o n  product  gamma e m i t t e r s  was 1.97% vs  13.66% i n  

13 " r l i e r  experiments  w i t h  t h e  pro to type  Peach Bottom and AVR f u e l s .  

The r e s i d u e  from t h e  10-month-decayed Loop 1-15 ( T ~ , u ) o ~  p a r t i c l e s  con- 

t a i n e d  14.08% of t h e  t o t a l  gamma e m i t t e r s  i n  t h e  sample. Radiochemical 

a n a l y s i s  i n d i c a t e d  from 4.5 t o  8.5% of most of t he  f i s s i o n  products  were 

i n  t h e  r e s idue ,  bu t  t h a t  26.45% of t h e  "Nb had no t  been leached. I n  t he  

c a s e  of t h e  ( T ~ , u ) c ~  p a r t i c l e s  of Loop 1-15, where 61.23% of t h e  gamma 

e m i t t e r s  were found i n  t h e  p y r o l y t i c  carbon r e s idue ,  96.6% of t h e  9 5 ~ b ,  

59.7% of t h e  95~r, and 67% of t h e  ~ ' O R U  were i n so lub le .  

These few experiments  i n d i c a t e d  t h a t  t h e  g r ind - l each  process  might 

be a p p l i c a b l e  t o  HTGR f u e l s  c o n t a i n i n g  p y r o l y t i c  carbon-coated s o l - g e l  

ox ide  p a r t i c l e s .  Our d a t a  suppor t  t h e  p o s t - i r r a d i a t i o n  meta l lographic  and 

microrad iographic  s t u d i e s  and f i s s i o n  p r n d ~ l c t  re leas^ experiments of t h e  

Reac tor  Chemistry D i v i s i o n  which i n d i c a t e d  a  .superior.%fy7 of coated oxide 

p a r t i c l e s  over  coa ted  c a r b i d e  p a r t i c l e s .  The s u p e r i o r i t y  i s  due t o  l i t t l e  

o r  no migra t ion  of thorium o r  uranium i n t o  t h e  p y r o l y t i c  carbon c o a t i n g  

and b e t t e r  r e t e n t i o n  of f i s s i o n  products .  Our experiments  showed t h a t  t he  

r e s i d u e  from t h e  ox ide  p a r t i c l e s  from experiment 1-15 conta ined  (on a  



Table 1. Recovery of Thorium and Uranium from Ground (-100 mesh) 
Pyrolytic Carbon-Coatec Oxide and Carbide Par t i c les  I r radia ted i n  GCR-ORR Loop No. 1 

by Leaching with Boiling l3_M FINO3--0.0% HF--0.1B A ~ ( N o = ) ~  

a 
1 s t  leact. with 133 HNO3 only i n  attempt t o  p re fe ren t ia l ly  dissolve the ( T ~ , u ) c ~ ;  2nd leach l3_M HN03--O.Og_M HF-- 
0.103 A ~ ( N O ~ ) ~  fo r  t o t a l  dissolution.  

Loop Expt. No. 

Pa r t i c l e  Type 

Coating 

~wd;ton ( ~ h  + U )  

Decay - months 

I n i t .  wt-g 

Sample 

1 s t  ~each -$  

2nd Leach-$ 

3rd Leach-$ 

F ina l  wash-% 

Res [due-$ 
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1-14 

Tho2 + (Th,U)02 

Duplex 

17,500 

19 
13.4 

U 

99.35 
0.35 

<O.Ol  

<0.01 

0.23 

1- 14 
Tho2 + ( T ~ , u ) o ~  

Duplex 

17,500 

19 

15.3 

Th 

9 9 . 6 6 '  

0.30 

0.02 

<0.01 

0.02 

U 

99.32 

0.46 
c0.01 

<0.01 

0.21 

Y 

96.14 
1.32 

0.25 

<0.01 

2.29 

1-15 

( ~ h , u ) 0 2  

Duplex 

15,000 

10 

8.9 

U 

99.86 
0.10 

b 

b 

0.04 

1-15 

Tho2 + ( T ~ , u ) c ~  

Duplex 

15,000 

10 

17.8 

Th Y U 

83e76a 

15.81 
b 

b 

0.42 

98.67 
1.21 

0.05 

<0.01 

0.06 

Th 

99-69 

0.23 

b 

b 

0.07 

95.12 

3.03 

0.20 

<O.Ol 

1.64 

Y 

74-21 

11.70 

b 

b 

14.08 

Th 

6.03 

93.88 
b 

b 

0.09 

Y 

28.33 

10.43 

b 

b 

61.23 



weight  b a s i s )  o n e - f i f t h  a s  much ruthenium, one - th i rd  a s  much zirconium, and 

one- four th  a s  much niobium a s  t h e  r e s idue  from the  Experiment 1-15 ca rb ide  

p a r t i c l e s .  We have evidence t h a t  a  l a r g e  f r a c t i o n  of t h e  cerium and cesium 

i n  t h e  ca rb ide -co re  p a r t i c l e s  had migrated through t h e  p y r o l y t i c  coa t ings  

i n t o  t h e  o u t e r  c o n t a i n e r .  

Although t h e  g r ind - l each  process  might be used f o r  t h e  recovery of 

thor ium and uranium from HTGR f u e l s  t h a t  c o n t a i n  carbon-coated oxide pcrrti- 

c l e s ,  t h e  p r a c t i c a l i t y  of the  process  might s t i l l  h~ marginal  duo t o  thc  

q u a n t i t y  of f i s s i o n  products  r e t a i n e d  by the  leached carbon r e s idue .  Even 

i n  t h e  case  of long-decayed f u e l  t he  r e s i d u e s  would have t o  be t r e a t e d  a s  

i n t e r m e d i a t e - t o  h i g h - l e v e l  s o l i d  wastes ,  whi.ch would i n c r e a s e  t hc  c o s t  of 

p rocess ing .  
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