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T h i s  project  i s  p a r t  of t h e  AEC F u e l  Cycle  Development Program. 
The work w a s  performed i n  t h e  Nuclear  F u e l s  Department of t h e  
Research  and Development D i v i s i o n  of The Carborundum Company a t  
Niagara Fa l l s ,  N e w  York. K. M. T a y l o r  is t h e  p r o j e c t  manager and  
C. H. McMurtry is t h e  p r o j e c t  e n g i n e e r .  I n  a d d i t i o n  t o  t h e  a u t h o r s ,  
C. J. Boos and T. J. Keaty c o n t r i b u t e d  t o  t h e  work described i n  
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I. I'NTRODUCTION - 

I J .  
n 

The c o p r e c i p i t a t i o n  of carbon and m e t a l  b e a r i n g  compounds 
from a common s o l v e n t  i s  a new approach  t o  t h e  p r o c e s s  of making 
r e f r a c t o r y  metal carbides. T h i s  method has been s u c c e s s f u l l y  
a p p l i e d  a t  The Carborundum Company t o  t h e  s y n t h e s i s  of s e v b r a l  
r e f r a c t o r y  m e t a l  carbides i n c l u d i n g  p r e l i m i n a r y  work on UC. The 
o b j e c t  of t h i s  work is t o  ex tend  t h i s  technology t o  t h e  p r e p a r a t i o n  
of (U,Pu)C f u e l s .  

I n  o r d e r  t o  produce power f r o m  fast  r e a c t o r s  on a basis 
c o m p e t i t i v e  w i t h  t h a t  from the rma l  r e a c t o r s  i t  is n e c e s s a r y  t o  
a c h i e v e  f u r t h e r  economies i n  t h e  fast r e a c t o r  f u e l  c y c l e .  I t  is 
b e l i e v e d  t h a t  t h i s  process w i l l  r e s u l t  i n  s a v i n g s  i n  t h e  c a r b i d e  
f u e l ' c y c l e  for  several r easons .  S t o i c h i o m e t r i c  (U,Pu)C may be 
made more c o n s i s t e n t l y  by t h e  proposed p r o c e s s  because  of t h e  
ve ry  i n t i m a t e  and homogeneous mixture  of t h e  reactants and i t  is 
b e l i e v e d  t h a t  a s t o i c h i o m e t r i c  f u e l  w i l l  make p o s s i b l e  maximum 
burnups wi th  r e t e n t i o n  of f i s s i o n  p roduc t s .  A l s o ,  s t o i c h i o m e t r i c  
f u e l  is desirable when us ing  a sodium bond,  which i n  t u r n  i s  
n e c e s s a r y  f o r  o p e r a t i o n  a t  maximum s p e c i f i c  power. Fur the rmore ,  
s i n c e  t h i s  p rocedure  w i l l  permit t h e  u s e  of n i t r a t e  s o l u t i o n s  as 
a 'U,Pu s o u r c e  rather t h a n  t h e  oxide or metal, t h e  method is b e l i e v e d  

' t o  be c o n s i s t e n t  w i t h  more economical  f u e l  p r o c e s s i n g .  

I n i t i a l  work d u r i n g  t h e  f i r s t - q u a r t e r  i n d i c a t e d  t h a t  a s i n g l e  
phase  UC c o u l d  be p repa red  by c o p r e c i j > i t a t i o n  of  t h e  metal and ca rbon  
beari 'ng c o n s t i t u e n t s  from a u r a n y l  n i t r a t e - s u c r o s e  s o l u t i o n .  How- 
e v e r ,  t h e  r e p r o d u c i b i l i t y  of these e a r l y  exper iments  w a s  poor a n d  
t h e  process v a r i a b l e s  caus ing  t h i s  d i f f i c u l t y  w e r e  n o t  w e l l  under -  
s tood .  

11. SUMMARY 

T h i s  r e p o r t  describes the  s y n t h e s i s  of  (U,Pu)C u s i n g  a 
c o p r e c i p i t a t i o n  p r o c e s s  as well as f u r t h e r  study of  t h e  process 
v a r i a b l e s  a f f e c t i n g  t h e  r e p r o d u c i b i l i t y  of t h i s  method; S y n t h e s i s  
df UC w a s  'used as a model t o  s t u d y  process v a r i a b l e s  and deve lop  
background i n f o r m a t i o n  relative t o  t h e  p r e p a r a t i o n  of -(U,Pu)C p r i o r  
t o  i n i t i a t i n g  work w i t h  t h i s  compound. T h i s  s t u d y  of process 
v a r i a b l e s  has  inc luded  development of a p p a r a t u s  t o  c a r r y  o u t  
c o p r e c i p i t a t i o n ,  d e h y d r a t i o n  and i n i t i a l  decomposi t ion  of t h e  
d o p r e c i p i t a t e .  The effects of t i m e ,  t empera tu re  and atmosphere 
dur ing .  t h i s  stage were e v a l u a t e d .  

Summary of t h i s  q u a r t e r ' s  work is as follows: 

1. An a p p a r a t u s  and p rocedure  were developed f o r  c a r r y i n g  
o u t  t h e  i n i t i a l  s t a g e s  of t h i s  p rocess .  T h i s  i n c l u d e d  c o p r e k i p i t a t i o n  
by e v a p o r a t i o n ,  condensa t ion  of t h e  acid fumes,  d e h y d r a t i o n  and 
decomposi t ion  of t h e  c o p r e c i p i t a t e d  reactants i n  a c o n t r o l l e d  
atmosphere t o  6OOOC. 

2. Non-uniform h e a t i n g  rates up t o  6OO0C were i d e n t i f i e d  as 
the  p r o c e s s  v a r i a b l e  r e s u l t i n g  i n  poor  r e p r o d u c i b i l i t y  i n  t he  f i n a l  
carbide p roduc t .  
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3. Automatic  c o n t r o l  of  t h e  rate of  t empera tu re  rise t o  6OOOC 
r e s u l t e d  i n  good r e p r o d u c i b i l i t y  i n  carbide s y n t h e s i z e d  from u r a n y l  
n i t r a t e - s u c r o s e  s o l u t i o n s .  The s u c c e s s  of t h i s  t e c h n i q u e  can  be 
s e e n  i n  t h e  a n a l y s e s  of t h r e e  d u p l i c a t e  carbide p r o d u c t s  which had 
t o t a l  ca rbon  c o n t e n t s  of 6.94, 7.02 and 6.93 p e r c e n t ,  r e s p e c t i v e l y .  

4. S y n t h e s i s  of (U0.8, Puo.2)C w a s  carried out u s i n g  t h e  
a p p a r a t u s  and  p rocedure  deve loped  .during t h e  s t u d y  of  p r o c e s s  variables. 

5. Two a d d i t i o n a l  o r g a n i c  compounds, f u r f u r a l  and phenyl-  
formaldehyde r e s i n ,  were e v a l u a t e d  as s o u r c e s  of carbon.  

I I I. PROCEDURE 

A p rocedure  w a s  adop ted  which c o n s i s t e d  of  t h r e e  d i s t i n c t  s t a g e s :  

1. P r e p a r a t i o n  of r e a c t a n t s .  

2. C o p r e c i p i t a t i o n ,  d e h y d r a t i o n  and i n i t i a l  decomposi t ion.  

3. Reac t ion  t o  form carbide. 

The f i r s t  s t a g e ,  p r e p a r a t i o n  of r e a c t a n t s ,  involved t h e  s o l u t i o n  
of s u c r o s e ,  5 t o  8 g ,  i n  50 m l  of a n  ana lyzed  ni t ra te .  s o l u t i o n .  The 
c o n c e n t r a t i o n  o f  t h e  U or U,Pu i n  these n i t r a t e  s o l u t i o n s  w a s  
app rox ima te ly  0.15 g/ml. 

C o p r e c i p i t a t i o n ,  d e h y d r a t i o n  and  i n i t i a l  decomposi t ion  were 
carried o u t  i n  a s i n g l e  step.  T h i s  w a s  accompl ished  i n  a s t a n d a r d  
g l a s s  r e a c t i o n  k e t t l e  f i t t e d  wi th  a h e a t i n g  man t l e ,  thermocouple ,  
condenser  and  g a s  i n l e t .  I n  t h i s  manner t h e  acid fumes c o u l d  be 
condensed and  a n  e n c l o s u r e  w a s  p rov ided  i n  which a c o n t r o l l e d  
atmosphere c o u l d  be main ta ined .  A cam type  c o n t r o l l e r  w a s  used  t o  
program t h e  h e a t i n g  c y c l e  up  t o  60OoC. T h i s  c y c l e  i n c l u d e d  a two 
hour hold a t  12OoC t o  e v a p o r a t e  and coprecipitate t h e  r e a c t a n t s ,  
f o l l o w e d  by a r ise i n  t empera tu re  of 1 0 0 ° C  per hour t o  6OO0C and 
f i n a l l y  a ho ld  a t  t h i s  t empera tu re  fo r  13 hours .  A t  t h e  end  of 
t h i s  20 hour p e r i o d  h e a t i n g  w a s  t e r m i n a t e d  and  t h e  r e s i d u e  c o o l e d  
t o  room tempera ture .  

The dried r e s i d u e  w a s  pe l le t ized  f o r  ease of hand l ing  and  i n  
t h e  case of ,UC, s y n t h e s i s  w a s  carried o u t  i n  a molybdenum boat i n  
a n  a lumina  t u b e  muf f l e  f u r n a c e  i n  an  a rgon  atmosphere.  The (U,Pu)C 
s y n t h e s e s  were carr ied o u t  i n  molybdenum boats i n  a g r a p h i t e  r e s i s t a n c e  
f u r n a c e  w i t h  a hel ium atmosphere.  The t e m p e r a t u r e ,  i n  b o t h  cases, 
w a s  raised at  a rate of 1000 t o  150OoC per hour t o  170OoC and h e l d  
f o r  f i v e  hours .  

F i n i s h e d  carbides were unloaded  from t h e  r e a c t i o n  f u r n a c e  
d i r e c t l y  i n t o  a g lovebox wi th  a h i g h  p u r i t y  i n e r t  a tmosphere f o r  
sampling.  E v a l u a t i o n  of t h e  carbide p roduc t  i n c l u d e d  x - r a y  
d e t e r m i n a t i o n  of t h e  p h a s e s  p r e s e n t ,  and t h e  (U,Pu)C l a t t i ce  
pa rame te r  as w e l l  as a n a l y s i s  for t h e  t o t a l  ca rbon  c o n t e n t .  

R 
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IV.  PROCESS VARIABLES 

A. C o p r e c i p i t a t i o n  and H e a t  T r e a t i n g  t o  600°C 

Of p r i m a r y  conce rn  t h i s  q u a r t e r  w e r e  t h e  process v a r i a b l e s  
which affect  the  r e p r o d u c i b i l i t y  of t h i s  c o p r e c i p i t a t i o n  p r o c e s s  
f o r  making carbides. P rev ious  work i n d i c a t e d  t h a t  t h e  y i e l d  of 
carbon from t h e  s u c r o s e  and pe rhaps  t h e  oxygen c o n t e n t  of t h e  ox ide  
from t h e  n i t r a t e  varied due t o  non-uniform c o n d i t i o n s  d u r i n g  
c o p r e c i p i t a t i o n  and heat t r e a t i n g  t o  600°C (see T a b l e  VI11 Q u a r t e r l y  
P r o g r e s s  Repor t  No. 1 ) .  Experiments i n  which t h e s e  t h r e e  o p e r a t i o n s  
were carried o u t  i n  a s i n g l e  step i n  a glass r e a c t i o n  ke t t l e  a l s o  
i n d i c a t e d  a l a c k  of  r e p r o d u c i b i l i t y  on h e a t i n g  t o  600°C. Tab le  I ,  
expe r imen t s  1 th rough  6, shows t h e  e x t e n t  of v a r i a t i o n  i n  t h e  t o t a l  
ca rbon  c o n t e n t  after h e a t i n g  t o  600'C. As c a n  be s e e n ,  a similar 
v a r i a t i o n  o c c u r r e d  i n  t h e  carbide p roduc t  after h e a t i n g  t o  1700°C. 
T h i s  v a r i a t i o n  which w a s  g r e a t e r  t h a n  2 1% from t h e  mean, i .e . ,  from 
4.83 t o  7.17 percent t o t a l  ca rbon ,  appeared  t o  be a r e s u l t  of non- 
uni form h e a t  t r e a t m e n t  a t  low t empera tu res .  For t h i s  r e a s o n  a cam- 
t y p e  program c o n t r o l l e r  w a s  u sed  t o  p r o v i d e  a u t o m a t i c  c o n t r o l  o f  
t h e  h e a t i n g  up t o  600°C. T h i s  program, described i n  t h e  S e c t i o n  11, 
Procedure ,  r e s u l t e d  i n  improved r e p r o d u c i b i l i t y .  As c a n  be s e e n  i n  
expe r imen t s  8 th rough  10, T a b l e  I ,  t h e  v a r i a t i o n  i n  t o t a l  carbon w a s  
from 6.93 t o  7.02 p e r c e n t  o r  less t h a n  2 0.1 percent f r o m  t h e  mean. 

n 

B. Uranyl  Nitrate-Sucrose Rat io  

The u r a n y l  n i t r a t e - s u c r o s e  ratio r e q u i r e d  t o  produce  a p a r t i c u l a r  
ca rbon  c o n t e n t ,  s u c h  as s t o i c h i o m e t r i c  UC, has  been shown t o  vary 
depending upon a number of  factors. These i n c l u d e  t h e  a c i d i t y  of 
t h e  n i t r a t e  s o l u t i o n  and t h e  c o n d i t i o n s  of c o p r e c i p i t a t i o n ,  d e h y d r a t i o n  
and  low t empera tu re  decomposi t ion  of t h e  c o p r e c i p i t a t e .  Thus i n  
most expe r imen t s  d u r i n g  t h i s  q u a r t e r  no a t t e m p t  w a s  made t o  a d j u s t  
t h e  u r a n y l  n i t r a t e - s u c r o s e  r a t i o  u n t i l  t h o s e  f a c t o r s  a f f e c t i n g  
r e p r o d u c i b i l i t y  w e r e  under  c o n t r o l .  Two expe r imen t s  w e r e  carried 
o u t - w i t h  a r e d u c e d , s u c r o s e  c o n t e n t ,  as shown i n  expe r imen t s  11 a n d  
12 i n  T a b l e  I. The ' expec ted  response t o  t h e  reduced s u c r o s e  c o n t e n t  
w a s  a c h i e v e d  and ,  i n  a d d i t i o n ,  t he  d u p l i c a t i o n  of these r e s u l t s  
f u r t h e r  c o n f i r m s  t h e  r e p r o d u c i b i l i t y  which c a n  r e s u l t  from c a r e f u l  
c o n t r o l  of h e a t i n g  d u r i n g  t h e  e a r l y  s t a g e s  of r e a c t i o n .  

. The low t empera tu re  h e a t  t r e a t m e n t  of t h e  coprecipitated r e a c t a n t s  
w i l l  affect  t h e  oxygen c o n t e n t  of t h e  oxide and  t h e  y i e l d  of ca rbon  
from t h e  r e a c t a n t s  and t h u s  a l ter  the  r e q u i r e d  u r a n y l  n i t r a t e - s u c r o s e  
r a t i o .  I t  would be desirable t o  r educe  t h e  n i t r a t e  t o  a d i o x i d e  
and t h e  s u c r o s e  t o  ca rbon  a t  as l o w  a t e m p e r a t u r e  as p o s s i b l e  and 
p r i o r  t o  t h e  start of t h e  U02-carbon r e a c t i o n .  P r e f e r a b l y  t h i s  shou ld  
be accompl ished  below 60O0C, t h e  t empera tu re  l i m i t  of t h e  g l a s s  k e t t l e  
used  i n  t h e  e v a p o r a t i o n ,  c o p r e c i p i t a t i o n  and  l o w  t e m p e r a t u r e  h e a t ,  
t r e a t i n g .  Chemical a n a l y s i s  of t h e  coprecipitated r e a c t a n t s  after 
h e a t i n g  t o  600°C i n  n i t r o g e n  i n d i c a t e d  t h a t  t h i s  had n o t  o c c u r r e d ,  
t h a t  i s  t h e  t o t a l  ca rbon  and  uranium as U02 w e r e  less t h a n  100 p e r c e n t  
as s e e n  i n  T a b l e  I. Whether t h i s  w a s  i ncomple t e  r e d u c t i o n  of  t h e  
ox ide  o r  o n l y  p a r t i a l  decomposi t ion  of t h e  s u c r o s e  c o u l d  no t  be 
de te rmined  b y  a n a l y s i s  of t h e  complex p roduc t .  
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TABLE I 

U02( NC)3)2'6H20 - Sucrose  Reac t ion  Product  A f t e r  
Heat ing t o  6OO0C and 17OO0C* 

A f t e r  
A f t e r  H e a t i n g  Heat ing  

t o  6OO0C t o  170OOC -- 
Sucrose  i n  Uranium T o t a l  ' ' T o t a l  

Exp. R e a c t a n t s ,  as U02, Carbon, Carbon, 
NO w t  .% w t . %  w t  .% w t  .% Remarks -- 
1 

2 

3 

4 

5 

6 

7 

8 

9 

' 10 

11 

12 

28.57 

11 

? I  

I 1  

? I  

11 

I f  

1 1  

11 

I 1  

26.76 
f f  

85.76 

85.61 

83.15 

84.06 

84.27 

83.81 

83.83 

84.15 

82.32 

84.27 
- 
- 

13.38 

11.88 

12 .20 .  

14.28 

13.50 

12.96 

13.41** 

13.66 

13.38 

13.39 

12.20 

22.25 

6.00 

4.83 

5.03 

7.17 

6.56 

6.76 

6.82 

6.94 

7.02 

6.93 

5.28 

5.38 

Manual t empera tu re  
c o n t r o l  t o  6OO0C 

11 

1 1  

f f  

I f  

I f  

Aut omat ic temperature 
c o n t r o l  t o  6OO0C 

11 

I 1  

I f  

I f  

f f  

*A n i t r o g e n  atmosphere was used  t o  6OOOC a n d  a n  a rgon  atmosphere 
du r ing  f i n a l  s y n t h e s i s  a t  170OoC f o r  f i v e  hours .  

**The rate of t empera tu re  r ise  used  i n  t h i s  experiment  w a s  modi f ied  
s l i g h t l y  b e f o r e  running  t h e  t h r e e  d u p l i c a t e s  8, 9 and 10 o r  t h e  
two d u p l i c a t i o n s  i n  11 and 12. 

u03 c a n  be r e a d i l y  reduced  i n  hydrogen t o  U02 a t  t empera tu res  
of 5OO0C o r  h i g h e r ( l ) ,  t h u s  t h r e e  exper iments  were c a r r i e d  ou t  i n  
which t h e  c o p r e c i p i t a t e d  r e a c t a n t s  were h e a t ,  t r e a t e d  t o  6OO0C i n  
hydrogen. The e r ra t ic  d a t a  from t h e s e  exper iments  (Tab le  11) were 
thought  t o  be t h e  r e s u l t  of t h e  manual c o n t r o l  of t h e  ra te  of  h e a t -  
up r a t h e r  than  a n  effect  of t h e  hydrogen. However, Table  11, 
i n d i c a t e s  t h a t  t h e  reactants had s t i l l  no t  been comple te ly  reduced  
t o  U02 and carbon and t h a t  t h e  y i e l d  of carbon w a s  s i g n i f i c a n t l y  
lower i n  hydrogen. 

R 



-5-  

n 
TABLE I1 

u 

li 

R 

UO2(NO3)2*6H2O - S u c r o s e  Reac t ion  P r o d u c t s  A f t e r  
C o p r e c i p i t a t i o n  and  Heat ing  t o  600°C i n  Hydrogen* 

Composition of Reac t ion  P r o d u c t ,  w t . %  
Exp. No. T o t a l  Carbon N i t  r og e n Uranium as U O z  

1 11.03 0.11 83.6 

2 

3 

9.87 

10.54 

87.8 

87.9 

"Manual c o n t r o l  of t h e  rate of t empera tu re  rise was employed i n  
these exper iments .  

S i n c e  it w a s  d i f f i c u l t  t o  e v a l u a t e  t h e  d e g r e e  decomposi t ion  
o r  t h e  y i e l d  of ca rbon  f r o m s u c r o s e  i n  t h e  h e a t  treated c o p r e c i p i t a t e ,  
several expe r imen t s  were carried o u t  i n  which s u c r o s e  a l o n e  w a s  
decomposed. T h e ' c o n d i t i o n s ' w e r e  similar t o  t h o s e  employed i n  t h e  
s y n t h e s i s  expe r imen t s  w i t h  t h e  coprecipitated u r a n y l  n i t r a t e  and 
s u c r o s e . .  R e s u l t s  of t h e s e  expe r imen t s  are shown i n  T a b l e  111 and 
i n d i c a t e  t h a t  t h e  decomposi t ion  of s u c r o s e  w a s  comple te  on ly  a t  a 
t empera tu re  of 1 2 0 0 ° C  i n  n i t r o g e n  and a t  800°C i n  hydrogen. Three  
expe r imen t s  were a l s o  carried o u t  i n  a n  atmosphere of 90 p e r c e n t  
n i t r o g e n  - 10 p e r c e n t  hydrogen, a less hazardous  r e d u c i n g  atmosphere 
which c o u l d  be u s e d  i n  a g lovebox o p e r a t i o n .  T h i s  atmosphere 
appeared  less e f f e c t i v e  t h a n  p u r e  hydrogen b u t  p robab ly  would g i v e  
comparable r e s u l t s  w i t h  h i g h e r  g a s  f low rates. T h i s  work i n d i c a t e d  
t h a t  hydrogen a tmospheres  would be h e l p f u l  i n  r educ ing  t h e  t e m p e r a t u r e  
r e q u i r e d  t o  decompose s u c r o s e  t o  100 p e r c e n t  carbon and  t h u s  
c o n t r i b u t e  t o  better c o n t r o l  of t h e  p r o c e s s .  

V. (U,Pu)C SYNTHESIS 

. S y n t h e s i s  of (U,Pu)C was i n i t i a t e d  d u r i n g  t h i s  q u a r t e r  and  
t h e  p rocedure  employed w a s  similar t o  t h a t  u sed  i n  t h e  p r e p a r a t i o n  
of UC whi le  s t u d y i n g  p r o c e s s  v a r i a b l e s .  Only t w o  minor d i f f e r e n c e s  
existed i n  t h e  e x p e r i m e n t a l  c o n d i t i o n s .  
s o l u t i o n  had a H+ m o l a r i t y  of 3.18 t h u s  t h e  U,Pu n i t r a t e  s o l u t i o n  
w a s  more acid t h a n  t h e  u r a n y l  n i t r a t e  s o l u t i o n  a l o n e .  The p r e v i o u s  
work-on t h e  effect of a c i d i t y  i n d i c a t e d  t h a t  a lower y i e l d  of ca rbon  
would r e s u l t  as t h e  a c i d i t y  i n c r e a s e d  b u t  would n o t  o t h e r w i s e  a l ter  
t h e  r e a c t i o n  p roduc t .  The second  d i f f e r e n c e  w a s  i n  t h e  f i n a l  
r e a c t i o n  c o n d i t i o n s .  I n  t h i s  s t a g e  r e a c t i o n  w a s  carried o u t  i n  a 
g r a p h i t e  r e s i s t a n c e  f u r n a c e  i n  he l ium a l t h o u g h  t h e  r e a c t a n t s  were 
c o n t a i n e d  i n  a cove red  molybdenum boat as i n  p r e v i o u s  work. T h i s  
v a r i a t i o n  w a s  n o t  expected t o  affect t h e  c o u r s e  of  r e a c t i o n .  

The p lu tonium n i t r a t e  

The u r a n y l  n i t r a t e  and  p lu tonium n i t r a t e  s o l u t i o n s  were mixed 
t o  y i e l d  a 4/1 ra t io  of U t o  Pu. 
w a s  prepared by  d i s s o l v i n g  p lu tonium m e t a l  i n  n i t r i c  acid and o b t a i n e d  

The p lu tonium n i t r a t e  s o l u t i o n  
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TABLE I11 

Effect of Temperature and Atmosphere on t h e  Decomposition of Sucrose* 

Exp . 
No. - 

1 

2 

.3  

4 

5 

6 

7 

8 

9 

10 

11 

Atmosphere 

Nitrogen 
11 

f t  

91 

12 Hydr og en 

.13 I f  

Temperature, 
O C  

Residue, 
w t . %  

Total Carbon 
I n  kesidue, 

w t . %  

200 

3 00 

400 

50d 

5 Od 

506 
600 

700 

800 

1000 

12 00 

76.30 

40.98 

29.79 

25.88 

25.19 

25.54 

24.62 

23.77 

23.17 

21.90 

18.00 

50.24 

69.80 

82.64 

91.79 

97.25 

91.38 

93.34 

95.99 

96.58 

97.33 

100.17 

400 26.14 87.87 

600 20.29 97.87 

800 17.80 100.04 14 

15 90 H2 - 10 N2 400 30.23 86.23 

16 I I  600 23.59 94.60 

17 I f  800 21.90 97.49 

f f  

*In  each experiment 6 g of sucrose was heated t o  the indicated 
temperature a t  a r a t e  of 100°C per hour and held a t  temperature 
f o r  16 hours. Automatic control  of the r a t e  of temperature rise 
was employed i n  a l l  experiments. 

from Isochem Inc. a t  Richland, -Washington. Analysis supplied w i t h  
t h i s  solut ion is  shown i n  Table I V .  

I n  t h e  f i r s t  t w o  experiments the sucrose t o  U,Pu n i t r a t e  
r a t i o  was similar t o  tha t  i n  UC synthesis experiments Nos. 11 and 
12 i n  Table f, A s  expected, the t o t a l  carbon i n  t h e  product a f t e r  
s y n t h e s i s  a t  170OoC was lower than i n  t h e  comparable UC s y n t h e s i s ,  
because of t h e  higher ac id i ty  i n  t h e  U-Pu n i t r a t e  solution. The 
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TABLE I V  

n 

A n a l y s i s  of Plutonium N i t r a t e  S o l u t i o n *  

Plutonium C o n c e n t r a t i o n  
Specific G r a v i t y  
H+ M o l a r i t y  
U 
F 
c1 

Metallic Impurities, ppm 

Ag 
A 1  
A s  
B 
Be  
B 1  
Ca 
Cd 
Cr 

1 
5 

< 2 0  
2 

(1 
(1 
10 

410 
2 0  

cu 
Fe 
G e  
K 
L i  
Mg 
Mn‘ 
Mo 
N a  

2 
195 
( 5  
( 5  
( 5  

5 
5 

4 5  
2 0  

0.2309 g/ml 
1.406 
3.18 M 
52 PPm 
62 PPm 

142 ppm 

N i  
P 
Pb 
S i  
Sn 
T i  
‘ T l  
‘ V  
Zn 

2 0  
(1 

2 
41 
10 
10 
(1 

< 100 
45 

I s o t o p i c  Ana lyses ,  wt.96 

Pu 239 91.038 Pu 240 8.128 
Pu 2 4 1  0.799 Pu -242 0.035 

*Suppl ied  by  t h e  Plutonium F i n i s h i n g  Sect ion,  Isochem I n c .  , Rich land ,  
Washington. 

r e s u l t s  of t h e s e  t w o  d u p l i c a t e s  are shown i n  T a b l e  V. X-ray i d e n t i f i c a t i o n  
of t h e  phases  p r e s e n t  i n d i c a t e d  t w o  ( U , P u ) C  type phases t o  be present 
b u t  i n  sp i t e  of t h e  low t o t a l  carbon c o n t e n t  no dioxide t y p e  p h a s e s  
w e r e  detected. I t  seems probable t h a t  s i g n i f i c a n t  amounts of oxygen 
were present i n  t h i s  product as oxycarb ide .  The l o w  v a l u e s  which 
were o b t a i n e d  for  t h e  la t t ice  parameter a lso i n d i c a t e d  t h a t  t h e  
material w a s  a n  oxycarb ide .  The t w o  (U,Pu)C type p h a s e s  p robab ly  
arise from a s u r f a c e  l a y e r  having  a s l i g h t l y  d i f f e r e n t  oxygen c o n t e n t  
t h a n  t h e  b u l k  and  t h u s  r e s u l t i n g  i n  oxyca rb ides  w i t h  s l i g h t l y  d i f f e r e n t  
l a t t i ce  parameters, 

Two a d d i t i o n a l  s y n t h e s i s  experiments w e r e  carried o u t  i n  which 
t h e  s u c r o s e  c o n t e n t  was a d j u s t e d  t o  y i e l d  a t o t a l  c a r b o n  c o n t e n t  
n e a r  or s l i g h t l y  i n  excess of t h e  s t o i c h i o m e t r i c  v a l u e  f o r  (U,Pu)C. 
These expe r imen t s ,  Nos, 3 and 4 ,  T a b l e  V,  resu l ted  i n  h y p e r s t o i c h i o m e t r i c  
carbides. To date i n s u f f i c i e n t  expe r imen t s  have been  carried o u t  
t o  p r o v i d e  a s ta tement  of t h e  r e p r o d u c i b i l i t y  of t h e  (U,Pu)C r e a c t i o n  
p roduc t  b u t  no unusua l  behav io r  was no ted  i n  t h e s e  f irst  f o u r  
s y n t h e s e s  , 
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TABLE V 

(U,Pu)C Reac t ion  P roduc t  a f te r  S y n t h e s i s  a t  1700' fo r  
F i v e  Hours* 

Sucrose** T o t a l  
Expo i n  R e a c t a n t s ,  Carbon, 
- No. w t . %  w t  .% - X-ray A n a l y s i s  - Phases  

1 41.6 3.76 - 
2 41.6 3.76 2 (U,Pu)C type  phases  - major 

3 46.64 6. 20 (U,Pu)C t y p e  - s t r o n g ;  
UC2 - weak t o  moderate; 
U2C3 t y p e  - f a i n t  

uC2 - f a i n t  
4 44.2 5.00 (u ,Pu)C t y p e  - major 

*Automatic c o n t r o l  of t h e  rate of temperature r ise  t o  6OO0C was 
e rip 1 o yed i n  t he se exper i m e  n t s . 

**Based on t h e  weight of sucrose and t h e  weight of e lementa l  U , P u  
present. 

V I .  OTHER ORGANICS AS A SOURCE OF CARBON 

Two a d d i t i o n a l  materials were e v a l u a t e d  as p o t e n t i a l  s o u r c e s  
of carbon f o r  u s e  i n  t h e  c o p r e c i p i t a t i o n  p r o c e s s  f o r  making carbide. 
These were phenysformaldehyde r e s i n  and f u r f u r a l .  PhenyMormaldehyde 
r e s i n  is a t h e r m a l  s e t t i n g  material wi th  a normal ly  h i g h e r  carbon 
v a l u e  t h a n  suc rose .  F u r f u r a l ( 2 ) ,  when c o n t a c t e d  wi th  HC1 o r  d i l u t e  
H2SO4, forms a g e l a n t i n o u s  mass which can  be  conve r t ed  t o  carbon 
on subsequent  h e a t i n g ,  

I n  t h e  work wi th  phenylformaldehyde r e s i n ,  u r a n y l  n i t r a t e  
s o l u t i o n  w a s  mixed with t h e  r e s i n  and t h i s  mixture  c u r e d  a t  1 8 O o C  
f o r  1 6  hours  t o  polymer ize  t h e  r e s i n .  I n  t h e  second exper iment ,  
f u r f u r a l  w a s  mixed wi th  t h e  u r a n y l  n i t r a t e  s o l u t i o n  and d i l u t e  H2SO4. 
The r e s u l t i n g  mixture  w a s  allowed t o  g e l  o v e r n i g h t  a t  room tempera ture .  
Both t h e  c u r e d  r e s i n  and f u r f u r a l  g e l  were then  treated i n  t h e  same 
manner as t h e  u r a n y l  n i t r a t e - s u c r o s e  s o l u t i o n s  and hea ted  t o  60OoC. 
The a n a l y s i s  of t h e  r e s i d u e s  a t  t h i s  p o i n t  are shown i n  Tab le  VI. 
Both of t h e s e  s o u r c e s  of carbon l o o k  promis ing  a t  t h i s  s t a g e .  

VI1 . FUTURE WORK 

During t h e  next  q u a r t e r  pr imary  e f fo r t s  w i l l  be on producing  
s t o i c h i o m e t r i c  (U,Pu)C from t h e  mixed U,Pu n i t r a t e  s o l u t i o n s  and 
suc rose .  I n  a d d i t i o n  s u f f i c i e n t  s y n t h e s i s  exper iments  w i l l  be 
carried o u t  t o  p rov ide  a n  a c c u r a t e  s t a t e m e n t  of t h e  r e p r o d u c i b i l i t y  
of t h i s  process. The (U,Pu)C p roduc t  w i l l  be c h a r a c t e r i z e d  by 
chemica l  and x- ray  a n a l y s e s  and by meta l lography on s i n t e r e d  pe l le t s .  
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- 

2 
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An i n v e s t i g a t i o n  of s i n t e r i n g  p e r  se, however, w i l l  no t  be  c a r r i e d  
o u t  du r ing  t h e  nex t  q u a r t e r .  A f i n a l  r e p o r t  w i l l  be p r e p a r e d  by 
t h e  ,end of t h e  next q u a r t e r  summarizing t h e  r e s u l t s  of t h e  s t u d y  
of t h e  p r e p a r a t i o n  of (U,Pu)C u t i l i z i n g  c o p r e c i p i t a t i o n .  

TABLE V I  

Other  Oraan ic s  as a Source  of Carbon 

Organic  
Compound 

P he n y 1 f o r  malde hyde 
R e s  i n  

F u r f u r  a1 
C4H20- CHO 

Suc rose  
C12H22011 

Organic  Composition of  Reac t ion  Product  
i n  R e a c t a n t s ,  A f t e r  - Heating t o  6OO0C i n  N2, w t . %  

wt .56  Carbon Ni t rogen  U r  a n  ium 

78.5 12.74 < 0.01 73.1 

31.6 8.00 (0.01 77.9 

28.5 14.2 0.42 71.15 
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