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DIRECT THERMAL DENITRATION TO PREPARE MIXED OXIDES FOR 
NUCLEAR FUEL FABRICATION 

J. C. Mailen 

D. R. McTaggart 
D.  J. P r u e t t  

ABSTRACT 

Direct thermal d e n i t r a t i o n  of n i t r a t e  s o l u t i o n s  
’ c o n t a i n i n g  uranium, plutonium, and about  2 mol of 

ammonium n i t r a t e  per mol of heavy metals produced a 
mixed oxide powder which was w e l l  s u i t e d  t o  t h e  produc- 
t i o n  of p e l l e t s .  The n i t r i c  a c i d  c o n c e n t r a t i o n  of t h e  
s o l u t i o n s  w a s  maintained a t  g r e a t e r  t han  1 t o  prevent 
h y d r o l y s i s  of t h e  plutonium. The r e s u l t i n g  UO3-PuO2 
powder had a bulk dens i ty  of about  1.2 g/cm3 and 
r e q u i r e d  preslugging be fo re  p e l l e t  p re s s ing .  
prepared a t  t h e  Oak Ridge Nat ional  Laboratory (ORNL) by 
p r e s s i n g  a t  241 MPa (35,000 p s i )  o r  310 MPa (45,000 p s i )  
and s i n t e r i n g  a t  1450°C f o r  4 h had d e n s i t i e s  of 95% of 
t h e o r e t i c a l ,  good e x t e r n a l  appearances,  and good micro- 
s t r u c t u r e s .  The p e l l e t s  were completely s o l u b l e  i n  
r e f l u x i n g  7 M HNO3. P e l l e t s  were a l s o  pressed from 
t h i s  powder at Battelle P a c i f i c  Northwest Laboratory 
(PNL) w i t h  similar r e s u l t s .  

P e l l e t s  

A s i n t e r a b l e  Pu02 product w a s  ob ta ined  i n  com- 
p a r a b l e  d e n i t r a t i o n  tests with plutonium s o l u t i o n s ,  
a l though  t h e  powder had poor f l o w a b i l i t y  and produced 
p e l l e t s  w i th  s c a t t e r e d ,  r e l a t i v e l y  l a r g e  p o r o s i t i e s .  
The r e s u l t s ,  however, encourage f u r t h e r  development of 
b e t t e r  p l u t o n i a  powder by t h i s  process .  

1 .  INTRODUCTION 

Current  regulat-ons f o r  r ep rocess ing  n u c l e a r  fue, r e q u i r e  t h a t  t h e  

plutonium product be shipped i n  an i n s o l u b l e  form, most l i k e l y  a s  t h e  

oxide.  Thus, t h e  conversion of uranium and /o r  plutonium n i t r a t e  solu- 

t i o n s  from Purex s e p a r a t i o n s  i n t o  oxide forms i s  a primary p a r t  of 

r ep rocess ing ;  t h i s  oxide product should b e  s u i t a b l e  as a feed material 
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f o r  p e l l e t  f a b r i c a t i o n .  

uranium ca l l  f o r  a process  t o  conve r t  s o l u t i o n s  con ta in ing  b o t h  uranium 

and plutonium d i r e c t l y  i n t o  mixed oxides.  

t h e  product stream from t h e  Purex p l a n t  i s  one poss ib l e  product conver- 

s i o n  method. The s e v e r a l  p o t e n t i a l  advantages of t h i s  approach inc lude :  

Recent proposa ls  t o  coprocess  plutonium w i t h  

Direct thermal d e n i t r a t i o n  of 

1. a minimum of process  s teps ,  

2. plutonium i s  n o t  n e c e s s a r i l y  sepa ra t ed  as a pure stream, and 

3.  t h e  waste streams are few i n  number and gene ra l ly  compatible  wi th  

t h e  Purex p l a n t .  

A number of earlier s t u d i e s  examined t h e  thermal d e n i t r a t i o n  of ura- 

nium n i t r a t e  o r  plutonium n i t r a t e  as s e p a r a t e  feeds ;  t hese  s t u d i e s  are 

re fe renced  and summarized by Haas e t  a1.l The d i r e c t  thermal d e n i t r a t i o n  

o f  plutonium n i t r a t e  s o l u t i o n s  i n  a screw c a l c i n e r  had been found t o  g ive  

a n  accep tab le  powder which was blended w i t h  U 0 2  t o  produce good q u a l i t y  

pellets.2 However, d i r e c t  thermal d e n i t r a t i o n  of uranyl  n i t r a t e  solu- 

t i o n s  had gene ra l ly  g iven  a poor product p r i m a r i l y  due t o  t h e  "mastic" 

s t a g e  which a p p e a r s  du r ing  evaporat ion of t h e  water and n i t r i c  acid.  

major breakthrough i n  t h i s  area occurred when Haas e t  a1.l discovered 

t h a t  by in t roduc ing  ammonium n i t r a t e  i n t o  t h e  uranyl  s o l u t i o n ,  t h e  solu- 

t i o n  could be d e n i t r a t e d  without  formation of a mastic s tage .  The mastic 

s t a g e  i s  e l imina ted  by t h e  formation of double salts  between t h e  u rany l  

n i t r a t e  and ammonium n i t r a t e e 3  

a d d i t i o n a l  d a t a  obtained i n  TGA/DTA s tudies . l  

dehydra tes  t o  t h e  anhydrous double s a l t  which subsequent ly  decomposes t o  

y i e l d  a f i n e l y  powdered U03. The ammonium n i t r a t e  decomposes l a r g e l y  t o  

y i e l d  N 2 0 ,  N 2 ,  02, and H 2 0  <NOx i s  formed from decomposition of t h e  m e t a l  

n i t r a t e s ) .  Haas cons t ruc t ed  a r o t a r y  k i l n  and used it  t o  demonstrate  the 

product ion of U 0 3  powder by d i r e c t  d e n i t r a t i o n  of uranium s o l u t i o n s  con- 

t a i n i n g  ammonium n i t r a t e .  

powder a t  bo th  ORNL and a t  PNL. Larger-scale  d e n i t r a t i o n  runs  were made 

us ing  a r o t a r y  k i l n  a t  t h e  Nat iona l  Lead of Ohio f a c i l i t y  a t  Ferna ld ,  

Ohio. Powder from t h e s e  tes ts  was a l s o  found t o  produce good-quality 

pe l le t s .  

A 

This behavior  has been confirmed wi th  

The double sal t  f i r s t  

Good q u a l i t y  p e l l e t s  were produced from t h i s  
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Two f a c t s  suggested t h a t  good-quality mixed oxide powders could be  

produced by t h e  ammonium n i t r a t e  add i t ion  technique: 

ammonium n i t r a t e  t o  uranium s o l u t i o n s  promoted t h e  product ion of good- 

(1) t h e  a d d i t i o n  of 

q u a l i t y  U 0 2 ,  and (2) good-quality Pu02 powder was success fu l ly  produced 

by  d i r e c t  d e n i t r a t i o n  i n  the absence of ammonium n i t r a t e .  

t a s k  was t h e r e f o r e  i n i t i a t e d  t o  prepare a s imulated coprocessing product 

s o l u t i o n ,  use i t  i n  a cont inuous  conversion process ,  test  t h e  products  by 

f a b r i c a t i o n  of pe l le t s  i n  a s t anda rd  s i n t e r a b i l i t y  test ,  tes t  t h e  homo- 

gene i ty  of t h e  pe l l e t s  by a d i s s o l u t i o n  test ,  and supply samples f o r  

f a b r i c a t i o n  tests. This  r e p o r t  d e t a i l s  these  scout ing  s tud ie s .  

A scou t ing  

2. EXPERIMENTAL 

2.1 P r e p a r a t i o n  of Plutonium So lu t ion  

Plutonium f o r  t hese  s t u d i e s  w a s  obtained i n  t h e  form of plutonium 

oxide  of the  fol lowing i s o t o p i c  composition: 

242Pu 

241Pu 
2 4 0  Pu 

9Pu 

8Pu 
241h 

0.2 a t .  % of  Pu 

1.2 a t .  % of  Pu 

11.5 a t .  % of  Pu 

87.0 a t .  % of Pu 

0.05 at. % of  Pu 

0.54 a t .  % of t o t a l  heavy metals 

The gamma r a d i o a c t i v i t y  of t h i s  material made i t  d e s i r a b l e  t o  remove t h e  

americium i n  t h e  course of prepar ing  t h e  plutonium n i t r a t e  s tock  solu- 

t i o n .  Gamma r a d i a t i o n  measurements a t  t h e  f a c e  of t h e  glove box were 

1 0  mR/h f o r  50 g of t h e  s o l i d  and 20 mR/h f o r  i t s  s o l u t i o n  before  process- 

ing.  

F i f t y  grams of t he  oxide w a s  d i s so lved ,  u s ing  a s tandard  plutonium 

procedure,  i n  about 300 mL of 8.0 MHNO34.02 - M HF s o l u t i o n  ( i n i t i a l  

composition) i n  a g l a s s  sys t em c o n s i s t i n g  of a round-bottom d i s t i l l a t i o n  

f l a s k  and a condenser cooled with c h i l l e d  water. 

f l u o r i c  a c i d  was added a t  about 5-h i n t e r v a l s  i n  a q u a n t i t y  s u f f i c i e n t  t o  

i n c r e a s e  t h e  HF concent ra t ion  by about 0.02 - M. 
i s  necessary t o  replace t h a t  l o s t  by r e a c t i o n  wi th  the  s i l i c a  of t h e  

Concentrated hydro- 

Pe r iod ic  a d d i t i o n  of HF 
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g l a s s  system and by r e a c t i o n  w i t h  d i s so lved  plutonium t o  form s t a b l e  plu- 

tonium f l u o r i d e  complexes. A t  the end of about 15 h (two a d d i t i o n s  of 

HF), t h e  oxide  w a s  e s s e n t i a l l y  d isso lved .  The r e f lux ing  w a s  cont inued 

f o r  a n  a d d i t i o n a l  3 h t o  remove the remaining HF from t h e  s o l u t i o n ;  HF 

reacts  w i t h  t h e  s i l ica  of the f l a s k  t o  form v o l a t i l e  s i l i c o n  f l u o r i d e  

which escapes  from the so lu t ion .  

f l u o r i d e  probably occur s  dur ing  a subsequent peroxide p r e c i p i t a t i o n  s t ep .  

The a c i d  s o l u t i o n  w a s  cooled and f i l t e r e d  through a Tef lon  f i l t e r  medium 

t o  remove undissolved residue.  

Add i t iona l  decontamination from 

The plutonium was recovered as t h e  peroxide by adding an  equal  

volume of about  30 w t  % hydrogen peroxide  s o l u t i o n  con ta in ing  0.5 - M HN03 

t o  make the s o l u t i o n  about  4.4 i n  hydrogen peroxide (estimate assumes 

complete plutonium p r e c i p i t a t i o n )  and ag ing  the  r e a c t i o n  mixtures  over- 

n i g h t  t o  achieve  equi l ibr ium. The p r e c i p i t a t e  was sepa ra t ed  by f i l t r a -  

t i o n ,  washed w i t h  2% hydrogen peroxide con ta in ing  0.3 - M HN03 ,  and 

a i r -dr ied .  

s o l i d s  i n  300 mL of 5 - M HN03,  s t i r r i n g  v igorous ly  f o r  6 h a t  room tem- 

pe ra tu re ,  and d i g e s t i n g  overn ight  without  s t i r r i n g .  I n  a la ter  prepara- 

t i o n ,  a l lowing  t h e  p r e c i p i t a t e  t o  s tand  qu ie scen t ly  i n  t h e  HN03 w a s  found 

t o  b e  s u f f i c i e n t .  The i n i t i a l  concen t r a t ion  of t h e  a c i d  w a s  chosen t o  

g i v e  about  2 

peroxide.  Other a c i d  concen t r a t ions  should b e  equa l ly  e f f e c t i v e .  The 

volume of the a c i d  w a s  s e l e c t e d  t o  provide a s tock  s o l u t i o n  con ta in ing  

about  150 t o  200 g of plutonium per  l i t e r .  The decomposition of t h e  plu- 

tonium peroxide proceeded smoothly and without  d i f f i c u l t y .  F i n a l l y ,  t h e  

s o l u t i o n  was re f luxed  f o r  s e v e r a l  hours  t o  ensure  complete decomposition 

of  any r e s i d u a l  hydrogen peroxide. 

The plutonium s tock  s o l u t i o n  was obtained by d i s s o l v i n g  t h e  

HN03 i n  t h e  s o l u t i o n  a f t e r  decomposition of t h e  plutonium 

The r e a c t i o n  of plutonium wi th  hydrogen peroxide,  

2Pu4+ + 3H202 + H20 Pu207 .I. + 8H' , 

i s  probably similar t o  t h a t  of t h ~ r i u m . ~  The equi l ibr ium s o l u b i l i t y  

c o n s t a n t  of plutonium i n  a c i d i c  hydrogen peroxide s o l u t i o n  a t  1 5 O C  is 

given  by;4 
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It was assumed t h a t  t h e  equi l ibr ium s o l u b i l i t y  cons t an t  a t  room tern 

p e r a t u r e  (about 22OC) would be similar. 

i n  t h e  d i s s o l v e r  s o l u t i o n  i s  5 fi and i f  t h e  plutonium i s  assumed t o  be 

q u a n t i t a t i v e l y  p r e c i p i t a t e d  by t h e  a d d i t i o n  of an equal  volume of about 

30 w t  % hydrogen peroxide s o l u t i o n ,  t h e  f i n a l  a c i d  concen t r a t ion  would be  

about  3.7 E. According t o  Eq. (2) t h e  plutonium l e f t  i n  s o l u t i o n  would 

b e  0.00043 - M ,  0.14% of  t h e  i n i t i a l  plutonium. 

I f  t h e  f i n a l  a c i d  concen t r a t ion  

Americium, t h e  major gamma emitter i n  t h e  s tock  plutonium oxide,  d i d  

n o t  form an i n s o l u b l e  peroxide under t h e  h ighly  a c i d i c  cond i t ions  used 

here ;  consequent ly ,  t h e  americium con ten t  of t h e  f i n a l  waste s o l u t i o n  

from the  p r e c i p i t a t l o n  was found t o  account f o r  99.3% of t h e  g ross  a lpha  

a c t i v i t y .  Thus, t h e  s i n g l e  p r e c i p i t a t i o n  i s o l a t e d  t h e  bulk of t h e  ameri- 

cium i n  one waste so lu t ion .  About 99.6% of t h e  americium was sepa ra t ed  

from t h e  plutonium, and t h e  gamma a c t i v i t y  of t h e  plutonium s o l u t i o n  was 

reduced by a f a c t o r  of about  20. 

The procedure desc r ibed  he re  f o r  prepar ing  a plutonium s tock  solu- 

t i o n  produces a s i n g l e ,  h ighly  concent ra ted  s o l u t i o n  of any d e s i r e d  acid-  

i t y  with a minimum of  equipment and glove-box space and wi th  e x c e l l e n t  

americium decontamination. 

2.2 Equipment 

A small r o t a r y  c a l c i n e r ,  modeled a f t e r  t he  l a r g e r  u n i t  developed by 

Haas,l was designed and conscructed. 

2.54-cm (1-in.)-diam t i t an ium t u b e  r o t a t e d  a t  10 rpm wi th in  a 2.54-cm 

(1-in.)-diam (nominal),  15.24-cm (6-inI-long furnace  conta in ing  a n i c k e l  

l i n e r  t o  spread t h e  high-temperature zone. The furnace  was opera ted  a t  

about  550°C; t h e  temperature  wi th in  t h e  c e n t e r  p o r t i o n  of t h e  tube  w a s  

about  450°C. A s lope  of about 2 degrees  caused t h e  powder t o  be  

t r a n s p o r t e d  slowly through the  tube t o  t h e  exit. The res idence  time of  

t h e  powder i n  t h e  tube  was about 7 min. 

b a r  cont inuous ly  removed any depos i ted  powder from the  tube  w a l l .  A FMI 

The u n i t  (Fig.  1) cons i s t ed  of a 

A s t a t i o n a r y  t i t an ium scraper 
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pump (Flu id  Metering Inc. ,  Oyster  Bay, NY), which was added as a replace- 

ment f o r  t h e  sy r inge  pump a f t e r  t h e  photograph (Fig. 1) was made, f e d  

s o l u t i o n  d i r e c t l y  i n t o  t h e  t i t an ium tube  a t  about 1 mL/min. 

c a t i o n  t o  t h e  system was a l s o  made a f t e r  t h e  photograph (Fig.  1) w a s  

taken;  i n  t h e  earlier v e r s i o n  t h e  feed  en te red  t h e  top  of t h e  packed 

column. A vacuum system drew a i r  i n  through t h e  exit  of t h e  c a l c i n e r  

tube ,  coun te rcu r ren t  t o  t h e  powder flow, t o  prevent  n i t r o g e n  ox ides  from 

exhaus t ing  i n t o  t h e  g love  box. The gas-laden air  l e f t  t h e  c a l c i n e r  

through an a i r -cooled  packed column; n i t r i c  a c i d  condensed from t h e  a i r  

stream served  as a scrubbing l i q u i d  f o r  any powder blown o u t  of t h e  

c a l c i n e r  by t h e  coun te rcu r ren t  a i r  stream. Af te r  pass ing  through t h e  

packed column, the gas-air  stream e n t e r e d  a water-cooled condenser t o  

Th i s  modifi- 

remove t h e  bulk  of t h e  water and ac id .  F i n a l l y ,  t h e  gas  stream was 

scrubbed wi th  water be fo re  being exhausted t o  t h e  glove box. 

2.3 Condi t ions Used f o r  Pe l l e t  F a b r i c a t i o n  

P e l l e t s  were produced us ing  a s t anda rd  procedure which was developed 

f o r  f a b r i c a t i o n  of p e l l e t s  and assessment of t h e  s i n t e r a b i l i t y  of ther- 

mal ly  d e n i t r a t e d  U 0 3  powder. 

The powder was worked through a 20-mesh s i eve ,  c a l c i n e d  a t  600°C f o r  

2 '  
4 h i n  an 4% H2-Ar atmosphere, and cooled t o  room temperature  i n  CO 

P e l l e t s  were pressed  from t h e  ca l c ined  powder a t  e i t h e r  241 MPa 

(35,000 p s i )  o r  310 MPa (45,000 p s i )  and s i n t e r e d  a t  1450°C f o r  4 h a f t e r  

a heatup schedule  of 300°C/h t o  900°C and 100°C/h from 900 t o  1450°C a l l  

i n  4% H2-Ar. S in t e red  d e n s i t i e s  were 

determined from t h e  p e l l e t  geometry and expressed a s  percent  of t h e o r e t i -  

c a l  dens i ty  (% TD). 

The p e l l e t s  were cooled i n  argon. 

Mixed oxide powder also was s e n t  t o  Bat te l le  P a c i f i c  Northwest 

Laboratory t o  b e  f a b r i c a t e d  i n t o  p e l l e t s .  The powder w a s  c a l c i n e d  a t  

600°C i n  4% H2-Ar f o r  4 h and pressed  i n t o  p e l l e t s  which were s i n t e r e d  a t  

1700°C f o r  4 h subsequent t o  hea t ing  a t  150"C/h t o  450°C and then  

30O0C/h t o  1700°C. 

300°C/h. 

The pe l l e t s  were cooled t o  room temperature  a t  

Th i s  s i n t e r i n g  c y c l e  was conducted i n  4% H2-Ar.S 
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2.4 U r a n i u d l u t o n i u m  S t u d i e s  

Two ba tches  of mixed uranium-plutonium oxide powder (22% Pu) were 

made us ing  two d i f f e r e n t  sources  of u rany l  n i t r a t e  t o  prepare f eeds  con- 

t a i n i n g  about 250 g of heavy metals p e r  l i t e r .  

produced pel le ts  of undes i r ab le  po ros i ty  (Fig. 2). 

cou ld  not  be determined, b u t  subsequent i n v e s t i g a t i o n  i n d i c a t e d  t h a t  t h e  

The f i r s t  ba t ch  of powder 

The reason f o r  t h i s  

f i r s t  uranyl  n i t r a t e  s tock  s o l u t i o n  conta ined  about  1 w t  % cerium and 

3.5 w t  % sodium impur i t i e s .  These p a r t i c u l a r  i m p u r i t i e s  probably would 

n o t  cause  t h e  observed p o r o s i t y ,  b u t  t h e  presence of o t h e r  undetected 

i m p u r i t i e s  was suspected. A b e t t e r  uranium feed  was used t o  produce a 

second ba tch  of thermally d e n i t r a t e d  powder wi th  a plutonium con ten t  of 

about  22.4% of the  heavy metals and a b u l k ' d e q e i t y  of about 1.2 g/cm3. 

The p e l l e t  which was pressed  from t h i s  powder a t  241 Ml'a (35,000 p s i )  i s  

shown i n  Fig. 3; a p e l l e t  pressed a t  310 MPa (45,000 p s i )  had a similar 

appearance.  Both s i n t e r e d  pe l l e t s  had d e n s i t i e s  of 95% TD, and were f r e e  

of  t h e  po ros i ty  observed i n  pe l l e t s  produced from t h e  f i r s t  b a t c h  of 

powder. Addi t iona l  s i n t e r e d  pe l l e t s ,  p ressed  from t h i s  ba t ch  of  powder, 

were used i n  d i s s o l u t i o n  tests. 

r e f l u x i n g  f o r  19 h i n  a HNU3 s o l u t i o n  ( i n i t i a l  concen t r a t ion  7 - M ) ;  

complete d i s s o l u t i o n  was es t imated  t o  have occurred i n  about 15 h. 

p l o t  of f r a c t i o n  remaining vs  time (Fig.  4) w a s  nea r ly  l inear .  

tonium c o n t e n t s  of t h e  s o l u t i o n s  of t h e  f i r s t  ha l f  and t h e  las t  h a l f  of a 

p e l l e t  were 22.3% and 22.4% of t h e  heavy metals. 

l a s t  20% of two p e l l e t s  conta ined  22.6% and 22.8% of the  heavy metals as  

plutonium. All t h e s e  obse rva t ions  i n d i c a t e  the homogeneity of t h e  mixed 

ox ide  pe l le t s .  

The p e l l e t s  were completely d i s so lved  by 

A 

The plu- 

The l as t  ha l f  and t h e  

About 80 g of t h i s  mixed oxide  was shipped t o  Battel'le P a c i f i c  

Northwest Laboratory f o r  t e s t i n g .  

are given i n  Table  1. The d e n s i t i e s  of t h e  s i n t e r e d  p e l l e t s  f a b r i c a t e d  

a t  b o t h  PNL, about  94% TD, and a t  ORNL, 95% TD, were i n  good agreement. 

Resu l t s  f o r  t h e i r  f i r s t  2 p e l l e t s 5  
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ORNL-DWG 82-53 

REFLUX TIME ( h )  
Fig. 4. Dissolution of sintered pellets of thermally denitrated 

mixed oxide. 



Table  1. Fabr i ca t ion  p r o p e r t i e s  f o r  mixed oxide  powder t es t s  performed a t  PNL 

A s  i e c e i v e d  Ca lc in ing  cond i t ions  Ca lc ine  p r o p e r t i e s  P e l l e t  p r o p e r t i e s a  

T a  P Surf  ace Weight Tap Sur face  Forming Green S i n t e r e d  
.p re s su re  d e n s i t y  d e n s i t y  b 

3 
d e n s i t y  area Temper a t  u r  e T i m e  l o s s  d e n s i t y  area 
(g/cm 1 (m2/g) 

3 
("C)  (h) ( X I  (g/cm ) (m2/g) (MPa ) (g/cm 1 (% TD) 

3 

1.23 9.2 600 4 13.6 1.22 10.2 269 5.39 93.9 
2 96 5.50 93.5 

aNote :  A f t e r  c a l c i n i n g ,  t h i s  powder was preslugged t o  4.7 g/cm3 and g ranu la t ed  through a 14-mesh 
screen .  
i n  s i z e .  

35.4 w t  % of  t h e  g ranu le s  were -14+20 mesh. The remaining p a r t i c l e s  were less than  20 mesh 

S i n t e r e d  a t  170OOC i n  4% H2-Ar f o r  4 h. 

U 
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2.5 Plutonium S t u d i e s  

* 

a 

3 
Ir 

A thermal d e n i t r a t i o n  experiment w i t h  a plutonium n i t r a t e  feed solu- 

t i o n  con ta in ing  about  0.42 - M Pu (100 g/L) and 2 mol of ammonium n i t r a t e  

p e r  mol of plutonium i n  about 1.1 HN03 produced a pure PuO powder. No 

p r o b l e m  i n  t h e  o p e r a t i o n  of t he  r o t a r y  c a l c i n e r  were observed, i n d i c a t -  

i n g  t h e  absence of a mastic s t a g e  i n  t h e  thermal  d e n i t r a t i o n .  I n  la ter  

tests, b a t c h  evapora t ion  of t h e  f eed  s o l u t i o n  generated a g ranu la r  pre- 

c i p i t a t e  which was probably a n  ammonium n i t r a t e  double sal t  similar t o  

t h a t  found with u rany l  n i t r a t e s 1  S 3  

due t o  t e rmina t ion  of t h e  p r o j e c t .  

2 

The p r e c i p i t a t e  was no t  c h a r a c t e r i z e d  

The s t anda rd  ca l c ina t ion - reduc t ion  of t h e  Pu02 c a w e d  only a 1.4% 

weight loss; t h i s  i s  n o t  s u r p r i s i n g  s i n c e  t h e  plutonium product i n  t h e  

thermal  d e n i t r a t i o n  i s  Pu02, whereas t h e  uranium product i s  UO 

weight loss  does i n d i c a t e  t h a t  t h e  product d i d  not  c o n t a i n  l a r g e  quan- 

t i t i e s  of undecomposed ammonium o r  plutonium nitrates.  

a f t e r  c a l c i n a t i o n  had poor f l o w a b i l i t y  and was d i f f i c u l t  t o  load i n t o  t h e  

p e l l e t  d i e ;  however, p e l l e t s  were pressed from t h i s  powder a t  241 MPa 

(35,000 p s i ) .  One such s i n t e r e d  pe l l e t  had a bu lk  d e n s i t y  of 89% TD and 

con ta ined  s c a t t e r e d ,  r e l a t i v e l y  l a r g e  p o r o s i t i e s  (Fig. 5). The p l u t o n i a  

The low 3 '  

The Pu02 powder 

powder was c e r t a i n l y  s i n t e r a b l e ,  b u t  i n v e s t i g a t i o n  of o t h e r  s i n t e r i n g  

c o n d i t i o n s  t o  produce a n  improved product would be adv i sab le  be fo re  

d i r e c t  d e n i t r a t i o n  i s  used f o r  production of p l u t o n i a  t o  be blended wi th  

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

3. DISCUSSION 

The d i r e c t  thermal  d e n i t r a t i o n  p rocess  u s i n g  ammonium n i t r a t e  f o r  

t h e  p repa ra t ion  of mixed oxides  worked ve ry  w e l l .  The small r o t a r y  

c a l c i n e r  s u c c e s s f u l l y  produced accep tab le  ceramic-grade mixed oxide 

powder wi th  only ve ry  minor s t a r t u p  problems. 

g rade  powder w i t h  20 t o  25% plutonium (and perhaps higher  concen t r a t ions )  

c a n  b e  produced us ing  t h e  same cond i t ions  developed f o r  uranium-only 

o x i d e  production. 

w i l l  minimize t h e  amount of process development wi th  plutonium. 

It appears  that ceramic- 

Th i s  i s  c e r t a i n l y  an  impor t an t  observat ion s i n c e  It  

The 
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a d d i t i o n  of about 1 M - f r e e  HN03 t o  t h e  s o l u t i o n  ( t h e  uranium-only tests 

have used e s s e n t i a l l y  ac id- f ree  s o l u t i o n s )  d id  n o t  a f f e c t  t h e  q u a l i t y  of 

the powder. 

o f  f i s c a l  r e s t r a i n t s ,  should be  undertaken t o  confirm t h a t  high-qual i ty  

powder can i n  f a c t  b e  produced c o n s i s t e n t l y .  

Addi t iona l  t e s t i n g ,  which was n o t  done i n  t h i s  s tudy because 

S i n t e r a b l e  Pu02 w a s  produced by t h i s  d i r e c t  thermal d e n i t r a t i o n  i n  

one tes t ,  a l though t h e  handl ing p r o p e r t i e s  of t h e  powder were unsa t i s -  

f ac to ry .  Addi t iona l  s t u d i e s  i n  t h i s  area are r e q u i r e d  t o  develop con- 

d i t i o n s  f o r  product ion of  Pu02 powder wi th  s a t i s f a c t o r y  handl ing and 

ceramic p rope r t i e s .  
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