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PARTIAL THERMAL D E N I T R A T I O N  OF URANYL NLTRATE S O L U T I O N S  
IN A SCREW D E N I T R A T O R  

H. 11. R inge l  and P .  A .  Haas 

A B S T R A C T  

Weak-acid i o n  exchange r e s i n  i s  loaded  w i t h  uranium 
by a c i d - d e f i c i e n t  u r a n y l  n i t r a t e  s o l u t i o n s  t h a t  have a 
n i t r a t e  uranium r a t i o  of  about  1 . 6 .  P r o c e s s i n g  t h i s  
s o l u t i o n  from an  ac id -excess  u r a n y l  n i t r a t e  s o l u t i o n  by 
thermal  d e n i t r a t i o n  i n  a screw d c n i t r a t o r  i s  d e s c r i b e d  
i n  this r e p o r t .  Direct p r o c e s s i n g  of t h i s  s o l u t i o n  
r e s u l t e d  i n  an i n s u f  f icieri t  a c i d  clef i c i e n c y  of 
abou t  C,/C, = 1.8. T h e r e f o r e ,  t h e  p r o c e s s  w a s  mod i f i ed ;  
a h i g h l y  d e n i t r a t e d  U03 s o l i d  was p rocessed  w i t h  CN/C,, = 
0.2,  and t h i s  s o l i d  was subsequen t ly  d i s s o l v e d  t o  prepare 
a c i d - d e f i c i e n t  u r a n y l  n i t r a t e  s o l u t i o n  o r  s l u r r y .  A 
d e t a i l e d  f lowshce t  f o r  t h i s  p r o c e s s  i s  g i v e n .  The proposed 
combined screw d e n i t r a t o r - d i s s o l v e r  u n i t  may m e e t  t h e  p rocess  
r equ i r emen t s  w i t h  improved e f f i c i e n c y .  

1. I N T R O D U C T I O N  

F u e l  k e r n e l s  f o r  High-Temperature Gas-Cooled Reac to r s  ( H T G R s )  

can b e  p repa red  from uranium-loaded c a r b o x y l i c  a c i d  c a t i o n  exchange 

r e s i n s . ’  

f o r  l o a d i n g  t h e  weak-acid i o n  exchange r e s i n  (WAR) w i t h  uranium. 

An acid-def  i c i e n t  u r a n y l  n i t r a t e  (ADUN) solution i s  r e q u i r e d  

 or r e c y c l e  HTGR f u e l ,  tile s o u r c e  o f  uranium i s  233u0 2 (NO 3 2  ) s o l u t i o n  

from a fue.1 e lement  r e p r o c e s s i n g  p l a n t .  T y p i c a l l y ,  t h i s  s o l u t i o n  w i l l  

have a uranium conce .n t r a t ion  of 0.4 x o L e / l i t e r  w i t h  some e x c e s s  a c i d  of 

C,/C, = 2 . 2 .  For t h e  r e s i n  l o a d i n g  p rocess ,  t h i s  n i t r a t e  uranium r a t i o  

must be reduced below t h e  s t o i c h i o m e t r i c  value of 2 .0  dawn to about  1 .6  
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so t h a t  t h e  ADIJN s o l u t i o n  composi t ion i s  eqii i-valent t o  UO (OH) 
2 0 . 4 ( N 0 3 ) 1 . 6 '  

T h i s  a c i d  d e f i c i e n c y  i s  n e c e s s a r y  t o  a c h i e v e  f u l l  l o a d i n g  of WAR w i t h  

uraniiim. The o b j e c t i v e  of t h i s  s t u d y  w a s  t o  d e t e r m i n e  t h e  p r a c t i c a l i t y  

of p a r t i a l  t he rma l  d e n i t r a t i o n  i n  a s c r e w  c a l c i n e r  f o r  p r e p a r a t i o n  of 

,4DUN s o l u t i o n .  

2 .  PROCESSES FOR PRKPz4RATION OF ACID-DEFICIENT U R A N I U M  
NiTRATE SOLUIlONS 

I n  p r i n c i p l e .  t h e  uraiiyl n i t r a t e  s o l u t i o n s  may b e  mad(: a r i d  d e f i c i c r i t  

by : 

1. no removal of n i t r a t e ,  b u t  p a r t i a l  n e u t r a l i z a t i o n  of t h e  s o l u t i o a  

by a d d i t i o n  of  a base ,  preE(-ral)Py NH 013 because  i t  i n t r o d u c e s  ns 

m e t a l l i c  c a t i o n s ;  

4 

2 .  p a r t i a l  rcmc:val of t h e  n i t r a t e  by means of s o l v e n t  e x t r a c t i o n ,  

d i a l y s i s ,  O L  t he rma l  decomposi t ion;  

'3- complete  rprfioval of t h e  n i t r a t e  by p r p c i p i t a t i o n  o r  tlicrinal 

p r o c e s s e s  and r e d i s s o l l i t i o n  of t h e  rc ;$sul t ing UQ i n  u r a n y l  n i t r d e e  

s o l u t i o n  o r  d i l u t e  n i t r i c  a c i d  s o  rhat  a n  a c i d  d e f i c i e n c y  r e s u l t s .  

3 

- 
3 

2 . 1  P a r t i a l  N e u t r a l i z a t  i o r i  of NO 
i n  Uranium Nitrate S o l u t i o n s  

- 
P a r t i a l  n e u t r a l i z a t i o n  of  NO by a d d i t i o n  o f  NB OH, which does  mt 3 4 

i -equire  e l a b o r a t e  equipment,  shou ld  be c a r r i e d  o u t  s t e p w i s e  d u r i n g  t h e  

uranjurn l o a d i n g  i n  a c o u n t e r c u r r e n t  l o a d i n g  cascade .  Using this proce- 
2 

d u r e ,  t h e  uranium i n  a g iven  so lu t - ion  can bp completply loaded ont t ,  t h e  

r e s i n  s o  t h a t  t h e  e f f l u e n t  s o l u t i o n  i s  uranium f r e e .  The p r i n c i p a l  
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d i s a d v a n t a g e  of t h i s  proc.ess i s  t h e  NH NO i n  t h e  e f f l u e n t  s o l u t i o n ,  

which is a r a d i o a c t i v e  waste. In a d d i t i o n ,  some ammonium-form r e s i n  

might  be p r e s e n t  i n  t h e  uranium-loaded p r o d u c t ,  so t h e  k e r n e l s  could 

end up w i t h  a h i g h e r  n i t r o g e n  c o n t e n t .  

p a r t i a l  n e u t r a l i z a t i o n  i s  

4 3  

The r e a c t i o n  r e p r e s e n t i n g  

2.2 Removal of HNO from Uranium Nitrate  S o l u t i o n s  
3 

.______ Solven t  e x t r a c t i o n .  Techn ica l  e x p e r i e n c e  e x i s t s  € o r  n i t r a t e  removal 

by s o l v e n t  e x t r a c t i o n  with a ~ n i n e . ~  By t h i s  p r o c e s s  t h e  s o l u t i o n  can b e  

e a s i l y  a d j u s t e d  t o  t h e  n e c e s s a r y  C IC r a t i o .  The d i s a d v a n t a g e s  a re  t h a t  

a n  o r g a n i c  l i q u i d  must b e  handled and t h e  waste w i l l  b e  a n  ammonium 

N U  

n i t r a t e  s o l u t i o n .  The o v e r a l l  reac.:ion t h a t  r e p r e s e n t s  t h e  fo rma t ion  of 

A D U N , r h e r e  X NH s t a n d s  f o r  t h e  secondary  amine, is 2 

Thermal d e n i t r a t i o n .  - The the rma l  p r o c e s s  t o  e f f e c t  t o t a l  removal 

- 
o f  NO h a s  been s t u d i e d  extensivel :?  and i s  w e l l  The comple te  

the rma l  decomposi t ion  of u r a n y l  n i t y a t e  i s  d e s c r i b e d  by t h e  e q u a t i o n  

3 

U02(N03)2 '~H20 - h e a t  UO i- 2N02 3- 0.502 4- xI$O . 
3 

The product  of t h i s  p r o c e s s  (UO ) can  b e  used  f o r  p r e p a r i n g  ADUN s o l u t i o n  

f o r  r e s i n  1 0 a d i n g . ~  

3 

The co r re spond ing  e q u a t i o n  i s  

3 U 0 2 ( N 0  3 2  ) + U03 + H 2 0  -+ 4U02(0H)o.5(N03). ,5 . 
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With t h i s  p rocedure ,  t h e  w a s t e  i s  r e u s a b l e  n i t r i c  a c i d .  IIowever, t h e  

p roduc t  i s  d e n i t r a t e d  more t h a n  i s  a c t u a l l y  n e c e s s a r y ;  t h e  UO must be 

r e d i s s o l v e d  w i t h  u r a n y l  n i t r a t e  s o l u t i o n  o r  d i l u t e  n i t r i c  a c i d .  There- 

f o r e ,  p a r t i a l  t he rma l  removal of n i t r a t e  from uranium n i t r a t e  s o l u t i o n  

o r  iir-any1 n i t r a t e  hexahydra t e  h a s  been a t t empted .  

t h i s  p a r t i a l  d e n i t r a t i o n  may b e  d e s c r i b e d  by 

3 

In p r i n c i p l e ,  6 , 7 3 8  

h e a t  2U02(N0 ) + H20 - 2U02(0H)o.5(N03)l.5 I- IINO ?. . 3 2  3 

Although some n i t r a t e  can  be  removed w i t h  t h i s  p r o c e s s ,  t h o s e  expe r imen t s  

have n o t  shown e f f i c i e n t  NO removal n e c e s s a r y  f o r  a p r a c t i c a l  p r o c e s s .  

Experimental  r e s u l t s  i n d i c a t e  t h a t ,  f o r  d e n i t r a t i o n  w i t h  steam s t r i p p i n g  

o r  a t  t e m p e r a t u r e s  up t o  200°C, e i t h e r  p r e c i p i t a t i o n  i s  d i f r i c u l t  t o  

avoid o r  t h e  d e n i t r a t i o n  r a t e  i s  t o o  s m a l l .  

- 
3 

3. THE 1 J 0 2  (NO ) -HNO --H 0 SYSTEM 
3 2  3 2  

'The p u r e  s o l u t i o n  and s o l u t i o n - s o l i d  phases  of t h e  UO?(NO ) -HNO - 

H 0 system are g e n e r a l l y  w e l l  known,' b u t  t h e  vapor  composi t ions above 

these s o l u t i o n - s o l i d  phases  a t  d i f f e r e n t  t e m p e r a t u r e s  arc- n o t  known. 

These d a t a  would be v a l u a b l e  € o r  u n d e r s t a n d i n g  and p r e d i c t i n g  r e s u l t s  

f o r  a s t e a m  s t r i p p i n g  of n i t r a t e  o r  t h e  decomposi t ion of UO 2 (NO 3 2  ) 'xH 2 0 

a t  h i g h  t e m p e r a t u r e s .  A t hree-composi t ion diagram," which i s  shown i n  

F i g .  I, g i v e s  the b o i l i n g  p o i n t  i s o t h e r m s  of t h e  U02(N0 ) -HNO -11 0 

3 2  3 

2 

3 2  3 2  

system. According t o  t h i s  diagram, a n  e x c e s s  a c i d  UO 2 (NO 3 2  ) s o l u t i o n  

w i l l  n o t  become a c i d  d e f i c i e n t  u n t i l  t h e  t empera tu re  i s  above 188°C. 

A t  1 8 8 ° C  t h e  composi t ion i s  e q u i v a l e n t  t o  U02 (NO3) * 2H20; below 1 8 8 O C  
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ORNL-DWG 78-216i 

DEN 1 T R AT ION 

-DISTILLATION LINES 
(FOLLOWING OF THESE LINES 
UPWARD INDICATES 
LIQUID COMPOSITION 
CHANGE UPON 
EVAPORATION 1 

0 

0 10 20 30 40 50 60 70 80 90 100 
WEIGHT "I, HNO, 

Fig .  1. 

Source:  A .  G .  K r i g e n s ,  A Compilat ion of P h y s i c a l  and Chemical 
P r o p e r t i e s  of Materials and Streams Encountered i n  t h e  Chemical P r o c e s s i n g  
Department,  ARH-724 ADD, A t l a n t i c  R i c h f i e l d  Hanford Co.,  R ich land ,  Wash. 
( J u l y  1968) .  

R o i l i n g  p o i n t  i s o t h e r m s  of  t h e  system U 0 2  ( N 0 3 ) 2 - H N 0 3 - H 2 0 .  

___ __-- 
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o n l y  excess HNO i s  d r i v e n  o f f .  Even i f  t h i s  might b e  n o t  p r e c i s e  

e q u i l i b r i u m  d a t a ,  i t  seems t o  be a p p l i c a b l e  f o r  p r e d i c t i n g  t h e  deni.- 

t r a t i o n  behav io r .  

3 

Some o b s e r v a t i o n s  from h e a t i n g  u r a n y l  n i t r a t e  hexahydra t e  i.n a 

s t a i n l e s s  steel. beaker  a re  summarized i n  'Table 1. The r e s u l - t s  of 

o t h e r  experiments '  for t he rma l  d e n i t r a t i o n  of UO (NO ) '611 0 a re  g i v e n  

i n  F i g .  2 ;  t h i s  f i g u r e  shows how t h e  ach ieved  a c i d  d e f i c i e n c y  depends 

on t h e  t e m p e r a t u r e .  

2 3 2  2 

F u r t h e r  i.nEormation on t y p i c a l  b e h a v i o r  of UO (NO ) ' 6 H  0 when 

hea ted  under d i f f e r e n t  c o n d i t i o n s  can  b e  o b t a i n e d  by the rmograv ime t r i c  

a n a l y s e s .  Decomposition c u r v e s  f o r  t h r e e  d i f f e r e n t  c o n d i t i o n s  are  g i v e n  

i n  F ig .  3 .  'These c u r v e s  i . n d i c a t e  s l i g h t  d e n i t r a t i o n  a t  t e m p e r a t u r e s  

above 150°C ( c u r v e s  B and C ) ,  bu t  a pracfiical e f f i c i e n c y  of den i tx ra t ion  

r e s u l t s  on1.y a t  t empera tu res  above 250°C ( cu rve  A). 

2 3 2  2 

4 PRINCIPAL FLOWSHEET FOR THERMAL DENITRATION 
I N  CONNECTION WITH RESIN LOADING 

F i g u r e  4 i s  a mass Elowsheet f o r  l o a d i n g  1 kg of uranium o n t o  WAR 

w i t h  t y p i c a l  p r o c e s s  pa rame te r s .  The l o a d i n g  could b e  e i t h e r  ba t chwise  

o r  con t inuous .  Any the rma l  d e n i t r a t i o n  has t u  m e e t  t h e s e  p r o c e s s  para-  

meter,s. For l o a d i n g  I kg of uranium, t h e  the rma l  d e n i t r a t i o n  t y p i c a l l y  

accepts 8 . 4  J-iters of  uranium n i t r a t e  soI .ut ion w i t h  excess a c i d  from 

r e p r o c e s s i n g  and 33 l i t e r s  of uranium n i t r a t e  s o l u t i o n  of about  st:oi- 

c h i o m e t r i c  a c i d  c o n c e n t r a t i o n  from the l o a d i n g  p r o c e s s .  The o u t p u t  a t  

t h e  d e n i t r a t i o n  p r o c e s s  must b e  28 1i.ters of s o l u t i o n  wi.th an a c i d  d e f i -  

c i e n c y  of C / C  = 1 .6  a n d  1 3 . 4  l i t e r s  of d i l u t e  n i t r i c  a c i d .  N U  
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Table  1. R e s u l t s  from heati-rig of u r a n y l  n i t r a t e  hexahydra t e  
i n  a s t a i n l e s s  s teel  beaker  

____- - ~ 

Temperature  
("e> Probab le  chemical a c t i o n  Observed behav io r  

100-125 Loss  of H20 and H N 0 3 .  Conversion 
o f  U02(N03)2.6H20 t o  d i -  o r  
t r i - h y d r a t e .  

12  5-17 5 Convers ion  main ly  t o  U 0 2  (NO3) 2. 
2H20.  

17 5-220 Some l o s s  of NOx. Some 

3 '  
conver s ion  t o  UO 

Copious g e n e r a t i o n  of NO w i t h  
t o t a l  conve r s ion  t o  UO 

X 
220-250 

3' 

Surf  ace e v a p o r a t i o n  
w i t h  ~ 1 . 0 ~  ra te  o f  
h e a t i n g  . 
Surface b o i l i n g  
even w i t h  slow r a t e  
of h e a t i n g .  Danger 
of s p a t t e r i n g  and 
l o s s  of material. 

Some p r e c i p 'i t a t i o n  
oE U 0 3  b e g i n s .  

P r e c i p i t a t i o n  and /o r  
s o  1. i d  i f  i ca t i o n .  
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QRNL-DWG 78-2162R 

150 4-75 200  225 250 

MAXIMUM TEMPEWATlJRE OF U0,(N03)2- 6H2Q 
BEFORE QUENCHING I"C9 

Fig. 2 .  Acid d e f i c i e n c y  of u r a n y l  n i t r a t e  s o l u t i o n  achieved  by 
h e a t i n g  U02(N03)2'6H20 and quenching the m e l t  w i t h  water. 

Source:  K .  J .  Notz, P a r t i a l  Thcrrml D e n i t r a t i o n  - _- o f  UNI i :  I Pre l imi -na r l  
Experiments ,  _ -  GCR:  74-16 (July 1974), i n t e r n a l  memoranduin. 
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O R N L  - DWG 7 8 - - 2 i 6 3  

0 400 4 00 200 300 

TEMPERATURE ( " C  

F i g .  3 .  ' Iherniogrclvimetric curs'les f o r  t he  decompos i t ion  of u r a n y l  
n i t r a t e  hexahydrate.  

Source: C .  D .  H a r r i n g t o n  and A. E .  Kiiehle, Uranium P r o d u c t i o n  
Technology, V a n  Nos t ra t id ,  P r i n c e t o n ,  1959.  
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5. EXPERIMENTAL EQUIPMENT 

The main component of t h e  e x p e r i m e n t a l  s e t u p  f o r  t he rma l  d e n i t r a t i o n  

of  u r a n y l  n i t r a t e  s o l u t i o n  w a s  a n  e l e c t r i c a l l y  h e a t e d  screw conveyor .  

F i g u r e  5 i s  a f lowshee t  of t h e  f a c i l i t y  which was in t ended  t o  produce a n  

a c i d - d e f i c i e n t  s o l u t i o n  o r  s l u r r y .  (The f u n c t i o n  of t h i s  f a c i l i t y  w a s  

l a t e r  changed t o  produce  UO s o l i d . )  The u r a n y l  n i t r a t e  s o l u t i o n  w a s  

pumped by a c e n t r i f u g a l  pump from t h e  s o l u t i o n  t a n k  t o  t h e  screw conveyor .  

A s m a l l  amount of t h i s  f l ow e n t e r e d  t h e  screw conveyor f o r  d e n i t r a t i o n ,  

b u t  most o€  t h e  f l o w  w a s  used t o  f l u s h  t h e  e x i t  of t h e  conveyor .  F l u s h i n g  

t h e  conveyor e x i t  p revented  p lugging  by s o l i d  UO which might  l e a v e  t h e  

d e n i t r a t o r .  Fur thermore ,  t h e  f l u s h i n g  s o l u t i o n  d i l u t e s  and t r a n s f e r s  

t h e  s l u r r y  back t o  t h e  s o l u t i o n  t a n k .  The water v a p o r , t o g e t h e r  w i t h  

gaseous  n i t r i c  components and air, w a s  sucked o u t  of  t h e  conveyor through 

a p i p e  heade r  on t h e  conveyor cove r .  T h i s  vapor  was condensed by a 

condenser  which r e g a i n s  some of  t h e  n i t r i c  a c i d ,  and t h e  condensa te  

( d i l u t e  n i t r i c  a c i d )  w a s  c o l l e c t e d  i n  a t ank .  A l a r g e  amount of t h e  

gaseous  n i t r i c  components probably  l e f t  t h e  sys tem w i t h  t h e  H 0-air 

o f f -gas .  Although no a t t e m p t s  w e r e  made t o  r e c o v e r  t h i s  n i t r i c  a c i d  

d u r i n g  t h e  expe r imen t s ,  p rocedures  f o r  r e c o v e r y  of  t h i s  a c i d  are w e l l  

known. 

3 

3 

2 

The screw conveyor w a s  similar t o  a u n i t  used by Felt’’ f o r  cal- 

c i n a t i o n  of  p lu tonium n i t r a t e .  It c o n s i s t e d  main ly  of  a U-shaped t rough  

and a s c r e w  75 mm i n  d i a m e t e r ,  900 mm l o n g ,  and 50 mm p i t c h .  The u n i t ,  

f a b r i c a t e d  of 304 L s t a i n l e s s  s t e e l ,  i s  shown i n  F ig .  6. The bottom 

c l e a r a n c e  between t h e  s c r e w  and t r c u g h  b e f o r e  t h e  exper iment  was about  

2 mm, and t h e  s p a c e  between t h e  s c r e w  and t r o u g h  cover  was about  30 mm. 
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CONDENSER 

U R A N Y L  NITRAT 

CONDENSATE 

TO 
HNO, + H20  FROM R E S I N  

L O A D  I NG 
RES1 N LOAD1 NG 

'E + H,O 

F i g .  5. Flowsheet of the thermal denitration facility. 
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Because t h e  t rough  w a s  asyriiriietrically h e a t e d ,  i t  b e n t  several m i l l i -  

meters when hea ted :  t h e r e f o r e ,  t h e  bottotir c. learance v a r i e d  w i t h  t i m e  and 

p o s i t i o n .  The problem of j a m s  between screw and t r o u g h  d u r i n g  opera-  

t i o n  could be so lved  o n l y  by  l o o s e n i n g  tile b e a r i n g  b l o c k s .  

t h e  bottom c l e a r a n c e  and t h e  t h i c k n e s s  of t h e  uranium s o l i d  l a y e r  d u r i n g  

o p e r a t i o n  w a s  unknown b u t  w a s  p robab ly  more t h a n  7. mm, The screw w a s  

d r i v e n  by an a i r  motor v i a  a V-bel t  d r i v e  of 6 : l  r e d u c t i o n .  ‘Theref(,re,  

t h e  screw speed w a s  adjust .ab1e i n  a wide r a n g e ,  b u t  w i t h  a m o t o r  corque 

of on ly  4 N - m  (36 l b f - i n . ) ,  a t  550 kPa (80 p s i )  a i r  p r e s s u r e  and a t  

100 rpm, t h e  speed was v e r y  dependent  OII t h e  screw f r i c t i o n .  The screw 

speed was monitored by a tachometer  and was r eco rded .  The lower p a r t  

of  t h e  t rough  w a s  e l e c t r i c a l l y  h e a t e d ,  and t h e  h e a t i n g  area was d i v i d e d  

i n t o  two s e c t i o n s .  The h e a t  i n p u t  t o  each s e c t i o n  w a s  c o n t r o l l e d  by 

manual ad jus tmen t  o f  one 1000-W v a r i a b l e  v o l t a g e  t r a n s f o r m e r s .  ‘The 

t r o u g h  w a s  i n s u l a t e d  w i t h  25 mm of  calci.um s i l i c a t e  i n s u l a t i o n .  Three 

Chromel-Alumel thermocoupl es w e r e  l o c a t e d  i n s i d e  t h e  t o p  of t h e  t r o u g h ,  

and one thermocouple w a s  a t t a c h e d  t o  t h e  o u t s i d e  t rough  wall ( F i g .  6 ) .  

F i g u r e  7 i s  a photograph of t h e  experimental-  s e t u p .  

T h e r e f o r e ,  

6 .  EXPERIMENTAL KESULTS FOR THEPJNL DENTTKATION 

6 .  I Experiments f o r  P r e p a r a t i o n  of Ac id -Def i c i en t  
Uranyl NitraLe Sol.ution 

S e v e r a l  r u n s  were a t t empted  w i t h  c o n d i t i o n s  in t ended  t o  d i s c h a r g c  

acid-def  i c i e n t  u r a n y l  nitcrat.e s o l u t i o n .  t h e s e  expe r imen t s  ~ t h e  main 

pa rame te r s  t h a t  v a r i e d  were t h e  s o l u t i o n  f eed  r a t e ,  t h e  h e a t i n g  power, 

and t h e r e f o r e  the t empera tu res .  The expe r imen t s  w e r e  c a r r i e d  ou t  w i t h  
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1 6  

a con t inuous  f low of s o l u t i o n  through t h e  d e n i t r a t o r .  

t h e  c o n t e n t s  of t h e  s o l u t i o n  t a n k  w e r e  r e c y c l e d  through t h e  d e n i t r a t o r  

u n t i l  t h e  volume o r  c o n c e n t r a t i o n  reached  a p r e s c r i b e d  v a l u e .  

t h i s  o p e r a t i o n , t h e  a c i d  c o n t e n t  of  t h e  s o l u t i o n  w a s  monitored by sampling.  

Samples w e r e  t aken  from t h e  s o l u t i o n  t a n k  

measured, t h e  d e n s i t y  w i t h  hydrometers  and t h e  pH w i t h  e l e c t r o d e s .  The 

Cu,  and C / C  uranium c o n c e n t r a t i o n s ,  

r e l a t i o n s  f o r  ADUN s o l u t i o n s  as shown i n  r e f .  3 .  

For each  r u n ,  

During 

and t h e i r  d e n s i t y  and pH v a l u e  

r a t i o s  were de termined  u s i n g  t h e  cor -  N U  

Tab le  2 summarizes 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  and r e s u l t s  of f i v e  

r u n s ,  which are d e s c r i b e d  s e p a r a t e l y  below. F i g u r e  8 shows, f o r  t h e s e  

r u n s , t h e  change of t h e  C / C  

t o  t h e  end of each  exper iment .  Each p o i n t  g iven  i n  t h e  diagram r e p r e s e n t s  

one  measurement of pH v a l u e  and uranium 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  i n  

t h e  t a n k .  

r a t i o  i n  t h e  s o l u t i o n  from t h e  beg inn ing  N U  

The ave rage  screw speed f o r  a l l  r u n s  w a s  20 rpm, b u t  f l u c t u a t i o n s  

w e r e  g r e a t  f o r  r e a s o n s  a l r e a d y  mentioned.  T h e r e f o r e ,  t h e  nominal den i -  

t r a t i o n  r e s i d e n c e  t i m e  w a s  about  1 min. 

Run 1. O p e r a t i o n  a t  low uranium c o n c e n t r a t i o n  and medium tempera- 

t u r e  r e s u l t e d  i n  no a c i d  d e f i c i e n c y , a l t h o u g h  a s m a l l  amount of p r e c i p i -  

ta te  cou ld  b e  observed  f o r  s h o r t  p e r i o d s  (F ig .  8 ,  cu rve  1). 

r a t i o  w a s  cons tan t ,  even though some n i t r a t e  w a s  d r i v e n  o f f  because  a 

co r re spond ing  amount of uranium s o l i d i f i e d  and t h e r e f o r e  w a s  h e l d  up 

i n  t h e  e v a p o r a t o r .  

The C,/C, 

Run 2. A t  h i g h  uranium c o n c e n t r a t i o n ,  p r e c i p i t a t i o n  occur red  

throughout  t h e  exper iment .  The C / C  r a t i o  d i d  r e a c h  1 .92 .  Curve 2 

of  F ig .  8 shows t h e  d e c r e a s e  of t h e  C / C  

N U  

r a t i o  d u r i n g  t h e  exper iment .  N U  



Table 7. Sumnary of f i v e  runs  f o r  h D U N  s o l u t i o n  product ion 

Run number 
1 2 3 4 5 

a 
Solu t ion  volume s t a r t ,  l i t e rs  

Uranium coilc., m o l e s j l i t e r  

So lu t ion  volume end, liters 

Uranium conc.,  m l e ! l i t e r  

Condensate volume, l i t e rs  

FINO conc.,  mole/liter 
3 

Plow e n t e r i n g  d e n i t r a t o r ,  n l jmin  

Eeat  pcwer, k : J  

Average evapora t ion  
ra te ,  cm3/min 

Temperatures, O C  
b 

P o s i t i o n  1 ( t o p  s o l u t i o n  
i n l e t  

P o s i t i o n  2 ( t o p  middle) 

P o s i t i o n  3 { a i r  i n l e t )  

P o s i t i o n  4 ( o u t s i d e  w a l l )  

Masimum a c i d  d e f i c i e n c y  achieved 
i n  s o l u t i o n ,  moles Njmoles u 

5.9 

0.19 

3.2 

0.28 

2.5 

0.1 

120 

1 . 5  

32 

135 

150 

70 

200 

2.31 

3 .0  

2.8 

0 

1 .0  

2.9 

0.2 

60-100 

1.8 

30 

120-130 

130-160 

55 

230-300 

1.92 

3.0 5.6 9 .0  

0.61 0.67 0.68 

1.3 1.35 0.2 

1 .2  0.92 3.6 

4.3 8.2 

0.13 

100-220 

2.0 

67 

100-150 40-60 

0.5-1.5 1 . 7  

1 2  15 

130-170 150 115 

125 150-240 150-210 

50-?O 50 45 

200-400 350-500 225 

1.94  1 . 7  2.0 

a 

bSee  F i g .  6 f o r  p o s i t i o n  of thermocouple. 

Add 0.4 l i t e r  f o r  t o t a l  s o l u t i o n  volume i n  system. 

P 
U 
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C U ,  URANIUM CONCENTRATION ( r n o l e s / l i t e r )  

P i g ,  8 .  Changes i n  pH and iiraniurn c o n c e n t r a t i o n  of t h e  s o l u i i o i l  foi- 

f i v e  r u n s .  



1.9 

Run 3 .  Contiriucd o p e r a t i o n  s t a r t i n g  w i t h  a s l i g h t l y  a c i d -  

d e f i c i e n t  s o l u t i o n  of CN/Cu = 1 . 9 8  d i d  n o t  a c h i e v e  any g r e a t e r  a c i d  

d e f i c i e n c y  ( F i g .  8 ,  c u r v e  3 ) .  

Run 4 .  A t  h i g h  h e a t i n g  powcr and s m a l l  s o l u t i o n  f e e d  ra te ,  the -- 

r e s u l t i n g  maximum a c i d  d e f i c i e n c y  i n  t h e  s o l u t i o n  t a n k  was 1 . 7  moles 

N03-/mole U (F ig .  8 ,  c u r v e  I t ) .  

because  For an i n t e r v e n i n g  p e r i o d  o n l y  s o l i d  was discharged from the 

d e n i t r a t o r .  T h e  a c i d  d e f i c i e n c y  w a s  reached a i  t e r  some s o l i d  uranium 

o x i d e  from t h e  screw conveyor r e d i s s o l v e d  i n  the t a n k .  A t  0 power 

s u p p l y  of 1 . 7  kW, t h e  uranium o u t p u t  was o n l y  60 g/hr ,  s t a r t i n g  w i t h  a 

s l i g h t l y  a c i d - d e f i c i e n t  s o l u t i o n  o f  1 . 9  moles NO /mole U. 

The o p e r a t i o n  was n o t  really con t inuous  

- 
3 

Run 5. A t  h i g h  h e a t i n g  power and h i g h  r a t e  u f  f low,  the a c i d /  

urniii.um r a t i o  remained cons tarit even though the s o l u t i o n  was concen- 

trated to above 3 moles of uranium p e r  l i t e r  ( F i g ,  8 ,  c u r v e  5 ) .  The 

so l 1 1 t  i on was c o n c e n t r a t e d  t o  m o l t  e n  u r a n y l  n i t  r 9 t e tiexahyd ra t e ,  which 

s o l i d i f i e d  a f t e r  c o o l i n g .  

6 . 2  Experiments  f o r  P r e p a r a t i o n  of Uranium Oxide S o l i d  

Because t h e  experiments w i t h  recycle of a c i d - d e f i c i e n t  s o l u t i o n  o r  

s l u r r y  d i d  n o t  a c h i e v e  t h e  i n t e n d e d  r e s u l t ,  t h e  f a c i l i t y  was modi f i ed  

so  t h a t  s o l i d  uranium could be  c o n t i n u o u s l y  produced. T h e  p r i n c i p a l  

changes were (1) en]-arging the o u t l e t  p i p e  t o  50 mm I D ,  and ( 2 )  removing 

o r  r e p l a c i n g  g a s k e t s  t o  a l l o w  h i g h e r  t empera  t u r e s .  With t h e  modif ied 

f a c i l i t y  ( F i g .  9 ) ,  h i g h l y  c o n c e n t r a t e d  u r a n y l  11 i t ra te  s o l u t i o n  w a s  con- 

t i n u o u s l y  p rocesscd  t o  s o l i d  u r m i i m  oxide.  Experimental  paraiiietcrs and 

t h e  r e s u l t s  f o r  one typi.c:al  r u n  are l i s t e d  be1 .o~ .  
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S t a r t i n g  s o l u t i o n  - 7 .3  l i t e r s  of u r a n y l  n i t r a t e  s o l u t i o n  w i t h  

2.83 moles of  uranium pe r  l i t e r  

Flow i n t o  d e n i t r a t o r s  - 50-75 cm /min 

Hea t ing  - 2 kW 

Temperatures  on thermocouples  (F ig .  6 )  - No. 1, 140-170°C; No. 2 ,  

3 

240-300°C; NO. 3 ,  100-110°C; NO. 4 ,  480-550°C 

S c r e w  speed - 10-20 rpm 

Product  - 4 kg of U 0 3  s o l i d ,  i n c l u d i n g  NO 

a v e r a g e  composi t ion :  

N03-/mole U 

Condensate  - 5.2 l i t e rs  w i t h  2.84 moles of  HNO p e r  l i t e r  

Achieved c a p a c i t y  - 2 kg of  uranium p e r  hour .  

N o  problems were encountered  d u r i n g  o p e r a t i o n  of t h e  f a c i l i t y .  I n  

- 
and H 0 r e s i d u e ;  

3 2 
- 

7 8 w t  % uranium, 5 . 0  w t  % NO3 , 0.2 mole 

3 

o r d e r  t o  a c h i e v e  a good s o l i d  d i s c h a r g e ,  t h e  uranium m e l t  should  s o l i d i f y ,  

and t h e r e f o r e  b e  chipped by t h e  screw, b e f o r e  i t  r e a c h e s  t h e  opening.  I f  

t h e  m e l t  s o l i d i f i e s  a t  t h e  opening ,  i t  can b e  become plugged.  Cor ros ion  

of  t h e  d e n i t r a t o r  w a s  n o t  n o t i c e d .  An a n a l y s i s  of t h e  p roduc t  showed 

o n l y  122 ppm i r o n .  F i g u r e  10 is  a photograph  of t h e  open s c r e w  d e n i t r a t o r  

a f t e r  t h e  exper iment .  

a s e c t i o n  of t h e  conveyor s h o r t l y  behind  t h e  s o l u t i o n  e n t r a n c e ,  t h e  

The d e p o s i t  a t  screw and cover  i n d i c a t e s  t h a t  i n  

s o l u t i o n  b o i l e d  h e a v i l y  and ,  t h e r e f o r e ,  s o l i d  s p l a t t e r e d  on to  t h e  

cove r  and s c r e w s h a f t .  I n  t h e  last  t h i r d  of t h e  t r o u g h ,  t h e  mol t en  

u r a n y l  n i t r a t e  hexahydra t e  w a s  f u r t h e r  dehydra t ed ,  and most of t h e  

n i t r a t e  w a s  d r i v e n  o f f .  

I n  t h e  r e g i o n  of  t h e  l a s t  t h r e e  screw f l i g h t s ,  t h e  m e l t  s o l i d i f i e d  

because  of f u r t h e r  decomposi t ion  and c o o l i n g  induced main ly  by t h e  a i r  
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Fig. 1 0 ,  Open screw denitrator after experiments. 
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s u c t i o n  through t h e  o u t l e t  i n t o  t h e  conveyor .  The s o l i d  crumbled under  

t h e  a c t i o n  of  t h e  screw movement i n t o  c h i p l i k e  p a r t i c l e s ,  and t h e s e  

d i s c h a r g e d  v ia  t h e  o u t l e t  p i p e  i n t o  a g l a s s  b o t t l e .  The p a r t i c l e  s i z e  

of t h e  s o l i d  w a s  ma in ly  i n  t h e  r ange  1 t o  1 0  mm,although a s m a l l  amount 

of d u s t  w a s  n o t i c e d .  F i g u r e  11 i s  a photograph of t h e  p roduc t .  

7 .  DISSOLUTION OF THE SOLID 

Only l i m i t e d  and p r e l i m i n a r y  r e d i s s o l v i n g  exper iments  w e r e  c a r r i e d  

o u t .  Some s o l i d  w a s  d i s s o l v e d  i n  a beake r  w i t h  d i s t i l l e d  w a t e r  a t  

v a r i o u s  t e m p e r a t u r e s  and w i t h  a s l i g h t  mixing a c t i o n .  A t  25OC t h e  

n i t r a t e l u r a n i u m  r a t i o  of  t h e  r e s u l t i n g  s o l u t i o n  w a s  

U, and t h e  uranium c o n c e n t r a t i o n  w a s  0.5 m o l e l l i t e r .  

t e m p e r a t u r e , t h e  a c i d  d e f i c i e n c y  dec reased  t o  C / C  = 

v a l u e  co r re sponds  rough ly  w i t h  t h e  d a t a  of Marsha l l  

Rates of  d i s s o l u t i o n  w e r e  n o t  measured. A t  t h e  

N U  

1 .5  moles N03-/mole 

With i n c r e a s i n g  

1 . 7  a t  95°C. Th i s  

e t  a l .  

above-mentioned 

12 

a c i d  d e f i c i e n c y ,  some r e s i d u a l  f i n e  s o l i d  remained i n  t h e  beaker  even 

a t  a v e r y  l o n g  d i s s o l v i n g  t i m e .  T h e r e f o r e ,  i t  can b e  assumed t h a t  a 

r e s i n  l o a d i n g  f a c i l i t y  i n  connec t ion  w i t h  t h i s  t he rma l  d e n i t r a t i o n  

p r o c e s s  h a s  t o  t a k e  care of  some uranium s l u r r y  i n  o r d e r  t o  a c h i e v e  

r e a s o n a b l e  th roughpu t .  

d i d  n o t  l e a d  t o  any problems.  

A p r e v i o u s  s tudy13 showed t h a t  t h i s  c o n d i t i o n  

8.  C O N C L U S I O N  AND RESULTING PROCESS CHANGES 

8 . 1  Flowsheet  Changes 

Because r e a s o n a b l e  the rma l  d e n i t r a t i o n  d e g r e e  and rates are o n l y  

a c h i e v a b l e  by going  through t h e  s o l i d  s ta te ,  a d i s s o l u t i o n  s t e p  must b e  
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Fig. 11. Solid U03.xH20 produced by the screw denitrator, 
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i n s e r t e d  i n t o  t h e  o v e r a l l  f l owshee t  f o r  ADUN s o l u t i o n  p r e p a r a t i o n  and 

r e s i n  l o a d i n g .  Such a proposed f lowshee t  i s  shown i n  F i g .  12.  Uranium 

n i t r a t e  s o l u t i o n  ( t y p i c a l l y  of 0.5 mole of uranium p e r  l i t e r ,  CN/Cu = 

2 .2 )  i s  pumped i n t o  a holdup t a n k  (TANK 1 )  w i t h  e x c e s s  s o l u t i o n  from 

t h e  l o a d i n g  s e c t i o n .  The r e s u l t i n g  s o l u t i o n  i s  t r a n s f e r r e d  i n  an  

e v a p o r a t o r  and c o n c e n t r a t e d  t o  about  3 moles U / l i t e r .  The c o n c e n t r a t e  

i s  f ed  i n t o  t h e  screw conveyor f o r  t he rma l  d e n i t r a t i o n .  The n i t r o g e n  

o x i d e s  t o g e t h e r  w i t h  t h e  vapor i zed  water l e a v i n g  t h i s  d e n i t r a t o r  are 

condensed and c o l l e c t e d  i n  t h e  condensa te  t a n k  as d i l u t e  n i t r i c  a c i d .  

The s o l i d  from t h e  d e n i t r a t o r  (most ly  UO ) drops  i n t o  a d i s s o l v e r .  I n  

t h e  d i s s o l v e r  most of t h e  s o l i d  i s  r e d i s s o l v e d  under  t h e  a c t i o n  of  a 

mechanica l  mixe r .  

1 . 6 )  and some s l u r r y  f low t o  t h e  second holdup t a n k  (TANK 2 ) .  From 

t h e r e  t h e  s o l u t i o n  i s  pumped t o  t h e  r e s i n  l o a d i n g  f a c i l i t y .  The s o l u t i o n  

l e a v i n g  t h e  l o a d i n g  s t e p ,  which h a s  a t y p i c a l  composi t ion  of C = 

0 .4  m o l e / l i t e r  and C,/Cu = 2 . 1 ,  i s  r e c y c l e d  back t o  t h e  d i s s o l v e r .  

3 

The r e s u l t i n g  s o l u t i o n  (C = 0.5 m o l e / l i t e r ;  CN/Cu = U 

U 

I f  w a t e r  is  added f o r  p a r t i c l e  washing,  t h e  s o l u t i o n  volume w i t h i n  

t h i s  l o a d i n g  l o o p  must b e  c o n t r o l l e d .  Th i s  may b e  accomplished by u s i n g  

a second e v a p o r a t o r  o r  by r e c y c l i n g  some s o l u t i o n  back t o  t h e  f i r s t  holdup 

t a n k  (TANK 1 )  as shown i n  t h e  f l o w s h e e t .  

Because t h e  s o l i d  from t h e  d e n i t r a t o r  may b e  r a t h e r  h i g h l y  d e n i t r a t e d  

and because  n i t r a t e  l e a v e s  t h e  loop  due t o  t h e  s o l u t i o n  volume c o n t r o l  of 

t h e  l o a d i n g  l o o p ,  a d e f i c i e n c y  of n i t r a t e  i n  t h e  loop  is  expec ted .  The 

most e f f i c i e n t  way of  adding  t h i s  n i t r a t e  i s  by t r a n s f e r r i n g  some con- 

c e n t r a t e d  s o l u t i o n  from t h e  e v a p o r a t o r  e f f l u e n t  d i r e c t l y  t o  t h e  d i s s o l v e r ;  
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Fig .  1 2 .  Flowsheet f o r  d e n i t r a t i o n  and l o a d i n g  p r o c e s s  under h i g h  
d e n i t r a t i o n  of t h e  u r a n y l  n i t r a t e  i n  t h e  screw d e n i t r a t o r .  Data g iven  
a r e  f o r  l o a d i n g  of 1 kg of uranium (K = moles N03-/mole U). 
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t h e  accompanying uranium need n o t  b e  processed  i n  t h e  d e n i t r a t o r .  

The uranium i n  t h e  l o a d i n g  loop  i s  c o n t r o l l e d  by a d j u s t i n g  t h e  r e s i n  

f eed  . 
An advantage  of h igh  d e n i t r a t i o n  of uranium n i t r a t e  over any pos- 

s i b l e  low d e n i t r a t i o n ,  such  as t h a t  ach ieved  by steam s t r i p p i n g ,  i s  

t h a t  less mater ia l  i s  r e c y c l e d  i n  t h e  p r o c e s s  f o r  n e a r l y  comple te  

d e n i t r a t i o n  than  f o r  p a r t i a l  d e n i t r a t i o n .  The f lowshee t  i n  F ig .  12  

shows t h a t ,  f o r  any n i t r a t e  which e n t e r s  t h e  l o a d i n g  l o o p  from t h e  

d e n i t r a t o r ,  a cor re spond ing  amount of  s o l u t i o n  h a s  t o  leave t h e  l o a d i n g  

1 . 0 0 ~  and must 3 e  r e c y c l e d  through t h e  d e n i t r a t o r .  

From a n i . t r a t e  and uranium b a l a n c e  of t h e  I.oading and d e n i t r a t i o n  

p r o c e s s  as shown i n  t h e  pr : i .ncipal  f l owshee t  of F i g .  4 ,  the fo l lowing  

e q u a t i o n  can be d e r i v e d :  

__ Kden .- .I_.I__ - 
- K  

rec den 'loa ' K 
rec 

U 
n 

= moles of  uranium r e c y c l e d  from reai .n  l o a d i n g  t o  
rec 

U n 

d e n i t r a t i o n ,  

n = moles of uranium loaded  on r e s i n ,  
'lod 
K = mole r a t i o  of n i t ra te  t o  uranium i n  t h e  d e n i t r a t e d  

den 

s o l u t i o n  from t h e  d e n i t r a t o r  (K C / C  ) ,  
N U  

K = mole r a t i o  of n i t r a t e  t o  uranium i n  t h e  r e c y c l e d  s o l u t i o n  
r ec 

f r o m  r e s i n  l o a d i n g  t o  d e n i t r a t i o n .  



Solv ing  t h e  e q u a t i o n  f o r  K -- 1 . 6  and K = 2.1,  t h e  r e c y c l e d  
den r e c  

uranium is  3 .2  t i m e s  t h e  uranium loaded .  Th i s  v a l u e  d e c r e a s e s  t o  0.11 

i f  K e q u a l s  0 .2  a t  c o n s t a n t  K of 2 . 1 .  The p r o c e s s , a s  shown i n  

F ig .  1 2 , t a k e s  advantage  of  t h i s  f a c t .  The d e n i t r a t i o n  of t h e  UO s o l i d  

l e a v i n g  t h e  d e n i t r a t o r  is h i g h  ( f o r e x a m p l e ,  K = 0 . 2 ) ;  even t h e  u r a n y l  

n i t r a t e  s o l u t i o n  e n t e r i n g  t h e  r e s i n  l o a d i n g  h a s  t h e  r e q u i r e d  d e n i t r a t i o n  

of K = 1.6.  

den rec 

3 

8 . 2  Proposed Improved S c r e w  D e n i t r a t o r  
and D i s s o l v e r  Design 

Based on t h e  o p e r a t i o n  e x p e r i e n c e  w i t h  t h e  s c r e w  d e n i t r a t o r ,  t h e  

fo l lowing  improved screw d e n i t r a t o r  w i t h  a n  added s o l i d  d i s s o l v e r  and 

holdup t ank  i s  sugges t ed .  F i g u r e  13 is  a s k e t c h  of t h i s  equipment .  The 

d i ame te r  of  t h e  s c r e w  d e n i t r a t o r  i.s r e1a t ive l .y  l a r g e  compared t o  t h e  screw 

l e n g t h .  The t rough  i s  h e a t e d  on a l l  s i d e s .  T h i s  d e s i g n  should  p r o v i d e  a 

l a r g e  h e a t i n g  s u r f a c e  and e l i m i n a t e  screw b lock ing  due  t o  screw s h a f t  

and t rough  bending;  t h i s  bending caused by the rma l  expans ion  h a s  g iven  

some o p e r a t i n g  problems w i t h  t h e  e x i s t i n g  d e s i g n .  Only t h e  s e c t i o n  of 

t h e  t rough  a t  t h e  d i s c h a r g e  end i s  n o t  h e a t e d ;  i t  may even b e  a i r  cooled 

so t h a t  t h e  m e l t  c o o l s  and s o l i d i f i e s  f o r  t r o u b l e - f r e e  d i s c h a r g e .  An 

e q u a l l y  spaced c l e a r a n c e  of  about  2 mm e x i s t s  between t h e  screw and t h e  

i n s i d e  t rough  s u r f a c e .  The screw i t s e l f  h a s  a padd le - l ike  d e s i g n  t o  

a c h i e v e  a mixing e f f e c t  and t o  ensure  t h a t  t h e  o r i g i n a t i n g  g a s e s  can  e a s i l y  

p a s s  t h e  s c r e w  t o  t h e  g a s  o u t l e t .  The s o l i d  i s  d i scha rged  d i r e c t l y  

i n t o  a d i s s o l v e r  u n i t  t h a t  c o n s i s t s  of a vessel w i t h  a b u i l t - i n  t u r b i n e  

mixer  f o r  r a p i d  s o l i d  d i s p e r s i o n  and d i s s o l u t i o n .  The o u t l e t  of t h e  

d i s s o l v e r  i s  a s e t t l i n g  t u b e  w i t h  b a f f l e s  and l e a d s  d i r e c t l y  i n t o  a 

holdup tank .  
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Fig. 13.  Sketch  of the rma l  d e n i t r a t i o n  f a c i l i t y  w i t h  improved screw 
d e n i t r a t o r  and d i s s o l v e r .  
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9. SUMMARY 

Produc t ion  of a d e n i t r a t e d  s o l u t i o n  o r  s l u r r y  by t h e  proposed 

thermal  d e n i t r a t i o n ,  which is  similar t o  a steam s t r i p p i n g  d e n i t r a t i o n ,  

i s  n o t  promis ing  €or t h r e e  r e a s o n s :  

1. T t  i s  no t  p r a c t i c a l  t o  a c h i e v e  a n i t r a t e - to -u ran ium mole r a t i o  of  

1 . 6  and s t i l l  d i s c h a r g e  a l i q u i d  s o l u t i o n  o r  s l u r r y ;  t h a t  i s ,  t h e  

p r o c e s s  material  becomes s o l i d  b e f o r e  enough n i t r a t e  is  removed t o  

g i v e  t h e  1 . 6  r a t i o .  

2 .  The r a t e  of n i t r a t e  removal i s  low; t h e r e f o r e ,  t h e  h e a t  t r a n s f e r  

r equ i r emen t s  and equipment s i z e  would b e  e x c e s s i v e .  

3 .  Opera t ion  t o  g i v e  a p roduc t  with C / C  = 1 . 6  r e s u l t s  i n  r e c y c l e  of  
N U  

excessive uranium through t h e  d e n i t r a t i o n  s t e p .  Th i s  is  i n e f f i c i e n t .  

as compared t o  a more comple te  d e n i t r a t i o n .  

T h e r e f o r e ,  t h e  thermal  d e n i t r a t i o n  shou ld  b e  accomplished by producing  a 

h i g h l y  d e n i t r a t e d  b u t  s t i l l  e a s i l y  d i s s o l v a b l e  (UO + x1-I 0) s o l i d .  With 

t h e  e x i s t i n g  screw d e n i t r a t o r ,  UO 

to-uranium mole r a t i o  of 0 .2  a t  a ra te  of 2 kg UO / h r  and a power con- 

sumption of 2 kW. The s o l i d  h a s  t o  b e  r e d i s s o l v e d  t o  a c h i e v e  a n  ac id -  

d e f i c i e n t  uranium n i t r a t e  s o l u t i o n  f o r  WAR l o a d i n g .  

t h e  screw d e n i t r a t o r  i n  connec t ion  w i t h  a d i s s o l v e r  cou ld  improve 

t h e  p r o c e s s  e f f i c i e n c y .  

3 2 

s o l i d  has been produced w i t h  a n i t r a t e -  
3 

3 

A new d e s i g n  of  
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