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SUMMARY OF PROGRAM AND PROGRESS 

, 

I n  r e c o g n i t i o n  o f  t h e  need  f o r  a b r o a d e r  d e v e l o p m e n t a l  program t o  e s t a b -  
l i s h  t h e  f e a s i b i l i t y  o f  o b t a i n i n g  t h e  p o t e n t i a l  a d v a n t a g e s  o f  homogene,ous 
r e a c t o r s  f o r  t h e  p r o d u c t i o n  o f  f i s s i o n a b l e  m a t e r i a l s  and  p o w e r ,  t h e  ORNL 
Homogeneous R e a c t o r  Exper imen t  P r o j e c t  (HRE)" which was o r g a n i z e d  t o  d e v e l o p ,  
d e s i g n  and c o n s t r u c t a  p i l o t  s c a l e  homogeneous r e a c t o r ,  h a s  been r e c o n s t i t u t e d  
a s  t h e  Homogeneous  R e a c t o r  P r o j e c t  T h e  u l t i m a t e  o b j e c t i v e  o f  t h e  O W L  
p r o g r a m  b a s e d  u p o n  t h e  s t u d i e s  o f  t h e  L o n g  R a n g e  P l a n n i n g  G r o u p ,  i s  t o  
p r o v i d e  t h e  t e c h n i c a l  i n f o r m a t i o n  r e q u i r e d  t o  d e t e r m i n e  t h e  f e a s i b i l i t y  o f  a 
f u l l  s c a l e  p l u t o n i u m a p o w e r  p r o d u c i n g  homogeneous r e a c t o r ,  

Homogeneous Reactor Program 

The program o f  t h e  Homogeneous R e a c t o r  P r o j e c t  which w i l l  be r e q u i r e d  t o  
a t t a i n  t h e  above  o b j e c t i v e  i s  c o n c e i v e d  t o  be t h e  f o l l o w i n g ,  

Completion of Pilot-Scale HRE, A t  p r e s e n t  a p p r o x i m a t e l y  90% o f  t h e  

e f f o r t  on t h e  P r o j e c t  i s  d i r e c t e d  toward  t h e  c o m p l e t i o n  of t h e  d e v e l o p m e n t a l ,  
d e s i g n  and c o n s t r u c t i o n  work f o r  t h e  p i l o t - s c a l e  HRE.. M a j o r  e m p h a s i s  i s  
p l a c e d  on chemica l  and e n g i n e e r i n g  s t u d i e s  o f  t h e  sys tem UO,SO,-H,O c o n t a i n e d  
i n  341 s t a i n l e s s  s t e e l  u n d e r  maximum c o n d i t i o n s  o f  250°C and 1000 p s i  and o f  
t h e  m e c h a n i c a l  components  o f  t h e  r e a c t o r  s y s t e m ,  

Experimental Operation of the HBE. A p r e l i m i n a r y  s c h e d u l e  f o r  t h e  s t a r t -  

u p  and e x p e k i m e n t a l .  o p e r a t i o n  o f  t h e  HRE was p r e s e n t e d  i n  t h e  l a s t  p r o g r e s s  
r e p o r t  (ORNL 990) D e t a i l e d  p l a n s  w i l l  be  p r e p a r e d  p r i o r  t o  c o m p l e t i o n  of 
c o n s t r u c t i o n  The e x p e r i m e n t a l  program s h o u l d  a c h i e v e  t h e  f o l l o w i n g :  

1 D e m o n s t r a t i o n  o f  t h e  o p e r a b i l i t y  o f  a c i r c u l a t i n g  a q u e o u s . f u e 1  
r e a c t o r  up t o  a maximum o f  1000 k w ,  c o r r e s p o n d i n g  t o  a power  
d e n s i t y  o f  20  kw p e r  l i t e r "  
e 

2 (. D e m o n s t r a t i o n  o f  a u x i l i a r y  p o r t i o n s  o f  t h e  s y s t e m ,  s u c h  a s  g a s  
s e p a r a t i o n  g a s  h a n d l i n g ,  a n d  ' r e c o m b i n a t i o n  and  c o n t r o l  by 
y a r i a t i o n  o f  c o n c e n t ' r a t i o n  I 

3 O p e r a c i n g  e x p e r i e n c e  w i t h  t h i s  t y p e  o f  r e a c t o r .  

4-  D i r e c t  measurement  o f  r a d i a t i o n  d e c o m p o s i t i o n  and  c o r r o s i o n  a t  
f l u x  d e n s i t i e s  comparab le  t o  t h o s e  i n  a f u l l - s c a l e  r e a c t o r ,  

1 



Investigation of Alternate Systems and Reactor Types. R e s e a r c h  on 
a l t e r n a t e  f u e l  s y s t e r n s , + m a t e r i a l s  o f  c o n s t r u c t i o n ,  and r e a c t o r  t y p e s  i s  c u r -  
r e n t l y  b e i n g  p u r s u e d  on a s m a l l  s c a l e . ,  

Design Development of Intermediate-Scale Eomogeneous Reactor. R e s e a r c h  

and d e s i g n  l e a d i n g  t o c o n s t r u c t i o n  o f  an  i n t e r m e d i a t e - s c a l e  homogeneous r e a c t o r  
h a s  been  u n d e r t a k e n ”  The r e a c t o r  is now c o n c e i v e d  a s  o p e r a t i n g  a t  a maximum 
of  40 mw and b e i n g  o f  a s i z e  a p p r o a c h i n g  t h a t  o f  a f u l l - s c a l e  r e a c t o r ,  i 0 e e 8  

8 t o  10 f t  d i a m e t e r ‘ c o r e  t a n k  v s ,  1 5  t o  20  f t  f o r  a f u l l - s c a l e  r e a c t o r ,  
T h e  f o l l o w i n g  a r e  c o n s i d e , r e d  t o  b e  l o g i c a l  s t e p s  i n  t h i s  d e v e l o p m e n t :  

1, C o n c e p t u a l  d e s i g n  of a f u l l  s c a l e  (-2000 m w )  r e a c t o r  upon which  
t o  b a s e  p l a n s  of  an  i n t e r m e d i a t e - s c a l e  r e A c t o r ,  

2 .  P r e l i m i n a r y  d e s i g n  of  a n , i n t e r m e d i a t e  s c a l e  homogeneous r e a c t o r ,  

3. R e s e a r c h ,  c o m p o n e n t ’ d e v e l o p m e n t j *  a n d  d e t a i l e d  d e s i g n  o f  t h e  
i n t e r m e d i a t e  r e a c t o r  

I 

4 0  C o n s t r u c t i o n  and  o p e r a t i o n ”  

The m a j o r  o b j e c t i v e s  o f  b u i l d i n g  s u c h  a r e a c t o r  p r i o r  t o  a f u l l - s c a l e  
homogeneous r e a c t o r  a r e  c o n s i d e r e d  t o  be (1) d e m o n s t r a t i o n  o f  t h e  o p e r a b i l i t y  
o f  a l a r g e - s c a l e  r e a c t o r  s y s t e m ,  ( 2 )  l o n g - t e r m  t e s t i n g  o f  t h e  r e l i a b i l i t y  o f  
h a n d l i n g  a c i r c u l q t i n g  a q u e o u s - f u e l  s y F s t e m ,  and ( 3  t e s t i n g  o f  a c h e m i c a l  
p i l o t  p l a n t  t o  e x t r a c t  p l u t o n i u m  c o n t i n u o u s l y  f rom t h e  f u e l  s y s t e m ,  

Status of ERE 

Construction. The 7500 B u i l d i n g  w h i c h  w i l l  house  t h e  r e a c t o r  h a s  been 
comple ted  e x c e p t  f o r  l a y i n g  t h e  c o n c r e t e  f l o o r  a t  t h e  e a s t  s i d e  o f t h e  r e a c t o r  

The u n i t s  c o m p r i s i n g  t h e  r e f l e c t o r  sys t em i n c l u d i n g  t h e  p r e s s u r e  v e s s e l ,  
have  been c o n s t r u c t e d ,  w i t h  c o m p l e t e  i n s t a l l a t i o n  s c h e d u l e d  for J u l y ,  T h i s  
w i l l  be f o l l o w e d  by p re , s su re  and l e a k  t e s t i n g ,  

Comple t ion  of  t h e  c o n s t r u c t i o n  o f  components  o f  t h e  f u e l  s y s t e m  h a s  been 
d e l a y e d  p e n d i n g  r e s u l t s  o f  c u r r e n t  s t u d i e s  on c h e m i c a l  s t a b i l i t y  and  on the.  
g a s - r e m o v a l  s y s  tem 

I n s t a l l a t i o n  o f  t h e  c o n t r o l  s y s t e m  h a s  been s t a r t e d ,  M o u n t i n g s  f o r  t h e  
t u r b i n e  g e n e r a t o r ,  a n d  c o n d e n s e r  h a v e  b e e n  c o n s t r u c t e d ,  I n s t a l l a t i o n  o f  E 

components of  t h e  power sys t em a w a i t s  d e l i v e r y ,  

2 



, 

Design, A d e s i g n  r e v i e w  g r o u p  h a s  been a p p o i n t e d  t o  a n a l y z e  c r i t i c a l l y  
t h e  d e s i g n  o f  t h e  e n t i r e  HRE s y s t e m  w i t h  r e s p e c t  t o  i t s  o p e r a b i l i t y ,  T h e  
c o n s i d e r a t i o n s  o f  t h i s  g roup  s h o u l d  be comple t ed  by Augus t ,  1951. D u r i n g  t h i s  
q u a r t e r  d e s i g n  work was d i r e c t e d  toward  c o m p l e t i o n  o f  p i p i n g ,  f l o w  s h e e t  and 
s h i e l d  d r a w i n g s ,  and b i l l s  o f  m a t e r i a l s  

Research and Development, Two g e n e r a l  u n c e r t a i n t i e s  must  y e t  be r e s o l v e d  
b e f o r e  t h e  p o s s i b i l i t y  o f  o p e r a t i n g  t h e  HRE f o r  a s u f f i c i e n t l y  l o n g  p e r i o d  t o  
a c h i e v e  t h e  d e s i r e d  o b j e c t i v e s  w i l l  a p p e a r  g r e a t  enough t o  j u s t i f y  c o m p l e t i o n  
o f  t h e  c o n s t r u c t i o n  of t h e  f u e l  s y s t e m  and i n i t i a t i o n  o'f o p e r a t i o n ,  T h e s e  a r e  
( I )  e s t a b l i s h m e n t  o f  t h e  s p e c i f i c  c o n d i t i o n s  r e q u i r e d  f o r  s t a b i l i t y  o f  t h e  
f u e l  s o l u t i o n >  i , e ,  UO,SO, H,O ( 3 0  t o  40 g o f  u r a n i u m  p e r  l i t e r )  i n  ,347 
s t a i n l e s s  s t e e l  a t  250°C and 1000 p s i ,  and ( 2 )  p e r f e c t i o n  o f  t h e  g a s - l e t d o w n  
s y s t e m  

e 

With r e g a r d  t o  s o l u t i o n  s t a b i l i t y ,  i t  a p p e a r s  d e f i n i t e l y  e s t a b l i s h e d  t h a t  
m a i n t a i n i n g  o x i d i z i n g  c o n d i t i o n s  i n  t h e  s y s t e m ,  f o r  e x a m p l e  by a d d i t i o n  o f  
oxygen w i l l  p r o v i d e  s t a b i l i t y -  The optimum p a r t i a l  p r e s s u r e  o f  oxygen i s  now 
b e i n g  d e t e r m i n e d ,  T h e  e f f e c t s  o f  a number o f  v a r i a b l e s  i n c l u d i n g  a c i d i t y ,  
h a l i d e  i o n s  v a r i o u s  c h e m i c a l  p r e t r e a t m e n t s  o f  t h e  m e t a l ,  t h e  p r e s e n c e  o f  
c o r r 0 s ~ o n  p r o d u c t s  t h e  c o n d i t i o n  o f  t h e  m e t a l  s u r f a c e  of t h e  t e s t  pumps, and 
t h e  p r e s e n c e  o f  g r a p h i t a r  b e a r i n g s  have been s t u d i e d  i n  s t a t i c  bomb t e s t s  and 
pumped c i r c u l a t i n g  l o o p s  

E n g i n e e r i n g  s t u d i e s  o f  t h e  gas- le tdown s y s t e m  have l e d  t o  m o d i f i c a t i o n s ,  
s p e c i f i c a l l y  a n  i n c r e a s e  i n  t h e  f l o w  o f , l i q u i d  removed w i t h  t h e  g a s  a n d  t h e  
a d d i E i o n  o f  a s u r g e  t a n k ,  which  show p r o m i s e  o f  e l i m i n a t i n g  t h e  o s c i l l a t i o n s  
which  h a v e  been o b s e r v e d  i n  t h e  o r i g i n a l  s y s t e m ,  Work i s  b e i n g  i n i t i a t e d  t o  
d e v e l o p  an  a l t e r n a t e  e x t e r n a l  g a s  s e p a r a t o r  

F u r t h e r  work on t h e  d e s i g n  and t e s t i n g  o f  g r a p h i t a r  and s t e l l i t e  b e a r i n g s  
f o r  t h e  West inghouse  mqdel' lOOA pump h a s  g i v e n  e n c o u r a g i n g  r e s u l t s ,  

Sege ra l  metho-ds f o r  p r o m o t i n g  m i x i n g  i n  p a r t i a l l y  s t a g n a n t  r e g i o n s  o f  t h e  
r e a c t o r  c o r e  have been s t u d i e d  and one  method p r o d u c e d  e n c o u r a g i n g  r e s u l t s ,  

B e c a u s e  t h e  r e c o m b i n a t i o n  o f  e s s e n t i a l l y  100% o f  t h e  H, and  0, i n  s t o i -  

c h i o m e t r i c  m i x t u r e s  h a s  been d e m o n s t r a t e d  by t h e  u s e  o f  f l a m e  a n d  c a t a l y t i c  
r e c o m b i n e r s  c u r r e n t  e f f o t s  h a s  been d e v o t e d  t o  i n v e s t i g a t i n g  t h e  f e a s i b i l i t y  
o f  r e c o m b i n i n g  w i t h  m a s s i v e  m e t a l  c a t a l y s t s ,  E a r l y  t e s t s  g a v e  u n f a v o r a b l e  
r e s u l t s  w i t h  c o p p e r  s i l v e r  a n d  p l a t i n u m  t h e r e f o r e  t h i s  e f f o r t  w i l l  be 
d i r e c t e d  t o w a r d  o t h e r  more p r o m i s i n g  i n v e s t i g a t i o n s  i n  t h e  n e x t  p e r i o d ,  
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The development  o f  methods f o r  chemica l  c o n t r o l ' o f  HRE f u e l  h a s  c o n t i n u e d  
t o  be c e n t e r e d  on two i n s t r u m e n t s :  t h e  e l e c t r o m a g n e t i c  d e n s i t o m e t e r  a n d  
P r i n c o  D e n s i t r o l  f o r  measurement o f  s o l u t i o n  d e n s i t i e s ,  ,and t h e  c e r a m i c - c o a t e d  
r a d i o f r e q u e n c y  c o i l  immersed i n  t h e  f u e l  f o r  i q d i r e c t  measurement  o f  u r a n i u m  
c o n c e n t r a t i o n  from t h e  s t o r e d  e n e r g y  c a p a c i t y  

Status of Long Range S t u d i e s  

S t u d i e s  o f  %he p h a s e  e q u i l i b r i a  o f  UO,(NO, 1,-H,O a n d  U0,-H,PO, -H,O 
s y s t e m s  have  been c o n t i n u e d  i n  an  e f f o r t  t o  e v a l u a t e  them :as  p o s s i b l e  homo- 
g e n e o u s  r e a c t o r  f u e l s .  F e r r i c  o x i d e  p r o d u c e d  by c o r r o s i o n  w i t h i n  t h e  f u e l  
s y s t e m  h a s  been s t u d i e d  i n  c o n n e c t i o n  w i t h  i t s  e f f e c t  on t h e  c r i t i c a l  s o l u t i o n  
t e m p e r a t u r e s  o f  t h e  UO,SO, H,O s y s t e m  t h e  e f f e c t  was 
r e l a t i v e l y  s m a l l ,  

i t  w ~ s '  f o u n d  t h a t  

A l t h o u g h  i t  h a s  n o t  y e t  been p o s s i b l e  t o  p r e p a r e  a u r a n i u m  o i i d e  s l u r r y  
which  i s  s t a b l e  a f t e r  h e a t i n g ,  e n c o u r a g i n g  p r o g r e s s  h a s  been made S l u r r i e s  
o f  t ho r ium o x i d e  c o n t a i n i n g  1000 g of  tho r ium p e r  l i t e r  have shown t h e r m a l  and 
r a d i a t i o n  s t a b i l i t y  c h a r a c t e r i s t i c s  t h a t  a r e  p r o m i s i n g  

I 

* 

S l u r r y  pumping s t h d i e s  c a r r i e d  o u t  on a h a l l  s c a l e  i n d i c a t e  t h a t  i t  may 
be  p o s s i b l e  t o  pump and c o n t r o l  a d e q u a t e l y  an  u n s t a b l ' e  s l u r r y  which  s e t t l e s  
r e l a t i v e l y  q u i c k l y  

T h r e e  m e t h o d s  o f  c h e m i c a l  p r o c e s s i n g  f o r  a q u e o u s  homogeneous  r e a c t o r  
f u e l s  have been i n v e s t i g a t e d  on a s m a l l  s c a l e  These  i n c l u d e -  (I) b r e a k t h r o u g h  
a d s o r p t i o n  on f u l l e r ' s  e a r t h ,  Dowex 50 and Dowex A - 1 0  ( 2 )  comple t e  a d s o r p t i o n  
o f  f u e l  on Dowex 50 and Dowex A - 1  and ( 3 )  p r e c i p i t a t i o n  f o l l o w e d b y  a d s o r p t i o n  
on Dowex 50 w i t h  Cuy'. d i s p l a c e m e n t  and e l e c t r o l y s i s ,  The re  i s  e v i d e n c e  t h a t  a 
p r o c e s s  can  be deve loped  a s  a m o d i f i c a t i o n  and /o r  combina t ion  of t h e s e  methods  

. 

P r e l i m i n a r y  s t u d i e s  of  b o i l i n g  homogeneous r e a c t o r s  havg been s t a r t e d  and 
e x p e r i m e n t s  a r e  b e i n g  d e s i g n e d  t o  t e s t  t h e  v a l i d i t y  o f t h e o r e t i c a l  c a l c u l a t i o n s  
and  t o  d e m o n s t r a t e  f l o w  r a t e s ,  b u b b l e  f o r m a t i o n  and r i s e  t i m e  and  t h e  b e -  
h a v i o r  of  a s o l u t i o n  h e a t e d  i n  a manner  s i m u l a t i n g  f i s s i o n  h e a t  i n  a homo 
geneous  r e a c t o r  f u e l ,  
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The s h u t - o f f  o f  soup- sys t em v a l v e s  which b l o c k  f low t o  any  e x t e r n a l . p a r t  
o f  t h e  s y s t e m  i s  v e r y  i m p o r t a n t ,  V a l v e s  f o r  t h e s e  p o i n t s  a r e  b e i n g  c h e c k e d  
by m e a s u r i n g  a i r  l e a k a g e  t h r o u g h  t h e  v a l v e  f r o m  a t m o s p h e r i c  p r e s s u r e  t o  a 

vacuum chamber.  These  checks  i n d i c a t e  t h a t  new s t a i n l e s s  s t e e l - s t e l l i t e  t r i m  
i t h a n  1 c c / m o n t h  f o r  a p r e s s u r e  
rhen t h e  o p e r a t o r  h a s  15 p s i  a i r  
' e s s u r e  w i l l  d e c r e a s e  t h i s  l e a k a g e  
%s a r e  worse  than  t h i s  by a f a c t o r  

L 

w r i t t e n  and p u b l i s h e d  d u r i n g  t h e  

y o f  one c o n t r o l  rod  and i t s  d r i t e  

e A 1 / 1 6 - i n 0  b o r a 1  p l a t e  c o n t a i n -  
3 c e n t i m e t e r  h a s  been s u c c e s s f u l l y  
-01 p l a t e s  h a s  been  made i n  w h i c h  
s t ee l  p l a t e s  welded a t  t h e  e d g e s .  

a t e s  i s ' s h o w n  i n  F i g ,  3 " .  

, and  u s e s  o f  t h e  i n s t r u m d n t  h o l e s  
: t a i l e d  c o n s t r u c t i o n  o f  a t u b e  and  
thdsawa l  of t h e  f i s s i o n  chamber  i s  

. 

! t e s t  of t h e  e x p e r i m e n t a l  b e l l o w s  
IO0 c y c l e s  o w i n g  t o  f a i l u r e  of  t h e  
e b a s i s '  o f  t h i s  t e s t ,  d e s i g n  o f  a 

l ings  i s s u e d  to t h e  shop ,  F i g u r e  9 

t o  i n s t a l l  a s y s t e m  f o r  d e t e c t i o n  
I i n  p i p i n g  and  v e s s e l s  c o n t a i n i n g  

ir 1 e a . k - d e t e c t i o n  s y s t e m s  w i l l  be 
wn i n  F i g o  1 0 ,  l e a k  d e t e c t i o n  f o r  
[be l e a d i n g  from t h e  g a s k e t  g r o o v e s  
i d e  t h e  s h i e l d  w h i c h  i s  i n  t u r n  

* and h e l i u m  A l e v e l  d e t e c t o r  and  
n d i c a t e  t h e  e x i s t e n c e  o f  a l e a k ,  

1 6  

. 







. 





L o c a t s o n  o f  t h i s  l e a k  may be d e t e r m i n e d  by c h e c k i n g  i n d i v i d u a l  l i n e s .  Water 
p r e s s u r e  w i l l  be m a i n t a i n e d  s l i g h t l y  h i g h e r  t h a n  t h e  s o u p  p r e s s u r e  s o  t h a t  
l e a k a g e  w i l l  a l l  be i n t o  t h e  s o u p  s y s t e m .  

Status of ARE Construction. The new b u i l d i n g  f o r  t h e  HRE was o c c u p i e d  
a b o u t  M a r c h  1. S i n c e  t h a t  d a t e  a l l  u n d e F g r o u n d  s e r v i c e  l i n e s  h a v e  b e e n  
i n s t a l l e d  and  t h e  s h i e l d i n g  s t r u c t u r e  r a i s e d  t o  t h e  f l o o r  l e v e l .  E q u i p m e n t  
and  p i p i n g  for t h e  heavy-wa te r  sys t em i s  b e i n g  i n s t a l l e d  as  i t  becomes a v a i l -  
a b l e ,  O v e r - a l l  comple t ion  is a p p r o x i m a t e l y  20%* Progress o f  HRE c o n s t r u c t i o n  
i s  shown i n  F i g s ,  11 and 12 .  
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FIG. I I  PROGRESS OF HRE CONSTRUCTION 
SHOWING PLACEMENT OF D20 DUMP TANKS, D20 CELL PIPING, AND REACTOR SUPPORT FRAME 
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FIG. 12 PROGRESS OF HRE CONSTRUCTION 
OVERHEAD VIEW OF D20 DUMP TANKS AND REACTOR SUPPORT FRAME 
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U r a n y l  n i t r a t e  c o r r o s i o n  s t u d i e s  a t  150°C were s t a r t e d .  Of t h e  m a t e r -  
i a l s  t e s t e d ,  t i t a n i u m  a n d  z i r c o n i u m  showed s u p e r i o r  r e s i s t a n c e .  U r a n y l  
f l u o r i d e  t e s t s  a t  150°C showed s o l u t i o n  r e d u c t i o n  a t  t h e  end o f  168 h r  i n  u n -  
t r e a t e d  s t a i n l e s s  s t e e l  bombs. T h e r e  was n o  s o l u t i o n  r e d u c t i o n  when t h e  
bombs were i n i t i a l l y  p r e t r e a t e d  i n  1% n i t r i c  a c i d ,  I l l i u m  R e x h i b i t e d  t h e  
b e s t  c o r r o s i o n  r e s i s t a n c e  i n  a n  u n t r e a t e d  c o n d i t i o n  t o  u r a n y l  f l u o r i d e  a t  
15O'C c o n t a i n e d  i n  p r e t r e a t e d  bombs:  t h e  c o r r o s i o n  r a t e  was 0 . 4  m i l / y e a r  
a f t e r  900 h r .  

The  c o r r o s i o n  r e s i s t a n c e  o f  SAE 1 0 3 0  c a r b o n  s t e e l c  o f  w h i c h  t h e  HRE 
p r e s s u r e  v e s s e l  i s  c o n s t r u c t e d ,  i n  d i s t i l l e d  w a t e r  c o n t a i n i n g  s m a l l  amounts o f  
h y d r o g e n  p e r o x i d e  was d e t e r m i n e d  a t  200°C. G a l v a n i c  c o u p l e  t e s t s  w i t h  3 4 7  
s t a i n l e s s  s t e e l  were i n v e s t i g a t e d  a l s o .  The a d d i t i o n  o f  2 7 5  ppm of  t r i s o d i u m  
p h o s p h a t e  s e r v e d  a s  a n  e f f e c t i v e  c o r r o s i o n  i n h i b i t o r  e v e n  w i t h  h y d r o g e n  

p e r o x i d e  i n i t i a l l y  p r e s e n t .  

Status  of Corrosion Test ing Equipment 

S t a g n a n t  c o r r o s i o n  t e s t  a u t o c l a v e s  f o r  u s e  a t  250°C have been  i n c r e a s e d  
to a t o t a l  of  88,  P l a n s  a r e  i n  p r o c e s s  t o  f a b r i c a t e  a p p r o x i m a t e l y  2 0  t h e r m a l -  
c o n v e c t i o n  t e s t  l o o p s  o f  v a r i o u s  t y p e s  o f  s t a i n l e s s  s t e e l s  s u i t a b l e  f o r  

u r a n y l  s u l f a t e  e x p o s u r e  a t  250'C, Ten 2 - l i t e r  c a p a c i t y  a u t o c l a v e s  f o r  s t a g n a n t  
c o r r o s i o n  t e s t i n g  w i l l  b e  f a b r i c a t e d  Brom s t a i n l e s s  s t e e l s ,  t i t a n i u m ,  and 
z i r c o n  i um 

Twelve new s t a i n l e s s  s t e e l  a u t o c l a v e s  f o r  s t a g n a n t  c o r r o s i o n  s t u d i e s  a t  
e l e ~ a t e d  t e m p e r a t u r e s  h a v e  b e e n  r e c e i v e d  and  w i l l  b e  u s e d  t o  i n v e s t i g a t e  
u r a n y l  f l u o r i d e  s y s t e m s .  The a u t o c l a v e s  have an i n d i v i d u a l  c a p a c i t y  o f  225  m l .  

The six s t a i n l e s s  s t e e l  t h e r m a l - c o n v e c t i o n  l o o p s  p r e v i o u s l y  d e s c r i b e d i  j 

ha-re become i n o p e r a t i v e  o w i n g  t o  f a i l u r e  o f  t h e  e l e c t r i c a l  h e a t i n g  s y s t e m .  
T h e s e  l o o p s  were d e s i g n e d  f o r  o p e r a t i o n  a t  2 5 0 3 C  by means o f  c a l r o d  h e a t i n g  
e l e m e n t s  m e t a l l i z e d  d i r e c t l y  o n t o  o n e  l e g  o f  t h e  l o o p  T h i s  t y p e  o f  h e a t i n g  
a r r a n g e m e n t  r e s u l t e d  i n  f r e q u e n t  and e a r l y  b u r n - o u t  o f  t h e  c a l r o d  u n i t s  and 
l o c a l i z e d  h o t  s p o t s ,  N e w  t h e r m a l  l o o p s  a r e  b e i n g  d e s i g n e d  u s i n g  n i c h r o m e  
r i b b o n  a s  a h e a t  s o u r c e .  I t  i s  p l a n n e d  t o  f a b r i c a t e  2 0  o f  t h e s e  l o o p s  t o  
s t u d y  u r a n y l  s u l f a t e "  u r a n y l  n i t r a t e ,  and u r a n y l  f l u o r i d e  s y s t e m s  a t  e l e v a t e d  

a 

(1: J L English e6 a i . ,  " 'Out-of-Pi le  Corrosion '' Homo eneoas Reactor  Experiment Quarterly Progress 
Repol-' f ~ ?  Pe-iod Ending November 30, 1950, h L - 9 2 f  p ,  107, esp,  109 (Jan. 30, 1951). 
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t e m p e r a t u r e s .  T h e  l o o p s  w i l l  be  c o n s t r u c t e d  o f  t y p e  309 n i o b i u m  s t a b i l i z e d  
s t a i n l e s s  s t e e l ,  t y p e  347 s t a i n l e s s  s t e e l ,  t y p e  316 e x t r a - l o w  c a r b o n  s t a i n l e s s  
s t e e l ,  ' type 316 niobium s t a b i l i z e d  s t a i n l e s s  s tee l ,  C a r p e n t e r  20, and t i t a n i u m .  

S i x  a u t o c l a v e s ,  1 5 0 0  m l  i n  c a p a c i t y ,  a r e  b e i n g  d e s i g n e d  f o r  u s e  i n  h i g h -  
t e m p e r a t u r e  s t u d i e s .  T h e s e  a u t o c l a v e s  w i l l  b e  e q u i p p e d  w i t h  s a m p l e  c e l l s  t o  
p e r m i t  s o l ' u t i o n  w i t h d r a w a l  a t  o p e r a t i n g  t e m p e r a t u r e .  T h e  d e s i g n  w i l l  b e  s u c h  
t h a t  i n t e r c h a n g e a b l e  l i n e r s  o f  v a r i o u s  m a t e r i a l s  may be s u b s t i t u t e d ,  T i t a n i u m  
and z i r con ium c o r r o s i o n  w i l l  be i n v e s t i g a t e d  i n  t h i s  manner, 

The component  p a r t s  f o r  a 1 5 0 - g a l  dynamic  s y s t e m ,  347 s t a i n l e s s  s t e e l  

c o n s t r u c t i o n ,  h a v e  b e e n  f a b r i c a t e d  d u r i n g  t h e  p a s t  q u a r t e r ,  T h i s  un i ' t  w i l l  
o p e r a t e  w i t h  u r a n y l  s u l f a t e  a t  100°C and v e l o c i t i e s  a p p r o a c h i n g  2 5  f t / s e c .  

The C o r r o s i o n  L a b o r a t o r y  i s  u n d e r g o i n g  e x p a n s i o n  t o  i n c r e a s e  t h e  100°C 
c o r r o s i o n  t e s t  f a c i l i t i e s  by 30 u n i t s ' .  The t o t a l  e x p a n d e d  c a p a c i t y  w i l l  b e  
100 u n i t s .  

Corrosion Studies  

The r e s u l t s  o f  c o r r o s i o n  s t u d i e s  'dur ing t ,he p a s t  q u a r t e r  w i l l  b e  t r e a t e d  
u n d e r  t h e  f o l l o w i n g  h e a d i n g s :  (13  P r e t r e a t m e n t  F i l m s  on S t a i n l e s s  S t e e l s ,  
( 2 )  S t a i n l e s s  S t e e l  Thermal  Loop T e s t s , , ( 3 )  C o r r o s i o n  o f  T i t a n i u m , , ( 4 )  C o r r o -  
s i o n  o f  Z i r c o n i u m ,  ( 5 )  U r a n y l  N i t r a t e  C o r r o s i o n  S t u d i e s ,  ( 6 )  U r a n y l  F l u o r i d e  
C o r r o s i o n  S t u d i e s ,  and ( 7 )  C o r r o s i o n  of  R e f l e c t o r  M a t e r i a l s ,  

1. Pretreatment F i l m s  on S t a i n l e s s  S t e e l s .  T h e  u s e  o f  e i t h e r  1% by 
w e i g h t  o f  70% n i t r i c  a c i d  o r  2% b y  w e i g h t  of  chromium t r i o x i d e  ( C r 0 3 )  a t  250°C 
i m p a r t e d  p a s s i v e  c h a r a c t e r i s t i c s  on s t a i n l e s s  s t e e l s  u s e d  t o  c o n t a i n  u r a n y l  
s u l f a t e  s o l u t i o n s  a t  250'C. The c h a r a c t e r i s t i c s  o f  t h e s e  p r e t r e a t m e n t  f i l m s ,  
a s  d e t e r m i n e d  b y  s t a g n a n t  c o r r o s i o n  s t u d i e s ,  were d e s c r i b e d  i n  t h e  l a s t  

q u a r t e r l y  p r o g r e s s  r e p o s t -  . 2 ,  B o t h  t y p e s  o f  f i l m s  a p p e a r  t o  b e  h y d r o u s  
o x i d e s .  I n  t h e  c a s e  o f  t h e  n i t r i c  a c i d  f i l m ,  w h i c h  h a s  r e c e i v e d  t h e  m o s t  

s t u d y o  i t  a p p e a r s  t h a t  p a s s i v i t y  i s  n o t  e n t i r e l y  d u e  t o  t h e  f o r m a t i o n  o f  a 
b u l k  o x i d e  f i l m .  An a d d i ' t i o n a l  f a c t o r ,  p o s s i b l y  c h e m i s o r b e d  oxygen o r  w a t e r  
o f  c r y s t a l l i z a t i o n ,  may b e  a n  i n h e r e n t  component  o f  t h e  o x i d e  f i l m  i n  t h e  

( 2 )  J.  L. English and A,  R. Olsen,""Fiim Sszd-es  on P r e t r e a t e d  S t a i n l e s s  S t e e l , "  Horogsneous R e a z l a -  
Ex e r i r e n t  Qua. - ter ly  Prog-ass R e p o -  fo P:+iod Endqng B e b - u a ~ ~ y  28, 2951, CRNL-990, p a  43 ( b y  18, 
1 9 h .  
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oLTer a l l  mechanism o f  p a s s i v i t y ,  T h i s  a s s u m p t i o n  i s  b a s e d  on s e v e r a l  r a t h e r  
c o n c l u s i v e  l a b o r a t o r y  s t u d i e s  a s  f o l l o w s ,  

a .  P a s s i v i t y  was n o t  c o n f e r r e d  on s t a i n l e s s  s t e e l  m e r e l y  by h e a t i n g  
a u t o c l a v e  s u r f a c e s  i n  c i r c u l a t i n g  a i r  a t  250°C f o r  p e r i o d s  o f  
24 h r u  Such  p r e t r e a t m e n t  c o u l d  r e s u l t  o n l y  i n  a t h i c k e n i n g  o f  
t h e  n o r m a l  o x i d e  f i l m  on t h e  s t a i n l e s s  s t e e l *  I n  s u b s e q u e n t  
t e s t s  w i t h  u r a n y l  s u l f a t e  a t  250°C t h i s  o x i d e  f i l m  a l o n e  was n o t  
s u f f i c i e n t  t o  p r e v e n t  r e d u c t i o n  o f  t h e  s u l f a t e  s o l u t i o n ,  i , e  , 
t h e r e  were no p a s s i v e  p v o p e r t i e s  p r e s e n t  

T h e s e  r e s u l t s  i n d i c a t e  t h a t  w i t h  n i t r i c  a c i d  p r e t r e a t m e n t s  a t  
250°C t h e  p r e s e n c e  o f  oxygen o r  n i t r i c  o x i d e  from t h e  t h e r m a l  
d e c o m p o s i t i o n  o f  t h e  n i t r i c  a c i d  s e r v e s  n o t  o n l y  t o  p r o m o t e  
o x i d e  f i l m  f o r m a t i o n  on t h e  s t a i n l e s s  s t e e l  s u r f a c e s  b u t  a l s o  
may become an e s s e n t i a l  p a r t  o f  t h e  f i l m  a s  a d s o r b e d  a t o m i c  o r  
m o l e c u l a r  oxygen 

b .  S t a i n l e s s  s t e e l  spec imens  p r e t r e a t e d  i n  e i t h e r  n i t r i c  or chromic  
a c i d s  a t  2 5 0 ° C  l o s t  t h e  p a s s i v i t y  e f f e c t s  i m p a r t e d  by t h e s e  
t r e a t m e n t s  i f  t h e  s p e c i m e n s  were a l l o w e d  t o  r e m a i n  e x p o s e d  t o  
a i r  a t  room t e m p e r a t u r e s  f o r  p e r i o d s  e x c e e d i n g  3 d a y s ,  T h e s e  
s p e c i m e n s  when l a t e r  s u b j e c t e d  t o  u r a n y l  s u l f a t e  a t  2 5 0 ° C  
c a u s e d  r e d u c t i o n  o f  t h e  s u l f a t e  s o l u t i o n ,  Such b e h a v i o r a w o u l d  
i n d i c a t e  t h a t  i n i t i a l  f i l m  f o r m a t i o n  a t  250°C w a s  o c c u r r i n g  
u n d e r  m e t a s t a b l e  c o n d i t i o n s ,  E x t e n d e d  e x p o s u r e  t o  a i r  a t  room 
t e m p e r a t u r e  c a u s e d  a r e v e r s i o n  t o  t h e  n o r m a l  o x i d e  f i l m  w i t h  a 
l o s s  o f  some c o n s t i t u e n t  s u c h  a s  w a t e r  o f  c r y s t a l l i z a t i o n  o r  
p o s s i b l y  a d s o r b e d  oxygen from t h e  f i l m  I f ,  a f t e r  p r e t r e a t m e n t ,  
t h e  s p e c i m e n s  were a l l o w e d  t o  s t a n d  i n  w a t e r  o r  u r a n y l  s u l f a t e  
a t  room t e m p e r a t u r e  f o r  p e r i o d s  e x c e e d i n g  3 d a y s  t h e r e  w a s  n o  
r e s u l t a n t  l o s s  o f  p a s s i v i t y  d u r i n g  s u b s e q u e n t  e x p o s u r e  i n  u r a n y l  
s u l f a t e  a t  250°C 

The t w o  phenomena d e s c r i b e d  i n  ( a )  and ( b )  a r e  c o n s i d e r e d  s i g n i f i c a n t  a s  
a f f o r d i n g  a means t o  s t u d y  more c l o s e l y  t h e  g e n e r a l  mechanism o f  p r e t r e a t m e n t  
f i l m s . .  F u t u r e  s t u d i e s  w i l l  b e  c o n c e n t r a t e d  on t h e s e  two p h a s e s  w i t h  t h e  
u l t i m a t e  o b j e c t i v e  o f  d e t e r m i n i n g  w h e t h e r  o r  n o t  t h e  p a s s i v i t y  on s t a i n l e s s  
s t e e l s  a f t e r  p r e t r e a t m e n t  i s  a r e s u l t  o f  b u l k  o x i d e  f o r m a t i o n  a l o n e  o r  w h e t h e r  
o t h e r  c o n s t i t u e n t s  oxygen a n d / o r  w a t e r  o f  c r y s t a l l i z a t i o n ,  i s  c o n t r i b u t i n g  t o  
t h e  o v e r  a l l  mechanism o f  p a s s i v i t y ,  

S u f f i l c i e n t  d a t a  have been c o l l e c t e d  on t h e  s t a g n a n t  c o r r o s i o n  b e h a v i o r  o f  
p r e t r e a t e d  s t a i n l e s s  s t e e l s  i n  u r a n y l  s u l f a t e  a t  250°C t o  c o n c l u d e  t h a t :  

a .  I f  t h e  p s o t e c t i s e  f i l m  o b t a i n e d  by n i t r i c  O R  ch romic  a c i d  p r e -  
t r e a t m e n t s  i s  p r o p e r l y  f o r m e d  on s t a i n l e s s  s t e e l  s u r f a c e s ,  
t h e r e  i s  no  m e a s u r a b l e  l o s s  i n  t h e  u r a n i u m  c o n t e n t  o f  a 0 1 7  M 
u r a n y l  s u l f a t e  s o l u t i o n  ( a n a l y s e s  a r e  b a s e d  on i n i t i a l  and f i n a l  
v a l u e s  o v e r  e x p o s u r e  p e r i o d s  o f  1 week) .  
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6 .  C o r r o s i o n  a t t a c k  on v a r i o u s  t y p e s  o f  p r e t r e a t e d  s t a i n l e s s  s t e e l s  
i s  a l m o s t  n e g l i g i b l e  ( < I  m i l / y e a r )  when c o n d i t i o n  ( a )  p r e v a i l s ,  

For t h e s e  r e a s o n s  e m p h a s i s  w i l l  b e  p l a c e d  upon a s t u d y  o f  t h e  p r e t r e a t m e n t  
mechanism r a t h e r  t h a n  a c o n t i n u a t i o n  of  p u r e l y  r o u t i n e  c o r r o s i o n  s t u d i e s ,  The 
f o l l o w i n g  i n v e s t i g a t i o n s  w i l l  be  made d u r i n g  t h e  f o r t h c o m i n g  work p e r i o d -  

a. The e f f e c t  o f  t e m p e r a t u r e  on t h e  n a t u r e  and p r o p e r t i e s  o f  n i t r i c  
a c i d  and ch romic  a c i d  p r e t r e a t m e n t  f i l m s  T e m p e r a t u r e s  o f  150 ,  
200, and 250°C w i l l  b e  s t u d i e d  

b .  The e f f e c t  o f  m e t a l  s u r f a c e  c o n d i t i o n  on t h e  c h a r a c t e r i s t i c s  o f  
p r e t r e a t m e n t  f i l m s ,  T h i s  s t u d y  w i l l  i n c l u d e  v a r i o u s  d e g r e e s  o f  
a b r a d e d  f i n i s h e s  and  c h e m i c a l l y  e t c h e d  s u r f a c e s . .  T e m p e r a t u r e  
v a r i a t i o n s  w i l l  be i n c l u d e d  a l s o . .  

c .  The e f f e c t  o f  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  n i t r i c  and c h r o m i c  
a c i d s  a n d  o t h e r  o x i d a n t s  on t h e  s t a b i l i t y  o f  t h e s e  f i l m s  i n  
u r a n y l  s u l f a t e  s o l u t i o n s  a t  250°C.. 

T h e s e  i n v e s t i g a t i o n s  w i l l  b e  s u p p l e m e n t e d  by X - r a y -  d i f f r a c t i o n  s t u d i e s  and 
chemica l  a n a l y s e s  o f  p r e t r e a t m e n t  f i l m s  s t r i p p e d  from t h e  m e t a l  s u r f a c e s ,  

I n v e s t i g a t i o n s  comple t ed  d u r i n g  t h e  p a s t  q u a r t e r  c o n c e r n e d  w i t h  p r e t r e a t  
ment f i l m s  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  p a r a g r a p h s  I n  many cases  c o m p l e t e  
a n a l y t i c a l  r e s u l t s  were n o t  a v a i l a b l e  d u e  t o  t h e  t i m e  d e l a y  i n  p r o c e s s i n g  
s a m p l e s .  I n  t h e  i n t e r i m  t h e  c r i t e r i a  employed f o r  j u d g i n g  w h e t h e r  o r  n o t  a 
s p e c i f i c  c o r r o s i o n  t e s t  was p e r f o r m i n g  s a t i s f a c t o r i l y  were: ( a )  v i s u a l  
o b s e r v a t i o n  of  t h e  t e s t  s o l u t i o n ,  ( b )  measurement  o f  s o l u t i o n  pH, and ( c >  phys -  
i c a l  a p p e a r a n c e  and w e i g h t  v a r i a t i o n s  o f  t h e  c o r r o s i o n  t e s t  s p e c i m e n ,  P r o p e r  
e v a l u a t i o n  o f  t h e s e  t h r e e  c o n d i t i o n s  i n v a r i a b l y  r e s u l t e d  i n  v a l i d  i n t e r p r e t a -  
t i o n  of  a c o r r o s i o n  t e s t  a s  v e r i f i e d  l a t e r  by t h e  r e s u l t s  o f  c h e m i c a l  a n a l y s e s  
on t h e  t e s t  s o l u t i o n s  

Effect of Surface Condition v s o  E x p o s u s e  T i m e  on N-itrie:  Acid F i l m  Forma- 
tion at 250°C. The p h y s i c a l  a p p e a r a n c e  o f  n i t r i c  a c i d -  formed f i l m s  o n  t y p e  
347 s t a i n l e s s  s t e e l  s p e c i m e n s  v a r i e d  f r o m  s p e c i m e n  t o  spec imen  Most  o f  t h e  
s a m p l e s  c o n t i n u e d  t o  r ema in  h i g h l y  l u s t r o u s  w i t h  b r i l l i a n t  i n t e r f e r e n c e  t i n t s  
a f t e r  2 4  h r  i n  1% by w e i g h t  o f  7 0 %  HNO, a t  250°Cb  H o w e v e r ,  t h e  s a m p l e s  
f r e q u e n t l y  showed d u l l - b l a c k  c o a t i n g s  which were s t i l l  e x t r e m e l y  a d h e r e n t  b u t  
much t h i c k e r  t h a n  t h o s e  w h i c h  n o r m a l l y  a p p e a r e d  on t h e  c r e a t e d  s p e c i m e n s  
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These b l a c k  c o l o r e d  spec imens  e x h i b i t e d  t h e  same e x c e l l e n t  d e g r e e  o f  p a s s i v i t y  
i n  u r a n y l  s u l f a t e  a s  t h e  samples  h a v i n g  t h i n  l u s t r o u s  f i l m s  I t  was s u s p e c t e d  
c h a t  p e r h a p s  t h e  p r e v i o u s  t e s t  h i s t o r y  o f  t h e  s t a i n l e s s  s t e e l  a u t o c l a v e s  ( o r  
bombs) w a s  a c c o u n t i n g  f o r  t h e  d i f f e r e n c e s  i n  a p p e a r a n c e  Many o f  t h e  p r e -  
t r e a t m e n t s  were  r u n  i n  t e s t  a u t o c l a v e s  t h a t  h a d  been  p r e t r e a t e d  many t i m e s "  

had been s u b j e c t e d  t o  u r a n y l  s u l f a t e  e x p o s u r e s  w i t h  and w i t h o u t  s o l u t i o n  r e  

d u c t i o n  and had been  c h e m i c a l l y  e t c h e d  t o  remove a d h e r i n g  uranium o x i d e s  and 
c o r  r o s i on p F oduc t s 

To d e t e r m i n e  e x a c t l y  i f  t h e  p r e v i o u s  a u t o c l a v e  t e s t  h i s t o r y  w a s  i n f l u -  
e n c i n g  t h e  a p p e a r a n c e  o f  t h e  n i t r i c  a c i d  p r e t r e a t m e n t  f o u r  o l d  and f o u r  new 
a u t o c l a v e s  were  p r e p a r e d  f o r  t e s t  The o l d  bombs s e l e c t e d  had  been  i n  o p e r a  
t i o n  f o r  9 months d u r i n g  t h e  u r a n y l  s u l f a t e c c o r s o s i o n  t e s t i n g  program T h e s e  
bombs were f i r s t  c l e a n e d  i n  a HN0,-H,O, m i x t u r e  t o  d i s s o l v e  a n y u r a n i u m  o x i d e s ,  
washed and s c r u b b e d  i n  d i s t i l l e d  w a t e r  e t c h e d  1 0  min i n  10% HN0,- .4% H F - - l %  
HC1 ( b y  vo lume)  a t  60°C and washed and s c r u b b e d  t h o r o u g h l y  i n  h o t  d i s t i l l e d  
wa te r  The new bombs had n o t  been u s e d  p r e v i o u s l y  f o r  s u l f a t e  t e s t i n g  

The new and o l d  bombs w i t h  t y p e  347 s t a i n l e s s  s t e e l  s a m p l e s  were t r e a t e d  
w i t h  1% HNO, a c  250°C f o r  p e r i o d s  o f  1 4 8 and 2 4  h r  The s o l u t i o n s  were 

a n a l y z e d  f o r  i r o n  n i c k e l  and chromium a t  t h e  end o f  e a c h  r u n  Complete  d a t a  
a r e  l i s t e d  i n  T a b l e s  1 and 2 2  The c y p e  347 s t a i n l e s s  s t e e l  s p e c i m e n s  were 

p r e p a r e d  i n  che same manner f o r  a l l  t e s t s  P r e p a r a t i o n  c o n s i s t e d  o f  a b r a d i n g  
on Nos 80 and 120 g r i t  p a p e r  f o l l o w e d  by d e g r e a s i n g  i n  a c e t o n e  and a l c o h o l  

An e x a m i n a t i o n  o f  t h e  c h e m i c a l  a n a l y s e s  showed@ t h a t ,  

a The d i s s o l v e d  i r o n  c o n c e n t r a t i o n  i n  b o t h  new and o l d  bombs l e v  
e l e d  o f f  a t  1 ppm a f t e r  1 h r  a t  2 5 0 ° C  T h i s  i s  nor.  a t r u e  
measu re  o f  t h e  d i s s o l u t i o n  r a t e  o f  i r o n  s i n c e  i t  h a s  been  e s t a b  
l i s h e d  t h a t  i r o n  p r e c i p i t a t e s  f r o m  s o l u t i o n  a s  u F e 2 0 3 ,  The  
s m a l l  q u a n t i t i e s  o f  brown p r e c i p i t a t e  o b s e r v e d  i n  f i v e  o f  t h e  
f i n a l  t e s t  s o l u t i o n s  were i r o n  o x i d e s  

b The d i s s o l v e d  n i c k e l  g r a d u a l l y  d e c r e a s e d  i n  c o n c e n t r a t i o n  from 
3 2  t o  8 ppw i n  t h e  o l d  bombs w h i l e  i n  t h e  n e w  bombs i t  i n -  
c r e a s e d  s t e a d i l y  f r o m  5 9  t o  97 ppm Chromium, on t h e  o t h e r  
hand e x h i b ' i t e d  a t e n d e n c y  t o  i n c r e a s e  i n  c o n c e n t r a t i o n  i n  t h e  
o l d  b o m b s ,  a n d ,  w i t h  o n e  e x c e p t i o n  r e m a i n e d  l o w  a n d  f a i r l y  
c s n s t a n t  i n  c o n c e n t r a t i o n  d u r i n g  t h e  2 4  h r  i n  t h e  new bombs, 
Thus  i t  a p p e a r s  t h a t  on o l d  s u r f a c e s  n i t r i c  a c i d  s e l e c t i v e l y  
a t t a c k s  chromium i n  p r e f e r e n c e  t o  n i c k e l  o v e r  an e x t e n d e d  p e r i o d  
0 f  t i m e  w h i l e  on n e w l y  m a c h i n e d  s u r f a c e s  t h e  s i t u a t i o n  i s  
r e v e r s e d ,  i , e ,  n i c k e l  u n d e r g o e s  s e l e c t i v e  a t t a c k  i n  p r e f e r e n c e  
t o  chromium.. 
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TABLE 1 

Chemical Analyses of N i t r i c  Acid-Pretreatment Solutions 

? 

BOMB EXPOSURE 
TYPE (hi.) 

Old 1 
Old 4 
Old 8 
Old 24 

N e w  1 
N e w  4 
N e w  8 
New 24 

BOMB 
TYPE 

NICKEL 

32 
11 
19 

8 

59 
65 
60 
97 

Old 

Old 

Old 

Old 

N e w  

New 

N e w  

N e w  

CHROMIUM 

7 
20 

6 
33 

4 
<1 

109 
8 

EXPOSURE 
( h r )  

1.13 
1 1 3  
1 .13  
1 . 1 3  

1 , 1 3  
1 1 3  
1 , 1 3  
1 , 1 3  

1 

4 

8 

24 

1 

4 

8 

24 

1 .05  4 
0 - 7 2  1 
1 .15  1 
0 .50  1 

1. 05 5 
0 .82  1 
1 ,20  1 
0.50 <1 

DISSOLVED IONS ( p p d  
INITIAL I FINAL 1 7  

PH PH 

TABLE 2 

Corrosion Behavior o f  Type 34'7 Sta in le s s  
S t e e l  i n  1% N i t r i c  A c i d  a t  25OoC 

WEIGHT CHANGE 
(mg/cm2 I 

-0 ,127  

- 0.030 

-0 .015  

- 0 . 0 6 6  

-0 .015  

10 086 

~ 0 , 0 1 5  

-0.056 

SOLUTION CONDITION 
__ 

Water wh i t e ;  no  p r e c i p i t a t e  

P a l e  ye l low;  s l i g h t  brown 

P a l e  ye l low;  n o  p r e c i p i t a t e  

S t r o n g  ye l low co lo r .  n o  

p r e c i p i t a t e  

p r  ec i p i t  a t e 

Water w h i t e ;  s l i g h t  brown 

Water w h i t e ;  s l i g h t  brcwn 

Water w h i t e "  s l i g h t  b l a c k  

Water wh i t e :  no  p r e c i p i t a t e  

p r e c  i p i  Late 

p r e c i p i t a t e  

p r e c i p i t a t e  

SAMPLE APPEARANCE 
~ ~~ 

Shiny  black-brown s t r e a k s  

D u l l  g r a y - b l a c k  f i l m  

D u l l  g r a y - b l a c k  f i l m  

Sh iny  black-brown c o l o r  

L U S ~ E ~ U S  g o l d e n - p i n k  c o l o r  

Lus t rous  p lnk  i n t e r f e r e n c e  

L u s t r o u s  g r e e n - p i n k  co lo r  

t i n t  

L u s t r o u s  b l a c k  c o l o r  
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A l t h o u g h  t h e  t e s t  s p e c i m e n s  were p r e p a r e d  i n i t i a l l y  i n  t h e  same manner ,  
t h e i r  r e s u l t i n g  a p p e a r a n c e s  a s  removed from b o t h  t y p e s  o f  bombs were markedly  
d i f f e r e n t ,  Spec imens  removed from t h e  new bombs were l u s t r o u k  w i t h  b r i l l i a n t  
c o l o r s  d u e  t o  i n t e r f e r e n c e  p a t t e r n s .  T h e  s p e c i m e n s  removed f r o m  t h e  o l d  

bombs were b l a c k  i n  c o l o r ,  a n d ,  i n  two c a s e s ,  t h e y  were d u l l  i n  a p p e a r a n c e ,  
T h e s e  s a m p l e s  h a v e  been  s u b m i t t e d  f o r  X - r a y - d i f f r a c t i o n  s t u d i e s  i n  o r d e r  t o  
d i s c e r n  a n y  d i f f e r e n c e s  i n  t h e  s t r u c t u r e  o f  t h e  f i l m s ,  The  y e l l o w  c o l o r  
a p p e a r i n g  i n  t h e  n i t r i c  a c i d  s o l u t i o n s  i n  t h e  o l d  bombs a f t e r  4 ,  8 ,  and 24 h r  
was a t t r i b u t e d  t o  t h e  o x i d a t i o n  o f  m e t a l l i c  chromium t o  chromium(V1) by t h e  
n i t r i c  a c i d .  

FINAL URANIUM 
( g / l i t e r )  

39.3 
36.3 
28.6 
39.7 
40. 5 

Not a v a i l  ab1 e 

Effect of Continuous Long-Time Exposure o n  Film and Solution Stability at 

250°C. A g roup  o f  t e s t s  was r u n  w i t h  0 - 1 7  h! u r a n y l  s u l f a t e  s o l u t i o n  a t  25OoC 
c o n t a i n e d  i n  n i t r i c  a c i d - - p r e t r e a t e d  s t a i n l e s s  s t e e l  bombs w h i c h  r e m a i n e d  
c l o s e d  f o r  p e r i o d s  o f  1 t o  6 weeks.  The o b j e c t  o f  t h e s e  t e s t s  was t o  c o n f i r m  
t h e  n e c e s s i t y  f o r  oxygen t o  r e p a i r  and m a i n t a i n  t h e  p a s s i v e  f i l m .  The  t e s t  

bombs were  c h e m i c a l l y  c l e a n e d  and p r e t r e a t e d  f o r  24  h r  i n  1% HNO, a t  250°C. 
Type 347 s t a i n l e s s  s t e e l  s a m p l e s  were t r e a t e d  i n  s i m i l a r  f a s h i o n ,  The u r a n y l  
s u l f a t e  s o l u t i o n s  and s a m p l e s  were p l a c e d  i n  t h e  bombs and  h e a t e d  t o  250"C, 
One bomb from t h e  o r i g i n a l  g roup  o f  s i x  was removed week ly ,  s o  t h a t  c o n t i n u o u s  
e x p o s u r e  w a s  o b t a i n e d  o v e r  a p e r i o d  o f  1 t o  6 w e e k s ,  The d a t a  f r o m  t h e s e  
t e s t s  a p p e a r  i n  T a b l e  3 . +  

SAMPLE WEIGHT 
CHANGE ( m g / c m 2 )  

0.00 
0.12 

93.55 
+O. 03 
-0.04 
-0.03 

TABLE 3 

EXPOSURE 
(weeks) 

1 
2 
3 
4 
5 
6 

Effect of Continuous Exposure on Film Stability 
in Uranyl Sulfate at 250°C 

INITIAL FINAL 
PH P H  

2.4 2.4 
2.4 2.3 
2.4 1.3 
2.4 2.0 
2"4 2.4 
2.4 2.3 

I n i t i a l  u ran ium:  3 8 . 7  g / l i t e r  

Dull b lack f i l m  
Shiny b lue -b lack  f i l m  
Uranium ox ide  s c a l e  
Lustrous red~brown f i l m  
Shiny black f i l m  
Dull  black f i l m  
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A d e c r e a s e  i n  t o t a l  u r a n i u m  c o n t e n t  was f o u n d  a s  t h e  e x p o s u r e  t i m e  i n -  
c r e a s e d  t o  3 weeks.  The sample  removed a t  t h e  end o f  t h e  3-week t e s t  e x h i b i t e d  
a w e i g h t  g a i n  d u e  t o  t h e  a c c u m u l a t i o n  o f  u r a n i u m  o x i d e s  on t h e  s u r f a c e s ,  A 
r e d u c t i o n  o f  26% i n  t o t a l  u ran ium o c c u r r e d  d u r i n g  t h i s  r u n  and t h e  s o l u t i o n  pH 

d r o p p e d  f rom 2 . 4  t o  1 . 3 .  C h e m i c a l  a n a l y s e s  f o r  t h e  f o u r t h -  a n d  f i f t h - w e e k  
t e s t s  showed n o  r e d u c t i o n  i n  t o t a l  u r a n i u m  c o n t e n t  f rom t h e  o r i g i n a l  v a l u e ,  
T h i s  phenomenon was n o t  e x p e c t e d  a f t e r  t h e  b e h a v i o r  d u r i n g  t h e  f i r s t  3 weeks ,  
One p o s s i b l e  e x p l a n a t i o n  f o r  t h e  f a i l u r e  o f  t h e  s o l u t i o n s  t o  u n d e r g o  r e d u c t i o n  
may l i e  i n  t h e  p r e v i o u s  t e s t  h i s t o r y  o f  t h e  bombs u s e d  i n  t h e s e  t e s t s ,  The  
bombs had  been  s u b j e c t e d  t o  numerous p r e t r e a t m e n t s  s o l u t i o n  r e d u c t i o n s ,  and 
r o u t i n e  t es t s  i n  u r a n y l  s u l f a t e  a t  250"C, V a r i a t i o n s  i n  s u r f a c e  c o n d i t i o n  may 
c o n t r i b u t e  t o  t h e  e r r a t i c  r e s u l t s  

A d d i t i o n a l  t es t s  t o  i n v e s t i g a t e  t h e  oxygen e f f e c t  on f i l m  s t a b i l i t y  w i l l  
be  run a t  250°C i n  u r a n y l  s u l f a t e  s o l u t i o n s ,  T h e s e  w i l l  i n c l u d e .  

a. C o n t i n u o u s  e x p o s u r e  o f  1 t o  6 weeks i n  newly machined s t a i n l e s s  
s t e e l  bombs which were p r e t r e a t e d  f o r  2 4  h r  i n  1% HNO, a t  250°C. 

b .  C o n t i n u o u s  e x p o s u r e s  o f  1 t o  6 weeks i n  u n t r e a t e d  newly machined 
s t a i n l e s s  s t e e l  bombs. The u r a n y l  s u l f a t e  s o l u t i o n  w i l l  c o n t a i n  
1% HNO, Y 

C .  An i n v e s t i g a t i o n  t o  s t u d y  t h e  e f f e c t s  o f  c o m p l e t e  oxygen d e a e r a -  
t i o n  and v a r i o u s  p a r t i a l  p r e s s u r e s  o f  oxygen  on n i t r i c  a c i d . - - -  
p r e t r e a t e d  s u r f a c e s  > 

Uranyl Sulfate Sokutron Stability at 250°C as a Function of Exposure T i m e  
in Untreated Stainless Steel S y s t e m s ,  C o r r o s i o n  t e s t s  w e r e  r u n  i n  t y p e  347 
s t a i n l e s s  s t e e l  bombs u s i n g  0 1 7  M u r a n y l  s u l f a t e  s o l u t i o n  T h e  bombs 
p r e v i o u s l y  u s e d  f o r  o t h e r  t e s t s  were c l e a n e d  a t  room t e m p e r a t u r e  f o r  4 t o  6 
h r  i n  20% h y d r o c h l o r i c  a c i d  c o n t a i n i n g  0 5% R o d i n e  No 60 ( a  h i g h  m o l e c u l a r  
w e i g h t  complex o r g a n i c  compound used  a s  an i n h i b i t o r )  A f t e r  t h o r o u g h  w a s h i n g  
i n  d i s t i l l e d  wa te r  t h e  bombs were f u r t h e r  c l e a n e d  by e x p o s u r e  f o r  1 h r  i n  10% 
HNO, a t  1 3 0  t o  1 4 0 ° C  A f i n a l  s c r u b b i n g  a n d  r i n s i n g  i n  d i s t i l l e d  w a t e r  
f o l l o w e d .  Type 347  s t a i n l e s s  s t e e l  t e s t  s p e c i m e n s  3 1 5  c m  i n  d i a m e t e r  and 
0 . 5  cm i n  t h i c k n e s s  were p o l i s h e d  on Nos 80 and 1 2 0  
a c e t o n e  and a l c o h o l .  These  s p e c i m e n s  were Xes ted  i n  a 

t h e  volume o f  s o l u t i o n  u s e d  i n  e a c h  bomb was 150  m l  

p a p e r  and  d e g r e a s e d  i n  
c o l d  r o l l e d  c o n d i t i o n :  
Samples  were s u s p e n d e d  
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F I N A L  U R A N I U M (  1%') 
I 

F I N A L  URANIUM 
( g / l i t e r )  (PP" t  

3 9 . 4  6 6 . 5  

36 .9  1 7 6 . 2  

34 .3  73.0 

0 . 0 4  170 .0  

0.46 3 7 5 . 0  

0- 04 198 .0  

i n  t h e  s o l u t i o n  by means o f  q u a r t z  h o o k s ,  The t o t a l  i n t e r n a l  s u r f a c e  a r e a  o f  
t h e  t e s t  bomb, i n c l u d i n g  t h e  s a m p l e ,  was 3 3 5  cm20  T h e  s o l u t i o n - v o l u m e  t o  
s u r f a c e - a r e a  r a t i o  ( m l : c m 2 ) ,  t h e r e f o r e ,  was 1 : 2 . 2 .  

F I N A L  
PH 

1 . 2  

1 . 9  

1 . 7  

1 . 9  

1- 4 

2 .0  

T h e  o v e n  u s e d  f o r  h e a t i n g  t h e  a s s e m b l e d  t e s t  bombs was p r e h e a t e d  t o  
25OCC. S i x  bombs were weighed and p l a c e d  i n  t h e  oven and 1 h r  was a l l o w e d  f o r  
t h e  bombs t o  r e a c h  t h i s  t e m p e r a t u r e ,  The bombs were t h e n  r emoved ,  o n e  a t  a 

t i m e ,  a t  i n t e r v a l s  o f  1, 2 ,  4 ,  8 ,  16;, and 2 4  h r ,  The s o l u t i o n s  were removed 
a f t e r  c o o l i n g  and f i l t e r e d  f o r  c h e m i c a l  a n a l y s e s  o f t h e  f i l t r a t e s  and r e s i d u e s .  
S o l u t i o n  p H  d e t e r m i n a t i o n s  were made i m m e d i a t e l y  a f t e r  t h e  bombs were d i s -  
m a n t l e d .  The t e s t  s p e c i m e n s  were d r i e d  and w e i g h e d ,  d e f i l m e d  f o r  2 5  min a t  

b o i l i n g  t e m p e r a t u r e  i n  20% HNO, ,  a n d  r e w e i g h e d  t o  d e t e r m i n e  t h e  amount  o f  
uran ium o x i d e s  a d h e r i n g  t o  t h e  s u r f a c e s .  R e s i d u e s  were  s u b m i t t e d  f o r  o p t i c a l  
e x a m i n a t i o n ,  t h e  f i l t r a t e s  were a n a l y z e d  f o r  t o t a l  uranium and u ran ium(1V) .  

The r e s u l t s  o f  s o l u t i o n  a n a l y s e s ,  t h e  c o n d i t i o n  o f  t e s t  s a m p l e s  and s o l u -  
t i o n s  t h e  c o r r o s i o n  d a t a ,  and t h e  amount o f  uran ium removed from t h e  s a m p l e s  

by t h e  HNO, d e f i l m i n g  t r e a t m e n t "  a p p e a r  i n  T a b l e s  4A.E. 

TABLE 4A 

Chemical Analyses of Test So lu t ions  

I n i t i a l  u r a n i u m :  40 5 g / l '  i t e r  
I n i t i a l  u ran ium(  I V ) :  56,O ppm 
I n i t i a l  pH; 2.4 

T I P  A T  
250 C ( h r )  

1 

2 

4 

8 

16 

24 
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TIP@ AT 
250 C t h r )  

1 

‘ 2  

4 

8 

16 

24 

TIWE AT 
250 C ( h r )  

1 

2 

4 

8 

16 

24 

TABLE 4B 

Condition of Test Specimens 

SAMPLE APPEARANCE 

High ly  l u s t r o u s  un i fo rm go lden  p i n k  i n t e r f e r e n c e  t i n t s  

H i g h  y l u s t r o u s ,  ye l low b l u e  g reen  i n t e r f e r e n c e  p a t t e r n s  

B r i l  i a n t  ye l low r e d  w i t h  t r a c e s  of  g reen  i n t e r f e r e n c e  c o l o r s  

D u l l  b l a c k  f i l m .  i r r e g u l a r  s c a l e  f o r m a t i o n  

Dull1 g r e e n -  b l a c k  f i l m  s c a l y  p r o d u c t  accumula t ion  

Dull g r e e n  b l a c k  f i l m .  s c a l e  a c c u m u l a t i o n s  

TABLE 4C 

Condition of Test Solutions 

SOLUTION APPEARANCE 

P a l e  y e l l o w  z o l o r  muddy brown colored r e s i d u e  

P a l e  y e l l o w  c o l o r  muddy brown c o l o r e d  r e s i d u e  

P a l e  y e l l o w  color muddy brown and b l a c k  c o l o r e d  r e s i d u e  

L i g h t  g r e e n  c o l o r ;  heavy b l a c k  r e s i d u e  

L i g h t  g r e e n  c o l o r ,  heavy b l a c k  r e s i d u e  

L i g h t  g r e e n  c o l o r ,  hea-vy b l a c k  r e s i d u e  

i 
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TIME AT 
25OoC ( h r )  

1 

2 

4 

8 

1 6  

24 

TABLE 4 D  

Corrosion Data for  Type 347 S t a i n l e s s  S t e e l  Specimens 

WEIGHT CHANGE 
AFTER HEATING 

( m g )  

9 3 . 1  

+ 2 . 1  

93 .2  

9 1 5 . 6  

9218.0  

955.7 

916 .2  

+10:9 

916 .2  

9 8 1 . 4  

91137.9  

9290 .8  

WEIGHT CHANGE 
AFTER HEATING 
AND DEFILMING 

9 5 . 0  

95 .0  

95.2 

.- 31 .6  

j 3 4 . 4  

- 3 8 . 9  

TABLE 4E 

926 .1  

9 2 6 . 1  

126 .4  

- 164.9  

r_ 179.6  

- 2 1 3 . 1  

Total Uranium Recovered from Test Specimens 

DEFILMED METAL 
THICKNESS LOSS 

(mils) 

0 . 0 8 3  

0.087 

0 .099  

T I P  AT 
250 C ( h r )  

1 

2 

4 

8 

16  

24 

TOTAL URANIUM 
RECOVERED (mg) 

7 . 2  

5 .0  

7 . 2  

36 .0  

160 .0  

62 .0  

35 



R e d u c t i o n  o f  t o t a l  u r a n i u m  c o n t e n t  p r o c e e d e d  s t e a d i l y  d u r i n g  t h e  f i r s t  
4 h r  o f  t e s t ;  d u r i n g  t h e  & t o  8-hr e x p o s u r e  p e r i o d  n e a r l y  c o m p l e t e  r e d u c t i o n  
o f  uranium from t h e  o r i g i n a l  u r a n y l  s u l f a t e  s o l u t i o n  t o o k  p l a c e ,  The s o l u t i o n  
pH d ropped  a b r u p t l y  d u r i n g  t h e  f i r s t  h o u r  from 2 4 t o  1 2 ,  t h i s  was t h e  l o w e s t  
pH r e c o r d e d  d u r i n g  t h e  e n t i r e  t e s t  s e r i e s  The pH r e s u l t s  were e r r a t i c  and n o  
d i r e c t  c o r r e l a t i o n  between t o t a l  u ran ium c o n t e n t  and pH was e s t a b l i s h e d  The 
uranium(1V) r e s u l t s  were l e s s  e r r a t i c  and showed a d e f i n i t e  i n c r e a s e  from t h e  
i n i t i a l  c o n t e n t  o f  56 t o  375 ppm d u r i n g  t h e  f i r s t  1 6  h r  o f  t e s t -  a d e c r e a s e  t o  
198 ppm o c c u r r e d  d u r i n g  t h e  l a s t  8 h r  o f  e x p o s u r e  I r o n  n i c k e l  and chromium 
c o n t e n t s  were n o t  d e t e r m i n e d  on t h e  f i l t r a t e s  a n d  c a n n o t  b e  r e p o r t e d  The 
r e s i d u e s ,  a s  i d e n t i f i e d  i n  p r e v i o u s  t e s t s  u n d o u b t e d l y  c o n s i s t e d  o f  m i x t u r e s  

o f  UO,, U,O,, and a F e 2 0 3 ,  

The r e d u c t i o n  o f  uran ium from u r a n y l  s u l f a t e  i s  p r o b a b l y  a c c o m p a n i e d  by 
t h e  f o r m a t i o n  o f  s m a l l  amoun t s  of  f r e e  s u l f u r i c  a c i d .  The s u l f u r i c  a c i d  i n  
t u r n ,  a c c e l e r a t e s  c o r r o s i o n  a t t a c k  on t h e  s t a i n l e s s  s t e e l  a u t o c l a v e  w a l l s ,  . 
w h i c h  r e s u l t s  i n  t h e  a p p e a r a n c e  o f  i r o n ,  n i c k e l ,  a n d  chromium i o n s  i n  t h e  
u r a n y l  s u l f a t e  s o l u t i o n ,  T h e  i r o n ,  a n d  p o s s i b l y  chromium,  f o r m s  i n s o l u b l e  
compounds w h i c h  p r e c i p i t a t e  w i t h  t h e  u r a n i u m  o x i d e s ,  g i v i n g  more  s u l f u r i c  
a c i d .  

V a r i a t i o n s  i n  pH r e s u l t s  may w e l l  be  a c c o u n t e d  f o r  by t h e  complex s e r i e s  
o f  c h e m i c a l  r e a c t i o n s  w h i c h  t a k e s  p l a c e  w h i l e  a u r a n y l  s u l f a t e  s o l u t i o n  i s  
u n d e r g o i n g  r e d u c t i o n b  These  r e a c t i o n s  c o u l d  i n v o l v e -  

a. P r o g r e s s i v e  r e d u c t i o n  of U02S0, t o  WO, ( i n t e r m e d i a t e  p r o d u c t  m a y  
be u r a n y l  s u l f a t e ,  U,O, h a s  been d e f i n i t e l y  f o u n d ) "  

b .  F o r m a t i o n  o f  s m a l l  amounts  o f  f r e e  s u l f u r i c  a c i d  by t h e  u r a n y l  
s u l f a t e  r e d u c t i o n  p r o c e s s ,  

C .  R e a c t i o n  o f  t h e  s u l f u r i c  a c i d  w i t h  i r o n ,  n i c k e l  chromium, a n d  
o t h e r  c o n s t i t u e n t s  o f  t h e  s t a i n l e s s  s t e e l  t e s t  bombs, . 

The t e s t  s p e c i m e n s  showed b r i l l i a n t  i n t e r f e r e n c e  t i n t s  d u r i n g  t h e  f i r s t  
4 h r  o f  e x p o s u r e  The  a p p e a r a n c e  o f  r e d  a n d  g r e e n  t i n t s  on t h e  s a m p l e s  e x  
p o s e d  2 and 4 h r  i n d i c a t e s  s e c o n d  a n d  t h i r d  i n t e r f e r e n c e  p a t t e r n s ,  w h i c h ,  i n  
t u r n , i n d i c a t e  i n c r e a s i n g  f i l m  t h i c k n e s s  a s  a f u n c t i o n  o f  t i m e  and t e m p e r a t u r e  
T h e  s p e c i m e n s  e x p o s e d  8 ,  1 6 ,  a n d  2 4  h r  were c o a t e d  w i t h  a g r e e n i s h - b l a c k  
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s c a l e ,  A f t e r  d e f i l m i n g ,  low-power  o p t i c a l  e x a m i n a t i o n  d i s c l o s e d  s l i g h t l y  
e t c h e d  s u r f a c e s  w i t h  no s i g n s  o f  l o c a l i z e d  a t t a c k ,  

An a p p a r e n t  r e d u c t i o n  i n  t o t a l  u ran ium c o n t e n t  was e v i d e n t  f rom t h e  con-  
d i t i o n  o f  t h e  s u l f a t e  s o l u t i o n s  d u r i n g  t h e  f i r s t  4 h r ,  A l t h o u g h  t h e  f i l t r a t e s  
from t h e s e  s o l u t i o n s  were c h a r a c t e r i s t i c a l l y  y e l l o w  i n  c o l o r ,  f a i r  amounts  o f  
b r o w n i s h - b l a c k  r e s i d u e s  were c o l l e c t e d  w h i c h  c o n t a i n e d  p r e c i p i t a t e d  u r a n i u m  
and i r o n  o x i d e s .  The s o l u t i o n s  e x p o s e d  8 ,  1 6 ,  and 24 h r  were l i g h t  g r e e n  i n  
c o l o r ,  s h o w i n g  t h e  p r e s e n c e  o f  s o l u b l e  n i c k e l ,  u r a n i u m ( I V ) ,  a n d / o r  chromium. 
Bu lky ,  b l a c k - c o l o r e d  r e s i d u e s  were a l s o  p r e s e n t  i n  a b u n d a n t  q u a n t i t i e s .  

No s i g n i f i c a n t  c o r r o s i o n  a t t a c k  was o b s e r v e d  on t h e  t y p e  347 s t a i n l e s s  
s t e e l  t e s t  s p e c i m e n s  d u r i n g  t h e  f i r s t  4 h r  a t  250°C. T h e r e  d i d  n o t  a p p e a r ,  by 
v i s i b l e  e x a m i n a t i o n ,  t o  be a n y  a d h e r i n g  d e p o s i t s  o f  u r a n i u m  o x i d e s  o n  t h e  
m e t a l  s u r f a c e s .  Weight  g a i n s  on t h e s e  s p e c i m e n s  a v e r a g e d  2 * 8  mg on a s u r f a c e  

a r e a  o f  1 g d 2  cm2@ Samples  exposed  8 ,  1 6 ,  and 24 h r  showed much h e a v i e r  w e i g h t  
g a i n s ,  218 .0  mg b e i n g  t h e  g r e a t e s t .  A l l  s p e c i m e n s  were d e f i l m e d  i n  b o i l i n g  

20% HNO, f o r  25 min t o  remove uranium o x i d e  s c a l e .  The s a m p l e s  e x p o s e d  1, 2 ,  
a n d  4 h r  e x h i b i t e d  a g r e a t e r  t h a n  '(as removed" w e i g h t  i n c r e a s e  e v e n  t h o u g h  
s m a l l  q u a n t i t i e s  o f  u r a n i u m  were f o u n d  i n  t h e  a n a l y s i s  o f  t h e  d e f i l m i n g  
s o l u t i o n s ,  The c o r r o s i o n  e f f e c t  o f  t h e  d e f i l m i n g  t r e a t m e n t  o n  unexposed  t e s t  
s p e c i m e n s  was d e t e r m i n e d  p r e v i o u s l y  t o  be n e g l i g i b l e ,  The i n c r e a s e  i n  w e i g h t  
on t h e  exposed  spec imens  by t h e  d e f i l m i n g  o p e r a t i o n  i n d i c a t e s  t h a t  a t  t h e  same 
time d i s s o l u t i o n  o f  u r a n i u m  o x i d e s  was o c c u r r i n g  a r e a c t i o n - p r o d u c e d  p i c k - u p  
f rom t h e  HNO, was c a u s i n g  a n  i n c r e a s e  i n  w e i g h t  o f  t h e  s a m p l e s .  T h e  l a s t  
t h r e e  s p e c i m e n s ,  e x p o s e d  8 ,  1 6 ,  and 24 h r ,  showed s i g n ?  o f  c o r r o s i o n  a t t a c k *  
The m e t a l  t h i c k n e s s  l o s s ,  f o r  t h e  a c t u a l  t i m e  o f  e x p o s u r e ,  was 0 .083  m i l  f o r  
8 hr and 0 .099  m i l  for 24  h r ,  T h e s e  v a l u e s  r e p r e s e n t  a u n i f o r m  t y p e  o f  c o r -  

r o s i o n  a t t a c k ,  No p i t t i n g  c o r r o s i o n  a t t a c k  was e v i d e n t ,  

T h e  amount  o f  t o t a l  u r a n i u m  removed i n  t h e  H N O , - d e f i l m i n g  s o l u t i o n s  
shows f a i r l y  good a g r e e m e n t  w i t h  t h e  w e i g h t  i n c r e a s e  o r i g i n a l l y  d e t e r m i n e d  on 
t h e  t e s t  spec imens  "as  removed" from t h e  u r a n y l  s u l f a t e  s o l u t i o n s .  

Under t h e  t e s t  c o n d i t i o n s  u s e d ,  t h e  f o l l o w i n g  c o n c l u s i o n s  were r e a c h e d :  

a .  I n  u n t r e a t e d  t y p e  347 s t a i n l e s s  s t e e l  s y s t e m s  a t  250"C, t o t a l  
u r a n i u m  r e d u c t i o n  i s  g r a d u a l  b u t  s t e a d y  d u r i n g  t h e  f i r s t  4 h r  
(15 .3% r e d u c t i o n ) ,  Between 4 and 8 h r  e x p o s u r e  t o t a l  u r a n i u m  
r e d u c t i o n  from t h e  u r a n y l  s u l f a t e  was n e a r l y  100% c o m p l e t e .  
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. b e  No d e f i n i t e  c o r r e l a t i o n  o f  uranium(1V) and s o l u t i o n  pH v s  t o t a l  
u ran ium c o n t e n t  was o b t a i n e d  a l t h o u g h ,  i n  g e n e r a l  u ran ium(1V)  
c o n t e n t s  i n c r e a s e d  w i t h  d e c r e a s i n g  t o t a l  u ran iun l  c o n c e n t r a t i o n  
d u r i n g  t h e  f i r s t  16 h r  o f  t e s t  

c ,  Type, 347 s t a i n l e s s  s t e e l ,  a f t e r  c h e m i c a l  d e f i l m i n g  sI-owe('  a 
s l i g h t  w e i g h t  i n c r e a s e  d u r i n g  t h e  f i r s t  4 h r  a d e f i n i t e  w e i L 1 , t  
d e c r e a s e  was f o u n d o n s a m p l e s  exposed  4 t o  24  h r  a f t e r  d e f i l r c i n g  
The m e t a l  t h i c k n e s s  l o s s  d i d  n o t  e x c e e d  0 1 m i l  i n  t h e s e  c a s e s  

2.  S t a i n l e s s  S t e e l  Thermal Test Loops, A s t a i n l e s s  s t e e l  t h e r m a l  l o o p  
d e s c r i b e d  p r e v i o u s l y ( ' )  was o p e r a t e d  f o r  169  h r  c o n t a i n i n g  0 . 1 7  M u r a n y l  
s u l f a t e  a t  250°C.. S e v e r a l  f a c t o r s  were p r e s e n t  i n  t h e  d e s i g n  o f  t h i s  l o o p  
which c o u l d  c a u s e  o r  c rea te  u n f a v o r a b l e  c o n d i t i o n s  f o r  t h e  o p e r a t i o n  o f  u r a n y l  
s u l f a t e  r u n s .  These  were. 

a 

a .  L o c a l i z e d  h o t - s p o t s  on t h e  m e t a l  w a l l  b e n e a t h  t h e  h e a t i n g  e l e  
ment,s c o u l d  c a u s e  i m p r o p e r  f o r m a t i o n  or d e t e r i o r a t i o n  o f  t h e  
n i t r i c  a c i d - -  p r e t r e a t m e n t  f i l m  Whereas  t h e  no rma l  te 'mperature  
o f  o p e r a t i , o n  i s  250°C t h e  p p e s e n c e  o f  l o c a l i z e d  h e a t i n g  may 
r e s u l t  i n  t e m p e r a t u r e s  o f  300 t o  400°C or h i g h e r  T h i s  c o n d i t i o n  
w a s  f o u n d  p r e v a l k n t ' i n  t h o s e  t h e r m a l  l o o p s  w h i c h  h a d  c a l r o d  
h e a t e r  e l e m e n ' t s  m e t a l l i z e d  d i r e c t l y  t o  t h e  s t a i n l e s s  s t e e l  
t u b i n g .  Above 300°C a two p h a s e  r e g i o n  e x i s t s  i n  t h e  UO,SO, H,O 
s y s t e m ;  one p h a s e ,  t h e  u r a n i u m , r i c h  p h a s e  i s  known t o  ,be q u i t e  
c o r r o s i v e  

b .  T h e . t e m p e r a t u r e  a t  t h e  b a s e  o f  t h e  c o l d  l e g  o f  t h e  l o o p  a v e r a g e d  
200°C d u r i n g  t h e  o p e r a t i o n  o f  t h e  l o o p  a t  250°C T h e r e f o r e  
d u r i n g  t h e  n i t r i c  a c i d  p r e t r e a t m e n t  t h i s  p o r t i o n  o f  t h e  l o o p  was 
o n l y  a t  200°C P r e v i o d s  s t a g n a n t  t e s t  d a t a  h a d  shown t h a t  a 
n i t r i c  a c i d  p r e t r e a t m e n t  a t  200°C w a s  n o t  e f f e c t i v e  f o r  s u b s e -  
q u e n t  o p e r a t i o n  i n  u r a n y l  s u l f a t e  a t  250°C 

T h i s  p a r t i c u l a r  l o o p  w a s , u s e d  p r e v i o u s l y  f o r  a r u n  o f  6 3 3  h r  w i t h  u r a n y l  
s u l f a t e  a t  25OoC Rear  t h e  end  o f  t h i s  r u n  t h e  measured  uranium c o n t e n t  was 
38.0 g / l i t e x  i n s t e a d  o f  t h e  i n i t i a l  39 0 g / l i t e r  The a c c u r a c y  o f  t h e  a n a l y t -  
i c a l  method r a t h e r  t h a n  a n y  a c t u a l  r e d u c t i o n  i n  t h e  u r a n y l  s u l f a t e  s o l u t i o n  
may have a c c o u n t e d  f o r  t h i s  d i f f e r e n c e  An a d d i t i o n  o f  1 9  m l  o f  90% HNO, was 
made t o  t h e  u r a n y l  s u l k g t e  and t h e  l o o p  was o p e r a t e d  f o r  42 h r  more T o t a l  
uranium a g a i n  checked  a t  3 8 . 0  g / l i t e r  and t h e  run wasr s t o p p e d  No p r e c i p i t a t e d  
i i r an ium o x i d e s  were f o u n d  ,II t h e  s u l f a t e  s o l u t i o n  a f t e r  d r a i n i n g  f r o m  t h e  
l o o p ,  which was t h e n  r i n s e d  s e - J e r a l  t i m e s  w i t h  d i s t i l l e d  w a t e r  and a l l o w e d  t o  

s t a n d  open t o  a i r  

. 
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A f t e r  s t a n d i n g  4 d a y s  open t o  a i r  t h e  l o o p  was f i l l e d  w i t h  1050  m l  o f  1% 
by  w e i g h t  o f  70% n i t r i c  a c i d  a n d  p r e t r e a t e d  a t  250°C f o r  1 2  h r .  A s m a l l  
amount o f  brown b l a c k  p r e c i p i t a t e ,  a Fe203#  was found  i n  t h e  s o l u t i o n  a t  t h e  
e n d  o f  t h e  p r e t r e a t m e n t .  The s o l u t i o n  pH c h a n g e d  f r o m  a n  i n i t i a l  v a l u e  o f  
0 . 9 5  t o  a f i n a l  v a l u e  o f  1 . 3 "  S u c c e s s i v e  r i n s e s  w i t h  d i s t i l l e d  w a t e r  were 
w a t e r  w h i t e  i n  c o l o r  and  f r e e  o f  any p r e c i p i t a t e d  m a t e r i a l s ,  

The u n i t  w a s  t h e n  f i l l e d  w i t h  1050 m l  o f  u r a n y l  s u l f a t e  c o n t a i n i n g  2 9 . 5  g 
o f  u r a n i u m  p e r  l i t e r .  The  t e m p e r a t u r e  o f  o p e r a t i o n  w a s  250°C. The l o o p  was 
c o o l e d  d a i l y  t o  p e r m i t  s a m p l e  w i t h d r a w a l .  T h i s  c o o l i n g  a n d  r e h e a t i n g  c y c l e  
i n v o l v e d  a "down-time" o f  2 h r ,  I n  r emov ing  s a m p l e s ,  t h e  s a m p l i n g  t u b e  w a s  

f i r s t  f l u s h e d  w i t h  t h e  t e s t  s o l u t i o n  b e f o r e  an a c t u a l  sample w a s  t a k e n ,  

T a b l e  5 shows t h e  r e s u l t s  of s o l u t i o n  a n a l y s e s  d u r i n g  t h e  1 6 9 - h r  r u n ,  
The  r u n  w a s  t e r m i n a t e d  a t  t h i s  t i m e  t o  p e r m i t  r e b u i l d i n g  o f  t h e  e l e c t r i c a l  
c o n t r o l  s y s t e m ,  

TABLE 5 

SAMPLE 
TIME ( h r )  

0 

1 0  

36 

56 

7 6  

98 

144( 1 

121 

169 

Chemical Analyses of  Uranyl S u l f a t e  Solut ion Contained 
i n  a N i t r i c  Acid--Pretreated Type 347 

S t a i n l e s s  S t e e l  System a t  250°C 

SOLUTION 
PH 

~ 

2.52  

2 . 6 0  

2 . 5 5  

2 - 5 3  

2 "  59 

2 .60  

2. sa 
2.. 59 

2 .50  

TOTAL URANIUM 
( g / l i t e r )  

29. 5 

28 .3  

28. a 
29.7 

30 .3  

29. 5 

30 .0  

29 .8  

28. a 

URANIUM( IV) 
(mg/1 i te r  ) 

N D ( = )  

25 .0  

23.0 

70. 4 

27.0 

22 .8  

22.6 

34 .0  

2 5 . 6  

DISSOLVED IONS ( m g / l i t e r )  

IRON 

N D  
IS(E) 

IS 

<1 

ND 

2 . 3  

-5.6 

5 = 0  

N I CKEL 

ND 

IS  

<1 

ND 

<1 

c1 
2.. 5 

<1 

3 5  

CHROMIUM 

ND 

IS 

IS 

<1 

6 . 6  

0. a 
2 . 4  

1. 3 

30 9 

( a )  A n a l y s i s  n o t  d e t e r m i n e d .  

( b )  I n s u f f i c i e n t  sample  f o r  a n a l y s i s .  

(:I 260 mP o f  t h e  o r i g i n a l  u r a n y l  s u l f a t e  b a t c h  added t o  sys tem ( a f t e r  sampl ing)  t o  re- 
p] e n i s h  s o l u t i o n  removed by sampl ing .  
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The f i n a l  volume o f  s o l u t ' i o n  1 0 0 0  m l ,  d r a i n e d  f r o m  t h e  l o o p  was c l e a r  
a n d  y e l l o w  i n  c o l o r  A v e r y  s m a l l  q u a n t i t y  5 t o  1 0  mg o f  u Fe,03 w a s  
p r e s e n t  

The t o t a l  uranium c o n t e n t  remained f a i r l y  c o n s t a n t  d u r i n g  t h e  1 6 9 - h r  run  
The f a c t  t h a t  f o u r  o f  t h e  a n a l y s e s  were h i g h e r  t h a n  t h e  s t a r t i n g  v a l u e  may b e  
a r e s u l t  of  t h e  a n a l y t i c a l  method a c c u r a c y  

S o l u t i o n  pH m e a s u r e m e n t s ,  t a k e n  a f t e r  c o o l i n g  t h e  s a m p l e s  t o  room t e m -  

p e r a t u r e  were c o n s i s t e n t  It h a s  been o b s e r v e d  i n  o t h e r  ' tests t h a t  g e n e r a l l y  
any l o w e r i n g  o f  t h e  pH v a l u e  i n d i c a t e s  a r e d u c t i o n  o f  t h e  u r a n y l  s u l f a t e  s o l u  
t i o n ,  No s u c h  i n d i c a t i o n s  were  p r e s e n r ,  i n  t h i s  r u n  Uranium(1V)  a n a l y s e s  
were o f  c o n s i s t e n t  m a g n i t u d e  e x c e p t  f o r  one v a l u e  o f  7 0 . 4  m g / l i t e r  a t  t h e  end 
o f  42 h r ,  U n l e s s  d e t e r m i n e d  w i t h i n  4 h r  a f t e r  s a m p l i n g  u r a n i u m ( 1 V )  v a l u e s  
show o n l y  r e l a t i v e  t r e n d s  s i n c e  t h e  u r a n i u m ( 1 V )  i o n  i s  e a s i l y  o x i d i z e d  upon 
e x p o s u r e  t o  a i r -  

+ \  

A f t e r  a c o n s i d e r a t i o n  o f  t h e  t e s t  method a n d  t e s t i n g  c o n d i t i o n s  t h i s  
1 6 9 - h r  r u n  was c o n s i d e r e d  a s u c c e s s f u l  one  The c r i t e r i a  f o r  t h i s  c o n c l u s i o n  
were c h e  c o n s i s t e n c y  o f  pH and  t o t a l  u r a n i u m  m e a s u r e m e n t s  t h e  a b s e n c e  o f  
u r a n i u m  o x i d e s  i n  t h e  t e s t  s a m p l e s ,  and t h e  low c o n c e n t r a t i o n s  o f  d i s s o l v e d  
i r o n ,  n i c k e l ,  and chromium f o u n d  i n  t h e  s o l u t i o n s  The amount o f  d i s s o l v e d  
i r o n  d e t e r m i n e d  i n  t h e  t e s t  samples  i s  n o t  a t r u e  measure o f  c o r r o s i o n  e v a l u a -  
t i o n  s i n c e  i r o n  p r e c i p i t a t e s  f rom s o l u t i o n  a s  an o x i d e  

A t h e r m a l  l o o p  tes t  w a s  run u s i n g  an u n t r e a t e d  c y p e  347 s t a i n l e s s  s t e e l  

s y s t e m ,  The t e s t  s o l u t i o n  was u r a n y l  s u l f a t e  c o n t a i n i n g  1% by w e i g h t  o f  70% 
n i t r i c  a c i d ,  The l o o p  w a s  f i r s t  c h e m i c a l l y  c l e a n e d  and washed t h o r o u g h l y  i n  
d i s t i l l e d  w a t e r  The ~ o l u m e  o f  t e s t  s o l u t i o n  w a s  1200  m l  and  t h e  u n i t  w a s  

h e a t e d  t o  250°C S a m p l e s  were removed d a i l y  The r u n  c o n t i n u e d  f o r  1 5 4  h r  
a f t e r  whidh t i m e  a shutdown w a s  n e c e s s i t a t e d  by h e a t e r  e l e m e n t  f a i l u r e  The 
r e s u l t s  o f  s o l u t i o n  a n a l y s e s  a p p e a r  i n  T a b l e  6 

T o t a l  u ran ium a n a l y s e s  were c o n s i s t e n t  i n  v a l u e  u n t i l  t h e  end o f  t h e  run 

a t  which p o i n t  a d e c r e a s e  from 29 7 t o  28 0 g / l i t e r  w a s  o b s e r v e d  The d r o p  i n  
pH f rom l a 2  t o  0 8 w a s  d u e  t o  t h e  a d d i t i o n  o f  new s o l u t i o n  c o n t a i n i n g  7 0 m l  
o f  70% n i t r i c  a c i d  The d i s s o ? w e d  i o n s  e s p e c i a l l y  n i c k e l  were c o n s i d e r a b l y  
h i g h e r  i n  c o n c e n t r a t i o n  t h a n  e n c o u n t e r e d  i n  r u n s  wi-th n i t r i c  a c i d  - p r e t r e a t e d  
s y s t e m s  

I 
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TABLE 6 

:OTAL URANIUM 
( g/ I i t e r  ) 

Chemical Analyses of Uranyl Sulfate Containing 
1% Nitric Acid in an Untreated Type 347 

Stainless Steel System at 250°C 

URANIUM(1V) 
(mg/l i ter ) 

SAMPLE 
TIME (hr )  I soL:,lm 

29. 5 

29"  7 

29 .0  

2 9 . 3  

29 .4  

29 .3  

2 8 , 8  

29 .7  

28 .0  

I I 

ND( a )  

36.0 

33. 5 

60 .0  

21 .6  

1 6 , 2  

2 2 . 4  

6 5 . 0  

21 .0  

0 

9 

23 

42 

62 

8 4  

PO7 

P301cj 

154 

1.1 

1 . 2  

1.1 

1 . 2  

1.1 

1 . 2  

1 . 2  

1 . 2  

0 . 8  

DISSOLVED IONS { m g / l i t e r )  

I RON I NICKEL 

<1 

<1 

<1 

<1 

I S  

4 . 8  

<1 

14 5 
<l 

<P 

I S ( b )  

213,O 

I S  

I S  

64. 5 
288.0 

I S  

240.0 

CHROMIUM 

<1 

IS 

I S  

6 8 . 0  

IS 

<1 

<1 

43.8  

5 . 8  

I 

( a )  Analysis not determined. 

( b )  Insuff ic ient  sample for analys is ,  

( c j  Added 340 m l  of original uranyl su l fa te  and 7.0 m l  of concentrated HN03 ( a f t e r  sampling) to re- 
place solution withdrawn by sampling. 

T h i s  p a r t i c u l a r  t y p e  o f  t h e r m a l  l o o p  h a s  b e e n  r e d e s i g n e d  t o  e l i m i n a t e  
o v e r h e a t i n g  e f f e c t s  S i x  o f  t h e  new l o o p s  a r e  n e a r i n g  c o m p l e t i o n  and w i l l  be 
p l a c e d  i n t o  o p e r a t i o n  d u r i n g  t h e  f o r t h c o m i n g  q u a r t e r ,  

3. The Corrosion of Titanium. The c o r r o s i o n  program on t i t a n i u m  m e t a l  
i n  u r a n y l  s u l f a t e  s o l u t i o n s  a t  250°C i s  b e i n g  e x p a n d e d  r a p i d l y .  T e s t s  a r e  
b e i n g  r u n  a t  p r e s e n t  i n  p r e t r e a t e d  s t a i n l e s s  s t e e l  bombs, b u t  p l a n s  a r e  i n  
p r o g r e s s  t o  f a b r i c a t e  two a l l - t i t a n i u m  a u t o c l a v e s  h a v i n g  a c a p a c i t y  o f  1500 m l  
e a c h ,  v 

S a m p l e s  o f  c o m m e r c i a l - g r a d e  t i t a n i u m  p l a t e ,  1/4 i n ,  t h i c k ,  h a v e  b e e n  

t e s t e d  i n  0 1 7  M u r a n y l  s u l f a t e  a t  250°C f o r  p e r i o d s  of 5 t o  8 weeks.  Samples  
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were t o t a l l y  immersed,  p a r t i a l l y  immersed,  and  t o t a l l y  e x p o s e d  t o  v a p o r ,  The 
s p e c i m e n s  were a b r a d e d  on Nos, 80 a n d  1 2 0  g r i t  p a p e r  a n d  d e g r e a s e d  p r i o r  t o  
t e s t ,  No o t h e r  i n i t i a l  t r e a t m e n t  was used. .  T e s t s  were r u n  i n  s t a i n l e s s  s t e e l  

t e s t  bombs which were p r e t r e a t e d  e v e r y  2 weeks i n  1% HNO, f o r  2 4  h r  a t  25O0CU 
The t e s t  samples  and s o l u t i o n s  were i n s p e c t e d  weekly 

EXPOSURE 
(weeks) 

1 

2 

3 

4 

5 

6 

7 

8 

The c u m u l a t i v e  w e i k h t  changes  on t h e s e  s a m p l e s  a r e  i n c l u d e d  i n  T a b l e  7 a s  
a f u n c t i p n  o f  e x p o s u r e  t i m e  

CUMULAT; 

TOTAL IMMERSICN 

>e0 048 

+O 103 

+ O  080 

+o 070 

+O 048 

i 0 . 0 4 2  

+ O .  054 

Y O  042 

TABLE 7 

Corrosion of Commercial-Grade Titanium 
in 0.17 M Uranyl Sulfate at 2SO'C 

E WEIGHT CHANGE (mg/ 

PARTIAL IMMERSICN 

0 0 .  

0.017 

0 014 

0" 025 

0 017 

VAPOR EXPOSURE 

0 006 

- 0  017 

0 014 

. O  025 

- 0  006 

A l t h o u g h  s o l u t i o n  a n a l y s e s  h a v e  n o t  been c o m p l e t e d  f o r  t h e s e  t e s t s ,  r e -  
s u l t s  o b t a i n e d  t h u s  f a r  h a v e  n o t  shown any  i n d i c a t i o n s  o f  s o l u t i o n  r e d u c t i o n  
and t h e  i n i t i a l  ahd f i n a l  s o l u t i o n  pH measured f o r  e a c h  weekly r u n  have u n d e r -  
gone  l i t t l e  c h a n g e "  F i n a l  pH v a l u e s  a v e r a g e  2 2 t o  2 3 a s  c o m p a r e d  t o  t h e  
i n i t i a l  pH o f  2 . 4 >  

The s a m p l e s  a p p e a r e d  i n  e x c e l l e n t  c o n d i t i o n  t h r o u g h o u t  t h e  t , eses  A l l  
e x h i b i t e d  a h i g h l y  l u s t r o u s  u n i f o r m  g o l d e n - y e l l o w  color No " r i s i b l e  cor 
r o s i o n  p r o d u c t s  o r  a d h e r e n t  a - a n i u m  o x i d e  s c a l e s  w e r e  o b s e r v e d  On t h e  
specimen p a r t i a l l y  e x p o s e d  t o  t h e  l i q u i d  and l a p o r  p h a s e s  t h e r e  were no  s i g n s  
of w a t e r - l i n e  c o r r o s i o n  a t t a c k  
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S e v e r a l  o t h e r  g r a d e s  o f  t i t a n i u m  meta l  were t e s t e d ,  T h e s e  were o b t a i n e d  
from Rem Cru T i t a n i u m ,  I n c " . ,  and c o n s i s t e d  o f :  

a ,  T u b i n g ,  3/8 i n ,  O , D ,  by 1 0  i n ,  l o n g ,  made by w e l d i n g  i n t o  a t u b e  
w i t h  1 /2  i n .  O , D , ,  g r i n d i n g  t h e  o u t s i d e  o f  t h e  weld w i t h  a b e l t .  
and d r a w i n g  t o  s i z e .  

b .  S h e e t ,  1/8 by 1 2  by 12 i n  c o n t a i n i n g  0.17% c a r b o n  and h a v i n g  a 
t e n s i l e  s t r e n g t h  o f  9 4 , 0 0 0  p s i  and a y i e l d  s t r e n g t h  o f  8 6 , 0 0 0  
p s i ,  

c .  S l a b ,  1 / 4  by 1 by 1% i n . .  made o f  t h e  p u r e s t  m a t e r i a l  t h a t  
c a n  be p r o d u c e d  t o  d a t e  by t h e  K r o l l  p r o c e s s ,  T h i s  m a t e r i a l  i s  
l o w  i n  c a r b o n ,  oxygen and n i t r o g e n  

R e s u l t s  o f  c o r r o s i o n  t e s t s  i n  0 . 1 7  M u r a n y l  s u l f a t e  a t  25OoC a p p e a r  i n  
T a b l e  8 -  

TYPE 

Tubing 

robing 

Sheet 

Sheet 

53 ab 

S1 ab 

TABLE 8 

Corrosion of Various Types of Titanium 
in 0.17 M Uranyl Sulfate at 250°C 

CONDITION 

Not  annea!ed; degreased 

Annealed a t  E200*F; dF- 
s c a l e d  i n  sodium hydride 

Annealed and degreased 

Annealed; p o l i s h e d  on No@. 
80 and 120; degreased 

A s  rece ived;  degreased 

A s  r e c e i v e d :  p o l i s h e d  onNoz 
80 and 120; degreased 

EXPOSURE 
(weeks) 

/EIGHT CHANGE 
(mg 'cm2 j 

- 0 . 3 0  

- 0 . 1 0  

0 006 

- 0 . 1 4  

-0.. 20 

+ 0 . 0 4  

CORROSION RATE 
(mil s / y e a r )  

0 . 2 6  

0 13 

0.01 

0 . 1 7  

0 03 

A l l  s a m p l e s  were c h a r a c t e r i z e d  by l u s t r o u s  g o l d e n - y e l l o w  i n t e r f e r e n c e  

c o l o r s . .  No i n d i c a t i o n s  of  s o l u t i o n  r e d u c t i o n  were o b s e r v e d ,  T h e s e  t e s t s  a r e  
b e i n g  c o n t i n u e d  

4 3  



4. The Corrosion of Zirconium. The c o r r o s i o n  b e h a v i o r  o f  z i r c o n i u m - t i n  
a l l o y s  i n  u r a n y l  s u l f a t e  a t  25OoC h a s  c o n t i n u e d  t o  be e x c e l l e n t ,  T h e s e  a l l o y s  

c o n t a i n  a nomina l  3 t o  5% t i n  a d d i t i o n  To d a t e  t h e  c o r r o s i o n  r e s i s t a n c e  o f  
t h i s  m a t e r i a l  h a s  b e e n  s u p e r i o r  t o  t h a t  o f  a n y  B u r e a u  o f  M i n e s  z i r c o n i u m  
t e s t e d  

One s a m p l e ,  c o n t a i n i n g  3% t i n .  h a s  been e x p o s e d  t o  Oo17 M u r a n y l  s u l f a t e  
a t  250°C f o r  a p e r i o d  o f  11 weeks The sample showed a c u m u l a t i v e  w e i g h t  g a i n  
o f  0 . 3  mg/cm2, A sample  c o n t a i n i n g  5% t i n  h a s  shown an e q u i v a l e n t  w e i g h t  g a i n  
a f t e r  8 w e e k s  a t  2 5 0 ° C  i n  u r a n y l  s u l f a t e  B o t h  s a m p l e s  e x h i b i t e d  h i g h l y  
l u s t r o u s ,  m e t a l l i c  g r a y  s u r f a c e s  a t  t h e  end  o f  t h e  t e s t s  No f o r m a t i o n  o f  
l i g h t  g r a y  c o r r o s i o n  p r o d u c t s  w a s  o b s e r v e d  a s  e n c o u n t e r e d  f r e q u e n t l y  on Bureau 
o f  Mines z i r c o n i u m  s p e c i m e n s  

A d d i t i o n a l  s a m p l e s  o f  5% t i n  a l l o y  p r o d u c e d  by t h r e e  m e l t i n g  t e c h n i q u e s  
from v a r i o u s  s o u r c e s  a r e  u n d e r g o i n g  c o r r o s i o n  t e s t s  i n  u r a n y l  s u l f a t e  T h e s e  
d a t a  a r e  p r e s e n t e d  i n  T a b l e  9 

W I G H T  CHANGE 
(mg/cm2 1 SOURCE 

MIT 

BuMi n e s 

BuMines* 

BMI 

BMI 

CORROSION RATE 
(mi l s /year )  

TABLE 9 

Corrosion of Zirconium Containing 5% Tin Addition 
in 0.17 M Uranyl Sulfate at 25OoC 

METHOD OF MELTING 

Induct ion mel ted  i n  graphi te  

Res i s tance  m e !  t ed  i n  graphitc 

Res is tance  melted i n  graphite 

Induct ion mel ted  i n  graphi te  

‘‘ W ”  arc mel ted  

MELTING 
SMCK 

BuMi n e s 
sponge 

BuMines 
sponge 

BuMines 
sponge 

BuMin es 
sponge 

Crysta l  
bar  

EXPOSURE 
(weeks) 

7 

7 

7 

5 

5 0 . 0 1  

O o 2  I 
*Contains 3% t in .  
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The s p e c i m e n s  were d a r k  brown i n  a p p e a r a n c e  a t  t h e  e n d  o f  t h e  e x p o s u r e  
p e r i o d s ,  The "W" a r c  m e l t e d  sample  o f  c r y s t a l  b a r  w a s  more l u s t r o u s  t h a n  t h e  
o t h e r  s p e c i m e n s .  

WEIGHT CHANGE 
(mg/cm2 1 

1 SOLUTION p~ I TOTAL URANIUM 

FINAL 

5. Uranyl Nitrate Corrosion Studies. A g r o u p  of f o u r  tes ts  w a s  r u n  a t  
150°C u s i n g  u r a n y l  n i t r a t e  s o l u t i o n  c o n t a i n i n g  3 l U 1  g o f  u r a n i u m  p e r  l i t e r .  
T h e s e  t e s t s  were c o n d u c t e d  i n  u n t r e a t e d ,  c h e m i c a l l y  c l e a n e d  s t a i n l e s s  s t e e l  

bombs, The t e s t  s a m p l e s  were p r e p a r e d  by a b r a d i n g  on N o s ,  80 and  120  g r i t  
p a p e r  a n d  d e g r e a s i n g ,  R e s u l t s  f o r  a n  e x p o s u r e  p e r i o d  o f  1 week a p p e a r  i n  
T a b l e  10.. 

CORROSION RATE 
( m i  1 s/year) 

TABLE 10 

MATERIAL 

Corrosion of Various Materials in Uranyl Nitrate Solution at 150°C 

INITIAL FINAL INITIAL 

33" 3 

32.0 

31.8 

30 7 

- 

-0.86 9 - 2 0  

-0 21 0 54 

+ O .  04 

+ O  05 

347 ss 
309 Nb SS 

Titanium 

ByManes 
zirconium 

I I I 

0 9  1.2 31.1 

0.9 1 2  31 1 

0 9  1 3  31.1 

0 9  1 1  31.1 

Type 347 s t a i n l e s s  s t e e l  s u f f e r e d  t h e  m o s t  i n t e n s e  c o r r o s i o n  a t t a c k ,  The 
s a m p l e  was a l u s t r o u s  b r o w n - p u r p l e  c o l o r  w i t h  n o  i n d i c a t i o n  o f  o t h e r  t h a n  a 
u n i f o r m  c o r r o s i o n  damage,  Type 309  s t a i n l e s s  s t e e l  e x h i b i t e d  more s u p e r i o r  
c o r r o s i o n  r e s i s t a n c e ,  w h i l e  t i t a n i u m  and z i r c o n i u m  showed t h e  b e s t  c o r r o s i o n  
r e s i s t a n c e  

No r e d u c t i o n i n  t o t a l  uranium c o n t e n t  was found i n  t h e s e  t e s t s  by c h e m i c a l  
a n a l y s e s ,  The s o l u t i o n s  d i d  c o n t a i n ,  h o w e r e r ,  s m a l l  q u a n t i t i e s  o f  i n s o l u b l e  
b r o w n - c o l o r e d  p r e c i p i t a t e  which were p r o b a b l y  i r o n  o x i d e s ,  

6. Uranyl Fluoride Corrosion Studies. P r e v i o u s  t e s t s  h a v e  i n d i c a t e d  

t h a t  t h e  a u s t e , n i t i c  s t a i n l e s s  s t e e l s ,  t i t a n i u m :  t a n t a l u m ,  i n c o n e l ,  and o t h e r  
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I 

a l l o y s  c o n s i s t i n g  p r i m a r i l y  o f  chromium, n i c k e l ,  a n d  i r o n ,  e x h i b i t e d  s a t i s -  
f a c t o r y  c o r r o s i o n  r e s i s t a n c e  t o  u r a n y l  f l u o r i d e  a t  1OO5C, S p e c i m e n s  o f  
s e v e r a l  o f  t h e s e  m e t a l s  were exposed t o  u r a n y l  f l u o r i d e  (2 !L4 g of  u r a n i u m p e y  
l i t e r )  a t  150'C i n  u n t r e a t e d  t y p e  347 s t a i n l e s s  s t e e l  bombs f o r  7 d a y s  
Al though c h e m i c a l  a n a l y s e s  o f  t h e  t e s t  media  a r e  i n c o m p l e e e ,  t h e  q p p e a r a n c e  o f  
a b r o w n i s h - b l a c k  p r e c i p i t a t e  accompanied by a d e c r e a s e  i n  s o l u t i o n  pH i n d i c a t e d  
f h e  f l u o r i d e  was r e d u c e d ,  The  c o r r o s i o n  d a t a  f o r  t h e s e  t e s t s  a r e  g i v e n  i n  
T a b l e  11. 

TABLE 11 

Corrosion Behavior o f  Various Me ta l6  Exposed 
t o  Uranyl Fluoride a t  150°C i n  Untreated 

Type 347 S t a i n l e s s  S tea l  Bombs 

MATERIAL 

T i t a n i u m  

309 SS 

304 SS 

321 SS 

316 SS 

Inc one 1 

Durimet  20 

C a r p e n t e r  20 

W o r t h i t e  

WEIGHT CHANGE 
: mg/dm*/day 1 

02 .85  

90.83 

-1.75 

-1.75 

-3,81 

-6,86 

-6.80 

- a  " 7 7  

s- 1 6 -  E 

PENETRATION RATE 1 
I SURFACE APPEARANCE d mi 1 s/ y e a r ) 

0 31 

0" 3 1  

0 69 

1 16 

1, 23 

1.40 

2.91 

Reddish-brown i n t e r f e r e n c e  c o l o r s  

Gree? and r e d  i n t e r f e r e n c e  colors 

B l a c k  uranium ox ide  scahe 

Black  uranium o x i d e  s c a l e  

Black  uranium o x i d e  s c a l e  

B r i g h t  m e t a l l i e  Bussre 

B r i g h t  m e t a l l i c  lustre 

B r i g h t  a e t a l , l i c  l u s t r e  

B r i g h t  m e t a l l i c :  lustre 

Uranium r e d u c t i o n  h a s  n o s  b e e n  o b s e r v e d  i n  t e s t s  r u n  a t  150°C i n  p r e -  
t r e a t e d  bombs, The p r e t r e a t m e n t  c o n s i s t e d  o f  h e a t i n g  t h e  bombs a e  250°C f o r  

24 h r  i n  1% HNO, U n t r e a t e d  s a m p l e s  o f  347 s t a i n l e s s  s t e e l  and  I b P i u m  R 
e x h i b i t e d  c o r r o s i o n  r a t e s  o f  1, 1 0  and  0 4 2  miJs/yeas, r e s p g c t i v e l y ,  a f t e r  

a p p r o x i m a t e l y  925  h r  o f  e x p o s u r e ,  The f l u o r i d e  s o l u t i o n s  were c h a n g e d  and 
s a m p l e d  7 t i m e s  d u r i n g  t h e  c 0 u r s e  of t h e s e  test..s. T h e  s m a l l  v a r i a t i o n s  in 
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t o t a l  u r a n i u m  c o n c e n t r a t i o n  were w i t h i n  t h e  f2% a c c u r a c y  o f  t h e  a n a l y t i c a l  
method u s e d  f o r  d e t e r m i n i n g  t h i s  e l e m e n t ,  The maximum t e t r a v a l e n t  u r a n i u m  

c o n c e n t r a t i o n  o h t a i n e d  was 68 m g / l i t e r ,  No s i g n i f i c a n t  v a r i a t i o n s  i n  s o l u t i o n  
pH f rom t h e  o r i g i n a l  v a l u e  o f  3 .25  were o b s e r v e d ,  C o r r o s i o n  d a t a  f o r  t h e s e  
t e s t s  a r e  g i v e n  i n  T a b l e s  1 2  and 1 3 ,  

PENETRATION RATE 
( rn i l s /yea r )  

TABLE 12 

TOTAL URANIUM URANIUM( Iv)  
( g/ 1 iter ) 

’ 

( mg/ 1 i t er ) 

Corrosion Behavior o f  Untreated 347 S t a i n l e s s  S t e e l  Exposed 
t o  Uranyl Fluoride a t  150°C i n  Pretreated Bomb 

CUMULATIVE 

I h r )  
TIME 

- 
24 

68  

159 

248 

415” 5 

583 5 
924  5 

1 5  2 

9.. 8 

8 3  

7.. 4 

‘6-5 

7>0 

6 1  

PENETRATION RATE 
( m i l s / y e a r )  

2.75  

1 .77  

1 .49  

1 . 3 4  

l e  35 

1.. 26 

1 .10  

TOTAL URANIUM 
( g / l i t e r )  

29.0 

29 .2  

29.5 

29.2 

2 9 , 3  

29.0 

TABLE 13 

Corrosion Behavior o f  I l l ium R Exposed t o  Uranyl 
Fluoride a t  150°C i n  Pretreated Bomb 

URANI yh! ( I V  ) 
( m d l i t e r )  

19 

6 4  

27 

28 

38 

13  

24 

68 

159 

248 

4B5d 5 

583., 5 

9 2 4 . 5  

6 . 1 4  

4 . 8 5  

3 .76  

3.39 

2.96 

2 .65  

2 , 4 1  

1 , 0 7  

0 . 8 4  

0 - 6 5  

0 .59  

0 -  52 

29,O 

29.0 

29 .4  

2 9 . 5  

29.2 

1 6 . 4  

52.0 

60.8 

42.0 

6 8 * 0  

0 . 4 6  1 2 9 . 1  I 17 

I I 0 - 4 2  
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O t h e r  s t u d i e s  t o  d e t e r m i n e  t h e  s o l u t i o n  s t a b i l i t y  a t  150, 200, and 250°C 
have  been  r u n  i n  b o t h  u n t r e a t e d  and p r e t r e a t e d  t y p e  347 s t a i n l e s s  s t e e l  bombs. 
Chemica l  a n a l y s e s  f o r  t h e s e  t e s t s  a r e  i n c o m p l e t e ,  and i t  i s  n o t  known w h e t h e r  
u r a n i u m  r e d u c t i o n  o c c u r r e d .  However ,  no  v o l u m i n o u s  p r e c i p i t a t e s  h a v e  b e e n  
o b s e r v e d  i n  t h e s e  t e s t s ,  a l t h o u g h  t h e  pH o f  t h e  s o l u t i o n s  u s e d  i n  t h e  u n -  
t r e a t e d  bombs, e s p e c i a l l y  a t  t h e  h i g h e s t  t e m p e r a t u r e ,  u s u a l l y  showed a marked 
d e c r e a s e .  

Condit ion 1: 
D i s t i l  l e d  water; 
no hydrogen perox ide  

Condit ion 2: 
D i s t i l l e d  water 

7. Corrosion o f  R e f l e c t o r  Mater ia ls .  C o r r o s i o n  s t u d i e s  a t  2OO0C w i t h  

m i l d  c a r b o n  s t e e l  ( p o l i s h e d  SA5 1030 c a r b o n  s t e e l  d i s k s )  exposed  t o  d i s t i l l e d  
w a t e r  c o n t a i n i n g  s m a l l  c o n c e n t r a t i o n s  o f  h y d r o g e n  p e r o x i d e  h a v e  r e s u l t e d  i n  

i n i t i a l  c o r r o s i o n  r a t e s  o f  7 t o  10 r n i l s / y e a r .  T h e s e  r a t e s  d e c r e a s e d  w i t h  ex -  
p o s u r e  t ime t o  2 t o  3 m i l s / y e a r  a f t e r  18 weeks.  T h e  a d d i t i o n  o f  t r i s o d i u m  
p h o s p h a t e  t o  t h e  t e s t  w a t e r  was f o u n d  t o  e x e r t  a m a r k e d  i n f l u e n c e  f o r  i n -  
c r e a s i n g  t h e  c o r r o s i o n  r e s i s t a n c e  o f  t h e  c a r b o n  s t e e l .  Two c o n c e n t r a t i o n s  o f  
t h e  p h o s p h a t e  i n h i b i t o r  were u s e d ,  275 and 550 ppm. The r e s u l t s  o f  s t a g n a n t  
c o r r o s i o n  s t u d i e s  i n  d i s t i l l e d  w a t e r  a t  200°C c o n t a i n i n g  t h e s e  c o n c e n t r a t i o n s  
i n  t h e  p r e s e n c e  and a b s e n c e  of a p p r o x i m a t e l y  0 .0005 M h y d r o g e n  p e r o x i d e  a r e  
i n c l u d e d  i n  T a b l e  14. 

TABLE 14 

Corrosion o f  SAE 1030 Carbon Steel i n  Water Containing 
Trisodium Phosphate a t  200'C 

~ 

EXPOSURE 
(weeks) 

1 
2 
3 
4 
6 
8 
10 

1 
2 
3 
4 
6 
8 
10 

275 ppm 
TRISODIUM 
PHOSPHATE 

ADDED 

+0.073 
90.054 
+ # . O S 4  
00,034 
9oS005 

90.114 
90.084 
SO. 070 
SO., 064 
40 r 020 

550 ppm 
TRISODIUM 
PHOSPHATE 

ADDED 

-0 -  042 
-0.033 
-0.052 
-0,118 
-0 028 
-0 m 122 
-0.098 

-0.009 
* I C .  009 
=O', 028 
- 0 , 0 6 1  
-0 0 090 
-0 .071 
+O 290 
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T h e  i n i t i a l  s o l u t i o n  pH o f  t h e  water  c o n t a i n i n g  2 7 5  ppm o f  t r i s o d i u m  
p h o s p h a t e  was 11.1, a s  compared t o  1 1 . 4  f o r  t h e  w a t e r  c o n t a i n i n g  550 ppm. The 
f i n a l  s o l u t i o n  pH a t  t h e  end o f  w e e k l y  r u n s  a v e r a g e d  9 . 7  and 1 0 . 2 ,  r e s p e c -  
t i v e l y ,  f o r  t h e s e  s o l u t i o n s .  

I n  t h e  a b s e n c e  o f  h y d r o g e n  p e r o x i d e ,  2 7 5  ppm o f  t r i s o d i u m  p h o s p h a t e  
a p p e a r e d  a b e t t e r  c o r r o s i o n  i n h i b i t o r  t h a n  t h e  h i g h e r  c o n c e n t r a t i o n .  Whereas 
a w e i g h t  g a i n  o f  0 .005  mg/cm2 was o b s e r v e d  a f t e r  6 weeks i n  w a t e r  c o n t a i n i n g  

275 ppm, t h e  sample  exposed  t o  5 5 b p p m  showed a w e i g h t  loss o f  0 .098  mg/cm2 i n  
10 w e e k s ,  c o r r e s p o n d i n g  t o  a c o r r o s i o n  r a t e  o f  0 . 0 3  mil./year. B o t h  s p e c i m e n s  
were c o m p a r a b l e  i n  a p p e a r a n c e ,  h a v i n g  l u s t r o u s  g o l d e n  and  t a n  i n t e r f e r e n c e  
p a t t e r n s .  

W i t h  0 . 0 0 0 5  M h y d r o g e n  p e r o x i d e  p r e s e n t  i n  t h e  t e s t  medium, t h e  l o w e r  
c o n c e n t r a t i o n  o f  t r i s o d i u m  p h o s p h a t e  a g a i n  a p p e a r e d  t o  b e  t h e  more e f f e c t i v e  
i n h i b i t o r .  The s a m p l e s  showed d e c r e a s i n g  w e i g h t  g a i n s  f rom 0 .114  t o  0 .020  

mg/cma a f t e r  6 w e e k s  o f  t e s t ,  S a m p l e s  e x p o s e d  t o  550 ppm o f  p h o s p h a t e  were 
s l i g h t l y  e r r a t i c  i n  b e h a v i o r .  I n  g e n e r a l ,  w e i g h t  l o s s e s  o c c u r r e d  e x c e p t  f o r  a 

sudden  i n c r e a s e  i n  w e i g h t  d u r i n g  t h e  l a s t  e x p o s u r e  p e r i o d ,  from -0 .07  mg/cm2 
t o  t 0 . 2 9  mg/cm2. The s a m p l e s  showed l u s t r o u s  i n t e r f e r e n c e  t i n t s  and were f r e e  

o f  a n y  t y p e  o f  b u l k y  c o r r o s i o n  p r o d u c t s .  No s i g n s  o f  l o c a l i z e d  c o r r o s i o n  
a t t a c k  were o b s e r v e d .  

G a l v a n i c  c o r r o s i o n  s t u d i e s  were made w i t h  t y p e  347  s t a i n l e s s  s t e e l  

c o u p l e d  t o  t h e  SAE 1030 c a r b o n  s t e e l  spec imens .  A s u r f a c e  a r e a  r a t i o  o f  1 c m 2  

o f  s t a i n l e s s  s t e e l  t o  1 . 7  cm2 o f  c a r b o n  s t e e l  was u s e d .  T e s t s  were  r u n  i n  
d i s t i l l e d  w a t e r  a t  200°C c o n t a i n i n g  0 . 0 0 0 5  o r  0 . 0 0 5  A1 h y d r o g e n  p e r o x i d e .  
The e f f e c t  o f  hydrogen p e r o x i d e  c o n c e n t r a t i o n  on t h e  c o r r o s i o n  of  c a r b o n  s t e e l  

c o u p l e d  t o  s t a i n l e s s  s t e e l  i s  shown i n  T a b l e  15. C u m u l a t i v e  w e i g h t  c h a n g e s  
and c o r r o s i o n  r a t e s  a r e  i n c l u d e d .  D a t a  on t h e  s t a i n l e s s  s t e e l  a r e  n o t  r e -  
p o r t e d  s i n c e  i n  a l l  c a s e s  s p e c i m e n s  r e m a i n e d  u n a t t a c k e d  and showed s l i g h t  
w e i g h t  g a i n s  o f  0 .025 t o  0.050 mg/cm2 a f t e r  10 weeks o f  e x p o s u r e .  

The i n i t i a l  s o l u t i o n  pH on t h e s e  t e s t s  a v e r a g e d  4 . 5 ,  f i n a l  s o l u t i o n  pH 

a t  t h e  end o f  weekly  e x p o s u r e s  a v e r a g e d  6 .2 .  The c a r b o n  s t e e l  s p e c i m e n s  were 
a n o d i c a l l y  a t t a c k e d  i n  a l l  t e s t s .  The marked  e f f e c t  o f  i n c r e a s e d  c o r r o s i o n  
a t t a c k  on t h e  c a r b o n  s t e e l  i s  c l e a r l y  e v i d e n t  b y  t h e s e  d a t a  a s  t h e  h y d r o g e n  

p e r o x i d e  c o n c e n t r a t i o n  i n c r e a s e d  f r o m  0 , 0 0 0 5  t o  0 . 0 0 5  M. I n  e v e r y  c a s e ,  
t h e  a r e a  i n  c o n t a c t  w i t h  t h e  s t a i n l e s s  s t e e l  showed i n t e n s e  b l a c k e n i n g ,  
c o r r o s i o n  p r o d u c t  f o r m a t i o n ,  and l o c a l i z e d  c o r r o s i o n  a t t a c k ,  

? 
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TABLE 15 

EXPOSURE 
(weeks) 

‘Oalvanic Comosion o f  1030 Carbon S t e e l  C o a l e d  t o  Type 347 
S t a i n l e s s  S t e e l  i n  Eydrogen Peroxide So lu t ions  a t  200’C 

CORROSION I N  0.0005 M H,O, CORROSION I N  0.005 W HZO, 

( mg/cm2) (mils/yeard (mg/cm2)  (mils/year) 

EXPOSURE 
(weeks) 

1 

2 

3 

4 

6 

8 

10 

1 -1 .88 I 4.8 I - 3 . 1 8  I 1  

CORROSION WITH NO H,O, CORROSION I N  0.0005 M H,O, 

( m g /  m2 1 (migs/yearP (mg/crn2) (mils/year) 

90.28 O ” 0  

90.39 90 27 

90.34 +O.  25 

+0., 23 +o. 15 

+Os 25 

60% 28 

90.29 

-3  66 

-5.. 30 

-7.70 

-8 .48 

-9.49 

-9.83 

, :[ 
2.6 

-8 .85  

- 1 1 - 2 1  

11.58 

- 11.79 

- 12., 00 

8 + 2  

8 -  9 

7.7 

7 * 3  

5.0 

3e9 

3 .1  

The e f f e c t  o f  t r i s o d i u m  p h o s p h a t e  a s  an  i n h i b i t o r  t o  r e s t r i c t  g a l v a n i c  
a t t a c k  o n  c a r b o n  s t e e l  i n  d i s t i l l e d  k a t e r  a t  200°C was i n v e s t i g a t e d .  T e s t s  
were r u n  i n  t h e  a b s e n c e  and p r e s s u r e  o f  OcOO05 M hydrogen  p e r o x i d e ,  The  con-  
c e n t r a t i o n  o f  t r i s o d i u m  p h o s p h a t e  u s e d  f o r  t h e s e  t e s t s  was 550 ppm, r e s u l t i n g  
i n  an  i n i t i a l  s o l u t i o n  pH o f  11.4.  C o r r o s i o n  d a t a  f o r  t h e  c a r b o n  s t e e l  

c o u p l e d  t o  347 s t a i n l e s s  s t e e l  a r e  i n c l u d e d  i n  T a b l e  16.  

TABLE 16 

Galvanic Corrosion o f  1030 Carbon S8eel Coupled t o  Type 347 
S t a i n l e s s  S t e e l  ‘ i n  D&sfdl led Water Contiaiming 

550 ppm o f  Trisodium Phosphate a t  200°C 

+ O L  14 

+o 11 
-0 0 4  0.. 01 
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The i n i t i a l  s o l u t i o n  pH was 1 1 . 4 ;  f i n a l  s o l u t i o n  pH a v e r a g e d  10,2, I n  
t h e  a b s e n c e  o f  h y d r o g e n  p e r o x i d e ,  t h e  c o r r o s i o n  b e h a v i o r  o f  t h e  c a r b o n  s t e e l  

was c o n s i s t e n t l y  good ;  a s t e a d y  w e i g h t  c h a n g e  p r e v a i l e d  d u r i n g  t h e  c o u r s e  o f  
t h e  t e s t ,  T h e  s a m p l e s  were h i g h l y  l u s t r o u s  o n  t h e  o u t e r  a r e a s  w h i l e  t h e  
~ ~ n t a c t  a r e a  was  d i s c o l o r e d  b u t  f r e e  o f  c o r r o s i o n  p r o d u c t  f o r m a t i o n  and 
l o c a l i z e d  a t t a c k .  The a d d i t i o n  o f  0 ,0005 A4 hydrogen  p e r o x i d e  t o  t h e  i n h i b i t e d  
t e s t  s o l u t i o n  r e s u l t e d  i n  o n l y  a minor  c h a n g e  o n  t h e  c o r r o s i o n  o f  t h e  c,arbon 
s t e e l ,  The  r a t e  o f  w e i g h t  i n c r e a s e ,  mg/cm2, d e c r e a s e d  w i t h  t i m e  u n t i l  a n  
a c t u a l  w e i g h t  l o s s  was o b s e r v e d  a f t e r  t h e  f i n a l  2 weeks o f  e x p o s u r e .  T h i s  
l o s s  was e x t r e m e l y  s l i g h t ,  0,04 mg/cm2, The c o n d i t i o n  o f  t h e  s a m p l e s  was v e r y  
s i m i l a r  t o  t h e  c o n d i t i o n o f  spec imens  exposed  t o  d i s t i l l e d  w a t e r  i n  t h e  a b s e n c e  
o f  h y d r o g e n  p e r o x i d e ,  T h e r e  were n o  i n d i c a t i o n s  o f  a c c e l e r a t e d  c o r r o s i o n  
a t t c i ck  due t o  t h e  p r e s e n c e  o f  hydrogen p e r o x i d e .  

T h i s  t y p e  of t e s t  i s  b e i n g  r e p e a t e d  u s i n g  l o w e r  c o n c e n t r a t i o n s  o f  t r i -  
sodium p h o s p h a t e ,  
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PUMP LOOP STUDIES 

W h i l e  t h e  s t a t i c  t e s t s  o n  c o r r o s i o n  a n d  s o l u t i o n  s t a b i l i t y  o f  u r a n y l  
s u l f a t e  i n  347 s t a i n l e s s  s t e e l  g a v e  v e r y  e n c o u r a g i n g  r e s u l t s  p r o v i d e d  t h e  
s t e e l  was s u i t a b l y  p r e t r e a t e d ,  a t t e m p t s  t o  d u p l i c a t e  t h e s e  r e s u l t s  i n  dynamic 
tes ts  i n  s i m p l e  pump l o o p s  were u n s u c c e s s f u l b  A l t h o u g h  t h i s  s u g g e s t e d  t h a t  
t h e  f l o w  i t s e l f  m i g h t  be t h e  s o u r c e  o f  t h e  d i f f i c u l t y ,  two o t h e r  p o s s i b i l i t i e s  
n e e d e d  i n v e s t i g a t i o n  b e f o r e  t h i s  c o n c l u s i o n  c o u l d  be a c c e p t e d .  T h e s e  were" 

(1) t h e  e f f e c t  o f  t h e  p r e s e n c e  o f  m a t e r i a l s  o t h e r  t h a n  347 s t a i n l e s s  s t e e l  i n  
t h e  pump, e , g ,  t a n t a l u m ,  s t e l l i t e ,  
i n c o n e l ,  and g r a p h i t e : ' a n d  ( 2 )  t h e  e f f e c t  o f  t h e  p r e s e n c e  o f  d i s s o l v e d  oxygen 
i n  t h e  u r a n y l  s u l f a t e  s o l u t i o n ,  

h 3 )  

410 s t a i n l e s s  s t e e l ,  316 s t a i n l e s s  s ' teel ,  
I. 

Experbmental Work and Results 

Analytical Work, I n  t h e  s t a t i c  t e s t s  and f i r s t  Poop r u n s ,  c o l o r  c h a n g e s ,  
e x a m i n a t i o n  o f  m e t a l  t e s t  s p e c i m e n s  and t o t a l  u rah ium c o n c e n t r a t i o n  a n a l y s e s  
were u s e d  t o  d e t e r m i n e  s o l u t i o n  breakdown a n d / o r  c o r r o s i o n .  I n  t h e  l o o p  t es t s  

s a m p l e s  were w i t h d r a w n  t h r o u g h  a v a l v e  a t  t h e  b a c k  o f  t h e  pump, a n d  i n  t h e  
s t a t i c  t e s t s  s a m p l e s  were w i t h d r a w n  by c o o l i n g  t h e  c o n t a i n e r  bombs t o  room 
t e m p e r a t u r e  and  o p e n i n g .  I n  t h e  Poop t e s t s  d i s c u s s e d  b e l o w  s a m p l e r s  were 
a t t a c h e d  t o  t h e  l o o p s  s o  t h a t  s a m p l e s  c o u l d  be t a k e n  d i r e c t l y  from t h e  s y s t e m  
w h i l e  i n  o p e r a t i o n  s i n c e  t h e  pumE is c o n s t r u c t e d  i n  s u c h  a way a s  t o  l i m i t  
m i x i n g  b e t w e e n  t h e  pump a a m a t q r e  chamber  and  t h e  r e s t  o f  t h e  s y s t e m ,  T h i s  
s l o w  raSe o f  m i x i n g  m e a n t  t h a ~  :he  r e s u l t s  o f  a n a i y s e s  p e r f o r m e d  o n  pump 
s a m p l e s  were n o t  r e p r e s e n t a t i v e  o f  c o n d i s i o n s  i n  t h e  POOP i t s e l f ,  An expanded 
a n a l y t i c a l  p r o g r a m  was a l s o  i n s t B t u : e d  %o a t t e m p t  to b u i l d  u p  a p i c t u r e  o f  
t h e  changes  t a k i n g  p l a c e  i n  thEa u r a n y l  s u l f a t e  s o l u t i o n  d u r i n g  o p e r a t i o n  u n d e r  
v a r i o u s  c i r c u m s t a n c e s , ' l w  a d d i t i o n  t o  pH m e a s u r e m e n t , t h e  s a m p i e s  were a n a l y z e d  
f o r  t o t a l  u r a n i u m ,  u ~ a n i u m ( T V ) ,  i r o n ,  chromium, and n i c k e l ,  When p s e c i p i t a g e s  
were o b t a i n e d  , spec.  L r o g r a p h i c  and X - r a y  a n a l y s e s  were rqade A t  p r e s e n t  t h e  

( 3 )  J ,  L. English e t  Q ! . ~  
out- of- p i le corrosion 
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r e s u l t s  o f  t h e  a n a l y s e s  s u g g e s t  t h e  f o l l o w i n g :  

1, The most s e n s i t i 7 e  i n d i c a t i o n  o f  change  i n  s o l u t i o n  c o m p o s i t i o n  
i s  g i v e n  by t h e  c o n c u r r e n t  c h a n g e  i n  pH, I t  h a s  b e e n  obser .ved 
t h a t  c o r r o s i o n  a n d / o r  p r e c i p i t a t i o n  o f  t h e  u r a n i u m  i n  s o l u t i o n  
i s  accompanied by ithe r e l e a s e  o f  hydrogen i o n ,  S i n c e  t h e  n a t u r a l  
pH of 30 t o  40 g o f  uranium p e r  l i t e r  o f  u r a n y l  s u l f a t e  s o l u t i o n  
i s  a p p r o x i m a t e l y  2,5,  s m a l l  c h a n g e s  i n h y d r o g e n  i o n  c o n c e n t r a t i o n  
c o r r e s p o n d i n g  t o  s l i g h t  c o r r o s i o n  a n d l o r  u r a n i u m  p r e c i p i t a t i o n s  
p,roduce r e l a t i v e l y  l a r g e  pH c h a n g e s ,  T h e s e  pH c h a n g e s  h a v e  
p r o v i d e d  t h e  b e s t  means  o f  d e t e c t i n g  b r e a k d o w n s  i n  t h e  l o o p  
e x p e r i m e n t s  which  have  been c o m p l e t e d  t h u s  f a r ,  U n f o r t u n a t e l y ,  
t h i s  w i l l  n o t  be ,he c a s e  a t  h i g h e r  uran ium c o n c e n t r a t i o n s  where 
&he  n a t u r a l  pH o f  t h e  s o l u t i o n s  i s  a p p r e c i a b l y  lower a n d ,  a s  a 
c o n s e q u e n c e ,  a c o n s i d e r a b l y  l a r g e r  c h a n g e  i n  h y d r o g e n  i o n  con-  
c e n t r a t i ' o n  is n e c e s s a k y  t o  change t h e  pH by an e a s i l y  m e a s u r a b l e  
amoun t u  

2 b  Changes i n  t o t a l  u r a n i u m  c o n c , e n t r a t i o n  have  been t h e  n e x t  b e s t  
m e a s u r e  of  breakdown i n  l o o p  o p e r a t i o n s  and p r e s e n t  t h e  b e s t  
i n f o r m a t i o n ,  a s  m i g h t  b e  e x p e c t e d ,  o n  t h e  e x t e n t  o f  s o l u t i o n  
breakdown and /o r  c o r r o s i o n ,  

3 N i c k e l  a n a l y s e s  h a ~ e  gE;ren some t r o u b l e  hawe.+gr ,  r e c e n t  d a t a  
o b t a i n e d  w i t h  a n  i m p r o v e d  a n a l y t i c a l  method s u g g e s t  t h a t  a n  
i n c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  n i c k e l  i n  t h e  u r a n y l  s u l f a t e  
s o l u t i o n  is a v e r y  good i n d i c a t i o n  o f  s e r i o u s  c o r r o s i o n ,  

4 An i n c r e a s e  in u r a n i u m ( I V )  d o n c e n t s a t i o n  a p p e a r s  t o  accompany 
c o r r o s i o n  and uranium p r e c i p i t a t i o n ,  Howeyrerr, t h e  d a t a  o b t a i n e d  
t h u s  f a r  are somewhat q u e s t i o n a b l e  b e c a u s e  o f  t h e  p r o b a b l e  re- 
s x i d a k i o n  d u r i n g  s a m p l i n g ,  The h y d r o l y t i c  p r e c i p i t a t i o n  which  
follows t h e  f o r m a t i o n  o f  t h e  ' u r a n i u m ( 1 V )  u n d e r  t h e  e x i s t i n g  
c o n d i t i b n s  a l s o  d a k e s  i t  d i f  f i c u l c  t o  g e t  more t h a n  an i n d i c a t i o n  
o f  t r o u b l e  f rom r i s i n g  u 3 a n i u m ( I V )  c o n c e n t r a t i o n s  d u r i n g  l o n g  
o p e r a t i o n s "  

5 -  Anaiyszs f c r  i r o n  and  chromium i n  ;he u r a n y l  s u l f a t e  s p l u t i a n  
a l s o  g i r e  a somewhat c o n f u s e d  p i c t u r e  b e c a u s e  o f  t h e  h y d r o l y t i c  
p i r e c i p i t a ~ i o n  o f  t h e s e  ions u n d e r  Poop exper imer :a l  c o n d i t i o n s ,  
Again,  an  i n c r e a s e  i n  t h e i z  c o n c e n t r a a i o n  i n  t h e  u r a n y l  s u l f a t e  
s o P u t i o n  i n d i c a c i e s  s e r i o u s  corrosion, b u t  it g i y e s  no  r e l i a b l e  
e s t i m a t e  o f  t h e  e x t e n t  o f  s u c h  c o r r o s i ~ ~ ,  

I n  s u b s e q u e n t  work f u r t h e r  a t t e m p t s  w i l l  be made to g e t  a s a t i s f a c t o r y  
a n a P y s i e a P  p ic? ;u re  o f  s o l u t i o n  changes  d u r i n g  p r e c i p i t a t i o n  a n d / o r  c o r r o s i o n ,  

Loop Tests ,  A f t e r  c o m p l e t i o n  of a l o o p  t e s k  which was d e l i b e r a t e l y  s e t  

up to f a i l  i n  o r d e r  to g e t  an a n a l y t i c a l  p i c t u r e  o f  w h a t  t r a n s p i r e d  i n  t h e  
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u r a q y l  s u l f a t e  s o l u t i o n  d u r i n g  p r e c i p i t a t i o n  o f  t h e  u r a n i u m  a n d / o r  c o r r o s i o n  
o f  t h e  s t e e l ,  a n  a t t e m p t  w a s  made t o  i s o l a t e  t h e  s e v e r a l  d o u b t f u l  m a t e r i a l s  i n  
the  pump a r m a t u r e  chamber  f rom t h e  l o o p  p r o p e r c  The n e e d  f o r  such i s o l a t i o n  
o f  t h e  pump a r m a t u r e  chamber  was e m p h a s i z e d  b y  q u a r t z - t u b e  and s t a t i c  s t e e l  
bomb tes ts  w h i c h  s h o w e d  t h a t  t h e  p r e s e n c e  o f  g r a p h i t e  i n  u r a n y l  s u l f a t e  
s o l u t i o n  a t  2 5 0 B C  c a u s e d  s u b s t a n t i a l  p r e c i p i t a t i o n  o f  u r a n i u m  i n  l e s s  t h a n  
100 h r .  The g r a p h i t e  b e a r i n g s  o f  t h e  pump were t h e r e f o r e  a p r o b a b l e  c a u s e  f o r  
some o f  t h e  f a i l u r e s  e n c o u n t e r e d  i n  t h e  dynamic  Poop t e s t s &  T h e s e  a t t e m p t s  
were u n s u c c e s s f u l ,  however ,  b e c a u s e  o f  m e c h a n i c a l  d i f f i c u l t i e s  which c o u l d  n o t  
i m m e d i a t e l y  be c o r r e c t e d ,  

A t  t h i s  s t a g e  i n  t h e  p 'rogram a r e v i e w  o f  t h e  a v a i l a b l e  i n f o r m a t i o n  
s u g g e s t e d  t h a t  t h e  s t a b i l i t y  o f  a u r a n y l  s u l f a t e  s o l u t i o n - 3 4 7  s t a i n l e s s  s t e e l  

' s y s t e m  m i g h t  b e  r e l a t e d  t o  o r  d e p e n d e n t  on t h e  p r e s e n c e  o f  o x y g e n  i n  t h e  

sys t e m  e 

1. 

2, 

3 "  

4 .  

5 a. 

In 

T h i s  p o s s i b i l i t y  was s u g g e s t e d  by s h e  f o l l o w i n g . '  

The wel l -known h i g h  c o r r o s i o n  r e s i s t a n c e  o f  s t a i n l e s s  s t e e l s  t o  
o x i d i z i n g  med ia .  

The f a c t  t h a t  oxygen i s  t h e  common d e c o m p o s i t i o n  p r o d u c t  o f  t h e  
p r e t r e a t m e n t  a g e n t s ,  HNO, and C r O , ,  which  t h e  s t a t i g  s t e e l  bomb 
t e s t s  had shown would p r o d u c e  a s a t i s f a c t o r y  $ r o t e c t i p r e  c o a t i n g  
on 347 s t a i n l e s s  s t e e l ,  

The c o a t i n g  p r o d u c e d  on t h e  s t a i n l e s s  s t e e l  i n  c o n t a c t  w i t h  t h e  
gas  phase  w a s  a s  good as  t h a t  o b t a i n e d  where t h e  s t a i n l e s s  s t e e l  
c o n t a c t e d  t h e  l i q u i d  p h a s e .  

I n  , p i l e  t e s t s  i n d i c a t e d  t h a t  eke o x i d z z i n g  a t m o s p h e r s  p r o d u c e d  
by t h e  r a d i a % i o n  d e c o m p o s i t i o n  o f  t h e  w a t e r  w a s  b e n e f i c i a l  

Q u a r t z - t u b e  and s t a t i c  s t e e l  bomb tes:s s e t  up a s  a r e s u l t  o f  
t h e  above o b s e r v a t i o n s  f a i l e d  u n i f o r m l y  when oxygen was removed 
by e v a c u a t i o n  or by b u b b l i n g  n i t r o g e n  t h r o u g h  t h e  s o l u t i o n ,  
p r a c t i c a l l y  no f a i l u r e s  were obserrT?red u n d e r  s i m i l a r  c o n d i t i o n s  
when t h e  oxygen w a s  n o t  removed- 

o r d e r  t o  t e s t  t h e  e f f e c ;  o f  t h e  p r e s e n c e  o f  oxygen i n  s o l u t i o n  on pump 
l o o p  o p e r a t i o n  an experimer, ' ;  was s t a r t q d  i n  w h i c h  oxygen p r e s s u r e s  o f  300 t o  
500 p s i  were m a i n t a i n e d  o 7 e r  t h e  s o l u t i o n  d u r i n g  o p e r a t i o n .  T h i s  t e s t  was 
o p e r a t e d  135 h r  a t  250°C w i t h o u t  p r e k i p i t a t i o n  o f  t h e  u r a n i u m ,  A s u b s e q u e n t  
t e s t  r a n  287 h r  w i t h o u t  p r e c i p i t a t i o n  i n  s p i k e  o f  t h e  f a c t  t h a t  t h e  o x y g e n  
p r e s s u r e  o v e r  t h e  s o l u t i o n  was p r o g r e s s i v e l y  r educed  from 500 t o  25 p s i  i n  t h e  
c o u r s e  o f  t h e  t e s t  and  d e s p i L e  tIie p r e s e n c e  o f  g r a p h l o w  b e a r i n g  i n  t h e  pump, 



The t o t a l  g a s  p r e s s u r e  was m a i n t a i n e d  a t  a p p r o x i m a t e l y  500 p s i  w i t h  He, I t  i s  
a l s o  s i g n i f i c a n t  t h a t  t h i s  r u n  was c a r r i e d  o u t  i n  a l o o p  w h i c h  was n o t  p r e -  
t r e a t e d  w i t h  HNO, or CrO, s o l u t i o n .  A n a l y t i c a l  d a t a  a r e - n o t  c o m p l e t e ,  b u t  t h e  
a v a i l a b l e  d a t a  i n d i c a t e  no s e r i o u s  c o r r o s i o n ,  U n f o r t u n a t e l y ,  t h e  r e s u l t s  have 
been  c o n f u s e d  by t h e  d i s c o v e r y  t h a t  t h e  u r a n y l  s u l f a t b  u s e d  i n  a l l  t h e  l o o p  
t e s t s  r u n  t h i s  q u a r t e r  p r o b a b l y  c o n t a i n e d  1 0  t o  7 0  m o l e  X o f  (NH,I,SO, o r  

H,SO, .  A n a l y s e s  o f  t h e  s p e c i f i c  r e a g e n t  u s e d  i n  t h e  v a r i o u s  t e s t s  have  n o t  
been  c o m p l e t e d  n o r  h a s  t h e  e f f e c t  o f  t h e  p r e s e n c e  o f  t h e s e  i m p u r i t i e s  on t h e  
r e s u l t s  b e e n  e v a l u a t e d ,  t h u s ,  d e t a i l e d  d e s c r i p t i o n s  o f  t h e  t e s t s  a n d  t h e  
r e s u l t s  o b t a i n e d  a r e  b e i n g  d e f e r r e d  u n t i l  t h e  n e x t  q u a r t e r l y  r e p o r t ,  

. 

Future  Work 

I n  a d d i t i o n  t o  c h e c k i n g  on t h e  r e s u l t s  o b t a i n e d  w i t h  t h e  i m p u r e  u r a n y l  
s u l f a t e  w i t h  new p u r e  m a t e r i a l ,  f d t u r e  e f f o r t  w i l l  be c o n c e n t r a t e d  on e v a l u a -  
t i o n  o f  t h e  oxygen c o n c e n t r a t i o n  n e c e s s a r y  t o  s t a b i l i z e  u r a n y l  s u l f a t e  s o l u -  
t i o n s  i n  s t a i n l e s s  s t e e l ,  The a p p r o a c h  w i l l  involT!e d e t e r m i n a t i o n  o f  t h e  
minimum oxygen c o n c e n t r a t i o n  n e c e s s a r y  ' f o r  s t a b i l i z a t i o n  u n d e r  v a r i o u s . c o n d i -  
e i o n s  

EFFECT OF VARIABLES ON CORROSION: SERIES I 

T h e  c o r r o s i o n  e x p e r i m e n t s  d e s c r i b e d  i n  t h i s  r e p o r , &  were p e r f o r m e d  i n  
8 - m m - 1 . D -  q u a r t z  t u b e s  4% i n .  l o n g ,  T h e  q u a r t z - t u b e  m e t h o d  f o r  s t u d y i n g  
c o r r o s i o n  a t  h i g h  t e m p e r a t u r e s  h a s  many a d v a n t a g e s ,  The s o l u t i o n s  and s p e c i -  
mans c a n  b e  e a s i l y  o b s e r v e d  a n d  t h e  p r o g r e s s  o f , c o r r o s i o n  f o l l o w e d ,  Many 
e x p e r i m e n t s  c a n  b e  r u n  s i m u l t a n e o u s l y  w i t h  a minimum o f  e q u i p m e n t ,  and  o n l y  
s i m p l e  e q u i p m e n t  i s  r e q u i r e d ,  A p o s s i b l e  d i s a d v a n t a g e  m i g h t  b e  t h e  e f f e c k s  
o f  d i s s o l v e d  s i l i c a  i n  t h e  s o l u t i o n s  from t h e  q u a r t z  t u b e s u  

I n  c a r r y i n g  o u t  t h e  e x p e r i m e n t s  l - i n e  p i e c e s  o f  n i t r a t e - p a s s i v a t e d  
341 s t a i n l e s s  s t e e l  or u n t r e a t e d  s t e e l  a l o n g  w i t h  2 m l  o f  t h e  s o l u t i o n  t o  be 
i n v e s t i g a t e d  were s e a l e d  i n  t h e  t u b e s .  The t u b e s  were h e a t e d  e i t h e r  i n  
a luminum b l o c k  f u r n a c e s  p r o v i d e d  w i t h  
o b s e r v e d ,  o r  i n  a box i n  a l a r g e  o v e n ,  
box i n  t h e  o v e n  were mounted on r o c k e r s  

a s l i t  s o  t h a t  t h e  t u b e s  c o u l d  b e  
T h e  aluminum b l o c k  f u r n a c e s  and t h e  
s o  t h a t  t h e  s o l u t i o n s  and s p e c i m e n s  
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were o s c i l l a t e d  d u r i n g  t h e  h e a t i n g ,  A l l  t h e  c o r r o s i o n  e x p e r i m e n t s  were con-  
d u c t e d  a t  250°C and were o f  a t  l e a s t  100 h r  d u r a t i o p ,  

The u r a n y l  s u l f a t e  s o l u t i o n  i n v e s t i g a t e d  c o n t a i n e d  30 g o f  u r a n i u m  p e r  
l i t e r  w h i c h  c o r r e s p o n d e d  t o  a 0 . 1 3  f u r a n y l  s u l f a t e  s o l u t i o n ,  T h e  u r a n y l  
p h o s p h a t e  s o l u t i o n  was p r e p a r e d  by d i s s o l f i n g  u r a n y l  p h o s p h a t e  i n  1 . 5  b! 
p h o s p h o r i c  a c i d  to ,g ive a c o n c e n t r a t i o n  o f  30  g o f  u r a n i u m  p e r  l i t e r ,  The 
s o l u t i o n s  were f r o z e n  i n  t h e  t u b e s  p r i o r  t o  s e a l i n g  to min imize  P o s s e s  due t o  

e vapor  a t i o n  e 

E xy sr i m p  t a 1 aesu 1 t s  

P a s s i v a t e d  vs.  Unpassfvated S t e e l .  The u r a n y l  s u l f a t e  s o l u t i o n  a l o n e  
and  i n  t h e  p r e s e n c e  a,J< t h e  n i t r a t e - p a s s i v a t e d  347 s t a i n l e s s  s t e e l  a p p e a r e d  
t o  be p e r f e c t l y  s t a b l e ,  When t h e  s o l u t i o n  was h e a t e d  w i t h  u n p a s s i y a t e d  
s t e e l  however ,  t h e r e  was. e x z e n s i v e  r e d u c t i o n  and  p r e c i p i t a t i o n  o f  u r a n i u m  
from t h e  s o l u t i o n .  The uranium(1V)  c o n t e n t  o f  t h e  s o l u f i o n  i n c r e a s e d  t o  o v e r  
1 mg/ml. The pH o f  t h e  s o l u t i o n  d r o p p e d  f rom 2 . 5  t o  a b o u t  1 . 0 .  The s t e e l  
spec imen showed e v i d e n c e s  o f  g e n e r a l  c o r r o s i o n ,  and  i r o n ( 1 I )  was found i n  t h e  
s o l u t i o n  t o  t h e  e x t e n t  o f  o v e r  1 m g j m l ,  A n a l y s i s  s h o w e d  t h a t  t h e  b l a c k  
p r e c i p i t a t e  o f  Uo,  a l s o  i e o n t a i n e d  i r o n  and chromium, w h i l e  she  n i c k e l  s t a y e d  
i n  so lub ' i on .  

.T 

E f f e c t  of  pH. The pH of  t h e  s o l u t i o n  was v a r i e d  from 3 b 2  t o  1.5.  The 
h i g h  v a l u e s  w e r e  o b t a i n e d  by d i s s o l v i n g  UO, i n  UO,SO, s o l u t i o +  The t o t a l  

uranium c o n c e n t r a t i o n  w a s  k e p t  a t  30 g l l i t e r .  The low pH ' ~ a l u q s  were a t t a i n e d  
by add ing  H,SO, t o  the  UO,SO, s o l u t i o n ,  When s o l u t i o n s  w i t h  pH -srcaPues between 
2.5  and 1.5 were h e a t e d  w i t h  p a s s i v a t e d  s t e e l  & h e r e  was no e v i d e n c e  o f  change*  
When s o l u t i o n s  w i t h  pH .JaPues between 2 . 6  and 3 , 2  were h e a t e d  wizh  p a s s i v a t e d  
s t e e l  a s m a l l  amount  o f  y e l l o w  p r e c i p i t a t e  fo rmed ,  The u r a n i u m  c o n t e n t  o f  
t h e  s o l u t i o n  d e c r e a s e d  s l i g h t l y  and t h e  pH dropped to a b o u i  2 0 0 u  The p r e c i p i -  
t a t e  was presumably  a h y d r a t e d  uranium(V1) o x i d e .  

E f f e c t  o f  UraniumgIV) Concentration. When 10  mg U;SO4d;4H,O pex m i l l i -  
l i t e r  o f  t h e  u r a n y l  s u l f a t e  s o l u t i o n  was added  and t h e  s o l u t i o n  was h e a t e d  

w i t h  p a s s i y a t e d  3 4 7  s t a i n l e s s  s t e e l  f a i l u r e  o f  $he: s o l u t i o n  % n . y a r i a b l y  
o c c u r r e d .  The pH o f  t h e  s o l u t i o n  Some o f  t h e  u r a n i u m  p r e c i p i & a t e d  a s  UO,, 
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d r o p p e d  t o  l o o  t o  1.5 and  t h e s e  was somet imes  s l i g h t  c o r r o s i o n  o f  t h e  s t e e l ,  
With h i g h e r  c o n c e n t r a t i o n s  o f  uranium(1V) p i t t i n g  sometimes o c c u r r e d ,  S m a l l e r  

c o n c e n t r a t i o n s  o f  uranium(1V) had no e f f e c t  on t h e  s y s t e m ,  S i n c e  a l a r g e  p a r t  
o f  t h e  uranium(1V) s u l f a t e  was o x i d i z e d  t o  u r a n y l  s u l f a t e  by t h e  oxygen i n  t h e  
t u b e ,  i t  was p r o b a b l y  n e c e s s a r y  t o  a d d  an  e x c e s s  a b o v e  t h i s  amount  b e f o r e  
f a i l u r e  o f  t h e  s o l u t i o n  o c c u r r e d ,  

Effec t  o f  Graphite. When powdered g r a p h i t e  was added t o  t u b e s  c o n t a i n i n g  
u r a n y l  s u l f a t e  s o l u t i o n  and a p i e c e  o f  p a s s i v a t e d  s t e e l ,  t h e r e  was e x t e n s i v e  
r e d u c t i o n  o f  t h e  u r a n i u m  c o n t e n t  o f  t h e  s o l u t i o n ,  The  pH o f  t h e  s o l u t i o n  
d e c r e a s e d  to a b o u t  1.0, w h i l e  t h e  c o n c e n t r a t i o n  o f  uranium(1V) i n c r e a s e d .  Some 
g e n e r a l  c o r r o s i o n  o f  t h e  s t e e l  o c c u r r e d ,  and  a p p r e c i a b l e  c o p c e n t r a t i o n s  o f  
i r o n ( I 1 )  a p p e a r e d  i n  t h e  s o l u t i o n ,  When no  s t e e l  was p r e s e n t  t h e  o n l y  e f f e c t  
o f  g r a p h i t e  was t o  i n c r e a s e  t h e  uranium(1V) c o n c e n t r a t i o n  i n  t h e  u r a n y l  s u l f a t e  
s o l u t i o n .  A p p a r e n t l y  t h e  r e a c t i o n  o f  t h e  uranium(V1) w i t h  g r a p h i t e  t o  p roduce  
uranium(1V) w i t h  s u b s e q u e n t  o x i d a t i o n  o f  t h e  uran ium(1V)  t o  uran ium(V1)  p r o -  
c e e d e d  u n t i l  t h e  oxygen s u p p l y  i n  t h e  t u b e  was e x h a u s t e d ,  Then f u r t h e r  p r o -  
d u c t i o n  o f  uranium(1V) i n  e x c e s s  o f  t h e  50y/m1 c o n c e n t r a t i o n  c o u l d  t a k e  p l a c e ,  

Effect  of  Corrosion Product S a l t s .  1. FeSO,, When 1 mg FeSO, was added 
to 2 m l  u r a n y l  s u l f a t e  s o l u t i o n  a n d  t h e  o x y g e n  removed f r o m  t h e  t u b e  and 
s o l u t i o n  p r i o r  t o  s e a l i n g , a  b l a c k  p r e c i p i t a t e  c o n t a i n i n g  b o t h  i r o n  and uranium 

formed,  When t h e  oxygen was n o t  
removed,  t h e  i r o n ( I 1 )  was o x i d i z e d  t o  i a o n ( I T 1 )  w h i c h  u n d e r w e n t  a h y d r o l y t i c  
r e a c t i o n  t o  g i v e  a r e d d i s h  p r e c i p i t a t e  o f  Fe,03"nH20,  I n  t h i s  c a s e  t h e r e  was 
no p r e c i p i . t a t i o n  o f  u ran ium,  

The pH o f  t h e  s d l u t i o n  dropped t o  a b o u t  103" 

In t h e  p r e s e n c e  o f  p a s s i v a t e d  s t e e l  1 mg F&O, p e r  2 m l  u r a n y l  s u l f a t e  
s o l u t i o n  c a u s e d  c o m p l e t e  p r e c i p i t a t i o n  o f  t h e  u r a n i u m  a s  U,O,, T h e r e  w a s  no 

n o t i c e a b l e  c o r r o s i o n  o f  t h e  s t e e l  s p e c i m e n ,  Wi th  Fe2(S0 , ) ,  t h e  same b e h a v i o r  
was obser .yed a s  i n  % h e  a b s e n c e  o f  s t e e l ;  t h e  i r o n i I ' 1 1 )  h y d r o l y z e d  c o m p l e t e l y  
buk t h e r e  was no p r e c i p i t a t i o n  o f  uranium and no c o r r o s i o n  o f  t h e  s t e e l ,  

2 C I * ~ ( S O ~ ) ~ ~  Chromic  s u l f a t e  (1 mg p e r  2 m l  u r a n y l  s u l f a t e  s o l u t i o n )  
w a s  h y d r o l y z e d  c o m p l e t e l y  t o  Cr,O, b o t h  i n  t h e  p r e s e n c e  and i n  t h e  a b s e n c e  o f  
p a s s i v a t e d  347 s t a i n l e s s  s t e e l ,  T h e r e  was no p r e c i p i t a t i o n  o f  uran ium and no  
c o r r o s i o n  o f  t h e  s t e e l ,  The  p r e s e n c e  o f  1% HNO, i n  t h e  s o l u t i o n  c a u s e d  
o x i d a t i o n  o f  t h e  ch romium(I I1 )  t o  chromium(VI) ,  
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3.' NiSO,. T h e r e  was no o b s e r v a b l e  c h a n g e  when 1 mg NiSO, was  h e a t e d  
w i t h  2 m l  UO,SO, s o l u t i o n  e i t h e r  i n  t h e  p r e s e n c e  or i n  t h e  a b s e n c e  o f  p a s s i -  
v a t e d .  s t e e l ,  

Addition of NS,MOO, and Na,WO,. Na2h4004 and Na,WO, were t r i e d  a s  c o r r o s i o n  
i n h i b i t o r s  a t  h i g h  t e m p e r a t u r e .  I n  b o t h  c a s e s  1 mg o f  t h e  s a l t  was added  t o  
2 m l  o f  u r a n y l  s u l f a t e  s o l u t i o n ,  I n  e a c h  c a s e  a s m a l l  amount  o f  y e l l o w i s h  
p r e c i p i t a i e  was foTmed which  c o n t a i n e d  u r a n i u m  a n d  e i t h e r  molybdenum o r  tung-  

s t e n .  The s o l u t i o n  to which Na2Mo04 had been added was s t a b l e  i n  t h e  p r e s e n c e  
o f  p a s s i v a t e d  s t e e l  and g r a p h i t e ,  w h i l e  t h e r e  was e x t e n s i v e  r e d u c t i o n  and p r e d  

c i p i t a t i o n  o f  u r a n i u m  a s  UO, and U,O, f rom t h e  s o l u t i o n  t o  w h i c h  Na2W0, had  
been  added .  N e i t h e r  s a l t  was e f f e c t i v e  i n  p r e r e n t i n g  s o l u t i o n  breakdown when 

10 mg U(S0,);4H20 was added t o  2 m l  o f  u r a n y l  s u l f a t e  s o l u t i o n  i n  t h e  p r e s e n c e  
of  p a s s i v a t e d  s t e e l ,  

E f f e c t  sf Oxygen. A s e r i e s  o f  e x p e r i m e n t s  i n  t h e  p r e s e n c e  o f  b o t h  p a s s i -  
v a t e d  and u n t r e a t e d  s t e e l  was pe r fo rmed  t o  d e t e r m i n e  , t h e  i m p o r t a n c e  o f  oxygen 
i n  t h e  c o r r o s i o n  p r o c e s s .  The r e s u l t s  a r e  summarized i n  T a b l e  1 7 -  

TABLE 17 

E f f e b t  o f  Oxygen on the Uranyl S u l f a t e - S t e e l  System 

MATERIAL 

Pass iva ted  s teel  L 

- 
. TREATMENT -- 

A i  F 

Solution ae ra t ed  prior to 
s e a l i n g  

0, bubbled through so lu t i ?n  
p r i o r  t o  s e a l i n g  

0, bubbled through so lu t ion  
p r i o r  fa s e a l i n g  

Air removed .from so lu t ion  , 

RESULT 

P r e c i p i t a t i o n  o f '  uranium 

P r e c i p i t a t i o n  of uranium 

Red ffakes of Fe203 xH20,but 
no p r e c i p i t a t i o n  of uranium 

No p r e c i p i t a t i o n  

No p r e c i p i t a t i o n  

P r e c i p i t a t i o h  of uranium 

These  r e s u l t s  seem c l e a r l y  t o  i n d i c a t e  t h e  i m p o r t a n c e  o f  oxygen i n  s t - a b i i i z i n g  
t h e  u r a n y l  s u l f a t e - p a p s i v a t e d  s t e e l  s y s t e m -  
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Addition Qf N i t r i c  A c i d .  When 1% HNo, was p r e s e n t  i n  Uo,SO, s o l u t i o n  i n  
c o n t a c t  w i t h  g r a p h i t e  and a p i e c e  o f  p a s s i v a t e d  s t e e l  t h e s e  was n o  f a i l u r e  o f  

t h e  s o l u t i o n  i n  100 h a o  I n  t h e  a b s e n c e  o f  mO, uranium p r e c i p i t a t e d  from t h e  
s o l u t i o n  i n  a few h o u r s ,  

Effect o f  Halogen Ions. The p r e s e n c e  o f  100  ppm C1" i n  u r a n y l  s u l f a t e  
s o l u t i o n  i n  c o n t a c t  w i t h  p a s s i v a t e d  s t e e l  d i d  n o t  have any e f f e c t  i n  e n h a n c i n g  
c o r r o s i o n  or c a u s i n g  p r e c i p i t a t i o n  o f  u r a n i u m ,  I n  t h e  p r e s e n c e  o f  1800 ppm 
C l -  t h e r e  was some c o r r o s i o n  o f  t h e  p a s s i v a t e d  s t e e l  s p e c i m e n ,  The  s o l u t i o n ,  
however a p p e a r e d  to remain s t a b l e  a 

I n  a n o t h e r  e x p e r i m e n t  a u r a n y l  s u l f a t e  s o l u t i o n  c o n t a i n i n g  25 ppm C l -  
The t u b e  

T h e r e  
was p l a c e d  i n  a l o n g  t u b e  ( l O - i n * )  w i t h  a p i e c e  o f  p a s s i v a e e d  s t e e l .  

w a s  h e a t e d  a t  one end  o n l y  s o  t h a t  t h e  s o l u t i o n  r e f l u x e d  f o n s t a n t l y .  
was no change  i n  2 weeks,  

Uranyl Phosphate systems.  P r e l i m i n a r y  e x p e r i m e n t s  w i t h  t h e  s o l u t i o n  of  
u r a n y l  p h o s p h a t e  i n  1 .5  M p h o s p h o r i c  a c i d  gave v e r y  p r o m i s i n g  r e s u l t s .  T h e r e  
was n o  f a i l u r e  of t h e  s o l u t i o n  i n  t h e  p r e s e n c e  o f  t r e a t e d  s t e e l ,  u n t r e a t e d  
s t e e l ,  or t r e a t e d  s t e e l  and g r a p h i t e ,  T h e r e  was no  n o t i c e a b l e  c o r r o s i o n  o f  
t h e  s t e e l ,  a l t h o u g h  t h e  s p e c i m e n s  were c o v e r e d  w i t h  a g r e e n  c r y s t a l l i n e  

d e p o s i t  

Conclusion 

T a b l e  18 summar izes  some o f  t h e  i m p o r t a n t  r e s u l t s  o b t a i n e d  i n  t h e  u r a n y l  
s u l f a t e  s y s t e m ,  

P r e c i p i t a t i o n  o f  u r a n i u m  from u r a n y l  s u l f a t e  s o l u t i o n  i n  t h e  p r e s e n c e  o f  

p a s s i v a t e d  s t ee l  was o b s e r v e d  i n  t h e  a b s e n c e  o f  a i r  or oxygen,  i n  t h e  p r e s e n c e  
o f  g r a p h i t e ,  and i n  t h e  p r e s e n c e  o f  h i g h  uranium(1V)  c o n c e n t r a t i o n s .  I n  a l l  
o f  t h e s e  c a s e s  t h e  uran ium was r e d u c e d  a s  w e l l  a s  p r e c i p i t a t e d .  A t  h i g h e r  pH 
( 2  6 t o  3 .2)  t h e r e  was p r e c i p i t a t i o n  b u t  n o t  r e d u c t i o n  o f  u ran ium.  C o r r o s i o n  
o f  t h e  s t e e l  s p e c i m e n s  was o f t e n  o b s e r v e d  when t h e  u r a n i u m  was r e d u c e d  and 
p r e c i p i t a t e d ,  The p r e s e n c e  o f  an  o x i d i z i n g  a g e n t  ( y i z ,  0, o r  1% HNO,) seems 
t o  be n e c e s s a r y  i n  p r e s e r v i n g  t h e  s t a b i l i t y  of t h e  s y s t e m ,  
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TABLE 18 

Effect of Vafiofi$ Factors on the S t a b i l i t y  of  the  UB,SOi System 

FACMR RESULT 

A. NO SlEEL PRESENT 

Chrome alum 

NiSO, 
FeC1, or Fe2(S0,),  

G r a p h i t e  + Na2Mo0, 

G r a p h i t e  + Na2W04 

I n c r e a s e d  she uranium(1V) c o n t e n t  
No change 
No change xrn p r e s e n c e  of a i r ;  p r e c i  i t a t i o n  of . 

arannnm conzeant down st0 2 m g / m l  & ~ ( s o , ) ~ ~ u ~ , o  
whec, a i r  was remowd from s o l u t i o n s  

q f  u'rannum 
Coin l e te  !,ydrolyrais Lo @r20,# no p r e c i p i t a % i o n  

8 No 'Cthange 
Complete R d r o l y q i s  'to Fe20;~H20; no p r e c i p i -  

sli h t  p r r e c i p i t a t i o m  of uranium; no f u r t h e r  

S l i  h t  p r e c i p i t a t i o n  of uranium; no f u r t h e r  

tation of urasnum 

c%ange 

cfiange 
u<So4) "4H,O 10 m g / m l )  + Na2Mo0, S l i  ht p o e c i p i t a t h o n  of uranium; n o  f u r t h e r  

U(sO4)2 + Na2W4 (10 m g / m l )  S l i  h t  p r e c i p i t a t i o n  of  uranium; no  further 
.-fiange 

c f a n g e  

B. PASSIVATED STEEL PRESENT 

100 ppm C1' 
1800 p p m  Cl" 
Graph i  t e  

G r a p h i t e  4 1% mO3 
U(S0,)2"4H20 (10  mg/ml5 

NiS04 
FeS0, 
F e 2 ( S 0 4 ) 3  

G r a p h i t e  + Na2Mo0, 

G r a p h i t e  + Na,WO, 
u ( ~ , ) 2 0 4 H 2 0  (10 m g / m l ,  * NaZMo04 
U ( ~ 4 ) 2 0 4 H 2 0  (10 m g / m i )  + Na2W0, 
pH 3 .18  

pH 2-60 
P 

pH 2.20 
PH 1p98 
pH 1172 
pH 1 . 4 4  
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EFFECT OF VABIABLES ON COIIBOSION: SEBIES 11 

S e v e r a l  s e r i e s  o f  ampoule t e s t s  were r u n  a s  o u t - o f  - p i l e  e x p e r i m e n t s  i n  
o r d e r  t o  d e t e r m i n e  t h e  e f f e c t s  o f  numerous v a r i a b l e s  on t h e  c o r r o s i o n  r e s i s t -  
ance  o f  347 s t a i n l e s s  s t e e l  i n  u r a n y l  s u l f a t e  s y s t e m s ,  

The e x p e r i m e n t a l  p r o c e d u r e  was a s  f o l l o w s .  Type 347 S t a i n l e s s  s t e e l  r o d s  
ap-proximately 1% i n ,  i n  l e n g t h  and 1/16 i n ,  i n  d i a m e t e r  were i n s e r t e d  i n  6 - m m -  
IUDs q d a r t z  ( v i t r e o s i l )  a m p o u l e s .  Enough u r a n y l  s u l f a t e ,  o f  c o n c e n t r a t i o n  
30 g o f  uran ium p e r  l i t e r ,  .was added t o  c o m p l e t e l y  c o v e r  t h e  s t e e l  s p e c i m e n s ,  
l e a v i n g  a vapor  s p a c e  a p p r o x i m a t e l y  e q u a l  t o  t h a t  o c c u p i e d  by t h e  l i q u i d ,  The 
s o l u t i o n s  were f r o z e n  i n  a d r y - i c e  b a t h  and t h e  a m p o u l e s  t h e n  s e a l e d ,  The  
t u b e s  were "housed" i n  h o l l o w  b r a s s  c y l i n d e r s  and rocked  i n  a s t a i n l e s s  s t e e l  

box i n  a l a r g e  h i g h - t e m p e r a t u r e  o v e n  a t  25OoC f o r  v a r i o u s  l e n g t h s  o f  t i m e ,  

The s o l u t i o n s  and s p e c i m e n s  were o b s e r v e d  d a i l y .  A l t h o u g h  o r i g i n a l l y  p l a n n e d  
t o  r u n  100 h r  numerous t e s t s  were e x t e n d e d  f u r t h e r  when i t  a p p e a r e d  t h a t  t h i s  
a d d i t i o n a l  t ime would g i v e  more c o n c l u s i v e  r e s u l t s ,  A t  t h e  end of e a c h  r u n ,  
t h e  s o l u t i o n s  were a n a l y z e d  f o r  pH an$ uranium c o n c e n t r a t i o n  (some t imes i r o n  and 

f 

n i c k e l ) ,  a n d  t h e  t e s t  s p e c i m e n s  of s t a i n l e s s  s t e e l  w e r e  e x a m i n e d  u n d e r  a 
m i c r o s c o p e ,  T h e  v a r i a b l e s  e x a m i n e d  i n c l u d e d  (1) t h e  t y p e  o f  p a s s i v a t i o n  
e r e a t m e n t ,  ( 2 )  t h e  p r e s e n c e  o f  n i t r a t e ,  ( 3 )  c h l o r i d e  and i o d i d e  i n  v a r y i n g  
a m o u n t s ,  ( 4 )  t h e  p r e s e n c e  or a b s e n c e  o f  o x y g e n ,  and  ( 5 )  t h e  l e n g t h  o f  t ime  

o f  t h e  e x p e r i m e n t s .  

The d a t a  and r e s u l t s  a r e  l i s t e d  i n  T a b l e  19* Two main c r i t e r i a  have been 

l a r g e l y  used $0 d e t e r m i n e  t h e  s u c c e s s  o f  a t e s t  r u n ,  The f i r s t  i s  t h e  a p p e a r -  
ance  o f  t h e  t e s t  spec imen  u n d e r  t h e  mic roscope  and t h e  second  i s  t h e  c o n d i t i o n  
of the u r a n y l  s u l f a t e  s o l u t i o n  a t  t h e  e n d  of the test, i , e , ,  u r a n i u m  c o n  

c e n t r a t i o n ,  pH, p r e c i p i t a t e s ,  e t c ,  

Numerous . o b s e r v a t i o n s  and s e v e r a l  c o n c l u s i o n s  from t h e s e  e x p e r i m e n t s  a r e  
summarized i n  t h e  f o l l o w i n g  p a r a g r a p h s ,  

1, C h l o r i d e  i o n  i s  d e f i n i t e l y  d e t r i m e n t a l  t o  341 s t a i n l e s s  s t e e l  i n  
c o n c e n t r a t i o n s  o f  5 500 ppm u n d e r  t h e  e s s e n t i a l l y  s t a t i c  c o n d i t i o n s  o f  t h e s e  
e x p e r i m e n t s -  The u r a n y l  s u l f a t e  s o l u t i o n s  a r e  r e d u c e d  t o  U,O, and UO,, and 
t h e  t es t  spec imens  show c o n s i d e r a b l e  f l a k i n g  and some p i t t i n g .  C o n c e n t r a t i o n s  

o f  10 t o  200 ppm o f  c h l o r i d e  do  n o t  r e d u c e  u r a n y l  s u l f a t e  s o l u t i o n s  i n  1 2 0  h r ,  
b u t  t h e  t e s t  s p e c i m e n s  show t h e  f o r m a t i o n  o f  a f a i r l y  heavy l a y e r  o f  c o a r s e -  
g r a i n e d  o x i d e ,  
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TABLE 19 

Effeet of var iab les  and Addit ives  on corrosion of  347 s t a i n l e s s  steel  
by Uranyl s u l f a t e  S o l u t i o n s  

NO. OF 
W L E S  
I 

20 

10 

12 

2 

6 

2 

2 

4 

2 

. 2  

2 

2 

2 

2 

2 

TU?TREA'IMENT 

N i t r a t e  

N i t r a t e  

N i t r a t e  

None 

N i  t s a  te 

None 

Chromate 

Chromate 

N i t r a t e  

None 

Nitrate 

None 

None 

ADDITIVE 

c1-, 
10 - 2000 ppm 

T ' D  

100 - 2000 ppm 

A i r  

A i r  

De gassed 

b g a s s e d  

A i s  

Degassed 

1 a t m  0, 

li atm 0, 

A i r  

1% HN03 

1% m3 

1"9 - 2.1 

1.9 - 2.,1 

1.8 - 2 0 
126 

1-6 - 1 8  

1 8  

1 9  - 2"l 
P I  - 1 5  

2-40 - 2.5 
1-85 

2 ,/ 45 

2,40 

REMARKS 
- ~~ 

b f i n n k  a t t a c k  i n  a l l  cases at .? 500 
ppm; coarse-grained oxtde f i lm 
present  a t  lower concentrations 

Attack of 2 specimens, one a t  2000 
and other a t  PO00 ppm; coarse- 
grained oxide film present  a t  lower 
cOEl@entra",ionS O f  1' 

.Solutions and specimens CK 

Bad a t t ack  of specimens 

[ A l l  so lu t ions  reduced completely; a l l  

( specimens a t tacked  

soabationh OK; specimens exce l l en t  

U concentratnon i n  so1ntion aedwed 
maReirna8By; spechiens begin to show 
a t t ack  

Solutions and specimens OK 

Small red p r e c i p i t a t e ;  specimens 
acquired t h i n  oxide f i lm  

Solutions and specimens (r< 

Small red p r e c i p i t a t e ;  spedmens 
ecqomed t h m  oxide f i lm 

Solutaon and specrmens CK 

500 ppm N i  present i n  a l l  soPutions; 
specimens ~OQ! 

'The pH values l i s t e d  i n  this co1umn are those measa,-ed a" the end of each experrment The pH of  the 
s t a r t i n g  so lu t ion  i n  a l l  cases  was 2,55. 
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2 .  I o d i d e  i o n  i s  e x t r e m e l y  u n s t a b l e  i n  u r a n y l  s u l f a t e  s o l u t i o n s  w h i c h  
have n o t  been d e g a s s e d  o f  a t m o s p h e r i c  oxygen ,  s o  t h a t  i n  t h i s  s e r i e s  o f  t e s t s  

we a r e  e s s e n t i a l l y  d e a l i n g  w i t h  f r e e  i o d i n e .  D u p l i c a t e  s a m p l e s  c o n t a i n i n g  
2000 and 1000  ppm o f  i o d i d e  gave o p p o s i t e  r e s u l t s ,  i n  e a c h  c a s e  one s o l u t i o n  
was r e d u c e d  t o  u,o, w h i l e  t h e  o t h e r  r e m a i n e d  s t a b l e ,  H o w e v e r ,  t h e  t e s t  

s p e c i m e n s ,  e v e n  i n  t h e  s t a b l e  s o l u t i o n s ,  showed some s i g n s  o f  a t t a c k  s u c h  as  

f l a k i n g  o f f  o f  t h e  o x i d e  l a y e r .  C o n c e n t r a t i o n s  L 500 ppm o f  i o d i d e  d i d ' n o t  
r e d u c e  t h e  s o l u t i o n s  or  m a t e r i a l l y  a f f e c t  t h e  t e s t  spec imens  i n  140 h r  e x c e p t  
f o r  t h e  f o r m a t i o n  o f  t h e  c o a r s e - g r a i n e d  l a y e r  o f  o x i d e  s i m i l a r  t o  t h a t  n o t e d  
above i n  the c a s e  o f  c h l o r i d e s .  

3 ,  The a b s e n c e  o f  oxygen was found t o  be v e r y  d e t r i m e n t a 4 ,  r e s u l t i n g  i n  
r e d u c t i o n  o f  t h e  s o l u t i o n s  and s e r i o u s  a t t a c k  o f  t h e  s t e e l  s p e c i m e n s .  Oxygen 
was e l i m i n a t e d  from t h e s e  4mpoules  by d e g a s s i n g  on a vacuum l i n e  ("lo-' mm). 
T h i s  t e c h n i q u e  a p p e a r s  t o  o f f e r  c o n s i d e r a b l e  p r o m i s e  a s  a means o f  t e s t i n g  
t h e  d u r a b i l i t y  o f  any p a s s i v a t i o n  f i l m ,  and, s i m u l t a n e o M s l y ,  t h e  e l a p s e d  t ime 

n e c e s s a r y  f o r  b r e a k d o w n  o f  b o t h  t h e  s o l u t i o n  a n d  s t e e l  s p e c i m e n  g i v e s  a 
d i r e c t  i n d i c a t i o n  o f  t h e  r e l a t i v e  t o u g h n e s s  o f  t h e s e  f i l m s  o r  o x i d e  l a y e r s .  
For  e x a m p l e ,  a l l  s i x  s e p a r a t e  n i t r a t e - p r e t r e a t e d  s p e c i m e n s  ( f r o m  d i f f e r e n t  
p r e t r e a t m e n t  b a t c h e s )  were a t t a c k e d . a n d t h e u r a n y 1  s u l f a t e  s o l u t i o n s  c o m p l e t e l y  
r e d u c e d  i n  less  t h a n  40 h r  a t  25OoC; f o u r  o f  t h e s e  f a i l e d  c o m p l e t e l y  i n  l e s s  
t h a n  24 h r ,  I n  c o n t r a s t  t o  t h e s e ,  two c h r o m a t e  p r e t r e a t e d  s p e c i m e n s  were r u n  

f o r  a t  l e a s t  120  h r  and two more f o r  150 and 170 h r  b e f o r e  m a t e r i a l  r e d u c t i o n  
o f  t h e  u r a p i u m  i n  s o l u t i o n  was e v i d e n t :  f u r t h e r m o r e ,  none  o f  t h e  s t e e l  t e s t  

s p e c i m e n s  showed t h e  d e e p  a t t a c k  and  p i t t i n g  w h i c h w e r z  n o t e d  w i t h  n i t r a t e -  
p r e t r e a t e d  s p e c i m e n s .  

4 .  S e v e r a l  r u n s  were mad& i n  w h i c h  e x c e s s  o x y g e n  was p r e s e n t  i n  t h e  
s y s t e m .  One a t m o s p h e r e  o f  oxygen was o b t a i n e d  i n  some s a m p l e s  by b u b b l i n g  
oxygen t h r o u g h  t h e  s o l u t i o n s ,  w h i l e  i n  o t h e r s  hydrogen  p e r o x i d e  was added i n  
s u c h  amounts  t h a t  i t s  d e c o m p o s i t i o n  would g i v e  a p r e s s u r e  o f  a b o u t  1 0  atrn o f  
oxygen measured  a t  roqm t e m p e r a t u r e  above  t h e  s o l u t i o n .  P a s s i v a t e d  ( n i t r a t e )  
and u n p a s s i v a t e d  s p e c i m e n s  were u s e d .  The f o r m e r  showed no  c h a n g e  n o r  were 

t h e  s o l u t i o n s  a f f e c t e d  a f t e r  100 h r ,  b u t  t h e  l a t t e r  a p p e a r e d  t o  have a c q u i r e d  
a t h i n  f i l m  o f  o x i d e ,  ' s i m u l t a n e o u s l y  d e p o s i t i n g  a s m a l l  r e d  i r o n  o x i d e p r e c i p  

i % a t e  f r o m  s o l u t i o n ,  T h e s e  l a t t e r  o x y g e n - p r e t r e a t e d  s p e c i m e n s  were t h e n  
p l a c e d  i n  f r e s h  s o l u t i o n s  o f  u r a n y l  s u l f a t e  ( a i r  p r e s e n t )  and run  a n  a d d i t i o n a l  

80 h r  w i t h o u t  a n y  e v i d e n c e  o f  b r e a k d o w n ,  W h e t h e r  t h i s  oxygen p r e t r e a t m e n t  
w i l l  p r o v i d e  a d u r a b l e  p a s s i v a t i o n  f i l m  i s  now b e i n g  t e s t e d  by t h e  d e g a s s i n g  
t e c h n i q u e ,  
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5. S e v e r a l  run$  were made o n  b o t h  p a s s i v a t e d  ( n i t r a t e )  a n d  u n p a s s i v a t e d  
s p e c i m e n s  i n  which 1% n i t r i c  a c i d  Gas added t o  t h e  u r a n y l  s u l f a t e  s o l u t i o n s ,  
S m a l l  r e d d i s h  p r e c i p i t a t e s  o f  i r o n  o x i d e  were n o t d d  a f t e r  2 4  h r ,  and t h e  c o l o r  
, o f  t h e  s o l u t i o n s  had changed from y e l l o w  t o  a d e c i d e d  g r e e n i s h  y e l l o w ,  anal'yseg 
i n d i c a t e d  t h a t  a t  l e a s t  500 ppm o f  n i c k e l  had b e e n  Peached  o u t  o f  t h e  s t e e l  

s p e c i m e n s  i n t o , s o l u t i o n ,  The s p e c i m e n s  t h e m s e l v e s  had a good a p p e a r a n c e  t h e y  
w e r e ' g r a y  i n  c o l o r , ,  h a v i n g a  t h i n  c r y s t a l l i n e  l aye ' r  above a l u s t r o u s  background ,  

6 .  Smal l  y e l l o w  p r e c i p i t a t e s ,  w h i c h  a p p e a r e d  t o b e  o f  t h e  r h o m b o h e d r a l  
t y p e  and  c o n t a i n e d  on t h e  a v e r a g e  a b o u t  5% o f  t h e  u r a n i u m  p r e s e n t ,  were f o u n d  
i n  a l m o s t  e v e r y  ampoule ( e x d e p t  where t h e  uran ium w a s  r e d u c e d )  h e a t e d  a t  250°C 
f o r  a t  l e a s t  80 h r ,  S e v e r a l  o f  t h e s e  p r e c i p i t a t e s ,  w h i c h  were a n a l y z e d  
s p e c t r o g r a p h i c a l l y ,  were found t o  c o n t a i n  l a r g e  amounts  o f  uran ium and medium 
amounts o f  s i l i c o n ,  X - r a y - d i f f r a c t i o n  p a t t e r n s  a t  f i r s t  a p p e a r e d  t o  i n d i c a t e  
t h a t  t h e  c r y s t a l l i n e  m a t e r i a l  was s i m i l a r  t o  t h a t  o b t a i n e d  by Marshall!4] 

wh ich '  h e  p o s t u l a t e d  a s  an  o r t h o s i l i c a t e  compound (UO,),SiO, 3Ht0, However ,  
c l o s e r  e x a m i n a t i o n  r e v e a l e d  t h a t  t h e r e  were enough d i s c r e p a n c i e s  be tween t h e  
p a t t e r n s  t o  i n d i c a t e  g h a t  t h e y  a r e  n o t  t h e  same c r y s t a l l i n e  p h a s e .  S i n L e  
t h e s e  p r e c i p i t a t e s  c o n t a i n  s i l i c o n  and  a r e  v e r y  d i f f i c u l t  t o  d i s s o l . v e  i n  
n i t r i c  a c i d ,  i:r. i s  b e l i e u e d  k h a t  t h e y  c o n s i s t  l a r g e l y  o f  u r a n i u m  s i l ' i c a t e s  
formed f r o m  l o n g  c c t n t a c t  ' o f  t h e  u r a n y l  s u l f a t e  s o l u t i o n s  w i t h  v i t r e o s i l  a t  
2 5 0 b C .  

. .  

ELECTBOCBEIICAL CdRROSION STUDY 

C o r r o s i o n  s t u d i e s  o f  an  e l e c t r o c h e m i c a l  n a t u r e  have been& c o n t i n u e d  d u r i n g  
t h e  p a s t  q u a r t e r ,  T h e s e  s t u d i e s  have been d i r e c t e d  toward o b t a i n i n g  a g e n e r a l  
, p i c t u r e  o f  t h e  c o r r o s i o n  mechani*sm a n d  t h e  s u b s e q u e n L  u r a n i u m  r e m o v a l  f rom 
s o l u t i o n  by p r e c i p i k a t i o n  o f  e i t h e ?  UO, xH20, U 3 O 8 , o ~  UO,. 

E x p e r i m e n t a l  

The u t i l i i y  of t h e  c e l l  ' p a s s i v a t e d  ' ) s t a i n l e s s  s t ee l [UO,SO,  1 p a s s i v a t e d  

a t  100°C i n  t h e  p i e s e n e e  o f  c h l o r i d e  ions .ha59  p r e v i o u s l y  been s t a i n l e s s  s t e e l  
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d e m o n s t r a t e d ,  :’ ; T h i s  same s y s t e m  was a l s o  found  to i n d i c a t e  t h e  o n s e t  o f  
r a p i d  c o r r o s i o n  a t  250°C i n  t h e  p r e s e n c e  o f  c h l o r i d e  i o n s *  

A t  100°C i n  t h e  absence  of c h l o r i d e  i o n  i t  h a s  been i m p o s s i b i e  t o  obse rvk  
any e v i d e n c e  o f  c o r r o s i o n  even  a f t e r  5 days  e x p o s u r e  t i m e ,  N e i t h e r  m i c r o s c o p i c  
e x a m i n a t i o n  o f  t h e  s u r f a c e  n o r  p o t e n t i a l  m e a s u r e m e n t s  i n d i c a t e d  a c t i v e  c o r -  
r o s i o n ,  When a u r a n y l  s u l f a t e  s o l u t i o n  was h e a t e d  t o  250°C i n  a p a s s i v a t e d  
s t e e i  bomb f o r  1 week the  e n t i r e  uranium c o n t e n t  was p r e c i p i t a t e d  and c o r r o s i o n  
p r o d u c t s  were found b o t h  i n  s o l u t i o n  and i n  t h e  p r e c i p i t a t e ,  D u r i n g  t h e  r u n  
t h e  p o t e n t i a l  o f  t h e  w a l l s  of  t h e  v e s s e l  v e r s u s  a c e n t r a l  p a s s i v a t e d  s t e e l  
w i r e  w a s  r e c o r d e d  and  t h e r e  was n o  e v i d e n c e  o f  + p o t e n t i a l  c h a n g e ,  T h e  
p o e e n t i a l  o f  tRe c e l l ,  p a s s i v a t e d  s t a i n l e s s  s t e e l I U O , S O ,  / p a s s i v a t e d  s t a i n l e s s  
s t e e l .  remained  a t  z e r o  t h r o u g h o u t  t h e  e x p e r i m e n t  even  though c o m p l e t e  uran ium 
p r e c i p i t a t i o n  o c c u r r e d  d u r i n g  t h e  run! I t  a p p e a r s  t h a t  t h e  s y s t e m  p a s s i v a t e d  

s t a i n l e s s  steel]Uo2S0, ] p a s s i v a t e d  s t a i n l e s s  s t e e l .  i s  o f  l i t t l e  o r  no v a l u e  i n  
t h e  absence  o f  t h e  c h l o r i d e  i o n ,  

T h e  f i r s t  s t a g e  o f  u r a n i u m  p r e c i p i t a t i o n  p r o b a b l y  c o n s i s t e d  o f  t h e  
r e d u c t i o n  o f  u r a n i u m ( V 1 )  t o  u r a n i u m ( 1 V ) .  T h e  u r a n i u m ( 1 V )  was s u b s e q u e n t l y  
p r e c i p i t a t e d  by h y d r o l y s i s  and t h e  u r a n i u m  o x i d e  a d h e r e d  t o  a l l  a v a i l a b l e  

s u r f a c e s ,  Bo th  e l e c t r o d e s  became c o a t e d  w i t h  t h e  p r e c i p i t a t e  and hence  were 
e q u i v a l e n t ,  

I n  t h e  above  r u n  t h e  u r a n i u m  p r e c i p i t a t e d  a s  a s h i n y ,  b l a c k ,  a d h e r e n t  
c o a t i n g  on t h e  w a l l s  o f  t h e  v e s s e l  a s  w e l l  a s  t h e  c e n t r a l  e l e c t r o d e ,  An 
X-ray a n a l y s i s  of  t h e  p r e c i p i t a t e  showed i t  t o  bk 100% UO,, 

I f  t h e  above  a s s u m p t i o n  is c o r r e c t ,  i t  would be i m p o s s i b l e  t o  u s e  any  
m e z a l l i c  i n d i c a t o r  e l e c t r o d e  b e c a u s e  when i t  became c o a t e d  w i t h  UO, i t  would 
be e q u i v a l e n t  t o  t h e  p a s s i v e  s u r f a c e  a l s o  cove red  w i t h  t h e  same o x i d e ,  I n  t h e  
n e a r  f u t u r e  a p l a t i n u m - i n d i c a t o r  e l e c t r o d e  w i l l  be used  t o  see  i f  t h e  same 

r e s u l t  i s  o b t a i n e d ,  

The e f f e c t  o f  r e m o v i n g  oxygen from ehe  u r a n y l  s u l f a t e  s o i u t i o n  i n  which 
a p a s s i v a t e d  s t a i n l e s s  s t e e l  s p e c i m e n  w a s  immersed h a s  been i n v e s t i g a t e d ,  A 
p a s s i v a t e d  p i e c e  o f  s t e e l  was mounted i n  t h e  bot tom o f  a c o n v e n t i o n a l  e l e c t r o l -  
y s i s  c e l l  and 15 m l  o f  Uo,So, (30  g o f  uran ium p e r  l i t e r )  s o l u t i o n  was p l a c e d  
above it, A s t r e a m  o f  o x y g e n - f r e e  n i t r o g e n  was bubb led  t h r o u g h  t h e  s o l u t i o n  
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and t h e  p o t e n t i a l  o f  t h e  s t e e l  vs, t h e  S.C.E., was r e c o r d e d ,  B e f o r e  p a s s i n g  
n i t r o g e n  t h r o u g h  t h e  c e l l ,  t h e  p o t e n t i a l  o f  t h e  s t e e l  was +0,52 v vs , ,  S u C s E e  

D u r i n g  t h e  f i r s t  4 h r  o f  p a s s i n g  n i t r o g e n  t h r o u g h  t h e  solation i ~ h e  
p o t e n t i a l  c h a n g e d  i n  a n e g a t i v e  d i r e c t i o n  by a b o u t  50 m - f ,  Duiring t h e  n e x t  
h o u r  t h e  p o k e n t i a l  changed  by 350 mv s o  t h a t  t h e  p o t e n t i a l  o f  t h e  s t e e l  was 
a b o u t  ~ 0 . 1 0  Y vis. S a C 6 E u  F u r t h e r  b u b b l i n g  o f  n i t r o g e n  had no  a d d i t i o n a l  
e f f e c t  on t h e  p o t e n t i a l  of  t h e  s t e e l ,  When oxygen was s u b s t i t u t e d  f o r  n i t r o g e n  

i n  t h e  gas  s t r e a m ,  t h e  p o t e n b i a l  changed  i n  abou t  1 h r  to i t s  o r i g i n a l  v a l u e ,  
i a e e >  +Oe52 v vs. S a C o E e  The c y c l e  c o u l d  be r e p e a t e d  by &e a l t e r n a t e  p a s s i n g  
o f  n i E r o g e n  and oxygen th rough  t h e  s o l u t i o n ,  

I t  t h u s  a p p e a r s  t h a t  oxygen was at l e a s t  p a r t i a l l y  r e s p o n s i b l e  f o r  t h e  
n o b l e  b e h a v i o r  o f  t h e  p a s s i - i a t e d  s e e e l ,  S i n c e  t h e  t i m e  r e q u i r e d  t o  obserTse 
t h e  change  i n  p o t e n t i a l  was so l o n g ,  i t  seemed l i k e l y  t h a k  t h e  oxygen h e l d  on 
t h e  s u r f a c e  o f  t h e  s t e e l  was r e l e a s e d  o n l y  S P O W P Y ,  

I t  h a s  b e e n  shown c o n c l u s i v e l y  t h a t  t h e  p r e s e n c e  o f  PO0 LO 300 ppm o f  
s i l i c a  i n  a u r a n y l  s u l f a t e  s o l u t i o n  i m p r o v e s  t h e  c o , - r o s i o n  r e s i s t a n c e  o f  
p a s s i v a t e d  s t a i n l e s s  s t e e l  t o  c h l o r i d e  i o n  a t s a c k  When p a s s i v a ~ e d  s t e e l  
spec imens  were immersed i n  a u r a h y l  s u l f a t e  s o l u t i o n  a: 100°C conta innng  Or05 

M p o t a s s i u m  c h l o r i d e  t h e  p a s s i v i t y  was d e s t r o y e d  i n  10 'LO 40 min I f  t h e  
u r a n y l  s u l f a t e  s o l u t i o n  c o n t a i n e d  100 t o  300 ppm s i l i c a  she p a . s s i ~ . ; f t y  was 
d e s t r o y e d  o n l y  a f t e r  20 t o  24 h r ,  To d a t e  no  e x t e n s i l - e  s zudy  of  t h i s  system 
h a s  been made, b u t  a more d e t a i l e d  s t u d y  is  p lanned  f o r  :he fu;urer 

Diiseossion 

A t  l e a s t  a p a r t  o f  t h e  r e s u l t s  of t h e  c o s r ~ s i o n  s t e n d 5 . e ~  r e p o r t e d  t o  da1:e 
c a n  be e x p l a i n e d  f a i r l y  w e l l  by an e l e c t r g c h e m i c a i  mechani;rn a i m i i a r  to t h a t  
p roposed  by U h l i g . ( 6 j  The a n o d i c  r e a '  x ion  c o g s n s ~ s  o f  :he o x i d a ; i o n  o f  i r o n ,  
n i c k e l ,  and chromium. A t  t h e  c a t h o d i -  a s e m  t h e r e  a r e  Arree p03s ib l . e  - e a c t E m s "  

66 



E q u a t i o n s  ( 1 )  and ( 2 )  consume hydrogen  i o n s , l e a v i n g  a d e c r e q s e d  a c i d i t y  
i n  t h e  n e a r  v i c i n i t y  o f  t h e  c a t h o d i c  s u r f a c e .  Hence,  i f  oxygen i s  p r e s e n t  and 
i f  e i t h e r  oxygen  O E  h y d r o g e n  i o n s  a r e  more e a s i l y  r e d u c e d  t h a n  u r a n y l  i o n s ,  
c o r r o s i o n  of  t h e  a l l o y  can  p r o c e e d  w i t h o u t  r e d u c t i o n  o f  u ran ium,  Howevek, i f  
t h e  r e d u c t i o n  o f  e i t h e r  o x y g e n  o r  h y d r o g e n  i o n s  a t  a n  a p p r e c i a b l e  r a t e  
c o n s k i t u t t e s  khe  c a t h o d i c  r e a c t i o n  t h e r e  would  be an  i n c r e a s e d  pH n e a r  t h e  
c a t h o d i c  s u r f a c e  a n d  t h e  h y d r o l y t i c  p r e c i p i t a t i o n  *of u r a n y l  i o n  a p p e a r s  

p o s s i b l e  

The  consumpt ion  o f  hydrogen  i o n s  a t  t h e  c a t h o d e  i s  n e a r l y  o f f s e t ' b y  t h e  
l i b e r a t i o n  o f  hydrogen  i o n s  produced  from t h e  h y d r o l y t i c  p r e c i p i t a t i o n  o f  t h e  
a n o d i c  corrosion p r o d u c t s e  At 2 5 0 ° C  b o t h  i r o n ( I I 1 )  and c h r o m i u m ( I I 1 )  a r e  
completePy p r e c i p i t a t e d  a s  o x i d e s ,  l i b e r a t i n g  hydrogen i o n s  i n  an amount n e a r l y  
e q u a l  t o  t h a t  consumed a t  t h e  c a t h o d i c  a r e a s ,  Expe r imen t s  have i n d i c a t e d  t h a t  
t h e  p r e c i p i t a i G e s  o f  i r o n  ' and  chromium o x i d e s  a r e  f r e q u e n t l y  c o l l o i d a l  i n  
n a t u r e  and  c o u l d  e a s i l y  be  o v e r l o o k e d  d u r i n g  an a n a l y s i s  o f  :he s o l u t i o n ,  
Hence,  a n a n a l y s i s  o f  t h e  s o l u t i o n  does  n o t  n e c e s s a r i l y  i n d i c a t e  t h e  o c c u r r e n c e  

o f  a c t i v e  c Q r r o s i o n ,  

T h e r e  a r e  s e v e r a l  r e a s o n s  t h a t  c o r r o s i o n  may n o t  be a p p a r e n t  a t  Power 

t e m p e r a t u r e s :  

1, H y d r o l y t i c  p r e c i p i t a t i o n  o f  u r a n i u m ( I V ) ,  i r o n ( I 1 1 1 ,  and ch romi -  
um( I I1 )  does  n o t  Fake p l a c e  i n u r a n y l  s u l f a t e  ' s o l u t i o n s ,  a t  l e a s t  
t o  c o m p l e t i o n ,  u n t i l  t e m p e r a t u r e s  i n e x c e s s  o f  100% a r e  r e a c h e d "  

2 ,  In 8 c l o s e d  s y s t e m  w h e r e  t h e  r e d u c t i o n  o f  o x y g e n  i s  t h e  c o n -  
t r o l l i n g  f a c $ o r  tke r a t e  o f  c o r r o s i o n  d o u b l e s  f o r  each 3OoC r i se  
i n  t e m p e r a t u r e  Q ;  r e s u l t i n g  i n  a e - o ~ r o s i o n  r a t e  a lmos t  200 t imes  
f a s t e r  a t  250°C t han  a $  25"CL 

a 

3 ,  O x i d a t i o n - r e d u c t i o n  p o t e n t i a l s ,  o v e r v o l t a g e s ,  a n d ' c o n d u c t i v i t y  
o f  t h e  s o l u t i o n  p o s s i b l y  become more favfosable  f o r  an i n c r e a s e d  
c o r r o s i o n  r a t e  a t  i n c r e a s e d  t e m p e r a t u r e s  (I 
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The d a t a  o b t a i n e d  t o  d a t e  i n d i c a t e  t h a t  c o r r o s i o n  e n c o u n t e r e d  i n  t h e  HRE 
work i s  an  e l e c t r o l y t i c  t y p e .  N e a r l y  a l l  t h e  d a t a  c a n  be e x p l a i n e d  o n  t h e  

b a s i s  o f  t h e  above r e a s o n i n g  w i t h  v a r i o u s  m o d i f i c a t i o n s * '  I t  a p p e a r s  t h a t  t h e  
s o - c a l l e d  p a s s i v e  s t e e l  i s  n o t  c o m p l e t e l y  p a s s i v e  a t  250°C i n  u r a n y l  s u l f a t e  
b u t  u n d e r g o e s  c o n t i n u o u s  c o r r o s i o n ,  The  r a t e  o f  c o r r o s i o n  i s  u n d o u b t e d l y  
d e p e n d e n t  on numerous p h y s i c a l  p r o p e r t i e s  o f  t h e  s t e e l  and i t s  o x i d e  c o a t i n g .  

S i n c e  e a c h  m e l t  o f  s t e e l  i s  n o t  c o m p l e t e l y -  i d e n t i c a l  and s i n c e  e a c h  method o f  
w o r k i n g  t h e  s t e e l  i s  d i f f e r e n t ,  t h e  d e g r e e  o f  r e p r o d u c i b i l i t y  o f  c o r r o s i o n  
r a t e s  c a n  b e e x p e c t e d  to be low, The d a t a . o b t a i n e d  b e a r  o u t  t h e  l a s t  s t a t e m e n t .  

F u t u r e  work w i l l  be d i r e c t e d  a t  g e t t i n g  a c l e a r e r  p i c t u r e  o f  t h e  c o r r o s i o n  
mechanism and d e t e r m i n i n g  what e f f e c & $  i f  a n y s  s i l i c a  i n  t h e  u r a n i l  s o l u t i o n  h a s  
on c o r r o s i o n  r a t e s .  
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3 o  S T A B I L I T Y  AND CORROSION UNDER RAUIATION 

H ,  F ,  McDuffie 

Dur ing  t h e  p a s t  q u a r t e r  t h e  e f f o r t s  o f  t h e  R a d i a t i o n  S t a b i l i t y  Group have 
been d i r e c t e d  toward t h e  f o l l o w i n g  g e n e r a l  l i n e s  o f  i n v e s t i g a t i o n :  

1 ,  Long- te rm r a d i a s i o n  s t a b i l i t y  t e s t s  a t  t h e  maximum f l u x  o f  t h e  
g r a p h i t e , p i l e  

LITR // 
2 "  S h o r t - t e r m  e x p l o r a t o r y  t e s t s  a t  t h e  much h i g h e r  f l u x e s  o f  t h e  

3 ,  Out o f  p i l e  s t u d i e s  o f  c o r r o s i o n  and s o l u t i o n  s t a b i l i t y  u s i n g  
t h e  bomb - f i t t i n  g-  t u b i n g  a s s  embl i e s des  i gne d f o r  i n  ~ p i  l e  tes t i n  g 

40 P r e l i m i n a r y  r a d i a t i o n  s t a b i l i t y  s t u d i e s  o f  t h e  c o m p o n e n t s  of 
t h e  h e a v y - w a t e r  r e f l e c t o r  s y s t e m  o f  t h e  HRE, 

5 -  P r e l i m i n a r y  r a d i a t i o n  s t a b i l i t y  s t u d i e s  o f  u r a n y l  n i t r a t e  s o l u -  
t i o n s  

The c o n c l u s i o n s  of p r i n c i p a l  i n t e r e s t  t o  t h e  HRE which have a r i s e n  from 
t h e  work o f  t h e  group d u r i n g  t h e  q u a r t e r  a r e  a s  f o l l o w s :  

The p r e s e n c e  o f  oxygen i s  n e c e s s a r y  f o r  t h e  m a i n t e n a n c e  o f  t h e  
p a s s i v i t y  o f  t y p e  34% s t a i n l e s s  s t e e l  s u r f a c e s  i n  c o n t a c t  w i t h  
u r a n y l  s u l f a t e  s o l u t i o n s  a: 2$0"C,  and may p o s s i b l y  be s u f f i c i e n t  
f o r  t h e  ach ievemen t  and ma in tenance  o f  p a s s i r i t y d  ( T h i s  f i n d i n g  
i s  s u p p o r t e d  by t h e  work o f  o t h e r  g r o u p s  who a p p r o a c h e d  t h e  
p r o b l e m  krom d i f f e r e n t  p o i n t s  o f  v i e w ,  and  i t  i s  n o t  . i n t e n d e d  
that amy epradie ahou.Pd b e  t a k e n  from t hem,  The c o n c l u s i a n ,  
n e v e r t h e l e s s  p r e s e n t e d  h e r e  b e c a u s e  t h e  work o f  the R a d i a t i o n  
S t a b i l i t y  Group e s t a b l i s h e s  i t  w i t h  c e r i a i n t y ,  1 

2 ,  S u r f a c e s  p r e t r e a k e d  w i t h  chromic  a c i d  a p p e a r  o u t s t a n d i n g l y  b e t t e r  
t h a n  t h o s e  p r e t r e a t e d  w i t h  n i f r i c  a c i d  when t e s t e d  f o r  a b i l i t y  
t o  m a i n t a i n  p a s s i v i t y  i n  c o n t a c t  w i t h  d e g a s s e d  s o l u t i o n s .  of 
u r a n y l  s u l f a t e  

A group o f  f i v e  s t a i n l e s s  s t e e l  bombs c o n t a i n i n g  e n r i c h e d  u r a n y l  
s u l f a t e  s o l u t i o n s  h a s  been exposed  t o  t h e  f u l l  f l u x  o f  t h e  X-PO 
p i l e  f o r  7 weeks  w i t h  p r e s s u r e s  s u b s t a n t i a l l y  i n  e x c e s s  of s t eam 
p r e s s u r e s  i n d i c a t i n g  t h a t  t h e  uranium rema ins  i n  a S o l u b l e  form. 

4 -  A p r e l i m i n a r y  e x p e r i m e n t  i n  t h e  EITR h a s  been carried o u t  suc- 

3 ,  

c e s s  f u l l y  
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LONG-TERB IRRADIATIONS IN TEE X - 1 6  PILE 

A s  p a r t  o f  t h e  c o n t i n u a t i o n  o f  l o n g - t e r m  i r r a d i a t i o n  s t u d i e s ,  f i v e  bombs 
were p l a c e d  i n  h o l e  60 a b o u t  7 weeks a g o ,  These  bombs, d e v e l o p e d  t h r o u g h  t h e  
o u t - o f - p i l e  t e s t i n g  p r o g r a m  d e s c r i b e d  l a t e r  i n  t h i s  r e p o r t ,  were f r e e  f rom 
c h l o r i d e  and n o n - s t a i n l e s s  s t ee l  components .  A t  t h e  t i m e  t h e  bomb a s s e m b l i e s  
were p r e p a r e d  t h e  impor t ance  of oxygen for o u t - o f - p i l e  ma in tenance  o f p a s s i v i t y  
had  n o t  been e s t a b l i s h e d ,  and t h e  c o n d i t i o n s  were n o t  o p t i m a l  i n  t h e  l i g h t  o f  
p r e s e n t  knowledge ,  T h r e e  o f  t h e  bombs showed n o  r e d u c t i o n  of u r a n i u m  when 
h e a t e d  i n  t h e  a b s e n c e  o f  r a d i a t i o n -  one  showed a s l i g h t  amount o f  r e d u c t i o n ,  
and t h e  o t h e r  showed comple t e  r e d u c t i o n ,  A l l  t h e  bombs a f t e r  i n s e r t i o n ,  were 
s u b j e c t e d  t o  l o w - t e m p e r a t u r e  a c t i v a t i o n  t r e a t m e n t  i n  t h e  p r e s e n c e  o f  n e u t r o n  
r a d i a t i o n ,  and t h r o u g h o u t  t h e  7-week p e r i o d  t h e y  h a v e  a l l  shown p r e s s u r e s  
s u b s t a n t i a l l y  i n  e x c e s s  o f  s t eam p r e s s u r e ,  T h i s  i m p l i e s  t h a t  t h e r e  i s  uranium 
i n  s o l u t i o n  a f t e r  t h i s  l e n g t h  o f  e x p o s u r e .  

An a u t o m a t i c  c o n t r o l  d e v i c e  h a s  been p e r f e c t e d  and a t t a c h e d  t o  a " s l a v e w ,  
kwh me te r  i n d i c a t i n g  p i l e  power;  t h e  d e v i c e  l o w e r s  t h e  t e m p e r a t u r e o f t h e  bombs 
by 50 C e v e r y  t i m e  t h e  p i l e  i s  s h u t  down and r e s t o r e s  t h e  t e m p e r a t u r e  30 min 
a f t e r  t h e  p i l e  comes up  a g a i n .  T h i s  p r e v e n t s  t h e  e x h a u s t i o n  o f  o x y g e n  by 
r ecombina t ion  d u r i n g a p i l e  shutdown,  and t h e  t e m p e r a t u r e  t o  which t h e  s u r f a c e s  
a r e  exposed  i n  t h e  a b s e n c e  o f  r a d i a t i o n  i s  r e d u c e d ,  I n  t h i s  way i t  i s  hoped 
t h a t  o n l p t h e  c o r r o s i o n  o c c u r r i n g  i n  t h e  p r e s e n c e  o f  r a d i a t i o n  w i l l  b e m e a s u r e d .  

b 

I t  seems p r o b a b l e  t h a t  some w e i g h t  c h a n g e s  w i l l  b e  n o t e d  when t h e  c o r -  
r o s i o n  s a m p l e s  i n  t h e s e  bombs a r e  e v e n t u a l l y  examined .  T h i s  a s s u m p t i o n  i s  
based on t h e  f a c t  t h a t  a l l  t h e  a s s e m b l i e s  r e c e i v e d  o u t - o f - p i l e  h e a t i n g  t o  t e s t  

t h e i r  a b i l i t y  t o  c o n t a i n  u r a n y l  s u l f a t e .  We now know t h a t  i n  t h e  a b s e n c e  of  
l a r g e  p o s i t i v e  oxygen p r e s s u r e s  t h e  small. amovnt of oxygen p r e s e n t  i n  t h e  a i r  

would be  r a p i d l y  consumed,  f o l l o w e d  by c o r r o s i o n  and r e d u c t i o n  o f  t h e  u ran ium 
i f  t h e  h e a t i n g  were  c o n t i n u e d ,  I t  a p p e a r s  s i g n i f i c a n t  t h a t  t h e  two bombs 
which had shown p a r t i a l  o r  c o m p l e t e  r e d u c t i o n  o f  u r a n i u m  h a s  been p r e t r e a t e d  
w i t h  n i t r i c  a c i d ,  w h e r e a s  t h e  o t h e r  e h r e e  had been  p r e t r e a t e d  w i t h  c h r o m i c  
a c i d .  A s  w i l l  be  shown i n  a l a t e r  s e c t i o n  o f  t h i s  r e p o r t ,  i t  a p p e a r s  t h a t  
c h r o m a t e  p r e t r e a t m e n t  o f f e r s  much b e t t e r  p r o t e c t i o n  a g a i n s t  u r a n y l  s u l f a t e  
s o l u t i o n  i n  t h e  a b s e n c e  o f  oxygen t h a n  d o e s  n i t r a t e  p r e t r e a t m e n t .  Thus t h e s e  
bombs, and t h e i r  c o r r o s i o n  samples  s h o u l d  show less c o r r o s i o n  t h a n  t h e  bombs 
t r e a t e d  w i t h  n i t r a t e ,  

. 
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As t h e  o u t - o f - p i l e  t e s t i n g  p r o g r a m  c o n t i h u e s  w i t h  i t s  e v a l u a t i o n  o f  
oxygen and o t h e r  a g e n t s  f o r  t h e  a c h i e v e m e n t  and m a i n t e n a n c e  o f  p a s s i v i t y ,  i t  
s h o u l d  be p o s s i b l e  t o  o b t a i n  a new and b e t t e r  s e t  o f  bombs a 0  r e p l a c e  t h o s e  
now i n  h o l e  60. 

I R R A D I A T I O N  S T U D I E S  A T  HIGHER FLUXES U S I N G  THE L I T R  

Under p r e s e n t  a u t h o r i z a t i o n  t h e  LITR c a n  a c h i e v e  a f l u x  o f  a round  1OI3 a t  
a 1000-kw power l e v e l ,  T h i s  i s  a f a c t o r  o f  10 to 20 o v e r  t h e  f l u x e s  o b t a i n a b l e  
i n  t h e  X-10 g r a p h i t e  p i l e  and g i v e s  a r a d i a t i o n  l e v e l  c o m p a r a b l e  w i t h ' t h a t  
e x p e c t e d  f o r  t h e  HRE, M o r e o v e r ,  t h e  r a t i o  of gammas a n d  f a s t  n e u t r o n s  t o  
s l o w  n e u t r o n s  i s  a b o u t  1 0  t imes t h a t  a c h i e v e d  i n  t h e  g r a p h i t e  p i l e .  T h i s  
h i g h e r  r a t i o  i s  a l s o  e x p e c t e d  f o r  t h e  HRE., I t  i s  t h e r e f o r e  b e l i e v e d  t h a t  
e x p e r i m e n t s  i n  t h e  LITR r e p r e s e n t ,  a s  w e l l  a s  c a n  be o b t a i n e d  s h o r t  o f  t h e  HRE 
i t s e l f ,  t h e  o p e r a t i n g  r a d i a t i o n  l e v e l s  e x p e c t e d  from t h e  HRE a t  h a l f  power,  

D u r i n g  t h e  p a s t  q u a r t e r  t h e  d e s i g n  a n d  f a b r i c a t i o n  o f  a p p a r a t u s  w a s  

c o m p l e t e d  and a p r e l i m i n a r y  e x p e r i m e n t  was c a r r i e d  out, One p u r p o s e  o f  t h e  
e x p e r i m e n t  was t o  c h e c k  t h e  e f f e c t i v e n e s s  o f  t h e  c o n t r o l  e q u i p m e n t  and  t h e  
p c o c e d u r e s  f o r  l o a d i n g  and u n l o a d i n g  a t  high '  r a d i a t i o n  l e v e l s ,  On t h e  w h o l e ,  
t h e  equ ipmen t  pe r fo rmed  e x c e e d i n g l y  w e l l "  I t  was found t h a t  a u x i l i a r y  h e a t i n g  
was n o t  n e c e s s a r y  a t  power l e v e l s  a b o v e  320 kw, e n o u g h  h e a t  b e i n g  o b t a i n e d  
f rom f i s s i o n  a n d  gamma h e a t i h g  t o  h o l d  s a t i s f a c t o r y  t e m p e r a t u r e  l e v e l s .  
I n s e r t i o n  and w i t h d r a w a l  o f  t h e  aluminum t u b e  c o n t a i n i n g  t h e  bomb and f u r n a c e  
were accompl i shed  w i t h o u t  d i f f i c u l t y  or e x c e s s i v e  r a d i a t i o n  o f  p e r s o n n e l ,  

The s e c o n d  p u r p o s e  'of t h e  e x p e r i m e n t  was t o  become o r i e n t e d  w i t h  r e s p e c t  
t o  t h e  p r e s s u r e s  a c h i e v e d  a t  a n y  g i v e n  c o m b i n a t i o n  o f  t e m p e r a t u r e  and f l u x ,  
p a r t i c u l a r l y  a t  f l u x e s  a b o v e  t h o s e  o b t a i n a b l e  in t h e  X.10 g r a p h i t e  p i l e ,  
S i n c e  t h e  e x p e r i m e n t  h a s  j u s t  been  c o m p l e t e d ,  i t  is n o t  p o s s i b l e  t o  p r e s e n t  
a comple t e  a n a l y s i s  o f  t h e  d a t a .  However, s e v e r a l  p o i n t s  a r e  c l e a r  and s h o u l d  
be d i s c u s s e d ,  F i r s t  o f  a l l  i t  seems p r o b a b l e  t h a t  t h e  u r a n y l  s u l f a t e  s o l u t i o n  
o r i g i n a l l y  p u t  i n t o  t h e  bomb was decomposed  t o  i n s o l u b l e  o x i d e s  o f  u r a n i u m  
d u r i n g  t h e  p e r i o d  o f  t e m p e r a t u r e  and p r e s s u r e  c h e c g i n g  which p r e c e d e d  i n s e r t i o n  
i n t o  t h e  LITR,  T h u s  t h e  e x p e r i m e n t  was s t a r t e d  w i t h  a ?'deadPP< bomb, a n d  no  
p r e s s u r e  b u i l d - u p  was o b s e r v e d  a t  an i n i k i a l  t e m p e r a k u r e  o f  250°C and power 
l e v e l s  o f  6 ,  6 0 ,  and  80 kw, T h i s  s i t u a t i o n  was n o t  c o m p l e t e l y  u n e x p e c t e d  i n  



v i e w  o f  t h e  o u t - o f - p i l e  s t u d i e s  w h i c h  were b e i n g  c a r r i e d  o u t  c o n c u r r e n t l y ,  
Two t h i n g s  w h i c h  c o n t r i b u t e d  t o  u n c e r t a i n t y  i n  i n t e r p r e t i n g  r e s u l t s  were , 

( 1 )  t h e  a b s e n c e  o f  a l a r g e  p o s i t i v e  oxygen p r e s s u r e  o v e r  t h e  s o l u t i o n  d u r i n g  
t h e  h e a t i n g  and p r e s s u r e  t e s t s ,  and ( 2 )  t h e  l a c k  o f  any a n a l y s e s  o f  t h e  s o l u -  
t i o n  a f t e r  t h e s e  t e s t s ,  The r e a s o n  f o r  t h e  f i r s t  c o n d i t i o n  was an u n w i l l i n g n e s s  
t o  a d d  t h e  p o s s i b l e  c o m p l i c a t i n g  f a c t o r  o f  o x y g e n . p r e s s u r e  t o  t h e  r e c o m b i -  
n a t i o n  which  was s u b s e q u e n t l y  t o  occi i r  0 t h e  l a c k .  o f  a n a l y s e s  was a c a l c u l a t e d  
r i s k ,  b a s e d  on t h e  g r e a t e r  r i s k  i n v o l v e d  i n  b r e a k i n g  and a t t e m p t i n g  t d  remake 
t h e  p r e s s u r e  s e a l s  a f t e r  t h e  i n i t i a l  p r e s s u r e  t e s t s ,  

' 
Having  been s a t i s f i e d  t h a t  t h e  s o l u t i o n  was i n i t i a l l y  b s d ,  ;the t e m p e r a t u r e '  

1 

w a s  l o w e r e d  w h i l e  m a i n t a i n i n g  t h e  n e u t r o n  f l u x  l e v e l  i n  o r d e r  t o  p e r m i t  t h e  
b u i l d - u p  o f  a p e r o x i d e  c o n c e n t r a t i o n  s u f f i c i e n t  t o  o x i d i z e  t h e  r educed  u r a n i u m .  
b a c k  t o  t h e  u r a n y l  s t a t e .  T h i s  maneuver  was s u c c e s s f u l  i n  b r i n g i n g  a m a j a r  
p o r t i o n ,  i f  n o t  a l l ,  o f  t h e  uranium back i n t o  s o l u t i o n ,  

Wi th  an a p p a r e n t , l y  s a t i s f a c t o r y  s o l u t i o n  a v a r i e t y  o f  t e m p e r a t u r e - p r e s s u r e  
c o m b i n a t i o n s  were e x p l o r e d  a t  a power l e v e l  o f  320  kw ( 1 / 3  f u l l  f l u x ) . !  An 
i n t e r e s t i n g  s e t  o f  s e l f - c o n s i s t e n t  d a t a  w a s  o b t a i n e d ,  r e v e a l i n g  no e f f e c t s  o f  
u n e x p e c t e d  m a g n i t u d e  a t t r i b u t a b l e  t o  t h e  h i g h e r  s l o w - n e u t r o n  f l u x  or t o  t h e  
gamma and f a s t - n e u t r o n  f l u x e s #  I n  a n g i c i p a t i o n  o f  h i g h e r  p r e s s u r e s  a t  h i g h e r  
f l u x e s p  i t  was d e c i d e d  t o  r e d u c e  t h e  p r e s s u r e  t o  a low v a l u e  by u s i n g  a h i g h  
t e m p e r a t u r e  ( 2 9 5 ' C )  a n d  a Very low f l u x  h o p i n g  i n  t h i s  way t o  m a i n t a i n  a 
p r o t e c t i v e  c o n c e n t r a t i o n  o f  o x i d i z i n g  r a d i c a l s  'whi l e  r e c o m b i n i n g  m o s t  o f  t h e  
hydrogen and oxygen ,  A p p a r e n t l y  t h i s  maneuiyer was u n s u c c e s s f u l  when t h e  f l u x  
l e v e l  was r a i s e d ' t o  2/3 and t h e n  to f u l l  f l u x  ( 6 4 0  and  1000 kw) t h e  p r e s s u r e  
r e s p o n s e  w a s  much l o w e r  t h a n  a n t i c i p a t e d ,  When t h e  power l e v e l  was r e d u c e d  
t o  320 kw t h e  r e s p o n s e  i n d i c a t e d  t h a t  mos t  o f  t h e  u r a n i u m  had been  l o s t  from 
s o l u t i o n ,  A l t h o u g h  s u b s e q u e n t  e f f o r t s  t o  r e a c t i v a t e  t h e  s o l u t i o n  were u n -  
s u c c e s s f u ' f ,  r e c o m b i n a c i o n  d a t a  a t  h i g h e r  f l u x e s  were o b t a i n e d  w h i c h  w i l l  b e  
u s e f u l  i n  f u t u r e  work,  

I 

I t  i s  p l a n n e d  t o  c o n t i n u e  t h e s e  p r e l i m i n a r y  e x p e r i m e n t s  i n  t h e  n e a r  
f u t u r e ,  a n d ,  u s i n g  c h r o m a t e  p r e k r e a t m e n t  s u p p l e m e n t e d  by an a u x i l i a r y  oxygen 
p r e s s u r e  i n  t h e  a b s e n c e  o f  r a d i a t i o n ,  t h e r e  seems to  be no r e a s o n  f o r  a n t i c i -  
p a t i n g  t r o u b l e  w i t h  t h e  s o l u t i o n ,  The d a t a  a l r e a d y  o b t a i n e d  on r e c o m b i n a t i o n  
r a t e s  w i l l  a l l o w  u s  t o  e x p l o r e  t h e  e f f e c t s  o f  h i g h e r  f l u x  i n  an  o r d e r l y  manner 
s o  a s  t o  o b t a i n  d e p e n d a b l e  d a t a  i n  t h e  s h o r t e s t  p o s s i b l e  timec 
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. 
As t h e  t h i r d  p h a s e  o f  o p e r a t i o n s  i n  t h e  LITR, :it i s  p l a n n e d  t h a t  a s t u d y  

be made o f  l o n g - t e r m  e f f e c t s  on s o l u t i o n s  and s t a i n l e s s  s t e e l  s u r f a c e s .  For 
t h e s e  e x p e r i m e n t s  i t  i s  p l a n n e d  t o  u s e  t h e  h o r i z o n t a l  t h i m b l e  h o l e s ,  C a l c u -  
l a t i o n s  a r e  now u n d e r  wayJ wh ich ,  c o u p l e d  w i t h  t h e  i n f o r m a t i o n  o b t a i n e d  i n  t h e  
p r e l i m i n a r y  e x p e r i m e n t s  , w i l l  l e a d  t o  d e s i g n s  f o r  bombs, f u r n a c e s  s h i e l d i n g ,  
e t c ,  t h a t  w i l l  p e r m i t  s a t i s f a c t o r y  e x p e r i m e n t s  i n  t h e  h o r i z o n t a l  h o l e s ,  

OUT-OF-PILE STUDIES OF STAINLESS STEEL BOMB-PITTING-TUBING ASSEMBLIES 

As r e p o r t e d  i n  t h e  p r e v i o u s  q u a r t e r l y :  ' $  s u s p i c i o n  had b e e n  f o c u s s e d  o n  
two f a c t o r s  w h i c h  were t h o u g h t  c a p a b l e  o f  c a u s i n g  s o l u t i o n  i n s t a b i l i t y  and 
c o r r o ' s i o n  even  i n  t h e  a b s e n c e  o f  n e u t r o n  i r r a d i a t i o n ,  T h e  f i r s t  f a c t o r  was 
t h e  p r e s e n c e  o f  c h l o r i d e  i o n  a n d  t h e  s e c o n d  was t h e  u s e  o f  a bomb f i t t i n g  
c 0 n t a i n i n g . a  s i l v e r - s o l d e r e d  j o i n t  2 i n .  abpve t h e  l i q u i d  p h a s e  and a t  a l ower  
t e r n p e r a ' t u r e  t h a n  t h e  body o f  t h e  l i q u i d .  I t  w i l l  b e  r e c a l l e d  t h a t  e v e r y  
assembly c o n t a i n i n g  s u c h  a f i t t i n g  showed r e d u c t i o n  o f  t h e  uranium s o l u t i o n  t o  
b l a c k  o x i d e s  and e v i d e n c e  o f  c o r r o s i o n  i n  t h e  f o r m a t i o n  o f  f e r r o u s  i o n s .  

? A n a l y s g s  o f  h o t  w a t e r  r i n s e s  p u t  t h r o u g h  t h e  bomb i n d i c a t e  t h e  e x t e n t  
o f  removal  4(f c h l o r i d e  i o n s ,  The h o t  r i n s e s  a l s o  s e r v e d  t o  lower  t h e  c h l o r i d e  
i o n  c o n c e n t r a t i o n  t o  m i n i m a l  v a l u e s  p r i o r  t o  t h e  i n t r o d u c t i o n  o f  u r a n y l  
s u l f a t e  s o l u t i o n ,  

W i t h  r e s p e c t  t o  t h e  f i t t i n g s ,  d e s i g n s  h a v e  b e e n  m o d i f i e d  s o  t h a t  t h e  
t h e r m o c o u p l e  w e l l  h a s  b e e n  e l i m i n a t e d  and  t h e  c a p i l l a r y  t u b i n g  i s  s e a l e d  t o  
t h e  f i t t i n g  by means o f  a s m a l l  s t a i n l e s s  s t e e l  f e q r u l e  or swage r i n g ,  Thus  
t h e r e  a r e  no h e a t e d  j o i n t s  and no n o n - s t a i n l e s s  s t e e l  p o r t i o n s  o f  t h e  f i t t i n g .  
P r e l i m i n a r y  d e s i g n s  o f  a s m a l l  bomb h a v i n g  two o p e n i n g s  i n  i t s  h e a d ,  one f o r  
a t h e r m o c o u p l e  and  one  f o r  t h e  c a p i l l a r y  t u b i n g  ( b o t h  b e i n g  h e l d , i n  p l a c e  by 
means o f . s m a l 1  s t a i n l e s s  s t e e l  f e r r u l e s ) ,  have  been  t e s t e d  and bombs of  t h i s  
t y p e  a r e  now u n d e r  c o n s t r u c t i o n ,  

T a b l e  20 g i v e s  some o f  t h e  e a r l y  r e s u l t s  o b t a , i n e d  w i t h  t h e  new s t y l e  

f i t t i n g s  

T h e s e  r e s u l t s  a r e  i n  s t r i k i n g  c o n t r a s t  t o  t h e  r e s u l t s  o b t a i n e d  e a r l i e r  

w i t h  t h e  o l d - s t y l e  f i t t i n g s  and a p p e a r  t o  c o n f i r m  t h e  s u s p i c i o n  p r e v i o u s l y  
n o t e d ,  However ,  t h e r e  were two c a s e s  o f  c o m p l e t e  r e d u c t i o n  and o n e  c a s e  o f  



TABLE 20 

Out-of-Pile Tests of Assemblies Containing Swage-Type Fittings 

BOMB 
.:! NOn 

3 16 

324 

32 5 

32 1 

PRETREATMENT 

N i t r a t e  

Nitrate 

N i t r a t e  

N i t r a t e  

327 

3 17 

320 

335 

.-330D 

330s 

328 

33 u) 

N i t r a t e  

Nitrate 

N i  trate 

Nitrate 

Chromate 

Chromate 

Chromate 

Nitrate 

p a r t i a l  r e d u c t i o n  whic'h 

RESULT OF HEATING FOR AT LEAST 24 hs AT 250 ID 3QOoC 

Good; no loss of  uranium 

Good 

Good 

Good on f i r s t  test, then p a r t i a l  loss of uranium t o  28 7 m g / m l  
on second hea t ing  

Bad uranium content  less tRan 1 m g / m l  

Good, steam 1 e a k . l e f t  a l l  uranium i n  sofuble  form 

Good steam leak l e f t  a l l  uranium i n  so luble  form 

Good 's team leak l e f t  a l l  uranium i n  so luble  form 

Good 

Good 

Good small water loss by steam leak water replaced 

Good on f i r s t  test complete loss of uranium of  second test  

vere n o t  i m m e d i a t e l y  e x p l a i n e d .  T h e s e  s u g g e s t e d  t h a t  
some f u r t h e r  f a c t o r  mus t  be o p e r a t i n g  t o  c o n f u s e  t h e  s i t u a t i o n ,  D u r i n g  t h e  
p a s t  q u a r t e r  r e s u l t s  f r o m  o u r  a m p o d e  e x p e r i m e n t s  a n d  f r o m  t e s t - l o o p  a n d  
e l e c t r o c h e m i c a l  work by o t h e r  g r o u p s  began  t o  i n d i c a t e  t h a t  t h e  p r e s e n c e  o f  
o x y g e n  w a s  n e c e s s a r y  f o r  t h e  m a i n t e n a n c e  o f  p a s s i v i t y ,  T h i s  p r o v i d e s  a n  
e x p l a n a t i o n  f o r  t h e  f a i l u r e s  a s s o c i a t e d  wicth t h e  o l d - s  t y l e  f i t t i n g s ;  t h e  
s i l v e r - s o l d e r e d  j o i n t  p r e s e n c e d  a c l e a n  r e d u c e d "  s i l v e r - c o p p e r  e u t e c t i c  sur- 
f a c e  w h i c h  would be a l m o s t  i d e a l  f o r  r e a c t i o n  w i t h  oxygen a t  t e m p e v r a t u r e s  o f  
around 20OoC. When khe l i m i t e d  s u p p l y  o f  oxygen i n  t h e  sys t em had been d e p l e t e d  
t h e  p a s s i v i t y  would n o  l o n g e r  be m a i n t a i n e d  and a c t i v e  r e d u c t i o n  o f  t h e  u r a n y l  
s u l f a t e  w i t h  c o r r o s i o n  o f  t h e  megal c o u l d  b e g i n .  T h i s  would a l s o  h e l p  e x p l a i n  
t h e  i n - p i l e  e x p e r i e n c e  u s i n g  o l d - s t y l e  f i t t i n g s -  when r a d i a t i o n  was p r e s e n t  to 
p r o v i d e  an o x i d i z i n g  a tmosphe re  o r  when l a r g e  p a r t i a l  p r e s s u r e s  o f  oxygen were 
p r e s e n t  t h e  bombs would  r e m a i n  p a s s i v e "  b u t  d u r i n g  P o n g . s h u t d o w n s  a t  h i g h  

t e m p e r a t u r e s  t h e  oxygen migh t  ha-re become d e p l e t e d  , a l l o w i n g  c o . r r o s i o n  t o  t a k e  
p l a c e .  The h i g h  c o n c e n t r a t i o n s  o f  c h l o r i d e  i o n  p r e s e n t  i n  some i n . p i l e  tes ts  
would t e n d  t o  a c c e n t u a t e  t h e  e f f e c t  o f  l o s i n g  oxygen p r e s s u r e .  
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B a s e d  on t h e  c o n c e p t  o f  t h e  p r e s e n c e  o f  oxygen  a s  a n e c e s s a r y  ( p e r h a p s  
s u f f i c i e n t )  c o n d i t i o n ,  i t  was d e c i d e d  t o  s e t  up a s e r i e s  o f  e x p e r i m e n t s  i n  
which  t h e  s t a i n l e s s  s t e e l  bombs were n o t  p r e t r e a t e d  i n  t h e  o r d i n a r y  n i t r i c  
a c i d  or c h r o m i c  a c i d  s o l u t i o n  b u t  i n  w h i c h  oxygen was u s e d  a s  t h e  o n l y  p r e -  
t re a tmen t agen t a 

The r e s u l t s  t o  d a t e ,  l i s t e d  i n  T a b l e  2 1 ,  i n d i c a t e . c l e a r l y  t h a t  oxygen  
a l o n e  i s  c a p a b l e  o f  a c h i e v i n g  and m a i n t a i n i n g  a p a s s i v e  c o n d i t i o n  i n  a s t a i n -  
l e s s  s t e e l  bomb- t u b i n g  s o l u t i o n  a s s e m b l y .  When c r i t i c a l  c o n d i t i o n s  fo r -  p a s -  
s i v i t y  have been d e f i n e d  w i t h  s u c h  a s s e m b l i e s ,  i n - p i l e  r a d i a t i o n  tes ts  w i l l  b e  
i n i t i a t e d  u s i n g  t h e s e  c o n d i t i o n s .  I n f o r m a t i o n  r e c e i v e d  from t h e  pump l o o p  
t e s t s  i n d i c a t e s  t h a t  s a t i s f a c t o r y  o u t - e f - p i l e  c o n d i t i o n s  c a n  be m a i n t a i n e d  i n  
l a r g e r  dynamic s y s  tems e 

TABLE 21 

Oxygen as a Passivating Agent 

RUN 
NO 

336 

334 

339 

340 

341 

342 

343 

344 

345 

3 46 

3 47 

348 

AWED OXYG0+J PRESSURE 
DURING TEST 

(psi) 

2 00 

400 

400 

200 

400 

600 

None 

PRETREA'IMENT 
CONDITIONS 

200 p s i ;  w e t  

400 ps i ;  w e t  

400.psi;  dry 

None 

None 

' None 

200 p s i ;  w e t  

400 p s i ;  w e t  

400 p s i ;  dry 

None 

None 

None 

24  hr 

Bad 

Bad 

Bad 

~~ 

RESULTS 
100 hr 

Good 

Good 

Good 

Bad (?)  
(leak-low volume) 

Good 

Good 

Bad 

Bad 

Bad 

500 hr - 

Good 

75 



PBELIMINARY IBBADIATION STUDIES OF THE HEAVY-RATER BEFLECTOB SYSTEH 

A t  a m e e t i n g  o f  t h e  Homogeneous R e a c t o r  P r o j e c t  S t e e r i n g  C o m m i t t e e  
A p r i l  2 6 ,  t h e  r e f l e c t o r  s y s t e m  was d i s c u s s e d  e x t e n s i v e l y ,  and  t h e  R a d i a t i o n  
S t a b i l i t y  G r o u p  was r e q u e s t e d  t o  s t u d y  t h e  a s s o c i a t e d  c o m p o n e n t s  (D,O, 347 
s t a i n l e s s  s t e e l ,  1030 c a r b o n  s t e e l ,  and t r i s o d i u m  p h o s p h a t e )  w i t h  p a r t i c u l a r  
r e f e r e n c e  t o  t h e  r a t e  o f  g a s  f o r m a t i o n  u n d e r  r a d i a t i o n .  T h i s  s t u d y  i s  now 
u n d e r  way, u s i n g  H,O i n s t e a d  o f  D,O, b o t h  i n  q u a r t z  ampou les  and i n  bombs o f  
1030 c a r b o n  s t e e l .  I n  a d d i t i o n  t o  t r i s o d i u m  p h o s p h a t e ,  o t h e r  a g e n t s  f o r  
a c h i e v i n g  a pH above  10 ( c o n s i d e r e d  t o  be t h e  e f f e c t i v e  a n t i c o r r o s i o n  a g e n t )  
a r e  b e i n g  s t u d i e d ,  i n c l u d i n g  0 , 0 0 5  N NaOH and a s a t u r a t e d  s o l u t i o n  o f  MgO. 

PRELIMINARY I~RADIATION STUDIES OF THE UBANYL NITRATE SYSTEM 

S t u d i e s  o f  t h e  uran 'yl  n i t r a t e  s y s t e m  were i n i t i a t e d  e a r l y  i n  t h e  q u a r t e r ,  
P u r i f i e d  u r a n y l  n i t r a t e  s o l u t i o n s  were p r e p a r e d  a n d  a n a l y z e d ,  A n a l y t i c a l  
methods and equipment  f o r  d e t e r m i n i n g  t h e  c o m p o s i t i o n  o f  t h e  gaseous  r a d i a t i o n  
p r o d u c t s  were p e r ' f e c t e d ,  and  q u a r t z  ampoule e x p e r i m e n t s  were u n d e r  way when 
t h e  program was i n t e r r u p t e d  t o  c a r r y  o u t  t h e  i n v e s t i g a t i o n  o f  t h e  h e a d y - w a t e r  
r e f l e c t p r  s y s t e m  r e p o r t e d  above.  The work on u r a n y l  n i t r a t e  and o t h e r  u r a n i u m  
compounds w i l l  be resumed a s  soon  a s  t h e  h e a v y - w a t e r  york i s  c o m p l e t e d ,  

PROJECTED ROBK FOR THE NEXT QUABTER 

A d d i t i o n a l  p r e l i m i n a r y  e x p e r i m e n t s  w i l l  be  c a r r i e d  o u t  a t  t h e  h i g h e r  
f l u x e s  o b t a i n a b l e  i n  t h e  LITFi, u s i n g  t h e  v e r t i c a l  h o l e  i n \ o  t h e  a c t i v e  l a t t i c e .  
A p p a r a t u s  f o r  l o n g - t e r m  e x p e r i m G n t s  i n  t h e  h o r i z o n t a l  t h i m b l e  h o l e s  w i l l  be  
comple t ed  and e x p e r i m e n t s  w i l l  be s t a r t e d ,  An e x p l o r a t i o n  o f  uran ium p e r o x i d e  
f o r m a t i o n  a s  a f u n c t i o n  o f  t e m p e r a t u r e  a n d  f l u x  w i l l  be  c a r r i e d  o u t  i n  t h e  
LITR u s i n g  t h e  v e r t i c a l  e x p e r i m e n t a l  h o l e ,  

L o n g - t e r m  e x p e r i m e n t s  w i l l  be  c o n t i n u e d  i n  h o r i z o n t a l  h o l e  6 0  o f  t h e  
I f  t h e  p r k s e n t  s e t  o f  bombs i s  'removed f o r  a n y  r e a s o n  a new s e t  X-10 p i l e .  

w i l l  be i n s e r t e d ,  



E x p l o r a t i o n  o f  t h e  r a d i a t i o n  d e c o m p o s i t i o n  o f  t h e  h e a v y - w a t e r  . r e f l e c t o r  
s y s t e m  o f  t h e  HRE w i l l  be  c a r r i e d  o u t  by means o f  e x p e r i m e n t s  i n  h o l e  12  o f  
t h e  X-10 p i l e .  

P r e l i m i n a r y  e x p l o r a t i o n  o f  t h e  r a d i a t i o n  d e c o m p o s i t i o n  o f  u r a n y l  n i t r a t e  
s o l u t i o n s  w i l l  be c o n t i n u e d ,  and  s t u d i e s  on u r a n y l  f l u o r i d e  and  p o s s i b l y  
u r a n y l  phospha te  s o l u t i o n s  w i l l  be i n i t i a t e d ,  u s i n g  h o l e  12 oaf t h e  X-10 p i l e .  

O u t - o f - p i l e  s t u d i e s  o f  b o m b - f i t t i n g -  t u b i n g  a s s e m b l i e s  w i l l  be c o n t i n u e d  
as  a b a s i s  f o r  i n t e r p r e t a t i o n  o f  t h e  i n - p i l e  r a d i a t i o n  r e s u l t s .  S o l u t i o n s  
o f  h i g h e r  c o n c e n t r a t i o n  w i l l  b e  c h e c k e d ,  f o l l o w i n g  w h i c h  r a d i a t i o n  s t u d i e s  
w i l l  be i n i t i a t e d  i n  h o l e  1 2 ,  

O u t - o f - p i l e  s t u d i e s  o f  t h e  r a t e s  o f  r e c o m h i n a t i o n  o f  hydrogen  and  oxygen 
i n  o u r  b o m b - f i t t i n g -  t u b i n g  a s s e m b l i e s  a t  h i g h  p r e s s u r e s  may be i n i t i a t e d  i n  
o r d e r  t o  p r o v i d e  b e t t e r  i n t e r p r e t a t i o n  o f  t h e  s i g n i f i c a n c e  o f  d a t a  o b t a i n e d  i n  
t h e  p r e s e n c e  of  r a d i a t i o n ,  p a r t i c u l a r l y  i n  t h e  p r e s s u r e  "'hump" f r e q u e n t l y  
o b s e r v e d  i n  r a d i a t i o n  e x p e r i m e n t s .  

I f  p o s s i b l e ,  w o r k  on  t h e  i n t e r a c t i o n  o f  o x y g e n  w i t h  s t a i n l e s s  s t e e l  
s u r f a c e s ,  u s i n g  0'' as  a t r a c e r  and by measurement  o f  t h e  r a t e s  o f  consumpt ion  
of o r d i n a r y  oxygen ,  w i l l  be i n i t i a t e d  f o r  i t s  s i g n i f i c a n c e  i n  c o n n e c t i o n  w i t h  

p a s s i v i t y .  

I t  i s  hoped  t h a t  i t  w i l l  a l s o  be  p o s s i b l e  t o  s t a r t  i n v e s t i g a t i n g  t h e  
i n t e r a c t i o n  o f  s t a i n l e s s  s t e e l  components  w i t h  u r a n y l  s u l f a t e  s o l u t i o n s  u n d e r  
a v a r i e t y  o f  c o n d i t i o n s ,  u s i n g  i ' r r a d i a t e d  s t a i n l e s s  s t e e l  a s  a s o u r c e  o f  
r a d i o a c t i v e  c o m p o n e n t s .  T h i s  t e c h n i q u e  s h o u l d  p r o v i d e  a ;er.p s e n s i t i v e  
m e a s u r e m e n t  o f  t h e  a b i l i t y  o f  p r o t e c t i v e  m e a s u r e s  t o  p r e v e n t  t h e  e s c a p e  o f  
t h e  s t a i n l e s s  s t e e l  m e t a l l i c  components ,  i . e .  t o  p r e v e n t  c o r r o s i o n .  

7 7  

. 



4 RECOMBINATION OF HYDROGEN AND OXYGEN 

H M ,  McLeod 

Laboratory-Scale S tud ie s  Pilot Plan t  Tests  

D. W. Kuhn ' K .  0- Johnsson 
A. A. Palko T. S Mackey 
A. D. Ryon D. Phillips 

M. J .  Fortenberry 

LABORATORY-SCALE STUDIES 

D u r i n g  t h e  pasat q u a r t e r  work was c o n c e n t r a t e d  on s t u d i e s  o f  t h e  € e a s i .  
b i l i t y  o f  r e c o m b i n i n g  an e s s e n t i a l l y  100% s t o i c h i o m e t r i c  m i x t u r e  o f  h y d r o g e n  
and  oxygen by means o f  m a s s i v e  m e t a l  c a t a l y s t s  and  on m e t h o d s  o f  r e m o v i n g  
i o d i n e  from t h e  g a s  s t r e a m  Work was a l s o  s t a r t e d  on development  o f  a method 
f o r  t h e  c a t a l y t i c  r e c o m b i n a t i o n  of t h e  r e l a t i v e l y  s m a l l  q u a n t i t y  of  g a s  formed 
i n  t h e  HRE r e f l e c t o r  sys t em 

Eff i c i ency  of Conversion Although i t  h a s  a l r e a d y  been d e m o n s t r a t e d  t h a t  

t h e  e f f i c i e n c y  of  c o n v e r s i o n  i n  t h e  hydrogen  oxygen r e a c t i o n  u s i n g  a p l a t i n u m  
c a t a l y s t  may exceed  99% i t  i s  of  i n t e r e s t  t o  know p r e c i s e l y  what  f r a c t i o n  of  
1% o f  t h e  g a s  may be e x p e c t e d  t o  p a s 3  t h r o u g h  t h e  c a t a l y s t  S i n c e  t h i s  
r e s i d u a l  gas  may r e q u i r e  f u r t h e r  t s e a t m ' e n t ,  i t s  q u a n t i t y  s h o u l d  be known a s  
a c c u r a t e l y  a s  p o s s i b l e  Henc.6 e x p e r i m e n t s  were c o n d u c t e d  i n  w h i c h  t h e  
q u a n t i t y  o f  c a t a l y s t  was  v a r i e d  f rom a b o u t  400 t o  1500 g t h e  t e m p e r a t u r e  i n  
t h e  c a t a l y s t  bed was v a r i e d  from 200 t o  700°C. t h e  c o m p o s i t i o n  o f  t h e  g a s  w a s  

v a r i e d  f rom a b o u t  3 up  t o  15% and t h e  combined  g a s a s t e a m  f l o w  r a t e  v a r i e d  
from a b o u t  25 t o  110 l i c e r s / m i n  I n  t h e s e  teste t h e  g a s  w a s  p r e h e a t e d  t o  t h e  
d e s i r e d  t e m p e r a t u r e  ps,o.r :;o e n t e r i n g  t h e  c a t a l y s t  chamber and  o n l y  one  p a s s  
was made t h r o u g h  t h e  ca-,aEysc The d a c a  a r e  g i v e n  i n  T a b l e  22 and show t h a t  
t h e  c o n v e r s i o n  e f f i c i e n c y  a ~ e r a g e d  99 79% w i t h  t h e  maximum a t  99 99 and  t h e  
minimum a t  99 1 A l t h o u g h  t h e s e  w a s  a w i d e  v a r q a t i o n  i n  % h e  c o n d i t i o n s  
e m p l o y e d  i n  t h e  t e s t s ,  $he s o n ~ e s s i o n  e f f i c i e n c i e s  were f a i r l y  u n i f o r m  
T h e r e f o r e  t h e r e  d o e s  n o t  a p p e a r  to be a n y  c o r r e l a t i o n  be tween t e m p e r a t u r e  
s p a c e  v e l o c i t y  and  gas  c o m p o s i ~ i o n  The  p o s s i b i l i t y  o f  r e d u c i n g  t h e  u n -  
r e c o m b i n e d  p o r t i o n  o f  t h e  s t ream I e a r i n g  t h e  c ' a t a l y s t  by c o n d e n s i n g  most  o €  

t h e  s t e a m  and t h e n  p a s s i n g  &he n o n c o n d e n s e d  p o r t i o n  t h r o u g h  a s e c o n d  s m a l l  
c a t a l y s t  bed w i l l  be i n v e s t i g a t e d  

$18 . 



i b 

SPACE VELOCITY 
(hr-')  

27 00 

5300 

10 500 

3700 

560 

600 

1500 

67 0 

1450 

1450 

EXIT GAS 
(rce/min) 

4.3 

2.. 3 

1.4 

85.0 

0.09 

15.6 

0.84 

1- 5 

1.6 

3.5 

. e 

WEIGHT OF 
CATALYST 

ig )  

390 

390 

390 

1200 

1400 

1400 

1400 

1510 

W 1510 

1510 

4 

TABLE 22 

Efficiency of Conversion in the Catalytic Recombination of A, and 0, 

0 . 3 %  Platinum-on-Alumina 

17 5 

200 

130 

200 

120 

150 

120 

180 

140 

155 

~ 

MAXIMUM 
CATAEY ST 

TEkPERATURE 
0%: 

360 

3 10 

193 

415 

430 

600 

2 30 

625 

425 

685 

FLOW RATES 

STEAM 

25 

50 

10 0 

100 

19.5 

17.5 

50 

22 

50 

50 

GAS 

1 5  

1.5 

1.5 

9.0 

1.5 

3.0 

1- 5 

3.0 

4.5 

9.0 

ELECTROLYTIC 
GAS 
(4%) 

5c 7 

2.9 

1.5 

8.3 

7.9 

14.6 

2.9 

12.0 

8.3 

15.3 

PERCENT 
CONVERSION 

99-71 

99.84 

99.91 

99.1 

99 0 99 

99.5 

99.94 

99.95 

99.97 

99.96 



Becombination of Essentially Pure Elebtrolytic Gas. S p u d i e s  were begun 

on methods f b r  r e c o m b i n i n g  hyd7pogen and oxygen m i x t u r e s  c o n t a i n i n g  l i t t l e  or 

n o  d i l u e n t  s t e a m  i n  t h e  p r e s e n c e  o f  a c a t a l y s t  l e s s  a c t i v e  t h a n  t h e  p l a t i n u m -  
o n - a l u m i n a  t y p d y  T h e  p r i n c i p a l  a d v a n t a g e  i n  Z a r r y i n g  o u t  f u l l s  s c a l e  r e -  

c o m b i n a t i o n  o f  s u c h  m i x t u r e s  is  t h a t  i t  would e l i m i n a t e  t h e  n e c e s s i t y o f  a d d i n g  
d i l u e b t  s t e a m  I n  t h e s e  s t u d i e s  t h e  g a s  m i x t u r e  was p a s s e d  t h r o u g h  p l a t i n u m ,  
s i l v e r ,  and c o p p e r  t u b i n g  a t  v a r i o u s  t e m p e r a t u r e s  and f low r a t e s  The i m p o r t a n t  
c o n d i t i o n s  and t h e  r e s u l t s  o f  t h e s e  t es t s  a r e  summarized below, 

P l a t i n u m  T u b i n g ,  I n  t h e s e  t es t s  t h e  p l a t i n u m  t u b i n g  ( x  i n  d i a m e t e r  1 0  
f t  l o n g )  was immersed i n  an  o i l  b a t h  which  c o u l d  be h e a t e d  a s  h i g h  a s  170°Cu  
Employing g a s  f l o w  r a t e s  v a r y i n g  from a b o u t  0 - 2 5  t o  9 5 l i t e r s / m i n  and t e m p e r -  
a t u r e s ,  o f  1 2 5  1 5 0  and  170°C t h e  e f f i c i e n c y  o f  c o n v e r s i o n  of a h y d r o g e n -  
oxygen g a s  m i x t u r e  s a t u r a t e d  wi:,h m o i s t u r e  a t  room t e m p e r a t u r e ,  was found  t o  
be * d e p e n d e n t  on bo th  t emperakure  and s p a c e  v e l o c i t y  With t e m p e r a t u r e s  f i x e d  
t h e  c o n v e r s i o n  e f f i c i e n c y  d e c r e a s e d  w i t h  i n c r e a s e d  r e l o c i t y  w i t h  v e l o c i t y  
t i x e d ,  t h e  e f f i c i e n c y  i n c r e a s e d  w i t h  i n c r e a s e d  t e m p e r a t u r e ”  The r e s u l t s  i n d i -  
c a t e d  t h a t  a s u r f a c e  a r e a  o f  a b o u t  1 s q  f t  would  be r e q u i r e d  f o r  e a c h  l i t e r  

p{r m i n u t e  o f  g a s  a t  170°C t o  o b t a i n  a c o n v e r s i o n  e f f i c i e n c y  o f  90% Aqua 
r e g i a  was t h e n  p a s s e d  t h r o u g h  t h e  t u b e  f o l l o w e d  by d i s t i l l e d  w a t e r  i n  a n  
a t t e m p t  i o  i n c r e a s e  t h e  s u r f a c e  a c t i v i t y  I n  s u b s e q u e n t  tes ts  t h e  t e m p e r a t u r e  
i n s i d e  t h e  t u b e  q u i c k l y  r o s e  t o  &e p o i n t  w h e r e  a f l a s h b a c k  o c c u r r e d  I n  
v i ew of  t h e s e  r e s u l t s  no  f u r t h e r  c o n s i d e r a t i o n  w i l l  be g i v e n  t o  t h e  u s e  ;of a 
m a s s i v e  p l a t i n u m  s u r f a c e  a s  t h e  c a t a l y s t  

I 

Silver Tu,bang.i T e s t s  s i m i l a r  t o  t h o s e  c a r r i e d  o u t  w i t h  t h e  p l a t i n u m  t u b e  
were conduc ted  u s i n g  a n  1 8 - i n  l e n g t h  o f  i n  d i a m e t e r  c o p p e r  t u b e  l i n e d  w i t h  
s i l v e r  f o i l ,  The e f f i c i e n c y  of  c o n v e r s i o n  was veTy low a t  any  of  t h e  t empera  
t u r e s  a v a i l a b l e  when u s i n g  a n  o i l  b a t h  S i l v e r  t u b i n g  h a s  been  o r , d e r e d  and  

1 

w i l l  be t e s t e d  a t  h i g h e r  t e m p e r a t u s e s  i n  a f u s e d  s a l t  b a t h  4 
C o p p e r  T u b i n g ,  T e s t s  were c a r r i e d  o u t  u s i n g  a 20 f t  l e n g t h  o f  3/8  i n  

d i a m e t e r  c o p p e r  t u b i n g  immersed i n  a f u s e d  s a l t  b a t h  ( sod ium n i t r i t e - - p o t a s s i u m  
n i t r a t e  m i x t u r e )  A t  350’C and  w i t h  a g a s  f l o w  r a t e  of 0 - 5  l i t e s / m i n  f l a m e  
r e c o m b i n a t i o n  was promoted  which  o c c a s i o n a l l y  f l a s h e d  b a c k  t o  t h e  g e n e r a t o r  
a t  t e m p e r a t u r e s  be low 350°C r e c o m b i n a t i o n  d i d  n o t  o c c u r  t o  an:y a p p r e c i a b l e  
e x t e n t ,  

. 



Conclusions and Future Work. I n  view o f  t h e  u n f a v o r a b l e  r e s u l t s  i t  was 
d e c i d e d  t h a t  n o  f u r t h e r  work would be c a r r i e d  o u t  u s i n g  mass ive  m e t a l  s u r f a c e s  
a s  t h e  c a t a l y s t  w i t h  the  e x c e p t i o n  of a few t e s t s  u s i n g  t h e  s i l v e r  t u b i n g  when 
a v a i l a b l e  A l s o ,  i t  was d e c i d e d  t o  c o n d u c t  e x p l o r a t o r y  t e s t s  u s i n g  c a t a l y s t s  
o t h e r  t h a n  p l a t i n u m ;  i n f o r m a t i o n  on s u c h  c a t a l y s t s  is  now b e i n g  s o u g h t  f rom 
m a n u f a c t u r e r s  

Removal of Iodine  from Gas Stream. An e v a l u a t i o n  o f  s t a i n l e s s  s t e e l  a s  a 
medium f o r  t r a p p i n g  i o d i n e  from an e l e c t r o l y t i c  g a s  m i x t u r e  i s n o w  i n  p r o g r e s s ,  
The  f i r s t  t e s t  e x t e n d e d  o v e r  a p e r i o d  o f  480 h r ,  Type 316  s t a i n l e s s  s t e e l  
t u r n i n g s  were packed  i n  a g l a s s  t u b e ,  and a m i x t u r e  o f  e l e c t r o l y t i c  g a s  and 
i o d i n e  g a p o r  w a s  p a s s e d  th rough  t h e  tube a t  room t e m p e r a t u r e o  The g a s e s  were 
t h e n  mixed w i t h  p r e h e a t e d  steam and p a s s e d  t h r o u g h a  h e a t e d  bed of  p l a t i n u m - o n -  
a lumina  c a t a l y s t ,  Flow r a t e s  were:  

Steam 11 l i t e r s / m i n  
E l e c t r o l y t i c  g a s  0 . 7 2  l i t e r s / m i n  
I o d i n e  1 9  mg/hr 
Space  v e l o c i t y  16 ,000  h r  . 
Weight of  c a t a l y s t  30 g 

The c a t a l y s t  t e m p e r a t u r e  r a n g e d  f rom 330 t o  420°C,  and  t h e  c o n v e r s i o n  
f e l l  from 98 6% a t  t h e  s t a r t  t o  93*4% a f t e r  480 h r ,  The m o i s t  i o d i n e  a t t a c k e d  
t h e  s t a i n l e s s  s t e e l  t o  form r e d d i s h - b r o w n  d r o p l e t s  of  l i q u i d  which  w e r e w a t e r  
s o l u b l e u  A s e c t i o n  of s t a i n l e s s  s t e e l  we igh ing  7 , 2  g was c o m p l e t e l y  d i s s o l v e d  
i n  c h i s  manner d u r i n g  t h e  20 day p e r i o d ,  

A second  and s i m i l a r  e x p e r i m e n t  i s  now i n  p r o g r e s s ,  The p r e s e n t  t e s t  i s  
b e i n g  run  a t  a h i g h e r  i o d i n e  f low r a t e ,  and t h e  t empera tuge  o f  t h e  c a t a l y s t  i s  
m a i n t a i n e d  a t  230 t o  250°C A f t e r  700 h r  of  o p e r a t i o n ,  a c o n s i d e r a b l e  p o r t i o n  
o f  s t a i n l e s s  s t e e l  a d j a c e n t * t o  t h e  g a s  i n l e t  t u b e  was d i s s o l v e d ,  a n d a b o u t  50 g 
of  d a r k  c o l o r e d  s o l u t i o n  was withdrawn from t h e  t r a p ,  The c a t a l y s t  c o n v e r s i o n  
e f f i c i e n c y  f e l l  o f f  d u r i n g  t h e  f i r s t  2 weeks f rom 9 7 . 7  t o  93 .2%,  and d u r i n g  
t h e  n e x t  2 week p e r i o d  i t  r ema ined  f a i r l y  c o n s t a n t  a t  a b o u t  93 .5%.  

Fut.uTe Work, E m p h a s i s  i s  now b e i n g  p l a c e d  on t h e  d e v e l o p m e n t  o f  a 

s a t i s f a c t o r y  method f o r  r ecombin ing*  hydrogen and oxygen formed i n  t h e  r e f l e c t o r  
s i d e  o f  t h e  HRE. The  i n i t i a l  t e s t s  w i l l  be c a r r i e d  o u t  u n d e r  c o n d i t i o n s  o f  
t e m p e r a t u r e ,  p r e s s u r e ,  a n d  c o m p o s i t i o n  s i m u l a t i n g  t h o s e  e x p e c t e d  d u r i n g  
o p e r a t i o n  of  t h e  HRE, and t h e  e f f i c i e n c y  o f  c o n v e r s i o n  o b t a i n e d  by employing  a 

p l a t i n u m  on a lumina  c a t a l y s t  l o c a t e d  i n  t h e  gas  s p a c e  of t h e  r e f l e c t o r  w i l l  be 

de t e rmined  
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I n - P i l e  T e s t .  The bomb from t h e  f i r s t  i n - p i l e  c a t a l y s t  t e s t  w a s  examined ,  
and  i t  was -found t h a t  t h e  uran ium had p r e c i p i t a t e d  from s o l u t i o n  The aqueous  
p o r t i o n  c o n t a i n e d  a p p r o x i m a t e l y  1 2  ppm c h l o r i d e  w h i c h  may h a v e  c a u s e d  t h e  
p r e c i p i t a t i o n  The e f f e c t  o f  c h l o r i d e  i n  t h e  bombs i s  d i s c u s s e d  u n d e r  Sec. .  
1 ,  p .  59 T h i s  e x p e r i m e n t  t h e n  w a s  i n c o n c l u s i v e !  b u t  fur ther  s i t u d i e s  a r e  t o  
be made u s i n g  t h e  p l a t i n u m - o n - a l u m i n a  ( r a t h e r  t h a n  QII c h a r c o a l )  c a t a l y s t  which 
a p p e a r e d  t o  be s a t i s f a c t o r y  i n  o t h e r  t e s t s  

PILOT PLANT TESTS 

D u r i n g  t h e  p a s t  q u a r t e r  t h e  c o m b u s t i o n  r a n g e  o f  t h e  b u r n e r  o r i f i c e  was 
e s t a b l i s h e d  t e s t s  which  were s t a r t e d  i n  t h e  p r e v i o u s  q u a r t e r  f o r  t h e  p u r p o s e  
o f  d e t e r m i n i n g  t h e  q u a n t i t y  of  s t e a m  n e c e s s a r y  t o  d i l u t e  t h e  o f f - g a s  t o  e n s u r e  
q u e n c h i n g  o f  f l a s h b a c k s  were c o m p l e t e d  and  most  o f  t h e  p l a n n e d  p i l o t  p l a n t  
r u n s  were c a r r i e d  o u t  a l t h o u g h  t h e  d a t a  on t h e s e  r u n s  a r e  n o t  y e t  c o r r e l a t e d .  

Burner Orif ice  Range, To d e t e r m i n e  t h e  c o m b u s t i o n  r a n g e  o f  t h e  b u r n e r  
o r i f i c e  i n  terms o f  g a s  f l o w  Takes  t e s t s  were f i r s t  c a r ' r i e d  o u t  w i t h  t h e  
b u r n e r - c h a m b e r  t o p  p l a t e  l o c a t e d  i n  t h e  open t o  p e r m i t  v i s u a l  o b s e r v a t i o n  o f  
t h e  p e r f o r m a n c e  o f  b o t h  t h e  b u r n e r  a n d  s p a r k  p l u g  The  g a s  f l o w  r a t e  ( n o  
s t e a m  a d d e d )  was v a r i e d  s l o w l y  from a b o u t  1% t o  a b o u t  0 , 5  c fm,  which  was t h e  
l o w e s t  f l o w  a t  w h i c h  c o m b u s t i o n  was s u s t a i n e d  I t  was n o t e d  t h a t  a s  t h e  g a s  
f l o w  d e c r e a s e d ,  t h e  d i s t a n c e  be tween t h e  f a c e  o f  t h e  b u r n e r  s r i f i c e  and  t h e  
p o i n t  i n  t h e  g a s  s t r e a m  a t  which  c o m b u s t i o n  s t a r t e d  a l s o  d e c r e a s e d "  With  a 
g a s  f l o w  r a t e  o f  a b o u t  2 - 5  cfm t h e  b u r n e r  o r i f i c e  oveirheated c a u s i n g  a f l a s h  
back  i n d i c a t i n g  t h e  need  f o r  i n c r e a s i n g  t h e  v e l o c i t y  o f  t h e  g a s  o v e r  t h e  low 
f l o w  r a n g e  by a d d i n g  a f i x e d  f l o w  o f  s team The q u a n t i z y  o f  s team n e c e s s a r y  
t o  p r e v e n t  o v e r h e a t i n g  o f  t h e  o r i f i c e  w a s  d e t e r m i n e d  by h o l d i n g  t h e  g a s  f l o w  
r a t e  c o n s t a n r .  a t  2 - 5  c f m  and r a r y i n g  t h e  f l o w  o f  s t e a m  a t  Y Zfm of  s t e a m  t h e  
o r i f i c e  n o  l o n g e r  o v e r h e a t e d  and a t  1 , s  cfm t h e  o s i f i z e  d i d  no't become h e a t e d  
w i t h  g a s  f l o w  r a t e s  a 3  low a s  0 5 cfm C o n s e q u e n t l y  an o r i f i c e  w a s  i n s t a l l e d  
t o  p r o v i d e  a c o n s t a n t  f l o w  o f  ]I 5 cfm of  s t e a m  which  w a s  i n t r o d u c e d  i n t o  t h e  
g a s  s t r e a m  a t  a p o i n t  n e a r  t h e  b u r n e r  o r i f i c e ,  S u b s e q u e n t l y  t e s t s  were con 
d u c t e d  w i t h  t h e  burneT o r i f i - e  and c o v e r  p l a t e  i n  p l a s e  The r e s u l s s  o f  t h e s e  
t e s t s  showed t h a t  t h e  minimum f l o w  r a t e  o f  g a s  > t h a t  would s u s t a i n  c o m b u s t i o n  
was 0,s cfm from 0 , 5  down LO 0 , 3  sfm i n t e r m i t t e n t  b u r n i n g  o c c u r r e d  and below 
0 . 3  cfm i g n - t i o n  o c c u r r e d  on:y when t h e  b u r n e k  chamber  became s u f f i c i e n z l y  

. 



f i l l e d  w i t h  gas  t o  i g n i t e ,  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  w i t h  a g a s  f low r a t e  
of O u 3  cfm t h e  compos i t ion  of  t h e  m i x t u r e  e n t e r i n g  t h e  b u r n e r  o r i f i c e  was o n l y  
a b o u t  17% g a s ,  a c o m p o s i t i o n  wh ich ,  a c c o r d i n g  t o  t h e  p r e v i o u s l y  r e p o r t e d  d a t a  
on e x p l o s i o n  l i m i t s ,  is n o n c o m b u s t i b l e >  S i n c e  an i g n i t i o n  t r a n s f o r m e r  w i t h  a 
s e c o n d a r y  p o t e n t i a l  of 1 0 , 0 0 0  v o p e r a t e s  t h e  s p a r k  p l u g ,  i t  i s  p o s s i b l e t h a t  i n  
p a s s i n g  t h r o u g h  t h e  c o o l  o r i f i c e  a p a r t  o f  t h e  s t e a m  c o n d e n s e s  i n t o  s m a l l  
d r o p l e t s  which a r e  i o n i z e d  and c o l l e c t e d  on t h e  n e i g h b o r i n g  m e t a l  i n  a manner 
s i m i l a r  t o  t h e  o p e r a t i o n  of  h i g h - v o l t a g e  e l e c t r o s t a t i c  p r e c i p i t a t o r s .  

Quantity o f  Steam Necessary t o  D i l u t e  the  Off-aas t o  Ensure Quenching o f  
Flashback. D u r i n g  t h e  p r e v i o u s  q u a r t e r  work was s t a r t e d  on d e t e r m i n i n g  t h e  
r ange  o f  g a s  c o m p o s i t i o n s  which would p r o v i d e  a noncombus t ib l e  m i x t u r e  between 
t h e  dump t a n k s  and t h e  p r i m a r y  c o n d e n s e r  i n  t h e  HRE recombine r  s y s t e m .  These  
t e s t s  were c a r r i e d  o u t  u s i n g  e q u i p m e n t  s i m i l a r  t o  t h a t  which w i l l  be u s e d  i n  
t h e  HRE and unde r  c o n d i t i o n s  s i m u l a t i n g  t h o s e  e x p e c t e d  d u r i n g  o p e r a t i o n  o f  t h e  
HRE. The equipment ,  t e s t i n g  p r o c e d u r e s ,  and p r e l i m i n a r y  d a t a  were r e p o r t e d  i n  
t h e  p r e c e d i n g  HRE q u a r t e r l y  r e p o r t ,  c 1) 

The minimum q u a n t i t y  of  s t e a m  n e c e s s a r y  t o  quench  f l a s h b a c k s  a t  e a c h  o f  
s e v e r a l  d i f f e r e n t  g a s  f l o w s  was d e t e r m i n e d ,  I n  t h e s e  t e s t s ,  t h e  t h r e s h o l d  
v a l u e  o f  s t e a m  f l o w  was o b t a i n e d  a p p r o x i m a t e l y  f o r  e a c h  f l o w  o f  g a s ,  a f t e r  
w h i c h  t h e  s t e a m  f low w a s  v a r i e d  above  and below t h e  t h r e s h o l d  v a l u e  t o  more 
c l o s e l y  e s t a b l i s h  t h e  f low below which  f l a s h b a c k s  would p e n e t r a t e  beyond t h e  
p r i m a r y  c o n d e n s e r ,  The g a s  f l o w s  employed were 0 . 7 ,  O " 9 ,  1 . 2 ,  9 ,  and 1 6  cfm; 
i n  c o n d u c t i n g  t h e  t e s t s  a b o u t  1 2  f i a s h b a c k s  were i n i t i a t e d  by means o f  t h e  
a u x i l i a r y  s p a r k  p l u g  a t  e a c h  g a s  f low r a t e ,  The d a t a  o b t a i n e d  i n  t h e s e  t e s t s  

a r e  g iven  i n  T a b l e  23 

i 

The r e s u l t s  showed t h a t  w i t h  a g a s  f l o w  o f  16 cfm and i n t r o d u c i n g  the 
steam a t  a p o i n t  6 f t  ups t r eam from t h e  condense r  t h e  maximum c o n c e n t r a t i o n  o f  
g a s  f o r  which  f l a s h b a c k s  c o u l d  be r e p e a t e d l y  q u e n c h e d  was a b o u t  30%; w i t h  9 
cfm gas  f low t h e  maximum c o n c e n t r a t i o n  was 2 4 % , ,  When t h e  s t eam was i n t r o d u c e d  
a t  a p o i n t  1 0  f t  u p s t r e a m  f rom t h e  c o n d e n s e r ,  u s i n g  1 6  cfm g a s  f l o w ,  t h e  
maximum c o n c e n t r a t i o n  was a b o u t  32%., A f i x e d  f l o w  o f  32 cfm o f  s t e a m  S U C -  

c e s s f u l l y  quenched f l a s h b a c k s  a t  a l l  g a s  f l o w s  below 9 cfm, 

These  r e s u l t s  i n d i c a t e  t h a t  t h e  r e l a t i o n s h i p  of t h e  gas  f low r a t e  and t h e  
amount  o f  s t e a m  n e c e s s a r y  t o  q u e n c h  f l a s h b a c k s  i s  n o t  l i n e a r  and  t h a t  t h e  

11) H M McLeod JP e% a l , ,  " P i l o t - S c a l e  Tests of t h e  Flame Re~ombIner, '~ Homogeneous Reactoiv 
Earperiaent Quavterly ProgTeSS R e p o r t  for Period Ending February 28, 1951, ORNL-990, p 99, esp.. 
p PO0 (May 18. 1951) 
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e f f e q c  o f  t h e  l e n g t h  o f  n o n c o m b u s t i b l e  zone  b e t w e e n  t h e  dump t a n k s  and t h e  
p r i m h r y  c o n d e h s e r  i n  t h e  r e c o m b i n e r  s y s t e m  i s  s i g n i f i c a n t  o v e r  t h e  r a n g e  
employed,  S i n i e  t h e  l e n g t h  o f  p i p i n g  from t h e  dump t a n k  t o  t h e  condense r  w i l l  
be abou t  14 f t  i n  t h e  HRE, i t  h a s  been recommended t h a t  t h e  c o m p o s i t i o n  o f  t h e  
g a s  i n  t h i s  s e c t i o n  be m a i n t a i n e d  a t  n o t  g r e a t e r  t han  30% and Ghat a c o n s t a n t  
s t e a m  f low of  1 . 5  cfm be m a i n t a i n e d  f o r  g a s  f l o w s  below 5 cfm,  

Test ing  o f  the  Burner System. A number o f  p i l o t  p l a n t  r u n s  were  made,  
b o t h  w i t h  low g a s  f l o w  r a t e s  apd  w i t h  and  w i t h o u t  t h e  f o l l o w - u p  c a t a l y t . i c  
r ecombine r ,  The d a t a  o b t a i n e d  d u r i n g  t h e s e  r u n s  a r e  now b e i n g  c o r r e l a t e d ,  and 
t h e  r e s u l t s  w i l l  be r e p o r t e d ,  i n  t h e  n e x t  q u a r t e r l y ,  r e p o r t ,  

8 5  



50 ANALYTICAL CHEMICAL CONTROL OF THE HOMOGENEOUS 
REACTOR SOLUTION 

W, H, Davenpor t  and R ,  H, Powel l  

D u r i n g  t h e  p a s t  q u a r t e r  a f u l l - s c a l e  l a b o r a t o r y  model  o f  t h e  e l e c t r o -  
magne t i c  d e n s i t o m e t e r  was assembled  and e x p l o r a t o r y  r u n s  u s i n g  w a t e r  were made 
i n  o r d e r  t o  o b s e r v e  t h e  r e s p o r r s e ,  s e n s i t i v i t y ,  and  r e p r o d u c i b i l i t y  o f  t h e  
i n s t r u m e n t .  

The P r i n c o  D e n s i t r o l  i n s t r u m e n t s  which  a l s o  measu re  d e n s i t y ,  a r e  b e i n g  
f a b r i c a t e d  by t h e  P r e c i s i o n  Thermometer and I n s t r u m e n t  Company and t h e  d e l i v e r y  
d a t e  i s  e s t ima ted  t o  be S u l y  1, 1951. The dynamic t e s t i n g  o f  t h i s  a p p a r a t u s  

* . 
w i l l  r e q u i r e  a t e s t  l o o p ,  

A bomb was r e c e n t l y  c o m p l e t e d  w h i c h  is d e s i g n e d  t o  t e s t  i h e  v a r i o u s  Q 
c o i l s  i n  t h e  p r e s e n c e  o f  v a r y i n g  c o n c e n t r a t i o n s  o f  u r a n y l  s u l f a t e  f o r  mechani -  
c a l  s t r e n g t h  o f  g a s k e t i n g  p e r f o r m a n c e  a t  HRE t e m p e r a t u r e s ,  and e q u i l i b r i u m  
s team p r e s s u r e s "  

I n - p i l e  Oexperimengs a r e  c o n t i n u i n g  on t h e  gamma- and n e u t r o n - a b s o r b i n g  
g l a s s e s  r e c e i v e d  f rom A ,  S i l v e r m a n , :  A new a p p r o a c h  i n  making a g l a s s  w i t h  
a combina t ion  o f  c h e m i c a l  s t a b i i i t y  and r ' a d i a t i o n  s t a b i l i t y  i s  b e i n g  t a k e n  by 
P e n b e r t h y  I n s t r u m e n t  t o m p a n y  o f  S e a t t l e  W a s h i n g t o n  I t  i s  a t t e m p t i n g  to 
r e d u c e  r a d i a t i o n  damage i n  a g l a s s  by u s i n g  m a t e r i a l s .  w h i c h  t r i n s m i t  t h e  
n e u t r o n  r a d i a t i o n  r e l a t i v e l y  w e l l  and  o f f e r  Pow s t o p p i n g  p o w e r  to gamma 
r a d i a t i o n ,  S u c h  a g l a s s  would n o t  be  a s h i e l d i n g  m a t e r i a l  b u t  m i g h t  be v e r y  
u s e f u l  f o r  o b s e r v a t i o n  p u r p o s e s  i n  t h e  h i g h - p r e s s u p e  HRE s y s t e m ,  The  f i r s t  
a t t e m p t  a t  a g l a s s  o f  t h i s  t y p e  h a s  b e e n  r e c e l . ; e d  a n d  will b e  c o r r o s i o n  
t e s t e d  

* 

ELEC'EROlAGNE'EIC DENSITOMETER 

A t y p e  3 4 1  s t a i n l e s s  s t e e l  bomb ( F i g a  13 )  was u s e d  f o r  t h e  e x p l o r a t o r y  
d i s t i l l e d - w a t e r  r u n s .  Bomb and f l o a t  were  f i r s t  c l e a n e d  e P e c t r o l y t i c a P l y ,  
t h e n  p r e t r e a t e d  w i t h  1% ns i r r ic  a c i d  f o r  4 R r  The tail o f  t h e  f l o a t  f i t t e d  
i n t o  a c y l i n d r i c a l  ex%eras ion  e %  t h e  b a s e  o f  t h e  bomb. The v e r & i c a l  movement 

(1) W H, Davenport end R H PcaeS1, " h c a l ~ I c ~ ~ e l  Gemacai @ F I F . ~ , P O ~ ~  Homgeneoar Reaseo p Ezpe:irani 
Quarterly P*wg.-ero R e p o r t  50- P a - i o d  E n d h g  Feb-eaary 28, 1951, UWL-990, p 3.15 (May 18, l951] 
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o f  t h e  f l o a t  was l i m i t e d  t o  i n ,  by t h e  s t o p  a t  t h e  t o p  o f  t h e  f l o a t ,  T h i s  
s t o p  a l s o  c o n t a i n e d  a t h e r m o w e l l ,  D e t e c t i o n  o f  f l o a t  movement was a c h i e v e d  
u s i n g  a m i c r o f o r m e r  and was o b s e r v e d  by t h e  c h a n g e  i n  p a t t e r n  p r o d u c e d  on a 
c a t h o d e - r a y  o s c i l l o g r a p h ,  C h a n g e s  i n  f l o a t  p o s i t i o n  were i n d u c e d  u s i n g  a n  
e l e c t r o m a g n e t b 2 )  p l a c e d  i m m e d i a t e l y  below and i n  t h e  p e r p e n d i c u l a r  a x i s  o f  t h e  

f l o a t .  T e m p e r a t u r e  was m e a s u r e d  u s i n g  a n  i r o n - c o n s t a n t a n  t h e r m o c o u p l e  qnd 
r e c o r d e d  c o n t i n u o u s l y  on a 1 mv Brown r e c o r d e r .  T h e  c o i l  c u r r e n t  i n  t h e  
m a g n e t  was f u r n i s h e d  by a c o n s t a n t  c u r r e n t  s o u r c e  and  m e a s u r e d  i n  t e r m s ' o f  

v o l t a g e  d r o p  a c r o s s  a 0,2-ohm s t a n d a r d  r e s i s t o r ,  The c u r r e n t  o f  t h e  e l e c t r o n  
magnet  was incaea ' s ed  u n t i l  t h e  m a g n e t i c  f i e l d  s t r e n g t h  was S u f f i c i e n t  t o  p u l l  
down t h e  f l o a t .  The t e m p e r a t u r e  and c u r r e n t  a t  t h i s  p o i n t  were n o t e d  o v e r  a 
t e m p e r a t u r e  r a n g e  25  to 206"C, The p r e s s u r e  r a n g e  c o r r e s p o n d e d  t o  t h e  e q u i  
l i b r i u m  p r e s s u r e s  f o r  t h e s e  t e m p e r a t u r e s c  For  t h e  p r e l i m i n a r y  r u n s ,  b o i l e d  
d i s t i l l e d  water was u s e d -  The bomb was s e a l e d ,  u s i n g a  s t a i n l e s s  s t e e l  0 s i n g ,  
and r u n s  were made w i t h o u t  o p e n i n g  t h e  bomb. 

From t h e  d a t a  o b t a i n e d ,  c o i l  c u r r e n t  i n  t h e  magnet  was p l o t t e d  VS, t h e  

d e n s i t y  o f  t h e  w a t e r  a t  t h e  t e m p e r a t u r e s  measured  ( F i g ,  1 4 ) .  A t  z e r o  c u r r e n t  
o n  t h e  c u r v e ,  t h e  c o r r e s p o n d i n g  d e n s i t y  s h o u l d  b e  t h a t  at w h i c h  t h e  f l o a t  
j u s t  s i n k s  and h e n c e  a measure  o f  f l o a t  d e n s i t y ,  From t h e  ~ 1 0 % ~  t h i s  d e n s i t y  

was d e t e r m i n e d  t o  be 0 , 8 5 1  i 0 . 0 0 1 5  g / c c  ( 2 0 5 ° C ) .  T h i s  i s  h i g h e r  t h a n  t h e  
f l o a t  d e n s i t y  w h i c h  would  b e  r e q u i r e d ' t o  m e a s u r e  u r a n y l  s u l f a t e  s o l u t i o n s  
( 3 0  m g / m l )  a t  25OoC, A c c o r d i n g l y ,  a c h a n g e  o f  d e n s i t y  o f  t h e  f l o a t  will be 
r e q u i r e d  i f  measurements  of t h e  s o u p  s o l n t i o n s  a r e  t i o  be made 250"Cb 

The d e n s i t y  of  t h e  f l o a t  a t  205"C, a s  i n d i c a t e d  by t h e  d a t a ,  was lower by 
0 . 0 0 9  g / c c  t h a n  t h e  d e n s i t y  c a l c u l a t e d  u s i n g  t h e  v a l u e  d e t e r m i n e d  a t  25°C 
( 0 . 8 7 3 2  g / c c )  a n d  t h e  c o e f f i c i e n t  o f  t h e r m a l  e x p a n s i o n  f o r  3 4 7  s t a i n l e s s  
s t e e l  ( 1 1 . 2  x IO-', "F over t h e  r a n g e  0 t o  1 8 2 5 ° F ) t  It i s  b e l i e v e d  t h a t  p a r t  
o r  a l l  o f t h i s  d i f f e r e n c e  may be a t t r i b u t e d  t o  t h e  t e m p e r a t u r e  g r a d i e n t  between 
t h e  c e n t e r  o f  t h e  bomb, where t h e  t e m p e r a t u r e  is measured ,  and t h e  u n i n s u l a t e d  
e n d s .  The magni3Lude o f  t h i s  t e m p e r a t u r e  g r a d i e n t  was i n d i c a t e d  by r a i s i n g  
t h e  t h e r m o c o u p l e  when t h e  t e m p e r a t u r e  o f  t h e  bomb was atb205"C.  A t  a p o i n t  
1 i n .  a b o v e  t h e  c e n t e r  t h e  t e m p e r a t u r e  had  d r o p p e d  $0  203°C and a t  a p o i n t  
2 i n .  a b o v e  t h e  c e n t e r  t h e  t e m p e r a t u r e  was 201'C* I f  a s i m i l a r  g r a d i e n s  i n  
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A m e r i c a n  I n s t r u m e n t  Company h i g h - p r e s s u r e  e l e c t r i c a l  c o n n e c t i o n s  and 
p r e s s u r e  s e a l s  a r e  b e i n g  u s e d  t o  c o n n e c t  t h e  Q c o i l  w i t h  a r a d i o f r e q u e n c y  

s o u r c e .  A B o o n t o n  Q meter i s  t o  be u s e d  f o r  t h e  f o r t h c o m i n g  t e s t s  a s  a 

r a d i o f r e q u e n c y  s o u r c e  and a s  t h e  meqsur ing  d e v i c e ,  

Assuming t h a t  a s a t i s f a c t o r y  s e a l  c a n  be made by c o n t a c t .  o f  t h e  g o l d  0 
r i n g  on  t h e  g l a z e ,  d a t a  on t h e  e f f e c t  o f  c o n c e n t r a t i o n ,  t e m p e r a t u r e ,  and  
p r e s s u r e  w i l l  be s e c u r e d  a t  e q u i l i b r i u m  s t eam p r e s s u r e s  on soup  s o l u t i o n s ,  

S i n c e  an  open-end  h e a t i n g  j a c k e t  w i l l  be u s e d ,  xempera tu re  g r a d i e n t s  c a n  
be e x p e c t e d  i n  t h e  s o u p ,  b u t  t h e  g a s k e t i n g  and  o v e r - a l l  r e s p o n s e  o f  Q u n d e r  
t h e  bomb c o n d i t i o n s  s h o u l d  be o b t a i n e d ,  L a t e r  s u p p l e m e n t a r y  g a s  p r e s s u r e  
c o u l d  be added by a s l i g h t  a l t e r a t i o n  o f  Ehe bomb head t o  a d m i t  or d i s c h a r g e  
p r e s s u r i z i n g  g a s  

RADIATION-RESISTANT GLASSES 

The n e u t r o n - a b s o r b i n g  g l a s s e s  r e c e i v e d  from A ,  S i l v e r m a n (  a r e  s t i l l  i n  
t h e  p i l e ,  Upon d i s c h a r g e e a c h  g l a s s  w i l l  be t e s t e d  f o r  changes  i n  t h e  o p t i c a l  
s p e c t r u m  o f  t h e  p o l i s h e d  spec imens  b e i n g  t e s t e d .  

P e n b e r t h y  I n s t r u m e n t  Company,  S e a t t l e ,  i s  t r y i n g  t o  d e v e l o p  f o r  our 
p u r p o s e s  a s u i t a b l e  low Z g l a s s  made o f  m a t e r i a l s  w i t h  low n e u t r o n  c r o s s -  
s e c t i o n s  t o  a l l o w  p a s s a g e  o f  t h e  gamma r a d i a t i o n  and n e u t r o n s  t h r o u g h  t h e  
g l a s s ,  r a t h e r  t h a n  c r y i n g  20 a b s o r b  t h e  gamma r a d i a t i o n  and n e u t r o n s .  I f  s u c h  
a g l a s s  c a n  be made c h e m i c a l l y  s t a b l e  f o r  HRE p u r p o s e s ,  t h e n  r a d i a t i o n  t e s t i n g  
o f  s u c h  a g l a s s  u t i l i z i n g  Bnl w i l l  be  i n s t i t u t e d  i n  t h e  X-10 p i l e .  T h i s  
approach  t o  t h e  g l a s s  problem is o p p o s i t e  t h e  approach  u s i n g  n e u t r o n  a b s o r b e r s *  
The f i r s t  g l a s s  s p e c i m e n  u s i n g  common boron  h a s  been r e c e i v e d  from P e n b e r t h y  
I n s t r u m e n t  Company for c o : r o s i o n  or c h e m i c a l  s t u d y o  T h i s  g l a s s  w i l l  be  
t e s t e d  by J ,  E. E n g l i s h  i n  u r a n y l  s u l f a t e  a t  250°C and under  1000 p s i  p r e s s u r e  
for i t s  chemica l  s t a b i l i t y ,  
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6. ENGINEERING COMPONENT STUDIES 

C. B. Graham 
W .  G. Atkinson G. P. L e t z  
J .  0. Bradfute W. L. Ross 
J .  S. Culver A. C. Savage 
P. N. Haubenreich I .  Spiewak 
C. G. Heisig W. K .  Sta ir  
W .  S. Hogan R. Vanwinkle 
H .  I .  Kraig R. H. Wilson 

C. D. Zerby 

E x p e r i m e n t a l  r e s u l t s  i n d i c a t e  t h a t  v o r t e x  i n s t a b i l i t y  o c c u r r i n g  f r o m  
mixed f l o w  i n  t h e  l e t d o w n  h e a t  e x c h a n g e r  and v a l v e  may b e  e l i m i n a t e d  by t h e  
u s e  o f  a s u r g e  t a n k ,  r e s t r i c t i o n ,  and an u p - f l o w  i n  t h e  e x c h a n g e r  and v a l v e .  
V o r t e x  s t a b i l i t y  may be f u r t h e r  improved by i n c r e a s i n g  t h e  r a t e  o f  f l o w  o f  t h e  
f e e d  ( p u l s a f e e d e r ) .  A d d i t i o n a l  e q u i p m e n t  must  b e  i n s t a l l e d  b e f o r e  s t a b i l i t y  
c a n  b e  s t u d i e d  i n  a t r u e  mock-up o f  t h e  HRE. P r e s s u r e - d r o p  d a t a  f o r  t h e  
s y s t e m  components  u n d e r  v a r i o u s  t e m p e r a t u r e  c o n d i t i o n s  a r e  g i v e n .  The f l a m e  
r e c o m b i n e r  s y s t e m  h a s  been i n s t a l l e d  on t h e  mock-up and i s  r e a d y  f o r  t e s t i n g .  

Methods f o r  r e d u c i n g  b e a r i n g  l o a d s  and  f o r  i n c r e a s i n g  t h e  l o a d - c a r r y i n g  
c a p a c i t y  o f  b e a r i n g s  a r e  d e s c r i b e d .  One s e t  o f  g r a p h i t a r  b e a r i n g s  h a s  o p e r a t e d  
s a t i s f a c t o r i l y  f o r  1040 h r  u n d e r  v e r y  s e v e r e  c o n d i t i o n s .  A s t e l l i t e  b e a r i n g -  
j o u r n a l  c o m b i n a t i o n  h a s  been  . t e s t e d  and a s e t  o f  b e a r i n g s  h a s  been  i n s t a l l e d  
i n  a pump. A l t h o u g h  o p e r a t i o n  t i m e  h a s  been  s h o r t ,  and  b e a r i n g  d e s i g n  h a s  
been l i m i t e d  by a v a i l a b i l i t y  o f  c a s t i n g s ,  p r o m i s i n g  r e s u l t s  have  been o b t a i n e d ,  
a n d  t h e  pump i s  s t i l l  r u n n i n g  s a t i s f a c t o r i l y  a f t e r  300 h r  o f  o p e r a t i o n  i n  
w a t e r ,  

M i x i n g  ra tes  h a v e  b e e n  m e a s u r e d  u n d e r  i s o t h e r m a l  c o n d i t i o n s  i n  v a r i o u s  
r e g i o n s  o f  t h e  c o r e .  I n t r o d u c t i o n  o f  h o t  and  c o l d  w a t e r  d i d  n o t  r e s u l t  i n  
o b s e r v a b l e  c h a n g e s .  S e v e r a l  d i f f e r e n t  b a f f l e s  were t e s t e d ,  and one c o n s i s t i n g  
o f  s i m p l e  r o d s  l o c a t e d  on r a d i i  p r o d u c e d  good r e s u l t s .  F u r t h e r  e f f o r t s  w i l l  
b e  made t o  a p p r a i s e  t h e  e f f e c t  o f  d e n s i t y  d i f f e r e n c e s  i n  t h e  c o r e  i n  a n  
a t t e m p t  t o  p rove  t h a t  b a f f l e s  a re  u n n e c e s s a r y .  
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TESTS ON THE H R E  MOCK-UP 

Vortex S t a b i l i t y ,  A s  r e p o r t e d  i n  a p r e v i Q u s  q u a r t e r l y  p r o g r e s s  r e p o r t ,  
t h e  g a s - r e m o v a l  s y s t e m s  f o r  t h e  c o r e  d e v e l o p e d  an o s c i l l a t i o n  which  c a u s e d  
t h e  v o r t e x  v o i d  i n  t h e  c o r e  t o  c h a n g e  volume a t  a r e g u l a r  f r e q u e n c y .  S i n c e  
t h i s  c o n d i t i o n  i s  u n d e s i r a b l e  i n  t h e  r e a c t o r ,  a deve lopment  program was u n d e r -  
t a k e n  t o  e l i m i n a t e  i t .  

? h e  o s c i l l a t i o n  was o b s e r v e d  i n  a l l  components  o f  t h e  l e t d o w n  sys t em and 
had a f r e q u e n c y  o f  1 5  t o  30 c y c l e s / m i n ,  The  m a g n i t u d e  o f  t h e  f l u c t u a t i o n  was 
50 t o  100  c c  i n  t h e  p r e s s u r i z e r  l e v e l .  T h i s  r e p r e s e n t s  t h e  p u l s a t i o n  i n  t h e  
e n t i r e  c i r c u i  a t i n g  and l e t d o w n  s y s t e m s .  O b s e r v a t i o n s  t h r o u g h  windows i n  t h e  
c o r e  showed an e s t i m a t e d  volume c h a n g e  i n  t h e  v o r t e x  v o i d  o f  2 2  cc  a t  g a s  
f l o w s  comparab le  t o  maximum r e a c t o r  c o n d i t i o n s .  T h i s  i s  .OS% o f  c o r e  volume-, 

A l l  e v i d e n c e  t o  d a t e  i n d i c a t e s  t h a t  t h e  l e tdown  v a l v e  i n  c o n j u n c t i o n  w i t h  
t h e  c o m p r e s s i b l e  volume i n  t h e  p r e s s u r i z e r  i s  t h e  s o u r c e  o f  t h e  o s c i l l a t i o n .  
T e s t s  d e s c r i b e d  i n  ORi\JL-990 showed t h a t  t h e  o s c i l l a t i o n  o c c u r r e d  when g a s  
was a d m i t t e d  be tween t h e  c o r e  and t h e  l e t d o w n  h e a t  e x c h a n g e r  w i t h  o r  w i t h o u t  
c i r c u l a t i o n  i n  t h e  c o r e ,  T h i s  would i n d i c a t e  t h a t  t h e  v o r t e x  o s c i l l a t i o n  i s  a 
r e s u l t  o f ,  r a t h e r  t h a n  t h e  c a u s e  o f ,  t h e  o s c i l l a t i o n .  

S t a t u s  o f  S t a b i l i t y  T e s t i n g ,  T h e  m o c k - u p  ( s e e  F i g .  1 6 )  i s  p r e s e n t l y  

b e i n g  r e c o n s t r u c t e d ,  i n c o r p o r a t i n g  t h e  f e a t u r e s  d e v e l o p e d  i n  t h e  e x p e r i m e n t a l  
p rogram and a d d i t i o n a l  e q u i p m e n t  w h i c h  w i l l  p e r m i t  25OoC o p e r a t i o n .  T h e s e  
f e a t u r e s  a r e  shown i n  F i g .  1 7 .  and t h e  e x p e r i m e n t a l  r e s u l t s  which  s u g g e s t e d  
them f o l l o w .  V a r i o u s  c o m b i n a t i o n s  o f  t h e s e  f e a t u r e s  r e s u l t e d  i n  s t a b i l i t y  up 
t o  110% o f  t h e  d e s i g n  g a s  f l o w  ( a t  1000  kw power l e v e l ,  a s s u m i n g  50 e v  p e r  
m o l e c u l e  o f  ff,O decomposed)  a t  230°C, and 218% o f  g a s  f l o w  a t  150°C. Lack o f  
h e a t i n g  c a p a c i t y  p r e v e n t e d  o p e r a t i o n  a t  h i g h e r  t e m p e r a t u r e s  i n  b o t h  c a s e s .  

I .  Letdown Stream in t h e  An: \u lus  of the Letdown Heat Exchanger, T h i s  

a r r a n g e m e n t  was t h e  r e s u l t  o f  c o n s i d e r a b l e  t e s t i n g ,  a d i s c u s s i o n  o f  which i s  
g i v e n  i n  OWL-990. B e f o r e  s u c c e s s f u l  means o f  c o n t r o l l i n g  o s c i l l a t i o n  were 
d i s c o v e r e d ,  t e s t s  i n  t h e  l e t d o w n  h e a t  e x c h a n g e s  on t u b e s  o f  v a r i o i l s  l e n g t h s  
and d i a m e t e r s  showed t h e  a n n u l a r  p a s s a g e  t o  b e  f a r  more s t a b l e  t h a n  a t u b e  o f  

(1) J .  S. Culver, R. H. Wilson, and C. D. Zerby, "HRE Core-Gas-Removal System,' Eonogeneous R e a c t o r  
Experiment Quar te r l y  P r o g r e s s  Repor t  f o r  P e r i o d  Ending February 28, 1951, ORNL-990, p. 22 (May 18, 
1951). 
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e q u i v a l e n t  c r o s s - s e c t i o n .  The t e s t  e x c h a n g e r  was a 20  f t  l e n g t h  o f  1 / 4 - i n .  
p i p e  i n s i d e  1 / 2 - i n .  p i p e .  T h e  p r o p o s e d  d e s i g n  f o r  t h e  r e a c t o r  i s  50 f t  l o n g  
and i s  now b e i n g  i n s t a l l e d  i n  t h e  mock-up f o r  t e s t i n g .  

2 ,  Upward Approach t o  t h e  Letdgwn V a l u e .  In a p q p e r  by 0. P. B e r g l i n ( 2 )  

i t  was p o i n t e d  o u t  t h a t  a t w o - p h a s e  f l o w  i n  v e r t i c a l  p i p e s  p r o d u c e s  b u b b l e s ,  
s l u g g i n g ,  and a n n u l a r  f l o w  i f  t h e  f l o w  i s  upward, Only  s l u g g i n g  and a n n u l a r  
f l o w  a r e  o b s e r v e d  i n  a downward f low.  The s e v e r i t y  o f  t h e  s l u g g i n g  s h o u l d  be 
l e s s  i n  t h e  fo rmer  c a s e .  

T h e s e  e f f e c t s  were o b s e r v e d  i n  a h i g h - p r e s s u r e  gauge g l a s s  i n  t h e  l e tdown  
s t r e a m .  S i n c e  s l u g g i n g  was t h o u g h t  t o  i n i t i a t e  t h e  o s c i l l a t i o n  a t  t h e  l e tdown  

v a l v e ,  t h e  p i p i n g  was a r r a n g e d  t o  p r o v i d e  a v e r t i c a l  a p p r o a c h  t o  t h e , v a l v . e .  
T h i s  change made a g r e a t  improvement i n  t h e  smoothne'ss o f  o p e r a t i o n .  

3 .  1 / 8 - i n .  O r i f i c e  U p s t r e a m  o f  t h e  Letdown Heat  E x c h a n g e r .  E h r l y  t e s t s  

i n  w h i c h  a hand  v a l v e  was i n s e r t e d  i n  t h e  l e t d o w n  l i n e  a b o v e  t h e  h e a t  e x -  
c h a n g e r  showed a b e n e f i c i a l  e f f e c t  on o p e r a t i o n  w i t h  t h e  v a l v e  open. T h r o t -  
t l i n g  w i t h  t h e  v a l v e  p r o d u c e d  a h i g h - f r e q u e n c y  o s c i l l a t i o n  i n  t h e  v o r t e x .  Re- 
moval o f  t h e  v a l v e  d e v e l o p e d  a s l i g h t  i n s t a b i l i t y  a t  c e r t a i n  g a s  f l o w  r a t e s  

w h i c h  h a d  n o t  p r e v i o u s l y  a p p e a r e d .  On t h e  b a s i s  o f  t h e s e  o b s e r v a t i o n s  a 
c o n s t r i c t i o n  1 i n .  l o n g  and  1 /8  i n .  d i a m e t e r  was s u b s t i t u t e d  f o r  t h e  v a l v e .  
I t  i s  b e l i e v e d  t h a t  t h i s  o r i f i c e  t e n d s  t o  damp o u t  o s c 5 l l a t i o n  b e t w e e n  t h e  
l e tdown  v a l v e  and t h e  c o m p r e s s i b l e  volume i n  t h e  p r e s s u r i z e r .  The c o m b i n a t i o n  
o f  s t e p s  ( I ) ,  ( 2 ) ,  and ( 3 )  a l l o w e d  s t e a d y  o p e r a t i o n  up t o  200OC. 

4 .  S u r g e  Tank U p s t r e a m  of L e t d o w n  V a l u e .  S i n c e  a l l  e v i d e n c e  i n d i c a t e d  

t h a t  t h e  l e tdown  v a l v e  was t h e  s o u r c e  o f  t h e  o s c i l l a t i o n ,  one s o l u t i o n  t o  t h e  
problem would b e  t o  damp o u t  f l u c t u a t i o n s  t h a t  m i g h t  i n i t i a t e  o s c i l l a t i o n  a t  
t h i s  p o i n t .  To a c c o m p l i s h  t h i s  a s u r g e  t a n k  and t h r o t t l i n g  v a l v e  were i n -  
s t a l l e d ,  a s  shown i n  F i g .  17.  V a r y i n g  t h e  s e t t i n g  o f  t h e  l / 8 - i n .  t h r o t t l i n g  
v a l v e  e s t a b l i s h e d  an  optimum p o s i t i o n  which was l a t e r  c a l i b r a t e d  and found  t o  
b e  e q u i v a l e n t  t o  an o r i f i c e  .OS45 i n .  i n  d i a m e t e r .  T h i s  a r r a n g e m e n t  a l l o w e d  
o p e r a t i o n  w i t h o u t  o s c i l l a t i o n  up t o  230°C and a g a s  f l o w  o f  1100  c f h .  T h e  
e x p e c t e d  maximum i n  t h e  r e a c t o r  i s  1000 c f h  a t  1000 kw. L i m i t a t i o n s  on t h e  

h e a t i n g  s y s t e m  p r e v e n t e d  o p e r a t i o n  a t  h i g h e r  t e m p e r a t u r e .  

(2)  0. P.  Berglin, "Flow of Gas L i q u i d  Mixture," Chen. Eng. 56, 104 (May 1949). 
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5 .  Increased F l o w  in L i q u i d  L e t d o w n  Stream. P r e l i m i n a r y  t e s t i n g  on t h e  

mock-up was per formed by a s m a l l  t r i p l e x  pump, r e p l a c i n g  t h e  p u l s a f e e d e r  pump, 
w h i c h  o r i g i n a l l y  d e l i v e r e d  o n l y  0 . 6 7  gpm, However ,  r e p a c k i n g  t h e  pump i n -  
c r e a s e d  t h e  f l o w  t o  1 gpm and p roduced  a marked improvement i n  s t a b i l i t y ,  

F u r t h e r  t es t s  were made on l e tdown  l i q u i d  s t reams g r e a t e r  t h a n  1 gpm. By 
c h a n g i n g  p u l l e y s  t h e  pump was made t o  d e l i v e r  1.8 gpm. Because  o f  l i m i t a t i o n s  
i n  t h e  h e a t i n g  s y s t e m  t h i s  c o u l d  b e  o p e r a t e d  o n l y  u p  t o  150°C and showed n o  
t e n d e n c y  t o  o s c i l l a t e  a t  a g a s  f l o w  e x c e e d i n g  2000 c f h ,  A f u r t h e r  t e s t  w a s  

made by d i v e r t i n g  t h e  l e t d o w n  s t r e a m  t h r o u g h  t h e  i n n e r  Lube of  t h e  h e a t  e x -  
c h a n g e r  and removing t h e  s u r g e  t a n k .  P r e v i o u s l y ,  s u c h  a s y s t e m  would o s c i l l a t e  
a t  50°C when t h e  g a s  f l o w  e x c e e d e d  1 0 0  c f h ;  w i t h  t h e  i n c r e a s e d  f l o w  % h e  same 
sys t em d i d  n o t  o s c i l l a t e  a t  150°C and a g a s  f l o w  o f  2180 c f h ,  

M o d i f i c a t i o n s  p l a n n e d  f o r  t h e  p u l s a f e e d e r  a r e  e x p e c t e d  t o  i n c r e a s e  
d e l i v e r y  from 0 . 6  t o  1 . 6  gpm w i t h  p i p i n g  i d e n t i c a l  t o  t h e  r e a c t o r ,  

The improvement  i n  o p e r a t i n g  s t a b i l i t y  w i t h  t h e  s u r g e  t a n k  a n d  1 . 8  gpm 
le tdown  s t r e a m  i s  shown i n  F i g  18. The p o i n t s  shown f o r  t h e  improved s y s t e m  
r e p r e s e n t  t h e  maximum c o n d i t i o n s  w h i c h  c o u l d  b e  o b t a i n e d  on t h e  a p p a r a t u s ,  
r a t h e r  t h a n  a maximum s t a b l e  c o n d i t i o n ,  I t  s h o u l d  b e  n o t e d  t h a t  a s t a b l e  
sys t em d o e s  n o t  become u n s t a b l e  a s  t h e  t e m p e r a t u r e  or g a s  f l o w  i s  r e d u c e d ,  

Plans for Future Stability Testing. The c o m p l e t e d  mock-up w i l l  h a v e  a 
new soup h e a t e r  and a 4 0 - k ~  s t eam b o i l e r  which w i l l  a l l o w  c o n t i n u o u s  o p e r a t i o n  
a t  250°C a n d  p e r h a p s  a t  h i g h e r  t e m p e r a t u r e s "  T h e  l e t d o w n  s y s t e m  w i l l  b e  
t e s t e d  u s i n g  t h e  v a l v e  a n d  h e a t  e x c h a n g e r  w h i c h  were b u i l t  f o r  use i n  t h e  
r e a c t o r ,  S t a b i l i t y  c h e c k s  w i l l  b e  r u n  u n d e r  a l l  c o n d i t i o n s  e x p e c t e d  i n  t h e  
r e a c t o r ,  and l o w - t e m p e r a t u r e  - low p r e s s u r e  r u n s  w i l l  be  made t o  a s s u r e  s t a b i l -  
i t y  d u r i n g  t h e  p r o p o s e d  p r e l i m i n a r y  l o w - p o w e r  t e s t s  o f  t h e  r e a c t o r  I n  
a d d i t i o n ,  a p r o g r a m  to d e v e l o p  a n d  t e s t  a n  e x t e r n a l  g a s  s e p a r a t o r  a s  a n  
a l t e r n a t i v e  p r o c e d u r e  w i l l  be  i n i t i a t e d  

When t h e  s t e a m  p r e s s u r i z e r  d e s i g n e d  f o r  t h e  r e a c t o r  i s  a v a i l a b l e  i t  w i l l  
b e  i n s t a l l e d  and t e s t e d  w i t h  t h e  l e v e l  c o n t r o l l e r  i n  o p e r a t i o n ,  a l l  p r e l i m i n a r y  
t e s t i n g  b e i n g  done w i t h  wa te r  and h e l i u m  

A f t e r  a l l  c o m p o n e n t s  ha.ye o p e r a t e d  s a t i s f a c t o r i l y ,  t h e  s y s t e m  w i l l  b e  
c o n v e r t e d  t o  s o u p  o p e r a t i o n  T h i s  w i l l  i n r o l v e  r e p l a c i n g  t h e  p r e s e n t  s p h e r e ,  
which h a s  windows and r e b u i l d i n g  t h e  lOOA pump t o  t h e  l a t e s t  s p e c i f i c a t i o n s ,  
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Method (1) was d i s c a r d e d  b e c a u s e  a l t e r a t i o n  o f  t h e  p r e s e n . t  pumps t o  i n -  

c o r p o r a t e  t h i s  f e a t u r e  would  b e  d i f f i c u l t ,  a n d  e x t e n s i v e  t e s t i n g  would  be 
n e c e s s a r y ,  A l t h o u g h  method ( 2 )  i s  u n d e s i r a b l e  b e c a u s e  two matched  d i s c h a r g e  
p i p e s  a r e  r e q u i r e d  f o r  s a t i s f a c t o r y  r e s u l t s ,  one o f  t h e  pump h o u s i n g s  i s  b e i n g  
m o d i f i e d  t o  t e s t  t h i s  scheme. 

T h r u s t  b e a r i n g  s t u d i e s  have been made and t e s t s  u s i n g  a model b e a r i n g  a r e  
u n d e r  way t o  a p p r a i s e  p o s s i b l e  i m p r o v e m e n t s ,  I t  i s  a p p a r e n t  t h a t  t h i s  
b e a r i n g  c a n n o t  b e  e x p e c t e d  t o  c a r r y  h e a v y  l o a d s .  The  pump h a s  f o u r  p a d s  
w e l d e d  i n  t h e  i m p e l l e r  h o u s i n g ,  m a k i n g  i t  p o s s i b l e  t o  r e d u c e  or e l i m i n a t e  
t h r u s t  l o a d s  by a d j u s t i n g  t h e  p o s i t i o n  o f  t h e  i m p e l l e r  on t h e  s h a f t ,  t h e  
a d j u s t m e n t s  b e i n g  made a f t e r  e a c h  pump a l t e r a t i o n ,  U n l e s s  i t  becomes n e c e s s a r y  
t o  remove t h e  p a d s ,  t h e  p r e s e n t  t h r u s t  b e a r i n g s  a p p e a r  s a t i s f a c t o r y ;  however ,  
l o c a l  e r o s i o n  m a r k s  i n d i c a t e  t h a t  p a d  r e m o v a l  may b e  d e s i r a b l e .  A l t e r n a t e  
means o f  h a n d l i n g  t h r u s t  l o a d s  a r e  u n d e r  i n v e s t i g a t i o n ,  and i t  i s  b e l i e v e d  
t h a t  t h e  i n s t a l l a t i o n  o f  a K i n g s b u r y - t y p e  t h r u s t  b e a r i n g  i s  t h e  m o s t  s i m p l e  
s o l u t i o n  t o  t h i s  p r o b l e m ,  I t  w i l l  b e  p o s s i b l e  t o  d e t e r m i n e  i f  t h i s  c h a n g e  i s  
n e c e s s a r y  when t h e  soup  r e c i r c u l a t i o n  t e s t  l o o p s  h a v e  been o p e r a t e d  f o r  l o n g e r  
p e r i o d s  

One o f  t h e  l O O A  pump l o o p s  h a s  now o p e r a t e d  1040 h r  w i t h  s o u p  i n  t h e  
l o o p  and  b e a r i n g  c h a m b e r .  The  g r a p h i t e  pump b e a r i n g s  were i n s p e c t e d  a f t e r  
600 h r  o f  o p e r a t i o n  w i t h  o n l y  n e g l i g i b l e  w e a r  b e i n g  o b s e r v e d ;  on t h e  f r o n t  
b e a r i n g  t h e  wea r  was a p p r o x i m a t e l y  0 . 0 0 0 5  i n . ,  and on t h e  r e a r  i t  was 0 . 0 0 0 2  
i n ,  Some s c r a t c h e s  were n o t e d  on t h e  f r b n t  ( g r a p h i t a r )  b e a r i n g ,  r e s u l t i n g  
from a b r a s i v e s  i n  t h e  l i q u i d ,  and t h e  s t e l l i t e  j o u r n a l  showed s l i g h t  s i g n s  o f  

c h e m i c a l  a t t a c k ,  

The t e s t  i s  c o n s i d e r e d  more s e v e r e  t h a n  w i l l  b e  e n c o u n t e r e d  i n  t h e  r e -  
a c t o r  b e c a u s e :  ( 1 )  t h e  soup  was p r e c i p i t a t e d  f r e q u e n t l y ,  p r o v i d i n g  a b r a s i v e s  
which damaged t h e  b e a r i n g ,  ( 2 )  many s t a r t s  and s t o p s  were n e c e s s a r y  i n  t e s t i n g  
soup s t a b i l i t y  and c h a n g i n g  o p e r a t i n g  c o n d i t i o n s ;  and ( 3 )  t h e  soup  was c o n t i n -  
u o u s l y  i n  t h e  b e a r i n g  c h a m b e r ,  n o  w a t e r  i n j e c t i o n  b e i n g  u s e d .  G r a p h i t e  
b e a r i n g s  a r e  t h e r e f o r e  c o n s i d e r e d  t o  b e  v e r y  p r o m i s i n g  ~ 

T h e r e  h a s  been some e v i d e n c e  t h a t  g r a p h i t a r  N o ,  1 4 ,  t h e  o r i g i n a l  b e a r i n g  

m a t e r i a l ,  may c a u s e  s o u p  p r e c i p i t a t i o n ,  .and i n  v i e w  o f  t h i s  2 5  a l l o y s  a r e  
u n d e r g o i n g  c o r r o s i o n  t e s t s  i n  a p r e l i m i n a r y  s t u d y  t o  f i n d  o t h e r  s u i t a b l e  
j o u r n a l - b e a r i n g  c o m b i n a t i o n s .  
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B e a r i n g  t e s t s  on s t e l l i t e  98M2 h a v e  b e e n  made and  o n e  j o u r n a l - b e a r i n g  
c o m b i n a t i o n  u s i n g  t h i s  a l l o y  was o p e r a t e d  c o n t i n u o u s l y i n  w a t e r  u n d e r  s i m u l a t e d  
l o a d  f o r  2 5 0  h r ,  c o m p l e t i n g  550 s t a r t - s t o p  c y c l e s  u n d e r  o v e r l o a d  c o n d i t i o n s  
b e f o r e  f a i l u r e  o c c u r r e d ,  

One 1OOA pump h a s  been  f i t t e d  w i t h  s t e l l i t e  98M2 b e a r i n g s  and  j o u r n a l s  
and  i s  p r e s e n t l y  b e i n g  t e s t e d  a 3 0 0 - h s  o p e r a t i o n  i n  w a t e r  h a v i n g  been l o g g e d  
t o  d a t e .  An e x a m i n a t i o n  a f t e r  18 h s  showed t h r u s t  wear r e s u l t i n g  from l o a d s  
f o r c e d  on t h e  b e a r i n g s  w h i l e  making a d j u s t m e n t s  t o  e l i m i n a t e  t h e  t h r u s t  l o a d ,  
b u t  t h e  r a d i a l  s e c t i o n  was s a t i s f a c t o r y  The b e a r i n g s  were a g a i n  i n s t a l l e d  i n  
t h e  pump w i t h o u t  r e p a i r i n g  t h e  damaged t h r u s t  f a c e s  W a t t  me te r  r e a d i n g s  
i n d i c a t e  t h a t  o p e r a t i o n  i s  s a t i s f a c t o r y  

T h e s e  s t e l l i t e  b e a r i n g s  h a v e  two l u b r i c a n t  g r o o v e s  b e c a u s e  s u i t a b l e  
c a s t i n g s  were n o t  o n  h a n d  when t h e  b e a r i n g s  were m a c h i n e d ,  h o w e v e r ,  new 
c a s t i n g s  h a v e  been  r e c e i v e d  and a s i n g l e  o r  possib1.y n o  g r o o v e ,  w i l l  now b e  
u s e d .  T h i s  c h a n g e  w i l l  g r e a t l y  i n c r e a s e  t h e  l o a d - c a r r y i n g  c a p a c i t y  o f  t h e  
b e a r i n g ,  The p r e s e n t  b e a r i n g s  were a l i g n e d  by l i n e  l a p p i n g  w h i l e  mounted i n  
t h e  pump. A s  a p o s s i b l e  improvement  i n  m a i n t a i n i n g  p r e c i s e  a l i g n m e n t  a s e l f -  
a l i g n i n g  b e a r i n g  mount i s  b e i n g  c o n s i d e r e d  

A 1 7 - 7  PH s t a i n l e s s  s t e e l  b e a r i n g  was t e s t e d  a g a i n s t  a s t e l l i t e  98M2 
j o u r n a l .  and o p e r a t e d  c o n t i n u o u s l y  f o r  7 2  h r  i n  w a t e r  u n d e r  l o a d ,  h o w e v e r ,  
t h i s  combinat i ,on f a i l e d  q u i c k l y  u n d e r  s t a r t - s t o p  o p e r a t i o n  

MIXING IN THE HRE CORE 

A s t u d y  h a s  b e e n  i n  p r o g r e s s  t o  e v a l u a t e  t h e  m i x i n g  c h a r a c t e r i s t i c s  o f  
t h e  HRE c o r e  a n d  t o  a c t e m p t  t o  i m p r o v e  t h e  m i x i n g  i n  p a r t i a l l y  s t a g n a n t  
r e g i o n s .  T h i s  work h a s  been  c a r r i e d  on i n  a t r a n s p a r e n t ,  f u l l - s c a l e , p l a s t i c  
s p h e r e ,  D a t a  a r e  o b t a i n e d  by i n t r o d u c i n g  and s t u d y i n g  v a r i a t i o n s  i n  t e m p e r  
a t u r e  a n d  d y e  c o n c e n t r a t i o n  w i t h  t i m e  O b s e r v a t i o n s  a r e  made a t  v a r i o u s  
p o i n t s  i n  t h e  v e s s e l  by means o f  movable p r o b e s ,  

A s  d e s c r i b e d  i n  t h e  p r e v i o u s  q u a r t e r l y  r e p o r t - ” i t  h a s  b e e n  f o u n d  t h a t  
l i q u i d  r o t a t e s  i n  a s t a b l e  o r b i t  i n  t h e  b o d y  o f  t h e  s p h e r e  a n d  m i x e s  w i t h  
s t r e a m s  b y p a s s i n g  a l o n g  t h e  w a i l s  o f  t h e  v e s s e l  I n  t h e  n o r t h e r n  h e m i s p h e r e ,  

( 3 )  I Spiewak and J 0. Brrrdfu-e “M:x..ng in the HRE Core,”Homogeneous R : J : ~ Q T  Ezp-*;mcnt Q a w b e r -  
ly P - o g * e s s  R e p o - b  f o ,  P s - t o d  End.ng F - b  x i - y  28, 1951, ORNL-990. p 31 (May 18 1951) 
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w h i c h  i n c l u d e s  t h e  i n l e t  a n d  o u t l e t  c o n n e c t i o n s ,  t h i s  b y p a s s  g o e s  d i r e c t l y  
f r o m  t h e  i n l e t  t o  t h e  o u t l e t ,  I n  t h e  s o u t h e r n  h e m i s p h e r e  t h e  s t r e a m  f i n d s  a 
v e r t i c a l  p a t h  up t h r o u g h  t h e  c e n t r a l  a x i s  o f  t h e  s p h e r e  and o u t .  

A s  a r e s u l t  o f  t h i s  mechanism,  t h e r e  i s  a r e g i o n ,  l o c a t e d  i n  a c y l i n d e r  
w i t h  an i n s i d e  r a d i u s  o f  a b o u t  6 cm and an o u t s i d e  r a d i u s  o f  11 cm, i n  which  
m i x i n g  t a k e s  p l a c e  r a t h e r  p o o r l y ,  compared t o  a v e r a g e  m i x i n g  i n  t h e  r e a c t o r ,  
(The s p h e r e  r a d i u s  i s  2 2 . 9  c m , )  The f l o w  p a t t e r n  i s  d e s c r i b e d  more f u l l y  i n  
OWL 990- 

Q u a n t i t a t i v e l y ,  m i x i n g  i n  t h i s  r e g i o n  r e q u i r e s  a p p r o x i m a t e l y  s i x  t imes a s  
l o n g  a s  t h e  a v e r a g e  f o r  t h e  e n t i r e  v e s s e l ,  w i t h  no d e n s i t y  g r a d i e n t s  i n  t h e  
l i q u i d ,  The s o u t h e r n  h e m i s p h e r e  i s  s l i g h t l y  worse i n  t h i s  r e s p e c t  t h a n  i s  t h e  
n o r t h e r n  h e m i s p h e r e .  The:re a p p e a r s  t o  b e  n o  s i g n i f i c a n t  c h a n g e  i n  t h e s e  
f i g u r e s  w i t h  a 2 . 5 - f o l d  c h a n g e  i n  v i s c o s i t y  o b t a i n a b l e  be tween 1 0  and 5OoC. 
A l s o "  i f  t h e  f l o w  r a t e  i s  h a l v e d ,  m i x i h g  i s  t w i c e  a s  s l o w  t h r o u g h o u t .  

I t  w a s  hoped t h a t  i n t r o d u c i n g  c o l d  w a t e r  i n t o  a s p h e r e  f i l l e d  w i t h  h o t  
w a t e r  would improve  t h e  m i x i n g  o f  t h e  s t a g n a n t  r e g i o n  by v i r t u e  o f  t h e  c e n -  
t r i f u g a l  e f f e c t s  on d e n s i t y  v a r i a t i o n s ,  The d e n s i t y  d i f f e r e n c e s  o b t a i n a b l e  
w i t h i n  t h e  l i m i t s  o f  t h e  a p p a r a t u s  ( 0 . 9 % )  p roduced  no o b s e r v a b l e  d i f f e r e n c e  i n  
t h e  r a t e  o f  m i x i n g ,  The d e n s i t y  v a r i a t i o n  i n  t h e  r e a c t o r  o p e r a t i n g  a t  1000 kw 
w i l l  p r o b a b l y  amount  t o  a b o u t  5%. F u r t h e r  s t u d y  o f  t h e  e f f e c t  o f  d e n s i t y  
d i f f e r e n c e s  i n  t h i s  r a n g e  w i l l  b e  made a t  room t e m p e r a t u r e  w i t h  m e t h a n o l  
s o l u t i o n s  

U n l e s s  t h i s  d e n s i t y  e f f e c t  i s  a p p r e c i a b l e ,  t o  a v o i d  l o c a l  o v e r h e a t i n g  i n  
s t a g n a n t  a r e a s  i t  may be n e c e s s a r y  t o  u s e  m e c h a n i c a l  o b s t r u c t i o n s  which  d i s -  
t r i b u t e  t h e  f l o w  p r o p e r l y ,  T h e s e  b a f f l e s  w o u l d  h a v e  t o  s t r i k e  t h e  p r o p e r  
b a l a n c e  between (1) e f f e c t  on m i x i n g ,  ( 2 )  e f f e c t  on g a s  r emova l ,  ( 3 )  e f f e c t  on 
r e a c t i v i t y "  and (4) s t r u c t u r a l  s t r e n g t h  and r e s i s t a n c e  t o  f a t i g u e ,  

V a r i o u s  t y p e s  o f  b a f f l e s  h a v e  b e e n  t r i e d  i n  t h e  s p h e r e  w i t h  p a r t i a l  
s u c c e s s ,  I n  n o  c a s e  w a s  t h e  amount  o f  m e t a l  i n s e r t e d  u n f e a s i b l e  f r o m  t h e  
n u c l e a r  s t a n d p o i n t ,  These  i n c l u d e :  

1. Cylindrical R o d s .  C y l i n d r i c a l  r o d s  were mounted a l o n g  r a d i i  i n  t h e  

h o r i z o n t a l  e q u a t o r i a l  p l a n e  o f  t h e  s p h e r e ,  The r o d s  were e i t h e r  1/8 or 3/16 
i n ,  i n  d i a m e t e r ,  The  opt imum l e n g t h  was 7 i n . ,  b r i n g i n g  t h e  r o d s  o u t  f r o m  
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t h e  s p h e r e  w a l l ,  t h r o u g h  t h e  s t a g n a n t  l a y e r ,  and j u s t  i n t o  t h e  u p d r a f t  g o i n g  
t o  t h e  o u t l e t ,  The  r o t a t i o n a l  f l o w  i s  n o r m a l  t o  t h e s e  r o d s ,  p r o d u c i n g  a 
t u r b u l e n t  p r e s s u r e  l o s s  b e h i n d  themtl,  T h i s  l o w - p r e s s u r e  a r e a  d r a w s  l i q u i d  
t h r o u g h  t h e  s t a g n a n t  r e g i o n  and i n t o  t h e  c e n t r a l  u p d r a f t  Fo r  r o u g h l y  2 i n  
on b o t h  s i d e s  o f  t h e  p l a n e  o f  t h e  r o d s  t h e  maximum r e s i d e n c e  t i m e * w a s  f o u n d  
t o  b e  a b o u t  15% a b o v e  t h e  a v e r a g e  r e s i d e n c e  t i m e  f o r  t h e  s p h e r e .  T h e  r e &  

m a i n d e r  o f  t h e  s t a g n a n t  r e g i o n  i s  a f f e c t e d  t o  a l e s se r  d e g r e e  and  i t s  r e s i -  
d e n c e  t i m e  i s  a b o u t  twice  t h e  a v e r a g e ,  which s t i l l  i s  a g r e a t  improvement o v e r  

t h e  c o n d i t i o n  w i t h  n o  b a f f l e s  The  e f f e c t i v e n e s s  o f  t h e  r o d s  i.n a g i v e n  
v e r t i c a l  l o c a t i o n  a p p e a r s  r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  number o f  r o d s  or to 

t h e i r  d i a m e t e r ,  One,  t w o , a n d  t h r e e  r o d s  were t r i e d  w i t h  s i m i l a r  e f f e c t i v e n e s s .  

T h e  t u r b u l e n c e  i n d u c e d  by t h e  r o d s  h a d  t h e  e f f e c t  o f  i n c r e a s i n g  t h e  

p r e c e s s i o n  o f  t h e  v o r t e x ,  The d e g r e e  t o  w h i c h  t h i s  o c c u r s  h o w e v e r ,  i s  n o t  
s e r i o u s ,  V e r t i c a l  r o d s  h a v e  been found t o  have  a g r e a t e r  e f f e c t  on t h e  v o r t e x  

P 

Resonance  v i b r a t i o n s  were p r e s e n t  i n  a p a r t i c u l a r  r o d  o v e r  a f lowu  r a n g e  

o f  a b o u t  30% Only minor  o s c i l l a t i o n s  were p r e s e n t  a t  a l l  o t h e r  f l o w  r a t e s ,  
The f l o w  r a t e  a t  which r e s o n a n c e  e x i s t s  i s  d e t e r m i n e d  by t h e  l e n g t h  and  moment 
o f  i n e r t i a  o f  t h e  r o d  and by t h e  y e l o c i t y  o f  f l u i d  s l i p p i n g  p a s t  i t ,  E i g h t -  
i n c h  s t a i n l e s s  s t e e l  t u b i n g  i n  r e s o n a n c e  f a i l e d  v e r y  s o o n ,  F a i l u r e  o c c u r r e d  
u s u a l l y  where t h e r e  were s c r a t c h e s  o r  t h r e a d s ,  Over  t e n  m i l l i o n  c y c l e s  were 

o b t a i n e d  on m i l d  s t e e l  3/16 i n  r o d  w i t h o u t  any f a i l u r e s  U n l e s s  s t r e s s  c o r -  
r o s i o n  i s  a s e r i o u s  problem t h e r e  s h o u l d  be no f a i l u r e s  a f t e r  t h i k  a c c o r d i n g  
t o  l i t e r a t u r e  f a t i g u e  d a t a  I f  r o d s  a r e  u s e d  i n  t h e  r e a c t o r  t h e y  w i l l  b e  
n o n r e s o n a t i n g  w i t h i n  t h e  e x p e c t e d  f l o w  r a n g e ,  

2. Streamline Baffles. A i r f o i l s  a b o u t  1 i n  w i d e  and 3 /16  in h i g h  a t  

t h e  maximum were mounted i n  p o s i t i o n  s i m i l a r  t o  t h e  r o d s  T h e s e  p r o v i d e d  o n l y  
s k i n  f r i c t i o n  t o  p u l l  l i q u i d  i n  t o w a r d  t h e  c e n t e r "  w i t h  a minimum o f  t u r  
b u l e n c e ,  The v i b r a t i o n  problem w a s  a l l e v i a t e d ,  and t h e  v o r t e x  was s t a b i l i z e d ,  
However,  t h e  r e d u c t i o n  i n  r e s i d e n c e  t i m e  o f  t h e  s t a g n a n t  r e g i o n  W ~ S  o n l y  20%. 
A p p a r e n t l y  i t  i s  n e c e s s a r y  t o  i n c r e a s e  t u r b u l e n c e  t o  b r i n g  a b o u t  t h e  d e s i r e d  
m i x i n g ,  

a 

3 .  Vertical F i n s ,  S i x  v e r t i c a l  f i n s  5 i n  h i g h  and 1% i n  w i d e  were 

mounted i n  p a i r s  on t h r e e  syrnmeLrlcai  c y l i n d r i c a l  r c d s  i n  an e f f o a c  ' t o  p r o -  
d u c e  s l u g  f l o w  t h r o u g h  c h e  s p h e . , ? .  The f i n s  were c u r v e d  slightly t o  f o l l o w  
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t h e  f l o w  l i n e s ,  and t h e  r o t a t i o n a l  f l o w  i n t e r s e c t e d  t h e  f i n s  a t  a s m a l l  a n g l e ,  
A d e f i n i t e  s l u g  f l o w  component w a s  o b s e r v e d  a t  t h e  e l e v a t i o n  o f  t h e  f i n s ,  b u t  
s t a g n a t i o n  p e r s i s t e d  a t  o t h e r  e l e v a t i o n s ,  T h i s  was t h e  o n l y  s l u g  f l o w  e v e r  
o b t a i n e d  i n  t h e  p l a s t i c  model.  The v o r t e x  was q u i t e  u n s t a b l e ,  

4 .  Horizontal Fins. S u r f a c e s  i n t e r s e c t i n g  t h e  f l o w  l i n e s  a t  a b o u t  a 45' 
a n g l e  were p l a c e d  l e n g t h w i s e  on t h r e e  e q u a t o r i a l  r o d s ,  T h i s  seemed t o  t h r o w  
t h e  f l o w  up i n t o  t h e  n o r t h e r n  hemisphe re  and down i n t o  t h e s o u t h e r n  h e m i s p h e r e ,  
d e s t r o y i n g  t h e  t e n d e n c y  o f  t h e  l i q u i d  t o  r o t a t e ,  which  i s  e s s e n t i a l  for g a s  
removal I 

5 .  Bell. An i n v e r t e d  b e l l - s h a p e d  d e v i c e  mounted n e a r  t h e  b o t t o m  o f  t h e  
s p h e r e  was d e s i g n e d  t o  d i v e r t  p a r t  o f  t h e  u p d r a f t  i n t o  t h e  s t a g n a n t  r e g i o n .  
The maximum r e s i d e n c e  t i m e  was l o w e r e d  somewhat ,  and t h e  s t a g n a n t  r e g i o n  was 
s h i f t e d  more toward  t h e  o u t s i d e  o f  t h e  s p h e r e .  The f l o w  p a t t e r n  t h r o u g h  t h e  
s p h e r e  w a s  c o n s i d e r a b l y  m o d i f i e d .  However, t h e  b e l l  w a s  n o t  p r o p e r l y  a l i g n e d ,  
and t h e  v o r t e x  w a s  q u i t e  u n s t a b l e ,  I t  a p p e a r s  t o  b e  i m p r a c t i c a l  t o  c o n s i d e r  
t h i s  d e v i c e  f o r  t h e  HFE on t h e  b a s i s  o f  a l i g n m e n t  p rob lems  a l o n e ,  

I f  b a f f l e s  a r e  t o  b e  u s e d  i n  t h e  r e a c t o r ,  h o r i z o n t a l  r o d s  a p p e a r  t o  be 
t h e  b e s t  t y p e ,  A d d i t i o n a l  t e s t i n g  and a n a l y s i s  w i l l  be  r e q u i r e d  b e f o r e  t h e  
d e s i r a b i l i t y  o f  u s i n g  b a f f l e s '  c an  b e  d e f i n i t e l y  d e t e r m i n e d ,  
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7 ,  PHASE STABILITY OF ALTERNATE SYSTEMS 

W e  L .  M a r s h a l l  
Pr ess u:re S t u d i e s  Phasa Studi'2s 

9. s. Gill 
H. W, Wright 

PRESSURE STUDIES OF AQUEOUS FUEL SYSTEMS 

The p u r p o s e  o f  t h i s  i n v e s t i g a t i o n  i s  t o  p r o q i d e  f u n d a m e n t a l  t h e r m a l -  
p r e s s u r e  d a t a  f o r  t h e  c u r r e n t  f u e l  medium (UO,SO,-H,O) and f o r  t h e  U 0 2 F 2 - H 2 0  
and UO,QNO,),-H,O s y s t e m s ,  The work h a s  been d i v i d e d  i n t o  two p a r t s ,  n a m e l y ,  
low- t e m p e r a t u r e  i n v e s t i g a t i o n  up t o  150 t o  1 7 5 O C  and i n v e s t i g a t i o n  from t h e s e  
t e m p e r a t u r e s  up t o  t h e  c r i t i c a l  r e g i o n .  

A p p a r a t u s  f o r  t h e  l o w - t e m p e r a t u r e  m e a s u r e m e n t s  h a s  b e e n  d e s i g n e d  a n d  
eons  t r u c t e d ,  A p r e c i s i o n  the rmos  t a t  which c a n  m a i n t a i n  s h e  t e m p e r a t u r e  w i t h i n  

+ObO02"C f o r  Bong p e r i o d s  a t  t e m p e r a t u r e s  o f  50 t o  165°C h a s  been made. The  
e n t i r e  a p p a r a t u s  h a s  been d e s i g n e d  w i t h  t h e  g o a l  o f h i g h  p r e c i s i o n  and a c c u r a c y  
i n  mind, 

A c t u a l  l a b o r a t o r y  work o n  t h e  h i g h - p r e s s u r e  r e g i o n  h a s  n o t  y e t  b e g u n ,  
However, much t h o u g h t  h a s  been g i v e n  t o  t h e  problem o f  g e t t i n g  h i g h l y  a c c u r a . t e  
r e s u l t s ,  and e x p e r i m e n t a l  work i s  t o  be s t a r t e d  i n  t h e  n e a r  f u t u r e ,  

THE URANYL NITRATE-WATER SYSTEM ABOVE 180°C 

The e x p e r i m e n t a l  i n v e s t i g a t i o n  o f  t h e  u r a n y l  n i t r a t e - w a t e r  s y s t e m  above 
180°C i s  g i v e n  i n  p r e v i o u s  r e p o r t s ,  2 j  B r i e f l y ,  h y d r o l y t i c  d e c o m p o s i t i o n  
o f  u r a n y l  n i t r a t e - w a t e r  s o l u t i o n s  o c c u r s  a b o v e  184°C i n  a c l o s e d  s y s t e m  o f  
1: P l i q u i d -  t o - v a p o r  volume r a t i o ,  The p r e c i s e  t e m p e r a t u r e  o f  p r e c i p i t a t i o n  
o f  a y e l l o w  s o l i d  i s  d e p e n d e n t  on c o n c e n t r a t i o n ,  The  p r e c i p i . t a t i o n  t e m p e r a t u r e  
i s  a b o u t  260°C i n  v e r y  low c o n c e n t r a t i o n s  and i n c r e a s e s  t o  a maximum o f  a b o u t  
345°C f o r  a 55 w t  5& s o l u t i o n ,  The t e m p e r a t u r e  t h e n  d e c r e a s e s  to 184°C a t  t h e  

t h e o r e t i c a l  c o m p o s i t i o n  o f  u r a n y l  n i t r a t e  d i h y d r a t e &  

<I) W, L, Marshal l ,  J ,  S Gill, and C, H, Secoy, '"The Uranyl Nitrate-Water  System Above 18Ooc," 
Chemistry Division Quarterly Prog-ess R e p o . ~ t  for Per*od Ending March Sf, f95f ,  OIWL-1053, p .  22 
(to be issued)  

( 2 )  W L Marshal l  and 4. S, Gill, "Aqueous Uranyl Nitrate  and Uranyl N i t r a t e - N i t r i c  Acid-Water 
S o l u t i o n s  Above 100 C ''Hiimogerteorrs Reactat.  Expertaeht  QuaT' le f  l y  Progress Repo.-t f i j r  ?e"Eod EndSng 
February 28, 1951, & 990, p 136 (May 18, 1951). 
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The t e m p e r a e u r e  a t  which a r ed -b rown  v a p o r  p h a s e  a p p e a r s  i s  a b o u t  285°C 
i n  t h e  d i l u t e  r e g i o n  and  d e c r e a s e s  t o  a p p r o x i m a t e l y  184°C i n  t h e  s a t u r a t e d  
s o l u t i o n ,  

T h i s  v a p o r - p h a s e  c o l o r a t i o n  phenomenon i s  r e v e r s i b l e  w i t h  t e m p e r a t u r e ,  
however ,  t h e  y e l l o w  s o l i d  a p p e a r i n g  a t  t h e  u p p e r  t e m p e r a t u r e  i s  o f  q u e s t i o n -  
a b l e  r e v e r s i b i l i t y .  

T H E  UBANIUM T B I O X I D E - P H O S P H O R I C  ACID-WATER S Y S T E M  

A f u n d a m e n t a l  i n v e s t i g a t i o n  i s  u n d e r  way o n  u r a n i u m  t r i o x n d e  s o l u b i l i i e y  
i n  p h o s p h o r i c  a c i d  s o l u t i o n s  up :(B t h e  c r i t i c a l  t e m p e r a t u r e s  o f  s h e  s y s t e m s b  
Tn t h i s  i n v e s t i g a t i o n  e x p l o r a t o r y  s o l u b i l i t y  d e t e r m i n a t i o n s  h a v e  b e e n  made 
i n  t h e  r a n g e  100 'LO 300°C u s i n g  1, 2 ,  a n d  3 M o r t h o p h o s p h o r i c ,  a c i d ,  A s  a 

* r e s u l t  o f  t h i s  work ,  c o n c e n t r a t i o n  o f  e f f o r t  i s  t o  be on s o l u b i l i t i e s  i n  2 M 
a c i d ,  A f t e r  p h a s e  e q u i l i b r i u m  cond iL i0n . s  a r e  e s t a b l i s h e d  f o r  t h i s  s y s t e m ,  
s o l u b i l i t i e s  w i l l  b e  deteTmined i n  o t h e r  a c i d  c o n c e n t r a t i o n s  T h e r e f o r e ,  w i t h  
t h e s e  d a t a  t h e  c o n c e n t r a t i o n  o f  a c i d  n e c e s s a r y  t o  d i s s o l v e  a g i - r e n  amount o f  
uranium t r i o x i d e  a: a f i x e d  t e m p e r a t u r e  m i g h t  b e  d e t e r m i n e d  

C u r r e n t  E x p e r i m e n t a l  Sta&us,  A s y n : , h e t i c  method d e s c r i b e d  p r e v i o u s l y (  
h a s  been u s e d ,  E x p e r i m e n z a i  d a t a  o b t a i n e d  by t h i s ' m e t h o d  a r e  gi .sen i n  T a b l e  24 
a n d  a r e  shown i n  F i g .  2 0 ,  ExpPora:ory d a t a  from Los  A i a m o s  4 :  a n d  e l s e -  

where : 0 6: a r e  i n c l u d e d ,  

I n  t h e  work ai; ORNL, i n  2 M a c i d  s o ~ u t i o n s  b u l k y 9  g e l a t i n o u s  t y p e  p r e -  
c i p i t a t e s  a p p e a r e d  upon ;each:ng t h e  - g i  'en %empera:uure9, T h e s e  p r e c i p i t a t e s  
seemed to change c h a r a c x e r  'LO fdrm l ong  r r y s t a l l . i n e  needlesc When t h e  tempeira- 
t u r e  was l o w e r e d  50 :O 7 5 ' C   fa^ 1 O - h ~  p e - i o d s ,  ch.e : - y s t a P s  d-d mot a p p e a r  t o  

r e d i s s o l v e ,  UnLi l  t h i s  p o i n t  of p r e c i s e  ~ ~ 1 u b i ; i t y  is e s , : a b l i s h e d  t h e  so1u- * 
b i l i t y  c u r v e s  i? Fig .  20 muse be o s n s i d e r e d  a s  o n l y  t e n t a t i r e  
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TABLE 24 

Solubility of Uranium Trioxide %n Orthophosphoric Acid Solutions 
4 

INVESTIGATOR 

Morse 

Ryon and Kuhn 

Our d a t a  

Our data  

Our data  

Our data 

Ryon and Kuhn 

Our data  

Our data 

Our data  

Our data 

Our data 

Our data  

Los Alaroos 

Los Abmos 

Our d a t a  

Our data  

P 

B 
i.on7 

' 1.017 

10 on7 
B Y  017 

2 

2.01% 

2,075 

2,075 

2.075 

2.075 

2 , 0 9 5  

3 

3 

3 0 113 

3 , n 1 3  

0.17 

0. i7 

0.192 

0.0616 

0 06B6 

0.02'68 

0.8 

0 414 

0 373 

0 0 366 
0.271 

0 26 

Oe224 

0.9 

0.9 

0.546 

o.6ns 

EMPEFIATUIW OF PRECIPITATION 
I; "C) 

1 

65 - 85 ( d i s s o l v e d )  

96  ( a n a l y t i c a l  method) 

!LO2 

240 

250 

290 
96 ( a n a l y t i c a l  methad) 

163 

176 

183 

228 

266 

3 16 
250 ( p r e c i p i t a t e d )  

340 i d i s s o l v e d 9  ' 

242 ( p r e c i p i t a t e d )  

2 7 3 ( p Te c i p i t a t  e d) 
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The i n i t i a l  a l t e r n a t e  s p e c u l a t i o n s  a r e  a s  f o l l o w s :  

1, C u r v e  B i n  F i g ,  20  i s  a m e t a s t a b l e  c u r v e ,  a n d  t h e  s y s t e m  h a s  
s u b s e q u e n t l y  c o n v e r t e d  t o  a s t a b l e  p h a s e  p o s s e s s i n g  a low s o l u -  
b i l i t y  change  w i t h  t e m p e r a t u r e  

2 ,  Curve B i n  F i g .  20 i s  a s t a b l e  c u r v e ,  b u t  t h e  r e t u r n  a p p r o a c h  t o  
e q u i l i b r i u m  i s  s low.  

3 ,  The d a t a  r e p o r t e d  a l o n g  Curve  B a r e  t h e  r e s u l t s  o f  s u p e r h e a t i n g  
phenomena, and t h e  t r u e  s o l u b i l i t y  p o i n t s  a r e  a t  l ower  t empera -  
t u r e s  * 

A f s e r  a c o n s i d e r a t i o n  o f  t h e  above  f a c t o r s ,  i t  h a s  been d e c i d e d  t o  c h a n g e  t o  
an  a n a l y t i c a l  method f o r  t h e  s t u d y  o f  t h i s  s y s t e m ,  Work i n  t h i s  d i r e c t i o n  i s  
i n  p r o g r e s s  

EFFECT OF FERRIC OXIDE ON CRITICAL SOLUTION TEHPEBATURES 

OF TEE URANYL SULFATE-UATEl SYSTEM 

A Y i s u a l  s t u d y  h a s  been m a d e o f t h e  e f f e c t  o f  f e r r i c  o x i d e  on t h e  c r i t i c a l  
s o l u t i o n  t e m p e r a t u r e  on t h e  u r a n y l  s u l f a t e L w a t e r  s y s t e m ,  P r e v i o u s  s t u d i e s  
o f  s h e  u r a n y l  s u l f a t e - s u l f u r i c  aci 'd-water s y s t e m  showed an  e l e v a t i o n  o f  t h e  
c r i t i c a l  s o l u t i o n  t e m p e r a t u r e  p r o p o r t i o n a l  t o  t h e  amount o f  e x c e s s  s u l f u r i c  
a c i d ,  4 

I n  che p r e s e n t  i n v e s t i g a t i o n  i t  was t h o u g h t  t h a t  f e r r i c  o x i d e  m i g h t  a l t e r  
t h e  t w o  l i q u i d - p h a s e  phenomenon t o  s u c h  a n  e x t e n t  a s  t o  change c o n d i t i o n s  f o r  
a homogeneous r e a c t o r  s o l u t i o n  a t  200 t o  300'C. 

E x p e r i m e n t a l .  U r a n y l  s u l f a t e  t r i h y d r a t e  p r e p a r e d  by t h e  Y-12 C h e m i c a l  
Depar tment  was u s e d ,  T h i s  m a t e r i a l  was c h e c k e d  f o r  p u r i t y  and e x c e s s  a c i d i t y  
by a n a l y s i s  and by pH d e t e r m i n a t i o n s ,  F e r r i c  o x i d e  powder, c o p a p  was o b t a i n e d  
from Baker  and Adamson, 

A p p r o x i m a t e l y  1 .3  m l  e a c h  o f  a q u e o u s  u r a n y l  s u l f a t e  s o l u t i o n s  o f  4 . 6 ,  
9 b . % ,  l 9 , 6 ,  and 3 0 ' 0  w t ,  % was s e a l e d  i n  s i l i c a  t u b e s  o f  11 cm l e n g t h  and 4 mm 

IUD, c o n t a i n i n g  a p p r o x i m a t e l y  100 mg Fe,O,, I n  a d d i t i o n ,  a b l a n k  was p r e p a r e d  
u s i n g  d i s t i l l e d  w a t e r ,  T h e s e  t u b e s  were r o c k e d  i n  a s p e c i a l  r o c k e r - h e a t e r  

1x5 . 



d e v i c e ,  t h e  t e m p e r a t u r e  was r a i s e d  or l o w e r e d ,  a n d  o b s e r v a t i o n s  were made 
t h r o u g h  a s l i t .  D e t a i l s  o f  t h e  method have been g i v e n  p r e v i o u s l y , " ~  

I 
I n  a l l  r u n s ,  i n c l u d i n g  t h e  b ' lank, t h e  f e r r i c  o x i d e  p a r t i c l e s  a p p e a s e d  t o  

i n c r e a s e  i n  s i z e  and s e t t l e  f a s d e r  i n  t h e  t u b e s  a s  t h e  t e m p e r a t u r e  was r a i s e d .  
A t  t h e  c r i t i c a l  s o l u t i o n  t e m p e r a t u r e  t h e  s o l i d  f e r r i c  o x i d e  c o l l e c t e d  i n  t h e  
h e a v i e r  l i q u i d  p h a s e ,  t h u s  s t o p p i n g  all random m o t i o n  o f  t h e  p a r t i c l e s ,  The  
t e m p e r a t u r e  a p p e a r e d  t o  b e  lowered  3 o r  4°C u n d e r  t h a t  o f  a f e r r i c  o x i d e - f r e e  
u r a n y l  s u l f a t e  s o l u t i o n ,  bu$  t h i s  e f f e c t  i s  n o t  c e r t a i n ,  No s u c h  phenomenon 
was o b s e r v e d  i n  t h e  b l a n k ,  

When t h e  t e m p e r a t u r e  was l o w e r e d ,  t h e  r e t u r n  t o  e o r d p l e t e  m i s c i b i l i t y  

c o u l d  be d e l a y e d  a s  much a s  P O  o r  15°C i f  t h e  s o l u t i o n  was c o o l e d  as f a s t  as, 
1 or 2°C p e r  m i n u t e .  The d e l a y  i s  p r o p o e t i o n a l . t o  t h e  c o s l i q g  r a t e ,  i n d i c a t i n g  

a p o s s i b l e  p h y s i c a l  e f f e c t  o f  t h e  p a r t i c l e s ,  
Y . .  

A n a l y s i s  o f  t h e  s u p e r n a t a n t  a f t e r  a r u n ' s h o w e d  n o  c h a n g e  i n  t h e  u r a n i u m  
A n e g l i g i b l e  amount o f  i r o n  w a s ' p r e s e n t  i n  s o l u t i o n ,  

I n  e f f e c t ,  f e r r i c  o x i d e  powder migh t  p o s s i b l y  lower  t h e  c r i t i c a l  s o l u t i o n  
t e m p e r a t u r e  o f  u r a n y l  s u l f a t e  s o l u t i o n s  s e v e r a P  d e g r e e s ,  a d  l e a s t  upk'to 30 
w t  % s a l t ,  No - s i s u a 1  e f f e c t s  were  no;ed b e l o w  t h g s e  t e m p e r a t u r e s ,  H i g h e r  
a c c u r a c y  c o u l d  n o t  be o b t a i n e d  b e c a u s e  o f  o b s e r v a t i o n a l  d i f f i c u l t i e b  i n  t h e  
p r e s e n c e  o f  f e r r i c  o x i d e ,  

c o n c e n t r a t i o n ,  
b 



SOLUBILITY OF FISSION PRODUCT SULFATES 

B. Z e m e l  

T h e  d e t e r m i n a t i o n  o f  t h e  h i g h - t e m p e r a t u r e  s o l u b i l i t i e s  o f  t h e  m o r e  
i n s o l u b l e  f i s s i o n  p r o d u c t  s u l f a t e s  i s  c o n t i n u i n g  u s i n g  r a d i o a c t i v e  t r a c e r s ,  
s t a i n l e s s  s t e e l  bombs!, and f i l t e r  d i s k s ,  The f i l t e r  d i s k s  e n a b l e  s e p a r a t i o n  
o f  s o l u t i o n  and p r e c i p i t a t e  a t  a g i v e n  t e m p e r a t u r e  b e f o r e  c o o l i n g  down, 

I n  o r d e r  t o  a v o i d  c o r r o s i o n  p r o b l e m s  i n  d e t e r m i n i n g  t h e  s o l u b i l i t i e s  i n  
t h e  p r e s e n c e  o f u r a n y l  s u l f a t e  s o l u t i o n s ,  t h e  bombs were p r o v i d e d  w i t h  p l a t i n u m  
l i n e r s  and  t h e  s t a i n l e s s  s t e e l  f i l t e r  d i s k s  were r e p l a c e d  by a lundum d i s k s .  

S o l u b i l i t y  s t u d i e s  were made o f  SrSo,, B a S 0 4 ,  a n d  Y,(SO,), i n  UO,SO, 
( 3 0  g o f  u r a n i u m  p e r  l i t e r ) ,  A f t e r  t h i s  work was c o m p l e t e d  t h e  UO,SO, was 
found  t o  be i m p u r e ,  and t h e  s t u d i e s  w i l l  t h e r e f o r e  be r e p e a t e d  S t u d i e s  were 
a l s o  made of  La,(SO,), and Ag,SO, i n  w a t e r ,  Because  of  t h e  s h o r t  h a l f - l i f e  o f  
t h e  l a n t h a n u m  a c t i v i t y  a v a i l a b l e  and  t h e  d i f f i c u l t i e s  i n v o l v e d  i n  i t s  p u r i -  
f i c a t i o n  The v a l u e s  
o b t a i n e d  f o r  Ag,S04 a r e  g i v e n  i n  t h e  r a n g e  145 t o  330°C and  were c h e c k e d  by 
p o t e n t i o m e t r i c  t i t r a t i o n s ,  An a t t e m p t  was made t o  r u n  a t  l e a s t  p a r t  o f  t h e  

Ag,SO, s o l u b i l i t y  c u r v e  ( F i g .  2 1 )  by t h e  q u a r t z - t u b e  method a s  a f u r t h e r  c h e c k ,  
b u t  t h e  compound p r o v e d  t o  be p h o t o s e n s i t i v e  and  t h e  r e s u l t s  were c o n s i d e r e d  
u n r e l i a b l e ,  

t h e  c o m p l e t e  La , (S04) ,  c u r v e  h a s  n o t  y e t  been p r e p a r e d .  

TABLE 25 

Solubility of A g 2 S 0 4  in E20 

TEMPERA'RW CONCENTRATION 
( OC) (g /100  g o f  soauaionp 

145 
157 
199 
19 9 
250 
250 
30 5 
30 5 
3 30 

0 . 8 9 4  
0 .  65 
0 . 4 5  
0.376 
0 . 4 0  
0 . 3 5  
0 . 3 2 9  
0 . 2 9 5  
0 . 2 8  
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9 .  SLURRY STUDIES 

Uraniua Oride S l u r r i e s  Thoriur Oride S l u r r i e s  

. 

L, E, Morse 
G A. Eakon 
C. eo Johnston 
C, F. Keck 

To C.. Runion 
J .  Lo Bamberg 
V* Le Fowler 

UBANIUI OXIDE SLUBBIES 

D u r i n g  t h e  p a s t  q u a r t e r  f u r t h e r  i n v e s t i g a t i o n s  were made i n t o  t h e  p r e p a -  
r a t i o n  o f  u r a n i u m  o x i d e  s l u r r i e s  s u i t a b l e  f o r  u s e  i n  t h e  homogeneous r e a c t o r  
p r  og' e c t 

The s l u r r i e s  w i l l  c o n t a i n  40 8; o f  u r a n i u m  p e r  l i t e r  and m u s t  be s t a b l e  
w i t h  r e s p e c t  t o  s e d i m e n t a t i o n  upon shutdowy o f  t h e  s l u r r y - c i r c u l a t i n g  s y s t e m ,  
The r e a c t o r  w i l l  o p e r a t e  a t  250°C and 1000 p s i  p r e s s u r e .  

P r e l i m i n a r y  e x p e r i m e n t s  o n  t h e  i r r a d i a t i o n  o f  n a t u r a l  u r a n i u m  o x i d e  
s l u r r i e s  s t a b i l i z e d  w i t h  b e n t o n i t e  were c o m p l e t e d ,  I t  a p p e a r s  t h a t  s a m p l e s  
o f  t h e  s l u r r i e s  i r r a d i a t e d  f o r  1 week w h i l e  b e i n g  h e a t e d  a t  250°C were compa- 
s a b l e  i n  s t a b i l i t y  t o w a r d s  s e d i m e n t a t i o n  w i t h  c o n t r o l  s a m p l e s  o f  t h e  s l u r r i e s  
which were o n l y  h e a t e d  a t  250'C. 

E l e c t r o n  m i c r o g r a p h s  o f  h e a t e d  uranium t r i o x i d e - w a t e r  s l u r r i e s  h a v e  been 
o b t a i n e d  w i t h  and  w i t h o u t  b e n t o n i t e  w h i c h  i n d i c a t e  t h a t  one  f u n c t i o n  o f  t h e  
b e n t o n i t e  i s  t o  h i n d e r  t h e  growth o f  l a r g e r  p a r t i c l e s .  

I n v e s t i g a t i o n s  were a l s o  b e g u n  i n t o  m e t h o d s  o f  p r e p a r a t i o n  o f  u r a n i u m  
p e r o x i d e  which is  u s e d  a s  t h e  s o u r c e  o f  anhydrous  uranium t r i o x i d e .  T h e r e  are  
no d a t a  c u r r e n t l y  a v a i l a b l e  on t h e  r e l a t i o n  be tween t h e  method o f  p r e p a r a t i o n  
and t h e  s l u r r y  s t a b i l i t y ,  

Preliminary Experiments on Irradiat ion o f  Naitulral Uranium Trioxide-Water 
The e x p e r i m e n t a l  d e t a i l s  and r e s u l t s  o f  t h i s  i r r a d i a t i o n  t e s t  a r e  S l u r r i e s .  

p r e s e n t e d  i n  T a b l e  26@ 

The a g r e e m e n t  be tween t h e  i r r a d i a t e d  and u p i f r a d i a t e d  h e a t e d  s l u r r i e s  is  
goodc  F u r t h e r ,  t h e  f a c t  t h a t  t h e  r e s u l t s  v a r i e d  w i t h  t h e  i n d i v i d u a l  o T i d e s  
i n d i c a t e s  t h a t  t h e  s m a l l  d i a m e t e r  o f  t h e  t u b e s  do$s n o t  a f f e c t  t h e  s e d i m e n t a -  
t i o n  p r o c e s s  g r e a t l y ,  a l t h o u g h  c i r c u l a t i o n  o f  t h e  s l u r r y  was l s m i t e d  d u r i n g  
t h e  h e a t i n g  p e r i o d  a s  e v i d e n c e d  by some c l u m p i n g  i n  t h e  s l u r r y ,  



TABLE 26 

Prelimdnary Experiments on Irrad ia t ion  of Natural Uranium 
Frioxlide-later S l u r r i e s  a t  25Oec 

S 1 u r r- y co nip o s i t il o n : 
Uranium ( n a t u r a l ) ,  40 g as anhydrous  UO, 
B e n t o n i t e ,  1000 mY o f  a s u s p e n s i o n  o f  13 g of d i a l y z e d  b e n t o n i t e  

s o l i d s  a v e r a g e  par iLic le  s i z e  be low 2 5  mp 
Heating conditions: 250'C f o r  1 week 
Irradiation: h o l e  12 o f  ORNE r e a c t o r  ( n e u t r o n  f l u x  5 x 10") 
Settling time: 3 weeks a e  room t e m p e r a t u r e  

Exper imen t s  c a r r i e d  o u t  i n  4-mm-I.D, s e a l e d  q u a r t z  t u b e s  i n  d u p l i c a t e  

VOLUME RATIO OF SE'lTLED SOLIDS TO 
TOTAL SLURRY 

H oxide, mhydroos m3 (Harshaw) prepared by 
decomposing UO,(NO ) ~ appeared t o  conhina 
some undecomposed biiN0,) 

M oxide, anhydrous UO, from decomposed 
U04-2H,0 prepared by adding 30% 
(excess) t o  a U02CN03), so lu t ion  at pH 2 5;  
t h i s  type of oxide was used i n  a91 pre- 
v ious ly  repor ted  r e s u l t s  

E oxide, anhydrous U03 from decomposed 
LO4 Y 2$0 prepared by adding UO, (NO, j 2  
so lu t ion  dropwise t o  excess 3% $02$ both 
so lu t ions  k i n g  O P M in free HW3 

0 63 
0 - 6 9  

0,8P 

0.85 

0.70 
0 80 

HEATED AND 
IRRADIATED SLURRY 

0.69 
0~ 69 

0 83 

0 99 

0 69 
0 95 

I t  i s  i n t e r e s 4 i n g  t h a t  a s l u r r y  o f  t h e  M o x i d e  which had  been  h e a t e d  f o r  
8 d a y s  i n  a s t a i n l e s s  s t e e l  bomb t h a t  had b e e n  a g i t a t e d  by r o c k i n g  showed a 
s e t t l e d - s o l i d s -  ; o P u m e J e o ~ a l - r o l u m e  ra : io  o f  0688 a f t e r  a l o n g  s e d i m e n t a t i o n  
t i m e ,  T h i s  i s  i n  good ag reemen t  w i t h  t h e  q u a r t z - t u b e  r e s u l t s  g i v e n  above .  

I t  a p p e a r s  >Lhen tha :  t h e  e f f e c t s  o f  r a d i a t i o n  on t h e  s > t a b i l i t y  o f  t h e s e  
n a t u r a l  u ran ium o x i d e  s l u r r i e s  are  n o t  more a d v e r s e  t h a n  t h e - m a l  e f f e c t s .  

Function of Bentonli%e An Slurry S t a b i l i z a t i o n .  An a t t e m p s  h a s  been  made 
t o  e l u c i d a t e  t h e  n a t u r e  o f  t h e  f u n e z i o n  o f  b e n t o n i t e  i n  s l u r r y  s t a b i l i z a t i o n .  
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For t h i s  p u r p o s e  p a r t i c l e - s i z e  d e t e r m i n a t i o n s  were made by e l e c t r o n  microscopy 
on u n h e a t e d  and  h e a t e d  Uo, s l u r r i e s  and h e a t e d  UO, s l u r r i e s  c o n t a i n i n g  ben-  
t o n i t e ,  The o x i d e s  and s l u r r i e s  u sed  were t h o s e  d e s c r i b e d  i n  T a b l e  26. The 
r e s u l t s  a r e  g i v e n  i n  T a b l e  27. 

UNHEATED U03 IN H,O 
PARTICLE SIZE dp) 

TABLE 27' 

P a r t i c l e - S i z e  Determinations i n  Uranium Trioxide-Water S l u r r i e s  of 
Composition Shorn i n  Table 26 

H e a t i n g  d o n d i t i o n s :  50 hr a t  250°C i n  s e a l e d  q u a r t z  t u b e s  

P a r t i c l e - s i z e  measurements  made i n  e l e c t r o n  microscope:  

HEATED UO, IN H,O 
PARTICLE SIZE BpP 

MATERIAL 

H oxide 

M oxide 

E oxide 

RAN= 

0.02 * 0 . 4  

0 .02  - 0 . 5  

0.05 - 1 

AVERAGE 

0 .2  

0 .5  

0 .5  

AVERAGE 

0.1 

0.1 

0 . 2  

RANGE 

0.02 - 5 

0.02 - 8 

0.02 - 15 

HEATED UO, IN BENToNI'@ 
S U S P r n S  ION 

PARTICLE SIZE CpP 

AVERAGE 

0 .5  

0.2 

0 - 3  

RANGE 

0.02 - 14 

0.02 - 3.5 

0.02 - 1 

Al though  i n  a l l  c a s e s  t h e r e  i s  an i n c r e a s e  i n  t h e  a v e r a g e  s i z e o n h e a t i n g ,  
t h e  p r e s e n c e  o f  b e n t o n i t e  c o n s i d e r a b l y  n a r r o w s  t h e  r a n g e  of  p a r t i c l e  s i z e s ,  

e s p e c i a l l y  w i t h  r e s p e c t  t o  f o r m a t i o n  of t h e  l a r g e r  p a r t i c l e s .  

One p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  may be t h a t  t h e  b e n t o n i t e  t e n d s  t o  c o a t  
t h e  o x i d e  p a r t i c l e s  and p r e v e n t  them from c o a l e s c i n g ,  T h i s  i s  i n  k e e p i n g  w i t h  
the  p r e v i o u s l y  n o t e d  b e h a v i o r  t h a t  smaller amounts  of  b e n t o n i t e  c o n s i s t i n g  of 
very f i n e  p a r t i c l e s  a r e  as  e f f i c i e n t  a s  l a r g e r  amounts o f  b e n t o n i t e  c o n t a i n i n g  
l a r g e r  p a r t i c l e s  s i n c e  i n  t h e  f o r m e r  c a s e  a g i v e n  w e i g h t  of b e n t o n i t e  w i l l  
y i e l d  more p a r t i c l e s ,  

Methods of Preparation of Uranyl Peroxide. A f a i r l y  g e n e r a l  phenomenon 
no ted  i n  t h e  a g i n g  of  p r e c i p i t a t e s  a t  e l e v a t e d  t e m p e r a t u r e s  is f o r  t h e  l a r g e r  

p a r t i c l e s  t o  grow a t  t h e  e x p e n s e  o f  s m a l l e r  o n e s ,  for example ,  a s  o c c u r s  i n  
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t h e  a g i n g  o f  BaSO,, IC a p p e a r s  .that i f  i t  i s  p o s s i b l e  t o  o b t a i n  a ve ry  u n i f o r m  
p a r t i c l e  s i z e ,  t h e  g r o w t h  a p r o e e s s  m a y  be r e t a r d e d ,  T h u s ,  i n  t h e  c a s e  o f  
uranium t r i o x i d e - w a t e r  s B u ~ r : L e s ,  i f ,  once  t h e  optimum p a r t i c l e  size h a s  been 
c h o s e n ,  t h e  p a r t i c l e - s i z e  d i a L r 9 b u t i o n  s p r e a d  c o u l d  be made v e r y  n a r r o w  a b o u t  
t h a t  s i z e ,  i t  might be p o s s i b l e  t o  mxnimize t h e  e f f e c d  o f  p a r t i c l e  growth a s  a 
c o n t r i b u t i n g  f a c t o r  toward s l u r r y  i n s ? ; a b i l i t y ,  

I n  a l l  t h e s e  e x p e r i m e n t s  anyhdrous  UO, i s p r e p a r e d  by decomposing UO;2H20, 
t h e r e f o r e  an i n v e s t i g a t i o n  was begun on t h e  e f f e c t  o f  var fa l ; ions  i n  t h e  methods 

o f  p r e p a r a t i o n  o f  UO;2H20, T h e r e  a r e  a s  y e t  no  q u a i i r z a t i v e  e v a l u a t i o n s  o f  
t h e s e  m e t h o d s  a - s a i l a b l e  i n  Ferms o f  p a r t i c l e - s i z e  d i s t r i b u t i o n  O F  s l u r r y ,  
s t a b i  P i  t y  

I t  h a s  been r e p o r t e d  'chat+ d e p e n d i n g o n  t h e  o r d e r  of a d d i t i o n '  o f  UOa(NO,), 

s o l u t i o n  and H,O, to e a c h  o t h e r #  p e r o x i d e s  o f  d i f f e r e n t  p h y s i c a l .  d h a r a c t e r i s -  
t i c s  have been o b t a i n e d ~  A seirLes o f  e x p e r i m e n t s  w a s  c a r r i e d  o u t  ill which  t h e  
o r d e r  o f  a d d i t i o n  o f  t h e  t w o  r e a g e n t s  as w e l l  a s  t h e  a c i d i t y  w a s  v a r i e d ,  The  

r e a g e n t s  u s e d  were:U02{N03)2 s o l u t i o n ,  210 g / l i t e r ,  and 3% H,O, (l04 . l i t e r s ) ,  

When UO,(NO,), s o 2 u t i o n  was added d r o p w i s e  w i t h  a g i t a t i o n  t o  t h e  hydrogen  
p e r o x i d e  s o l u t i o n  h e a t e d  to 6 0 ° C ,  t h e  u r a n y l  p e r o x i d e  s e t t i e d  7 e r y  r a p i d l y  on 
s t a n d i n g  w h e t h e r  t h e  p r e c i p 9 t a t ; a n  was car-cied o u t  i n  O e B  N f r e e  n n t r i k  a c i d  
or a t ' p H  2 e 5 e  However ,  w ten  t h e  o r d e r  o f  a d d i t i o n  was r e v e r s e d ,  t h e  p s e e i p i -  
t a t e  s e t t l e d  v e r y  sPowPy, e s p e c i a l l y  aL pH 2 , 5 ,  Af'zer P week o f  s t a n d i n g ,  t h e  
u r a n y  l p e r o x i d e  p r e c i p i t a t e  o c c u p i e d  aboue 80% o f  t h e  t o t a l  voPume 

The p e r o x i d e s  p r e p a r e d  by a d d i n g  UO,(NO,Q, s a i u t i o n  t o  H,O, were more 
d e e p l y  y e l l o w - c o l o r e d  a f t e r  f i -Te w a s h i n g s  w i t h  w a t e r  The o x i d e s  p r e p a r e d  
from t h e s e  p i r e e i p i t a ~ e s  were b r i c k  r e d  and were also more i n t e n s e l y  c o l o r e d ,  

One p o s s i b l e  app2ica;ion of i h e a e  - e s u l c s  may be t h e  p o a s r b ~ l n t y  of  making 
t h e  s l u r r y  s e l f - s  L a b i l a z i n g  unde: r eac to r  c o n d i t i o n s  Meaanreeents  o f  a c i d i -  
t i e s  o f  s l u r r i e s  y i e l d  va lues  betweek. pH 3 and pH 4 ~ h u s  i f  n~ were p o s s i b l e  

p r e v i o u s  it0 r e a c t o r  s h u ~ d o w n  io o p e p a w  t h e  ~ e a c t o ~  unde.p s u c h  c o n d i t i o n s  t h a t  
l a r g e  a m o u n t s  o f  H 0 were g e n e r a L e d ,  :he p o s s n b i i i t y  i s  ; h a t  s u f f i c a e n ;  
u r a n y l  p e r o x i d e  would  be formed u n d e r  c o n d i t i o n s  w h i c h  y i e l d  a r e r y  s l o w l y  
s e t t i i n g  m a t e r i a P , 7  The s i t u a ~ i s n .  howe:er, i 5  comp;fzated by pumping prob lems  

a s s o p i a z e d  w i t h  u r a n y l  p e r o x c d e  s l u r r i e s  whicR i n  t u r n  l e a d  LO d i f f i c u l t i e s  in 
m a i n G a i n i n g  s u f f i e i e n ; ,  c r r c u i a t i s n  t o  keep t h e  i r e a c t o r  b a l o q  BOO"C, w h i c h  is 
n e c e s s a r y  t o  p r e v e n t  e x c e s s 1  ve p e z o x i d e  decompoei t n o n ,  

3 %  



A n o t h e r  v a r i a t i o n  i n  t h e  p r e p a r a t i o n  o f  u r a n y l  p e r o x i d e s  was made by 

c a r r y i n g  o u t  t h e  p r e c i p i t a t i o n  i n  t h e  p r e s e n c e  o f  ammonium c i t r a t e .  I t  i s  

known t h a t  t h e  ammonium c i t r a t e  forms  complexes  w i t h  UO,"", and i t  was found 
t h a t  a s  t h e  c i t r a t e  c o n c e n t r a t i o n  was i n c r e a s e d  t h e  p e r i o d  between t h e  m i x i n g  
o f  t h e  UO,(NO,), and H202 and t h e  f o r m a t i o n  o f  a p r e c i p i t a t e  c o u l d  be v a r i e d  
f rom a few m i n u t e s  t o  s e v e r a l  h o u r s .  A t  h i g h e r  c o n c e n t r a t i o n  o f  ammonium 
c i t r a t e ,  t h e  y i e l d  o f  u r a n y l  p e r o x i d e  was d e c r e a s e d ,  and  t h e  p r o d u c t  was 
c o n t a m i n a t e d  by a s e c o n d  s o l i d  p h a s e  01 a d e e p  g o l d e n - y e l l o w  c o l o r .  T h e  
r e a g e n t s  f i n a l l y  d e c i d e d  upon were t h e  f o l l o w i n g :  s o l u t i o n  1, 100 m l ,  c o n -  
t a i n i n g  5 g o f  UO,(NO,), and 5 g o f  ammonium c i t r a t e ;  s ~ l m t i o n  2 ,  1 0 0  m l ,  
con$aixaing 5 mP o f  30% hydrogen p e r o x i d e .  

I t  was found t h a t  w i t h  s o l u t i o n s  o f  t h e s e  c o m p o s i t i o n s  t h e  t i m e  i n t e r v a l  
between a d d i t i o n  and p r e c i p i t a t i o n  was s u f f i c i e n t  t o  p e r m i t  t ho rough  mix ing  o f  
t h e  r e a g e n t s .  The p r e c i p i t a t e ,  when i t  d i d  form,  appea red  u n i f o r m l y  t h r o u g h o u t  
t h e  volume o f  s o l u t i o n ,  O t h e r  e x p e r i m e n t a l  v a r i a t i o n s  were made i n  which  t h e  

p r e c i p i t a t i o n s  were c a r r i e d  o u t  in more d i l u t e  r f i n a l  volumes; 

The p r e c i p i t a t e s  formed i n  t h e  p r e s e n c e  o f  ammonium c i t r a t e  d i f f e r e d  from 
o t h e r  u r a n y l  p e r o x i d e s  i n  t h a t  t h e y  showed s t r o n g  adhes ion  between p r e c i p i t a t e  
p a r t i c l e s ,  On s u f f i c i e n t  v i g o r o u s  a g i t a t i o n  t h e y  a p p e a r e d  t o  form u n i f o r m  
d i s p e r s i o n s  i n  w a t e r  which t h e n  s e t t l e d  r a p i d l y "  

T h e  p h y s i c a l  n a t u r e  o f  t h e s e  u r a n y l  p e r o x i d e s  h a s  n o t  b e e n  f u r t h e r  
i n , , r e s t i g a t e d  a l t h o u g h  t h e r e  a r e  s t r o n g  i n d i c a t i o n s  t h a t  t h e y  may c o n s i s t  o f  
e x t r e m e l y  s m a l l  p a r t i c l e s .  

THOBIUIU O X I D E  SLURRIES 

Two t y p e s  o f  t ho r ium o x i d e  s l u r r i e s  have  been i n v e s t i g a t e d  f o r  u s e  i n  23 
b r e e d e r  b l a n k e t s ,  E a c h  c o n t a i n e d  1000 g o f  t h o r i u m  p e r  l i t e r  a s  t h e  o x i d e o  
A p r e l i m i n a r y  e v a l u a t i o n  o f  h e a t  and r a d i a t i o n  s t a b i l i t y  h a s  been  made f o r  
each  v z r i e t y  w i t h  r e s u l t s  t h a t  were g e n e r a l l y  p r o m i s i n g ,  

Finely Divided Thorium Oxide w i t h  No Additives. T a b l e  28 s h o w s ' t h e  

s e t t 2 i n g  r a t e s  o f  Tho,  a s  c a l c u l a t e d  by S t o k e s '  l a w  f o r  t h e  s e t t l i n g  o f  
s p h e r i c a l  p a r t i c l e s ,  a O a l -  t o  
Oe5-p f r a c t i o n  o f  c a l c i n e d  Tho, was s e p a r a t e d  by r e p e a t e d  s e d i m e n t a t i o n  and 

U s i n g  a v a l u e  o f  9 f o r  t h e  d e n s i t y  o f  Tho,,  

1 2 3  



TABLE 28 

S e t t l i n g  Ve loc i ty  o f  Varfous Sizes of  Tho, in H,O a t  23°C 

PARTICLE SIZE 
iPLI 

o..r 
1.0 

10.0 

20.0 

so? 0 

TIME REQUIRED To SEDIMENT 
BO 'CQ IN H,O 

d e c a n t a t i o n ,  A s l u r r y  o f  t h i s  m a t e r i a l  r e q u i r e d  2 4  h r  f o r  c o m p l e t e  s e t t l i n g  

a n d  showed s l i g h t  t h i x o t r o p i c  p r o p e r t i e s  ( T a b l e  2 9 ) .  As m e a s u r e d  a t  t h e  
s l o w e s t  s p e e d  ( l o w e s t  r a t e  o f  s h e a r )  o f  a model  EVF B r o o k f i e l d  v i s c o s i m e t e r  
t h e  v i s c o s i t y  was 1 2 0 0  t o  1 4 0 0  c e n t i p o i s e s ,  A t  . t he  h i g h e s t  r a t e  o f  s h e a r  
(60 rpm) on t h e  i n s t r u m e n t  t h e  v i s c o s i t y  r e g i s t e r e d  140  to 150 c e n t i p o i s e s .  

TABLE 29 

Vbseosity of F i n e l y  Divided Tho, S l u r r i e s  a t  80eC 

Model LVF B r o o k f i e l d  v i s c o s i m e t e r ,  No, 2 s p i n d P e  

SPINDLE SPEED 
.! !?pm; 

6 

12 

30 

60 

30 

12 

6 

1400 

688 

27 0 

I40 

290  

6 12 

1250 

Such f i n e l y  d i v i d e d  p a s c i c l e s  a r e  r a t h e r  s u r f a c e  a c t i v e ,  t e n d i n g  t o  f o r m  
l o o s e l y  bound a g g l o m e r a > e s b  However,  a f t e r  standing f o r  p e r f o d s  a s  Bong a s  1 
month t h e  m a t e r i a i  was e a s i l y  r e d i s p e r s e d  

1 2 4  



From t h e  s t a n d p o i n t  o f  p h y s i c a l  p r o p e r t i e . 4  s u c h  s l u r r i e s  h a v e  good 
e n g i n e e r i n g  f e a t u r e s ,  i e e a ,  t h e  v i s c o s i t y  i s  low,  c o r r o s i o n  i s  n e g l i g i b l e ,  
s e t t l i n g  r a t e s  a r e  a c c e p t a b l e ,  and t h e  d a t a  o f  H i s k e y  and E i d i n o f f ’ h a v a  shown 
t h a t  t h e  p a r t i c l e  s i z e  i s  i n  t h e  r ange  of  minimui  e r o s i o n  e f f e c t s .  

.. 

S i n c e  t h e  a v a i l a b l e  q u a n t i t y  o f  f i n e l y  d i v i d e d  Tho, ( 0 , l . t o  0 . 5  p )  i s  
r a t h e r  s m a l l ,  l a r g e - s c a l e  h e a t i n g  e x p e r i m e n t s  have  n o t  been c o m p l e t e d .  How- 
eve r ,  e x p e r i m e n t s  a r e  b e i n g  c a r r i e d  o u t  i n  s m a l l  q u a r t z  t u b e s  t o  d e t e r m i n e  i f  
p a r t i c l e - s i z e  growth  c a n  be d e t e c t e d ,  No change  i n  t h e  a v e r a g e  p a r t i c l e  s i z e  
has  been o b s e r v e d  i n  s l u r r i e s  c o n t a i n i n g  b e n t o n i t e  when h e a t e d  fo? p e r i o d s  up 
t o  150 h r  a t  250°C. I n  a d d i t i o n ,  no e v i d e n c e c o f  c a k i n g  was obse rved  in samples  
i r r a d i a b e d  i n  q u a r t z a t u b e s  i n  t h e  p i l e  a t  n e u t r o n  f luxes? of 5 x 1 0 ”  c m e 2  s e c o P  
f o r  p e r i o d s  o f  1 week a t  100°C. 

A s m a l l  p , rogram i s  u n d e r w a y  t o  i n v e s t i g a t e  c e r t a i n  o f  t h e  n a t u r a l l y  
o c c u r r i n g  s i l i c a t e s ’  a s  a h t i p a c k i n g  a g e n t s  e Such,  l o w - c r o s s - s e c t i o n  m a t e r i a l s  
would be added to  t h e  s l u r r i e s ,  n o t  a s  d i s p e r s i n g  a g e n t s  b u t  mere ly  t o  p r e v e n t  
p a c k i n g  i n  t h e  e v e n t  t h a t  t h e  s l u r r i e s  had t o  s t a n d  f o r  c o n s i d e r a b l e  l eng th ’ s  
o f  t i m e  w i t h o u t  a g i t a t i o n .  C e r t a i n  v a r i e t i e s  o f  t h e  q r y s o t i l e  ( a $ b e s t o s )  

v a r i e t y  l o o k  p r o m i s i n g ,  

T.hohium S l u r r i e s  S t a b i l i z e d  w i t h  A d d i t i v e s .  U s i n g  0 . 7 5  t o  1 . 0  w t  % 
f s a c c i o n a t e d  b e n t o n i t e  s t a b l e  t h o r i u m  s l u r r i e s  have  been p r e p a r e d  a l o n g  t h e  
P i n e s  s u g g e s t e d  by t h e  work o f  Morse ,  These  s l u r r i e s  have been i r r a d ’ i a t e d  i n  
t h e  p i l e  f o r  p e r i o d s  up t o  1 week w i t h o u t  e v i d e n c e  o f  r a d i a t i o n  decompos i t ion .  
The e x p e r i m e n t s  were c a r r i e d  o u t  i n  q u a r t z  t u b e s  a t ’ t h e  o p k r a t i n g  t e m p e r a t u r e  
o f  h o l e  12 ( a b o u t  10OoC), 

V a r i o u s  t e s t s  o f  t h e  h e a t  s t a b i l i t y  o f  t h e  s l u r r i e s  have  been  c o n d u c t e d  
a t  250°C i n  q u a r t z  t u b e s  f o r  p e r i o d s  up t o  2 w e e k s  w i t h  no a p p r e c i a b l e  ch?nges 
i n  p r o p e r t i e s .  However ,  s i m i l a r  t e s t s  i n  a s t a i n l e s s  s t e e l  a u t o c l a v e  u n d e r  
s t r o n g  a g i t a t i o n  have  a l w a y s  r e s u l t e d  i n  t h e  d e p o s i t i o n  o f  b e n t o n i t e  on t h e  
w a l l s  o f  t h e  c o n t a i n e r  and c o n s e q u e n t l y ‘ , f a i l u r e  o f  t h e  s l u r r y ,  The r e a s o n  f o r  
t h i s  b e h a v i o r  i s  n o t  c l e a r  s i n c e  t h i s  b u l k  o f  t h e  b e n t o n i t e  is  a p p a r e n t l y  
u n a l t e r e d  c h e m i c a l l y  and may be r e a d i l y  r e s l u r r i e d  w i t h  t h e  thor ium t g  g i v e ‘ a  

s t a b l e  s u s p e n s i o n  a t  room t e m p e r a t u r e ,  

The amount o f  b e n t o n i t e  r e q u i r e d  f o r  s t a b l e  s lu r r i e s  v a r i e s  d i r e c t l y  w i t h  

t h e  p a r t i c l e  s i z e ,  W i t h  0 , 7 5  t o  1 . 0  w t  % b e n t o n i t e  o f  p a r t i c l e  s i z e d  l e s s  
t h a n  2 5  mp3 s t a b l e  s l u r r i e s  d o n t a i n i n g  1000 g o f  t h o r i u m  p e r  l i t e r  a s  t h e  
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o x i d e  a r e  o b t a i n e d .  Wi th  n a t u r a l l y  o c c u r r i n g  b e n t o n i t e  n e a r l y  t h r e e  t i m e s  a s  
much b e n t o n i t e  i s  r e q u i r e d  s i n c e  t h e  p a r t i c l e  s i z e s  a r e m o m  n e a r l y  10  t o  25 p0 

D e c r e a s i n g  t h e  s i z e  o f  t h e  t h o r i u m  o x i d e  p a r t i c l e s  a l s o  d e c r e a s e s  t h e  
amount of  b e n t o n i t e  r e q u i r e d ,  However,  no a p p r e c i a b l e  a d v a n t a g e  was o b s e r v e d  
u s i n g  p a r t i c l e  s i z e s  s m a l l e r  t h a n  1 p.  T h e  d e l e t e r i o u s  e f f e c t  o f  i r o n  on 
b e n t o n i t e - s t a b i l i z e d  uranium s l u r r i e s  was a l s o  v e r i f i e d ,  However,  a t t e m p t s  t o  
remove t h e  i r o n  c o m p l e t e l y  were u n s u c c e s s f u l ,  E l e c t r o d i a l y s i s  and ion -exchange  
remove i o n i c  i r o n  o r  i r o n  t h a t  i s  r e a d i l y  r e p l a c e a b l e  w i t h  H', b u t  t h i s  
r e p r e s e n t s  o n l y  a s m a l l  p e r c e n t a g e  o f  t h e  t o t a l  amount .  I t  was o b s e r v e d  d u r i n g  
t h e  c o u r s e  ,of  f r a c t i o n a t i n g  o u t  t h e  2 5 - m ~  p a r t i c l e - s i z e  bentonite i n  a s u p e r -  

c e n t r i f u g e  t h a t  M O S G  o f  the i r o n  was  e l i m i n a t e d  w i t h  t h e  h e a v y  f r a c t i o n  
o f  b e n t o n i t e ,  I t  W'QS a l s o  obsep-red  t h a t  t h e  i r o n  c o u l d  be  c o m p l e t e l y  h y d r o -  
l yzed  a f t e r  48 h r  i n  an a u t o c l a v e  a t  250-C LO g i v e  a f e r r i c  h y d r o x i d e  c o l l o i d , ,  
However, t h e  i r o n  was s o  i n t i m a t e l y  mixed w i t h  t h e  b e n t o n i t e  t h a t n o s e p a r a t i 4 n  
c o u l d  be accompl i shed  w i t h o u t  c h e m i c a l i y  a l t e r i n g  t h e  b e n t o n i t e  

I 

I t  now seems a p p a r e n t  t h a t  t h e  preparation o f  s t a b l e  s l u r r i e s  c o n t a i n i n g  
1000 g o f  t h o r i u m  p e r  l i t e r  w i l l  o f  n e c e s s i t y  p r o d u c e  m i x t u r e s  o.f h i g h  w i s -  
c o s i t y  ( T a b l e  301, U s i n g  a B r o o k f i e l d  model EVF v i s c o s i m e t e r ,  a t y p i c a l  r a n g e  
of  v i s c o s i t i e s  w i t h  . r a s y i n g  r a t e s  o f  s h e a r  is  from P0,oOo t o  2 ,000 c e n t i p o i s e s e  
A t  lower  v i s c o s i t i e s  t h e  s l u r r i e s  s e t t l d  r a p i d l y ,  and a t  h i g h e r  v a l u e s  s t i f f  
g e l s  r e s u l t s .  The  e x p e n d i t u r e  o f  power i n  pumping s u c h  v i s c o u s  s : u r s i e s  may 
be  p r o h i b i t i v e .  T h i s  a s p e c t  o f  t h e  p r o b l e m  s h o u l d  be e v a l u a t e d  a t  a n  e a r l y  
d a t e  b e f o r e  much a d d i t i o n a l  work w i t h  b e n t o n i t e  a d d i  ti~;es i s  d o n e .  

126 

. 



TABLE 30 

BENTONITE ADDITIVES 

5% unfsactionated containing about 
1% Fe, pH 5.0 

3.5% unfsactionated, low Fe content 
(about 0.1%) (Bo Preiser Co.) 

3 0% (same a s  above) 

Pu3% , less than 25-ny.~ p a r t i c l e  
s i z e ,  less than 0.1% Fe 

Viscosity of Typical Stable Thorium Oxide S lurr ies  a t  SO°C 

SPINDLE VISCOSITY i c e n t i p o i s e s j  SUPERNATANT VOLUME (%I 
AFTER ABOUT 1 min AT SPEED - 

( s p d  pH 5 t o  6 pH 3 t o  4 0,25'C 

6 26 500 None 
30 7 8 000 
60 4,060 

6 6 800 9,200 5 
30 1,900 2 300 
60 1,100 1,270 

6 3 900 10 
30 980 
60 560 

6 3 ,600  5 
30 1,340 
60 730 

. 

1165 g o f  Tho, per  l i t e r ,  0 . 5  to 1 . 0  p p a r t i c l e  s i z e ;  0,?5 to  1 . 0  w t  96 
b e n t o n i t e ,  about  25 mp p a r t i c l e  s i z e ;  model LVF B r o o k f i e l d  v i s c o s i m e t e r  
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no CONTINUOUS FUEL PROCESSING 

F R Bruce  

I R Higgins J 0 Blomeke 
1). E Ferguson W E Tomlin 

The p r i m a r y  o b j e c t i v e  o f  t h i s  s t u d y  i s  t o  s e l e c t i v e l y  remove h i g h  c r o s s  
s e c t i o n  f i s s i o n  p r o d u c t s  and p l u t o n i u m  f r o m  a n  a q u e o u s  s o l u t i o n  p l u t o n i u m  
p r o d u c e r  a n d ,  by s o  d o i n g  m i n i m i z e  p r o c e s s i n g  w h i c h  i s  r e q u i r e d  b e f o r e  re  
e n r i c h m e n t  o f  t h e  u r a n i u m  I t  i s  a l s o  o f  some d o n c e r n  t o  remove  a l l  t h e  
f i s s i o n  p r o d u c t s  f r o m  a n  e n r i c h e d  c o r e  r e a c t o r ,  s u c h  a s  t h e  HRE w i t h o u t  
c h a n g i n g  t h e  c h e m i c a l  form o f  t h e  f u e l  s i n c e  re e n r i c h m e n t  i s  n o t  n e c e s s a r y ,  
P r e c i p i t a t i o n  s u r f a c e  a d s o r p t i o n  i o n  e x c h a n g e  a d s o r p t i o n  and  e l e c t r o l y s i s  
h a v e  a l l  been a p p l i e d  A c o m b i n a t i o n  o f  p r o c e d u r e s  w h i c h  do  n o t  c h a n g e  t h e  
c h e m i c a l  form o f  t h e  f u e l  i s  u s e d  t o  t a k e  a d v a n t a g e  o f  p a r t i c u l a r  p r o p e r t i e s  
o f  d i f f e r e n t  f i s s i o n  p r o d u c t s  

For a n  1 8 , 6  t o n  ( 9 2  g o f  u r a n i u m  p e r  l i t e r )  p l u t o n i u m  p r o d u c e r  t h e  
f o l l o w i n g  p r o c e s s i n g  scheme i s  p r o p o s e d  One f i f t h  o r  40 000 l i t e r s  o f  t h e  
r e a c t o r  f u e l  is  c o o l e d  1 d a y  and pas 'sed t h r o u g h  a b o u t  500 l i t e r s  o f  Dowex 50 
f o r  r e m o v a l  o f  p l u t o n i u m  r a r e  e a r t h s  . a n d  s t r o n t i u m  A t  l e s s  f r e q u e n t  
i n t e r v a l s  t h e  f u e l  i s  a l s o  p a s s e d  t h r o u g h  a b o u t  t h e  same volume o f  f u l l e r ' s  
e a r t h  f o r  t h e  r e m o v a l t o f  z i r c o n i u m  and c e s i u m ,  and t h r o u g h  Dowex A - l  a n i o n  
r e s i n  f o r  t h e  r emova l  o f  molybdenum i o d i n e  t e l l u r i u m  a n d  r u t h e n i u m  The  
r u t h e n i u m  t h e  h o l d  u p  u r a n i u m  a n d  t h e  b u l k  o f  t h e  f i s s i o n  p r o d u c t s  a r e  

s t r i p p e d  from t h e  a d s o r b e r s  w i t h  n i t r i c  a c i d  a n d  run t h r o u g h  Purex T h e  
p l u t o n i u m  i s  p u r i f i e d  a h d  t h e  u r a n i u m  i s  d e c o n t a m i n a e e d  f o r  h a n d l i n g  i n  t h e  
r e - e n r  ichmen t p l a n t ,  

For t h e  p r o c e s s i n g  o f  e n r i c h e d  f u e l  t h e  same s y s t e m  o f  a d s o s b e r s  c a n  be 
u s e d  w i t h  a b o u t  5% o f  t h e  f u e l  p r o c e s s e t l  p e r  d a y  b e i n g  h e l d  u p  o n  t h e  a d  
s o r b e r s  S i n c e  r e  e n r i c h m e n t  i s  n o t  r e q u i r e d  t h i s  f u e l  h o l d  up is o b j e c t i o n -  
a b l e ,  A n o t h e r  p r o c e s s  m u s t  be u s e d  f o r  d e c o n t a m i n a t i o n  b e f o r e  r e c o n v e r t i n g  
t h e  f u e l  t o  t h e  o r i g i n a l  c h e m i c a l  form A p r o c e s s  h a s  been d e s e l o p e d  u s i n g  a 
c o m b i n a t i o n  o f  c a t i o n  exchange  and e l e c t r o l y s i s  which r e t u r n s  a l l  t h e  f u e l  t o  
t h e  r e a c t o r  a s  UO,SO, Bar ium and z i ~ c o n i u m  a r e  removed by f i l t r a t i o n  R a r e  
e a r t h s  and  s t r o n t i u m  a7pe a d s o r b e d  on a c a t i o n  . e x c h a n g e  r e s i n  Molybdenum 
i o d i n e ,  t e l l u r i u m  a n d  FU :heninm a r e  e l d c o r o p l a t e d  The  o n l y  a p p r e c i a b l e  
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uranium h o l d - u p  is  on t h e  c a t i o n  r e s i n  and t h i s  i s  d i s p l a c e d  s e l e c t i v e l y  w i t h  
CU"+ i o n ,  The  s m a l l  e x c e s s  o f  Cu" i n  t h e  e f f l u e n t  UO,SO, i s  removed by 
e l e c t r o l y s i s  w i t h  o n l y  a v e r y  s l i g h t  pH r e d u c t i o n .  A t o t a l  u r a n i u m  l o s s  o f  
0 ,001% h a s  been d e m o n s t r a t e d ,  

I f  t h e  p r o b l e m  o f  c o n v e r t i n g  UNH c o n t a i n i n g  e x c e s s  HNO, t o  n e u t r a l  
UO,SO, is  s i m p l e  and can  b e c a r r i e d  o u t  by remote c o n t r o l ,  a n o t h e r  i on -exchange  
p r o c e s s  i s  a t t r a c t i v e .  I n  t h i s  method a l l  t h e  u r a n i u m  p r o c e s s e d  p e r  d a y  i s  
adso rbed  on a c a t i o n  r e s i n ,  Unadsorbed  f i s s i o n  p r o d u c t s  go on t o  was te . ,  The 
uranium is s t r i p p e d  s e l e c t i v e l y  from t h e  c a t i o n  r e s i n  and c o m p l e t e l y  a d s o r b e d  
a g a i n  on a n i o n  r e s i n  w i t h  b r e a k t h r o u g h  o f  u n a d s o r b e d  f i s s i o n  p r o d u c t s  a g a i n ,  
The u r a n i u m  i s  a g a i n  s t r i p p e d .  s e l e c t i v e l y  b u t  i s  i n  t h e  n i t r a t e  form i n  a n  
e x c e s s  o f  HNO, 

T a b l e  31 r o u g h l y  compares  t h r e e  s y s t e m s  f o r  t r e a t i n g  H R E - f u e l .  The r u n s  
w e r e  made a t  f u l l  c h e m i c a l  s c a l e  a s s u m i n g  5% o f  t h e  r e a c t o r  l o a d i n g  t o  be 
p rocessed  p e r  day ,  One-day-cooled  t r a c e r  and dead f i s s i o n  p r o d u c t s  e q u i v a l e n t  
t o  one d a y ' s  p r o d u c t i o n  were a d d e d .  The f i s s i o n  p r o d u c t s  which p r e c i p i t a t e d  
n a t u r a l l y  were ba r ium,  z i r c o n i u m  (10 days  p r o d u c t i o n ) ,  t e l l u r i u m ,  and p o r t i o n s  
o f  molybdenum, i o d i n e ,  and r u t h e n i u m .  The f l o w  was p r o b a b l y  t o o  h i g h  f o r  t h e  
f u l l e r ' s  e a r t h  u s e d ,  w h i c h ,  on s e p a r a t e  r u n s ,  c a u g h t  p r a c t i c a l l y  T a k l  t h e  
c e s i u m ,  Some s t r o n t i u m  l o s s e s  were  h i g h e r  t h a n  neces!sary b e c a u s e  t h e  r e s i n  
volume,  50 m l ,  was a t  a minimum. The e f f i c i e n c y  o f  e l e c t r o l y s i s  and a n i o n  
e x c h a n g e  f o r  molybdenum, i o d i n e ,  t e l l u r i u m ,  a n d  r u t h e n i u m  were r e m a r k a b l y  
s i m i l a r  

I n  c o n c l u s i o n ,  i t  may be s a i d ,  n e g l e c t i n g  p r e c i p i t a t i o n ,  t h a t  f u l l e r ' s  
e a r t h  or t h e  i n o r g a n i c  i o n  e x c h a n g e r s  a r e  t h e  o n l y  good methods  o f  r e m o v i n g  
z i r c o n i u m  and  c e s i u m  f rom SO, f u e l ,  C a t i o n  e x c h a n g e  i s  m o s t  s p e c i f i c  f o r  
p l u t o n i u m  and t h e  r a r e  e a r t h s  b u t  a d e q u a t e l y  c o v e r s  b a r i u m  and s t r o n t i u m .  
E l e c t r o l y s i s  i s  most s a t i s f a c t o r y  and p r o b a b l y  c a n  be more h i g h l y  d e v e l o p e d  
f o r  molybdenum, r u t h e n i u m ,  i o d i n e ,  and t e l l u r i u m ,  
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TABLE 31 

Comparison of  Three Processes for Decontaminating ERE U02S04 Fuel 

A, Breakthrough adsorption on f u l l e r ' s  e a r t h  

Complete adsorption of fuel on Dowex 50 and Dowex A - P  

P rec ip i t a t ion  followed by adsorption on Dowex 50 w n ~ h  Cu'? displacement, followed by e l e c % r s l y s i s  

Dowex 50, and Dowex A-P 

B, 

C. 

RESULTS ON DAILY BASIS 

Percent of fuel i n  form other  than neut ra l  UO,sO, ( i n  excess 

*3 1 

Percent  of uranium hold up on adsorbers 

Total volume of. adsorbers per  day 

Percent o f  f i s s i o n  psodurts left i n  he9 

Rare e a r t h s  

Barium 

Strontium 

Cesium 

Zirconium 

Columbium 

Ruthenium 

Molybdenum 

Iodine  

Tel II urium 

Neptunium 

A 

0 6% 

0 011% 

150 mi 

4% 

7% 

2 8% 

62% 

27% 

8 5% 

48% 

33% 

33% 

>;4 5% 

B 

100% 

0 013% 

2000 m3 

0 8% 

P 1% 

5 5% 

45.6% 

44 0% 

6 5% 

45 3% 

0 6% 

1 3% 

19 5% 

C 

0 

(0 001% 

50 m l  

8% 

<IO % 

3 2% 

100% 

28% 

45% 

57% 

11% 

18% 

3 5% 
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S L U R R Y  REACTOR STUDIES 

A l o n g e r  r a n g e  e x p e r i m e n t a l  program was i n i t i a t e d  t h i s  q u a r t e r  t o  d e t e r -  
mine  and t o  overcome t h e  p r o b l e m s  a s s o c i a t e d  w i t h  t h e  s u b s t i t u t i o n  o f  a UO, 
s l u r r y  f o r  t h e  s o l u t i o n  o f  u r a n y l  s u l f a t e  i n  t h e  HRE. I t  i s  a n t i c i p a t e d  t h a t  
d i f f i c u l t i e s  may a r i s e  f rom a t  l e a s t  f o u r  s o u r c e s :  (1) l a c k  o f  s t a b i l i t y  o f  
t h e  s l u r r y  r e s u l t i n g  i n  l a c k  of u n i f o r m i t y ;  ( 2 )  c a k i n g  upon shu tdown;  ( 3 )  e x -  
cess ive  growth or comminution of  t h e  s l u r r y  p a r t i c l e s ;  and (4) a b r a s i o n  o f  t h e  
s y s t e m  components ,  P r e l i m i n a r y  r e s u l t s  h a v e  been  o b t a i n e d  on t h e  f i r s t  two 
p r o b l e m s ,  and c o n s t r u c t i o n  h a s  s t a r t e d  on equipment  f o r  p r e l i m i n a r y  s t u d y  o f  
t h e  l a t t e r  two p rob lems .  

S t a b i l i t y  and Uniformity o f  Circulated Slurry.  I n  o r d e r  t o  d e t e r m i n e  t o  
w h a t  e x t e n t  t h e  s l u r r y  becomes  i n h o m o g e n e o u s  w h i l e  c i r c u l a t e d  i n  a c l o s e d  
s y s t e m ,  a g l a s s  and  s t a i n l e s s  s t e e l  a p p a r a t u s  was b u i l t  w h i c h  pumped a 2 5  
g / l i t e r  UO, s l u r r y  t h r o u g h  a s m a l l  s p h e r e  and  t h r o u g h  a l i q u i d  c y c l o n e  s e p -  
a r a t o r ,  T h e  f i n e r  f r a c t i o n  f rom t h e  s e p a r a t o r  was p a s s e d  t h r o u g h  a pump, 
w h i l e  t h e  c o a r s e r  f r a c t i o n  was r e t u r n e d  t o  t h e  f i n e r  s t r e a m  a t  t h e  t h r o a t  o f  a 
v e n t u r i  on t h e  h i g h - p r e s s u r e  s i d e  o f  t h e  pump. 

I n  e a r l y  t e s t s  u s i n g  b a r y t e s  i n s t e a d  of UO,, s a m p l e s  t a k e n  from r e g i o n s  
a t  f i v e  d i f f e r e n t  r a d i a l  p o s i t i o n s  i n  t h e  s p h e r e  i n d i c a t e d  t h a t  t h e  s o l i d s  
c o n t e n t  v a r i e d  be tween 35% s o l i d s  a t  15  gpm and 50% s o l i d s  a t  8 gpm. B a r y t e s  
( d e n s i t y  4 . 2 )  were used  f o r  c o n v e n i e n c e  i n  e a r l y  t e s t s .  The r e s u l t s  o f  t h e s e  
t e s t s  a r e  b e l i e v e d  t o  g i v e  a q u a n t i t a t i v e  i n d i c a t i o n  o f  t h e  r e s u l t s  t o  b e  
e x p e c t e a  i n  a s l u r r y  o f  UO, ( d e n s i t y  7.3 . ) .  

With UO, s l u r r y  t h e  f l o w  p a t t e r n s  i n  t h e  s p h e r e  and i n  t h e  s e p a r a t o r  were 
However, i t  was found t o  be s i m i l a r  t o  t h e  p a t t e r n  i n  t h e  s o l u t i o n  s y s t e m . ( ' )  

(1 )  J. S. Culver and R. Wilson, "Model I1 ( P l a s t i c  Sphere Test System,'s Honogeneous Reactor  Ex er inen t  
Repor t  for the Quarter Ending February 28, 1950,otwL-630, p. 60, esp. p. 78 (Apr. 21, 19507. 
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found n e c e s s a r y  t o  remove t h e  s l u r r y  from b o t h  e n d s  o f  t h e  v o r t e x  i n  o r d e r  t o  
a v o i d  a c c u m u l a t i o n  o f  s o l i d s  a t  one end. 

No pumping or s e t t l i n g  d i f f i c u l t y  was e n c o u n t e r e d  i n  o t h e r  p a r t s  o f  t h e  
s y s t e m .  D u r i n g  t h e  t e s t s ,  UO, c h a n g e d  i n  c o l o r  fF9m a b r i g h t  y e l l o w  t o  a 
d i r t y  y e l l o w - g r e e n .  Samples  have  been s u b m i t t e d  f o r  a n a l y s i s  t o  d e t e r m i n e  t h e  
c a u s e  o f  t h i s  change.  

The UO, c h a r g e d  i n t o  t h e  s y s t e m  o r i g i n a l l y  p a s s e d  200  mesh and was r e -  
t a i n e d  on 325 mesh s c r e e n .  D u r i n g  o p e r a t i o n ,  an i n c r e a s i n g  p r o p o r t i o n  o f  
s o l i d s  p a s s e d  o v e r  w i t h  t h e  o v e r f l o w  from t h e  s e p a r a t o r ,  i n d i c a t i n g  a r e d u c -  
t i o n  i n  t h e  p a r t i c l e  s i z e .  A s a m p l i n g  p r o c e d u r e  h a s  been  i n s t i t u t e d  t o  d e t e r -  
mine t h e  e x t e n t  o f  p a r t i c l e  s i z e  r e d u c t i o n .  

The  o p e r a t i n g  t e m p e r a t u r e  o f  t h i s  e q u i p m e n t  h a s  b e e n  i n c r e a s e d  t o  75 t o  
8OoC and p r o t r a c t e d  o p e r a t i o n  h a s  begun t o  d e t e r m i n e  t h e  s l u r r y  and p a r t i c l e  
s t a b i l i t y  a t  t h i s  s l i g h t l y  h i g h e r  t e m p e r a t u r e .  

Caking. I n i t i a l  t e s t s  b o r e  o u t  r e p o r t s  b y  p r e v i o u s  i n v e s t i g a t o r s  t h a t  

f i n e  c a l c i n e d  UO, i n  s t a g n a n t  w a t e r  w i l l  h a r d e n  i n t o  a s o l i d  c a k e .  On t h e  
t h e o r y  t h a t  t h i s  h a r d e n i n g  i s  due  t o  r e c r y s t a l l i z a t i o n  w i t h  w a t e r ,  s a m p l e s  o f  
t h e  c a l c i n e d  powder were  d i s p e r s e d  i n  d i s t i l l e d  w a t e r  and h e a t e d  a t  250°C for 
24 h r .  C r y s t a l s  a s  l a r g e  a s  300 t o  400 p were formed which ,  a f t e r  f i l t e r i n g ,  
w a s h i n g ,  and s c r e e n i n g ,  showed no  c a k i n g  t e n d e n c y .  The  UO, i n  t h e  c u r r e n t  
sys t em h a s  been h y d r a t e d  i n  t h a t  f a s h i o n .  

Abrasion, O e s i g n  o f  e q u i p m e n t  t o  d e t e r m i n e  t h e  a b r a s i v e  p r o p e r t i e s  o f  
UO, c r y s t a l s  h a s  s t a r t e d .  T h i s  e q u i p m e n t  i s  s i m i l a r  t o  a s t a n d a r d  B r i n n e l l  
a b r a s i ’ o n  wear  t e s t e r .  I n i t i a l  t e s k s  w i l l  b e  s i m p l e .  c o m p a r a t i v e  h a r d n e s s  
t e s t s  , b u t  f l o w  impingement  t e s t s  ma.y be n e c e s s a r y  later. 

Separator Tests. S h o u l d  a b r a s i o n  and c a k i n g  p r o v e  s e r i o u s  i n  t h e  pump or 

h e a t  e x c h a n g e r  i t  may b e  n e c e s s a r y  t o  u s e  a s e p a r a t o r  t o  remove t h e  s o l i d s  
from t h e  s y s t e m  b e f o r e  e n t e r i n g  t h e  pump and h e a t  e x c h a n g e r .  A D o r r - C l o n e  
l i q u i d  c y c l o n e  s e p a r a t o r  h a s  been  o r d e r e d  f o r  t e s t i n g  i n  t h i s  c o n n e c t i o n .  

Crys ta l  Growth and Comminution, I t  h a s  a l r e a d y  b e e n  d e m o n s t r a t e d  t h a t  

c r y s t a l s  o f  h y d r a t e d  UO, w i l l  grow l n  a r e l a t i v e l y  s t a p a n c  w a t e r  e n v i r o n m e n t ,  
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w h i l e  r e d u c t i o n  i n  c r y s t a l  s i z e  w a s  o b s e r v e d  i n  t h e  i n i t i a l  c i r c u l a t i n g  
s y s t e m  A s y s t e m  h a s  been d e s i g n e d  t o  s t u d y  t h e s e  t e n d e n c i e s  i n  a c i r c u l a t e d  
s l u r r y  i n  which t h e  t e m p e r a t u r e  i s  c y c l e d  between 110 and 150"C, Q u a l i t a t i v e  
i n f o r m a t i o n  on t h e  e q u i l i b r i u m  be tween c r y s t a l  g r o w t h  and c r y s t a l  r e f i n e m e n t  
c a n  be o b t a i n e d  from s u c h  a s y s t e m ,  and when t h i s  i s  compared w i t h  lower  tem- 

p e r a t u r e  t e s t s ,  i t  i s  p o s s i b l e  t h a t  q u a n t i t a t i v e  i n d i c a t i o n s  o f  t h e  two  
p r o c e s s  r a t e s  can b e  o b t a i n e d ,  

F u l l - s c a l e  Circulat ing  System. D e s i g n  o f  a f u l l - s c a l e  150°C HRE s l u r r y -  
s y s t e m  mock-up h a s  s t a r t e d ,  b u t  many o f  t h e  d e s i g n  d e c i s i o n s  must  a w a i t  t h e  
outcome of  t h e  f o r e g o i n g  t es t s ,  Machining o f  t h e  1 8 - i n "  s t a i n l e s s  s t e e l  s p h e r e  
i s  u n d e r  way, and a number o f  o t h e r  components have been  c o l l e c t e d .  

BOILING REACTOR STUDIES 

A s m a l l  program was i n i t i a t e d  t h i s  q u a r t e r  t o  d e t e r m i n e  t h e  f e a s i b i l i t y  
o f  a b o i l i n g  t y p e  o f  homogeneous r e a c t o r .  The p u r p o s e  o f  t h i s  program i s  t o  
y i e l d  d a t a  which w i l l  p e r m i t  t h e  c a l c u l a t i o n  o f  t h e  maximum r a t e  a t  which h e a t  
c a n  b e  removed from t h e  r e a c t o r  b y  b o i l i n g  and t o  a c c u m u l a t e  i n f o r m a t i o n  on 
t h e  f o r m a t i o n  and  c o l l a p s e  o f  b u b b l e s  f o r  u s e  i n  e v a l u a t i n g  t h e  c o n t r o l  
p rob lems  o f  s u c h  a r e a c t o r ,  

T h e o r e t i c a l  A n a l y s i s .  A p p r o x i m a t e  c a l c u l a t i o n s  f o r  t h e  v a p o r  p h a s e  

v e l o c i t y  and  f l u i d  c i r c u l a t i o n  r a t e  i n  a c y l i n d r i c a l  g e o m e t r y  h a v e  b e e n  
c o m p l e t e d ,  A p p r o x i m a t e  d e n s i t i e s ,  v o i d  s p a c e ,  power l e v e l ,  p r e s s u r e ,  and 

c y l i n d e r  d i m e n s i o n s  were assumed and t h e  v e l o c i t i e s  or  c i r c u l a t i o n  r a t e s  were 

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

v a r i e d  w i d e l y  and were d e p e n d e n t  l a r g e l y  on t h e  m a g n i t u d e  o f  t h e  loss c o e f f i -  
c i e n t  u sed  i n  t h e  c a l c u l a t i o n s ,  

A h e a t  b a l a n c e  t y p e  o f  c a l c u l a t i o n  o f  r e s i d e n t  v o i d s  f o r a n  a s s u m e d  
power l e v e l  o f  1000 m e g a w a t t s  i n  a 3 0 - f t  d i a m e t e r  r i g h t  c y l i n d e r  i n d i c a t e s  
t h a t  t h e  p e r c e n t a g e  v o i d s  i n  t h e  b u l k  f l u i d  may become e x c e s s i v e  ( o v e r  20%) 
a t  v a p o r  c i r c u l a t i o n  v e l o c i t i e s  i n  t h e  n a t u r a l - c o n v e c t i o n  r a n g e *  I f  t h e  
n a t u r a l  c i r c u l a t i o n  v a p o r  v e l o c i t y  i n  t h e  c o r e  i s  o f  t h e  o r d e r  o f  10 f t / s e c ,  
p r e l i m i n a r y  c o m p u t a t i o n s  i n d i c a t e  t h e  r e s i d e n t  v o i d s  t o  b e  a b o u t  5% of  t h e  
t o t a l  c y l i n d r i c a l  f l u i d  volume,  Such h i g h  v a p o r  v e l o c i t i e s  c a n  b e  a s s u r e d  by 

r e l y i n g  on f o r c e d  c i r c u l a t i o n ,  

133 



. 
Experimental  S t u d i e s .  A d e s i g n  h a s  been  c o m p l e t e d  and t h e  a p p a r a t u s  i s  

u n d e r  c o n s t r u c t i o n  f o r  a "T" e x p e r i m e n t .  T h e  o b j e c t  o f  t h i s  s t u d y  i s  t o  
o b s e r v e  t h e  b e h a v i o r  o f  a d i l u t e  s a l t  s o l u t i o n  w i t h  u n i f o r m  e l e c t r i c a l  r e -  
s i s t a n c e  h e a t i n g .  No a t t e m p t  h a s  been made i n  t h i s  e x p e r i m e n t  t o  s i m u l a t e  t h e  
h e a t  g e n e r a t i o n  due  t o  t h e  f l u x  d i s t r i b u t i o p  i n  a r e a c t o r .  I n s t r u m e n t a t i o n  
f o r  t e m p e r a t u r e ,  p r e s s u r e ,  and power d i s s i p a t i o n  a r e  i n c l u d e d  i n  t h e  d e s i g n  o f  
t h e  a p p a r a t u s .  

I n  an  e f f o r t  t o  p r o d u c e  h i g h e r  h e a t L g e n e r a t i o n  r a t e s  n e a r  t h e  c e n t e r  o f  
t h e  l i q u i d ,  an e x p e r i m e n t  h a s  b e e n  o p e r a t e d  i n  which  two i s o l a t e d  c i r c u i t s  

were c o n n e c t e d  a t  r i g h t  a n g l e s  t o  e a c h  o t h e r  a c r o s s  a c y l i n d r i c a l  c o n t a i n e r  o f  
d i l u t e  a c i d .  By h o l d i n g  t h e  c u r r e n t  i n  o n e  c i r c u i t  90" b e h i n d  c u r r e n t  i n  t h e  
o t h e r  c i r c u i t ,  some i n c r e a s e  i n  power g e n e r a t i o n  n e a r  t h e  c e n t e r  was expec ted .  
E l e c t r o l y s i s  and b o i l i n g  a t  t h e  e l e c t r o d e s  hampered e f f e c t i v e  o p e r a t i o n .  I t  
i s  b e l i e v e d  t h a t  b e t t e r  e l e c t r o d e  c o o l i n g  and a d d i t i o n  o f  a d e p o l a r i z i n g  a g e n t  
w i l l  r e d u c e  t h e s e  d i f f i c u l t i e s .  

Another  s y s t e m  which h a s  been  d e s i g n e d  uses  a v e r t i c a l  i n s u l a t i n g  b a f f l e  
t o  c o n c e n t r a t e  t h e  c u r r e n t  a t  t h e  c e n t e r  o f  a s p h e r e .  T h i s  s y s t e m ,  i n d i c a t e d  

i n  F ig .  2 2 ,  c o n s i s t s  o f  a h o l l o w  copper  s p h e r e  d i v i d e d  i n t o  two h e m i s p h e r e s  by 
an i n s u l a t i n g  s e p a r a t o r .  The s y s t e m  i s  f i l l e d  w i t h  a c o n d u c t i n g  s o l u t i o n .  

e . g .  1% h y d r o c h l o r i c  a c i d ;  a v o l t a g e  i s  i m p r e s s e d  between t h e  two h e m i s p h e r e s .  
w i t h  t h e  s e p a r a t o r  s e r v i n g  t o  g i v e  a power  d i s t r i b u t i o n  which s i m u l a t e s  t o  
some e x t e n t  t h e  d i s t r i b u t i o n  t o  b e  e x p e c t e d  i n  a b o i l i n g  r e a c t o r .  ? h e  s y s t e m  
i s  p r o v i d e d  w i t h  v i e w  p o r t s  SO a s  t o  e n a b l e  v i s u a l ,  a s  well as p h o t o g r a p h i c ,  
o b s e r v a t i o n  o f  phenomena o c c u r r i n g  i n  t h e  c e n t e r  o f  t h e  s p h e r e .  I t  w i l l  a l s o  
b e  p o s s i b l e  t o  d e t e r m i n e  c i r c u l a t i o n  p a t t e r n s  and r a t e s  by means o f  p i t o t - t u b e  
t r a v e r s e s .  

A few e f f o r t s  t o  u s e  l i g h t  f o r  t r a n s m i t t i n g  h e a t  to t h e  c e n t e r  o f  t h e  
t u b e  h a v e  b e e n  u n s u c c e s s f u P  t o  d a t e  b e c a u s e  o f  h i g h  a b s o r p t i o n  and h i g h  r e -  

f l e c t i v i t y  o f  t h e  w a t e r  s u r f a c e .  E f f o r t s  a l o n g  t h i s  l i n e  a r e  c o n t i n u i n g .  

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

i n t e r n a l  h e a t  s o u r c e  i n  a 2 x 4 i n .  c y l i n d e r .  L i m i t a t i o n s  o n  a v a i l a b l e  
equipment  p r o h i b i t  immedi  a t e  i n v e s t i g a t i o n  on a s u i t a b l e  s c a l e ,  

I n  a p r e l i m i n a r y  e f f o r t  t 0  o b t a i n  some i n f o r m a t i o n  on t h e  c i r c u l a t i o n  
p a t t e r n s  and t h e  r a t e s  o f  f l o w  i n  a b o i l i n g  homogeneous r e a c t o r ,  a s i m u l a t e d  
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. 
s y s t e m  u s i n g  a i r  b u b b l e s  h a s  been  d e s i g n e d  and c o n s t r u c t e d ,  T h i s  c o n s i s t s  o f  
a c y l i n d r i c a l  g l a s s  t a n k ,  1 f t  i n  d i a m e t e r  and 1 f t  d e e p ,  f i l l e d  w i t h  w a t e r .  
T h e  b u b b l e s  a r e  s u p p l i e d  t h r o u g h  f r i t t e d - g l a s s  d i s k s  and a r e  r e l e a s e d  i n  a 
c y l i n d r i c a l  r e g i o n  i n  t h e  c e n t e r  o f  t h e  w a t e r  b a t h .  T h i s  a r r a n g e m e n t  i s  
i n d i c a t e d  i n  F ig .  23. S e v e r a l  p o s s i b l e  m o d i f i c a t i o n s  o f  t h i s  sys t em a r e  b e i n g  
c o n s i d e r e d  w i t h  t h e v i e w  toward  c r e a t i n g  a s y s t e m  which more c l o s e l y  s i m u l a t e s  
t h e  b o i l i n g  r e a c t o r .  P r e l i m i n a r y  v i s u a l  o b s e r v a t i o n s  o f  t h e  s y s t e m  i n d i c a t e  
f l o w  p a t t e r n s  o f  t o r o i d a l  s h a p e .  Flow r a t e  m e a s u r e m e n t s  i n  t h e  c e n t r a l  and 
o u t e r  r e g i o n s  a r e  b e i n g  made. 
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