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SUMMARY OF PROGRAM AND PROGRESS

l a  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 lo p m e n ta l  p ro g ra m  t o  o s ta b  

l i e h  t b e  f e a s i b i l i t y  o f  o b t a i n i n g  t b o  p o t o n t i n l  a d v a n ta g e s  o f  h o m o g e n e o u s  

r e a c t o r s  f o r  tb o  p r o d n e t i o a  o f  f i a a i o n a b l e  ■ a t o r i a l s  and p o e e r .  t b a  O W L  

Homogeneous R e a c to r  E x p o r ia > e a t  P r o j e c t  (HRE) w h ic h  was o r g a n is e d  t o  d e v e lo p ,  

d e s ig n  and c o n s t r u c t  a p i  l o t  s c a le  homogeneous r e a c t o t , baa boon r e c o a a t i t u t o d  

a s  t h e  H o n o g e n a o u s  R e a c t o r  P r o j e c t  T he  e l t i m a t o  o b j e c t i v e  o f  t b e  ORNL 

p r o g r a m  baaed upon  t b e  s t u d i e s  o f  tb o  L o n g  R ange  P l a n n i n g  G r o u p ,  i s  t o  

p r o v i d e  tb o  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 o t e m i a e  tb a  f e a s i b i l i t y  o f  a
e

f u l l  s c a l e  p lu t o n iu m  p o e e r  p r o d u c in g  hom ogen eous  r e a c t o r .

Homogeneous Reactor Program

The p rogram  o f  th e  Homogeneous R e a c to r  P r o j e c t  w h ich  w i l l  be r e q u i r e d  to  

a t t a i n  th e  above o b j e c t i v e  i a  c o n c e iv e d  to  be t h e  f o l l o w i n g .

Com pletion o f P i l o t - S c a l e  RSI. 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 the  P r o j e c t  i a  d i r e c t e d  to w a rd  th o  c o m p le t i o n  o f  th e  d o v o lo p n e a ta  1, 

d e s i g n  and c o n s t r u c t i o n  w o r k  f o r  th e  p i l o t  s c a l e  HRE M a jo r  e m p h a s is  i s  

p i e c e d  on c h e m ic a l  and e a g i n o o r i n g  s t u d i e s  o f  t h e  sys tem  UOJSO# H jO  c o n ta in e d  

m  347 s t a i n l e s s  s t e e l  u n d e r  a u x in u m  c o n d i t i o n s  o f  2S9*C and 1000 p a i  and o f  

t h e  m e c h a n ic a l  co m p o n e n ts  o f  th e  r e a c t o r  s y s te m

K x p e r ln e a t n l  Operation of tbe IRE. A p r e l i m i n a r y  s c h e d u le  f o r  t h o  s t a r t '  

up end  e x p e r i m e n t a l  o p e r a t i o n  o f  th e  HRE was p r e s e a t o d  i a  th e  l a s t  p r o g r s s s  

r e p o r t  (ORNL 9 9 0 )  D e t a i l e d  p la n s  d 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  o f  

c o n s t r u c t i o n  Tho e x p e r im e n t a l  p rog ram  s h o u ld  a c h ie v e  the  f o l l o w i n g :

1 D e m o n s t r a t io n  o f  th 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  equeo ea  f u e l
r e a c t o r  up t o  a maximum o f  1000  k w ,  c o r r e a p o a d i a g  t o  a p o w e r
d e n s i t y  o f  20 kw p o r  l i t o r  
•

2 . D e m o n s t r a t io n  o f  a u x i l i a r y  p o r t i o n s  o f  th e  sy s te m , su ch  a s  gas
s e p a r a t i o n  g a s  h a n d l i n g ,  and  ‘r e c o m b i n a t i o n  and c o n t r o l  by
v a r i a t i o n  o f  c o n c e n t r a t i o n

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

4  D i r e c t  m e a s u re m e n t  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 e o r r o a i o n  a t  
f l u x  d e n s i t i e s  c o m p a ra b le  t o  th o s e  i n  a f a l l  s c a le  r e a c t o r .

1

o o  o o o  m e  o o e  me a • • •  e w o o  o s
•  s o  o * o  s o *  » a • *  o e
s e e m  e  a  *  S e * e  s e e  o e  
s e e  o  a •  e » •  *  *  *  o e
•  « e *  s  * •  •  e e v  s »  s o



I n v e s t i g a t i o n  o f  A l t i r u U  l y a l o a  a a d  B a a e t a r  T j rpea .  R e s e a r c h  oo 
a l t e r n a t e  f o a l  s y s t e m s , *  B M te r i a l s  o f  o o a a t r o c t i o a ,  and r e a c t o r  ty p e s  i s  c a r -

• i
r e n t l y  b e i n g  p u r s u e d  on a ana l  1 s c a l e .

t o o l g a  B e v a l o p a e a t  o f  I a t e r n a d i a t e - B e a l e  Honsgaaeons  B a s e t a r .  Resea rch  
and daa iga  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 a e d i a t e - s c a l e  hoaogeneous  r e a c t o r  
has  been u n d e r t a k e n .  The r e a c t o r  i s  now conce ived  aa  o p e r a t i n g  a t  a a n x i o u s  
•  f  40 aw aad b e i n g  o f  a a i i 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 . e . t
I  t o  10 f t  d i a a a t e r 1 c o r e  t a n k  r a .  I S  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 .

, ‘  *

Tha f o l l o w i n g  a r e  c o n s i d e r e d  to  be l o g i c a l  s t e p s  i n  t k i a  d e v e l o p m e n t :
.  ! '  ' *

1. C o ^ - e p t u a l  d e s ig n  of  a f u l l - s c a l e  ( ^ 0 0 0  aw) r e a c t o r  upon which 
to  b a s e  p ? » a s  o f  aa 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 a i n a r y  des ign  of  a a 4i n t e r m e d i a t e  s c a l e  hoao g en e o u s  r e a c t o r .

3. R e s e a r c h ,  conponen t  * de r e  1 o p a a n t  ,* aad d e t a i l e d  d e s i g n  o f  t h e  
i n t e r a a d i a t e  r e a c t o r .

i
4. C o n s t r u c t i o n  and o p e r a t i o n .  ,

The n 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  
hoaogeneous r e a c t o r  a r e  c o n s id e r e d  t o  be (1 )  d e a o n s t r a t i o n  o f  the  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 a t e n ,  ( 2 )  l o a g - t a r n  t a 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 a t i n g  a q u e o u s - f u e l  s y k t a n ,  and ( 3 )  t a s t i n g  o f  a c h e a 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 a  c o n t i n u o u s l y  f r o n  t h a  f u e l  s y s t a n .

I

S t a t u s  o f  RBI
4

C o n s t r u c t i o n .  The 7500 B u i l d i n g  w hich  w i l l  house t h *  r e a c t o r  has been 
c o a p le te d  e x c e p t  f o r  l a y i n g  the c o n c r e t e  f l o o r  a t  the e a s t  s i d e  o f  the r e a c t o r .

The u n i t s  c o m p r i s i n g  the r e f l e c t o r  s y a t e n  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 th  c o u p l e t s  i n s t a l l a t i o n  a c h e d u l e d  f o r  J n l y .  T h i s  
w i l l  be f o l l o w e d  by p r e s s u r e  aad  l e a k  t a s t i n g .

C o n p le t i o n  o f  the  c o n s t r u c t i o n  o f  c o a p o n e a t s  o f  the  f u e l  s y s t a n  has beaa 
de layad  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 c u i c a l  s t a b i l i t y  aad oa the,
g a s - r e a o v a l  s y s t e m .

I n s t a l l a t i o n  o f  the  c o n t r o l  a y s t e n  has been s t a r t e d .  M ountings  f o r  the  
t u r b i n e ,  g e n e r a t o r ,  and c o n d a n s a r  h a v e  been 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  ,  
components o f  t b e  power a y s te n  a w a i t s  d e l i v e r y .

2

• a  * * »  a a n *  a 
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• e a l g a .  A d e s i g n  r e v i e w  group has been  a p p o i n t e d  to  aap jy se .  c r i t (. v U y  
t h e  d e s i g n  o f  t b e  e n t i r e  W E  a y e t e n  w i t h  r t a p e c t  t o  i t a  o p e r a b i l i t y .  Tbe 
c o n s i d e r a t i o n s  o f  t b i a  g ro u p  should  be c o m p l e t e d  by August ,  1951.  D u r in g  t h i s  
q u a r t e r  d e s ig 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 e  s h o o t  and 
s h i e l d  d ra w in g s ,  and b i l l s  o f  n a t e r i a l s .

Be anarch  and Bevelopaern t .  Two g e n e r a l  u n c e r t a i a t i e a  e a s t  y e t  be r e s o lv e d
b e f o r e  the p o s s i b i l i t y  o f  o p e r a t i n g  the HRE f o r  e s u f f i c i e n t l y  l o n g  p e r i o d  to  
a c h i e v e  the d e s i r e d  o b j e c t i v e  w i l l  a p p e a r  g r e a t  enough to  j u s t i f y  com p le t io n

e

o f  t h e  c o n s t r u c t i o n  o f  t h e  f u e l  s y s t e n  and i n i t i a t i o n  oY o p e r a t i o n .  These are  
( 1 )  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  the  
f u e l  s o l u t i o n ,  \ , e . ,  UO, S04 HjO (30  t o  40  g o f  w r a n i u a  p e r  l i t e r )  in  347 
s t a i n l e s s  s t e e l  a t  2S0*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

With r eg a rd  to  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 s i n g  c o n d i t i o n s  i n  th e  s y s t e m ,  f e r  e x s a p l e  by a d d i t i o n  o f  
oxygen  w i l l  p rov ide  s t a b i l i t y .  The optimum p a r t i a l  p r e a a u r e  o f  oxygen i s  now 
b e i n g  d e t e r n i n e d .  T h e  e f f e c t s  of  a number  o f  v a r i a b l e s  i n c l a 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  th e  n a t a l ,  t h e  p r e s e n c e  of  
c o r r o s i o n  p r o d u c t s ,  t h e  c o n d i t i o n  o f  the  m e t a l  s u r f a c e  o f  th e  t e s t  pumps, and 
t h e  p re s e n c e  o f  g r a p h i t e r  b e a r i n g s  have b e e n  s t u d i e d  i n  s t a t i c  b e n b  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 in g  s t u d i e s  o f  the  g a s - l e t d o w n  sy s t e m  heve led  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 a ' i a e r e a s e  i n  t h e  f lew  ef .  l i q u i d  reaovod  w i t h  t h e  g a s  sad  the  
a d d i t i e a  o f  a s u rg e  t a n k ,  which show p r e m i s e  e 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  
w h ic h  have been o b s e r v e d  i n  th 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  to  
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  gas 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 in g s  
f o r  t h e  Westinghouse nodeL* 100A pump has g i v e n  encou ra g ing  r e s u l t s .

S e v e r a l  a e th o d s  f e r  p rom ot ing  mixing 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  the 
r e a c t o r  c o re  have been s t u d i e d ,  and one m e th o d  produced e n c o a r a g i a g  r e s u l t s .

Because the  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  100ft o f  the H, a n d  0 ,  in  s t o i -  
c k i o m e t r i c  n i x t u r e s  h a s  been d e m o n s t r a t e d  by the  use  e f  f i am e  a n d  c a t a l y t i c  
r e c o m b in e r s ,  c u r r e n t  e f fo d f t  has  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 n b i n i n g  w i t h  m a s s i v e  m e ta 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 th  c o p p e r ,  s i l v e r ,  and 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  tow ard  o t h e r  o g r e  p r o m i a i a g  i n v e s t i g a t i o n s  in  t h e  n e x t  p e r i o d .



The d e v e l o p * * a t  o f  e e th o d a  f o r  c b o a i c a l  c o n t r o l ' o f  IK E  f u e l  haa c o n t in u e d

t o  bo c e n t e r e d  oa t o o  i n a t r u a e n t a :  t b o  e l e c t r o a a g n e t i c  d e n a i t o e e t a r  and

P r i a c o  D e a a i t r o l  f o r  a ea a a re M B t o f  a o l u t i o a  d e n a i t i e a ,  and th e  c e r a a i c  -co a te d• • .
r a d io f r e q e e a c y  c o i l  im a e ra e d  in  the  f o o l  f o r  i n d i r e c t  a e a a i r e a e a t  o f  u r a a iu a  

c o n c e n t r a t i o n  f r o a  t h e  a t o r e d  e n e rg y  c a p a c i t y .  *

• ta t a a  o f Loag gauge S tad iaa

S t u d i o a  o f  t b o  p h a a e  e q u i l i b r i a  o f  U O , ( NO, ) , - H , 0  t a d  U O , - H , P 0 4 - H , 0  

a y a te a a  have been c o a t i a a e d  i a  an e f f o r t  t o  e v a lu a t e  t b e a  ,aa p o a a i b l e  hoao 

g e aeo ua  r e a c t o r  f a o l a .  F e r r i c  o x id e  p r o d u c e d  by c o r r u a i o n  w i t h i n  th e  f u e l  

a y a te a  baa been a t w d io d  i n  c o n n e c t io n  w i t h  i t a  e f f e c t  on tbo  c r i t i c a l  a o l u t i o a  

t e a p o r a t u r e a  o f  t b o  1 ) 0 ,3 0 ,  H ,0  a y a t e a  i t  wqa fo u n d  t h a t  t h e  e f f e c t  waa 

r e l a t i v e l y  a a a l 1 .

A l t h o u g h  i t  baa n o t  y e t  been p o a a i b l e  t o  p re p a re  a u r a a i u a  o x id e  a l u r r y

w h ic h  i a  a t a b l a  a f t e r  b o a t i n g ,  e n c o u r a g in g  p ro g re a a  haa been aade  S l u r r i a a

o f  t k o r i u a  o x id e  c o n t a i n i n g  1000 g o f  t h o r i u a  p a r  l i t e r  have ahowa t h e r a a l  and

r a d i a t i o n  a t a b i l i t y  c b a r a c t a r i a t i c a  t h a t  a r e  p r o a ia in g ,  .
a

S l u r r y  p u a p ia g  a t fa d ie a  c a r r i e d  o u t  oa a baa 11 a c a la  i n d i c a t e  t h a t  i t  aay 

be p o a a ib le  t o  p u a p  and c o n t r o l  a d e q u a t e l y  an u n a ta b la  a l u r r y  w h ic h  a e t t l o a  

r e l a t i v e l y  q u i c k l y
• a e

T h ro e  a o t k o d a  o f  c h e a i c a l  p r o c e a a i a g  f a r  aquooua  h o a o g a a e o u a  r e a c t o r  

f u o l a  have been i n v e a t i g a t e d  on a a a a l l  a c a l a  Than* i n c lu d e  ( 1 )  b re a k th r o u g h  

a d a a r p t i o n  oa f u l l e r  ' a  e a r t h  Dowex SO a a d  Dewax A 1; ( 2 )  c o u ip la t e  a d o e r p t io a  

o f  f u e l  on Dowex SO and Dowex A 1: and ( 9 )  p r e c i p i t a t i o n  f e l l o w e d  by a d a o r p t io a  

oa Dowox SO w i t h  C u * 4 d ia p la c e a o a t  aad e l a c t r o l y a i a  T h e re  i a  e v id e n c e  t h a t  a 

p ro ce a a  can bo d e v e lo p e d  aa a nod i f  i c a t i o a  a a d / o r  c o a b ia a t i o a  o f  t k o a e  a e th o d a

P r a l i a i a a r y  a t u d i e a  o f  b o i l i n g  hoam geaeoua r a a c t o r a  bavin boon a t a r t a d  aad 

e x p e r ie a n t a  a re  b e i n g  d o a ig a e d  to  t o a 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* o
aad  t o  d o a o n a t r a t e  f l o w  r a t o a  b u b b le  f o r m a t i o n  and r i a e  t i n e  and th e  bea
h a v i o r  o f  a a o l u t i o a  b o a te d  i n  a a a a a e r  a i a u l a t i n g  f i a a i o a  h e a t  i n  a hoao 

geaeoua  r e a c t o r  f u e l
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In g e n e r a l ,  d e s i g n  work d u r i n g  t h e  q u a r t e r  has  been a i m e d  toward comple
t i o n  of  p i p i n g  d r a w i n g s ,  f low s h e e t ,  s h i e l d  d raw ings ,  and b i l l s  o f  M a te r i a l s .  
Emphasis  hss  been p l a c e d  on com p le t io n  o f  the  r e f l e c t o r  s y s t e m ,  and a thorough 
check of  the  c o m p le te  sys tem haa r e s u l t e d  in  numerous c h a n g e s  in  d e t a i l s .

M ajo r  c o m p o n e n t s  s t i l l  i n c o m p l e t e  i n  f i n a l  d e s i g n  a r e :  ( 1 )  t h e  low- 
p r e s s u r e  c a t a l y t i c  r e c o n b i n e r a  f o r  f u e l  s o l u t i o n  o f f - g a s  a n d  t h e  r e f l e c t o r  
o f f - g a s ,  (2 )  a h i g h - p r e s s u r e  c a t a l y t i c  r e c o n b i n e r  f o r  D# a n d  0 , ,  (3 )  a h e a t  
exchanger  between th e  letdown s t r e a m  and the  feed s t r e a m  from and t o  the h ig h -  
p r e s s u r e  fu e l  s y s t e m ,  and (4)  a l i q u i d - l e v e l  c o n t r o l  f o r  t h e  f u e l  p r e s s u r i s e r .

A l l  t h e s e  components  have been d e s i g n e d  as t e n t a t i v e  e x p e r i m e n t a l  models,  
b u t  f i n a l  d e s i g n s  w i l l  no t  be made u n t i l  e x p e r im e n ta l  d a t a  a r e  a v a i l a b l e .  The 
e x p e r im e n ta l  c a t a l y t i c  r e c o n b in e r  i s  shown in  F ig .  1.

A s i m p l i f i e d  HRE p ro c e s s  f low d i a g r a m ,  g i v i n g  p r o c e s s  l i n e s  on ly  w i th  no 
i n s t r u m e n t a t i o n ,  i s  shown in F ig .  2; v a l v e s  which a r e  o p e r a t e d  by a u t o m a t i c  
c o n t r o l s  a r e  shown a s  diaphragm v a l v e s .  The g e n e r a l  a s s e m b l y  o f  the  r e a c t o r  
t a n k ,  i n c l u d i n g  t h e  p r e s s u r i s e r ,  c o n t r o l  rod d r i v e s ,  i n s t r u m e n t  t h i m b l e s ,  and 
a l l  c o n n e c t i n g  p i p i n g ,  i s  shown in F i g .  3.

Pool S o l u t i o n  (Soup) System. Few c h a n g e s  have been a n d e  in  the  h ig h -  
p r e s s u r e  p a r t  o f  t h e  soup system s i n c e  p u b l i c a t i o n  of  0RNL-730 in  Ju n e ,  19S0. 
The on ly  s i g n i f i c a n t  change i s  t r a n s f e r  o f  the r e c o n b i n e r  t o  the  l o w - p r e s s u re  
sys tem.  The l o w - p r e s s u r e  gas-removal  p o r t i o n  o f  the s y s t e m ,  however,  as  shown 
in  Fig .  1 r e p r e s e n t s  a c o n s i d e r a b l e  c h a n g e .  Although t h e  d e s i g n  o f  this  portion 
a s  shown i s  t e n t a t i v e ,  pend ing  outcoaie  o f  e f u l l - s c a l e  m o c k -u p  t e s t ,  work i s  
p r o c e e d in g  on t h e  b a s i s  t h a t  i t  w i l l  be f i n a l .

• e  aaa  a a •  s e e  a a a  •  •a • aa a s *  saw  •  a see
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*

Study of goo generation in the soup feed pump indicates that a shutdown 
time of less than one minute will be sufficient to gab bind tha pump. Provi
sion is being siade to bleed the gas out of the high-pressure side of the puap 
into the soup duaip-tank vapor space.

ftaflactar System. Condensers for the reflector system are completed and 
installed as double pipe exchangers so that joints on the DjO side will not be 
exposed to light water as would be the case with aha 11-and*tube type condensers.

Reflector dump tanks have been installed with cool ing-water jackets for 
eswrgency cooling. These jackets have been designed to be welded to the tanks 
at only one point to eliminate stresses due to differential thermal expansion.

All piping design for the reflector compartment is complete and approxi
mately SOX haa been installed. Figure 4 is a pictorial view of the piping in 
this compartment.

Kaargency Cooling lystsa. A natural-convection cooling system is designed 
as shown in Fig. S. Calculations for this system show that isusediately fol
lowing dump of the soup and reflector into the dump tanks, boiling will occur 
in th« jackets until heat stored as enthalpy in tha solutioaa at high pressure 
haa been reduced to correspond to that at lower prassuras in the dnaip tanka. 
An equilibrium condition will be reached after boiling approximately 30 gal of 
water, at which tine the finned-tube natural - convection system will raaove up 
to 28 kw of heat without boiling. Under this equilibrium load the following 
conditions will exist:

Heat-removal rate 
Velocity in 2 -in. pipe 
Mass flow rate 
Temperature of hot leg 
Temperature of cold leg

95,500 Btu/hr 
0.727 ft/sec 
3,360 lb HO/hr 
174*F 
145*F

As a result of these calculations several changes have been made in 
design of the system. A pressure relief valve set at IS psi gauge has been 
specified for the surge tank vent so that under boiling conditions the system 
will operate at that pressure giving a greater At for condensation of steam in 
tha finned tubes. The surge tank has been placed at the top of tha cold lag 
instead of the hot leg so that steam rising from the jackets must pass through 
the finned tubas before -escaping. It is felt that with these modifications 
the quantity of water evaporated from the system will be held to a minimum.

11
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I t l y i t u .  Shop d r i t i a g i  o f  t h e  250-kw a t a u  t u r b o - g e n e r a t o r  and t h e  
i O O ' f t ' i a r f a e a  co n d e n s e r  h a v e  b e e n  c o a i p l a t e d  by W o r t h i n g t o n  Peaip e n d  
Machinery Ceaapany and approved by ORNL.' S h ip ee n t  o f  t h e  fcoadeaaer i a  a c h e d u le d
for August 1 , 1951, and the terb o-gen era tor  for October 1 , 1951.• * *

D r a v i a g a  o f  t u r b i n e  f o u n d a t i o n a  and p i p e  t r e n c h  h a v e  been approved  end  
i a a u e d  f o r  c o a a t r u c t i o a .

S h i e l d .  F i g u r e  6 i l l u s t r a t e s  t h e  g e n a r a l  a r r a n g e m e n t  o f  t h e  r e a c t o r  
a b i e l d  a t r u c t u r e  C o a a t r u c t i o a  d ra w in g *  of  the  a k i e l d  have  been approved  a a d  
ia aued  to  t h e  f i e l d .

I t  e a y  be n o t e d  t h a t  a c c e a a  t o  a l l  i n t e r i o r *  p a r t s  o f  tho  s h i e l d  i s  f rea i  
above,  e x c e p t  f o r  i n s t r u m e n t  t u b e a .  The s h i e l d  w i l l  be c o a a t r u c t e d  p r i n a r i l y  
o f  s o l i d  c o n c r e t e  b lo c k s ,  th e  o u t e r  two c o u r s e s  b e i n g  l a i d  i a  n o r t a r  aad .  t h e  
i a n a r  onaa b e i n g  s t a c k e d .  A l l  b l o c k s  a r e  o f  b a r y t e s  a g g r e g a t e  aad th e  f i r s t  
two c o u r s e *  m a s t  t o  th e  r e a c t o r  t a n k  c o a t a i h  c o l e n a n i t e  o r *  t o  r e d u c e  t b e
induced  a c t i v i t y  i a  the s h i e l d .  Rem ovab le  top  plug* a r e  o f  p r e c a s t  c o n c r e t e .

jflfil
C e n t r a l .  The p r i n c i p a l  e f f o r t  o f  t h e  c o n t r o l  g r o u p  has  been d e v o t o d  

t o  c h ec k in g  o u t  th e  c o n t r o l  c o n p o n e a t s  and to  a r e - e x a m i n a t i o n  o f  tho o p e r a t i o n  
o f  the a y a t o n  i n  the l i g h t  o f  new i n f o r m a t i o n .  The Da0  a y s  t e n  i s  now s t a b l i s e d  
aad the c h a n g e s  i n  i t s  c o n t r o l  a r e  i n d i c a t e d  on the  f l o e  s h e e t .  S tudy  o f  t b e  
soup s y s t e n  i s  s t i l l  open a s  c o a p o a e a t  deve lopment p r o g r e a a e a .

Tho e s s e n t i a l  c h a n g e s  i n  t b e  Da0  s y s t e n  i n v o l v e  n o a a u r e a e a t a  i a  t ^ e  
o f f g a s  s e c t i o n .  The f u n c t i o n i n g  o f  t h e  r e c o a b i n e r  w i l l  be c h e c k e d  by a 
V anpera tu r*  d e t a r a i n a t i o n  o f  th*  c a t a l y t i c  bed.  For  an i n s u l a t e d  r e c o a b i n e r  
t h i s  t e m p e r a t u r e  i a  aa a c c u r a t e  i a d i c a t i o a  o f  t h *  c o m p o s i t i o n  o f  t h e  g a s  
p a s s i n g  t h r o u g h  th*  bed Aa a c h e c k  a g a i a s t  l o s s  o f  D# , t h e  e x i t  gas  s t r e s s  
i s  a n a l y s e d  by  a  p l a t i a u a -  f i  l a n e s  t  h y d r o g e n  d e t e c t o r  i a  t k a * o f f - g a s  l i n e  
beyond the  c o l d  t r a p a .  W a te r - f lo w  and t o a p a r a t u r *  i n s t r u m e n t s  a r e  p ro v id e d  on 
tho  r e c o a b i n e r  c o n d e n s e r  to  p e r a i t  a  d e t e r n i a a t i o a  o f  t k e ^ a m o u n t  o f  gas b e i n g  
r e c o n b ia a d .

Th* aoup o f f  gas s y s t e n  c o n t r o l  has  bean r e v i s e d  t o  f u n c t i o n  w i th  the now 
o f f - g a s  S y s t e m  S tu d y  o f  t h e  g a s s i n g  p r o b l e a  i n n e d i a t a l y  a f t e r  a shutdown 
i n d i c a t e d  th e  n e e d  f o r  a neaaa o f  h a n d l i n g  aa a p p r e c i a b l e  amount o f  gas  in  th*  
p r a a a u r i s e r .  T h i s  i a  p ro v id e d ,  by o p e r a t i n g  th*  p r e a a u r i x e r  v e n t  v a lv e  by a a  
e x c e s s  p r e s s u r e  s i g n a l  f r o n  th e  p r o a s u r i x o r  p r e s s u r e  c o n t r o l l e r .
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X

The snut-off of soup aystea valves which block flow to any external part 
of the aystea is very iaportant Valves for these points are being checked 
by neasuring air leakage tbroagh the valve froa ateospberic pressure to a 
vacuum chanber. These checks indicate that new ataialesa steel — stellite tria 
valves will give a liquid leakage of less than 1 rc/aonth for a preasare 
differential of *15 pa \ across the valve when the operator has IS pai air 
preasare on it. Iacreasiag the operator preasare will decrease this leakage 
• till further. Stel 1 ite-stellite tria valves are worse thaa this by a factor 
of S to 10

s *

A Icontro 1 aanual •for the HRE'widl be writtea and published during the
next qaarter as a separate report ,

*

Control Bad grlvos. A complete aaseably of one control rod and ita driVe
»

aechanisa has been bailt and ia being tented. A 1/16 in boral plate contain-
a

ing approxiaately 100 ag of boron par square centiaeter baa been successfully 
fabricated, and a aaapla aaseably of coatrol plates baa been aadq ia which 
boral plates are enclosed between stainless steal platan welded at the adgaa. 
A .general arrangeaent of these drives and platan is shown ia Fig 3 .

Iaatrua.vat Belas. General arrangeaent sad uses of the iastruaent holes 
through the shield age given in Fig. 7. Detailed construction of a tube aad 
plug are shown ia Fig 8 The nethod of withdrawal of the fiasioa chamber ia 
also shown in Fig. 8

Bellows Valeo •perater. The endaraaca teat of the experimental bellows
valve operator was discontinued after 400 000 cycles owing to failure of the

8 %

solenoid valve supplying -air to it On the basis of this teat, design of a 
production nodal has been coapletfti and drawings issued to the shop Figure 9 
shows the final design •

a
Leak-Beteefloa Spates. It ia planned to inntall n aystea for detection 

nnd location of leaks in all flanged joints ia pipiag and vessels containing 
D a0 or fuel solution Separate but aiailar leak detection systena will be 
used oa the two different liquids As shown in Fig 10 leak detection for 
the soup aystea consists of a pressurised tube leading froa the gasket grooves 
of each flanged joint to a aaatfold outside the shield which is in turn 
pressurised froa a receiver containing water and heliua A level detector and

4
pressure indicator on the receiver will indicate the existence of a leak.
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L o c a t io n  o f  t Jbi s  l e ak  M y ba d e t e r m i n e d  by chec k i ng  i n d i v i d u a l  l i n e a .  V a t a r  
p r e a a a r a  v a i l  ba M i a t a i a a d  a l i g b t l y  h i g h e r  ( b a a  t b a  s o u p  p r e s s u r e  ao t h a t  
l e a k a g e  w i l l  a l l  ba i n t o  t he  s o a p  a y a t e a .

S t a t u s  o f  IKK C aaa tru c t ia a .  Tba aaw b u i l d i n g  f o r  t b a  HRE was o c c a p i o d  
a b o u t  March  1 .  S i n c e  t h a t  d a t a  a l l  u n d e r g r o u n d  s a r v i c a  l i a a a  h ave  bawa 
i n s t a l l e d  and  t b a  s h i e l d i n g  s t r u c t u r e  r a i s e d  to  the  f l o o r  l a v a l .  E qu ipm en t  
sad  p i p i n g  f o r  t b a  h e a ry -w a te r  a y a t e a  i s  b e in g  i n s t a l l e d  a s  i t  becoaes  a v a i l 
a b l e  O v e r - a l l  c o a p l e t i o a  i s  a p p r o x i m a t e l y  20% P r o g r e s s  o f  HRE c o a s t r u c t i a a  
t a  shown in  F i g s .  11 aad 12.
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UNCLASSIFIED FIG h progress of hre  construction
SKCV, 'NG PLACEMENT OF DgO DUMP TANKS, DgO C E LL PIPING, AND REACTOR SUPPORT FRAME
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PHOTO * 8 1 5 9
UNCLASSIFIED

FIG. 12 PFfOGRESS OF HRE CONSTRUCTION 
OVERHEAD VEW OF DgO DUMP TANKS AND REACTOR SUPPORT FRAME



2 . CORROSION: U 0,SO 4 —R ,0 — I4 ?  STAINLESS STEEL SYSTEM

3 f t i t ,  O m t - t f - ? t l t  T t i t i Pmmf L— f  S tm dtt t S tm d i t t  • /  C o r- t tin Vmrimkltt

H t t t r t k m m i c m l  C erru tiee  S tmdi t t

S a n a a  I :  IL I .  L ie tike

S ariaa  I I :  N. D. S tlaaraaa

J .  C. Griaaa

STATIC. •V T -dT-PIL* T t l T I

A g e n e r a l  review of  some a a p a c t a  o f  the p a s s i v i t y  im par ted  t o  s t a i n l e s s  
a t s s i  by c b s s i i e a l  p r s t r s a t a s a t s  s a d  a p rograa  for  a t a d y  a r s  p r s a e n te d .  I t  a a a  
d e t e r a i n e d  t h a t  t b s  a o t a l  s a r f a c s  c o n d i t i o n  o f  t o s t  boaba  in  which a t a i a l e s s  
s t s s l  a p s c i s e n a  wars p r e t r e a t e d  s s s r t e d  a a a r h s d  i n f l u e n c e  on the  p h y s i c a l  
a p p e a r a n c e  o f  t h e  s a a p l s s .  O ld  s u r f a c e s  r e a u l t o d  i n  d a l  1 - a p p e a r i n g  f i l a a  
while new BMtal s u r f a c e s  p roduced  l u s t r o u s  s a a p le  s u r f a c e s .

T h e * r e s u l t s  of  t e s t a  on t h e  o f f e c t i v e n e a a  o f  oxy g en  f o r  a a i n t a i a i a g  a 
p a s s i v e  f i l e  i a  u r a n y l  s u l f a t e  a t  250*C were e r r a t i c .  The i a c o n a i a t e n c y  v a a  
a t t r i b u t e d  t o  t h e  p r e v io u s  t e a t  h i s t o r y  o f  the  a u t o c l a v e s  used fo r  t h e  s t u d y .  
In u n t r e a t e d  s t a i n l e s s  s t e e l  a y a t e o s  a t  2S0°C the  r e d u c t i o n  of  u ra n y l  s u l f a t e  
was g r a d u a l  d u r i n g  t h e  f i r a t  4 h r ,  and r e d u c t i o n  was  n e a r l y  100X c o m p l e t e  
d u r in g  t b e  n e x t  4 J>r. The t h i c k n e s a  l o s s  on u n t r e a t e d  347 s t a i n l e s s  s t e e l  in  
u rany l  s u l f a t e  a t  2S0eC was 0 1 o i l  a f t e r  24 hr .

Tbe o p e r a t i o n  o f  two t h e r m a l  t e s t  lo ops  i n  u r a a y l  s u l f a t e  a t  2 5 0 AC i s  
d e s c r i b e d .  One loop was p r e t r o a t e d  w i t h  IX n i t r i c  a e » d ,  t h e  o t h e r  l o o p  wae 
n o t  p r e t r o a t e d  b u t  t h e  u r a n y l  s u l f a t e  t e a t  s o l u t i o n  waa a a d e  IX in  a i t r i c  
ac id .  Both  runs  were c l a s s e d  a s  a u c c e a a f u l .

Tbe c o r r o s i o n  r e s i s t a n c e  o f  v a r i o u s  t y p e s  o f  t i t a n i u m  a e t a l  i n  u r a n y l  
s u l f a t e  a t  250*C rem ains  e x c e l l e n t  Z i r c o n i u a  m e t a l  c o n t a i n i n g  3 t o  SX t i n
has shown e x c e l l e n t  c o r r o s i o n  r e s i s t a n c e

24



Uranyl  n i t r a t e  c o r r o a i o n  a t u d i e a  a t  ISO C v a r a  s t a r t e d .  01 t he  Hater* 
i a l s  t a a t a d .  t i t a n i u a  and s i r c o n i u a  a h o a e d  s u p e r i o r  r e a i f t a n c e .  U r a n y l  
f l u o r i d e  t e s t a  a t  1S0°C ahoaed a o l a t i o a  r e d u c t i o n  a t  t h e  end  o f  168 h r  in u n 
t r e a t e d  s t a i n l e s s  s t e e l  bosibs.  T h e r e  a a a  no s o l u t i o n  r e d a c t i o n  ahen t h e  
boobs  a e r e  i n i t i a l l y  p r e t r a a t e d  in I S  n i t r i c  a c i d .  I l l i o a i  R e x h i b i t e d  t h e  
b e s t  c o r r o a i o n  r e s i s t a n c e  i n  an 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  
1S0°C c o n t a i n e d  i n  p r e t r e a t e d  b o a b s ;  t h e  c o r r o s i o n  r a t e  a a a  0 . 4  a i l / y e a r  
a f t e r  COO hr .

The c o r r o a i o n  r e s i s t a n c e  of  SAE 1030  c a r b o n  s t e a l ,  o f  a 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 ,  in d i s t i l l e d  a e t e r  c o n t a i n i n g  a a a 11 aaoun t s  o f  
hydrogen  p e r o x i d e  a e a  d e t e r m i n e d  a t  20 0 ° C .  G a l v a n i c  c o u p l e  t e s t a  e i t h  347 
s t a i n l e s s  s t e e l  a e r e  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  275  ppa  o f  t r i a o d i u a  
p h o s p h a t e  s e r v e d  a s  an e f f e c t i v e  c o r r o a i o n  i n h i b i t o r  e v e n  a i t h  h yd r og e n  
pe rox i de  i n i t i a l l y  p r e s e n t .

S ta tu s of Corroalaa T esting Kgalpaoat

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  use  a t  250®C have  been i a c r e a e e d  
to a t o t a l  o f  88.  P l a n s  a r e  in 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  20 t h e r a 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 a  o f  s t a i n l a a a  a t e e l s  s u i t a b l e  f o r  
u r any 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  a i l l  be f a b r i c a t e d  f r o a  a t a i a l e a a  a t e e l s ,  t i t a n i u a ,  aad 
t i r e o n i u a

Tae lve  nea  s t a i n l a a a  s t e e l  a u t o c l a v e s  f o r  s t a g n a a t  c o r r o s i o n  a t u d i e a  a t  
e l e v a t e d  t e a p e r a t u r e s  have been  r e c e i v e d  aad a i l l  b e  u a o d  t o  i n v e s t i g a t e  
u r a ny l  f l u o r i d e  a y s t e a 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  22S a l .

The s i x  s t a i n l e s s  s t e e l  t h e r a a l - c o n v e c t i o n  loops  p r e v i o u s l y  d e s c r ib e d '  1> 
have becoae  i n o p e r a t i v e  o a 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 a t e a .  
These  loops a c r e  d e s i g n e d  f o r  o p e r a t i o n  a t  250*C by a e a n a  o f  c a l r o d  h e a t i n g  
e l e a e n t s  m e t a l l i s e d  d i r e c t l y  on t o  one l o g  o f  t h e  loop.  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  frequen*.  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 s e d  h o t  a p o t e .  Nea t h e r a 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 a g  n i c h r o a e  
r i b b o n  as  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  20 o f  t h e s e  l o o p s  t o  
s t u d y  u rany 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  e y s t e a s  a t  e l e v a t e d

j|. L.'Knglish t t ^ m l . ^  ^OoTroaiom^^Ho^u^eittom^Hiactor ^r»p»r i»*»« f «rly Pregrvsi
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t e a p e r a t u r e s .  The lo o p *  w i l l  be c o n s t r u c t e d  o f  t y p o  309 n i o b i a o  s t a b i l i s e d  
s t a i n l o s s  s t e a l ,  type  347 s t a i a l a s s  s t e a l ,  t y p e  316 a s t r a - l o a  ca rbon  s t s i a l a s s  
s t e a l ,  t y p e  316 s i o b i a a  s t a b i l i s e d  s t a i n l e s s  s t e e l ,  C a r p e n t e r  20,  and t i t a a i u a .

S i s  a u t o c l a v e s ,  1500 a l  in  c a p a c i t y ,  a r e  b e i n g  d e s ig n e d  fo r  s e e  an b ig b  • 
t e a p e r a t u r e  n t u d i e s .  T h e s e  a n t e c l a v e s  w i l l  b e  equ ipped  with  s s n p l e  c e l l s  t o  
p e r a i t  s o l u t i o n  w i th d ra w a l  a t  o p e r a t i n g  t e a p e r n t n r s .  The d e s ig n  w i l l  be  such 
t h a t  i n t a r c h a n g s a b l e  l i n e r s  o f  v a r io u s  a a t e r i a l s  nay  be s u b s t i t u t e d .  T i t a a i u a  
end s i r c o n i u n  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  nanner .

The c o a p o n e a t  p a r t s  f o r  a 150 g e l  d y a e a i c  s y a t e a ,  34? s t a i n l e s s  s t e e l  
r o n e t m c t i o n ,  have b e a 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  w a f t  w i l l  
o p e r a t e  e i t k  u rany l  s u l f a t e  a t  100*C and v e l o c i t i e s  app roac h ing  25 f t / e e c .

The  C o r r o s io n  L a b o r a t o r y  i s  u a d e r g o i n g  a s p a a s i o n  to  i n e r a 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  expanded c a p a c i t y  w i l l  be 
100 n a i t a .

Car ran  tan S t a d i a s

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  'du r ing  s h e  p a s t  q u a r t e r  w i l l  be t r e a t e d  
u a d e r  t h e  f o l l o w i n g  h e a d i n g s :  ( 1 )  P r e t r e s t a a a t  F i l a 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  ThersMl Loop T e s t s , t (3 )  C o r r o s i o n  o f  T i t a a i u a .  , ( 4 )  C o r r o 
s i o n  o f  Z i r c o n i u n ,  ( 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 ra 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 io n  of  R e f l e c t o r  M a t e r i a l s .

1.  P r e t r s a t n e a t  F i l a a  an S t n l n l a a s  S t a s i s .  The use 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% by weight  of  e h r o a i u a  t r i o i i d e  (CrO, ) a t  250°C 
i a 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  oa s t a i a l a s s  s t e e l s  u sed  to  c o n t a i n  u r a n y l  
a n l f n t a  s o l n 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  th e s e  p r e t r e a t a a n t  f i l a s ,  
a s  d a t e r a i a e d  by s t a g n a n t  c o r r o s i o n  s t u d i e s ,  w ere  d e s c r i b e d  i n  t h e  l a s t  
q u a r t s :  ’.y p r o g r e s s  r e p o r t .  Roth  t y p e s  o f  f i l a s  a p p h a r  t o  b e  h y d r o u s  
o x i d e s .  In 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 a .  which  has  r e c e i v e d  t h e  a o s t  
s t n d y ,  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  due  t o  th e  f o r a a t i o n  o f  a 
b a l k  o x i d e  f i l a .  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  chea t  sorbed  exygaa  o r  w a te r  
o f  c r y s t a l l i f e t i o a ,  a a y  b e  an i n h e r e n t  c o a p o n e a t  o f  th e  o x i d e  f i l e  i n  t h e

(2) J. L Eaflinb and A. R. 01senL*‘P ile  S ta d .u  oa P tw treeted  S taia!ena StaeJ.** Komogtmtomt
Qe*r»#rly Pr*g'.* «  Swpe~* v 7 « - » * d  »g, 1951, CWL 990 p . 43 (Mir I I .
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over a l l  M c h n i n  o f  p a s s i v i t y .  T h is  assumption i s  b a a d  os ssvsral  r a t h e r  

conclus ive l a b o r a t o ry  studios  as fo l lo w s

a. P a s s i v i t y  was not c o n fe r r e d  oa s ta ia la s s  s t e e l  a e r e ly  by heat ing  
a u t o c l a v e  sur faces  i n  c i r c u l a t i n g  a i r  a t  2S0°C  fo r  per iods  o f  
2 4  h r  Suck p r e t r e a t a e a t  coaid r e s u l t  o n l y  i a  a th ic k e n in g  o f  
t h e  a o r u a l  ox ide  f i l a  on the s t a i a l e s s  s t e e l  l a  subsequent  
t a s t e  w i th  araayl  s u l f a t e  a t  2S0°C t h i s  ox id e  f i l a  alone was not  
s u f f i c i e n t  ta  p revent  r e d u c t io n  o f  the s u l f a t e  s o l a t i o a .  i . e ,  
t h e r e  were ao passive p r o p e r t i e s  present .

These  r e s u l t s  i n d i c a t e  t h a t  w i th  n i t r i c  a c i d  p r e t r e a t a e a t s  a t  
2S0°C  the presence o f  oxygen or n i t r i c  o x id e  f r o a  the t h e r a a l  
d e c o a p o s i t i o n  o f  the  n i t r i c  a c id  serves  n o t  o n ly  to  p r o a o te  
o x i d e  f i l e  f o r a s t i o a  on the  s t a i n l e s s  s t e e l  aur fsccs  but a ls o  
aay  becoae an e s s e n t i a l  p a r t  o f  the f i l a  aa adsorbed a to a ie  or  
sro lecular  oxygen

h. S t a i n l e s s  s te e l  speciaens p re t r e a te d  in e i t h e r  n i t r i c  or chroaic  
a c i d s  a t  250*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 a p a r t e d  by these  
t r e a t a e n t s  i f  the s p e c ia e n s  were a l lowed t o  r e a a i a  exposed to  
a i r  a t  rooa t e a p e r a t u r e s  f o r  per iods  e x c e e d in g  3 days. These  
s p e c i a e n s  when l a t e r  s u b j e c t e d  to u r a n y l  s u l f a t e  a t  2S0*C  
caused reduct ion  o f  th e  s u l f a t e  s o l u t i o n .  Suck behavior«wouId  
i n d i c a t e  t h a t  i n i t i a l  f i l a  f o r a s t i o a  a t  2 S 0 VC was o c c u r r i n g  
u n d e r  a e t a s t a b l e  c o n d i t i o n s .  Extended exposure  to a i r  a t  rooa  
te m p e ra tu re  caused a r e v e r s i o n  to the n o r a a l  ox ide  f i l a  w i th  a 
l o s s  o f  sons c o n s t i t u e n t ,  such as w ater  o f  c r y s t a l l i s a t i o n  or  
p o s s i b l y  adsorbed oxygen f r o a  the f i l a  I f ,  a f t e r  p r e t r e a t a e n t  
th e  speciaens were a l l o w e d  to  stand in w a t e r  o r  uranyl  s u l f a t e  
a t  rooa  te a p era tu re  f o r  p e r io d s  exceeding 3 days there  was no 
r e s u l t a n t  loss of  p a s s i v i t y  dur ing subsequent exposure in uranyl  
a u l f a t e  a t  2S0',C 

•
The two phenoaena descr ibed i n  ( a )  and (b )  a re  considered  s i g n i f i c a n t  as 

a f f o r d in g  a aeans to study aora  c l o s a l y  the general  aee h a n iaa  o f  p r e t r e a t a e a t  
f i l a a  F u t u r e  s t u d i e s  w i l l  be c o n c e n t r a t e d  on t h e a a  two phases w i t h  t h e  

u l t i a a t e  o b j e c t i v e  o f  d e t e r a i n i a g  whether or not t h e  p a s s i v i t y  on s t a i n l e s s  

s te e ls  a f t e r  p r e t r e e t a e a t  i s  a r e s u l t  o f  bulk oxide f o r a a t i o n  alone or whether  

other c o n s t i t u e n t s ,  oxygen -tnd/or water  o f  c r y s t a l l i s a t i o n  i s  c o n t r i b u t i n g  t a  

the o v e r - a l l  aeehaniaa  o f  p a s s i v i t y .

S u f f i c i e n t  data have been c o l l e c t e d  on the s ta g n an t  corrosion behav ior  o f  

p re t re a te d  s t a i n l e s s  s te e ls  in  u r a n y l  s u l f a t e  a t  2S0°C to  conclude tha t :

a .  I f  the  p r o t e c t i v e  f i l a .  ob ta ined  by n i t r i c  o r  chroaic  acid pro 
t r e a t a e n t s .  i s  p r o p e r l y  fo ra e d  on s t a i n l e s s  s t e a l  s u r f a c e s ,  
t h e r e  i s  no aeasurab le  lo s s  in  the u ra n iu a  c o n t e n t  o f  s 0 17 M 
u r a n y l  s u l f a t e  s o lu t io n  (ana lyses  are based on i n i t i a l  and f i n a l  
v a lu e s  over exposure p e r io d s  o f  1 week).
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b. C o r r o s i o n  a t t a c k  os v a r i o u s  t y p o s  o f  p r e t r e a t e d  s t s i n l o s s  s t o o l s  
i s  a l s a s t  n e g l i g i b l e  (<1 a i l / y e a r )  okas c o n d i t i o n  (o )  p r e v a i l s .

For t k s s o  r e a s o n s  e a p h e s i s  s i l l  bo p l a c e d  a p s a  a s t u d y  o f  t k e  p r e t r e a t u e a t  
n o c k a a i s o  r a t h e r  th a n  a c o a t i n a a t i o a  o f  p u r e l y  r e s t i a e  e o r r o a i o a  s t a d i a s .  Hie 
fo l  l o s i n g  i n v e s t i g a t i o n s  s i l l  be undo  d a r i n g  tke  f e r t b e o a i a g  work p e r iod !

e.  Tbe e f f e c t  o f  t e a p e r s t a r e  on tko  a a t a r e  and p r o p e r t i e s  o f  a i t r i c  
a c i d  and  c k r o a i c  a c i d  p r o t r o a t o e n t  f i l a s  T e m p e r a t u r e s  o f  ISO,
200,  and  2S0#C s i l l  be s t a d i o d .

6. Tke e f f e c t  o f  a e t a l  s u r f a c e  c o n d i t i o n  on tk e  c h a r a c t e r i s t i c s  o f  
p r e t r o a t a s a t  f i l a 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 e d e d  f i a i s k o s  sad  c h e m i c a l l y  s t e k e d  s u r f a c e s .  T e a p e r s t a r e  
v a r i a t i o a s  s i l l  he i n c lu d e d  a l s o

e.  The e f f e c t  o f  i n c r e a s i n g  c o a c e a t r a t i o a s  o f  n i t r i c  sad  c k r o a i c  
a c i d s  s a d  o t h e r  o x i d a n t s  on  t k e  s t a b i l i t y  o f  t h o s o  f i l a s  i a  
u r a a y l  s u l f a t e  s o l u t i o n s  a t  2S0*C.

These i n v e s t i g a t i o n s  s i l l  he s a p p l e a e a 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  sad  
c h a a i c a l  a n a l y s o s  o f  p r s t r e a t a e n t  f i l a s  s t r i p p e d  f r o a  t h e  a m t a l  a a r f a c e a .

l a v e a t i g a t i o a s  c o a p l e t e d  d a r i n g  t h e  p a s t  q u a r t e r  c o a c e r a e d  s i t k  p r e t r e a t *  
s e n t  f i l a s  a r e  d i s c u s s e d  in Ike f e l  l o v i n g  p a ra g ra p h s .  In  a a n y  c a s e s ,  c o a p l e t e  
a a a l y t i c s l  r e s u l t s  s e r e  n o t  a v a i l a b l e  due t o  t k e  t i o e  d e l a y  i a  p r o c e s s i n g  
s s a p l a s .  I a  t h e  i a t e r i a  t k e  c r i t e r i a  eap loyed  f o r  j u d g i n g  s k e t h e r  o r  n o t  a 
s p e c i f i c  e e r r o a i o n  t e s t  s a s  p e r f o r m i n g  s a t i s f a c t o r i l y  v a r a  ( a )  v i s u a l  
o b s e r v a t i o n  o f  t h e  t e s t  s o l u t i o n ,  ( b )  a e a s u r e a e n t  o f  s o l u t i o n  pH end ( c )  phya 
i c e l  a p p e a ra n c e  sad  w eigh t  v a r i a t i o a s  o f  th e  c o r r o s i o n  t e s t  s p e c i a e n  P r o p e r  
e v a l u a t i o n  o f  t h o 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 a  v a l i d  i n t e r p r e t s  
t i o a  o f  a c o r r o s i o n  t e s t  as  v e r i f i e d  l a t e r  by tke r e s u l t s  o f  c k e a i c a l  a a a l y s e s  
oa the t e s t  s o l u t i o n s .

i f f t t t  o f  S u r f o c o  C o n d i t i o n  v s .  f s p e t u r s  Ttae on N i t r i c  A c id  f i l m  For mo
t i o n  e l  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 s  a c i d — formed f i l a s  oa ty p e  
347 s t a i n l e s s  s t e e l  s p e u i a e a a  v a r i e d  f r o u  s p e c i a e n  t o  s p ec i s M n  Moat o f  t k e  
s a a p l e s  c o n t i n u e d  to  r e a a i n  h i g h l y  l u s t r o u s  o i t k  b r i l l i a n t  i n t e r f e r e n c e  t i a t s  
a f t e r  24 h r  i a  1 |  by w e i g h t  o f  70% HN0, a t  250*C H o w e v e r  t k e  s a a p l e s  
f r e q u e n t l y  akowod d u l l - b l a c k  c a s t i n g s  which were s t i l l  e s t r e a e l y  s d k e r e n t  b u t  
auck  t h i c k e r  t h a n  t h o s e  which n o r m a l l y  a p p e a r e d  on t h e  t r e a t e d  s p e c im e n s
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T h e '*  b lack  c o lo re d  ( p t c i M M  e x h i b i t e d  t h a  i a a e  a x e a l l e a t  d e g r e e  o f  p a s s i v i t y  
i a  a r a a y l  s a l  f a t s  a s  t h a  a a a p le s  hav ing  t h i s  l a a t r o a s  f i l a a .  I t  v a s  s u sp e c ted  
t h a t  p e r haps tha  p r e v i o a s  t a a t  h i s t o r y  o f  t h e  s t a i n l e s s  a t o o l  a a t o c l a v a a  ( a r  
b o a b s )  a a s  a c c o a a t i a g  f o r  th a  d i f f e r e n c e s  i a  a p p e a r a n c e  Many o f  t h e  p ra  
t r o a t a o a t a  s o r t  run i a  t o s t  a a t o c l a v a a  t h a t  had baaa pro  t r e e  t a d  a a a y  t i n e s  
had  bean s u b j e c t e d  t o  a r a a y l  s u l f a t e  e x p o s a r a s  w i th  and w i t h o u t  s o l u t i o n  ra 
d u e t i o n  and had baoa  c h e m i c a l l y  e t c h e d  t o  ro a o v a  a d h e r i n g  n r a a i u a  o x id e s  sad 
c o r r o s i o n  p r o d u c t s .

To d e t e r a i a e  e x a c t l y  i f  t h e  p r e v i o a s  a u t o c l a v e  t e s t  h i s t o r y  vaa  i a f l u  
s e e i n g  th e  a p p e a r a n c e  o f  th e  n i t r i c  a c i d  p r e t r o a t a e a t  four  o l d  and fou r  new 
a u t o c l a v e s  wore p r e p a r e d  fo r  t e s t  The o l d  boab i  a a l a c t a d  had b o a a  i a  opera 
t i o n  fo r  9 a o n t h s  d a r i n g  the  a r a a y l  s a l f a t e s c e r r o s i o n  t a s t i n g  p r o g r a a  Those 
boabs  were f i r s t  c l o a a o d  ia  a WO, Ht 0 ,  a i x t a r a  to  d i s s o l v e  say  n r a a i u a  ax id es .  
washed  and sc rubbed  i a  d i s t i l l e d  w a ta r  e t c h e d  10 a i n  in 10ft W O ,  4* HF 1ft 
HC1 (by v o lu a e )  a t  60*C and washed and s c r u b b e d  th o ro u g h ly  i n  h o t  d i s t i l l e d  
w a t a r  The new boabs had a o t  been used p r e v i o u s l y  fo r  s u l f a t e  t e s t i n g

The aaw and o ld  b o a b s  w i th  type  347 s t a i n l e s s  s t e a l  s a a p l a a  wore t r e a t e d  
w i t h  1ft WO, a t  2S0*C f o r  p e r i o d s  o f  1 4, 8 sad  24 hr  The e o l a t i o n s  ware
a n a l y s e d  for  i r o a  n i c k e l  and c h ro a i u a  a t  t h a  end o f  each run Comple te  d a t a
a r e  l i s t e d  i a  T a b l e s  1 and 2 The ty p e  347 s t a i a l e a s  s t e e l  a p o c i a o n a  ware 
p r e p a r e d  i a  th e  aaae  a a a a a r  f o r  a l l  t e a 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  fo l lowed  by d e g r e a s i n g  ia  ac e to n e  and a l c o h o l .

An a x a a i a a t i o a  a f  t h e  chemical  a a a l y a e s  allowed’ t h a t

a The d i s s o l v e d  i r o n  c o n c a a t r a t i o a  i a  b a t h  now sad o ld  b a a ^ a  lav  
s l e d  o f f  a t  1 p p a  a f t e r  1 h r  a t  2 S 0*C .  T h i s  i s  n o t  a  t r a a  
Measure o f  t h e  d i s s o l u t i o n  r a t a  o f  i r o n  s i a c o  i t  has boaa  a 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 a  s o l u t i o n  aa  a  F e t O( . The
s n a i l  q u a n t i t i e s  o f  brawn p r e c i p i t a t e  o b s e rv e d  in  f i v e  a f  t h e
f i n a l  t a a t  s o l u t i o n s  were i r o n  o x i d e a

k 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 a  c o a c e a t r a t i o a  f r o a  
32 t o  8 ppa  i n  t h e  o ld  b c a b s  w h i l e  i a  t h e  aew b o a b s  i t  i n 
c r e a s e d  s t e a d i l y  f r o a  S9 t o  97 p p a  C ~ r o a i a a  on t h a  o t h e r  
hand e x h i b i t e d  a tendency  to  i n c r e a s e  in  c o n c e n t r a t i o n  i a  t h a  
o l d  b o a b s  a n d ,  w i t h  one e x c e p t i o n  r e a a i n e d  low and  f a i r l y
c o n s t a n t  in  c o n c a a t r a t i e a  d a r i n g  t h a  24 h r  i a  t h e  aew b o a b a  
Thus i t  a p p e a r s  t h a t  on o ld  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  c h r o a i u a  in  p r e f e r e n c e  t o  a i c k e l  over  an a x t a a d a d  p e r i o d  
o f  t i n e  w h i l e  on n e w ly  a a c h i n e d  s u r f a c e s  t h e  . i t a a t i o n  i s  
r e v e r s e d ,  i . e .  a i c k e l  unde rgoes  s e l e c t i v e  a t t a c k  i a  p r a f a r e a c e  
t o  c h r o a i u a
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A n In I 4u Im « i  * f  N i t r i c  *«il-frttr*clCHt S c i a t i c a s

FINAL
DISSOLVED IONS (ppa)

s s
EXPOSURE . ■ m * .

* INCH NICKEL CHROMIUM

014 1 1 .1 3 i t s 4 32 T
0 1 4 A 1 13 • 0 .7 3 1 11 30
014 • 1 . IS 1 1 1 1 I t •
014 14 1 .1 1 0 .3 4 1 1 33

1 1 .1 3 i t s 3 S t 4
4 1 IS 0 .3 3 41 <1

Nm • 1 13 i n 1 40 l o t

N . .
14 1 IS m <1 tT •

a

TAILS I

Carroa lca  N l a v l t r  c f  T)pc 111 I t a l a l t a a  
S t e e l  I s  I f  N i t r i c  Ac IS a t  I M * C

t8 5
EXPOMftt. VEICMT CHANGE 

(■*/«•») SOLUTION CONDITION SAMPLE APPEARANCE

014 1 0 137 S lie r klaefc.fcreve otreeka
014 4 • 0 .0 3 0 Rale re tire , e l ifk t  Waaa 

preeip ita to
Dali arar-kleck l i lv

014 • • 0 .0 1 1 Dele re llee . ee p reeip itake Dell Brer*tleck filaa
014

Nea
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p recip rte te
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p rec ip ita te

Skier klack-kreve celer 

Leetroee pel4ee pack celer

Hmm 4 *0 00 4 Deter r l ) U  cligk l trove 
p recip ita te

Lao tree* p ek ie te rfe ree ce
taet

R e t • • ♦ t o n Deter efcile e l t |k t  Slack
p rec ip ita te

Lae trees grace paek ce le r

34 • 0 .0 3 4 Deter vkite. ee preeapatete Leetreee klack celer
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A l th o u g h  t h e  t o s t  spec iaeas  v o r o  p re pa re d  i n i t i a l l y  i n  the  u s e  M a n n e r  

t h e i r  r e s o l t i n g  appearances  as removed f r o a  ha th  types  o f  bombs ae ro  Markedly  

d i f f e r e n t  S p a c ia a n s  reaoved f r o a  t h e  new boaba ae ro  l u s t r o u s  a i t h  M i l i t a n t  

c o l o r s  due t o  i a t a r f a r a n c s  p a t t a r a a .  Ths s p a c i a a n s  r e a o v e d  f r a a  t h e  o l d  

boaba a e ra  b l a c k  i n  c o l o r  and.  i a  t a o  cases ,  they  a e r o  d u l l  t n  appearance .  

These s s a p la s  have  bean s u b a 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 o s  i n  o r d e r  t o  

d i s c e r n  nay d i f f a r e n c a a  i n  t b a  s t r u c t u r e  o f  t b a  f i l e s  The  y a l l a a  c o l o r  

a ppea r ing  in  t h e  a i t r i c  a c id  s a l n t i o a a  i a  the  e ld  boabs a f t e r  4, 8 and 24 h r  

ana n t t n b u t a d  t o  t h e  o a i d a t i o a  o f  M e t a l l i c  c h r o a i n a  t o  e k r o a i u a ( V I )  by the  

a i t r i c  a c id .

E f f e c t  o f  C o n t i n u o u s  Long-Time E u p o tu r e  on h i m  and S o l u t i o n  S t a b i l i t y  a t  

250aC A g roup  o f  t e s t s  ana run a i t b  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 t  2S0°C 

c o n t a i n e d  i a  n i t r i c  a c i d  — p r o t r a a t a d  s t a i n l e s s  s t e a l  bombs a h i c k  r e a s i n e d  
c l o s e r  f o r  p e r i o d s  o f  1 t e  4 seeks .  Tba o b j e c t  o f  these  t e a t s  aaa t o  c o n f i r a  

the  n e c e s s i t y  f o r  oaygan t o  r e p a i r  sad  a s i a t a i a  the  p a a a i v a  f i l a .  The t e a t  

boaba a c re  c h e a i c a l l y  c leaned  and p r e t r e a t e d  f o r  24 h r  i n  I X  HNO, a t  2509C. 

Type 347 s t a i n l e s s  s t e e l  s sap las  a e r o  t r e a t e d  ia  s i a i l e r  f a a b i o a .  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 aap les  a c re  p l a c e d  i a  t h e  boabs and b e s te d  to  250°C 

One boab f r o a  t h e  o r i g i n a l  group o f  s i s  ass reaoved a e e k ly  so t h a t  c o n t in u o u s  

e x po s u re  ass  o b t a i n e d  o v e r  s p e r i o d  o f  1 to  6 seeks  The d a t e  f r o a  th e s e  

t e s t s  appear i a  T a b l e  } . *

TABLE t

E f f e c t  e f  Cootiaeous Essosare  os E l l s  S t a b i l i t y  
Is  Ur ear l  M l  f a t e  s t  IS# C

I n i t i a l  u r a a i u a .  38 7 g / l i t e r

Exposure
(seeks)

INITIAL
pH

PIN4L
pH

FINAL URANIUM
( • / l i t e r )

SAMPLE WEIGHT 
CHANGE (.«/<•-•*) APPEARANCE

1 * 4 8*4 >9 S 0.90 Dull blech f i l a
f 1 4 X I M i 0 12 Shiny blue-bleak f i le
1 1 4 1 1 I t  4 ♦ I I S Urauieu aside seals
4 2 4 I I 19. T ♦0 01 Lestrees red breee f ilu
1 1 4 1 4 40 S •0 04 Shiny blech f i ls
4 2 4 2 1 Net available * •  01 nail blach f i l a
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A d ec rea se  i a  t o t a l  u ran ium  c o n t e n t  to o  found as th e  e x p o s u re  t i a o  i n 

creased  to  3 e e o k s .  The aaap lo  removed a t  tb s  end o f  the  3 week t o s t  e x h ib i t e d  
a w e ig h t  g a in  due  t o  t k a  a c c u m u la t io n  o f  u ra n iu m  o x id a s  on t h e  a u r fa e a a .  A 

ro d u c t io a  o f  2 6 *  i a  t o t a l  u ra n iu a  o c c u r r e d  d u r in g  t k i a  run  and tk a  s o lu t i o n  pH 

d ro pp e d  f r e e  2 . 4  t o  1 .3 .  C hem ica l a n a ly s e s  f o r  th e  f o u r t h -  aad f i f t h - m e e k  
t e a t s  shooed no r e d u c t i o n  ia  t o t a l  u r a a i u n  c e a te a t  f r o a  t h e  o r i g i a a l  v a lu e .  

T k ia  pheaeaeaon aes a o t  expected  a f t e r  t k a  b e h a v io r  d u r in g  t h e  f i r s t  3 seeks. 

Ohio p o s s ib le  e x p la n a t i o n  f o r  the  f a i l u r e  o f  the  s o lu t i o n s  t o  unde rgo  ro d u c t io a  

any l i e  i a  th e  p r e v i o u s  t e s t  b i s t o r y  o f  th e  boabs used ia  th o s e  t e s t a .  Tka 

boaba bad been s u b je c t e d  to  auaerous p r e t r e a t a e a t a . s o l u t i o n  r e d u c t io n s ,  and 

r o u t in e  t e s t s  in  u r a n y l  s u l f a t e  U  2S0*C V a r ia t i o n s  in  s u r f a c e  c o n d i t io n  nay 

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

A d d i t i o a s l  t e s t s  t e  i a v e s t i g s t e  t h e  oxygea o f f s e t  on f i l a  s t a b i l i t y  m i l l  

he run a t  2S0°C i a  u r a a y l  s u l f a t e  s o l u t i o n s .  These m i l l  i a c l u d e .

e. C o n t in u o u s  exposu re  o f  1 t o  4 se eks  ia  aemly a a c k in e d  s ta ia le a a  
s te e l  boadis which mere p r e t r e a t e d  f o r  24 h r  ia  1% HNO, a t  2S0*C.

6. C o n t in u o u s  exposures o f  1 t o  A seeks  ia  u n t re a te d  a e m ly  aack ined  
a t a in lo s a  s t e e l  boabs The u r a n y l  s u l f a t e  s o lu t i o n  m i l l  c o n ta in  
1 *  HNO,.

e. Aa i n v e s t i g a t i o n  to  s tu d y  tb s  e f f e c t s  o f  c o u p le ts  oxygen  d eae ra 
t i o n  aad v a r i o u s  p a r t i a l  p r e a a u r a s  o f  oxygon on n i t r i c  a c i d —' 
p r e t r e a t o d  a u r fa c e s .

Urany l  S u l / e t c  S o lu t io n  S t a b i l i t y  a t  ?50°C aa a F u n c t io n  o f  f t p o t n r t  Tima 

i n  tin t r am tad S t a i n l a a a  S t a a l  Syatama.  C o r r o a io a  t e s t a  m era  ru n  i n  typo  347 

a t a i a l a s s  s t e e l  b o a b s  u s in g  0 .1 7  U u r a a y l  s u l f a t e  s o l u t i o n .  The boabs 

p r e v io u s ly  used f o r  o th e r  t e s t s ,  mere c le a n e d  a t  room te m p e r a tu r e  f a r  4 t o  6 

h r  i s  2 0 *  h y d r o c h l o r i c  a c id  c o n t a in in g  O S *  Rodino No. 60 ( a  h ig h  m o le c u la r  

m a ig k t  coap lex  o r g a n ic  coapoand used as aa i n h i b i t o r ) .  A f t e r  th o ro u gh  uaah iag  

i a  d i s t i l l e d  m a te r ,  th e  boabs mere f u r t h e r  c leaned  by e x p o s u re  f o r  1 h r  ia  10* 

HNO, a t  130 t o  1 4 0 * C  A f i n a l  s c r u b b i n g  aad r i n s i n g  i n  d i s t i l l e d  m a te r  

f o l lo m e d .  Type 347 s t a i a l e a a  s t e a l  t e s t  s p e c ia e a s ,  3. IS  c a  i a  d i s a e t s r  aad 
0. S ca i a  t h i c k n e s s ,  mere p o l is h e d  on Non. 80 aad 120 p a p e r  aad degreased ia  

ace toaa  aad a l c o h o l .  These specimens m ere  te s te d  i s  a c o ld  r o l l e d  c o n d i t io n  

*he  vo luae  o f  s o l u t i o n  used in  each b oa b  mas ISO a l .  Sam ples mere suspended
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i n  t h e  a o l u t i o n  by m a a  o f  q u a r t s  hooka.  Tha t o t a l  i a t a r a a l  a a r f a c a  araa  o f  

t h e  t e a t  boab,  i n c l u d i n g  t h e  a a a p la ,  was 33S e a * .  Tha s o l u t i o a - v w l u a e  t o  

a a r f a c e —area  r a t i o  ( a l  c a *  ) ,  t h a r a f o r a  «aa 1 2 2

The oven uaad f o r  h e a t i n g  th e  a a a a a b l e d  t e a t  boaba oaa p r e h e a t e d  t o  

230cC. S ix  boaba ee re  we ighed  and p laced  i a  t h e  ovea and 1 h r  vaa a l l o w e d  f o r  

t h e  boaba t o  reach  t h i a  t e a p e r a t a r o .  The boaba  wera  than r e a o v e d ,  oaa a t  a 

t i a e  a t  i n t e r v a l e  o f  I .  2 4,  8. 16. and 24  h r .  The a o l a t i o a a  w e re  reaoved 

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 a ic a l  a n a ly e e a  o f  the f i l t r a t a a  and r e a id u e a .  

S o l u t i o n  pH d e t e r a i n a t i o a e  were  aade i a a e d i a t e l y  a f t e r  the  boaba we re  d i e *  

m a n t l e d ,  The t e a t  a p e c ia e a a  were d r i e d  and w e ig he d  d e f i l u e d  f o r  23  win  a t  

b o i l i n g  t e a p a r a t u r e  i a  20% HNOj,  and r a w e i g h e d  t o  d e t e r a i n e  t h e  a a o u n t  o f  

u r a n i u a  o x id e s  a d h e r i n g  t o  the  a a r fa c e a .  R e a idu e a  were a u b a i t t e d  f o r  o p t i c a l  

e x a a i a a t i o n  the f i l t r a t e a  were ana lysed  f o r  t o t a l  u ra n iu a  and u r a a i u a ( I V ) .
a

The r e a u l t a  o f  s o l u t i o n  ana lyses ,  the  c o n d i t i o n  o f  t e a t  s a a p le e  and aolu  

'  t i o a a  th e  c o r r o s i o n  d a t a ,  and the aaount  o f  u r a a i u a  reaoved f r o a  t h e  aaap les 

by t h e  HNOj d e f i l a i a g  t r e a t m e n t ,  appear in  T a b l e a  4A E

TA8LC «A

C h e a ic a l  Analyses of T o s t  g e la t io n s

I n i t i a l  u r a a i u a :  40 S g / l i t e r
I n i t i a l  u r a n i u a ( I V ) ;  3 6 - 0  ppa
I n i t i a l  pH ; 2 - 4

i l «  AT 
2S0*C (hr )

\
FINAL URANIUM 

( ■ / l i t a i i

r
FINAL UltANIUM(lV) 

<PP«'
FINAL

pH

1 St. 4 44 5 I t

S 3 4 9 174.2 1 9

« 3 4 .S 7S.4 1 7

• 0 * 4 179. 9 1 .9

I t •  44 375.4 1 4

24 0 »4 194.4 2 4
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TABU «B

C«b4 1 I 1 m  s f  T e s t Spec ft

TIME AT 
XS4TC ( h r ) SAMPLE APPEARANCE

1 H i | k ly  la a t r a a s .  u a i fa r a  galAaa yftah ia ta r fa r e a c a  t i a t a

• 1 H ig h ly  la a t r o a a  y a l la a  h ia a  graaa  ia ta r f a r e a c a  p a tta ra a

4 B r i l l i a a t  y a l la a  ra ft a i t h  tra c a a  a f  g ra a a  ia ta r fa re a c a  e a la ra

1 D a li h la a k  f i l e  I r r e g u la r  a c a la  f e r a a t ia e

14 D a li g ra a a  h la a k  f i l a  a a a ly  y re d a c t  a a c a a a la tta a

*4 D a li g raaa  h la a k  f i l a  aaa la  a ceaaa l a t i« a a

TABU 4C

C M f t i t l N  s f  Test S o ls t lo a a

•S'? fl.i SOLUTION APPEARANCE

1 Pala y a lla a  c a la r  aa44y hraaa ce le re d  raaidaa

X Pala y a lla a  a a la r Baddy hraaa ce le re d  raaidaa

4 Pala y a lla a  e a la r aaddy hraaa u d  h laeh celarad raaidaa

• L ig h t graaa e a la r, haary hlaeh raa idaa

14 L ig h t graaa e a la r, haary hlaeh raa idaa

X4 L ig h t graaa e a la r , haary hlaeh raa idaa
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TABLE 4V

C o rraa iaa  M U  fa r  Typa M l  S ta la la a a  B taa l B paclaaaa

•EIGHT CHANGE 
AFTER HEATING

•EIGHT CHANGE 
AFTER HEATING 
AND DEFILMINC

DEFILMED WTAL 
TH IdCNF.SS LOSS 

(»»!♦)T IP  AT 
2S0*C (kr) (a«) (■*/*■*> (•«) (ac/da*)

1 ♦4 1 ♦ 14 2 ♦ I I ♦ 24 1

S ♦1.1 ♦ 10.9 ♦S4 ♦14.1

4 ♦ l . t ♦ 141 ♦4.2 ♦14 4

• ♦ IS 4 ♦•1.4 -S I .4 •144 9 •  942

14 ♦111.• ♦ UST.9 14 4 1T94 4 04T

24 ♦ 1ST ♦290.1 •14.9 • t i l l •  099

TABU 4B

T a ta l U raataa  B acavaraB f r a a  Taat

T i p  AT 
1S0*C  < k r)

TOTAL URANIUM 
RECOVERED (a g >

1 1 . 2

2 S .4

4 » . t

• 2 4 .4

14 140  0

2 4 4 2 . 4

r..
i  •

• • aa



Reduction o f t o t a l  a raa iaa  con ten t proceeded s te a d i ly  d a r in g  the f i r s t  
4 hr of te s t;  du rin g  the 4 - to 4—hr exposure period nearly  c o a p le to  reduction  
• f  arsaiaa froa the o r ig in a l  aranyl s a l f a t a  so la t io a  took p laea . The solutioa  
pH dropped ekrap tly  d a r ia f  the f i r s t  hoer fro a  2 4 to 1 2 ;  th is  ess the loeest 
pH recorded during the s a t i re  test s e r ie s . .  The pH resa lts  were e r r s t ic  sod so 
d i r e s t  c e r r s ls t ie a  between te ts l  a ra a ia a  eoa tea t sad pH aas es tab lish ed  The 
a rs a ia a ( IV )  re s a lts  were less e r r a t ic  and showed o d a f ia i t s  in c rease  froa the 
i n i t i a l  coataat o f S6 to 375 ppa d a r ia f  the f i r s t  16 hr of t e s t ;  s doeresss to  
199 ppa oceerrod d a r in g  the la s t  8 hr o f  oaposare Iro n , n ic k e l ,  and chroaiaa 
c e a te s ts  wore sot d e te ra ia e d  oa the f i l t r a t e s  and cannot he re p o rte d . The 
res idaes, as i d s a t i f i e d  in prsvioas t e s t a ,  aadoehtedly con s is ted  of n in teres  
o f  UOj , Ua0 a , sad a FeaOa .

The rodactioa o f  araa iaa  froa u ra a y l  s a l f a ta  is  probably accoapaaied by 
tbs fo raa t io a  of s a e l l  saoants of fre e  s a l f a r i c  ac id . The s a l f a r i c  aeid in 
t a r n ,  secs lo ra tes  co rro s io n  a t ta c k  on th e  s ta ia lo s s  s te e l  a u to c la v e  w a l ls ,  
wbieh ro s a l ts  in  the  apposrsnes o f  i r o n ,  n ic k e l  sad c h r o a ia a  ions in  the 
e rs a y l  s a l fa ta  s o la t io a  Tho iro n ,  and p o s s ib ly  chroa iaa , fe rn s  in so lu b le  
ceapoaads which p r e c i p i t a t a  w ith  the a r a a ia a  oxides, f i r i n g  aors s a l f a r i c  
a c id .

Varia t ions in  pH re s a lts  any w e ll  be accounted for by the coaplox series  
o f  chsa ics l r e s e t io a s  which takas p lace  w h ile  a aranyl s a l f a t a  s o la t io a  is  
aadorgoiaf rodactioa. These reactions cea ld  in v o lv e

Progressive redaction of U0a904 to  U0a ( intermediate prodact aay 
be aranyl s a l f a t a ,  UaQa has bean d e f in i t e ly  found).

Foraatioa o f  a a a l l  saoants o f  f r e e  s a l f a r ic  acid by th e  araay l  
s a lfa ta  ro d ac tio a  process.

i
c. Reaction o f  the s a l f a r ic  acid  w ith  iro n ,  a ic k o l ,  c h ro a ia a ,  and 

other c o a s t i ta o a ts  of the s ta in le s s  s tee l  tes t  boaba.

Tbs te s t  epeciaeas showed b r i l l i a n t  in te r fe re n c e  t in t s  d a r in g  the f i r s t  
4 hr s f  oxposars. Tho appearance of red  aad groan t in t s  oa the  ssaples ex 
posed t  sad 4 hr ia d ic a to s  socoad and t h i r d  ia te rfe ran co  p a t te r n s ,  which, in 
tarn, indicate in creas in g  f i l a  thickness as a function of t in e  aad teaperature. 
Tbs spociaeas expoaed 8, 16 and 24 hr wore coated w ith  a g re e n is h -b la c k
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• cal*. After d«(ilai>|, low-power optical exaaiaation disclosed slightly 
•tekad aarfacaa with signs of localised attack.

A* apparent redaction in total araninn content aaa evident froa tke con
dition of tke aalfate aolationa during tke firat 4 hr. Althoagk tke filtrate* 
frea tkeae aolationa were characteristically yellow in color, feir eaoanta of 
brownish-black raaidaaa were collected which contained precipitated araniaa 
and iron oxides. Tke solatiena exposed C, 14* and t4 hr were light green in 
color, showing tha presence of soluble nickel, aranian(IV), and/or ckroaian. 
Balky, black-colored residues were also present in abundant quantities.

No significant corrosion attack aaa observed on the type 347 stainless 
steel teat apecioana daring tke firat 4 hr at 250*C. There did net appear, by 
visible exanination, to be any adhering deposits of araniaa oxide* on the 
aetnl aarfacaa. Weight gains on these specie*** averaged 2*1 ng on a aarface 
area of 19.2 en*. Saaplee exposed I, 14, end 24 hr showed neck heavier weight 
gains, 218,0 ng being tb* greatest. All apeeiaoaa were defilaed in bailing 
20% HNO for 2S ain to reaeve araniaa oxide scale. Tha aaaplea exposed 1, 2,* I*and 4 hr exhibited a greater than "ea reaoved" weight increase even though 
•aall quantities of araniaa were found ia tb* analysis of tbe defilaing 
aolationa. The corrosion effect of the defilaing traataeat on saexpeaed teat 
•peciaMna was deterained previously to be negligible. The increase in weight 
on tke exposed species** by tke dafilaing operation indicates that et tke sane 
tiae dissolution of araniaa oxidaa was occurring a reaction-produced pick-ap 
froa tbe HNO, was causing an increase in weight of the saaplee. The laat 
three apeeiaoaa, exposed I, 14, and 24 hr, showed aigaq of corrosion attack. 
The aetal thickness loss, for tka actual tiae ef exposure, was 0.043 ail for 
8 kr and 0.099 ail for 24 hr. These values represent a aaifora type of cor
rosion attack. No pitting corrosion attack was evident.

Tka aaoant of total araniaa reaoved ia tke HNOt-dafilaing aolationa 
shoes fairly good agreeaent with tka weight increase originally deterained on 
the teat speciaens "as reaoved" froa tka vraayl aalfate aolationa.

Under tka teat conditions aaad, tke following conclasieas were reached:
a. In untreated type 347 stateless steel ayataas at 250#C, total 

araniaa redaction ia gradual bat steady dariag tb* first 4 hr 
(15.3* reduction). Between 4 and 8 kr exposers total araaiaa 
reduction froa tbe nranyl aalfate was nearly 100% coaplete.
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•6. No d e f i n i t e  c o r r e l a t i o n  o f  a r a a ia n ( IV )  and s o l u t i o n  pH t i  t o t a l  
a r t a i e e  c o a ta a t  oaa o b t a i n e d / a l t h o u g h ,  ia  g e n e r a l ,  u r s n ie n ( IV )  
c o n t e n t s  ia c re ae e d  w i t h  d e c r e a a ia g  t o t a l  v r a e i e i  c o a c e n t r a t io n  
d a r i n g  the  f i r a t  16 h r  o f  t e a t

•

c. Type, 347 a t a i a l a a s  s t o o l ,  a f t e r  c h o n ie a l  d a f l i n i n g ,  showed e 
a l i g h t  w e ig h t  in c re a s e  d a r i n g  tha  f i r s t  4 h r ;  a d e f i n i t e  w e ig h t

• d e c re a s e  was foaad oa a a n p ie s  exposed 4 to  24 h r  a f t e r  d e f i l n i n g  
The n a t a l  th ic k n e s s  le a s  d i d  a n t  exceed 0 .1  n i l  i n  those cases.

t

t .  S ta in le s s  S to o l T h e m at T o s t Loops. A s t a i n l e s s  s t e e l  t h e r n a l  lo o p
9  s

d e s c r ib e e  p r e v i o u s l y *  1 > 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 -17  If  a r a n y l  

a a l f a t o  a t  SSO'C. S e v e ra l  f a c t o r s  worn p re s e n t  in  t h e  d e s ig n  o f  t h i s  lo o p  

wh ich  e e o ld  caaae o r e ro a te  u n fa v o r a b le  c o n d i t io n s  f o r  th e  o p e ra t io n  o f  a r a n y l  

a a l f a t o  ra a s .  Those were
4

s . L o c a l i s e d  h o t  s p o ts  oa t h e  o c t a l  w e l l  bane'sth> th e  h o a t ia g  a la  
n e n t p  c o u ld  caaae i a p r o p e r  f o r n s t i o a  o r  d o t o r i o r a t i o a  o f  th e  
n i t r i c  a c i d p r e t r o a t a e n t  f i l s  Whereas th e  a o r a a l  td n p e r a ta re  
o f  o p e r a t i o n  i a  2S0*C , t h e  p re sen ce  o f  l o c a l i s e d  h o a t ia g  nay 
r e s a l t  ia  to n p e ra ta ro a  o f  300 to  400°C o r  h i g h e r  T h ia  c o n d i t io n  
was fo a a d  p ra v a T a a t  ' i n  t h o s e  t h e r n a l  lo o p s  w h ic h  had c a l r o d  
h o o t e r  o lo n o a ' t s  n e t a l l i s e d  d i r e c t l y  to  t h e  s t a i a l e s a  s t o o l  
t a b ia g .  Above 300*C a tw o  phase re g ion  e x i s t s  i n  the  U0.$04 H ,0  
o y s te n ,  one phaso, tha  a r a n ia n  r i c h  phase i s  known to  bn q u i t e  
c o r r o s i v e .

b. T W  . te n p e r a ta re  a t  the  b ass  o f  the  c o ld  lo g  o f  th o  loop  averaged 
2 0 0 *C  d a r ia g  th a  o p e r a t i o n  o f  th a  lo o p  a t  2S0*C - T h e r e fo r e  
d a r i n g  tha  a i t r i c  a c id  p r o t r o a t n a a t  t h i s  p o r t i o n  o f  the  loop  was 
o n l y  a t  200°C . P r e v io u s  s t s g a a a t  t o s t  d a ta  had shown t h a t  a 
a i t r i c  a c id  p r e t r a a t n e a t  a t  200°C was a o t  e f f e c t i v e  f o r  sabso 
q u e n t  o p e ra t io n  ia  a r a n y l  a a l f a t o  a t  2S0*C

e t
T h is  p o r t i c a l a r  loop  waa ,asod  p r e v io a s ly  f o r  a ra n  o f  633 h r  w i t h  a r a n y l  

a a l f a t o  a t  2S0*C . Near the  and o f  t h i s  raa  the  n e a a a re d  a ra a iu n  c o a ta a t  was 

36.0  g / l i t e x  in s te a d  o f  the i n i t i a l  39 0 g / l i t a r .  Tha a c c u ra c y  o f  tho  a a a l y t  • 

t e a l  n e th o d  r a t h e r  than  any a c t u a l  r e d u c t io n  i a  th a  a r a n y l  s a l f a t a  s o l a t i o n  

nay have a c c o u n te d  f o r  t h i a  d i f f o r o n c e  An a d d i t i o n  o f  I f  n l  o f  79% HN0} waa 

node t o  th o  a r a n y l  s a l f a t a  and t h e  lo o p  was o p e ra te d  f o r  42 h r  n o r s .  T o t a l  

a ra n ia n  a g a in  chocked a t  31 -0  g / l i t a r  and tha  raa was* s to p p e d .  No p r e c i p i t a t e d  

u r a n ia n  o x i d e s  wore foaad  tn  t h o  s a l f a t a  s o f a t i o a  a f t e r  d r a i n i n g  f r o n  t h e  

lo o p ,  w h ich  was then r in s e d  s e v e r a l  t i n e s  w i th  d i s t i l l e d  w a te r  and a l lo w e d  t o  

stand open t o  a i r  '
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A f t e r  s t a n d i n g  4 days  apes t a  a i r  t h e  loop a s s  f i l l e d  w i t h  J050 ail a f  IX 
t y  w e ig h t  a f  70% n i t r i c  a c i d  and p r e t r e n t s d  a t  2S0*C f a r  12 h r .  A s n a i l  
anonnt  of  brows b l a c k  p r e c i p i t a t e ,  a  F e s Os , was found i s  t h e  s o l u t i o n  a t  the  
and  o f  t h e  p r e t r e a t a o n t .  The s o l u t i o n  pH changed  f r o n  an i n i t i a l  v a l u e  o f  
0 95 t o  a f i n a l  v a l n a  o f  1 . 3 .  S u c c e s s i v e  r i n s e s  w i th  d i s t i l l e d  w a te r  were 
w a te r  white in  c o l o r  and f r a e  of  any p r e c i p i t a t e d  n a t a r i a l s ,

The u n i t  was t h e n  f i l l e d  with  1050 ml of  u ra a y l  s u l f a t e  c o n t a i n i n g  29 5 g 
o f  u r a n iu n  per  l i t e r .  The t e n p e r a t u r e  o f  o p e r a t i o n  waa 250*C.  The loop was 
c o o l e d  d a i l y  to  p e r m i t  a a n p l e  w i t h d r a w a l .  T h i s  c o o l i n g  and r e h e a t i a g  c y c l e  
i n v o l v e d  a "down t i m e "  o f  2 h r .  In r e m o v i n g  a e n p l e s ,  th e  s a m p l i n g  tube  was 
f i r s t  f lu shed  w i th  t h e  t e a t  s o l u t i o n  b e f o r e  an a c t u a l  s a n p le  was  t a k en .

T a b l e  5 shows t h e  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  d u r i n g  t h e  1 6 9 -h r  run .  
The run was t e r m i n a t e d  a t  t h i s  t i n 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 n .

TA MM •

Chenica l  Analyses o f  Uraayl B a l f a t e  g e l a t i o n  C onta ined  
in a N i t r i c  Acid— P r e t r e a t e d  Type 147 

S ta in len a  S t e e l  S y a tea  a t  l i t ' C

SAMPLE 
TIME (hr)

solution
HI

TOTAL URANIUM 
(g/liter)

lflANlUM( IV) 
(wg/litar)

DISSOLVED IONS tag/liter)
IRON NICKEL OfMMIUM

0 1. 51 19.5 MO<*> ND m> ND
19 1.49 H I 1 5 0 iaf»> 11 IS
M i t s M S l i t IS <1 IS
54 t.SS 147 70.4 <1 ND <1
74 1 54 59 1 17.0 NO <1 4.4
•a 1 4 0 14 5 i i .  a 1.1 <4 a s

in 1 50 19. 9 11 4 4 ( 1 5 1.4
14d‘*> 1. 59 14. a 14.0 IS <1 i s
149 1 5 9 is a i s . 4 <1 S I 1.9

(s) Analysis net determined.
(I) Isaaffi 'cieat saaple far analyaia.
( ;)  l i t  el af the original  uraayl aal fata hatch eddad ta ayatae ( a f t e r  aaaaliag) to re- 

plaaiali ee lu t iae  removed by aeapliag.
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Tba final t»1«m  of selurtioa, 1000 a l , draiacd froa the loop oai cloor 
aad yellow in color A vary aaall quantity 5 to 10 ag, of a Fea0, was
prosobt

The total araaiaa coataat raaaiaed fairly coaataat during the 169 hr ran 
The fact that four of tko aaalysaa aara higher than the starting ealae nay he 
• roaalt of the aaalyticol aathod accuracy

Solution pH aoaaaroMBts, taken after cooling the aaoplea to rooai tea 
poratura, vara consistent It has bean observed in other teats that generally 
any lowering of the pH value iadicataa a reduction of the uranyl sulfate aolu 
tion, No such iadicatioaa aara present in this run Uroaiaa(IV) aaalyaoa 
•are of conaiataat aagaitude aacapt for one value of 70 4 ag/litor at the end 
of 42 hr. Ualoaa detoraiaed eithia 4 hr after sampling uraaiue(lV) values 
shoo only relative trends siaca the uraaiea(IV) ion ia easily oxidised upoa
eapeaara ta air.

• •

After a consideration of the tost SMthod and tasting conditions this 
16t-hr run oas considered a saccassful one The criteria for this conclusion 
sore the consistency of pH and total urasiua aaasurooents the absence of 
araeiae elides in the teat saaples, and the loa concent rations of dissolved
iron, nickel, and chroeiae found ia the solutions The aeouat of diasolvad
iron doteroined ia tko teat saoples is not a true aeasure of corrosion ovalua 
tion since iron precipitates froe solution as an oxida.

A theraal loop teat oas run nsing on aatreated type 347 stainless atael 
systen. The teat aolatioa was uraayl sulfate contaiaiag 1ft by oaight of 70ft 
nitric acid. The loop oes first ehsnically cleaned and oaahad thoroughly in
distilled eater. The volume of teat aolatioa oaa 1200 nl and the unit was
heated to 250°C Samples ware renoved daily The run continued for 1S4 hr 
after which tine a shutdewn was necessitated by ksatar alaaeat failure The 
reaalts of solution analyses appear to Table 6

Total uraaiua analyaes wore consistent in value until the end of the run 
at which point a dacroasa froa 29 7 to 28 0 g/litar was observed The drop ia 
pH froa 1.2 to 0.8 was due to the addition of new solution containing 7 0 al 
of 70ft nitric acid. The dissolved ions, especially nickel, wore coas'iderably 
higher ia concentration than ancor.ntarod ia runs with nitric acid - protreatad 
ayateas.
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TABLE •

C h e a tc a l A n a ly s e s  o f  U ra n y l S a l f a t e  C o n ta in in g  
11 N i t r i c  Ac 14  U  M  U n tre a te d  T y p e  SAT 

S t a t e l e s s  S t e e l  g y s te n  e t  * * •  C

SAMPLE 
TIME (h r)

SOLUTION
PH

TOTAL URANIUM
( g / l i t s r )

URANIUM! IV ) 
(a g / l i te r )

DISSOLVED IONS (a g / l i t e r )
IRON NICKEL OBiaMIUM

0 29 1 <1 <1 <1

* 19 T 34 0 <1 IS<*> IS

» 1 1 1 9 .t 3 1 1 <1 213.0 IS

41 29.2 40.0 <1 IS 43 0

*1 29-4 21.A IS IS IS

•4 1 1 29-3 14 2 4. • 44 5 <1
1ST 1 2 23 • 22 4 <1 233 0 <1
i ie ‘ «> 1 1 14 T 45 3 14 S IS 43 3
154 0 • 21 0 21 0 <1 240 0 5 3

( • )  Analysis u t  h u r a iu d .

t*> In s u ffic ien t M p l *  for « a ly s is .

( * )  U M  140 al of original arasyl as I fa te  aad T O at of coocootrotod UNO, (a fte r aaapliag) to  ro 
f \  eoo oolotioo . . t k 3 r «  by a a a lia « . *

T h i s  p a r t i c u l a r  t y p e  o f  t h o r a a l  l o o p  baa boon  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  nee lo o p a  a r e  n e a r i n g  c o a 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 a i n g  q u a r t e r .

S. The C e rres tea  o f  T l t a a i a a .  The c o r r o s i o n  p r o g r a a  on t i t a n i u a  n a 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  2 5 0 ° 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 a  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  b o a b s ,  b u t  p l a n s  a r e  i s  

p r o g r e s a  t o  f a b r i c a t e  t e e  a l  1 - t i t a n i u a  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  1$00 a l  

each •

S a a p l e s  o f  c o a a e r c i a l - g r a d e  t i t a n i u a  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  2S0°C f o r  p e r i o d s  o f  S t o  8 weeks.  S a a p l e s
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•  e r e  t o t a l l y  ia ae raed ,  p a r t i a l l y  immersed, and t o t a l l y  exposed t o  v a p o r  The 
s p e c i m e n s  were abraded on Nos 80 and 120 g r i t  p a p e r  and d e g r e a s e d  p r i o r  t o  
t e a t .  No o th e r  i n i t i a l  t r e a t a w n t  was used.  T e s t s  were  ran in  s t a i n l e s s  s t e e l  
t e s t  bombs which wars p r e t r e a t e d  every  2 weeks i a  1% HN0} fo r  24 hr  a t  250°C 
The t e s t  aanp les  and s o l u t i o n s  were in s p e c t e d  w eek ly

The cumulat ive weight  c h a n g e s  on th e se  s a m p l e s  a r e  inc luded  i a  T a b l e  7 as  
a f u n c t i p n  o f  exposure t im e ,

TABLE 7

Corrosion a f  C oaaerc la l -grad e  Titanium  
l a  g .  17 M Uraayl S u l f a t e  a t  S8g l C

EXPOSURE
(•asks)

CUMULATIVE VEIGKT CHANGE (eg/en*)

TOTAL IMMERSION PARTIAL IMMERSION VAPOR EXPOSURE

1 ♦0 048 0 0 . 0 004
1 ♦0 101 0 017 8 817
3 ♦0 080 0 014 0.014
4 •*0 070 0 02$ 0 02S
S ♦0 048 0 017 0 006

6 -*•0 042
7 +0 054

8 -0 042

A l th o u g h  s o l u t i o n  a n a l y s e s  have no t  been c o m p l e t e d  f o r  th e s e  t e s t s  re 
s u i t s  o b t a i n e d  th us  f a r  h a v e  a 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  and f i n a l  s o l u t i o n  pH Measured f o r  eac h  weekly r u n  have  u n d e r 
gone l i t t l e  change 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 as  c o a p a r e d  t o  t h e  
i n i t i a l  pH of  2 .4 .

The samples  appeared  in  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  the  t e s t s  A l l  
e x h i b i t e d  a h ig h l y  l u s t r o u s  u n i f o r u  g o ld e n —y e l l o w  c o l o r  No v i s i b l e  c o r  
r o a i o n  p r o d u c t s  o r  s d h e r e a t  u.-onium o x i d e  s c a l e s  were  o b s e r v e d  On t h e  
spec im en  p a r t i a l l y  exposed t o  the  l i q u i d  and v 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  co r ros ion  a t t a c k
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Several other grade* of titaniun octal vara taatvd. These vara obtaiavd 
froe Rev Cra Titaaiua lac., and coaaiated of:

а. Tubing. 3/8 in 0 D by 10 ia. long, aade by voiding iato a tube 
vith 1/2 ia O.D , grinding the oatsida of the veld vith a belt 
and draving to site.

б. Sheet 1/8 by 12 by 12 in containing Q.17B carbon and having a 
tensile atrength of 94 000 psi and a yield strength of 84,000 
psi .

c. Slab 1/4 by 1 by IK in., aiade of the parent Material that 
can be produced to date by the Kroll proceaa. This naterial is 
lov ia carbon, oxygen and nitrogen

Results of corrosion teats in 0 17 M uranyl sulfate at 2S0*C appear in 
Table 8

TABLE g

Corrosioa of Tot lean Types af Tltaalun 
ia B. n  M Uranyl Sulfate at S»B“C

e

T Y P E C O N D I T I O N
E X P O S U R E
( v e o a s )

W E I G H T  C H A N G E
( n g  ’end)

COntOSION R A T E  
( m l s / y s e r )

T u b i n g N e t  a n n e a l e d ;  d e g r e a s e d S - 0 . 2 0 0 . 2 4

T u b i n g A n n e a l e d  a t  1 2 0 0 n F; d a  
s c a l e d  ir a o d i a a  h y d r i d e

4 0 10 0 IS

S h e e t A n n e a l e d  e n d  d e g r e a s e d 4 4 0 0 4 0 01

S h e e t A n n e a l e d  p e l i e b e d  e a  N o * .  
1 0  a n d  120, d e g r e a s e d

2 • - 0  14 0 . 1 7

S l a b A s  r e c e i v e d ;  d e g r e a s e d 4 -0 2 0 0 O S

S l a b A *  r e c e i v e d :  p e l i s b e d  on N o s  
• 0  a n d  120 d e g r e a s e d

*

2 ♦ 0 0 4

All aanplas vara characterised by lustrous golden yellov interference 
colors No indications of solution reduction vers observed These tests are 
being continued
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4. TIM C t r r M l N  • (  X i r e e o iu u .  TV*t c o r r o s i o n  b e h a v i o r  o f  s i r c o n i u n  t i n  
a l l o y s  in  e r e n y l  s u l f a t e  s t  250°C has  c o n t i n u e d  to  bo e x c e l l e n t .  Tboso a l l o y s  
c o n t a i n  n nominal  3 to  SX t i n  a d d i t i o n .  To d a t e ,  the  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  n o t o r i a l  b o s  boon s u p e r i o r  t o  t h a t  o f  any Buronu o f  M inos  s i r c o n i u n  
t e s t e d .

One a a n p lo ,  c o n t a i n i n g  3% t i n .  b a n  boon exposed t o  0 . 1 7  M u r e n y l  s u l f a t e  
a t  2S0*C fo r  a p e r i o d  o f  11 nooks. The  n a n p l e  shooed a c u m u l a t i v e  o o ig k t  ga in  
o f  0 .3  n g / c n * . A sample  c o n t a i n i n g  S3 t i n  baa shown an e q u i v a l e n t  weight  ga in  
a f t e r  8 weeks a t  2 S 0 °C  i n  u r a n y l  s a l  f a t e  Both a a n p i o s  e x h i b i t e d  h i g h l y  
l u s t r o u s ,  n a t a l  l i e  g r a y  s u r f a c e s  a t  t b o  end o f  th e  t e s t a .  No f o r a a t i o a  o f  
l i g h t  gray  c o r r o s i o n  p r o d u c t s  was o b s e r v e d  a s  eac o u n te r e d  f r e q u e n t l y  on Bureau 
o f  Mines t i r c o a i a s i  s p o e i a e a s

A d d i t i o n a l  o a n p l a s  o f  5X t i n  a l l e y  p roduced  by t k r o o  m o l t i n g  t e c h n i q u e s  
f r o a  v a r io u s  s o u r c e s  a r e  u nde rgo ing  c o r r o s i o n  t e s t a  in u r n a y l  s u l f a t e  Theae 
d a t a  a re  p r e s e n t e d  i n  Tab le  9

TABLE g

Corrosion of I lrcen ia a  Containing St Tin Addit ion  
in g .17  I  Uranyl S a l f a t o  a t  S8t°C

BOUNCE

---------------- ------------------------------
'

METHOD Or MELTING
MELTING

STOCK
EXPOSURE
(seeks)

WEIGHT CHANGE 
(mg/cm*)

CORROSICH RATE
(nila/yean)

NIT Induction m elted i s  graphite BaNinee
sponge

T •0  0* : —

BaNiaes R esistance m elted in graphite BuMiaea 
open go

T O i l 0 OS

Belli see* R eststance molted in graphite BuMiaea ' 
spam go

T ♦0 11 *•

n o Iaductiee m elted ia graphite BuMiaea
sponge

I 0  02 0 01

bmi " V** arc me! ted C rysta l
bar

S 0 02 0 01

•Contains M tin.
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H i*  i p a c i M B i  were  d a r k  brown in a p p e a r a a c a  a t  t k a  end e l  t k a  e x p o s u r e  
p e r i o d s  I k e  e r e  w a i t e d  sample o f  c r y s t a l  b a r  was more l a s t r o m s  t b s a  t b s  
o t h e r  spec imens

S. Ureajrl N ltra ta  Carraalaa S tad ias . A g ro u p  of  fo u r  t e s t s  was  ran  a t  
150*C u s i n g  u r s n y l  n i t r a t e  s o l a t i o n  c o n t a i n i n g  31 1 g o f  u ran ium  p e r  l i t e r .  
T h e s e  t e s t s  wars  c o n d u c t e d  in  u n t r e a t e d ,  c h e m i c a l l y  c l e s n a d  s t a i n l e s s  s t e e l  
homba.  The t e s t  s a m p l e s  w e r e  p r e p a r e d  hy a b r a d i n g  on Nos. 80 and  120 g r i t  
p a p e r  and  d a g r e a s i n g .  R e s u l t s  f o r  an e i p o s a r e  p e r i o d  o f  1 weok a p p e a r  in 
T a b l e  10.

TABU IS

Carraalaa a f Tarlaaa B a ts r la l s  la  Ureajrl N ltra ta  S a la t lea  a t  lBSnC

SOLUTION pH TOTAL URANIUM ( g / l i t e r )
WEIGHT CHANGE 

( e g / c e * )
G 0M U 6I0N  RAT* 

( n i l a / y e a r )MATERIAL INITIAL FINAL INITIAL FINAL

347 SS O f I t 31-1 33 3 - 0  44 f .  20

309 Nb 38 9 . 9 1.1 S I 1 3 2 . 9 0 21 S S 4

T i  Saeima 0 9 1 . 3 31.1 S I S ♦0-04

B u M iae a
c i r e a a a u a

0 9 1.1 3 1 1  . 3 0 - T ♦0 OS

Type 347 s t a i n l e s s  s t e e l  s u f f e r e d  the  most  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 le  was a l u s t r o u s  brown p u r p l e  c o l o r  w i t h  no i n d i c a t i o n  o f  o t h e r  t h a n  a

t .

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  a o r e  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 s i r c o a i a m  showed th e  b e a 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  in t o t a l  u ra n iu m  c o n t e n t  was f o u n d  in  th e se  t e s t s  by chem ica l  
a n a l y s e r  The s o l u t i o n s  d i d  c o n t a i n ,  however ,  s m a l l  q u a n t i t i s s  o f  i n s o l u b l e  
brown c o l o r e d  p r e c i p i t a t e  which  were p robab ly  i r o n  o x id e s .

S. Urasyl f lu o r id e  C arraalaa  S ta d ia s .  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 s r



#

• 1 l e y s  c o u i i t i a i  p r i n r i l y  o f  c h r o a iu a ,  n i c k e l ,  aad  i r o n ,  u k i k i t a d  s a t i s *  
f a c t o r y  c o r r o s i o n  r o s i s t a a e e  t a  o r s a y i  f l u o r i d e  a t  100*C. S p o c i a o a s  o f  
s ev e ra l  a f  these  a o t a i s  a a r a  exposed to  s r s a y i  f l u o r i d e  (29 .4  g a f  u r e a iw a  per  
l i t e r )  a t  1S0*C i s  a a t r a a t a d  ty p o  347 s t s i a l a a s  s t e a l  boobs f a r  7 d a y s .  
Although c k e a i c a l  a s s ly s a s  a f  t k o  t o s t  aod is  s r a  incomple te ,  tko appea rance  of  
s  b r o v a i s k - b i a c k  p r s c i p i t s t a  accoapaa iod  by a d e c r e a s e  in a o lu t io s  pH i n d i c a t e d  
fhe  f l a a r i d o  a s s  reduced .  Tka c o r r o s i o n  d a t a  f a r  t k a s s  t e s t s  a r e  g i v e n  i a  
Table 11.

TABLE 11

Cerrealea Behavior a f  Varlees B e ta la  Kxpased 
ta llraapl r ia a r ld a  a t 1M*C la  Uatraatad  

Type B47 ita ln lo a o  s te a l Baa ha

MATERIAL
WEIGHT CHANGE 
( n g /d aV d a y )

PENETRATION HATE
( a i l s / y e a r )

f ~
SURFACE APPEARANCE

Titaaiva •B.BS Raddiah* breve in te r fe re n c e  c e le ra
309 BB « t . U Green aad  red  in te rfe re n c e  c e le r a

M4 SS •1 .7 1 0.31 Black e r a a ia a  e s id e  sc a le
111 SS - I T S 0 31 Black a r a a iu n  e lid e  sc a le
t i t  SS •S 11 0 69 Bleck a r a a ia a  exide s e e ls
In eeae l -6.36 1.16 B rig h t a e t a l l i c  la a t r a
D u rin s t t t - 4 . SO < 1 33 B rig h t a e t a l l i c  lu s t re
C arp en te r SS - 7 . T T 1 40 B rig h t a e t a l l i c  lu s t r a
B a r tk i te *•16.1 3 91 B rig h t a e t e l i i e  lu s t r e

U r a n i u a  r e d u c t i o n  kas  a o t  boon observed  i a  t e s t s  ran a t  150*C i n  p r s -
c

t r e a t e d  boaks .  Tka p r a t r e a t a a a t  c o n s i s t e d  o f  b a s t i n g  tko boobs a t  2S0*C fo r  
24 k r  i a  IS  HNO, U n t r e a t e d  s a a p l e a  o f  347 s t s i a l a a s  s t e e l  and I l l i u a  R 
e s k i b i t a d  c o r r o s i o n  r a t e s  a f  1 .1 0  and 0 42 a i l s / y a a r ,  r e s p e c t i v e l y ,  a f t e r  
a p p r o x i a a t a l y  92S hr  o f  e x p o s u r e .  The f l u o r i d e  e o l a t i o n s  were changed  aad 
s s a p l a d  7 t i a e s  d u r in g  th e  c o u r s e  of th e se  t e s t s .  The s a a l l  v a r i a t i o n s  in
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a

t o t a l  uruniun c o n c e n tr a t io n  ware v i t K i n  the ±2% accuracy o f  the a n a l y t i c a l  
nethod uaed for  d e t e r n i a i a g  th in  t l e n c n t .  The nexinun t e t r a v a l e n t  uraniua  
concentration obta ined was 66 n g / l i t e r .  No s ig n i f i c a n t  v a r i a t i o n s  ia  so lut ion  
pH fron the o r i g i n a l  ra in s  o f  3 .2S were observed. C o rro s io n  data for tbaao  
t e s t s  are given in Tables 12 and 13.

TABLE I t

C orrosion Behavior o f  U ntreated  247 S ta in le ss  S to o l (spaaed  
to  Uranyl IT Inert do a t  1SS£C to P retreated  Booh

cumulative

<M
■EIGHT CHANGE 
(  ng/daVdey)

PENETRATION BATE 
(n ils /y ea r)

TOTAL URANIUM 
{ ( / l i te r )

URANIUM IV) 
(ag /lite r)

14 15.1 2.TS 29.a 19
«« 9.1 1.T7 29.2 64

159 I S 1.49 29.5 IT
241 T. 4 1.54 29.2 21
415.5 f . l 1.35 29.5 5t
515. S 7.4 1.26 29.0 13
924 5 4 1 l i e

o mm

»»

C orrosion  Behavior e f  I l l l n a  B Bspeaed te  Uranjrl 
P la o r lie  a t  1M*C in  P retreated  Beah

CUMULATIVE
EXPOSURE TIME

(hr)
■EIGHT CHANGE 
(■(/de*/dey)

PENETRATION RATE
(n ils /y ee r)

TOTAL URANIUM 
( ( / l i t e r )

URANIUM IV) 
(a f /li te r )

24 6.14 1.0T 29.4 14.4
6t d p s 0.44 29.4 52.4

159 5T4 0.65 2 9 4 64.4
245 3.59 0.59 29.5 42.0
415.5 2-96 4.52 29.2 64.0
545 .5 265 0.44 29 1 17
924.5 2.41 0.42

47

e o e
V • •1  •  • *  

t e e

e  o e o e  
0 a e e  t o

a a e

a s a 
e a
e
o a e

e a 
e o
•  *

e eo e



O ther s ta d ia s  t o  d o ta ra ia a  tha s a l a t i o o  s t a b i l i t y  a t  ISO, 200, sad 2$0*C
boas bass ran in  b o th  n n t ra s ta d  sad p r a t r e a ta d  typa  347 s t a ia la a s  s ta a l  boabs. 
C b a a ica l anslysas f a r  tbasa  ta s ts  ara ia c o a p la t a ,  sad i t  i s  n o t  knovn aha the r 
a r a a ia a  r s d u e t io n  o c c u r r e d .  However, ao ro lo a in o u s  p r a c i p i t a t a s  have baas 
a bsa rva d  i s  tb a s a  t a s t s ,  a l th o u g h  tb s  pH o f  th a  s o lu t i o n s  need i a  tha  ua- 
t r a a ta d  baaba, e s p e c ia l l y  a t  tha h ig b a s t  t a a p a r a t n r e ,  u s u a l ly  shoaad a Barked 
decrease.

1. C a rra s lo a  a t  f t e f l e e t e r  M a t e r i a ls .  C a rro s io a  a tu d ia a  a t  200*C w i th  
a i l d  carbon s ta a l  ( p o l i s h e d  SA£ 1030 cs rbaa  s ta a l  d is k s )  exposed ta  d i s t i l l e d  
e a t e r  c o n ta in in g  s e a l !  c o n c e n t ra t io n s  o f  hydrogen p e ro n id e  h a v e  r e s u l te d  in  
i a i t i a l  c e r ro a io a  r a t e s  o f  7 to  10 a i l s / y a a r .  Tbasa ra te s  dacraasad  e i t b  ex
p o s u re  t i a a  to  2 to  3 a i l s / y e a r  a f t e r  18 eaaks f  The a d d i t i o n  o f  t r i s a d iu a  
pho sp h a te  ta  th a  t e a t  e a te r  was found t a  a a a r t  a aa rkad  i n f l u e n c e  f a r  i n 
c re a s in g  tha c a r r o s io a  re s is ta n c e  o f  tha  ca rbon  s te a l .  Tee c o a c e n t ra t ie n a  a f  
th e  phosphate i n h i b i t o r  va ra  used. 273 sad 550 ppa. The r e s u l t s  o f  s tagnan t 
c a r ro s io a  s ta d ia s  i a  d i s t i l l e d  e a te r  a t  2 0 0 V !  c o n ta in in g  tbaao c o a c o n t ra t io n s  
i a  the  presence and absence e f  a p p r o x ia a t a l y  0 .0005 M hydrogen p e ro x id e  ara 
in c lu d e d  ia  Tab le  14.

TAILS 14

C arrasloa a f  AAX l i l t  Carbea S te a l la  Tatar co n ta in in g  
Trtaedlaa Phosphate a t »00*C

■ s s s r

VEIGST CHANGE (n f/e n *)

n u a o f i lu i
PHOSPHATE

ADOSD
TBISoSflM
PHOSPHATE

ADOSD

Condition 1: i ♦♦.•73 -• - •4 2
D is tilled  outer; i -4 .022
ao kydrocoa peroxide i ♦4.014 •0.012

4 ♦4.014 •4.110
4 ♦4-001 •4.020
• •0.122

10 -0.090

Condition f: t |

D istilled  eater 1 ♦4.114 -0.009
in it ia l ly  containing 
•.•OtS M 1 ,0 , 1 ♦4.044 *0.099

1 1 3 ♦0.070 •#.020
4 ♦4.044 -0 041
4 ♦4.020 •0.090
• -4 .071

10 ♦SJBRC

•  a a •  
•  *  e « e  a

* : :
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T li*  i a i t i i l  s o lu t io n  pH o f  tk« water e o a l t i a i a i  27S ppa o f  t r i a o d ia a  
phosphate • • •  11.1, as coapared to 11.4 fo r  tha v a ta r  containing SSO ppa. Tha 
f in a l  e o la t io n  pH at tha and o f  weekly runs avaragad 9 .7  aad 1 0 .1 ,  roapac-  
t i v e ly ,  fo r  thaaa aolutiona.

In  tha  abaaaca o f  hydrogen perox ide , 17S ppa o f  t r i a o d ia a  phoaphata  
appaarad a b a tta r  corrosion i n h ib i t o r  than the h ig h e r  concentration. Vharaaa 
a weight gain of 0.00S a g /c a *  waa observed a f t e r  6 weeks in  water c o a ta ia ia g  
275 ppai. the aaaple exposed to  550» ppw showed a weight loaa o f 0.098 a g /c a 1 ia  
10 weeks, corraaponding to a corrosion ra ta  o f  0.01* a i^ /y e a r .  Both speciaeas  
ware coaparable  ia  appearance, having la a t ro a s  golden and taa ia to r fa r o a c a  
p a tta ra a .

V i t h  0 .0005  M hydrogen perox ide prasaat in  th a  te a t  aad iaa , tha  lower 
con cen tra tion  o f t r ia o d ia a  phosphate again appeared to be tha aera a f f e c t i v e  
i n h i b i t o r .  Tha aaaplaa showed decreasing weight g a ia s  froa  0 .114  to  0 .020  
a g /c a 1 a f t e r  6 waaha o f  t e s t .  Saaplaa axposad to  550 ppa of phoaphata ware 
s l ig h t ly  e r r a t ic  in behavior, la  general, weight leases occurred except fa r  a 
sadden increase  ia  weight d a r in g  the la s t  exposare period , froa -0 .0 7  a g /c a 1 
to +0 .29  ag /ca1. The saaplaa showed laatroas  in te r fe re n c e  t in ts  sad ware free  
c f  aay type  o f  balky c o r ro s io n  products. No s ig n s  o f  lo c a l is e d  c o r ro s io n
attack were observed.

G a lv a n ic  corros ion  s t a d ia s  were aade w ith  ty p e  347 s t a in le s s  ato'el 
coupled to  the SAE 1030 carbon s te e l  speciaeas. A ear face ares r a t io  o f  1 cw* 
o f s t a in le s s  s te e l  to 1 .7  e a 1 o f  carbon s te e l  was used. Tests ware raa ia  
d i s t i l l e d  w ater a t  200°<} c o a t a ia ia g  0 .0005  o r  0 .0 0 5  M hydrogen p e ro x id e .  
The e f f e c t  of hydrogen perox ide concentration on the corrosion of carbon s tee l
coupled to  s ta in le s s  s te e l  i s  ahowa ia  Table IS .  C a a a la t iv e  weight changes 
and c o rro s io n  ra tes  are in c lu d e d .  Data oa the s ta in le s s  s te e l  a re  n o t  r e 
ported  s in ce  in  a l l  cases spec iaeas  reaa iaed  u n a ttseke d  and showed s l ig h t  
weight gaias e f  0.025 to 0 .050  ag /co1 a f te r  10 weeha of exposare.

The i n i t i a l  eo la t io n  pH oa these te s ts  averaged 4 . Si f in a l  e o la t io n  pH 
at the end o f oeehly exposures averaged 6 .2 .  The carboa stee l speeiaaaa were 
a a o d ic a l iy  a ttacked i a  a i l  e a s ts .  The aarked e f f e c t  o f iacreased corros ion  
attack  oa the carbon a to e l  i s  c le a r ly  ev ident by these data as the hydrogen 
p e ro x id e  c o a c e a tra t io a  ia c re a s e d  fro a  0 .000S  to  0 .0 0 5  If. Ia  e v e ry  case, 
the e ra s  in  co n tac t  w ith  th e  s ta in le s s  s t e e l  showed in te n s e  b la c k e n in g ,  
corrosion product fo ra a t ie a ,  and loca lised  corrosion attack.
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mu it

t a l f M U  C tr ro a lN  • (  I N I  C arte*  S tea l c a a i l H  ta  Type S47 
S t a i n l e s s  S tea l 1* Bydrogaa P a r a s i te  h a la t io n s  a t  S4S*C

■ K S S S f

COMMON IN a .4405 M 4,0, COMMON IN 4.441 a  H,0,

(ng/oe*) (n ila /year) (ng/ee*) (u ile /yeer)

1 - l  t« 4.4 •1 14 4.S
s •1.44 4.4 •4 4S 4-9
I -I . to 4.4 •4.45 1.1
4 •1.19 1 1 •11.SI T.S
4 •1.44 I.T •11.44 5.0
S •4.44 4 1 •11.f f S.t

14 •4.44 t .4 •IS .40 S.l

The e f f e c t  a f  tr iaod iua  phosphate  as aa in h i b i t o r  to  r a a t r i c t  g a lv a n ic  
attack an earken a taa i  in d i s t i l l e d  hater  at 200*C was i n v e s t i g a t e d .  T eats  
vara ran in th e  absence and pressure  o f  0 0005 I  hydrogen peroxide.  The con* 
caatratian a f  t r i s o d i a a  phosphate a sed  for these t e s t s  v a s  550 ppa, r e s u l t in g  
ia  aa i n i t i a l  s o l u t i o n  pH o f  1 1 . 4 .  C orros ion  data  f o r  the  carbon s t e e l  
coupled to 147 s t a i n l e s s  s t e e l  are iac lad ed  in Table 14.

TABLE 14

Sal v a a la  C a rra s la a  a f  IS M  Car baa s te a l  Coup la d  to  Type S47 
•S ta la la a a  S te a l - la  S t - s t l l l e d  g a to r  C o n ta in in g  

•IS  ppa a f  T r la n S la a  Phosphate a t  SM*C

( s e e k s )

OONNQSION WITH NO 1 ,0 , CORROSION IN 4 .0 0 0 5  M  1 ,0 ,

(o g /eo * ) ( n i l s /y a e r ) (eg /ee*) (n i l s /y a a r )

1 *4.84 0 .4

1 ♦4.14 ♦0 St

S «4.S4 ♦0 85

4 ♦0 s s *4 .14

4 ♦4.81 *0 .14s
4 ♦4.44 ♦4 11

14 *4.84 •0 04 4 .0 1

a *  s e a  • • a • a a a  a a a
« a •  a
• a a a  a
• a a a
• t e a

a
e  *

SO
a a  a a o  a a  
a a a  a a a  
a a e e  a a 
•  a  a a a 
a a a  a a a  

a s a  a a « e  *0



The i n i t i a l  e o l a t i o n  p H  aaa 11 .4 ;  f i n a l  s e l a t i o a  pH a v e r a g e d  10.2.  l a  
t h e  abaanca o f  h y d ra g a a  perox ide ,  the c o r r a a i o a  behavior  o f  t h e  carbon a t a a l  
a a a  c o n a i a t a a t l y  good; a a taady a a ig h t  change  p r e v a i l e d  d a r i n g  th e  coaraa  a f  
t k a  t e a t .  Tka a a a ip la a  v a r a  k i g k l y  l a a t r o a a  on t h e  e n t e r  a r e n a  w h i la  tk a  
c o n t a c t  a r e a  a a a  d i a c o l o r a d  b a t  f r a a  o f  c a r r o a i o n  p r o d a c t  f o r a a t i o n  and 
l o c a l i s e d  a t t a c k .  Tka a d d i t i o n  o f  0 .0005 M  hydrogen paroa ide  t o  tka  i a k i k i t a d  
t e a t  e o l a t i o n  r a a a l t a d  i n  oaly  a a i a a r  ch an g e  on the  c o r r o s i o n  o * t k a  carbon 
a t a a l .  Tka r a t a  a f  a o i g k t  i a c r e a a e ,  a g / c a 1 , d a c r a a a a d  w i th  t i a a  a n t i l  aa 
a c t a a l  a a i g h t  l a a a  a a a  okaarvad  a f t e r  t k a  f i a a l  2 weeks o f  o a p a a a r a .  Tkia 
l o o s  aaa e x t r e a e ly  a l i g k t ,  0.04 ag /ea* .  Tka cond i t ion  o f  tka sam ples  aaa vary 
a i a i l a r  to  tka  c o a d i t i o a  o f  epeeiaeaa  aapaaad  to  d i s t i l l e d  a a t a r  i n  tka  akaaaca 
o f  hydrogen p e r o x i d e .  T k a ra  a a r a  aa  i a d i c a t i a a s  o f  a e c a l a r a t a d  c o r r a a i o a  
a t t d c k  daa to tka p r e a e a e e  a f  hydrogen p e r o x i d e .

T h i s  typo a f  t e s t  i a  ba iag  r e p e a t e d  a s i a g  lower e o a c e n t r a t i  oas  o f  t r i «
a o d i a a  p h o s p h a te .
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LMP STUB IKS

• b i l e  the  s t a t i c  t e s t s  ea  c o rro s io n  .n d  s o l u t i o n  s t a b i l i t y  o f  a r a a y l  
s a l f a t o  i s  347 s ta ia lo s s  s t o o l  gave vary  en co u rag in g  r s s s l t i ' 1 ' p ro v id e d  tbs 
s to o l  vo a  s o i ts b ly  p ro tro a to d ,  s tta o p ts  to  d a p l ic a t o  tbass r a s a l ts  ia  dyaaoic  
t e s ta  i a  s ia p ls  paap loops a o ra  a a a a c c a s s fs l , A lth o u g h  th is  suggested  th a t  

tbo f lo w  i t s e l f  a ig b t  be the aoerce e f  the d i f f i c a l t y ,  tee e th e r  p o s s i b i l i t i e s  
seeded i n v e s t ig a t io n  b e fo r e  t h i s  c o ac la a io a  e o a ld  be accep ted . Tbeso were: 
( 1 )  tbo  o f fe c ^  o f  the presoaco e f  a e t e r i a ls  o th e r  tbea 347 s ta ia le s s  s t e e l  ia  
the passp, e . g . ,  410 s t a ia lo s s  s t ^ e l ,  316 s ta ia lo s s  s t e e l ,  t e a ta la a ,  s t e l l i t e ,  
i a e o a s l ,  aad g r a p h i te ; 's a d  ( I )  the e f f e c t  o f  the presoaco o f  d is s o lv e d  oxygea 

i a  the a r a a y l  s a l fa to  a e l e t i o a .
• t

K x p e r ta e a ta l  Berk aad t e a a l t b

A n a ly t ic a l  Verb. Ia  tbo s t a t i c  te s ts  aad f i r s t  loop t u b s , c o lo r  chaagos, 
e x a a ia a t io a  o f  Bete l te s t  a p e c ia e a a ,  aad t o t a l  urafaiun co n cen tra t io n  aaa lyaea  

were aaod to  d e te ra iae  a o l a t i o a  breakdown aad /o r  c o r ro a io a .  Ia  the loop te s ts  

s a a p le a  were w ithdraws th ro u g h  a v a lv e  a t  the  b e ck  o f  the paap, aad i a  the  

s t a t i c  t e s t s  saap lea  were w ith d ra w s  by c o e l ia g  tb o  c e a ta ia e r  boobs to  rooa  
t e a p e r a t a r e  aad o p e a ia g .  I a  the loop te s ta  d is c a s s e d  below s a a p lo r a  wore 

a tta c h e d  to  the loops so t h a t  saaplea could be ta k e a  d i r e c t l y  fro a  th e  sys tea  

w h i le  i a  o p e r a t ie a  s in ce  th e  p u a p  is  c o a s tru c to d  ia  sack a way as to  l i a i t  

a i x i a g  botweea the paap a r a a t B r e  ckaaber aad th e  r e s t  o f  the a y s t e a .  T h is  

s lew  r a t e  o f  a i x i a g  a e a a t  t h a t  the r e s u l t s  e f  a a a ly s e s  p e r fe r a e d  on paap 
saapleo  wore s e t  re p r e s e n ta t iv e  o f  conditions ia  tbo loop i t s e l f .  Aa expanded 

a n a l y t i c a l  prograa. was a ls o  i a s t i t a t e d  to a t t e a p t  to b u i ld  ap a p i c t u r e  o f  

the changes ta k ia g  place ia  tkA a raa y l s a l fa to  a o la t io a  d a r ia g  o p e ra t io n  under 

var io u s  c i r c a a s ta a c e s . * In  a d d i t io n  to pH a e a a u re a e a t ,  the saaplea were analysed  

fo r  t o t a l  a ra a ia a ,  u r a n i a a ( I V ) ,  i r o n ,  ckroa iua , and n ic k e l .  When p r e c i p i t a t e s  

were o b t a ia e d ,  s p e c tro g ra p h ic  and X -ra y  a a a lys e s  wore qade. A t p r e s e a t  the

(3) JJ. L . B aalish  at s i . ,  ‘'S ta t ic  O o » -e f-P ilo J V o ts ,"  th is  re p o rt, P 34.
a u t - o / 'p i la  carreaiaa tests ia  provisos g g  q u arte rlies  ( l i s t e d  sa p

spa a las other sections  sa 
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results of the analyses suggest the following'

1. The sost sensitive indicution of change in solntion colapesitien 
is given by the concnrront change in pH. It hns been observed 
that ctrrosioa and/or precipitation ot the nraainn in solution 
is accompanied by the release of hydrogen ion. Since the natural 
pH of SO to 40 g of nraaiam per liter of nrnnyl sulfate' solntion 
is approximately 2-5,. snail changes in hydrogen ion concentration 
corresponding to slight corrosion sad/or nraainn precipitation 
produce relatively large p*9 changes. These pH changes Lave 
provided tbs best neaaa of detecting breakdowns in the loop 
experiments which have been conpleted tkns far. Unfortunately, 
this will not be the case at higher nraainn concentrations where 
the natural pH of the solutions is appreciably lower sad, as a 
consequence, a considerably larger change in hydrogen ion con*

* centration in necessaty to change the pH by an easily neasnrable 
anount

2. Changes in total nraainn concentration have been the next best 
aeasure of breakdown in loop operntioaa and present the best 
information, as night be expected, on the extent of solution 
breakdown and/or corrosion.

3. Nickel analyses have given sene trouble; howevgr, recent data 
obtained with an laproved analytical nethod suggest that an 
increase in the concentration of nickel in the nranyl snlfate 
solution is a very good indication of serions corrosion.

4. An increase in uraaiun(IV) doneestration appears to acconpany 
corrosion and nraainn precipitation. However, the data obtained 
tkns far are sonewhat questionable because of the probable re- 
oxidation during sanpliag. The hydrolytic precipitation which 
follows the fornatioa of the nraainn(IV) under the existing 
conditions also wakes it difficult to get sere than an indication 
of trouble froa rising nraainn(IV) ceacentratioaa during long 
operations.

5. Analyses for iron and chroniun in the uranyl sal fate solution 
also give a sonewhat confused picture becaase of the hydrolytic 
precipitation of these ions under loop‘experimental conditions. 
Again, an increase in their concentration in the nranyl snlfate 
solntion indicates serious corrosion, bnt it gives no reliable 
estimate of the extent of nock corrosion,

In subsequent worn farther attempts will be nsde to get a satisfactory 
eaelytieal picture of solution changes during precipitation and/or corrosion.

Loop Teats. After conpletiea of a loop teat which was deliberately set 
np to fail in order to get an analytical picture of what transpired in the
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v 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 k e  u r a n iu n  a n d / o r  c o r r o s i o n  
o f  t h e  s t e e l ,  en a t t e n p t  wan nade to i s o l a t e  t h e  s e v e r a l  d o u b t fu l  ■ a t e r i a l s  in  
t ^ e  puap  a r n a t u r e  ckanher  f r o a  the loop p ro p e r *  Tka need f o r  s u c k  i s o l a t i o n  
o f  t h e  puap a r a a t u r e  c h a a b e r  was e a p h a s i s e d  by  q a a r t a - t u b e  and s t a t i c  s t e a l  
boab  t e s t a  which  showed 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 a  u r a n y l  s u l f a t e  
e o l a t i o n  a t  250*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 u i u a  i n  l o s s  than  
100 h r .  The g r a p h i t e  b e a r i n g s  of  the puap were t h e r e f o r e  a p ro b a b le  c a a s a  fo r  
aoae  o f  the f a i l u r e s  e n c o u n t e r e d  i a  the  d y n a a i c  lo o p  t e a t s .  T h e s e  a t t e a p t s  
were u n s u c c e s s f u l , however, beca use  o f  n e c h a a 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

e

i a a e d i a t e l y  be c o r r e c t e d .
I

A t  t h i s  s t a g e  in  t h e  p ^ o g r n n  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 a a t i o n  
s u g g e a t e d  t h a t  the s t a b i l i t y  o f  a u rany l  a u l f a t e  s o l u t i o n  —347 s t a i n l e s s  s t e e l  
s y s t e n  n i g h t  be 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  
a y a t e n .  This  p o s s i b i l i t y  was su g g es ted  by th e  f o l l o w i n g : '

1 .  The well-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  to  
o x i d i s i n g  media.

2 .  The f a c t  t h a t  oxygen  i s  t h e  conaon d e c o n 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 a e n t  ig e r . c s  HN03 and CrO, w h ic h  the  s t a t i f  s t e e l  boab  
t e s t s  had shown would produce  a s a t i s f a c t o r y  p ' r o t e c t i v e  c o a t i n g  
on 347 s t a i n l e s s  s t e e l .

3 .  The c o a t in g  p ro d u ced  on the s t a i n l e s s  s t e e l  i a  c o n t a c t  w i t h  t h e  
gas phase was as  good as t h a t  o b t a i n e d  where the s t a i n l e s s  s t e e l  
co n tac te d  the l i q u i d  p h ase .

4 .  In p i l e  t e s t s  i n d i c a t e d  t h a t  the o x i d i z i n g  a tmosphere  p r o d u c e d  
by the r a d i a t i o n  d e c o u p o s i t i o n  o f  the  w a t e r  was b e n e f i c i a l ,

5 » Q u a r t z - t u b e  and s t a t i c  s t e e l  boab t e s t a  s e t  up as  a r e s u l t  o f  
the  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 a l y  when oxygen was r o a o v e d  
by e v a c u a t i o n  o r  by b u b b l i n g  n i t r o g e n  t h r o u g h  th 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 o b s e r v e d  u n d e r  s i u i l a r  c o n d i t i o n s  
when the oxygen was n o t  reaoved.

I n  o rde r  to t e s t  the  e f f e c t  o f  the p r e s e n c e  o f  oxygen in  s o l u t i o n  on puap 
lo op  o p e r a t i o n  an e x p e r i a e n t  was a t a r t q d  in  w h ic h  oxygen p r e s s u r e s  o f  300 to 
500 p s i  were n a i n t a i n e d  o v e r  th 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 a t  was 
o p e r a t e d  135 hr  a t  2S0*C w i t h o u t  p r e c i p i t a t i o n  o f  the  u r a n i u n .  A s u b s e q u e n t  
t e s t  r a n  287 hr  w i t h o u t  p r e c i p i t a t i o n  in  s p i t e  o f  th e  f a c t  t h a t  t h e  oxygen 
p r e s s u r e  over the s o l u t i o n  was p r o g r e s s i v e l y  r e d u c e d  f r o a  500 to  25 p s i  in  the 

. c o u r s e  o f  the t e s t  and d e s p i t e  the  p r e s e n c e  o f  g r e p h i g e  b e a r i n g  i a  u k e  puap .
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Tli« total gas praaaara was aaiateiaed at approxiaatoly 500 psi with Ha. It ia 
alao significant that thia raa waa carriad oat ia a loop whieh waa aot pro- 
treated with HNOj or CrO, aolatioa. Aaalytical data aro*aot coaplate, bat the 
available data iadicat* ao aarioaa eorroaioa. Unfortunately, the raaalta bare 
bean coafaaod by th* discovery that the uranyl sal fat* aaad in all tb* loop 
taata raa tbia qaartar probably contained 10 to 70 aolo % of (NH4)S804 or 
Ha904. Aaalyaoa of th* apaeific reagent aaad ia the varioaa taata have not 
bean conplatad nor haa th* effect of tba praaaac* of tboao inparitioa on tb* 
raaalta bean evaluated; thaa, detailed daacr&ptiona of tb* t*kts and tba 
raaalta obtained ar* being dafarrod until th* next quarterly report.

Batara fork

Ia addition to checking on the raaalta obtained with the iapara araayl 
aalfat* with now para aatt.rial, fdtare effort will bo coacontratad on evalua
tion of tho oxygon concentration nocoaaary to stabilise araayl aulfate eola
tions in atdinloaa steal. Tba approach will involve dotarainatioa of the 
aiaiaaa oxygon concontratioa nocoaaary 'for stabilisation nnder various condi
tions.

#

irVKCT tr  VABIAM.Bg M  CtBBMIM: BIB IBB I

Tho eorroaioa oxpariaaata daacribod ia this ropor.t wore parforaod ia
e

1-na-ItD. quarts tabaa 4H ia. long. Tba quarts.tab* aethod far studying 
corrosion at high taaparataraa baa aany advantages. Tba solutions and spoei- 
anas can bo easily observed aad tba progress of. eorroaioa fallowed. Many 
axparinoats eaa ba run siaultanaoualy with a aiulaua of oquipaaat, aad only 
aiapla uquipaaat ia required. A paaaiblo disadvantage night ba tba affects 
of dissolved ailieu ia tba aolutioaa froa tba quarts tabaa.

Ia earryiag out tho experineata 1-in. places of nitrsta-pacsivoted 
347 staialeea ataol ar untreated steal along with 3 al of tba solution to ba 
iavostigatad ware scaled in tba tubas. The tubas ware basted either ia 
aluainaa block furaaeoe provided with a slit so that th* tubes eould ba 
observed, ar ia a box ia a large area. The aluainaa blaeh furnaces aad the 
box ia tb* area ware aouatad on roekers so that tba eolations aad spaeiaaas
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1

t « n  o s c i l l a t e d  d s r i « |  tke k e a t ia g .  A l l  tk e  c o r ro a io a  s i p a r t M i U  war* con- 
d i e u d  a t  2 5 0 X  and vara  o f  a t  la a a t  100 k r  d u ra t ie s ,

Tka a r a a y i  a a l f a t a  a o la t io n  i a v e s t i g a t e d  coa ta ia a d  30 g o f  a ra a ia a  par 
l i t e r  v k ie k  c o r re s p o n d e d  to  a 0 .1 3  /  a r a a y i  a a l f a t a  a a l a t i a a .  Tka a r a a y i  
pkespheSa a a l a t i a a  vaa p re p a re d  ky  d i s s o l v i n g  a r a a y i  p k o a p k a ta  ia  1 .5  Of 
p ka s p k o r ic  a c id  t a  g iv e  a c o n c e n t r a t io n  o f  30 g o f  a r a a ia a  pa r l i t a r .  The 
a a la t io a a  va ra  f ra a a a  ia  tka tabaa p r i o r  ta  a a a l ia g  to  a i a i a i a a  losaes daa ta  
e va p o ra t io n .

gaper ib p a ta l gaaa lta

• as «*
# : 't  ■<%; ? '  gr

P assivated  v a .  Uapasstvated S to a t .  Tka a ra a y i  a a l f a t a  a a la t ia a  a laaa 
aad ia  tka p ra a e a c e  tka  n i t r a t e - p a s s i v a t e d  347 a t a i a l a a a  a t a a l  appeared 
ta  ka p e r f e c t l y  a t a k l e .  Vkaa t k a  a o l a t i o a  vaa k e a te d  w i t h  a n p a s s iv a te d  
a t a a l ,  k e v o v a r ,  t k a r a  vaa. e x te n s iv e  r e d a c t io a  aad p r a c i p i t a t i a a  o f  a ra a ia a
f ra a  tka a o la t i o a .  Tka aV a a ia a ( lV )  cob t e a t  o f  tka a o la t io a  ia c ra a a o d  to  over• /
1 a g /a l .  Tka pH o f  tka  a a la t ia a  d ro p p e d  f ra a  2 .5  ta  a b o a t  1 .0 .  The a ta a l
apaciaoa akoved e v id e n ce s  a f  gaaara l c o r ro a io a ,  aad i r o a ( I I )  vaa foaad ia  tka

♦ *

a o la t i o a  to  t k a  a x t a a t  o f  o v e r  1 a g / a l .  A a a ly a ia  s h o w e d  t h a t  the b la c k  
p r a e ip i t a t a  a f  U0a a ls o ^c o n ta in e d  i r o a  aad c k ro a ia a ,  v k i l a  tka  a ic k a l  a tayed 
ia  se laO ioa.

B f f o e t  a f  p i .  Tke pH o f  tka a o l a t i o a  was v a r ie d  f r o a  3 .2  ta  l . f .  Tka 
k i f k  ra is e s  v a ra  o k ta ia a d  by d i a a o l v i a g  U0a ia  U0| 90< s o l a t i a ^ .  Tka t o t a l  
a raa iaa  e o a c e a t ra t io a  vaa kep t a t  30 g / l i t e r .  Tka le v  pH w a iv e *  vara a t ta in e d  
ky addiag HJ904 to  tka UOaS04 a o la t io a .  Vkaa a a la t io a a  v i t k  pH ra laoa  batvaaa 
2 .5  aad 1.5 va ra  kaa tad  v i t k  p a s s iv a te d  a ta a l  tka ra  vaa ao ev idence o f  ckaaga. 
Vkaa a a la t io a a  v i t k  pH va lves batvaaa 2 .6  aad 3 .2  vara ka a ta d  v i t k  pass iva ted  
s t e a l  a a a a l l  a a o v a t  o f  y e l lo w  p r e c i p i t a t e  fe ra e d .  Tke a r a a ia a  c a a ta a t  o f  
tka a o la t io a  dacraasad  s l i g h t l y  aad tk a  pH dropped to aboat 2 .0  The p r e c ip i 
ta te  was p rasw aab ly  a hydrated a raa iaas(V I) ox ide .

B ffac t o f U ra a la a (IV )  C a a c a a tra tle a . Vkaa 10 og U(S04 ) a 4HaO par a i l l i -  
l i t a r  a f  tk a  a r a a y i  a a l f a ta  s e l k t i e a  was added aad tk e  a o l a t i o a  was kaa tad  
v i t k  p a a s iv a ta d  347 s t a i a l e s s  s t o o l ,  f a i l a r a  o f  tk e  a o l a t i o a  i a v s r i a k l y  
o c c u rre d .  Sooe o f  tk a  a ra a ia a  p r e c i p i t a t e d  as U0a. Tke pH o f  the a o la t io a
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d ro p p e d  to  1 .0  to 1 .5  a i d  th e re  wee s o n a t i n a s  a l i g h t  c o r ro s io n  a f  th e  s t e e l .  
W ith  h ig h e r  c o a c e a t r a t i e a a  o£ nreniaa(IV ) p i t t i n g  eo ae tia ee  o c c a r r e d .  S a a l le r  
c o a c e a t r a t i o a s  o f  a ra n ia n ( IY )  had ao e f f e c t  oa the  a y s te n .  S ia c e  a  l a r g e  p a r t  
o f  th e  a raa ian (IY ) a a l f a t e  wan o x id ised  to  a r e a y l  s a l  fa te  hy the  oxygea i a  the 
t a b s ,  i t  was p ro h a h ly  n e c e s s a r y  to  add an e x c e s s  sh o re  t h i s  a a o a a t  he fo re  
f a i l a r e  o f  the  e o la t io n  o c c a r re d .

■ ( f a c t  a f  S r a p h i t e .  When powdered g r a p h i t e  was added to t a b e s  c o n ta in in g
a r a a y l  a a l f a t e  s o l a t i o a  and a p iece  o f  p a s s i v a t e d  s t e e l ,  th e re  M e  e x te n s iv e  
r e d a c t i o n  o f  the a r a n i a n  c o a t e a t  o f  th e  s o l a t i o a .  The pH o f  t h e  s o l e t i e a  
d e c re a se d  to aboat 1 .0 ,  w h ile  the c o n c e n t r a t io n  o f  a raa ian (IV )  i n c r e a s e d .  Soac
g e n e r a l  c o r r o s io n  o f  t h e  s t e e l  o c c a r r e d ,  and  a p p r e c i a b l e  c ^ i c e a t r a t i o a s  a f  
i r o a ( I I )  appeared ia  th e  a e l a t i o a .  When no s t e a l  was p r e s s a t  th e  o n ly  e f f e c t  
o f  g r e p h i te  was to  i a c r e a s e  the  a raa ian (IY )  c o n c e n t r a t io n  ia  the  a r a a y l  a a l f a t e  
s o l a t i o a .  A pparently  th e  r e e c t io a  o f  the  a r a a ia a ( Y I )  w ith  g r a p h i t e  to  prodace 
a ra n ia a (T Y )  w ith  s a b s e q a e n t  o x id a t io n  o f  th e  a r a a i a a ( lY )  to  a ra n ia a (V T )  pro* 
ceed ed  a a t i l  the oxygea a a p p ly  ia  the tabe  wae ex h au s ted .  Then f a r t h e r  pro- 
d a c t i o a  o f  a r sa ia n (IY )  i a  excess  e f  the 50 y / n i  c o n ce n tra t io n  c o a id  tak e  p lace .

e f f e c t  a f  Car ran i a  a  Prod  a c t  S a l t s .  1. F«S04 , Vhen 1 ag FeS04 was added 
to  2 n l  a r a a y l  a a l f a t e  e o l a t i o n  and th e  o x y g e a  renoved  f rom t h e  ta k e  and 
s o l a t i o a  p r io r  to s e a l i n g ,  a b lack  p r e c i p i t a t e  c o n ta in in g  both i r o n  and a ran ian  
fo n aed . The pH o f  the  s o l a t i o a  dropped to  a b o a t  1 .3 .  Vhen the  oxygea  was s e t  
re n o v e d ,  the  i r o a ( I I )  waa o x id is e d  t e  i r o a ( I I I )  which aadarw eat a h y d r o ly t ic  
r e e c t i o a  to  give a r e d d i s h  p r e c i p i t a t e  o f  F e s0 a ’sH ,0 . Ia  t h i s  c a s e  th e re  was 
ao p r e c i p i t a t i o n  o f  a r a n i a n .

I a  th e  p re sen ce  o f  p a a s iv a te d  a t e e l  1 n g  FeS04 per 2 n l a r a a y l  a a l f a t e  
s o l a t i o a  ceased  c o n p le t e  p r e c i p i t a t i o n  e f  t h e  a r s a i a a  as U#0 # . T h ese  was ao 
n o t i c e a h l e  c o r re a io a  o f  th e  a t e e l  sp e c in e a .  W ith  P « |(904 ) ,  th e  s a n e  behavior 
waa observed  as i a  th e  abeeace  e f  c . 'q e l ;  t h e  i r e a ( I* I I )  h y d ro ly se d  c o n p le te ly  
b a t  th e r e  waa no p r e c i p i t a t i o a  o f  a ra n ian  and no co rro s io n  e f  th e  s t e e l .

2 Cri (S04) 9 . C h ro n ic  a a l f a t e  (1 ng p e r  2 n l  a ra a y l  a a l f a t e  s o l a t i o a )  
waa hydro lysed  c o n p le t e ly  to  C raOt hotk i a  th e  p resence  sad i a  t h e  absence  of 
p a s s i v a t e d  34? a t a i a l e a a  s t e e l .  There waa no p r e c i p i  t a t i o a  e f  a r a n i a n  and no 
c o r r o s i o n  o f  th e  s t e e l .  The p r e s e n c e  o f  1% BIO, in  th e  s o l a t i o a  caaaed  
o x id a t io n  a f  the c h f o e i a n < I I I )  t e  e k re n ia n (Y I ) .
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3 .‘ M304 . There was b o  o b s e rv a b le  ebaage t k a i  1 ag N iS04 «aa h e a te d  
v i t h  S e l  U0JSO4 s o lu t io n  e i t h e r  ia  the presence o r  ia  the ehseaee o f  p a s s i~  
ra te d  s t e e l .

A d d l i ie a  e f  N a , M 4 aad M a ,V t4 . HaJdo04 aad f la aV04 were t r ie d  as c o r ro a io a  
in h ib i t o r s  a t  h ig h  te u p e rs ta re .  Ia  ha th  cases 1 ag  o f  the  s a l t  was added te  
2 a l  o f  e r a p y l  s u l fa te  s o la t i o a .  Ia  each case a s a a l l  aaoua t o f  y e l lo w is h  
p r e c ip i t a t e  was fo rced  w h ich e e a te ia e d  a ra a ia a  aad e i t h e r  aelybdeaaa e r  taag> 
e tea . The s o la t io a  te  v h ich  Na1Mo04 bad been added aaa s ta b le  ia  the preseaee 
e f  p a a a ira te d  s te e l aad g ra p h ite ,  w h ile  th e re  was e x te a s ire  re d e c tie a  aad p ro -  
e i p i t a t i e a  o f  a ra a ia a  as U0a aad U ,0 a f re a  the s o la t io a  to w hich Na,W04 had 
beea added. N e ith e r  s a l t  was e f f e e t i r e  ia  p re re a t. ia g  s o la t io a  breahdowa when 
10 ag U(3O4 ) j -4Hj0 was added to  2 a l  o f  a ra a y l a a l fa te  s o la t io a  ia  the preseaee 
e f  p a s s ira te d  s te e l .

B f fo e t  o f  tx yg e s . A a e r ie s  o f  e xp e ria e a ts  ia  th e  preseaee o f  ba th  p a a a i-  
ra te d  aad a a tre a te d  s te e l was p e r fo ra e d  to  d e te ra ia e  th e  ia p o rta a c e  o f  oxygea 
is  the c o r ro s io a  process. The r e s u lts  are sa a a a rise d  ia  Tab le 17.

TABLE 17

B ffeftt of Oxygea aa the Oraayl Bel fe te — S te e l By a tea

MATEOIAL 7BBA7MBIT ■BOLT

O ntreetad s tea l A ir P re c ip ita t is a  e fa ra a ia e

B e la tio a  aerated p r io r  te 
a e e lia g

P re a ip ite t is a  e f ana ia n

Of  M ib U d  th re a p  ae la tiaa  
p r io r  te  aeeliag

Rad ffa ke s  e f P a ^  s U ^ b a t  
ae p ra e ip ita t ia a  a f araaiaa

Passivated s tee l A ir He p re c ip ita t io n

0 |  babbled th re a p  ae la tiaa  
p r io r ,  te  sealing

lie  p re e ip ita t ia s

A ir  re a m e d .fre e  aela tiaa P re c ip ita t is a  a f arasias

These r e s u l t s  seea c le a r ly  to  ia d ie a te  the ia p o rta a c e  o f  oxygea ia  s t a h i l i s i a g  
the a ra a y l a u lfa te -p a p p ira te d  s t e e l  s ys te a .
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A M it in  o f  N it r ic  A cl i .  When I S  WO, was p re s e n t  i a  UO,SO, s o l a t i o a  ia  
c o n tac t  witl i g r a p h i t e  and a p iece  •  f  p a s s i v a t e d  s t a a i  t h e r e  was ao f a i l u r e  e f  
the  s o l a t i o a  i a  100 h r .  Ia  the  ab se a ce  o f  fVI0a a r a a i u a  p r e c i p i t a t e d  f roa  the 
s o l a t i o a  ia  a f e e  h e a r s .

B ffe c t  e f  N a legea  le a e . The p r e e e a c e  o f  100 ppa C l "  i a  a r s a y l  a a l f a t e  
s o l a t i o a  ia  c o n t a c t  w ith  p a s s iv a ted  s t e e l  d id  a o t  have aay e f f e c t  ia  aahaaciag  
c o r r o a io a  o r  c a a a i a g  p r e c i p i t a t i o n  o f  a r s a i a a .  Ia  the  p r e a e n e e  o f  1800 ppa 
Cl"  the re  was s o a e  c o r r o s io a  o f  the  p a s s i v a t e d  s t e e l  sp ec i sM a .  The s o l a t i o a ,  
however, appeared t o  r e a a i a  s t a b l e .

In a n o t h e r  e x p e r im e n t  a a r a a y l  a a l f a t e  s o l a t i o a  c o n t a i n i n g  2S ppa Cl* 
was p lsced  i a  a l o n g  tabs  ( 1 0 - i n . )  w i t h  a p iece  o f  p a a s i v a t e d  s t e e l .  The tabe 
was ha s ted  a t  oaa  ead oa ly  so t h a t  t h e  e o l a t i o n  r e f l a x e d  c o n s t a n t l y .  There 
was ao change in  2 weehs.

Vraayl Phosphate g y s tea a .  P r e l i m i n a r y  e x p e r i ae n t  a w i t h  the  s o l a t i o a  e f  
uranyl phosphate  i a  l . S  M phosphoric  a c i d  gave vary p r o a i a i a g  r e a a l t a .  There 
was no f a i l a r e  o f  t h e  s o l a t i o a  i a  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 ,  a a t r e a t e d  
s t e e l ,  o r  t r e a t e d  s t e e l  and g r a p h i t e .  There  was no n o t i c e a b l e  c o r ro s io n  o f  
t h e  s t e e l ,  a l t h o a g h  t h e  sp ec im e n s  w e r e  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 .

Ceaclaaftea

Table  18 si 
s a l  f a t e  system.

■ a r i se s  soae o f  the  im p o r t a n t  r e s a l t s  o b t a i n e d  ia  the a r s a y l

P r e c i p i t a t i o n  o f  a r a a i a a  f r o a  a r a a y l  s a l f a t e  s o l u t i o n  i n  the  presence o f  
p ass iva ted  s t e e l  was observed i a  the a h se a ce  o f  a i r  or oxygen,  i a  the presence 
o f  g r a p h i t e ,  aad i a  the  presence  e f  h i g h  u r a n ia a ( lY )  c o n c e n t r a t i o n s ,  l a  a l l  
o f  these  cases  t h e  a r a n i n a  Was redaeed  aa  well as p r e c i p i t a t e d .  At h igher  pH 
(2 .6  to  3>2) t h e r e  was p r e c i p i t a t i o n  b a t  a o t  r e d s e t io a  o f  a r a a i a a .  C or ros ioa  
o f  the  s t e e l  s p e c im e n s  was o f t e n  o b s e r v e d  when th e  a r a a i a a  was reduced aad 
p r e c i p i t a t e d .  The p re sen ce  o f  aa o x i d i s i n g  agent ( v i t . 0 ,  o r  1% HH0,) seeaa  
to  be necessary  i a  p r e s e rv i n g  the s t a b i l i t y  of  the s y s t e a .
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1

TABLE I t

I f t M t  i f  n r u i i  P i e U r *  t i t  i t i l t l t t y  • (  t i t  B p i t n

FACTOR RESULT

a. no a n s L  present

Qrtplitt
U(SO4 ) a -4Ia0 ( I t  mg/ml) 
0(904 ) t «4Et 0 (10 mg/ml)

C kroao o la a

n&eo4
f a C l,  o r f c t (S04) a

GrtpliU ♦ R«jMo04

G r tp l iu  ♦ R«j004

U(S04 ) s *4Es°  (10 mg/ml) * NaaMot>4

U(*>4 ) t  ♦ m j f 04 ( 1« mg/ml)

I i c r t i t t l  tk a  u u i M ( I V )  c u U i t
No ckoBfo
No ckongo 

a ro a i 
•koa

s  : L t u r j u . - u » v . T a 1“ s5 ‘~ U , o
a i r  ooo r«M T*i from o o lo tio a o

Coat io ta  k y d ro ly o io  to  C r.O .f *o p r e c ip i ta t i o n  
0> u roa i'aa

No ckamto j
Cooplato k j d r o l y t i t  to  Fo^ i ' B j O; a#  p r o c ip i -

S l i f k t  p r o c ip i to t i o a  o f a ro a iaa ; ao f a r tk o r  
ek a a ft

S lig h t  p r o c ip i t a t i o a  of a ro a iaa ; aa  f a r tk o r

S l i d i t  p r o c ip i to t io a  o f a ro a iaa ; a a  f a r tk o r  
ekoago

S li^ k t  p r o c ip i to t i o a  o f a ro a iaa ; a a  f a r tk o ria k t  p r o c ip i to t i o a  o f a ro a iaa ; 
eaoata

B PASSIVATED STEEL PRESENT

100 p p a  Cl*
1000 ppa Cl*
G ra p k ito

G ra p k ito  ♦ IN HNOJ 
U<S04 ) j -4M10 (10 mg/ml)

N iS04
PaSO

G ra p k ito  ♦ NosNo04

G ra p k ito  ♦ NoaV04 
U(S04 ) 1 - a s0 ( I t  mg/ml) t  NaaMo04 
U(S04 ) a ‘a , 0  (10 a t / a l )  ♦ N o,104 
pE l . l t

t

pH 2 .0 0  
PE 2-20 
pE l . M
pB 1 .72  
pfl 1 .44

No ckoafo
S ao ll o a a a a t  o f  ca rro o iaa ; o o la t ia a  a ta k lo
R edact10a  o f  a ro a ia a  co a to a t o f o o l a t i a a ;  

Oocraoaa i a  pH
No ekoapo
P r o c ip i .« t io a  o f a ro a iaa ; o l ig k t  c a r r a a io a  o f

No ckoapo
C oaplota p r o c ip i to t io a  of a ro a ia a  aa  BjOj
C o aflo ta  kyOrolyoAa U  h . 0 . ;  ao p r a c i p i t a t i a a

o i a ro a ia a
S lia k t  p r o c ip i to t i o a  o f a ro a iaa ; ao  f a r tk o r  

caoafo
l a to a o i ro  p r o c ip i to t io a  of a ro a ia a  
C aaploto ro d a c t io a ;  p ro c ip i to t io a  o f  a ro a ia a  
C o l l a t e  ro d a c t ip a ;  p ro c ip i to t io a  o f a ro a ia a  
P r o c ip i to t io a  o f  a ro a ia a  ao y o llo o  UOa • *fla0p

Boat ao  pE U l  
No oppm toi^k lo  ckaap* 
Nto o p p io e io k lo  c k t i p  
No o p p ro o iak la  t k a a p  
No o p p ro c io k lo  ckoapt
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KFFKCT § r  f t t U I U I  M  C M B M IIR : SCSI IS  I I

Several scries of ampoule toots were run as out-ofpile experiments in 
order to determine the effects of nasMroas variables on tbe corrosion resist* 
sacs of 347 stainless steal in uranyl sulfate systems.

The experimental procedure was as follows: Type 347 Ataimleas steel reds
approximately IX in. in length nnd 1/16 in. in dinmeter were inserted Ip 6-mm- 
I.D. quarts (vitreosil) ampenles. Enough uranyl sulfnte, of concentration 
30 g of uranium per liter, ,was added to completely cover tbe steel specimens, 
leaving a vapor specs upprexiaately equal to that occupied by tbe liquid. Tbe 
solutions were frosen in r. dry-ice bath sad the ampoules then sealed. Tbe 
tubes were "boused" in bellow brass cyliaders and recked in a stainless steel 
box in a large high-temperature oven at 250°C for various lengths of time. 
The solations nnd specimens were observed daily. Although origiaally planned 
to run 100 br, numerous tests were extended further when it appeared that this 
additional tine would give more conclusive results. At the end of each run, 
the solutions were analysed forpM sad uranium coacentratiea (sometimes ires and 
aichei). and the teat ’specimens of stainless steel were oxabined under a 
microscope. The variables axanined included (1) tbe type of passivation 
treatment, (2) the presence of nitrate, (3) chloride and iodide in varying 
amounts, (4) the presence or absence of oxygen, and (S) the length of tine 
of the experiments.

Tbe data and results are listed in Table 19. Two main criteria have been 
largely used to determine tbe success of a test run. Tbe first is the appear* 
aace of the test specimen under tbe microscope and tbe second is the eonditiea 
of the uranyl salfate solution at the end of the test, i .a.,.uraaiaa con 
ceatration, pH, precipitatas, ate.

Numerous observations sad several conclusions from these experiments are 
summarised in tbe following paragraphs.

1. Chloride ion is definitely detrimental to 347 stainless steel in 
concentrations of £ 500 ppm under tbe essentially static conditions of these 
experiments. Tbe uranyl sulfate solutions ars reduced to U^O, and 00J( and 
the test specimens show considerable flaking and some pitting. Coacaatratimus 
of 10 to 200 ppm of chloride do not reduce uranyl sulfate solutions in 120 br, 
but the test specimens show the formation of a fairly heavy layer of coarse
grained oxide.
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• (  va riab le s  aai a4 4 lit re s  sa csrrsslsa s f  *47 ■ ta la  less Nisei 
b| Vraajrl M l  fa ts  sal at Isas

w>. or
N tlK A T W r ADDITIVE

» N itra te d*.
14 - M M  f f s

1 .9  -  1.1 D e fic its  a ttack  ia  a l l  aaaaa a t 2 444 
ppa; aaaraa-araiaad aai4a f i l a

u N itra ta r.
109 • >444 ppa

1.9 -  t . l Attack a f 1 apaciaaaa, aaa a t 1444 
aa4 a lte r  a t 1444 ppa; eaanta-

u N itra te A ir 1 4  -  1 9 ' Salatiaaa a a i apaa aaaaa OK
1 Ntea A ir 1.4 M  attack mt apart— .

4 N itra te D .» — d 1-4 -  1 4 f A l l  aa lctiaaa tadacad c a ^ l . u ly ;  a l l

1 Naaa D»s» m 4 1.4 S i r l a t i  a ttected

S O r n a te A ir 1.9 -  1.1 Salatiaaa' OK; apaai— a aaaallaat
4 C fc ra M 1 1  * 1 4 1) caacaatratiaa ia  aalatioa radtead 

a a te r ia lly ; apmiaaaa kagia ta atev 
attack

1 N itra te 1 ate Qj 1 49 .  I S Salatiaaa aa4 ■ p a rla w  (X

t ' 1 ate Q, 1.44 k a l i  rad p ra c ip ita ta : apariaaa 
aeqeirad tk ia  aai da f i l a

1 N itra te 19 ate 0* 1.44 Salatiaaa aad **c iaaaa  OK
S 14 ate 0 , 1 44 f l t e l l  rad p ra c ip ita te ; ip i  l— i  

aegairad tk ia  amido f i la

1 A ir ' 1 1 Salatiaa aad apaciaaaa OK

1
•

N itra te 1* wo, 144 ppa Ni praaaat ia  a l l  aalatiaaa;

1 H - » m >4

•14a 01 ralaaa 1 is  aad la  tk ia  calaaa arc Om m  M — ir d  a t tte  aad o f m S  « s * r i a a t  TV* /M o f tW  
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2.  Iodide  ion i a  a i t r a n a l y  u n s t a b l e  i n  u rany l  a n l f n t e  • • l o t i o n s  which 
have  n o t  boon degassed  o f  atmospheric  oxygon, so t h a t  in  th in  a o r i o a  o f  t e a t s  
«o a r c  e s s e n t i a l l y  d e a l i n g  with f r a a  i o d i n e .  D u p l i c a t a  a n o p l a a  c o n t a i n i n g

wan ra d n e ad  to  U , 0 ,  w h i l e  th a  a t k a r  r e m a i n e d  n t n b l a .  H ow ever ,  the  t e n t  
sp ec im e n s ,  even in t h e  n t n b l a  s o l u t i o n s ,  showed none nigan  o f  a t t a c h  sack ••

reduce  the n o ln t io aa  o r  m a t e r i a l l y  a f f e c t  t h e  t e a t  apaeiaeaa i a  140 hr  axcapt 
f o r  tha  formation o f  t h e  c o a r s e - g r a in e d  l a y e r  of oxidy n i a i l n r  t o  t h a t  noted 
above ia  tha enaa o f  c h l o r i d e s .

3 .  Tha absence o f  oxygen wan found t o  bo very d e t r i m e n t a l ,  r e n a l  t i n g  ia  
r e d a c t i o n  of  tha  n o l n t i o a a  nad nerionn a t t a c k  o f  the s t e e l  apac iaMaa.  Oxygen 
waa c l i a i n a t e d  I ron  th a n e  gapoales  by d e g a s s i n g  on n vnenna l i n e  (~10*4 a n ) .  
T h i n  te ch n iq 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 e i a e  an •  e e a n a  o f  t a s t i n g  
t h e  d u r a b i l i t y  of  any p a s a i v n t i o a  f i l e ,  and, a i a u l t a n e o i i n l y , t h e  a ln p n ad  t i n e  
n e c e s s a r y  foe b r e n k d o e a  o f  bo th  t h e  s o l u t i o n  and s t e a l  s p o e i a e a  g iv e s  •  
d i r e c t  i n d i c q t i o a  o f  t h e  r e l a t i v e  to n g h aaas  o f  these  f i l e s  o r  o x i d e  l a y e r s .  
F o r  a x a n p le ,  a l l  s i x  s e p a r a t a  n i t r a t e - p r e t r e a t e d  s p e c i e e a a  ( f r e e  d i f f e r e n t  
p r e t r a i t e e a t  b a tch e s )  e a r s  a t tacked ;  and tha  a r a a y l  s u l f a t e  s o l u t i o n s  completely 
r e d a c e d  in  l e e s  t h a a  40 h r  a t  250°C; four o f  these  f a i l e d  c e e p l a t e l y  in l e s s  
t h a n  24 h r .  In c o n t r a s t  t o  these ,  two c k r o e a t e - p r e t r e e t e d  a p e c i e o e a  were ran 
f o r  a t  l e a s t  120 hr nad two M r s  for ISO and 170 hr before  a e t o r i a l  r e d a c t io n  
o f  the  n r s a i n e  in  s o l u t i o n  was e v i d e n t ;  f a r t h e r e o r e ,  none o f  t h e  s t e e l  t e s t  
s p e c i e e a a  showed t h e  d e ep  a t t a c h  sad p i t t i n g  which were noted  w i t h  n i t r a t e -  
p r e t r e a t e d  a p e c ia e a s .

4 .  S e v e r a l  r u n s  warn  made in  which e x c e s s  oxygen was p r e s e n t  in  the  
s y a t e e .  One s t a o s p h e r o  o f  oxygen was o b t a i n e d  in a one s e a p l e a  hy h n b h l i a g  
oxygen throngh the s o l u t i o n s ,  while  in  e t h e r s  hydrogen p e ro x id e  was added in 
s u c h  aaoua ts  t h a t  i t s  d e c o a p o s i t i o a  would g i v e  a p r e s s u r e  o f  a b o u t  10 a t e  o f  
oxygen aeasnred  a t  roqa  t e a p e r s t n r e  above t h e  e o l a t i o n .  P a s s i v a t e d  ( n i t r a t e )  
end u n p a as iv a ted  a p e c i a e a s  were need. The f e r a e r  showed no ch an g e  nor  were 
t h e  r e l a t i o n s  a f f e c t e d  a f t e r  100 h i ,  b a t  t h e  l a t t e r  appeared to  have acquired 
a t h i n  f i l e  o f  ox ide ,  b i a u l t s a e o n s l y  d e p o s i t i n g  a s n a i l  rdd i r o n  o x id e  p rec ip  
i t a t e  f r e e  s o l u t i o n .  T h e se  l a t t e r  oxy g e n - p r e  t r e e  ted  a p e c i a e a s  were then 
p l a c e d  in f resh  s o l u t i o n s  e f n r e n y l  s u l f a t e  ( a i r  p r e s e n t )  and run aa  a d d i t i o n a l  
80 h r  w i th o u t  say  e v i d e n c e  e f  breakdown. V h e th e r  t h i s  oxygen p r e t r e a t a e a t  
w i l l  p rov ide  a d u r a b le  p a s s i v a t i o n  f i l a  i s  now be ing  t e s t e d  by t h e  d e ceas in g  
t e c h n i q u e .

2000 sad 1000 ppa o f  i o d i d e  gave o p p o s i t e  r e s u l t s ;  ia  each  c I n t i

f l a k i n g  o f f  o f  the  o x i d e  l a y e r .  Con io n s  1  500 ppa o f  i o d i d e  d id  n e t
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S. S « f « r i l  m l  w r e  Bade on both p a s s i v a t e d  ( n i t r a t e )  aad u n p a s s i v a t e d  
t p t c i M a a  i a  which 1% a i t r i c  a c i d  i a i  added to  t h e  u ra a y l  a a l f a t e  a o l a t i o n a .  
Swell  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  oxide ware n o te d  a f t e r  24 h r ,  and the  c o lo r

a

.of the  a a l a t i o a a  had chea ted  f r o a  yellow to  a d e c id e d  ( r e a a i a h  yellow, nasty*** 
i a d i c a t a d  t h a t  a t  l a a a t  500 ppn o f  n i c k e l  had been  leached o a t  o f  t h e  a t o o l  
a p e c ia a a a  i n to  . e o l a t i o n .  The apec iaena  t h e u a l v e a  had a good appearance; they 
w a r e 'g r a y  i a  co lo r , ,  h a v i a g a  t h i a  c r y a t a l l i a a  l a y e r  above a l a a t r o a a  background

* . i  Tii it i  if w i i  r  "•* a®# &  A | a n #  f  *

4 .  S a a l l  ye l low p r a c i p i t a t a a ,  wkick a p p e a re d  to he of the  r h o u b o h e d r a l  
typo aad  c o a t a i a e d  on tko a v e r a g e  abou t  SI o f  th e  a r e a i a a  p r e s e n t ,  ware foaad  
i a  a l n o s t  every aapoale ( e x c e p t  whore the u r a a i a e  waa radaced) heated a t  2S0*C

e
f o r  a t  l e a s t  90 k 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 ,  wkick wore a a a l y x e d  
s p e c t r o g r a p h i c a l l y , were fo ead  to c o a t a i a  l a rg e  oarowuts o f  a r a a i a a  aad u ed iun  
aeounta  e f  s i l i c o a .  X-ray —d i f f r a c t i o n  p a t t e r n s  a t  f i r a t  appeared to  i n d i c a t e

a
t h a t  t h e  c r y a t a l l i a a  n o t a r i a l  wan s i n i l a r  to  t h a t  o b t a i n e d  by M a r s h a l l / 4 * 
which he  p e a t a l a t a d  as an o r t h o s i l i c a t o  couponed (UOj) , S i 0 4 • 3H?0. However,  
c l o s e r  e x a a i n a t i o n  r e v e a le d  t h a t  th e re  were enough d i s c r e p a n c i e s  be tween the 
p a t t e r n s  t o  i a d i e a t e  t h a t  t h e y  a r e  n e t  the  s a n e  c r y a t a l l i a a  p h a a e .  S i s c o  
t h e s e  p r a c i p i t a t a a  c o a t a i a  s i l i c o n  pad are  v e r y  d i f f i c u l t  to d i a s o l . v e  i a  
a i t r i c  a c i d ,  i t  i s  b e l i e v e d  t h a t  they c o n s i s t  l a r g e l y  o f  u r a a i u n  s i l i c a t e s  
fo raed  f r o n  loag  c o n t a c t  o f  t h e  a r a a y l  a a l f a t e  a o l a t i o n a  w i th  v i t r e o s b l  a t  
2S0*C.

KLCCTM CUBICAL CdBKMItN ITIBT

C o r r o s io n  s t a d i a s  of an e l e c t r o c k e a i e a l  n a t u r e  have been, con t inued  d a t i n g  
the p a s t  q u a r t e r .  These s t a d i a s  have been d i r e c t e d  teward o b ta in in g  a g e n e r a l  
p i c t u r e  o f  the  c o r r o s i o n  a e c h a a i s a  aad the  a u b s e q n a a t  u r a a i u n  r a a o v a l  f ro n  
s o l u t i o n  by p r a c i p i t a t i o a  o f  e i t h e r  UO, xHa0, UaOg, o r  U0,.

B a p e r in e a ta l

The u t i l i t y  o f  the  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 f U 0 aS04 | p a s s i v a t e d  
s t a i a l o e s  s t e a l  a t  100*C i a  th e  presence o f  c h l o r i d e  ioaa hao p r e v i o u s l y  beea

(4 ) V. L. Marshall sad J g QU1, “ P a  Cmy ia <  Uranyl O rthseilieete  Trlbydrsto." C b sttlr jr
Q m a r f r l j  P - » f r * n  gsperf /e r  P e -ie d  fading d y l w b r  30, 1050, CWIL-fTi, p  SS (Ibr. 1, !♦ $ ! / .
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dem onstrated . **  ' T h i»  eye te a  was a ls o  found to  i n d i c a t e  the oaae t o f
rapid  c o r ro a ia a  a t  SSO^C ia  the presence o f  c h lo r id e  io a a .

A t 100*C i a  the absence o f c h lo r id e  ioa i t  baa been im possib le  to observh 

say evidoace o f  corros ion  area a f t e r  S days exposure t i o e .  N e i th e r  o icroscopic  

e x a a ia a t io a  o f  tbs  s a r f a c *  nor p o t e n t i a l  oeasareoenta i n d ic a t e d  a c t iv e  c o r 
ro s io n .  Vboa a a r a a y l  a a l f a t e  s o l u t i o n  was bested to  2 5 0 *C  in  *s p a s s iv a te d  

s te e l  boob fo r  1 week tbs e n t i r e  a r a n ia n  content oaa p r e c ip i t a t e d  sad corros ion
prodacts aero found both ia  s o lu t io n  and ia  tbe p r e c i p i t a t e .  D ar in g  the ran

:

tbe p o t e n t i a l  o f  tbe v a i l s  o f  tho v o a s a l  versaa a c e n t r a l  p ass iv a te d  s t e e l  

w ire  van r e c o r d e d  sad tb e ro  ass no  e v id e n c e  o f  %. p o t e n t i a l  change. Tbe  

p o te n t ia l  o f  tho  c e l l ,  pass iva ted  a t a in le s s  s te e 1 |U0JSO4 |p a s s i» a te d  s ta in le s s  
s te e l ,  ren a iaed  a t t e r o  throughout the  e xp e r in e a t  even though conplete  uranium  

p r e c ip i t a t io n  occurred  during tbe ru n .  I t  appears th a t  the system, pass ivated  

s ta in le s s  s te m l|U 0 JS04 [passivated  s t a in le s s  s te e l  is  o f  l i t t l e  or no value in  
tbe absence o f  tbe  c h lo r id e  ion .

Tbe f i r s t  s ta g e  o f  u r a a iu a  p r e c i p i t a t i o n  p r o b a b ly  c o n s is te d  o f  tb e  
re d u c t io n  o f  u r a a i a n ( V I )  to u r a a i a m ( l V ) .  Tbe u r a a iu m ( IV )  vas su b seq u en tly  

p r e c i p i t a t e d  by h y d ro ly s is  and th e  n r a a iu n  ox ida  a d h ere d  tc  a l l  a v a i l a b l e  

s u rfa c e s .  Both e le c tro d e s  became c o a te d  o i t h  tbe p r e c i p i t a t e  sad hence acre  

e q u iv a le n t .

I a  tho above  rua  tbe u r a a ia n  p r e c i p i t a t e d  as a a b i a y ,  b la ck , a d h e re n t  

c o a t in g  on th e  m a l ls  o f  tbe v a s s a l  as w e l l  as tbe c e n t r a l  e l e c t r o d e .  An 

X -ray  a n a ly s is  o f  the p r e c ip i t a t e  showed i t  to be 100% U O j.

/ .  .I f  tbe above ^ ssunptioa  is  c o r r e c t ,  i t  vould be im p o s s ib le  to use any
m e ta l l ic  in d i c a t o r  e le c tro d e  because when i t  bocane c o a te d  w ith  U0 i t  vould

s •

be e q u iv a le n t  to  tbe passive s u rfa co  a ls o  covered w ith  the  same ox ide . Ia  tbe  

near fu tu re  a p la t in u m - in d ic a t o r  e le c t r o d e  s i l l  be used to  see i f  tbe same 

re s u l t  is  o b ta in e d .

Tbe e f f e c t  o f  removing oxygen from tbe u raay l s u l f a t e  s o lu t io n  in  vh ich  

a pass ivated  s t a in l a s s  s te e l  specimen vas immersed has boon in v e s t ig a te d .  A
passivated p ie c e  e f  s te e l  was mounted ia  tbe bottom o f  a co n ven tio n a l e l e c t r o l -

«

ysis  c e l l  and IS  n l  o f  U0t 9O4 (3 0  g o f  u ra a ia n  per l i t e r )  s o lu t io n  vas placed  
above i t .  A s tre a m  o f  o xyg o n -free  a i t r o g a a  vas bubbled through tbe s o lu t io n

<S> "P o tes tiam stric  C srreeisa g t v i i e s | i w l * r  ( u i r i s n l  
Pvried  fad in g  F *V rn » rj U ,  Jiff. p *1 (May lg. 1MU

Q u a r te r ly  P regre te  g epe rt f p r
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and  t h e  p o t e a t i a l  o f  t h e  s t e e l  t » .  t h e  S<C>E> wan r e c o r d e d .  B e f o r e  p a e s i s f  
n i t r o g e n  through the 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 r  r e .  S C 1.

D u r i n g  th e  f i r s t  4 h r  o f  p e n n i n g  n i t r o g e n  t h r o n g h  t h e  n o l n t i o a  t h e  
p o t e n t i a l  changed in  e n e g a t i v e  d i r e c t i o n  by  a b o u t  $0 n r .  D u r in g  t h e  n e a t  
h o a r  t h e  p o t e n t i a l  c h a n g e d  by 3S0 n r  a# t h a t  t b o  p o t e n t i a l  o f  t h e  s t e e l  vaa * 
a b o u t  < 0 . 1 0  r  t o . S . C . E .  F u r t h e r  b a b b l i n g  o f  a i t ' “ 'g en  bed n.c r f d i t i o a a l  
e f f e c t  on the p o t e n t i a l  o f  t h e  a t e e l .  When e a y g e a  ««• inba t i t** . ,  f< n i t r o g e n  
in  t h e  gaa a t r e a a ,  the  p o t e n t i a l  changed in  n b o - t  l  a* *.o i t s  o r . f i n a l  m i n e ,
1 »e« ,  <0.52 r  t » p S . C . I .  The  c y c l e  could be r e f l a t e d  by the a l t e r n a t e  pnaa ing  
o f  n i t r o g e n  and oaygen t h r o u g h  the s o l u t i o n .

I t  thua appeara  t h a t  e a y g e a  eaa a t  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  the  
n o b l e  b e h a v io r  o f  the  p a s s i v a t e d  a t e e l .  S i n c e  t h e  t i n e  r e q u i r e d  t o  o b s e r v e  
t h e  change  in p o t e n t i a l  > « •  so  loc-g, i t  a e e n e d  l i k e l y  t h a t  the  oaygen  h e l d  on 
t h e  s u r f a c e  o f  the s t e e l  one  r e l e a s e d  o n ly  s l o w l y .

I t  h i e  been 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  100 t o  3 00  ppn o f  
s i l i c a  in  a n r a a y l  s u l f a t e  s o l u t i o n  i n p r o v e 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  
p a s s i v a t e d  s t a i n l e s s  a t e e l  t o  c h l o r i d e  ion  a t t a c h .  Vhen p a s s i v a t e d  s t e e l  
a p e c i n e n s  were i n n e ra e d  i n  a nratayl s u l f a t e  s o l u t i o n  a t  100'C c o n t a i n i n g  0 OS

M  p o t a n s i u n  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  in  10 to 40 n m .  I f  th e  
a r n n y l  s u l l a t e  s o l u t i o n  c o n t a i n e d  100 t o  300  p p n  s i l i c a  th e  p a s s i v i t y  was 
d e s t r o y e d  only a f t e r  20 t o  24 h r .  To d a t e  no e x t e n s i v e  s tu d y  o f  t h i s  s y a t e n  
h a s  been nade,  bu t  a n o r e  d e t a i l e d  s tudy  i s  p l a n n e d  fo r  the  f u t u r e  -

• I n c u r s i o n

A t  l e a s t  a p a r t  o f  th e  r e a u l t s  of  th e  c o r r o s i o n  s t u d i e s  r e p o r t e d  t o  d a t e  
can  be e x p l a in e d  f a i r l y  w a l l  by an e l e c t r p c h e o i c a l  n e c h a a i s n  a i n i i a r  t o  t h a t  
p r o p o s e d  by U h l i g . ' * '  The a n o d ic  rea> t i o a  c o n s t a t s  o f  '.he o x . d a t i o *  o f  i r o n ,  
n i c k e l ,  and chroniua .  At t h e  c a th o d ic  a rena  t h e r e  a r e  t h r e e  p o s s i b l e  r e a c t i o n s '

XO, ♦ 2HV ------------- ► HaO - 2c

v6< H H. U hlif, Corrtiion im d k o a t ,  p 1JS-14V 5*ley , dee York, 944
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* H, - It ( S )i r

U O /* ---------- ► OO, (o r  U ,0 ,)  - 2 t ( 3 )

E q u a t i o n s  (1) u d  (2)  c o a s a n  hydrogen ioaa,  l e a v i n g  a decreased  a c i d i t y  
i a  the a o a r  v i c i n i t y  o f  the c a t k o d i c  a a r f a c a .  Hoaca, i f  oxygon ia  p roaoa t  and• i
i f  e i t h e r  oxygon o r  hydrogen i o a a  a ro  oora a a a i l y  ro d aco d  tkoa  a r a a y i  i o a a ,  
c o r ro a io a  o f  tka  a l lo y  caa p rocoad  o i t k o a t  r o d a o t io a  o f  a r a a i a a .  However, i f  
tka  r a d a c t i o a  o f  o i t k a r  oxygen  o r  kydrogoa i o a a  a t  a a  a p p r o e i a k l o  r a t a  
c o n s t i t u t e s  t k a  c a t k o d i c  r o a c t i o a  t k o r a  would ba aa  i a c r o a a o d  pH a o a r  t k a  
c a t k o d i c  a a r f a c a  aad tk a  h y d r o l y t i c  p r a e i p i t a t i o a  o f  a r a a y i  i o a  a p p o a r o  
poaaik lo .

Tba r o a s u a p t i o a  of kydrogoa i o a a  a t  tka ca thodo i a  a o a r ly  offaot* by tk o  
l i b o r a t i o a  o f  kydrogoa ioaa p rodaeod  f ro a  tka <y d r o l y t i c  p r a e i p i t a t i o a  o f  tko 
aaod ic  c o r r o a i o a  p r o d u c t s ,  A t  2S0*C botk  i r o a ( I I I )  aad c k r o a i u a ( I f I ) a r o  
c o a p la to ly  p r o c i p i t a t o d  aa o x i d e s ,  l i k o r a t i a g  kydrogoa ioaa  ia  aa aaouat a o a r l y  
equal to  t k a t  coaaaaad a t  tko c a t k o d i c  a r e i a ,  Exper im ents  have i a d ic a to d  t k a t  
tka  p r o c i p i t a t o a  o f  i r o a  ‘aad c k r o a i a a  ox idoa  a ro  f r o q a a a t l y  c o l l o i d a l  i a  
Batura  aad c o u l d  a a a i l y  bo o v e r l o o k e d  d u r i a g  aa a a a l y a i a  o f  tka  s o l u t i o n ,  
Hoaca, aa a a a l y a i a  o f  tko a o l u t i o a  doaa a o t  a o co a a a r i l y  i n d i c a t e  tko o c c a r ro a c o  
of  a c t i v e  c o r r o a i o a ,

Tkaro  a r o  s e v e r a l  ra a ao a a  t k a t  c o r r o a i o a  nay a o t  ba a p p a r o a t  a t  l o w e r
tcapara twrea?

1. H y d r o l y t i c  p r a e i p i t a t i o a  o f  u ra a iu a ( IV ) ,  i r o a ( I I I ) ,  aad c k r o a i - 
u o v I I I )  doaa ao t  f.ake p l a c e  i a  a raay i  a u l f a t o  a o l a t i o a a ,  a t  l a a a t  
t o  coaip lo tioa ,  u a t i l  t o o p o r a tu r o a  ia  axcoaa o f  1 0 0 T  a rc  reached.

2 .  I a  a c lo a a d  o y a teo  wkoro  tka  r a d a c t i o a  o f  oxygoa  i a  tka  c o n 
t r o l  l i a g  fac to r  tka r a t a  o f  co r ro a io a  doukloa  fo r  oack 30”C r i a a  
i a  t e o p e r a t u r e , * * '  r e a a l t i a g  i a  a corroai<*» r a t e  a l a o a t  200 t i a a a  
f a s t e r  a t  2S0*C tkaa a t  2S*C.

3 .  O x i d a t i o n - r e d u c t i o n  p o t o a t i a l a ,  o v e r v o l t a g o a , a a d * c o a d a c t i v i t y  
o f  tko  s o l a t i a a  p o s s i b l y  kocoaa wore f a v o r a k l e  f o r  aa iac roaaod  
c o r r o a i o a  r a t a  a t  i a c r o a a o d  t a a p a r a tu r a a .
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Tk« da ta  o b t a i n e d  to da ta  i a d i c a t o  t h a t  c o r ro a io a  o a c o a a to r o d  ia  the HRE 
v o r k  ia  aa e l e c t r o l y t i c  typo .  N ea r ly  a l l  tk a  d a ta  caa bo e x p l a i n e d  ea  tka 
b a o ia  o f  tbo aba te  r e a a o a i a g  with v a r io u s  a a d i  f i c a t i o a a . I t  a p p a a r a  t h a t  tbo 
s o - c a l l e d  p a a a i to  a t a a l  i a  a o t  e a a p l a t a l y  p a a s iv e  a t  2S0*C i a  a r a a y l  a a l f a t e  

a a d a r f a a a  c o a t i a a o a a  c o r r o a i o a .  Tka r a t a  o f  c o r r o a i o a  i a  a a d a a b to d iy  
d a p aa d a a t  aa a a a a r a a a  p b y a ic a l  p r e p a r t i a a  o f  tka  a t a a l  aad i t a  ox id e  co a t in g .  
S i a e a  aaeb Bo l t  o f  a t a a l  i a  a o t  c o . p l a t e l y  i d a a t i c a l  aad a i a c a  aack  aa tkad  of  
v e r g i n g  tka  a t a a l  i a  d i f f e r e n t ,  tka  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 a i o a  
r a t a a  t e a  be expec ted  t a  ba lav .  Tka d a ta  o b t a i a a d  boar o a t  tka  l o o t  a t a t a a c a t .

Pa te ra  work w i l l  ba 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 a r e  a f  tka  co rroa ioa  
Bockaa iaa  and d e t e r a i a i a g w h a t  e f f e c > , i f  cay .  a i l i c a  ia  tbo a r a a y l  a v i a t i o n  kaa 
a a  co r ro a io a  r a t a a .

i
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S . ST A B IL IT Y  AND CORROSION UNDER RADIATION

m  iwm-i

sfiwr M m fig-
H. r. McDaff i .

i I teciis*
i: l  tZZ-

been
D ar ing  the pan t  q a n r t a r  the  a f f o r t a  o f  t b a  R ad ia t io n  S t a b i l i t y  Gronp have 
d i r a c t e d  toward tko fo l lo w in g  ganara l  l i n o a  o f  i n v e s t i g a t i o n !

1* Long- tarn  r a d i a t i o n  a t a b i l i t y  t a a t a  a t  tk a  a an ia n a  f l a n  o f  tka  
O  g r a p h i t e . p i l e .

S .  S h o r t - t a r n  e x p l o r a t o r y  t a a t a  a t  tka  m o b  k ig k a r  f l a x a a  o f  tko  
LITR.

3 .  Oat o f  p i l e  a t a d i a a  o f  c o r r o s i o n  and a o l a t i a a  a t a k i l i t y  a a i n g  
tka b o a b - f i t t i n g - t a k i n g  aaaaab l iaa  d a a ig a a d  for i a - p i l a  t a a t i a g .

4 .  P r a l i o i a a r y  r a d i a t i o n  a t a b i l i t y  a t a d i a a  o f  tka  c o ap o n o a ta  o f  
tka  heevy-wetar r a f l o c t o r  ayatoa o f  t k a  HJ1.

5.  P r e l i n i n e r y  r a d i a t i o n  a t a k i l i t y  a t a d i a a  o f  a ran y l  a i t r a t a  s o l o -  
t io a n .

Tka e o a c la a io a a  o f  p r i n c i p a l  i n t e r n a l  to  tk o  HRE wkicb bare  a r i a a a  f 
tba  work of  tka group d a r i n g  tka  q a a r t e r  a ra  an fo l lows :

1 .  1>e p raaaaca  o f  oxygon ia  a ac a aa a ry  f o r  tka  a a i a t a a a a c a  o f  tk a  
p a s s i v i t y  o f  ty p o  347 s t a i a l a a a  s t e a l  a a r f a c o p  ia  c o n t a c t  w i t k  
a ra ay l  s a l f a t a  a o l a t i a a a  a t  2&0*C, aad any  po ss ib ly  ha a a f  f i a i a a t  
f o r  tba a c k i e v o a e a t  aad a a i a t a a a a c a  o f  p a s s i v i t y ;  lThis  f i n d i n g  
i s  s a p p o r t a d  by t k a  work o f  o t k a r  g r o n p a  who a p p r a a c k a d  t k a  
p r a b la n  *fron d i f f e r e n t  p o i n t s  o f  v iew ,  and i t  i s  n o t  i n t e n d e d  
t h a t  a n ?  e n o d i t  nkoudd  ka  taken  f ro m  i k o n .  Tka c o n e l o . i o n ,  
never  tka l a s a l4i s  p r e s e n t e d  kora becaaao t k a  work of the R a d i a t i o n  
S t a b i l i t y  Group o a t a k i i a b a a  i t  witk c e r t a i n t y . )

»
2 .  S a r f sc e s  p r e t r e a t e d  witk chronic  a c id  ap p ea r  o a t s t a a d i a g l y  b a t t e r  

than those  p r o t r o a t e d  w i th  n i t r i c  a c i d  when t a s t e d  fo r  a b i l i t y  
to  n a i a t a i a  p a s s i v i t y  i a  c o a t s c t  w i t k  d e g as s ed  s a l a t i a n a .  o f  
a r a a y l  s a l f a t a .

1 .  A groap o f  f iv e  a t a i a l q s s  s t e a l  bonba c o a t a i a i a g  ea r ickad  n r a n y l  
s a l f a t a  s a l a t i a n a  kas  keen exposed to  t k a  f a l l  f l ax  o f  t k a  X-10 
p i l e  for 7 weeks w i th  p r a s s a r a s  s u b s t a n t i a l l y  i a  excess  o f  s t e a n  
p r a s sa ra ,  i n d i c a t i n g  t h a t  the u r s a i a a  r e n a i a s  i a  a i a l a b l e  f o r n .

4 .  A p r a l i n i a a r y  e x p a r i a e n t  in  the LITR k a s  bean c a r r i e d  o a t  awe* 
cess  f u l l y .
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Aa p a r t  o f  the  c o n t i n u a t i o n  o f  l o n g - t e r n  i r r a d i a t i o n  s t u d i e s ,  f ive  boobs  
•o re  p la ce d  i n  kolo  60 aboat  7 weeks ago. Tkese boobs ,  developed through t k o  
o u t - o f - p i l e  t o o t i n g  p rn g r a n  d o s c r i k e d  l a t e r  in  t h i s  r o p o r t ,  • o r a  f r e e  f r o o  
c h lo r id e  and a o a - s t a i a l e s s  s t o o l  eooponen ts .  At tko  t i n e  the  bonb a s s e n b l i e s  
•o re  p re p a red  th e  importance o f  oxygon for o u t - o f - p i l e  o a i a t e a s a c e  of p a s s i v i t y  
had ao t  boon o a t s b l i s k e d ,  and tk o  c o n d i t i o n s  • a r c  n o t  o p t i n a l  in  the  l i g h t  o f  
p r e s e n t  know ledge .  Three of  t k a  bonks showed ao r e d a c t i o n  o f  urabiwn whoa 
heated in  t h e  absence  o f  r a d i a t i o n ;  ono showed a s l i g h t  anoaa t  o f  r e d a c t i o n ,  
and the o t h e r  showed conplo te  r e d a c t i o n .  All  the boabn, a f t e r  i n s e r t i o n ,  wore 
s a b je c te d  t o  l o w * to n p e ra ta r e  a c t i v a t i o n  t r e a t n e n t  in  t h e  p resence  of  n e a t r o n  
r a d i a t i o n ,  and  t h r o a g h o a t  t h e  7*woek p e r io d  t h e y  h a v e  a l l  shown p r o s s a r o s  
s u b s t a n t i a l l y  in  exceas of  s t e a n  p r e s s u r e .  This i n p l i o s  t h a t  th e re  i s  uranium 
in  s o l a t i e n  a f t e r  t h i s  length  o f  ex p o su re .

An a u to a i a t i c  c o n t r o l  d e v ice  h a s  boon p e r f e c t e d  and a t t a c h e d  to  a " s l av e" -  
kwh n e te r  i n d i c a t i n g  p i l e  power; t h e  dev ice  lowers t h e  t e m p e r s t a r s  e f  the  bonba 
hy S0*C e v e r y  t i n e  the  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 n p e r a t u r e  30 n i n  
a f t e r  t h e  p i l e  cones  up a g a in .  T h i s  p r a v e a t s  th e  e x h a u s t i o n  o f  oxygon by 
r e c o a ^ i a a t i o a  d u r in g  a p i l e  shutdown, and the  t e n p e r a t u r e  t o  which the s u r f a c e s  
a re  exposed i n  the  absence o f  r a d i a t i o n  i s  reduced. In  t h i s  way i t  i s  hoped 
t h a t  only tko c o r r o s io n  occu r r ing  i n  the  presence  o f  r a d i a t i o n  w i l l  be n easu rod .

I t  s e e n s  p r o b a b l e  t h a t  none w e ig h t  chaagea w i l l  bo no ted  when the  c o r -
e

ro a io n  s a n p l o a  i a  t h e s e  bonba a r e  e v e n t u a l l y  e x a n i a o d .  T h i s  a a s u n p t i o a  i s  
based on the  f a c t  t h a t  a l l  the  a a s o n b l i e s  rece ived  o u t - o f - p i l e  hea t ing  to  t o s t
t h e i r  a b i l i t y  t o  c o a t a i a  u ra a y l  s u l f a t e .  We sow know t h a t  i a  the  abaeace  o f

•  -
l a rg e  p o s i t | v o  oxygon p r e s s u r e s  t h o  snai l*  anouat of oxygon p r e s e n t  in the  a i r  
would be r a p i d l y  conauncd, fo l low ed  by c o r ro s io n  and r e d u c t i o n  of  the  u r a a i u n  
i f  th e  h e a t i n g  were c o n t in 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 bonbs  
which had shown p a r t i a l  or c o u p l e t s  r e d u c t io n  of u r a a i u n  has  been p r e t r e a t o d  
w i th  n i t r i c  a c i d ,  whareas the  o t h e r  t h r e e  had bees  p r e t r e a t e d  with  c h r o n i c  
a c id .  As w i l l  bo shown in a l a t e r  s e c t i o n  o f  t h i s  r o p o r t ,  i t  a p p ea rs  t h a t  
c k ro n a ta  p r e t r o a t n e n t  o f f e r s  nuch 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 a y l  s u l f a t e  
s o lu t io n  in  t k o  absence o f  oxygon t h a n  doss n i t r a t e  p r e t r e a t a M a t .  Thua t h o s e  
bonbs, and t h a i r  c o r r o s io n  samples ,  should  show l e s s  c o r r o s i o n  than the bonbs 
t r e a t e d  with  a i t r a t e .
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A* the  o u t - o f - p i l e  t a s t i n g  p ro g ram  co n t i fcaes  w i th  i t s  e v a l u a t i o n  o f  
oxygon and o t h e r  a g e n t s  fo r  the ach iev em en t  and main tenance o f  p a s s i v i t y ,  i t  
s h o u ld  bs p o s s i b l e  t o  o b t a i n  a nee  and b a t t e r  o a t  o f  bombs t o  r o p l a c o  these  
now in hole 60.

tBBABIATIBN •  TUVIBB AT I I W t  PL0XB8 UflMfl T B  LITE

Under p r e s e n t  a e t h o r i a e t i o n  the LITR can  achieve a f l a x  o f  a roaad  10iS a t  
a lOQO-hs poser  l e v e l .  This  i s  a f a c t o r  o f  10 to  SO over the  f l a x e s  a b t e i n a b le  
i a  the  X-10 g r a p h i t e  p i l e  aad g iv e s  a r a d i a t i o n  l e v e l  c e a p a r a b l e  w i th  t h a t  
e x p e c t e d  fo r  th e  HRE. Moreover ,  th e  r a t i o  o f  gaamaa aad f a s t  n e u t r o n s  to  
s l o e  n e u t r o n s  i s  a b o a t  10 t i a o s  t h a t  e c b i a v e d  in  the  g r a p h i t e  p i l e .  T h i s  
h i g h e r  r e t i e  i s  a l s o  e x p e c t e d  f o r  th o  HRE'. I t  i s  t h e r e f o r e  b e l i e v e d  t h y t  
e x p e r i a e a t s  in  the LITR re p re s e n t ,  aa s e l l  a s  can/be  ob ta ined  a b o r t  o f  the HRE 
i t s e l f ,  the 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  f roa  the HRE a t  h a l f  poser .

D a r in g  th e  p e a t  q a e r t e r  the  d e s i g n  and  f n b r i c a t i e a  o f  a p p a r e t a s  sea  
c o a p l e t e d  and a p r e l i m i n a r y  e x p e r im en t  s e a  c a r r i e d  o a t .  - One p a rp o s e  o f  the 
e x p e r im e n t  s a s  to  c h e c k  the  e f f e c t i v e n e s s  e f  the  c o a t r e l  a q a i p a e a t  aad the  
Pescadores  fo r  l e a d i n g  aad a a lo a d ia g  a t  h i g h  r a d i a t i o n  l o v a l a .  On the s h a l e ,  
t h e  a q a ip a e a t  perforaMd exceedingly  s a i l .  I t  s as  feaad t h a t  a a x i l i a r y  h e a t i a g  
s a e  n o t  n e c e s s a r y  a t  p o s e r  l e v e l s  abeva  320 h s ,  eaoagh h e a t  b a i n g  e b t e i n e d  
f r o a  f i s a i o a  aad gamma h e a t i h g  to  b o l d  s a t i s f a c t o r y  t o a p o r a t a r e  l e v e l s .  
I n s e r t i o n  end s i t h d r a s a l  o f  the  s l a a i n a a  t a b e  c o n ta i n in g  the  bomb aad fa raece  
s e r e  accomplished o i t b o a t  d i f f i c a l t y  e r  a x c a a s iv e  r a d i a t i o n  o f  p e r s o n n e l .

The second p a rp o a e  *of the exper iment  s a s  t e  become o r i o a t o d  s i t h  r e s p e c t  
t o  the p r e s s a r e s  a c h i e v e d  a t  any g iven  c o m b in a t io n  e f  t e m p e r a t a r o  end f l e x ,  
p a r t i c u l a r l y  a t  f l a x e s  above th o s e  o b t a i n a b l e  in  the  X-10 g r a p h i t e  p i l e .  
S in c e  the  e x p e r i a e n t  has  j a s t  Boon c o m p le t e d ,  i t  i a  no t  p o s s i b l e  to  p r e s e n t  
a c o ap le te  a n a l y s i s  o f  the d a ta .  Hosever,  s e v e r a l  p a in t s  e r a  c l e a r  and should 
be d i s c a s se d .  F i r s t  o f  a l l  i t  seeas  p r o b a b l e  t h a t  the a r e a y l  s a l  f a t e  s o l a t i o n  

■ o r i g i n a l l y  p a t  i a t o  t h e  boab s a s  decomposed to  i a s e l a b l e  o x i d e s  o f  a r a a i a n  
d a r i n g  the  pe r iod  o f  t em pera tu re  end p r e s s a r o  c h ec l ia g  which p r e c e d e d  i n s e r t i o n  
i a t o  the  LITR. Thaa  th e  e x p e r i a e n t  . s a s  s t a r t e d  s i t h  a " d e a d "  bomb, aad a s  
p r e s s u r e  b u i ld - u p  s a s  o bse rved  a t  na i n i t i a l  t e a p e r e t a r e  o f  2S0°C aad poser  
l e v e l s  o f  6,  60, and 80 h s .  This s i t a a t i o a  s a s  n e t  c o m p le te ly  anexpec ted  in
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f i a *  o f  the ou t  o f p i l e  u t a d i a s  which war* b e in g  c a r r i e d  o a t  c o a c o r r a a t l y . 
Two t b i n g a  which c e a t r i b a t e d  to  a a c e r t a i a t y  i a  i a t e r p r e t i a g  r a a a l t a  wara 
( 1 )  t b a  abaaaca  o f  a l a r g o  p o s i t i v e  oxygaa p r a a a a r a  ever  tha  e o l a t i o n  d a r i a g  
t h e  b o a t i n g  and p r a a a a r a  t o a t a .  aad (2) tha  l a c h  o f  aay aaa lyaea  o f  tha  s o l a -  
t i o a  a f t e r  theea  t a a t a .  Tha reaeon for the  f i r a t  cond i t ion  waa an a a w i l l i a g n e a s  
to  add  tha  p o a a ib l a  c o a p l i c a t i a g  f a c t o r  o f  oxygaa- p r e a p a r i  t a  t h a  r e c o a b i -  
n a t i o n  which waa a a b a o q a e a t l y  to ecc a r ;  th a  l a c h . o f  ana lyses  waa a c a l c u l a t e da
r i a h ,  haaad an tha g r e a t e r  r i a h  involved i a  b r e a h i a g  aad a t t a a p t i a g  t«  roanha
t h e  p ra a a a r a  aaa la  a f t e r  t h e  i n i t i a l  p r a a aa ra  t o a t a .

* •
Having bean a a t i a f i o d  t h a t  tha a a l a t i o a  waa i n i t i a l l y  bad, p ie  toap a ra ta ra*  

woo lowered  while  a a i a t a i a i a g  tha a a a t r o a  f l a x  l e v e l  i a  o r d e r  t o  p o r a i t  tha  
b a i l d > a p  o f  a peroxide e e a e e a t r a t i e a  a a f f i c i a a t  t a  o x id i s e  tha  r e d a ce d  a raa iaa*f
booh t o  tha  a r a a y l  a t a t e .  T h i s  aanaava r  waa a a c c o s a f a l  i a  b r i n g i n g  a a a j o r  
p o r t i o n ,  i f  no t  a l l ,  a f  th e  a r a a i a a  bach i a t e  s o l a t i o a .

<g , . i  $  ... r

With an a p p a ren t ly  s a t i s f a c t o r y  s o l a t i o a  a v a r i e t y  o f  t o a p a r a t a r a  p raaaa ra  
c o a h i a a t i o a a  wara e x p l o r e d  a t  a power l e v e l  o f  320 fcw (1 /3  f a l l  f l a x ) a  Aa 
i a t a r o a t i a g  a a t  a f  s o l f - c o n s i s t e n t  da ta  was o b t a i n e d ,  r e v e a l in g  ao o f f s e t s  o f  
a a e x p e c t o d  a a g n i t a d e  a t t r i b u t a b l e  to  tha  h i g h e r  a lo w - a a a t r a n  f l a x  o r  to  tha
g aaaa  aad f a e t - a e a t r o a  f l a x e s .  Ia a n t i c i p a t i o n  o f  h ighe r  p r a s a a r o a  a t  h igher

#
f l a x e s ,  i t  was dec ided  t o  radaca  tha p r a s s a r o  t o  a law valaa by a s i a g  a high• »

t o a p a r a t a r a  (2fS°C) aad  a ve ry  low f l a x ,  h o p i n g  i a  t h i s  way to  M a i n t a i n  a 
p r o t o a t i v o  c o n c e n t r a t i o n  o f  o x i d i s i n g  r a d i e a l s  ‘w h i l e  r e c e a b i a i a g  n e a t  a f  tha 
hydrogen aad oxygaa. A p p a r e n t ly  t h i s  aeaeaj rer  waa aaawccess f a l ; whoa the f l ax  
l e v e l  waa r a i s e d ‘to  2/3 aad  than ta  f a l l  f l a x  ( i l l  aad 1000 ho) t h e  p ra a a a r a  
r e s p o n s e  waa each lower t h a n  a n t i c i p a t e d .  Whoa tha  power l e v e l  woo radaaod 
to  320 kv tha raapoasa  in d ica te ' . )  t h a t  amat o f  t h a  a r a a i a a  had beea  l o o t  f roa  
e o l a t i o n .  A l thoagh  s a b s o q a e n t  e f f o r t s  to r e a c t i v a t e  tha a o l n t i o n  wara an- 
s n c c e s a f a i ,  r e c o n b i n a t i o a  d a t a  a t  h ig h e r  f l a x e n  wara o b ta in e d  w h ich  w i l l  ha 
a a a f a l  i a  fa ta ra .w o rh .

'  - •  '  ’ ; <3. > '■

I t  i s  p lo n n e d  t a  c o a t i a a c  t h e s e  p r a l i a i a a r y  a x p a r i a a a t s  i a  t h a  a a a r  
f a t a r a ,  aad ,  a s i a g  e h r o a a t a  pro t r ea tm en t  s a p p l e n a a t a d  by an a a x i l i a r y  oxygen 
p r a o a a r a  in  tha absence o f  r a d i a t i o n ,  th e re  a e o n s  to  be no raaaoa  f o r  a a t i c i -  
p n t i a g  t r o a b l a  w i th  th e  s o l a t i o a .  The d a t a  a l r e a d y  ob ta ined  aa  rocoa ib iaa t ioB  
r a t e s  w i l l  al low as to  e x p l o r e  tha a f f e c t s  a f  h i g h e r  f lax  i a  an o r d e r l y  Banner 
no a s  to  o b t a i a  dependable  d a t a  i a  tha s h o r t e s t  p o s s i b l e  t i n e .
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— * *
A* t h e  t h i r d  phase o f  o p e r a t i o n s  l a  the  LITH, * i t  i s  planned t h a t  a s t u d y  

ha node o f  l o a p - t o r a  a f f a c t a  on a a l a t i o a s  aad s t a i n l e s s  a t a a l  a a r f a c a a .  Far 
those e x p e r im e n t s  i t  i a  p l a a a a d  to  asa the  h e r i a e a t d l  t h i a h l a  h o la a .  C a l c e -  
l a t i e a a  a r a  bow aadar  way, which ,  coaplad with tha  i n f o r m a t io n  ob ta ined  i a  the  
p r e l i m i n a r y  a x p a r i a a a t s , w i l l  l a n d  to  des igns  f o r  b o a b a ,  f a r a ae a s ,  s h i e l d i n g ,  
a t e .  t h a t  w i l l  p a r n i t  s a t i s f a c t o r y  a x p a r i a a a t s  i a  tha  h o r i a o a t a l  h o laa .

• n  ar-piu s t m i k s  ar btai s i m rirriM-vraiM

As r e p o r t e d  in  tha p r o v i o a s  q u a r t e r l y / * i  s a a p i c i o a  had haaa f e c a s a e d  aa  
two f a c t o r a  which wars t h o a g b t  c a p a b l e  o f  c a n n in g  s o l u t i o n  i n s t a b i l i t y  aad

•  . •*'■* 9 •; 1

c o r r o s i o n ,  even in  tha ah saaca  o f  n a a t r o s  i r r a d i a t i o n .  Tha f i r s t  f a c t o r  waa 
tha  p r a a a a a e  o f  c h l o r i d e  i o n ,  aad  tha  second was t h e  a sa  o f  a hoah f i t t i n g  
c o n t a i n i n g . a  s i  1 v e r - so ld e rad  j o i n t  2 i a .  above tha  l i q u i d  phase aad a t  a lower 
t e m p e r a t u r e  than  th e  body o f  t h a  l i q u i d .  I t  w i l l  be r e c a l l e d  t h a t  ew ery  
assembly c o n t a i n i n g  sach a f i t t i n g  showad r e d a c t io n  o f  tha  a r a a i a a  s o l a t i o a  to 
blech o x id a a  and evidence o f  c o r r o s i o n  in • tha f o r a a t i o a  o f  fS rroas  i o n s .

A n a l y s p s  o f  ho t  w a te r  r i a s a s  p a t  th roagh  t h a  boab i n d i c a t e  the  e x t a n t  
o f  removal d f  c h lo r id e  i o n s .  Tha hot r i n s e s  a l s o  s e r v e d  to lower tha c h l o r i d e  
ion c o n c a a t r a t i a a  to  a i a i a a l  v a l u e s  p r i o r  t o  t h a  i a t r o d a e t i o a  o f  a r a a y l  
s u l f a t e  s o l a t i o a .

V i t h  r a a p a c t  to tha  f i t t i n g s ,  dea ig ap  have h a a a  m o d i f i ed  so  t h a t  t h a  
t h e r a e c o a p l e  w a l l  has been a l i a i a a t a d  aad the  c a p i l l a r y  tub ing  i s  s e a l e d  to  
tha f i t t i n g  by aaa a s  o f  a s a a l l  a t a i a l a s s  s t e a l  f e r r u l e  or swage r i n g .  Thus 
there  a r a  a a  heated j o i n t s  and ao  a o a • a t a i a l a s s  s t e a l  p o r t i o n s  a f  tha  f i t t i n g .  
P r e l i a i a a r y  d e s ig n s  o f  a s a a l l  hoah having two a p a a i a g s  ia  i t s  head, ana  fo r  
a the rm o co u p le  aad one fo r  t h e  c a p i l l a r y  t a h i a g  ( h a t h  ba iag  h e l d . i n  p l a c e  by 
anas* o f . s a a l l  s t a i n l e s s  s t e a l  f e r r u l e s ) ,  have haaa  t a s t e d  and boabs a f  t h i s  
type a ra  now aadar cans t r a c t i o n .

T a b l e  20 g iv e s  sane  a f  t h a  e a r l y  r a a a l t s  o b t a i n e d  w i th  the  nap  a t y l a
f i t t i n g s .

Thane r e s u l t s  a re  i a  s t r i h i a g  c o n t r a s t  to  th 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 th  th a  o l d - s t y l e  f i t t i n g s  aad  ap p ea r  to c o a f i r a  t h a  s a a p i c i o a  p r e v i o u s l y  
no ted .  However,  thorn  worn tare c a s e s  o f  comple te  r e d u c t i o n  aad one c a s e  o f

,u .(ArWkstftuEpfc Tsr<*5jrr« &ru.
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* no PHBTHHA1MENT ncaULT o r  M T I N  POB AT UMHT 14 hr AT » S i  TO I00*C

m Hi truss M ;  as loss e f  areolae
SS4 N itrate Qtsd

MS N itrate Chad

M l N itrate Gm 4 sb f ir s t  toot, tie s  partial leas af srae iae ta SI T ae/al
sa saaaad hsatiag

I t t N itro ts W  araniaa aantaet loss tkaS 1 ag^ul

111 H itrots Qtsd, stout leak l e f t  s l l  arsaiaa is  actable fore
u a N itre  ta Quad steae leak lo f t  a ll arsaiaa is  salable fern
m N itrate Qssd ' steae lash l e f t  s l l  arsaiaa is  salable fare
4MB Chrauats Qtsd
IM S O r ta s  ta Qaad

MS O rasn ts Good sea 11 eater leas by a teas leak eater replaced

MID N itrate Qaad aa f ir s t  tea t c o l la t e  lass af area too o f stated test
4 i - -  ..........

V

p a r t i a l  r e d u c t i o n  •k ie l t  vara  a o t  i u n e d i a t o l y  ex p la in ed .  These  sugges ted t h a t  
i o m  f a r t h e r  f a c t o r  e a s t  ha o p e r a t i n g  t e  cea faaa  th e  a i t u a t i o n .  Dar iag  tha 
p a a t  q u a r t e r  r e a a l t a  f r e e  our an p o n d s  e x p e r i n n a t s  sad  f r e a  t e a t * l e a p  sad 
e l e c t r o c h e m i c a l  work by o t h e r  g reapa  laagaa t a  i n d i c a t e  t h a t  th a  p ra sea ca  e f  
e sygea  was a a e e a a a r y  f a r  tha  a a i a t e a a a e e  e f  p a s s i v i t y .  T h i s  p r e r i d e s  aa 
e x p l a n a t i o n  f a r  t h e  f a i l a r a s  a a a e e i a t e d  w i th  the  o l d - s t y l e  f i t t i n g s ;  tha  
s i l v e r - s o l d e r e d  j o i n t  p re sen te d  a c l e a n ,  reduced,  s i l v e r - c a p p e r  e u t e c t i c  s u r 
face vhich  co u ld  he a l a o s t  i d e a l  f a r  r a a c t i o a  e i t h  e iy g e a  a t  t a a p a r a t a r a a  e f  
areaad 200*C. When the l i a i t e d  supply  a f  e iygea  in the s y s t e a  had heea d ep le ted  
the  p a s s i v i t y  co u ld  no longer he a a i a t n i n e d  and s a t i r e  r e d a c t i o n  e f  the  uraay l  
a n l f a t a  c i t h  c o r r o s i o n  of the a e t a l  c o a i d  begin .  This c e n ld  a l e e  help  exp la in  
the i a - p i l a  a s p e r i e a c a  u s ing  o l d - s t y l e  f i t t i n g s ;  chan r a d i a t i o n  cas  p re sen t  t e  
p ro r ida  an o i i d i s i n g  a taoaphero  n r  chon l a rg e  p a r t i a l  p r e s s u r e s  a f  oxygen c a r s  
p r a s a a t  the  h e a h s  co u ld  r o e a i a  p a a s i r e ,  h u t  d a r i n g  long- shutdowns a t  h igh  
t a a p a r a t a r a a  t h a  oxygon n ig h t  hare  heeono d e p l e t e d , . a l i e n i n g  c o r ro s io n  t e  take 
p la c e .  The h ig 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  ion p r a a a a t  i n  s e a s  i a - p i l a  t e s t s  
could tend t e  a c c e n t u a t e  tha a 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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Based the concept o f tlia proaooeo o f  oxygen aa a necessary (parhapa 
a o f f i c i o a t )  c o n d it io a ,  i t  oaa decided to a o t  up a aar ioa  o f  o a p o r ia e a ta  ia  
which tha a ta ia la a a  a t o o l  bpebs ware not p ro tro a to d  ia  tha o r d in a r y  n i t r i c  
a c id  or chronic acid  a o ln t io n  bat in  which oxygon waa aaod aa tho only pro- 
t r o - ta o a t  agent.

Tha ro a a l ta  to d a t e ,  l ia t a d  ia  Tab le  2 1 ,  in d ic a te  e lo a r ly  th a t  oxygon 
alone ia  capable o f  ach iev in g  and M a in ta in in g  a paaaivo condition  in a s ta in -  
loaa a to a l boob tubing a o ln t io n  aaaonbly. Whoa c r i t i c a l  c o a d it io n a  for. pas* 
a i v i t y  hava boon dofinod w ith  such anaonblioa, i a - p i l s  rad ia tion  te a ts  w i l l  bo 
i n i t i a t e d  naiag tboao c o n d it io n s .  I n f o r a a t io a  received fron tho pnap loop 
to o ts  ind icates  that s a t is fa c to r y  o n t - o f - p i lo  conditions can bo na in ta in o d  ia  
la r g e r  dyaaaic aystons.

TABU t l

Oxygen aa a P a s s iv a t in g  Agon!

RUN
NO

AOOKD OXTODI PBBBBUBi 
during  t b a t p n m t A iw r r

c o o m a is

RESULTS

S4 h r 100 hr 300 hr

m too too pel; wet teed

337 400 400 pei; wet Owed

339 | 440 440 pel dry teed teed

340 sw News ted (7 )
, ( leeh- lew *w hn»)

141 400 Hose Owed

343 440 * Neee teed

343 News SOI pa l; wet Bed

344 401 p e lt wet Bed

S4S 400 pel dry Bed

344 Neee Bod

347 Neee Bod

341 M e . Bed
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A t  •  u a l i l l  o f  t b a  H o a o g « * « o a i  R e a c t o r  P r o j a c t  S t e e r i n g  C o a a i t t e s ,  
A p r i l  l i ,  the  r a f l a c t a r  i f i t n  «aa d i i c v a i f d  t i t t M l T t l y ,  and the R a d i a t i o n  

S t a b i l i t y  Groap aaa r e q a e a t e d  to  a ta d y  the  a a a o c i a t a d  caapoaen ts  ( 0 , 0 .  347 

a t a i a l a a a  a t a a l ,  1030 c a r b o n  a t a a l ,  and t r i a o d i e a  phaapha ta )  w i t h  p a r t i c s l a r  

r a f a r a a e a  ta  the r a t a  a f  gas f o r a a t i o n  aada r  r a d i a t i o n .  T k i a  a t a d y  i a  ao*  

aada r  way ,  a a ia g  H( 0  i a a t a a d  o f  D ,0  b o th  i a  q a a r t x  aapoalaa  aad i a  baaba o f  
1030 c a r b o a  a t a a l .  I a  a d d i t i a a  t o  t r i a o d i a a  p h a a p h a t a ,  o t h a 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 a a i d e r a d  to  ba tba a f f e c t i v e  a a t i c o r r o a i o a  a g e n t )  

ara b e i a g  e ta d ie d ,  i a c l a d i a g  0 005 It NeOH aad a a a t a r a t e d  a o l a t i a a  a f  MgO.

m i i a i N I K T  I I U I U T I I N  BTMHRS OP TBB IIRANYL NIT1ATE SYIYKI

S t a d i a s  a f  tba  a r a a y l  a i t r a t a  ayataa  wara i a i t i a t a d  a a r l y  i a  tba  q a a r t e r .  

P a r i f i a d  a r a a y l  a i t r a t a  a a l a t i o a a  wara p r e p a r e d  aad a a a l y i e d .  A n a l y t i c a l  

a e tkeda  aad a q a ip a a a t  f o r  d a t a r a i a i a g  tba c o a p o a i t i o a  a f  tba gaaoaaa r a d i a t i o n  

p r o d a c t a  wara p e r f e c t e d ,  aad  q a a r t a  aapaa la  e x p e r i a e n t e  wara aada r  way wbaa 

tba  p r a g r a a  waa i a t a r r a p t a d  t a  c a r r y  o a t  tba i n v e s t i g a t i o n  a f  tba b e o V y - w a te r  
r e f l e c t o r  aya taa  r a p a r t a d  above .  Tba work oa a r a a y l  u i t r a t e  aad o t b a r  a r a a i a n  

coapoaada w i l l  ba raaaaad aa soon aa tba  h e a v y - w a t e r  y> rk  i a  c e a p l a t a d .

PROJECTOR I W  M R  Y K  M i l  gOAKTCR

A d d i t i o a a l  p r a l i a i a a r y  a x p a r i a a n t a  w i l l  ba c a r r i e d  o a t  a t  t h e  h i g h e r  

f l a x e s  a b t a i a a b l a  i a  tba  LT1B, aa iag  tba  v e r t i c a l  ha la  ia ^ a  tba a c t i v e  l a t t i c e .  

A p p a r a t o a  f a r  l o s g - t e r a  e x p e r t a i n t s  i n  tba  b e r i a e a t a l  t h i a b l e  b e l a a  w i l l  be 
c e a p l a t a d  aad a x p a r i a a a t s  w i l l  ba s t a r t e d .  Aa a x p l a r a t i a a  o f  a r a a ia a  p e r o x i d e  

f o r p a t i e a  aa a f w a c t i o a  a f  t a a p a r a t a r e  aad f l a x  w i l l  ba c a r r i e d  o a t  i a  tba  

LITR a a i a g  tba v e r t i c a l  a x p a r i a e a t a l  b o l e .

L e a g - t e r a  a x p a r i a a a t s  w i l l  be c e a t i a a e d  i a  h o r i z o n t a l  k o l a  6 0  o f  tba  

X-10 p i l e *  I f  tba  p r e s e n t  s a t  a f  boabs i a  r a a a v a d  f a r  any raaaaa a saw s a t

w i l l  ba i n s e r t e d .
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E x p l o r a t i o n  o f  the  r a d i a t i o n  d o c o a p o a 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  
a y a te a  o f  t h e  HRE w i l l  bo c a r r i e d  o a t  by ooana o f  e x p e r i m e n t s  i a  b o l e  12 o f  

tbo  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 k o  r a d i a t i o n  d o c o o p o a i t i o a  o f  a r a a y l  n i t r a t e  

s o l o t i o a a  w i l l  bo c o n t i n u e d ,  aad s t a d i a s  oa a r a n y l  f l a o r i d o  sad p o s s i b l y  

a r a a y l  p bo sp ba to  s o l a t i o a s  m i l l  be i n i t i a t e d ,  a s i a g  b o l e  12 o f  tbo  X-10 p i l e .

Oa t  o f - p i l o  s t a d i a s  o f  b o a b - f i t t i a f - t a b i a g  a s s o a b l i o s  o i l l  ba c o n t i a a o 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 k o  i a - p i l o  r a d i a t i a a  r e s a l t a .  S o l a t i o a s  

o f  h i g h e r  c o a c a a t r a t i o a  o i l l  bo c h o c k e d ,  f o l l o w i n g  w h i c h  r a d i o t i o a  q t a d i e s  

w i l l  ba i n i t i a t e d  i a  b o le  12.

O a t - e f - p i l o  s t a d i a s  o f  tbo r a t e s  o f  r e c o m b in a t i o n  o f  hydrogen and oxygon 

i a  o a r  boab * f i  t t i a g -  t a b i a g  a s s o a b l i o s  a t  h ig h  p r e a s a r e s  aay bo i n i t i a t e d  i a  

o rde r  to  p r o v i d e  b e t t o r  i a t a r p r e t a t i o a  o f  the  s i g n i f i c a n c e  o f  da ta  o b ta in e d  i a  

the  p r a s a n c o  o f  r a d i a t i o n ,  p a r t i c a l a r l y  i a  t h e  p r o s s a r o  " h e a p "  f r e q u e n t l y  

observed i a  r a d i a t i o n  a x p a r i a e a t a .

I f  p o s s i b l e ,  w « -k  oa t k o  i n t e r a c t i o n  o f  o x y g o n  w i t h  s t a i n l e s s  s t o o l  

s a r f a c o s ,  a s i a g  0 >a os a t r a c e r  aad by aeaaaroaea t  o f  t b o  r a t e s  o f  c o a s o a p t io n
o f  o r d i n a r y  o x y g e n ,  w i l l  bo 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 a  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  hope* '  t h a t  i t  o i l l  a l o e  ba 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 v i a l o s s  s t o o l  components  w i t h  a r a a y l  s a l f o t o  s o l a t i o a s  a a d o r  

o v a r i e t y  o f  c o n d i t i o n s ,  a s i a g  i r r a d i a t e d  s t a i n l e s s  s t o o l  as a s o u r c e  o f  

r a d i o a c t i v e  c o a p o a o a t s .  T h i s  t e c b a i q a o  s k o a l d  p r o v i d e  a v e r y  s e n s i t i v e  

s o s s a r o s e a t  o f  tbo  a b i l i t y  o f  p r o t e c t i v e  a ao s a ro s  t o  p r e v e n t  t k o  escape o f  

the s t a i n l e o a  s t o o l  S M t a l l i c  c o a p o a o a ts ,  i . e . ,  t o  p r e v e n t  c o r r o s i o n .
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4  RECOMBINATION O P HYDROGEN AND OXYGEN

H . M M cL eod
>

t i t* M l< r j r  Seal* StmJi«« P i l» l  f lee*  T»* I*

D t .  fmkm 
A. A P.lko 
A. 0. Rr®»

1 K. a  M m w  
T. S Meckey 
D M I l i H  
M. J . For tan harry

LAMBATMV - SCALE STUB IBB

D uring  tk«  p i n t  q u a r t e r  work v a n  c o n c e n t r a t e d  on s t a d i o a  o f  tbe  f o a a i  
b i l i t y  o f  r o c o a b i a i a g  an o n a o n t i a l l y  100* a t o i c h i o a e t r i c  a n t i r e  o f  hydrogen 
and oxygon by n a a n  o f  a a a a i v e  a o t a l  c a t a l y a t a  and on a w t h o d e  o f  r e a o v i a g  
i o d i n o  f r o a  the  gaa  s t r e a a  Work oaa  a l a o  a t a r t e d  on d o e o l o p a o n t  o f  n ne thod  
f o r  the c a t a l y t i c  r a c o a b i n n t i o n  o f  t b o  r e l a t i v e l y  a a a l l  q u a n t i t y  o f  gaa foraod  
in  tbo IDE r e f l e c t o r  a y a t o a

E f f i c i e n c y  o f  C e a v e ra te a  A l th o u g h  i t  kaa a l r e a d y  boon d e a e a a t r a t e d  t h a t  
tbo e f f i c i e n c y  o f  c o a v o r a io a  in the  h y d ro g e n  oxygen r e a c t i o n  n a in g  a p l a t t a a a  
e a t a l y a t  aay e x c e e d  99* i t  in  o f  i a t e r e a t  to  kao* p r e c i a e l y  o b a t  f r a c t i o n  o f  
1*  o f  t b e  gaa  a a y  bo e x p e c t e d  t o  p a a a  t b r o n g b  tbo  e a t a l y a t  S i n c e  t b i a  
r e a i d e a l  gaa a a y  r e q u i r e  f a r t h e r  t r e a t a i e a t  i t a  q u a n t i t y  a b o u l d  bo known aa 
a c c u r a t e l y  aa  p o a a i b l e  Heac4 ,  o x p o r i a e a t a  were c o n d u c t e d  i n  o k i c b  t b e  
q u a n t i t y  o f  e a t a l y a t  oaa v a r i e d  f r o a  a b o u t  400 to  1500 g,  t b o  t e a p e r a t e r e  in  
t b e  e a t a l y a t  bod o a a  v a r i e d  f r o a  200 t o  700VC tbe  c o a p o a i t i o a  o f  tbo gaa oaa 
v a r i e d  f r o a  a b o a t  S up t e  15* and tb o  c o a b i n o d  gaa a t o n e  f l o e  r a t e  v a r i e d  
f r o a  about  25 t o  110 l i t e r a / a i n  l a  t b a a e  t f a t a  tbe gaa o a a  p roboa tod  to  tbe 
d e a i r o d  t e a p o r a t u r o  p r i o r  t e  e n t e r i n g  t b o  e a t a l y a t  e b a a b o r  and on ly  one paaa 
oaa  aade th ro u g h  tb o  e a t a l y a t  Tbe d a t a  a r e  g iven in  T a b l e  22 aad ahoe t h a t  
t b e  c o a v o r a i o a  o f f t c i o a c y  ave raged  99 79*  o i t b  the a e x i a u a  a t  99 99 aad tbo  
a i a i a u a  a t  99 1 .  A l t h o u g h  t h e r e  o a a  a a i d e  v a r i a t i o n  i a  t b a  c o a d i t i o a a  
e a p l o y e d  i a  t b o  t a a t a ,  tbe  c o a v o r a i o a  e f f i c i e n c i e a  w e re  f a i r l y  u a i f o r o  
T h e r e f o r e ,  t h e r e  d oea  n o t  a p p e a r  t o  be aay  c o r r e l a t i o n  b o t o o e n  t e a p e r a t a r c  
a p a c e  v e l o c i t y  a a d  gaa c o a p o a i t i o a  Tbe p o e a i b i l i t y  o f  r e d u c i n g  tbe  ua 
r e c o a b i a e d  p o r t i o n  o f  ibo a t r e a a  l o a v i a g  tbe  e a t a l y a t  by c o a d e a a i a g  a e a t  o f  
t b e  a t e a a  aad  t b o a  p e n n i n g  tbe  a o n c o n d e a a e d  p o r t i o n  t h r o u g h  a aecoad  a a a l l  
e a t a l y a t  bod o i l l  bo i n v e a t i g a t e d
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CATALYST
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CATALYST fLO* RATES (1>ta r /a ia ) ELECTROLYTIC
SPACE VELOCITY 

(1111)
EXIT GAS
(c e /a i. ) j

j(*C) CC) STEAM
ELECTROLYTIC

GAS
GAS
(»>

M l 171 MO SS 1.5 5 7 1700 4 .5 99.71
m SM 510 so 1.5 S.9 5500 S.5 99.54
SM 1M 191 1M 1.1 1.5 10500 1 4 99.91

ISM SM 415 1M 9.0 i .  5 STM •5 .0 99.1
14M 1M 450 IT S 1.5 7 .9 soo 0 0 9 99.99
1400 ISO 4M IT . 5 5.0 14.0 0M 15.0 99.5
14M ISO ISO SO 1.5 t -9 15M 0 0 4 99.94
1510 1M M * SS 5.5 11.0 070 I S 99.95
1510 101 4SS so 4.5 •  5 14S0 1.0 M.97
1510 155 OSS so 9.0 151 1450 t . s 99.90
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i M M k i M t i H  i f  l i M a l l t l l i  P a r t  l i i a t r a l i l l a  Sue. S tu d ie s  were  begun 
mi  Mtkaita f b r  rttMkiaiai h y d r o g e n  and oxygen  M i x t u r e s  c o n ta i n in g  l i t t l e  or  
no d i l u e n t  a t e  an in t h e  p r e s e n c e  o f  a c a t a l y a t  l o a n  a c t i v e  than the p l a t i n u n  
on a l u a i n s  t y p d , Tbo p r i n c i p a l  a d v an tag e  in  c a r r y i n g  o u t  f u l l - seal# re* 
c o n b i a a t i o n  o f  suck a i x t a r o o  i n  t h a t  i t  would e l i a i s a t e  the a eo e a a i ty  o f  add ing  
d i l e a p t  a t o a a  In tkoae s t u d i o s  tbe  gaa u i x t u r e  van  paasod through p l a t i n u n ,  
s i l v e r ,  and copper tubing a t  v a r i o u s  tempera tures  and f lo e  r a t e s  The i a p o r t a n t I
c o n d i t i o n s  and the r a a u l t a  o f  those  t e s t s  a re  a u n a a r i s o d  boles»

Pl mt  m an  Tubing. In t h e s e  t e s t s  the p l a t i a u a  t u b in g  (K in d i s a s t e r  10 
f t  long )  v a s  iaaoraed  i s  an o i l  both ebich co u ld  be hea ted  as high as  170*C, 
Employing gas f lo e  r a t e s  v a r y i n g  f ro a  about 0 2S t o  9 S l i t e r s / m i n  and temper 
• t u r n s  o f  12S, ISO, and 170 C tba  e f f i c i e n c y  o f  c o n v e r s io n  of a hydrogen*  
oxygon gaa mix ture  s a t u r a t e d  w i th  moisture  a t  r o o a  to ape ra tu rn ,  was found to  
be •dependent ea both t e m p e ra tu re  and space v e l o c i t y  With tem pera tu res  f i x e d ,  
t h e  c o n v e r s i o n  o f f i c i e a c  y d e c r e a s e d  w i th  i n c r e a s e d  v e l o c i t y ;  w i th  v e l o c i t y  
f ix e d ,  t b e  e f f i c i e n c y  i n c r e a s e d  e i t b  inc reased  t e a ^ e r a t e r e .  The r e s n l t s  i n d i 
c a t e d  t h a t  s  s u r f a c e  a rea  o f  abou t  1 aq f t  v ou ld  bo r e q u i r e d  fo r  e ach  l i t e r  
pe r  m i n u t e  o f  gaa a t  170*C t o  o b t a in  a c o n v e r s i o n  e f f i c i e n c y  of 90S Aqua 
r e g i a  s a s  tb ea  passed th r o u g h  tho tube fo l lo w e d  by d i s t i l l e d  w a te r ,  i n  an 
a t t o a p t  io  inc rease  the  s u r f a c e  a c t i v i t y .  In s u b s e q u e n t  t e s t s  tbe  t e m p e ra tu re  
i n s i d e  t b e  tube  q a i c k l y  r o s e  to  tbe p o i n t  v b o re  n f l a s h b a c k  o c c u r r e d  In 
view o f  t h e se  r e s u l t s  no f u r t h e r  c e a s i d o r a t i o a  w i l l  be g ives  to  tbe  u s e  p f  a 
n a a s iv e  p l a t i a u a  s u r f a c e  as  t b e  c a t a l y s t .

S i l v e r  Tubing.; T e s t s  s i m i l a r  to thoaa c a r r i e d  ou t  with the p l a t i n u n  tube 
were c ea d u c ted  us ing  an IS i n .  len g th  of % i n  d i a s M te r  copper tube l i n e d  with 
s i l v e r  f o i l .  The e f f i c i e n c y  o f  ceavors ioa  was very  lew a? any of tbe  t e m p e ra 
t u r e s  a v a i l a b l e  ebon u s in g  an  o i l  ba th  S i l v e r  t p b i a g  baa bean o r d e r e d  and 
w i l l  be t e s t e d  a t  h ig h e r  t e m p e r a t u r e s  in a fused  s a l t  ba th  ;

Copper  Tubing. T e s t s  were  c a r r i e d  out u s i n g  a 20 f t  leng th  o f  3 / i  i s  
d i a a s t o r  copper  tubing i a a o r a e d  in a fused a a l t  ba th  (aod iua  n i t r i t e  - p e t a a a i n a  
n i t r a t e  a i x t u r a )  At 3S0*C and w i th  a gaa flew r a t e  o f  0 5 l i t e r / a i n  flaaw 
r e c o m b in a t io n  was p ro ae ted  which  o c c a s i o n a l l y  f l a s h e d  back to  the g e n e r a t o r ;  
a t  t s m p e r a t u r e s  below 3S0*C re c o m b in a t io n  d id  S e t  occur  to  any a p p r e c i a b l e  
e x t e n t .

*
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Conclus ion*  and Fu tu re  Work. l a  * i««  of the u n f a v o r a b l e  r a a u l t a  i t  m  
decided t h a t  no f a r t h e r  work would bo c a r r i e d  oa t  ua iag  n a a e iv e  a a t a l  a a r fac o a  
as tko c a t a l y s t  w i th  the except ion  o f  a few to o t s  u s ing  the  s i l v e r  tubing when 
a v a i l a b l e  A l s o ,  i t  was decided  to  co n d ac t  e x p lo r a to r y  t e s t a  u s ing  c a t a l y s t s  
e t h e r  than p l a t i a a a ,  i n f o r a a t i o n  on such  c a t a l y s t s  i s  now be ing  sought f r o s  
naaufac  t u r e r a .

l a  novel s f  Io d in e  f r sn  das g t r e o a .  An e v a lu a t io n  o f  s t s i a l e a s  s t e a l  aa a 
nediua fo r  t r a p p i n g  iod ine  f ron  aa e l e c t r o l y t i c  gas n i x t u r a  i s  sow in  p rag raaa  
The f i r s t  t e a t  e x t e a d a d  over a p e r i o d  of  4 t0  hr .  Type 316 s t a i n l e s s  a t a a l  
t u rn in g s  wero packed  in a g l a s s  t u b a ,  and a n i x t u r a  e f  e l e c t r o l y t i c  gas  and 
io d is e  vapor vaa  passed through tbo tuba a t  rooa t e n p e r a t u r e  The gases were 
then nixed w i th  p reh ea ted  a tea n  and paaaed through a hea ted  bad of  p l a t i a u n - o a -  
a lu n iaa  c a t a l y s t .  Flaw r a t e s  were:

Stean
E l e c t r o l y t i c  gas
Iod iae
Space v e lo c i ty  
Weight af  c a t a l y a t

11 l i t e r a / n i a  
0 .72 l i t e r a / n i a  
19 ng/hr 
16,000 h r * 1 
SO g

The c a t a l y a t  t e n p e r a t u r e  r a n g e d  f r e e  330 to  420*C, and the  c o n v e r s io n  
f a l l  f ron  90 69k a t  the  a t a r t  to $3 4% a f t e r  460 hr.  The n o i a t  i o d ia a  a t t a c k e d  
the  s t a i n l e s s  s t e a l  to  f e rn  re d d i s h -b ro w a  d r o p l e t s  of l i q u i d  which ware w a ter  
s o lu b le .  A a a c t i o a  of s t s i a l e a s  a t a a l  weighing 7 .2  g was c o u p l e t s l y  d i s s o lv e d  
i s  t h i s  naaaer  d u r i n g  the 20 day p e r i o d ,

A ascend s ad  s i n i l a r  e x p e r i n e a t  i s  now i a  p r o g r e s s .  Hie  p r e s e n t  t e s t  I s  
baiag run a t  a h ig h e r  iodine flow r a t a ,  and the  t e ap e re tw fo  o f  the c a t a l y s t  i s  
n a i a t a i a a d  s t  230 to  250*0 A f te r  700  h r  e f  o p e ra t io n ,  a  c o n s id e r s b l a  p o r t i o n  
of  s t s i a l e a s  s t e a l  a d j a c e n t ‘to  the gaa  i a l a t  tuba was d i a s o l v e d ,  sad about 50 g 
of  dark c o lo re d  a o l u t i o a  was withdrawn f ro n  the t r a p .  The c a t a l y s t  convers ion  
e f f i c i a a c y  f a l l  o f f  d u r in g  the  f i r s t  2 weeks f r e e  97 .7  t o  9 1 . 2ft, sad d u r i n g  
the  nex t  2 week p e r i o d  i t  r e n a in e d  f a i r l y  c o n s t a n t  a t  abowt 93.5ft .

P a t a r a  Work. E n 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 n e a t  o f  a 
s a t i s f a c t o r y  n e t  hod for  recombining bydregaa  and oxygen f o r o ed  i a  the  r e f l e c t o r  
s i d e  o f  the  HRE. The i n i t i a l  t e s t s  w i l l  be c s r r i a d  o a t  unde r  c o n d i t i o n s  o f  
t s n p e r a t u r e ,  p r e s s u r e ,  and c o m p o s i t i o n  s i n u l a t i a g  t b a a o  e x p a c t a d  d u r i n g  
opera t ion  of  th e  HRE, sad the e f f i c i e n c y  o f  conversion o b t a i n e d  by enp ley ing  a 
platinum oa a lumina  c h t a l y s t  lo c a t e d  i n  the gas space o f  th e  r e f l e c t o r  w i l l  be
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l a - P i l *  V as t.  The boab f r o *  the f i r e t  i a  p i l e  c a t a l y s t  t a a t  was examined, 

aad i t  «as found t b a t  tb e  a ra a ia a  had p r e c i p i t a t e d  f r o a  a e l a t i o a  The aqueous 

p e r t i a a  c o n ta in e d  a p p ro x im a te 1 >  12 ppa c h l o r i d e  w h ich  aay h a ve  caused tb e  

p r e c i p i t a t i o n  The a f f e c t  o f  c h l o r i d e  i a  t h e  baaba ia  d is c e s a e d  aada r Sec 

1 , 9  ®  T h * r  e n p e r ia e n t  then eaa i n c o n c lu s i v e ,  b u t  fu r the r s t u d io s  a re  to
be aado u s in g  the p l a t i a a a  on a la a ia a  ( r a t h e r  thaa aa c h a r c o a l )  c a t a l y s t  nh ich  
appeared  to  be s a t i a f a c t a r y  ia  o th e r  t e s t s

Piurr plant tkbts

D a r in g  the  p a s t  q u a r t e r  the  c o a b u s t i o n  range  o f  the  b u r n e r  o r i f i c e  eaa 

e s ta b l i s h e d  t e a t s  w h ic h  were s t a r t e d  ia  th e  p re v io u s  q u a r t e r  f o r  the  purpose 

a f  d e t e r a i a i a f  the  q u a n t i t y  o f  s teaa  n ae a s a a ry  to  d i l u t e  the  o f f  gas to  anaura 

q u e n c h in g  o f  f l a s h b a c k s  v a ra  c o a p lo te d  and a o s t  o f  the  p la n n e d  p i l o t  p l a n t  

r u a s  e a rs  c a r r ie d  o u t  a l th o u g h  the d a ta  on the se  runs a re  n o t  y e t  c o r r e la t e d .

■ • r a e r  O r i f i c e  l a a g e .  Ta d a t e r a ia e  t h e  c o a b u s t io n  range o f  the  b u rn e r  
o r i f i c e  i a  t e r n s  o f  gaa  f l a n  r a te s  t e s t a  e a r s  f i r s t  c a r V ie d  h u t  w i t h  the  

b u r n e r  chaaber to p  p l a t e  lo c a te d  in  the  open to  p e r m i t  v i s u a l  o b s e r v a t io n  o f  

t h e  p a r fo r a a n c a  o f  b o t h  th e  b u rn e r  and a p a r h  p lu g .  The gas f l a w  r a ta  (n o  

s t e a a  added) eaa v a r i e d  a lo e l y  f r o a  a b o u t 17 t o  abou t 0 S c f a  w h ic h  was the  
l e e e a t  f lo w  a t  w h ic h  c o n d u c t io n  was s u a t a ia e d  I t  was n o te d  t h a t  aa the  gas 

f l e e  dec reased  th e  d ia t a a c o  between th e  f a c e  o f  the  b u rn e r  e r i f i a e  and the  

p o i n t  in  the  gas a t r e a a  a t  w h ich  c o a b u a t ie a  s t a r t e d  a ls o  d e c re a s e d  W ith  a 

gas f le w  ra ta  o f  a bo u t 2 .5  c f a  the  b u rn e r  o r i f i c e  ove rhea ted  c a u s in g  a f la s h  

b a ch  i n d i c a t i n g  th e  need fo r  in c r e a s in g  t h a  v e l o c i t y  o f  th e  gaa e v e r  the  lo jr  

f l o e  range by a d d in g  a f i x e d  f lo w  o f  a ta a a  The q u a n t i t y  o f  s t o a a  necessa ry  

t o  p r e v e n t  o v e r h e a t in g  o f  the  o r i f i c e  was d a ta r a ia e d  by h o l d i n g  th a  gaa f lo w  

r a t e  c o n s ta n t  a t  2 .5  c f a  and v a ry in g  tha  f l o w  o f  a ta q a ,  a t  l  c f a  o f  a taaa  the  

o r i f i c e  na lo n g e r  o v e rh e a te d  and a t  l . S  c f a  th e  o r i f i c e  d id  n o t  become haatad 
•  i t h  gaa f lo w  ra ta a  aa low  aa 0 S c f a  C o a a o q u e a t ly  aa o r i f i c e  was i n s t a l l e d  

t o  p r o v id e  a c o n s ta n t  f l o w  o f  I  S c f a  o f  a ta a a  w h ich  was in t r o d u c e d  i n t o  the 

gas  a t r e a a  a t  a p o i n t  n e a r  the  o u rna r o r i f i c e  S ub se qu e n t ly  t o a t i  ware con 

d u c te d  w i t h  the b u rn e r  o r i f i c e  and cove r p l a t e  ia  p lace  Tha r e s u l t s  o f  those 
t e s t a  showed t h a t  th e  a i a i a u u  f lo w  r a t a  o f  gas t h a t  w ou ld  a u c t a i a  c o a b u s t io n  

eaa  O.S c f a  f r o a  0 S down to  0 3 c fa  i n t e r m i t t e n t  b u rn in g  o c c u r re d  aad below 

0 . 3  c f a  i g a i t i o a  o c c u r r e d  o n ly  whan th e  b u r n e r  chaabe r bacaae s u f f i c i e n t l y
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. . V . ,

f i l l e d  w i t h  gee to i g n i t e .  I t  i e  i n t e r e s t i n g  to  n o t e  t h a t  w i th  e f e e  ( l e e  r a t e  
o f  0 3 e f e  the  c o a p o a i t i o e  o f  t h e  a i x t u r e  e n t e r i n g  th e  burner  o r i f i e e  one  on ly  
abou t  1 73  gee ,  a c o a p o a i t i o n  w hich ,  a c c o r d in 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 e  
on e x p l o s i o n  l i a i t a .  i s  n o n c o a b n e t i h l a . S in c e  an i g n i t i o n  t r a a a f o r a 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  10 ,000  v o p e r a t e s  the s p a r k  p l u g ,  i t  i s  p o e a i b l e  t h a t  in 
p a s s i n g  t h r o u g h  the  c o o l  o r i f i c e  a p a r t  o f  t h e  a t e a a  c o n d e n s e s  i n t o  a a a l l  
d r o p l e t s  which a r e  i o n i s e d  end  c o l l e c t e d  on the  n e i g h b o r i n g  a e t a l  in  a a a n a o r  
a i a i l e r  t o  th e  o p e r a t i o n  e f  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 .

t a a a t i t j r  e f  S ien a  N eceeeary  i e  t l l a i e  th e  O ff-H as  i e  Kaeare Oaeacbing e f  
Plaabbaok .  D ur ing  the  p r e v i o u s  q u a r t e r  work waa s t a r t e d  on d e t e r a i a i n g  th e  
range o f  gas  c o a p o s i t i o a s  w h ich  would p ro v id e  a a o n c o a b u s t i b l e  a i x t u r e  bouweea 
the  duap  t e a k s  and tke p r i a a r y  co n d e n s e r  in the W E  r e c o a b i n e r  a y s t e a .  These  
t e s t s  w e r e  c a r r i e d  o u t  u s i n g  e q u i p n e a t  s i a i l a r  t o  t h a t  which w i l l  be weed in  
t k e  HRE and under  c o n d i t i o n s  s i a u l a t i n g  th o s e  e x p e c t e d  d u r in g  o p e r a t i o n  o f  the 
WE The e q u i p n e a t ,  t e s t i n g  p r o c e d u r e s ,  and p r e l i a i a a r y  d a t a  were r e p o r t e d  in  
tke  p r e c e d i n g  WE q u a r t e r l y  r e p o r t  v>>

The a i n i a u a  q u a n t i t y  e f  s t o a a  n e c e s s a r y  t e  q u e n c h  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 o r e a t  gas f low a  waa d e t e r a i a o d  l a  t h a n e  t e a t s ,  t h e  t h r e s h o l d  
v a l u e  o f  s t o a a  f low waa o b t a i n e d  a p p r o n i e a t e l y  f o r  eac h  f low e f  g e e ,  a f t e r  
which  t h e  a t e a a  f low was v a r i e d  above and below t k e  t h r e s h o l d  v a l u e  t o  no r e

a

c l o s e l y  e e t n b l i a h  the  f lew  b e lo w  which f l a e h b a c k s  would p e n e t r a t e  beyond  tke  
p r i a a r y  c o n d e n s e r .  Tk* gas  f l o w a  enp loyed  were 0 . 7 ,  0 9, 1 2 ,  9 ,  end 10 c f a ,  
i n  c o n d u c t i n g  t h e  t e s t a  a b o u t  12 f l a s h b a c k s  w e re  i n i t i a t e d  by a e a n s  o f  tk e  
a u x i l i a r y  s p a rk  p lug  a t  s a c k  g a s  f low r a t e ,  Tke d o t e  o b t a i n e d  in  t h e a e  t e s t a  
a r e  g i v e n  i n  Tab le 23.

The  r n s u l t s  showed t h a t  w i t h  a gas  f low  o f  10  c f a  and i n t r o d u c i n g  tk e  
s t o a n  a t  a p a i n t  0 f t  u p a t r e a a  f r o a  the  condense r  t k e  a a x i n u a  c o n c e n t r a t i o n  e f  
gas  f o r  w h ich  f l a s h b a c k s  c o u l d  be r e p o a t e d l y  q u e n c h e d  wae a b o u t  30%; w i t h  9 
c f n  gaa f lo w  the a a x in u a  c o n c e n t r a t i o n  was 24%., When the a t e a a  waa i n t r o d u c e d  
a t  a p o i n t  10 f t  u p a t r e a a  f r o a  tk e  c o n d e n s e r ,  u s i n g  10 c f a  g a a  f l o w ,  t h e  
n a x i a u a  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  e f  32 c f n  o f  a t e a a  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  gas f lows be low  9 c f a .

T h e a e  r e s u l t s  i n d i c a t e  t h a t  the  r e l a t i e a s h i p  o f  tke  gas f lew  r a t e  and  the 
a a o u n t  o f  a t e a a  a e c e a s a r y  t o  q n e a c h  f l a s h b a c k a  i e  n e t  l i n e a r  and t h a t  t h e

t l )  H I  IteLooP J » .t  «t s i . ,  “ P i l o t  S ea ls  T ests s f  tbs F la n s lleeaab iaer,” fea sg e sse o e  S se c te r  
f a p e n a e s t  ( b i f t i r l f  Progress n eport /e r  Period fading February f t .  i fS i .  OWL V90, p 99, eep 
t  1M (Hay U  1551)
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e f f e c t ’ o f  t h e  l e n g t h  o f  n o n c o m b a s t i b l e  to n e  b e t w e e n  the  deep t a n k s  and  t h e
• . ,

p r i m a r y  c o n d e h s e r  in  t k 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 ince  the l e a g t h  o f  p i p i n g  from the  dump t a n k  to  the c o n d e n s e r  w i l l  
be a b o u t  14 f t  in the WE. i t  h a s  been recoawended t h a t  the c o a p o s i t i o a  e f  the  
gas in  t h i s  s e c t i o n  be a a i a t a i a e d  a t  n o t  g r e a t e r  t h e n  30% and t h a t  a c o n s t a n t
s team f lo w  o f  l . S  c fn  be m a i n t a i n e d  fo r  gas f lo w s  be low  S c fn .

T e s t i n g  e f  th e  Bmrner S y s t e m .  A number o f  p i l o t  p l a n t  ru n s  w ere  made,
bo th  w i t h  low gas  f low r a t e s  apd  w i th  and w i t h o n t  t h e  f o l l o w  up c a t a l y t i c  
r e c o n b i n e r .  The da ta  o b t a i n e d  d a r i n g  these  r a s a  a r e  now being  c o r r e l a t e d ,  and 
th e  r e n a l t s  w i l l  be r e p o r t e d  i n  t h e  n e s t  q u a r t e r l y  r e p o r t .
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s . ANALYTICAL CHEMICAL CONTROL OF J M  HOMOGENEOUS
REACTOR SOLUTION

V. H- D avenpor t  a id  R. R. P o w e l l

D a r in g  the paat 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  tba e l e c t r o 
magnet ic  donei tone ter vaa aaaeablad  aid a i p l o r i t a r y  r a i l  n i i g  vatar  warn aade 
i i  o r d e r  to  obaerva  tba reapomue,  s e n s i t i v i t y ,  and r a p r o d a c ib i  1 i t y  a f  tba 
i n t r a a a i t .

4

Tba  P r i i e o  D a n s i t r e l  i n t r a a e a t a , which a l a o  a o a a i r a  d e n s i t y  a r e  b e in g
A •

f a b r i c a t e d  by tba P r a c i a i o a  T b a r a o a e t e r  a id  I a a t r a a a a t  Coapaay and tba  d e l i v e r y  
d a t a  i a  a a t i a a t a d  t a  be J a l y  1, 1951. Tba d y a a a i c  t a a t i n g  o f  t b i a  a p p a r a t u a  
w i l l  r e q a i r e  a t e a t  loop .

•  «
A baa i waa r e c e n t l y  c o m p l e t e d  which i a  d e a i g a a d  t a  t e a t  t b a  v a r i o l a  Q 

c a i l a  i a  tba  p r aaa aca  o f  v a r y i n g  c o i c e i t r a t i o a a  a f  a r a a y l  a w t f a t a  f a r  m e c k a a i -  , 
c a l  a t r a a g t b  o f  g a a b o t i a g .  p e r f o r a a a c e  a t  HRE t e m p e r a t u r e s ,  and a q a i l i b r i a a  
a t a a a  p r a a a a r a a .

I a - p i  le  * a i p e r i a e a ^ a  a r e  c o n t i n u i n g  oa t b a  g a m -  a i d  n e u t r o n - a b s o r b i n g  
g l n a a i  r a c a i v a d  I r o n  A. S i  l v a r a a a . * * > A new a p p i a a c h  i a  a a k i i g  a g l a a a  w i th  
a c o m b i n a t i o n  o f  c h a a i c a l  a l a b i l i t y  a id  i * a d i a t i o a  a t i b i l i t y  i a  b e i n g  t a k e n  by 
P a a b a r t b y  I n s t r u m e n t  C o a p a a y  o f  S e q t t l e ,  W a s h i n g t o n . '  I t  i a  a t t e m p t i n g  to  
r a d a c a  r a d i a t i o n  d a a a g a  i a  a  g l a a a  by a a i a g  m a t e r i e l *  which  t r a n s m i t  tba  
n e a t r o a  r a d i a t i o n  r e l a t i v e l y  w a l l  aad o f f e r  l a w  a t a p p i a g  power t a  gamma 
r a d i a t i a a .  Sack a g lo p s  w o u ld  n e t  bo a s h i e l d i n g  m a t e r i a l  b a t  m i g h t  ba vary  
u s e f u l  f o r  o b s e r v a t i o n  p o r p o a a a  i a  tba  h i g h - p r e a a u r e  HRE aye tem.  T b a  f i r s t  
a t t e m p t  a t  a g l a a a  o f  t h i s  t y p o  baa  been r a c a i v a d  aad  w i l l  bo c o r r o s i o n  
t e a  t a d .

BLICTMIACNKTIC NMlTHtTII

A t y p e  347 s t a i n l e s s  s t o o l  beab ( F i g ,  13)  waa u sed  f o r  tba  e x p l o r a t o r y
• *

d i s t i 1 l a d - w a t e r  r u n s .  Bomb aad  f l o a t  ware f i r s t  c l e a n e d  e l e c t r e l y t i c a l l y , 
t h a n  p r a t r o a t a d  w i th  IS  n i t r i c  a c i d  fo r  4 h r .  T b a  t a i l  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  a x t o a s i o n  a t  the base o f  the  bomb. The v o r t i c a l  a o v a a a a t

U ) V ■ Drreapvrt sad * H P -w oll, 'jtavirU csl Chemical Cower* 1/ Aver tor g m f r i m
Fag  Arpert fm P c - U4 im4 ag Ftkrmmry U . i* 4 i. f  US vlbir IS. 19S1)
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o f  t i l *  f l o a t  H a l t e d  to X i > • by tba  a to p  a t  tb *  tap o f  tk a  f l o a t .  T b ia  

a to p  a la a  co n ta in ed  a t b a r a a a a l l .  D e t a c t io n  o f  f l o a t  a e v a a e a t  v i a  achieved  
u s in g  a a ic r o f a r a a r  end vaa observed by t b *  e b a a f*  in  p a t t a r a  prodacad *a  a 

c a th o d e - r a y  o a c i  1 lo g r a p b .  Chenfas in  f l o a t  p o a i t io a  vara  ia d o c e d  a a i a f  aa 

• l a c t r a a a g n a t '1 > p la c a d  ia a a d ia ta ly  baloo aad in  tba p a rp a a d ic a la r  ax is  o f  tb*  
f l o a t .  T a a p a ra ta ra  waa aaaaarad a a ia g  aa i r o n -c o n * tn n ta n  tb a ra o c o a p la  qpd 

ra c o rd a d  c o n t in n o a a ly  aa a 1 a t  Browa r a c o r d a r .  Tb* c a i l  c a r  r a n t  i a  tb *  

■ a g a a t  oaa fu r a ia b a d  by a c o a a ta a t  c a r r a a t  a o a rc *  aad a a a a a ra d  i a  ta raa*  o f  

v o l ta g e  drop across a 0 .2 -o h  i standard r a s i s t a r .  Tba c a r r a a t  o f  tb *  o la c t r a *  

a a g a a t waa iac rad sad  a a t i l  tb *  aagnatie  f i a l d  s tre n g th  was ^ e f f i c i e n t  to p a l l  
down tb* f l o a t .  Tba ta a p a ra ta ra  and c a r r a a t  a t  th is  p o in t  w a r *  noted over a 

t a a p a r a ta r a  ra a g *  25 t o  2 0 6 *C. Tb* p r a a a a r *  rang* corresponded to tba e q u i 
l i b r i a *  p re s s o r * *  f a r  tbasa t a a p a r a t a r a * .  - F a r  tba p r a l i a i a a r y  r a a a , b a i le d  
d i s t i l l e d  water waa aaad . Tba boab was a a a la d ,  using a s ta ia le s s  s t e a l  0  r in g ,  
aad runs war* aad* w i th o u t  opening tb *  boab.

Froa tba d a ta  o b t a in e d ,  c o i l  c a r r a a t  i a  tba aagaat was p l o t t e d  va. the 

d e n s i ty  o f  tba w ater  a t  tba ta a p a ra ta ra *  aaaaarad ( F ig .  1 4 ) .  A t  ta ro  c a r ra a t  
oa tb *  c a rv e ,  t b *  e a r  respond ing  d e n s i t y  s h o u ld  b* t h a t  a t  w h ich  tb *  f l o a t  

j a a t  s inks  aad baaca a aeasura o f f l o a t  d e n s i t y .  Froa tka p l o t ,  th is  density  

waa d a ta ra in a d  to ba 0 .8 5 1  i  0 .0 0 1 5  g /c c  ( 2 0 S * C ) .  T h is  i a  b ig b s r  thun tka  

f l o a t  d e n s i ty  which w ould ba r a q a i r a d ' t o  aeasu ra  u ra a y l  a a l f a t e  s o ln t io a a  

(SO a g / a l )  a t  2 5 0 *C . A c c o rd in g ly ,  a change o f  d en s ity  o f  tb a  f l o a t  w i l l  be 

re q u ire d  i f  aaasn raaaa ta  o f  the aoup s o lu t io n s  sre to b* node 2 5 0 CC.

Tb* dens ity  o f  tb a  f l o a t  a t  20S*C, aa in d ic a te d  by the d a ta ,  was lower by
0 .0 0 7  g /c c  than tb a  d e n s i t y  c a lc u la t e d  a a i a g  tb *  v a lu e  d e t a r a i a e d  a t  25*C*
( 0 . 8 7 3 2  g /c e )  and t h e  c o e f f i c i e n t  o f  t b a i r a a l  expans ion  f o r  347  s t a ia l a s s  

• t o o l  (1 1 .2  I  1 0 " * / * F  over the rang* 0 to  1 8 2 5 ° F ) .  I t  is  b e l ie v e d  th a t  p a r t  
o r  a l l  o f  tb ia  d i f f e r e n c e  aay be a t t r ib a t a d  to  tb* ta a p ara ta ra  g r a d ie n t  between 
tk a  c a a ta r  o f  tb *  boab, wbar* tb *  ta a p a r a ta r a  is  aaaaarad, aad tba  a a iasn la tad  

• a d s .  Tka a a g a i tu d a  o f  t b ia  t a a p a r a t a r a  g r a d ie n t  was i n d i c a t e d  by r a is in g  

tb a  tba rao co ap la  wbaa tba  ta a p a ra ta ra  o f  t b *  boab was a t  »205,oC. A t  a p o in t
1 i a .  abava tba c a a t a r  the ta a p a ra ta ra  bad dropped to 2 0 3 *C aad a t  a p o in t
2 i a .  above tb *  c e n t e r  tb *  ta a p a ra ta ra  was 201*C . I f  a s i a i l a r  g ra d ie n t  ia

( f )  I .  I .  O i*—per t  s d  *  I  P ow e ll, "A n a ly t ic a l Q u o t es 1 C o n tro l s f  tbs Hoooasaeona IW acto r S o lu tio n ,”  
fo n ogsnssss fs a s lo r  l i s t r i o n t  Qm mrt t r l y  A ro g ro s s  l i p s M  / * -  P e r io d  la d in g  J V o v s s k s r ig  f l l f  

p. 160 (Jan . 30, 1>51>.

88

a*
a * * •
*4

•  a a
* a 

a
a *  a

• * • * • *  a *  a 
a a a a a a 

•  a a a a o a 
a a a w a • a
a a a a a a
* •  aa  a s a a on*

•a
• * 
a  a

J



OCWSITY 0/OC

*

89
• t ••

• •  •  I
t • 1 «

« • •
* • •

•  • • • • • •

• •



i .  , „ . « d  t .  u l . t  . .  lb 1m, ,.i (( l k ,  tk, m
a « . i t r  . <  « k .  . . l . t i M  , u i  k .  k i ( k . .  t k . .  t k .  d . . . i t T . .  t k .  p . i . t  . f  

............................................  ‘ W - 1 . . U 1 ,  . , . . 1  , .  t k .
**• « « 1 m U u 4 n . . t  d . a . i t r  . t  t05*C u d  t k .  d . . . i t r  b u m u i  

tk* ca rv e .

| i m  r u  i«n * • * • » • « •  i M  t f  tk *  p o i a t a  f r o s  U* etm fo r
t # . 0 0 1  | / c c ,  tk a a  tk* s p r e a d  k o to s s s  c a r v e s  f o r  a a c c e s a i r e ' r a a a  

Tki* sp read  U « s o «  a p p ro c ia k la .  0 .0 0 4  * /ce  s t  lo w o r - d o a s i ty  U r o l ,  k . t  tk o r*  
oss appear t o  k* a d o f i a i t *  t r e a d  v i t k  t i a o  toward e i t k e r  k ig k o r - c a r r o a t  o r  

lo w o r - d o a s i ty  a e a s e r a a o a t  o r  a c k i . a t i e a  o f  k o tk .  Tk* ro a .o a  fo r  tko lo c k  
o f  r o p r o d a e i k i l i t y  kotwooa ra a a  i a  aow ko iag  l a r e s t i g a t e d .  Tk* p o s a i k i l i t y  
tk a t  tko  d o a a i t y  o f  tko . . t o r  c k .a g o d  w itk  tko  a d d i t i o a  o f  c o r r e a l * ,  p r o d . c t .  
f<o*M a a l i k e l y  a ia e o  tko  d o a a i t y ,  a s  d o to ra ia o d  ky a p y c a a a a k g r ,  a f t e r  tk *  
, M '  0 0«02 « /« c  w i t k  tk o  d o a a i t y  o f  tk o  w . t i r  p r i o r  to  tk *
r a a a .  The d o a a i t y  * f  tk* f l o a t  was d a t o r a i a a d ’ be f o r *  .aad a f t e r  tk e  r a a a
a s ia g  a W estpka l k a laac* . Tk’ia  d o a a i t y  a lso  was feoad to  kavo kooa o a s o a t i a l l y  
aackaagod.

Tk* d e g re *  o f  sacco ss  o r  f a i l a r o  a t t r i k a t a k lo  to  tk *  g la sa s  (two ty p o a ) , 
•h ich  have b eea  p a t  aa powd* rod - c o ap ro sso d  • f  i  rod Lara Gaado M c a ra a ic  tk ia k lo s  
okiak  a .c .a o  coppor c o i l . ,  kaa r — ia .d  a a .a .w r o d  to  d a ta  p o a d i.g  t k .  r s c s i p t  
•  f  a a a i t a k l o  ty p o  147 o t a i a l . . .  . t . a l  koak a .d  . . . k . t .  to  f t  tko  g l a . o .
aad o r g a s k o t i a g  c o a d i t io a a  o f  2S to  2 50#C aad e q u i l i b r i a .  s a t a r a to d  a to  a .  
p re s s u re . .

Sack a k o a k , F ig . IS , ki i c o a t l y  ko< »d to g e th e r  w ith  g o ld  O
r ia g s .

S t a i a l o a a  . t o o l  0  r i a g s  w ore o l i a i a a t e d  d a .  to  k . r d .o a a ,  aad copper O 
r ia g s  woro o l i a i a a t e d  dao to  p ro k a k l*  a r a a y l  s a i f a t *  a t t a c k  oa tko c o p p o r. 
Tka gold  r i a g .  wore proporod ia  .  U v .  G rad . A M id  aad M r*  roaowod ky k r a .k -  
ia g  tk* c a r a a i c .  Tkoy war* s a k s o g a e a lly  prosaod ia  a s t o o l  d ie ,  aad tkaa woro 
aaaoalod a t  iO I*C  fo r  I I  a i a ,  T w o a ty -fo a r c a r a t  gold  was weed.
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A a a r i e a a  I u t r m n t  C u p i a y  k i | k  p r i u v r t  e l e c t r i c a l  c o a a c e t i o a c  cad 
p r a a a a r a  a a a l a  a r c  b e in g  aaad to  e a a a a c t  tba  Q c o i l  o i t h  a r a d i o  f requency  
a o a r c o .  A B o o a t a a  Q a c t o r  io  t o  bo a a e d  f o r  t h e  f o r t h c o m i n g  t o a t o  oo a 
radiofroqmoaey ao a rco  aad aa the  a o e a a r i a g  dev ice .

A a a a a i a f  t h a t  a a a t i a f a c t o r y  a o a l  c aa  he aade by c o a t a c t  o f  tbo  gold 0
r i a g  oa tbo  g l a c a ,  d a t a  oa tb a  o f f o c t  o f  c o a e o a t r a t i o a ,  t o a p e r a t o r e ,  aad 
p raaaara  o i l l  ho a o ca ro d  a t  o q a i l i b r i a a  a to a o  proaaaroa  oa aoap  a o l a t i o a a .

Siaco  aa opoa -oad  boa t ing  j o e b o t  o i l l  ho aaed ,  t o a p o r a t a r o  g ra d io a ta  caa
ho ospoctod  i a  t h o  aoap ,  h a t  tbo g a o b o t i a g  aad o v e r - a l l  r o o p o aao  o f  Q aador  
tbo  hoab c o a d i t i o a o  aboa ld  ho e b t a i a o d .  L a t e r ,  a a p p l o a e a t a r y  gaa p r a a a a r a  
coa id  ho added by a a l i g h t  a l t e r a t i o n  o f  tbo boab bond to  a d a i t  or d iocharge

a
p r o a a a r i s i a g  gaa.

BAB1ATIM-BMMTAMT «LABU8

The a a a t r o a - a h a o r b i a g  glaaaea r e c e i v e d  f roa  A. S i l v e r m a n 41* a re  a t i l l  in  
tbo p i l e .  Upon d i s c h a r g e  mach glnaa o i l l  bo taa to d  fo r  ebaagoo ia  tbo o p t i c a l  
a p o e t r a a  of  tbo p o l i a b e d  apociaoaa b a i a g  to o te d .

P o a b o r tb y  I a o t r o a o a t  Company, S e a t t l e ,  i a  t r y i a g  t o  d e v a l o p  f o r  oa r  
pa rpoaoa  a a a i t a b l e  loo  Z g looa  aado o f  a a t a r i o l a  o i t b  l o o  a o a t r o a  c ro a a -  
a o c t i o a a  to a l l o o  paaoago  o f  tbo g a a a a  r a d i a t i o n  aad a o a t r o a a  tb roagb  tbo 
g laaa ,  ro tbo r  than t r y i a g  to ahaorh tbo  gaaaa r a d i a t i o n  aad a o a t r o a a .  I f  aacb 
a glaoa caa be aado  chemically  o tab lo  f o r  HRE parpoaoa,  th ea  r a d i a t i o n  t o a t i a g  
o f  aacb  a g l a o a  a t i l i a i a g  B11 o i l l  ho i a a t i t a t e d  i a  th o  X-10 p i l e .  Th ia  
approach to tba g la o a  p rob lea  io o p p e a i t e  tbo approach a a i a g  a o a t r o a  abaorboro.  
Tba f i r a t  g laoa  a p o c i a o a  a a i a g  eoaaea horoa  baa boon r e c e i v e d  f ro a  Peaber thy  
I a a t r a a o n t  C o ap a a y  f o r  co .* roa ioa  o r  c h o a i c a l  a t a d y .  T h i a  g l a a a  o i l l  ho 
taa tod  by J .  L. E a g l i a h  ia  a ra ay l  a a l f a t o  a t  2S0*C aad aador  1000 pai p raaaa ra  
fo r  i t a  c h o a ic a l  a t a b i l i t y .
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E x p e r i a e n t e l  r e a u l t a  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 n  
a i x a d  f low  i a  th e  le tdow n  h e a t  e x c h a n g e r  and v a l v e  aay be a l i a i a a t e d  by th e  
uae  o f  a aurge  t a n k ,  r e a t r i c t i o n ,  and aa u p - f l o w  ia  the  ex ch a n g e r  aad  v a l v e .  
V o r t e x  a t a b i l i t y  aay be f a r t h e r  i a p rove d  by i a c r o a a i a g  the  r a t e  o f  f l o w  o f  the  
f e e d  ( p u l a a f e e d e r ) .  A d d i t i o n a l  equipment a a a t  be  i a a t a l l e d  b e f o r e  a t a b i l i t y  
c a n  bo  a t u d i e d  i a  a t r u e  a o c k - a p  of  t h e  HRE. P r o a a u r e - d r o p  d a t a  f o r  t h e  
a y a t e a  coapoa en ta  under  v a r i o u a  t a a p e r a t a r e  c o n d i t i o n a  a r e  g i v e n .  The f l a a e  
r e c o a b i a a r  a y a t e a  baa been i a a t a l l e d  on the  a o c k - a p  aad i a  r eady  f o r  t e a t i n g .

Methoda fo r  r e d u c i n g  b e a r i n g  lo a d a  and f o r  i a c r e a a i a g  th 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 a g a  a r e  d e a c r i b e d .  One a c t  o f  g r a p h i t a r  b e a r i a g a  b a a  o p e r a t e d  
a a t i a f a c t o r i l y  f o r  1040 h r  u n d e r  very  a e v e re  c o a d i t i o n a .  A a t e l l i t e  b e a r i a g -  
j o u r n a l  c o a b i n a t i o n  haa b e e n  t a a t a d  aad a a c t  o f  b e a r i a g a  baa been i a a t a l l e d  
in  a p u a p .  A l th o u g h  o p e r a t i o a  t i n e  baa  been a b o r t ,  aad b e a r i n g  d e a i g n  baa 
been l i a 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 a u l t a  have been o b t a i n e d ,  
aad  t h e  puap i a  a t i l l  r u a a i a g  a a t i a f a c t o r i l y  a f t e r  300 h r  o f  o p o r a t i o n  i a  
w a t e r .

M ix i n g  r e t e a  have b e e n  a e a a u r e d  u n d e r  i a o t b e r o a l  c o n d i t i o a a  i a  v a r i o u a  
r e g i o a a  o f  th 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 a u l t  i n  
o b a e r v a b l o  ebangaa.  S e v e r a l  d i f f e r e n t  b a f f l e a  w ore  t e a t e d ,  aad one c o a a i a t i a g  
of  a i o p l e  roda  l o c a t e d  oa r a d i i  p roduced  good r e a u l t a .  F u r t h e r  a f f o r t a  w i l l  
be a a d a  t o  a p p r a i a e  t h e  a f f e c t  o f  d e a a i t y  d i f f a r e n c a a  i a  t h e  c o r e  i a  aa 
a t t e a i p t  to  prove t h a t  b a f f l e s  a r e  unneceaaary .
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Vortex S t a b i l i t y .  Aa r e p o r t e d  i o  a p r e v io u s  q u a r t e r l y  p rog reaa  r e p o r t , * 1 * 
th e  g a s - r e m o v a l  s y a t e a a  f o r  t h e  c o r e  d e v e lo p e d  an o s c i l l a t i o n  which c a u a e d  
th e  v o r t e x  v o i d  in  t h e  cu»e t o  c h a n g e  vo lune  a t  a r e g u l a r  f r eq u en cy .  S i a c e  
t h i a  c o n d i t i o n  i a  u n d a a i r a b l a  i n  t h e  r e a c t o r ,  a d e v e l o p m e n t  program was u n d e r 
taken to  e l i m i n a t e  i t .

I h e  o a c i l i a t i o n  van o b a e r v e d  i n  a l l  conpoaen ta  o f  t h e  letdown ayatem aad
had a f r e q u e n c y  o f  IS to 30 c y c l o a / m i a .  The m a g n i tu d e  o f  the  f l u c t u a t i o n  *aa  
50 to  100 cc  i a  the  p r e a a u r i t e r  l e v e l .  T h ia  r e p r e a o a t a  t h e  p u l a a t i o n  i n  t h e  
e n t i r e  c i r c u l a t i n g  and le tdow n  a y a t e m a .  O b a e r v a t i o a a  t h r o u g h  wiadowa i a  t h e  
c o re  ahowod an o a t i a a t e d  vo lum e  c h an g e  i n  th e  v o r t e x  v o i d  o f  22 cc a t  g a a  
flown c o a p a r a b l e  to nax inua  r e a c t o r  c o a d i t i o n a .  T h i a  i a  . 05% o f  c o re  volume.

A l l  e v i d e a e e  to  d a t e  i n d i c a t e a  t h a t  the  letdown va lw o  in c o n j u n c t io n  w i th  
the c o m p r e s s i b l e  volune i a  t h e  p r t s i i r i i t r  i a  th e  s o u r c e  o f  t h e  c s c i l i s t i o * .
T e a t a  d e a c r i b e d  in  0RNL-990 ahowod t h a t  th e  o a c i l i a t i o n  o c c u r r e d  when g a a
waa a d m i t t e d  between the  c o re  aad  t h e  le tdown h e a t  a x c h a a g e r  w ith  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 re .  Th ia  would i n d i c a t e  t h a t  t h e  v o r t e x  o a c i l i a t i o n  i s  a 
r e s u l t  o f ,  r a t h e r  than  the c a u s e  o f ,  the o a c i l i a t i o n .

S t a t u s  e f  S t a b i l i t y  T a s t i n g .  The n o c k - a p  ( s e e  F i g .  16) i a  p r e s e n t l y  
be ing  r e c o n s t r u c t e d ,  i n c o r p r 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  in th e  e x p e r i n e a t a l  
program a a d  a d d i t i o n a l  e q u i p m e n t  which w i l l  p e r m i t  250°C o p e r a t i o a .  T h e a a  
f e a t u r e s  a r e  shown i a  F ig .  17,  aad  th e  e x p e t i n e n t a l  r e s u l t s  which s u g g e s t e d  
then f o l l o w .  V ar io u s  c o n b i n a t i o a s  o f  th 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 
to 110%yo f  t h e  d e s i g n  gas  f lo w  ( a t  1000 kw power l e v e l ,  a s a u n in g  SO av p e r
a o l e c u l e  o f  H , 0  decomposed) a t  230*C. and 218% o f  g a s  f low  a t  1S0*C. Lack o f  
h e a t i n g  c a p a c i t y  p reven ted  o p e r a t i o a  a t  h ig h e r  t e a p e r a t u r e s  i n  bo th  c a s e s .

f .  L e td o w n  S t r e a a  in  t h e  A n n u l s *  o f  tko  Le tdow n  Hoot  Exchanger .  T h i a  
a r r a a g e a 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  of  which  i a  
g ive n  i n  OFNL-990.  B e fo re  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  worn  
d i s c o v e r e d ,  t a s t e  i n  the l e td o w n  h e a t  excha nge r  on t u b a s  o f  v a r i o u s  l e n g t h s  
and d i a a o t e r o  showed the a n n u l a r  p a s s a g e  to be f a r  more  s t a b l e  than a t u b e  o f

(1) J .  S. C u lv e r, R. H. V ilsea , .*d~C- D. Zerby, '•VC Cora-Oas Renewal S ystem / tfoeog—roes A re* to r 
t ^ e r  ta e u t Q uarterly  Progress R eport fo r  P orted  todimg February t t .  l i l t .  ORNL WO, p. 22 (Hay IS.
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equivalent croan-nectioa. The teat eschaager eea a 20 ft length of 1/4-ia. 
pipe iaside 1/2-ia. pipe. The proponed design for the raecter ie SO ft loag 
end is aoe beiag installed ia the aock-ap for testing.

2. Upward Approach to the Letdown Kales. Iq a paper hp 0. P. Berglia(>> 
it eas pointed out thpt a too-phase floe ip vertical pipes produces babhles. 
slugging, and aaaalar flee if the flee ia upward, Only slagging and anaalar 
floe are observed in a downward floe. The severity of the slugging should be 
leas ia the loraor case.

These effects eere observed ia a high-pressure gauge glass ia the letdown 
atreaa. Siace slagging oaa thought to iaitiate the osoillatioa at the letdeea 
valve, the piping eas arranged to provide a vertical approach te the .valve. 
This change aade a great iaproveaeat ia the aaoothadsa of operation.

3. 1/i-in. Orifieo Upatraoa of the Letdeea Boat fschoager. Edriy teats 
ia which a hand valve vaa iaaerted ia the letdeea lias above tbe heat ei- 
chaager shooed a beneficial effect oa operation with the valve open. Throt
tling with the valve produced a high-frequency oscillation ia the vortes. Re- 
aovel of the valve developed a slight instability at certain gas flee rates 
which had not previously appeared. On the basis of these observations a 
coastrictioa 1 ia. long aad 1/8 in. disaster was svbatitated for the valve. 
It is believed that this orifice tends te daap out osdliatiea between the 
letdowa valve aad the compressible voluee ia tbe presseriser. The ceabiaatioa 
of steps (1), (2), and (3) allowed steady operation up to 200*C.

4. -Surge Tank Upatraoa of Letdown Kolve. Siace all evideace indicated 
that the letdowa valve was the source of the oscillation, oae solution to ths 
problea would be to daap oat fluctuations that night iaitiate oscillation at 
this point. To accoapliah this a surge taah aad throttling valve were in
stalled, as shown ia Fig. 17. Varying the setting of the 1/8-in. throttling 
valve established aa optiaua position which was later calibrated aad foaad to 
be equivalent to aa orifice .034S ia. ia disaster. This arrangement allowed 
operation nithoat oscillation ap to 230"C aad a gas flew of 1100 cfh. Ths 
eapected asaiaua ia the reactor is 1000 cfh at 1000 he. Liaitatieas oa the 
heating systee prevented operation at higher temperature.

(2) a  P. Bsrflis, -Plow ef Gw* Liquid thsuwr*," Om. tog. M. 104 (Huy 1949).
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5* Ineramaad f l o w  i n  L i q u i d  Letdown S t r e a m.  P r t l i a i a a r y  t e s t i n g  os  the 
neck -u p  was p e r f o rmed by a s n a i l  t r i p l e x  puap,  r e p l a c i n g  th e  pa l a s  f e e d e r  peep ,  
e b i c b  o r i g i n a l l y  d e l i v e r e d  o n l y  0 .67  gpn.  H ow e ve r ,  r e p e c k i a g  t h e  p u a p  i n 
c r e a s e d  t b e  f low t o  1 gpn and  prodaccd  a n a rk e d  i n p r o v e n e a t  in  s t a b i l i t y .

F a r t h e r  t e s t s  were node  oa letdown l i q u i d  s t r e a a s  g r e a t e r  tk a a  1 gpn .  By 
c h a n g i n g  p a l l e y s  tbe  paap was  n sde  t o  d e l i v e r  1 -0  gpn.  Becsase  o f  I m i t a t i o n s  
i n  t h e  b e a t i n g  ays t e n  t k i a  c o a i d  be o p e r a t e d  o n l y  ap t o  1S0°C sad  showed  ao 
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 low e x c e e d i a g  2 0 0 0  c f h .  A f a r t h e r  t e s t  was 
n a d e  b y  d i v e r t i n g  t h e  l e t d o w n  s t r e s a  th r o u g h  t h e  i n n e r  t a b e  e f  t b e  b e e t  e x 
c h a n g e r  and ren o v in g  th e  s e r g e  t s a k .  P r e v i o u s l y ,  s a c k  a a y s t e n  woald o s c i l l a t e  
a t  50*C when t b e  gas  f low  e x c e e d e d  100 e fh ;  w i t h  t b e  i n c r e a s e d  f low t b e  sane  
sy s tem  d i d  n o t  o s c i l l a t e  a t  1S0°C and a gas f lo w  o f  2180 c fh .

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 e  i n c r e a s e  
d e l i v e r y  f r o n  0 . 6  to  1 .6  gpn w i th  p i p i n g  i d e n t i c a l  t o  th e  r e a c t o r .

Tbe i n p r o v e n e a t  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 b e  s e r g e  ta n k  a a d  1 . 1  gpna
le tdow n  a t r e a n  i s  shown i n  F i g  18 The p o i n t s  shown f o r  the  i n p r o v e d  s y s t e ne
r e p r e s e n t  t h e  n s x i n u n  c o n d i t i o n s  which c o n l d  b e  o b t a i n e d  oa t h e  a p p a r a t a s  
r a t h e r  t k a a  a n s x i n a n  s t a b l e  c o n d i t i o n .  I t  s h o n l d  be n o t e d  t h a t  a s t a b l e  
s y s tem  d o e s  n o t  becone u n s t a b l e  as  the t e a p e r a t a r e  o r  gas flow i s  r e d u c e d .

P l a n a  fa r  Patara  S t a b i l i t y  T e s t in g .  The c o m p l e t e d  n o c k -a p  w i l l  h a v e  a 
new s o a p  b e a t e r  and a 40 kw e t e a a  b o i l e r  which w i l l  a l low  c o a t i n a o a s  o p e r a t i o n  
a t  2 5 0 * C  aad p e r h a p s  a t  h i g h e r  t e n p e r a t u r e s . The le td o w n  a y s t e n  w i l l  be 
t e s t e d  a s i a g  th 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  a a e  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  be run u n d e r  a l l  c o n d i t i o n s  e x p e c t h d  i n  th e  
r e a c t o r ,  aad l o w - t e a p e r a c u r e  — low p r e s s u r e  ru n s  w i l l  be nade to  s s s u r o  s t a b i l 
i t y  d a r i a g  t h e  p r o p o s e d  p r e l i n i n s r y  low p o w e r  t e s t s  o f  t h e  r e a c t o r .  In 
a d d i t i o n ,  a p r o g r s a  t o  d e v e l o p  and t e s t  an e x t e r n a l  g a s  s e p a r a t o r  a s  an 
a l t e r n a t i v e  p ro ced u re  w i l l  be i n i t i a t e d .

When tb e  s t e a n  p r e s s u r i t e r  d e s ig n e d  f o r  t b 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  
be 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  in  o p e r a t i o n  a l l  p r e l i n i a a r y  
t e s t i n g  b e i n g  done with  w a t e r  and k a l i a n

A f t e r  a l l  c o a p o n e a t s  h a v e  o p e r a t e d  s a t i s f a c t o r i l y ,  the  s y s t e n  w i l l  be 
c o n v e r t e d  to  soup o p e r a t i o n  T h i s  w i l l  i n v o l v e  r e p l a c i n g  the  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  the  100A pump t e  tbe  l a t e s t  s p e c i f i c a t i o n s .
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L i i i t l i i  C t M l t l o u  To Considered tkea r U e a t a i  Loe-Presaere Import*
• o a t .  In r ega r d  to s t a b i l i t y ,  lower  o p e r a t i n g  p r e s s u r e s  d e c r ea s e  t he  t e n d e n c y

*

t o  o s c i l l a t e  by p e r m i t t i n g  a g r e a t e r  open i ng  in  t h e  l e tdown r e i v e  However  
a s  t h e  p r e s s u r e  d rop  a c r o s s  t h e  v a l v e  d e c r e a s e s ,  t h e  r a n g e  o f  c o n t r o l  i s  
r educe d  u n t i l  the va lve  can no l o n g e r  hold  tVe p r e s n u r i s e r  l e v e l  c o n s t a n t  A 
mi n inun  p r e s s u r e  drop of  2S0 p a i  a c r o s s  t h i s  v a l v e  was found to be a d e q u a t e  oa 
the t e s t  a p p a r a t u s

The two phase  flow in t h e  l e tdown s t r e a n  p r o d u c e s  a l a r g e  p r e s s u r e  d r op  
a c r o s s  t h e  l e tdown h e a t  e x c h a n g e r  a t  h igh  gas  f l o w  r a t e s  Data f o r  t h e  r e  
a c t o r  e x c h a n g e r  cannot  be o b t a i n e d  u n t i l  t he  a c t u a l  h e a t  exchanger  i s  t e s t e d  
h owe ve r ,  t h e  e x p e r i n e n t a l  e q u i p n e n t  g i v e s  v a l u e s  i n  t h e  o r d e r  o f  250  p s i  
These two f a c t o r s  a re  a d d i t i v e  hence s minimum o p e r a t i n g  p r e s s u r e  o f  500 p s i  
w i l l  be Requi red  i f  gas f low r a t e s  in the  o r d e r  o f  t h e  r e a c t o r  n a x i u u n  a r e  t o  
be e x p e r i e n c e d ,

P ressu re -P rop  l e a s e r a u e u t s  To add t o  t h e  g e n e r a l  knowl edge  «a t h e  
h y d r a u l i c s  o f  the  c i r c u l a t i n g  i v i t « » ,  p r e s s u r e  d r o p  o e a s a r e a e n t a  a n d  puup  
p e r f o r m a n c e  i n  o t y p i c a l  r e a c t o r  c i r c u i t  were  n e a s u r e d  The r e s u l t s  a r e  
p r e s e n t e d  i n  Fig 19

Pnlnnfoeder Testa. A p u l e a f e e d e r  pump was i n s t a l l e d  in the  nock up w i t h  
a l l  p i p i n g  des igned to d u p l i c a t e  t he  s u e  l e n g t h  and nunber  o f  b e n a a  found  
in the  r e a c t o r .  A f t e r  c a r e f u l l y  e l i n i n a t i n g  a l l  a i r  f r o n  the  s y a t e n  t h e  puap 
would r e l i a b l y  d e l i v e r  on ly  0 6 gpm

C a l c u l a t i o n  of  a v a i l a b l e  p i s t o n  d i s p l n c e n e n t  c o r r e c t e d  f o r c o n p r e s e i b i 1i t y  
o f  o i l  and wate r  in the p i p e s  showed the maximum p o s s i b l e  d e l i v e t y  to be 0 785 
gpa,  On t h i s  b a s i s  i t  i s  p l a n n e d  t o  s u b s t i t u t e  a l a r g e r  c y l i n d e r ' i a  t h e  o i l  
pump which w i l l  give s c a l c u l a t e d  d e l i v e r y  o f  1 6 gpm

Plano l e c o a b i a e r  f a r  HR loch-l lp .  The f l ame  r o c o a b i a e  * and a s s o c i a t e d  
c o n t r o l  i n s t r u m e n t s  have been i n s t a l l e d  in t i e  HRE mock up sad a r e  r e a d y  f o r  
t e s t i n g .  When s u f f i c i e n t  t e a t s  have  been comple t ed  t o  prove  the o p e r a t i o n  o f  

‘the  n o c k - u p  recombiner  a s  s s e p a r a t e  u n i t  and t h e  h y d r o d y na u i c s  o f  t h e  gee 
l e t down  s y s t e m  has been s a t i s f a c t o r i l y  r e a o l v a d  t h e  two a y a t e a a  w i l l  be 
j o i n e d  end  o p e r a t e d  as  e u n i t  The a p p a r a t u s  i s  a v a i l a b l e  f o r  i n j e c t i n g  
measured  f low* o f  hydrogen and oxygen d i r e c t l y  i n t o  t h e  r e a c t o r  c o r e  a t  t h e
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f a l l  o p e ra t in g  p r o s a a r e  o f  1000 pel f o r  t b e  a 1 t i e s t o  t o o t  when s o f a  opo ra t io a  
bos  boon aosarod.

Aa a i r - n o a i t o r i n g  a y a to o  a k i e k  w i l l  d a t o c t  kydrogaa  i a  t b e  k a i l d i a f  
a tarn sphere  i a  be ing  i a a t a l l a d  to  p reven t  t k a  p o a a i k i l i t y  o f  f o r a i a g  exp los ive  
c o a d i t i a a a  i a  tka  b a i l d i a g  ia  eaaa o f  a look  i a  tka  kydrogaa a y a t o a .

KBCIBCVLATIOH P W  M AI IM S

Soap ia  tka  HRE w i l l  ba r a e i r e a l a t a d  by aaaaa  of a 100-gpai Westiaghease  
e a a a a d  r o t o r  paap , v i t k  k a a r i a g a  which o p o r a t a  t o t a l l y  a a b a o r g a d .  A a a a l l
a t r a a a  o f  e laaa  a a t o r  (1  gpk) a i l l  ba paapad  i a t o  tka k a a r i a g  c h aa b a r  d a r i a g

%

a o r a a l  o p a r a t i o a ,  b a t  t k a  b a a r i a g a  a a a t  ba c a p a b le  o f  o p a r a t i a g  f a r  a b o r t  
p o r i o d a  i a  c a a t a e t  v i t k  r a a o t o r  a o l a t i o a a .  Vaar p ro d ac ta  f r o a  t k a  b aa r iag a  
w i l l  f i ad  t k a i r  aay i a t o  tka aoup ayatoa

Although tka  a t a a d a r d  paap oaa a a p p l i o d  o i t k  g r a p h i t a r  No. 14 b a a r iag a  
aad n ickel-bonded TiC j o a r a a l a ,  tka TiC j o a r a a l a  hare been r e p l a c e d  by a t e l l i t e  
bocaaaa  tka WO, aood f o r  p a s s iv a t io n  a t t a c k e d  the  a i c k a l .  S t a t i c  c o r rea io n  
t o a t a  aad ex ten s iv e  paap o p a ra t io a  i a d i r a t o  t k a t  t k i a  i a  aa a c c o p t a b l a  ckaaga. 
F a r t k a r  i n p r o v e a e a t s  a a y  ba p o a a ib lo  by a l t o r i a g  tka  dea iga  o f  t k a  b e a r in g ,  
r e d u c in g  tka b e a r in g  l o a d ,  and/or  r o p l a c i a g  tk a  g r a p k i t a r  by s t e l l a t e  or aoaa 
o t k e r  a a t a r i n l .

Baeaaaa tka f r o n t  b e a r in g  c o a a i a t o a t l y  showed a igns  o f  g r e a t e r  load tkaa 
tko  back oaa, a t e a t  oaa  aada to  d a t o r a i a a  t k a  n ag a i t ad a  aad d i r e c t i o n  o f  t h i s  
r a d i a l  load,  tka r a a a l t a  o f  vkich akoeed i t  t o  ba 7S to 100 lb  d i r e c t e d  toward 
t k o  d i s c h a r g e  o p e n i n g .  T k ia  b e a r i n g  c o a t a i a a  two g ro o v e s  o r i e n t e d  ia  a 
k e r i a o a t a l  p l a n a  t k r o a g k  tk a  a l . a f t ,  t k a a  p l a c i n g  one g ro o v e  i a  tko  k ig k -  
p r o a a a r a  reg ion  and a a r i o a a l y  low er ing  i t a  load  c a r r y i n g  c a p a c i t y .  .Ia tka  
f a t a r o ,  tka  f r o n t  b e a r i n g  w i l l  have o n l y  o aa  groowe, l o c a t e d  i n  tk a  low- 
p r a a a a r a  reg ion . The f a c t o r  o f  s a f e t y  i a  t h e  b e a r in g  des ign  n a y  a l s o  ba i n 
c re a s e d  by reducing tko  load .

Two aa tkoda  a r e  p o a a i b l o  f o r  r e d a c i n g  t k a  r a d i a l  load coaiponaat on tka  
f r o a t  bear ing :

Iko aao o f  a double s c r o l l  in  t k a  i a p e l l e r  housing.

Tka i n s t a l l a t i o n  of  a second pump d ia c k a r g a ,  l o c a t e d  approx i*  
a a t a l y  ISO* f r o a  the  p r e s e n t  d i a c k a r g a ,  wkick w i l l  p r o b a b l y  
reduce tka  lo a d  to  aboat  10% o f  t k a  p re sen t  M00 lb
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Method ( 1 )  n i  d is c a rd e d  bocaaso a l t e r a t i o n  o f  the present puwps to  i n 
c o r p o r a t e  t h i s  f p a t u r a  e o a l d  be d i f f i c a l t ,  aad e x t e n s i v e  t e s t i n g  would  be 

n e cessary .  Although uethod ( 2 )  i s  and es i rab lo  boesase two Hatched d is c h a r g e
pipes a r o  required  fo r  s a t i s f a c t o r y  r e s u l t s ,  one o f  the puap housings i s  being  

a o d i f i o d  to t e s t  th is  scheae.

T h r u s t  bearing s ta d ia s  have been usds and t e s t a  using a nodal b o a r i a g  are  

under  way to s p p r s i s a  p o s s i b l e  i a p r o v e a e n t s . I t  i s  a p p a re n t  t h a t  t h i s  

b e a r i n g  c anno t  be e x p e c te d  t o  c a r r y  heavy l o a d s .  The puup has f o u r  pads 

v o id e d  i n  the  i a p e l l e r  h o u s i n g ,  a s k in g  i t  p o s a i b l a  to redacs or  a l i a i a a t e  

t h r u s t  lo 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  th e  i a p o l l e r  on tbs  a b a f t ,  tbs  

s d ju s t a e a t a  being node a f t e r  each puup s l t e r a t i o a .  Unless i t  becoaes aacossary  

to reaove  the pads, the p r e s o a t  th r u s t  bearings appear  s a t i s f a c t o r y ;  howovar,  
l o c a l  e r o s i o n  narks i n d i c a t e  t h a t  pad reao va l  nay  ba d e s i r a b l e .  A l t e r n a t e  

aeans o f  h a n d l in g  t h r u s t  lo a d s  a re  under i n v a s t i g a t i o a , and i t  i s  b e l i e v e d  

t h a t  th e  i n s t a l l a t i o n  o f  a K in g s b u ry - ty p e  t h r u s t  b e a r in g  i s  the a o s t  s i n p l e  

s o l u t i o n  to t h i s  problea.  I t  w i l l  be possib le  t o  d e t e r a i n e  i f  t h i s  change i s  

necessary when the soup r o c i r c u l a t i o n  te s t  loops have been operated f o r  longer  

pe r io d s .

One o f  the 100A puap lo o p s  has now o p e r a t e d  1040 h r  w i th  soup in  the  

loop and b e ar in g  chsaber .  The g r a p h i t e  puap b e a r i n g s  vara in s p e c t e d  a f t e r  

600 h r  o f  o p e ra t io n  w i th  o n l y  n e g l i g i b l e  wear b e i n g  observed; on t h e  f r o n t  

b e a r in g  the wear was a p p r o x i a a t e l y  0 .0005  i n . ,  and on the roar i t  was 0 .0 0 0 2  

in  Son# scra tches  wore n o t e d  on the f r b n t  ( g r a p h i t a r )  be ar in g ,  r e s u l t i n g  

f ro a  a b r a s iv e s  in the l i q u i d ,  and tba s t e l l i t e  j o u r n a l  showed s l i g h t  a ig n s  o f  

c h e a ic a l  a t ta c k .

The t e s t  is  considered  a o r e  severe than w i l l  be encountered in  th e  r e 
a c t o r  because: (1 )  the 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 rov id ing  a b r a s iv e s  

which daaaged the bear ing,  ( 2 )  aany s t a r t s  and s tops  ware necessary in  t a s t i n g  

soup s t a b i l i t y  and changing o p e r a t in g  cond i t ions;  and ( 3 )  the soup was c o n t i n 
u o u s ly  i n  th e  b e a r in g  c h s a b e r ,  no o u t e r  i n j e c t i o n  b e in g  used. G r a p h i t e  

bear ings  are  th ere fore  considered  to ba vary p r o a i s i n g .

T h e re  has been soae e v id en ce  t h a t  g r a p h i t a r  No. 14, the o r i g i n a l  b e a r in g  

a s t e r i a l ,  nay cause soup p r e c i p i t a t i o n ,  and in  v ie w  o f  t h i s  2S a l l o y s  a re  

u n d e r g o i n g  c o r ro s io n  t e s t s  i n  a p r e l i a i n a r y  s t u d y  t o  f in 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  coubinat iona.
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B t « r i > |  t e a t s  oa a t a i l i t a  98M2 k a t a  baaa  a a d a  and  oae j o u r n a l  b e a r i n g
c o a b i n a t i o a  a s i n g  t h i a  a l l a y  a a a  o p e r a t e d  c o a t i a u a a a l y  i n  e a t e r  under s i m u l a t e d
le a d  f a r  2S0  h r ,  c o m p le t i n g  550 e t a r t - e t o p  c y c l a a  u n d e r  e r e r l e 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 cc u r r e d .

Oae 100A peep baa bean f i t t e d  w i th  a t e l l i t e  98M2 b e a r i n g a  and j o u r a a l a  
and i a  p r e a e a t l y  b e in g  t e n t e d ,  a  300 hr  o p e r a t i o n  i a  e a t e r  h a r i n g  been l o g g e d  
t e  d a t e .  Aa ex am in a t io n  a f t e r  18 b r  ahoeed t h r o a t  e e a r .  r a a u l t i a g  from l o a d a  
f a r c e d  on t h e  b e a r i n g a  w h i le  a a k i n g  a d j u a t a e n t a  t o  e l i m i n a t e  th e  t h r e a t  l e a d ,  
be t  th e  r e d i a l  e e c t i o a  waa a a t i a f a e t o r y .  The b e a r i a g a  were  a g a in  i n a t a l l e d  i n  
the  poap  e i t h o u t  r e p a i r i n g  t b e  damaged t h r e a t  f a c e a .  Wat t  a a t e r  r e a d i n g a  
i n d i c a t e  t h a t  o p e r a t i e a  i a  a a t i a f a e t o r y .

T h e a e  s t e l l i t e  b a a r i n g a  h a r e  t o o  l u b r i c a n t  g r o o r e a  b e c a u a e  a e i t a b l e  
c a a t i n g a  e e r e  n o t  on hand  when t h e  b e a r i n g a  w ere  m a c h i n e d ,  h o e e r e r ,  n e e  
c a a t i n g a  h a r e  bean r e c e i v e d  and a a i n g l e ,  or  p o a a i b b y  no g r o o r e ,  w i l l  n o e  be 
need .  T b i a  c h a n g e  w i l l  g r e a t l y  i n c r a a a a  the  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 a e n t  b e a r i a g a  e e r e  a l i g n e d  by l i n e  l a p p i n g  w h i le  mounted  in  
the  puap.  Aa a p o a a i b l a  i a p r o r e a e n t  in  m a i n t a i n i n g  p r e c i a e  a l i g n a e n t  a a e l f  
a l i g n i n g  b e a r i n g  ao u n t  ia  b e i n g  c o n s i d e r e d

A 1 7 - 7  PH a t a i n l a a a  a t e e l  b e a r i n g  e a a  t e n t e d  a g a i n a t  a a 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 w l y  f o r  72 hr  i a  e a t e r  u n d e r  l o a d ,  h o e e r e r ,  
t h i a  c o m b i n a t i o n  f a i l e d  q u i c k l y  u n d e r  e t a r t - a t o p  o p e r a t i o n

A a t u d y  haa  been in p r o g r e a a  to  e v a l u a t e  th e  n i x i n g  c h a r a c t e r i a t i c a  o f  
t h e  HRE c o r e  and t o  a t t e n p t  t o  im p r o v e  t h e  n i x i n g ,  i n  p a r t i a l l y  a t a g a a n t  
r a g i o n a .  T h i a  work hue been c a r r i e d  on in  a t r a n a p a r e n t ,  f u l l  a c a l e , p l a s t i c  
a p h a re .  D a t e  a r e  o b t a i n e d  by i n t r o d u c i n g  and a t u d y i n g  v a r i a t i o n *  in  t e a p e r  
a t u r e  and 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 a e r v a t i o n a  a r e  made a t  v a r i o u a  
p o i n t a  in  t h e  v eaa e l  by neana o f  a o v a b l a  probea.

Aa d e a c r i b e d  in  th e  p r e r i o u a  q u a r t e r l y  r e p o r t :*; i l  hoa been found t h a t
9

l i q u i d  r o t e t e a  i n  a a t a b l e  o r b i t  i n  t h e  body o f  t h e  a p h e r e  and a i x e a  e i t h
%

a t r e a a a  b y p a a a i n g  a lo n g  the  w a l l a  o f  the  v eaa e l  In  t h e  n o r t h e r n  h e m i s p h e r e ,

( ) )  1 Spiawak and J 0  Brarifu r "M i m i  i a  tka I K  Cora, " Homottmtout  Jlr a - t a r  f s p t  .a»af O u m rt i r -  
ly  d e g r e e *  JUpo-» /•*  f t Had fad -n g  f t h  a t - y  U .  I f f ! ,  OWL WO p J l  (Ma? l i  1*51)
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which in c lu d e s  t h e  i n l e t  end 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  pa ss  d i r e c t l y  
f r a a  th e  i s l e t  t e  t h e  o u t l e t .  I s  t h e  s o o t h e r s  h e s i s p h e re  t h e  s t r e s s  f inds  s 
v e r t i c a l  path ep th ro u g h  the c e n t r a l  a x i s  o f  the sphere sad e a t .

Aa a r e s u l t  o f  t h i s  a ech aa iao ,  t h e r e  i s  a re g io n ,  l o c a t e d  in a c y l i n d e r  
with  an i n s id e  r a d i o s  o f  about 6 co and aa  o u t s i d e  r a d i u s  o f  11 co, in which 
n i x i n g  takes  p l a c e  r a t h e r  poor ly ,  c o o p e r e d  to  average n i x i n g  i a  the  r e a c t o r .  
(The sphere  r a d i u s  i s  22 .9  c a . ) The f lo w  p a t t e r n  i s  d e s c r i b e d  nore f u l l y  in 
OFNL 990.

Q u a n t i t a t i v e l y ,  n ix in g  ia  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 n e t e l y  s ix  t i n e s  as 
long  as  the  a v e r ag e  f o r  the  e n t i r e  v e s s e l ,  with no d e n s i t y  g r s d i e a t s  i a  the  
l i q u i d .  The s o u t h e r n  henisphera  i s  s l i g h t l y  worse i a  t h i s  r e s p e c t  then i s  the 
n o r t h e r n  h e n i s p h e r a .  There  a p p e e rp  t o  be no s i g n i f i c a n t  ch an g e  in  t h e s e  
f i g u r e s  with e 2 . 5 - f o l d  change in v i s c o s i t y  o b t a i n a b l e  be tw een  10 sad S0*C. 
Also,  i f  the flow r a t e  i s  ha lved, n i x i b g  i s  twice as slow th r o u g h o u t .

I t  was hoped t h a t  i n t r o d u c i n g  c o l d  w a te r  i n t o  a s p h e r e  f i l l e d  with ho t  
w a te r  would in p r o v e  th e  n i x i n g  o f  th e  s t a g n a n t  r sg io n  by v i r t u e  o f  the  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 s  
w i th in  the l i n i t s  o f  the  eppers tus  (0.9%) produced no o b s e r v a b l e  d i f f e r e n c e  in 
the  r a t e  of  n i x i n g .  Hie dens i ty  v a r i a t i o n  in the r e a c to r  o p e r a t i n g  a t  1000 kw 
w i l l  p ro b a b ly  a n o u n t  to  abou t  S%. F u r t h e r  s tudy  o f  t h s  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  in t h i s  r a a g s  w i l l  be n a d e  a t  roon t e n p e r a t u r e  w i th  n e t h a n o l  
s o l u t i o n s .

Unleas t h i s  d e n s i t y  a f f e c t  i s  a p p r e c i a b l e ,  t o  avoid  l o c a l  o v e rh e a t in g  i a  
s t a g n a n t  a r e a s  i t  aiay be a e c e s s s r y  to  u s e  a iechanicel  o b s t r u c t i o n s  which d i s 
t r i b u t e  the  flow p r o p e r l y .  These b a f f l e s  would have to  s t r i k e  th e  p ro p e r  
be lance  between (1)  e f f e c t  on a ix in g ,  ( 2 )  e f f e c t  on gas r e n o v a l ,  (3) a 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  to  f a t i g a e .

V a r io u s  t y p e s  o f  b a f f l e s  have  bee*'  t r i e d  in  th e  s p h e r e  w i th  p a r t i a l  
s u c c e s s .  In  no c a s e  was th e  an o u n t  o f  n a t a l  i n s e r t e d  u n f e a s i b l e  f r e a  the
n u c le a r  s t an d p o in t .  These inc lude:

1. C y l i n d r i c a l  Roda.  C y l i n d r i c a l  r e d s  were nounted s l a n g  r a d i i  in the  
h o r i s o n t a l  e q u a t o r i a l  p lane  o f  the  s p h e r e .  The rods  were e i t h e r  1/8 or 3 /16 
i n .  ia  d i a n e t e r .  The o p t i n u n  l e n g t h  was 7 i n . ,  b r i n g i n g  t h e  ro d s  o u t  f r o n



t l i«  t p k t r a  n i l ,  th ro u g h  the s tag n an t  l a y e r ,  aad j a a t  i a t o  the  a p d r a f t  going
t o  t h a  o u t l e t .  The r o t a t i o n a l  f low i a  a o r a a l  t o  t h o s e  r o d s ,  p r o d a e i a g  a
t a r b a l o a t  p r a a a a r a  l o s a  behind  th a a .  T h i s  low p r e s s u r e  a r e a  d ra w s  l i q u i d
th r o u g h  the  a t a g a a a t  r e g i o n  and i n t o  the  c e n t r a l  u p d r a f t  For ro u g h ly  2 in
oa  bo th  s id aa  o f  the  p l a n e  o f  the  rods  t h a  a a x i a u a  r a s i d e n c a  t i n e . w a s  found

a  *

t o  ba  ab o u t  1SX above t h e  average  r e s i d e n c e  t i n e  f o r  the  s p h e r e .  Tha re* 
a a i a d e r  o f  tha  a t a g a a a t  r e g io n  i a  a f f e c t e d  t o  a l e a s e r  deg ree  aad  i t a  r e s i 
dence  t i n s  i s  about t w ic e  the  average which s t i l l  i s  a g ro a t  iaprovetpont over 
t h e  c o n d i t i o n  w i th  no b a f f l e s  The e f f o c t i v a n o s s  of  t h a  r o d e  ba a g iven  
v o r t i c a l  l o c a t io 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  to  the  nnabor o f  rods  or  to 
t h e i r  d iaaw ts r .  One. two, aad th roe  rods wore t r i e d  with  s i a i l a r  e f f e c t i v e n e s s .

Tha t u r b u l e n c e  i n d u c e d  by the  ro d s  h a d  t h a  a f f e c t  o f  i n c r e a s i n g  tha  
p r e c e s s i o n  e f  the  v o r t e a .  The degree  to  which  t h i s  o ccu rs ,  however ,  i s  not

b *

s e r i o u s .  V e r t ic a l  rods  have  boon found to  have  a g r e a t e r  e f f e c t  on the  vor tex .

Resonance v i b r a t i o n s  were p r e s e n t  in a p a r t i c u l a r  rod over  a f lew*range 
o f  ab o u t  3OX Only a i n o r  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 low r a t e * .  
The flow r a t a  a t  which resonance  e x i s t s  i s  d e t e r a i a e d  by the  l e n g t h  aad aoaent 
o f  i n e r t i a  of  the  rod and by the v 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 igh t -  
in c h  s t a i n l e s s  s t o o l  t u b i n g  in reaonaaca  f a i l e d  very soon. F a i l u r e  occur red  
u s u a l l y  where th e re  were s c r a t c h e s  or t h r e a d s .  Over tan a i l l i o n  c y c l e s  were 
o b t a i n e d  on a i l d  s t e e l  3 /16  in rod w i th 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 io u s  p r o b l e a  th e re  should be no f a i l u r e s  a f t e r  t h i s  accord ing  
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  rods  a r e  u s e d  in  the  r e a c t o r ,  t h e y  w i l l  he 
n o a r o s e n s t i n g  w i th in  t h e  expec ted  flow range.

J.  S t r s s a l i n v  B m f f l t t .  A i r f o i l a  abou t  1 i a  wide and 3 /1 6  i a  high a t  
t h e  a ax ia u a  vara  aoun tad  in  p o s i t i o n  s i a i l a r  t o  the  rods .  Those p ro v id e d  only 
s k i n  f r i c t i o n  to  p u l l  l i q u i d  in toward t h e  c e n t e r ,  w i th  a a i n i a u a  o f  t u r  
b u l e a c a .  The v i b r a t i o n  p r o b l e a  waa a l l e v i a t e d  and the vor tex  was s t a b i l i s e d .  
However, the red u c t io n  i n  re s id en ce  t i a e  e f  t h e  s tag n a n t  reg ion  win only  2OX-

a

A p p a r e n t l y  i t  i s  a e e e a e e r y  t o  i n c re a s e  tu rb u len c e*  to  b r in g  obout t h e  d e s i r e d

J .  V t r t i f l  F i n s .  S ix  v e r t i c a l  f i n s ,  5 in high and IX in  w ide ,  were 
a e u n t e d  in  p a i r s  on t h r e e  s y m a e t r i c a i  c y l i n d r i c a l  rods  in  an e f f o r t  t o  p ro 
d uce  s l a g  flow th ro u g h  t h e  sp h e re .  The f i n e  ware curved s l i g h t l y  t o  fe l low

a i x i a g .
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the  flow l i n e s ,  and the r o t a t i o n a l  flow i n t e r s e c t e d  t h e  fin*  a t  a s n a i l  a n g le .  
A d e f i n i t e  a ln g  flow component was observed a t  the  e l e v a t i o n  o f  the  f i n s ,  bn t  
s t a g n a t i o n  p e r a i a t e d  a t  o t h e r  e l e v a t i o a a .  Th is  was t h e  only  s l a g  flow e v e r  
ob ta ined  in  the  p l a s t i c  noda l .  The v o r tea  was q n i t e  n n a t a b l a .

4. H o r i z on t a l  Fin t .  S u r f a c e s  i n t e r s e c t i a g  th e  flow l i n e s  a t  about a 4S* 
angle  were p l a c e d  leng thw ise  on t h r e e  e q u a t o r i a l  r o d s .  This  seeeed to  th row  
the flow up i n t o  the n o r th e r s  hemisphere  end down i n t o  the  southern  hem isphere ,  
d e s t r o y i n g  th e  tendency o f  t h e  l i q u i d  to  r o t a t e ,  which  i s  e s s e n t i a l  f o r  gas  
removal.

5. B o l l .  An in v e r t e d  b e l l - s h a p e d  device  n o u a ted  n ea r  the  bottom o f  th e  
sphe re  was d e s ig n e d  to d i v e r t  p a r t  o f  the  u p d r a f t  i n t o  the  s t a g n a n t  r e g i o n .  
The neaimnm re s id e n c e  t i n e  was lowered somewhat, and th e  s t a g n a n t  r e g io n  was 
s h i f t e d  more toward the o a t s i d e  o f  the  sphere .  The flow p a t t e r n  th ro u g h  t h e  
sphere was c o n s id e rab ly  n o d i f i a d .  However, the b e l l  was no t  p rope r ly  a l i g n e d ,  
and the  v o r t e x  was q u i t e  u n s t a b l e .  I t  appea rs  to  be i m p r a c t i c a l  to  c o n s i d e r  
t h i s  d e v ic e  fo r  the HRE on the  b a s i s  o f  al ignment problems a lone.

I f  b a f f l e s  a re  to  be used  in  the  r e a c t o r ,  h o r i s o n t a l  rods  appear  t o  be 
the  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  us ing  b a f f l e s  can be d e f i n i t e l y  d e te r m in e d .
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7 . PHASE STA BILITY  OF ALTERNATE SYSTEMS

V. L. M arshall
Pressure 5tadiee Phase 5 ted tee

« 0 . Oar. J r .  J .  S. G all
I. V. V r»*t

PBIMUBI ITU*IKS MT PUKL IIIT S I8

T h e  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 a  t o  p r o v i d e  fu n d a m e n ta l  t h e r n a l -  
p r a a s w r o  d a t a  f o r  tko c o r  r o o t  foo l  ood ioo  (U01SO# -HJ0)  and fo r  tho UOj F ,  -H#0  
•nd UO, (NO,) , -HjO a y a t o o a .  Tko work kaa boon d i v i d e d  i n t o  too  p o r t a ,  namely,  
loo-  t o a p o r a t o r o  i n v e s t i g a t i o n  op to  ISO t o  17S*C and i n v e s t i g a t i o n  f rom tkoao 
t a n p o r a t u r o a  op to  tko c r i t i c a l  r eg ion .

A p p a r a t u s  f o r  tko  l o o - t o a p o r a t o r o  a o a a o r o n s a t a  kaa  boon d o a i g a o d  and 
c o o a t r o c t o d .  A p r o c i a i o a  t k o r n o a t o t  ok ick  can n a i a t a i o  tko t o a p o r a t o r o  o i t k i a  
10 002*'C f o r  lo ng  p e r i o d s  a t  t o a p o r a t o r o a  o f  SO t o  16S*C kaa kooa n o d e .  Tko 
o a t i r o  a p p a r a t u s  kaa boon d o a i g a o d  o i t k  tko g o a l o f k i g k  p r o c i a i o a  aad a c c u ra c y  
i a  a i a d .

A c t u a l  l a b o r a t o r y  o o r k  oa t k o  h i g k - p r a a a o r o  r e g i o n  kaa n o t  yo t  b o g o a .  
However,  much tkoogkt kaa  boon given to tko p r o b l o a  o f  g e t t i n g  h i g h l y  a c c o r a t a  
r e s u l t s ,  aad o x p o r i a a a t a l  o o r k  i s  to  be a t a r t a d  i a  tko  n e a r  f o t o r a .

T B  UKANVL NITftATB— U H I  SYSTCN AM VI lgg*C

Tko o x p o r i a a a t a l  i a  v o a t i  g a t i o a  o f  tko  o r a a y l  n i  t r e t e —w ate r  a y a t e a  above 
1 8 0 J C i a  g i v a a  i a  p r o v i o o a  r e p o r t s . * 1 •** B r i e f l y ,  h y d r o l y t i c  d o c o a p o a i t i o a  
o f  o r a a y l  a i t i a t e —e a t a r  a o l o t i o a a  o e c o r a  a b o v e  1I4*C i a  a c l o a o d  a y a t a a  a f  
l ' l  l i q u i d - t o - v a p o r  v o lo a o  r a t i o .  Tko p r o c i a o  t o a p o r a t o r o  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 o p o a d o a t  oa c o a c a a t r a t i o a . Tko p r o c i p i t a t i o a  t o a p o r a t o r o  
i s  a b o a t  2 6 0 “C i a  vary low c o a c o a t r a t i o a a  aad i a c r o a a o s  to  a me*imum o f  aboo t  
3 4 5 ’C f o r  a 55 wt % a o l o t i o a .  The t o a p o r a t o r o  t k o a  d e c r e a s e s  to  184<’C a t  tke 
t h e o r e t i c a l  c o a p o s i t i o a  o f  o r a a y l  a i t r a t a  d i k y d r a t o .

U )

(1)

V L Her a l ta ll ,  J t  G i l l ,  aad  C. I  Sec 07. * The Uraayl Ni t r e t e —V eter System Above 1*0 C." 
C k t m i i t r y  g te is ie a  Q m * r f r l y  Prmg-ee . i s p e r l  f ar  P e r io d  fa d in g  I s r d  J | ,  | f j | ,  (*VIL>19S3. p. S3 
( to  be isav ed ).
V L He r e t e l l  eed J. S. G i l l ,  *Aqweees Uraayl N itra te  emd Uraeyl N itra te—N itr ic  A cid—V eter
S c ia t ic a s  Above 100jCa*,fbeegee«oe* feaeter f m i r i t m l  Progress Pspec» f* r  P e - ie d  fad-lag
P e tre e ry  t f ,  IPS*. O f t  990, p 110 (Her 1*. 19S1)



The t e a p e r a t w r e  a t  which a red  b r o n  v a p o r  phase  appaa ra  i a  a b o u t  2IS*C 
i a  t h e  d i l u t e  r e g i o n  t a d  d e c r e a s e s  t o  a p p r o x i a a t e l y  18 4 C  i a  t h e  s a t u r a t e d  
s o l a t i o a .

T h ia  vapor  p h a s e  c o l o r a t i o n  phenoaeaon  i s  r e v e r s i b l e  w i t h  t o a p e r a t u r e  
how ever ,  tbe y e l lo w  s o l i d  a p p e a r i n g  a t  t b a  u p p e r  t e a p e r a t u r s  i a  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 .

m  M U I H  T B ItX IM —P M S T IM IC  M l l - U f t t  ITC T U

A f u a d a a e a t a l  i n v e s t i g a t i o n  i a  under  way on u r a a iw a  t r i e x r d e  s o l u b i l i t y  
** p b a a p b o r i c  s a i d  s o l u t i o n *  up 10 tba  c r i t i c a l  t e a p e r a t u r e s  o f  t b a  a y s t e a s  
l a  t h i s  i a  v e s t i g e  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 a i a a t i o a s  b a v o  been aade  
i a  t b a  range  100 to  300 C u s i n g  1. 2 s a d  J  |  o r t h o p u o s p h o r i c  a c i d .  As a 
r a a a 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  to  be on a o l u b i l i t i a a  i a  2 If 
a c i d .  A f t e r  phase  e q a i l i b r i u a  c o n d i t i o n s  a r e  e s t a b l i s h e d  f o r  t h i s  a y s  t e a .  
s o l u b i l i t i e s  w i l l  be d e t e r a i a e d  i a  o t h e r  a c i d  c o a c e a t r a t i o a s . T h e r e f o r e ,  with  
t h e s e  d a t a  the c e a c e a t r a t i e a  o f  a c i d  a e c e a a a r y  to  d i s s o l v e  a g i v e s  a a o u a t  o f  
a r a a i u a  t r i e x i d e  a t  a f i x e d  t o a p e r a t u r e  n i g h t  be d e t e r a i a e d

C a r r a a t  t a p e r I e o n  t e l  S t a t o n .  A s y n t h e t i c  a e tk o d  d e s c r i b e d  p r e v i o u s l y * > 
h a s  beau used .  E x p e r i a e a t a i  d a t a  o b t a in e d  by t h i s  ae thod  a re  g i v e n  i a  Tab le  24 
a n d  a r e  shewn i a  F i g .  2 0  E x p l o r a t o r y  d a t a  f r o a  Lea A l a a o a  •>  s a d  e l s e 
where  a re  i n c l u d e d

work a t  0MK>, i a  2 M a c i d  s e l a t i o a a  s u l k y ,  g e l a t i n o u s  type  pro*  
c i p i t a t e a  appea red  upon r e a c h . n g  t h « i g i v e a  t e a p e r a t u r e s .  T h e s e  p r e c i p i t a t e s  
s e n s e d  to  change c h a r a c t e r  to  ftfra long c r y e  t o  i  U s e  n e e d l e s .  Vhea th e  te ap e re*  
t a r e  was lowered $0 to  75 C f o r  10-hr  p e r i o d s ,  the  e -ye  t a l  a d i d  n e t  a p p e a r  t a  
r e d i s s o l v e .  U n t i l  t h i a  p o i n t  o f  p r e c i s e  s o l u b i l i t y  i a  e s t a b l i s h e d  th e  s o la *  
h i l i t y  ca rve s  ip F ig .  20  a a a t  be c o n s id e r e d  a s  o n ly  t e n t a t i v e

f ;  M nreSe.l, J S G i l l ,  isd  C H S e .ey . *TW U rasyl Finer ide—9 aver S v a to a  * Cktmimir*  
K < . ! r ^ v r N .  A m  t b  F# '*d fad ing  J L .  I MAm 3 * . T j NL*.  

I  * le e  Alenes f a i s e t i f t c  Lsheratec-y. p r iv e ts  u s s u t  ’s
D •  S a la b ility  » f  U  m y l  4eeee .u a  f a l /e t e ,  Y -J|l ,A|> 1 1 , 1949)

O eai^s! T*rie *lag* D tvisiea, Oka Ridge " e t ta a e l  Lsheretery. e^ u b liah ed  date
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Th* i n i t i a l  a l t a r a a t a  s p e c u l a t i o n s  arc aa fo l l o w s :

1. C a r r s  B ia  F ig .  20 i a  a o s t a a t a b l a  c a r r o ,  and ths  a y s t e a  has  
s a b s e q u s a t ly  c o n v e r t e d  to  a a t a b l s  phase p o s s e s s in g  a loo  a o l a 
b i l i t y  cbangs with  t s o p s r a t s r s .

2 .  Carso B ia  F ig .  20 i s  o a t a b l a  carve,  b a t  tbo  r s t a r a  approach t o  
e g a i l i b r i a a  i s  alow.

2 .  Tbs d a ta  repor ted  a l o n g  Carso B ara tbo r o n a l t s  o f  a a p o r b o a t in g  
pbsnonsna,  and tbo t r a o  s o l a b i l i t y  p o i n t s  oro a t  lowor t e a p e r a -  
t a r o o .

A f to r  a c o a s i d s r a t i o a  o f  tbo  oboso f a c t o r s ,  i t  bos  boon docidsd to cbongo to 
an a n a l y t i c a l  not hod for  tbo o tad y  of t h i s  ays  ion.  Work in t h i s  d i r o c t i o n  i s  
ia  p r o g r e s s .

BFFBCT OF FKBBIC H I M  M  CBITICAL BtLUTIM TBBPEBATUBBS 
OF TM UBAKVL SULMT1—OATOI OTgtBg

A s i a a a l  s tady baa boon wado o f  tbs  o f f s e t  o f  f o r r i c  oxide on tbo c r i t i c a l  
s o l a t i o a  t e n p s r a t a r o  on tbo  a r a a y l  an 1 fate*->water a y s t o n .  P r o s io a a  s t a d i a s  
o f  tbo a r a a y l  s a l f a t O '—a a l f a r i c  acPd — water a y s to n  abowod an o l o s a t i o a  o f  tbo 
c r i t i c a l  s o l a t i o a  t o a p o r a t a r o  p r o p o r t i o n a l  to  tbo  a a o u a t  of  e x cs s s  s a l f u r i c
a c i d . < T>

Ia  tbo  p rosoa t  i a s o s t i g a t i o a  i t  was thought t b a t  f o r r i c  oxide n i g h t  a l t a r  
tb s  two l i g a id - p b a s o  pbonoasaoa to socb on ox toa  . a s  to ebaago c o a d i t i o a a  fo r  
a hoaogoaooas r s a c t o r  s o l a t i o a  a t  200 to  300°C.

B x p e r l a e a t a l .  Uraayl o w l f a t o  t r i b y d r a t o  p r o p a r o d  by tbo Y-12 C b o a i c a l  
D s p a r t a o a t  was osod. This n o t a r i a l  was cbockod f o r  p a r i t y  and excess  a c i d i t y  
by a n a l y s i s  and by pR d o t a r a i a a t i o a a .  F o r r i c  ox ide  powder, c . p . , was o b t a i a o d  
froa  Babor aad Adaasoa.

A p p r o x i a a t e l y  1.3  a l  s a c k  o f  agaooas a r a a y l  a a l f a t o  s o l o t i o a s  o f  4 . 0 ,  
9 .7 ,  1 9 . 4 ,  aad 30.0 wt % was s o a lo d  in  s i l i c a  taboo  o f  11 ca l e n g th  and 4 an 
I .D, c o n t a i n i n g  approxiaa to  ly  100 ag FetOa . In a d d i t i o n ,  a blank was p ropa rod  
a s in g  d i s t i l l e d  w a to r .  Those  to k o s  wars roebod  i a  a s p o c i a l  r o c k e r - h e a t e r

(7) »  B Usd wJ C B. Bessy, ‘ Farther Sted> of tbs IWe-Ugaid Phase fegieo of tbs Breton UQ,K> • 
O t i i i l ' j t  l l t i i i M  Q a s r t s r ly  P rsg r t t i  J lsp srf * /s r  P « - is d  Xadisg 5#yl«ek«- i f ,  I f f ) ,  

OWL-*70. p. ti  (Bar. 1. M l )
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d e v ic e ,  the t e a p e r e t e r e  wee r a i s e d  e r  low ered, aad o b s e r v a t i o n  were a id e  

through « s l i t .  D e ta i ls  o f  the sutbod have been gives p r e v i o u s l y / * *
j

I *  a i l  r e u s ,  in c lu d in g  the b le a k ,  the f e r r i c  ox ide  p a r t i c le s  appeared to  

iacrease in  s i t e  aad a e t t l e  fa s te r  i a  the tubes as the teoqperatare was ra is e d .  
A t the c r i t i c a l  s o lu t io n  te e p e ra tu re  the a o l id  f e r r i c  o x id e  c e l le c te d  ia  the  

h eav ie r  l i q u i d  phase, thus s to p p in g  a l l  raadoe no tio n  o f  the p a r t i c l e s .  The  

teapera ta re  appeared te  he lowered 3 o r  4*C under th a t  o f  a f e r r i c  o x id e— fr e e  

a ra a y l  s u l f a t e  e o la t io n ,  hut th is  e f f e c t  is  not e e r t a i a .  No such pheaoaeaoa 
was observed i a  the bleak.

When th e  te a p e r a t a r e  was lo w e r e d ,  the r e tu r n  to  co m p le te  a i s c i b i l i t y  
could bo d e la y e d  as auch as 10 e r  15"C i f  the s o lu t io n  was coaled as f a s t  as 

1 or I SC per a i a a t e .  The delay ia  p ro p o r t io n a l ,  to the c e o l iq g  ra te ,  in d ic a t in g  

a possib le  p h y s ic a l  e f fe c t  e f  the p a r t i c l e s .  ■
§. :

A n a ly s is  e f  the s u p eraa taa t a f t e r  a r u n s  bowed ao change ia  the u r a a ia a  
concentra tion  A n e g l ig ib le  aaoaat o f  iro n  was’ p resea t i a  s e la t ie a

!
I a  e f f e c t ,  f e r r i c  exida powder aught pessib ly  lower the c r i t i c a l  s o la t io a

» '  «

te a p e ra tu ro  o f  a r a a y l  s u l f a t e  s o l a t i o a s  s e v e ra l  d e g r e e s ,  a t  le a s t  up- te  30 

wt % a e l t .  No v is u a l  e f f e c t s  were no ted  belew tbpse t e a p e r a t u r e s . H ig h e r  

accuracy co u ld  n e t  be obta ined  bocaaso e f  o b s e r v a t io n a l  d i f f i c u l t i e s  ia  the  
presence e f  f e r r i c  ox ide .
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|  SOLUBILITY or N S S IO N  PBODUCT SULFATES

8 Z e a e l

The d e t e r u i n e t i o n  o f  ik e  h ig h  t e m p e r a t u r e  a o l u b i l i t i e a  o f  t k i  a o r i  
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 s t o 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 a r a ,  
s t a i a l o a a  s t o o l  boobs  and f i l t e r  d i s k s  Tbo f i l t e r  d i s k s  o n s b l o  s o p s r s t i o n  
o f  s o l u t i o n  sad p r o c i p i t a t o  s t  a g iven t a a p o r a t u r e  be fo re  c o o l i n g  down,

In o r d e r  to  a v o i d  c o r r o s i o n  p r o b lo o o  in  d e t o r n i a i n g  tbo  a o l u b i l i t i o s  in  
t k e  p resence  o f  s r a n y l  s u l f a t e  s o l u t i o n s ,  tb o  boobs wore p r o v i d e d  w i th  p l s t i n u o  
l i n e r s  and tbo  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  wore r e p l a c e d  by o lu n d u n  d i s k s

S o l u b i l i t y  s t u d i o s  were node o f  S r S 0 4 , BsSO# , and Y j l S O ^ ) ,  in  U0f SO4 
( 3 0  g o f  u r a n i u n  p e r  l i t e r ) .  A f t e r  t k i s  work was c o n p l o t o d  t k e  U0f S04 was 
found to  be i e p u r e ,  and  tbe  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  wore 
a l s o  node o f  L s J (SO# ) J snd Ag| S04 in  w a t e r  Because of  tk e  s h o r t  b a l f - l i f e  of  
t k e  l s n t k s n u n  a c t i v i t y  a v a i l a b l e  and t k e  d i f f i c u l t i e s  i n v o l v e d  in  i t s  p u r i 
f i c a t i o n ,  tke  coop l o t a  Ls> (S0# )# cu rve  k a s  n o t  y e t  been p r e p a r e d .  Tke va lues  
o b t a i n e d  f o r  Agf S 04 a r e  g ive n  in  tbe  r a n g e  14S to  330*C and w ore  ckecked by 
p o t o n t i o o o t r i c  t i t r a t i o n s .  An n t t e n p t  was  node to  run a t  l e a n t  p a r t  o f  tke 
Ag,S04 s o l u b i l i t y  c u r v e  ( F i g .  21) by tka  q u a r t s  tube ae tkod  o s  a  f u r t h e r  cheek,  
b u t  the  coopound p r o v e d  t o  be p k o t o s o u s i t i v o  and tk e  r e s u l t s  wore  c o a s id o ro d  

u n r e l i a b l e

TABLE SB

e l a b i l i t y o f  A g 2 S B 4 l a  B |B

POU1UW GCMCOrnUTION
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9 . SLURRY STUDIES

* * *  arm»iss O u.it  S l m r r i t t  

G A k t £t  f t t —

I W r iH  Ouidt S lm r r it t

j ta s .
f .  L F eeler

UURIM I U I K  SLUBBIBB

D u r in g  the  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  ware  aade  i a t e  the  p r e p a -  
r a t i o n  o f  a r a n i a a  o x id e  s l u r r i e s  s u i t a b l e  fo r  uso i a  the  homogeneous r e a c t o r
p r o j e c t .

The s l a r r i e a  w i l l  c o a t a i a  40 g o f  u r a a i u a  p e r  l i t e r  sad o u s t  he s t a b l e  
with  r a a p w e t  to  s e d i a e n t a t i o a  upoa  shutdown o f  th e  a 1 u r  r y - c i  rcu 1 a t i n g  s y s t e a .  
The r e a c t o r  w i l l  o p a r a t a  a t  2S 0eC aad 1000 p s i  p r e s s u r e .

P r o  1 i a i a a r y  e x p e r i a w a t s  o a  t h e  i r r a d i a t i o a  o f  n a t u r a l  u r a a i a a  o x i d e  
s l u r r i e s  s t a b i l i s e d  w i th  b e n t o n i t e  were c o a p l w t s d .  I t  a p p e a r s  t h a t  a a a p l e s  
of  the a l a r r i e s  i r r a d i a t e d  f o r  1 week w h i le  b e i n g  h e a t e d  a t  2S0°C were c o a p a -  
r a b l e  i a  s t a b i l i t y  towards s e d i a e a t a t i o n  w i th  c o n t r o l  a a a p l e s  o f  the  s l u r r i e s  
which were o n l y  hea ted  e t  250*C.

E l e c t r o n  n i c ro g r a p h s  o f  h e a t e d  u r a a i u a  t r i o x i d e —w a t e r  s l u r r i e s  have  b ee  a 
o b t a i n e d  w i t h  and w i t h o u t  b e a t o n i t e  which i n d i c a t e  t h a t  one f u n c t i o n  e f  t h e  
b e n t o n i t e  i s  to  h in d e r  the g ro w th  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 o g u s  i a t o  a e t h o d s  o f  p r e p a r a t i o n  o f  u r a a i a a  
p e ro x id e  w h ich  i s  used aa th e  s o u r c e  o f  anhydrous a r a a i u a  t r i e x i d e .  T h e re  a r e  
no d a t e  c u r r e n t l y  a v a i l a b l e  on t h e  r a l e t i o n  be tween  t h e  a e t h o d  o f  p r e p a r a t i o n
and the  s l u r r y  s t a b i l i t y .

P r e lIa ia a r y  Kipertaunts aa Irra d ia tio n  e f  N ataral Vraaiaa T riex id e— V otert
■ l a r r i e a .  The e x p e r i a e a t a l  d e t a i l s  a ^ p * * e a u l t a  e f  t h i s  i r r a d i a t i o a  t e s t  a r e  
p r e s e n t e d  f a  T ab le  26.

The a g r e e a e n t  between t h e  i r r e d i a t e d  aad u p i c r a d i a t e d  h ea ted  s l u r r i e s  i s  
good. 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 x i d e s  
i n d i c a t e s  t h a t  the  a a a l l  d i s a s t e r  o f  the tubes  d o^ s  n o t  a f f e c t  the  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 I g n i t e d  d u r i n g  
the h e a t i n g  p e r i o d  as e v i d e a c e d  by sons c l u a p i a g  i a  t h e  s l u r r y .
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TABU SB

P r a l U l a i r r  B i n r l M a t a  n  I r r e d l a t l e a  a f  H a t a n l  U raaiaa 
T r ia i lS a —T a ta r  B la r r la a  a t  g»S*C

S l u r r y  compoai t iom:
U r a a i a a  ( n a t u r a l ) ,  40 g a s  anhydrous  U0,
B e n t o n i t e ,  1000 a l  o f  a s a s p o a s i o a  o f  IS g o f  d i a l y s e d  b o a t o a i t o  

s o l i d s ;  average  p a r t i c l s  a l s o  b a l e s  25 mpt
( f o o t in g  c o n d i t i o n s :  2S0*C f o r  1 seek
I r r a d i a t i o n  k o la  12 a f  OWL r a a c t o r  ( a a a t r o a  f l a x  '  5 I  1011) 
S e t t l i n g  t ia« ;  J  waoks a t  r o o a  t o a p a r a t a r o
E x p o r i a o a t a  c a r r i a d  o a t  i a  4 ' n n - I . D .  a a a l a d  q a a r t a  t a b e s  i a  d a p l i c a t o

VOLUME RATIO OT SETTLED SOLIDS TO
TOTAL

S A T E D  ONLY S
( c s s t r e l j IRRADIATED SU fM O

M a s i d e

v ie e s ly  rep  ac ted  re e s lte

kmimg 9 1 g  Is  free  WO,

I t  i s  i a t a r o a t i a g  t h a t  a s l a r r y  o f  t b s  II o x id a  which bad beoa h e a t e d  f o r  
8 days  i a  a s t a i n l e s s  s t o o l  boab  t h a t  had been a g i t a t o d  by r o c k i a g  abowed a 
s e t t l e d - s o l i d s - r o  l a a e / t o t a l - to laaw r a t i o  o f  0.88 a f t a r  a l o n g  s e d i a e a  t a t i o a  
t i a o .  T h i s  i s  i a  good agreement w i t h  t b s  q a a r t a - t a b s  r a a a l t a  f i r e s  a b o r e .

I t  a p p o a r a  then  t h a t  tbe  o f f o c t a  o f  r a d i a t i o a  oa  t b s  a t a b i l i t y  o f  t b o a o  
n a t u r a l  a r a a i a a  o x ida  a l a r r i a a  a r a  s o t  no re  adve r se  t b a a  thermal a f f e c t s .

F unction  o f Baataalta ia  S la r r y  S t a b i l i s a t io n .  Aa a t t e m p t  has  been mads
t o  e l u c i d a t e  tb e  a a t a r o  o f  tb o  f u n c t i o n  o f  b o a t o a i t o  i a  s l u r r y  s t a b i l i s a t i o n .
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For t h i s  purpose p a r t i c l e * s i s e  d e te r m in a t io n s  vara  u d «  by o l o c t r o a  ■ieroaeopy 
oa aahaa ted  aad b o a te d  UO, a l a r r i a a  aad  b oa ted  DO, o l a r r i a a  c o n ta in in g  boa* 
t o a i t o .  The a s i d e s  aad o l a r r i a a  oaed v a r a  tboao d e a c r ib e d  i a  T ab le  26. Tbe 
ro a o l ta  a re  g iven  i a  Table  27.

TAILS IT

F a rtic le* lia s  le tera iaatleaa  ia Oreaiaa Triexide—la te r  H a rr ie s  af
Ceasesitiea Iheaa ia Table St

H eatin g  c o n d i t io n s :  SO br a t  2S0*C ia  aea led  q u a r t s  tabes

P a r t i c l e * a i s e  a e a s a re a e a ts  Bade ia  e le c t r o n  m icroscope?

11H  Till UO, IN 1 ,0 HEATED UO, IN H,0
■ A I D  UO, Dl KRTCRITE 

DION

PARTICLE SIZE (»> PARTICLE SIZE (*) PARTICLE SIZE C j t )

MATERIAL average i n AVERAGE RAWS A VERAS RAM

1 aside U •  01 - 1 .4 0 .1 •  01 • s O S • .0 1  -  14

M amid* b . t M l  - 0 5 • . f •  01 .  • • . 1 0 .M  - 1 .5

K Midi b . t •  OS • 1 I f 0 01 • I f • .1 0 0J - 1

Although ia  a l l  cases  the re  ia  aa i a c r e a a e  ia  the average  s i s e  on h ea tin g ,  
the  p raaeace  o f  h e a t o a i t e  c o n s id e r a b ly  a a r r e v s  tbe  raage  o f  p a r t i c l e  s i t e s ,  
e s p e c ia l ly  w ith r e s p e c t  to  formation o f  tb e  la r g e r  p a r t i c l e s .

One p o s s ib le  e x p la n a t io n  for t h i s  a ay  be t h a t  tbe  b e a t e a i t e  toads  to  coa t 
the  oxide p a r t i c l e s  aad provost then from c e a la a c ia g .  T h is  i s  i a  heaping w ith  
tbe  p re v io u s ly  n o te d  behav io r th a t  s a a l l o r  aaeua ta  o f  h e a t o a i t e  c o n s i s t in g  o f  
very f ia e  p a r t i c l e s  a re  as e f f i c i a a t  a s  l a r g e r  a sonata  o f  h e a t o a i t e  c o a ta ia i a g  
l a r g e r  p a r t i c l e s  s i n c e  ia  tbe  f e r a e r  c a s e  a g iv e s  o e ig h t  o f  b e a t e a i t e  w i l l  
y ie ld  aore  p a r t i c l e s .

■atbeda a f  P r e p a r a t i o n  o f  U raay1 p e ro x id e .  A f a i r l y  g e n e r a l  pbeaeasaon 
ao ted  ia  tbe  a g in g  o f  p r e c i p i t a t e s  s t  e l e v a t e d  te a p e r a ta r e s  i s  fo r  tb s  l a rg e r  
p a r t i c l e s  to  g r o e  a t  tbe  expense o f  s m a l l e r  o s sa ,  fo r  e x a a p l e ,  as s c c a ra  i a
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the  a g i a g  • (  BaS04 . I t  i p p t a r a  t h a t  i f  i t  i s  p o s s i b l e  t s  o b t s i s  a v a ry  a a i f e r a  
p a r t i c l a  s i t s ,  t b s  g ro w th  p r o c e s s  asy  bo r a t a r d a i .  Tboa, i s  t b a  c a s e  o f  
a r a a ia a i  t r i e x i d e —water  s l u r r i e s ,  i f ,  oaco tba  o p t i a o a  p a r t i c l a  s i t e  baa  baoa 
ch o se n ,  tba  p a r t i c l e - a i s e  d i s t r i b u t i o n  spread  c a a l d  ba aado vary Borrow abos t  
t h a t  a i a s ,  i t  a i g b t  ba p o a s i b l o  to a i a i a i s a  tba  a f f o c t  of  p a r t i c l a  growth  as a 
c o a t r i b a t i a g  f a c to r  toward a l a r r y  i n s t a b i l i t y .

l a  a l l  t b s s s  e x p e r i a e a t s  aaybdroas U04 i s  p r a p a r a d  by dacoaposiag U04 *2Ht 0, 
t b a r a f a r a  aa i n v e s t i g a t i o n  was begaa oa tba a f f o c t  o f  v a r i a t i o n s  i a  tb a  aotbods  
o f  p r o p a r a t i o a  o f  U04 *2Hj O. There are  as y o t  ao  q u a l i t a t i v e  e v a l u a t i o n s  o f  
tb o a o  a o t b o d s  a v a i l a b l e  i a  ^ e r a s  of p p r t i c l e - ' s i s e  d t s t r i b a t i o a  o r  a l a r r y ,  
s t a b i l i t y ,

!
I t  baa baoa ra p o r t a d  t b a t ( dspaadiag  oa tb a  a r d o r  o f  a d d i t io n  o f  UOjdVOj)) 

s o l a t i o a  and H.O* to  each o t b a r ,  peroxides  of  d i f f e r a a t  physical* d k a r a c t e r i s -  
t i c s  havo baoa o b ta ined .  A a o r t a s  of  a s p e r i a o a t a  was c a r r i e d  o a t  i a  which tha 
o r d e r  o f  a d d i t i o n  of the two raagoata  as wall  a a  tba  a c i d i t y  was v a r i e d  Tba 
r e a g e n t s  used worst UOj( N0a ) a s o l a t i o a ,  210 g / l i t e r ;  and 3% H,0j ( 1 . 4  l i u r i ) .

When UOa(NO| ) a s o l a t i o a  was added dropwiso w i th  a g i t a t i o n  to the  bydrogea 
p e r a x i d e  s o l a t i o a  heated  t o  60*C, the a r a a y l  p e r o x i d e  s e t t l e d  very r a p i d l y  on 
s t a n d i n g  whether the  p r e c i p i t a t i e a  wee c a r r i e d  o a t  i a  0 .1  H f r e e  n i t r i c  ac id  
o r  a t ' p H  2 . 5 .  However, wl|en the o rder  o f  a d d i t i o n  was reve rsed ,  t h e  p r e c i p i -
t a t e  s e t t l e d  very s lowly ,  e s p e c i a l l y  a t  pH 2 .5 .  A f t e r  1 week o f  s t a n d i n g ,  the

♦ •
a r a a y l  perox ide  p r e c i p i t a t e  occupied about 40% o f  the  t o t a l  v e l u a e ,

Tba p e ro x id e s  p r e p a r e d  by add ing  U0a (N0a ) a s o l a t i o a  to Hj Oj w e re  a e r o  
d o e p ly  y e l l o w - c o l o r e d  a f t e r  f i v e  washings  w i t h  w a t e r .  The o x id e s  p r e p a r e d  
f r e e  those  p r e c i p i t a t e s  were b r i c k  red sad wore a l s o  no re in t e n s e ly  c o l o r e d .

One p o s s ib le  a p p l i c a t i o n  of tkeso r e s u l t s  nay be tbe p o s s i b i l i t y  o f  a sk in g  
tbs  a l a r r y  s e l f - s t a b i l i s i n g  under  r e a c t o r  c o n d i t i o n s .  Measureaeats  o f  a r i d i 
t i e s  o f  s l u r r i e s  y i e l d  v a l a e s  between pfi 3 sad pH 4; thus  i f  i t  were p o s s i b l e  
p re v io u s  to  r e a c to r  shutdown to  opera te  tbe r e a c t o r  under suck c o n d i t i o n s  t k a t  
l a r g o  a n o u a t s  of  H.O, w ore  g e n e r a t e d ,  tbe  p o s s i b i l i t y  i s  t h a t  s u f f i c i e n t  
u r a a y l  p e r o x id e  would be f e r a e d  under c o n d i t i o n s  which y i e l d  a v a r y  s low ly

a

s o t t l i a g  n o t a r i a l . .  Tbe s i t u a t i o n ,  however, i s  c o a p l i e a t e d  by p aap ing  p rob loas  
a s s o c i a t e d  with a raay l  p e r o x id e  s l u r r i e s  which i a  tu r n  lead to d i f f i c u l t i e s  m  
a a i a t a i n i a g  s u f f i c i e n t  c i r c u l a t i o n  to  keep t h e  r e a c t o r  below 100 'C,  wbick  i s  
a e c e s s a r y  to  prevent  e x c e s s i v e  peroxide d e c e a p o s i t i o a .
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Another v i r i i t i o a  is  the p re p a ra t io n  o f a ra a y l p e ro x id a a  aaa Bade by 

c a rry in g  e a t  tba  p r e c ip ita t io n  ia  tbe preaeace e f  a a a a a ia a  c i t r a t a .  I t  ia  
known th a t tbe aaaeaiaa c i t r a te  fo ra a  coaplepas w ith  U O ,* * ,  tad i t  waa feaad  
that aa tbe c i t r a t e  ceaceatra tioa  aaa increased tbe p e rio d  between tbe n ix in g  
e f tbe U O ^ N O j), and l , 0 t  aad tbe fo rn a tio a  e f  a p r e c ip i ta te  coaid be v a r ie d  
fre n  a few a in a te a  to se v e ra l b o a rs . A t b igber c o n c e n tra tio n  o f anno a in n  
c i t r a t a ,  tb e  y ie ld  e f  a ra a y l p e ro x id e  waa d ecreased , and tba prodact was 
c o a ta n in a te d  by a aacoad a e l id  pbana o f a deep g o ld e n -y e llo w  c o lo r .  Tbe  
reagents f i n a l l y  decided apoa were tbe fo llow ing : s e ln t ie a  1, 100 a l ,  con* 
ta ia ia g  $ g e f  UOa(%Oa ) f aad S g e f  anaeaian c i i r a t e ;  a g la t ie a  2 , 100 n i , 
containing f  n l e f  30% hydrogen p e re x id a .

I t  was fonnd th a t w ith  s e la t ie a a  e f  these co ap o s itieas  tbe tin e  in te rv a l  
between a d d it io n  and p re c ip ita tio n  was s n f f ie ia a t  ts p e r a i t  tboroagb n ix in g  o f  
tbe reagents. Tbe p re c ip ita te , when i t  d id fe rn , appeared a n ife ra ly  threagheat 
tba velaae o f  a o ln t ie a . Other e x p e r in e a ta l v a r ia tio n s  were Bade in  which tbe  
p re c ip ita tio n s  were carried  oat in  aero d iln te  4aaal velanes*.

Tbe p re c ip ita te s  fornad ia  tbe presence e f aaaeaiaa c i t r a te  d iffe re d  f re a  
other a raay l peroxidaa in  tha t they shewed strong adhesion between p re c ip ita te  
p a r t ic le s .  On a a f f ic ie n t  v igorous a g ita t io n  they appeared to fo ra  a a i fe r n  
dispersioas ia  w ater which then s e t t le d  ra p id ly .

The p h y s ic a l  a a ta ra  e f  th an e  a ra a y l p a re x id e a  baa n e t baan f a r t h e r  
in v e s tig a te d  a lth eag b  there are a tre a g  ia d ic a t ie e a  th a t  they nay con s is t e f  
extreae ly  s n a il  p a r t ic la s .

Two types e f  th e ris a  oxide a ln r r ie a  have been in v e s tig a te d  fo r ase in 23 
breeder b la n k e ts . Each coata ined  1000 g e f  tb e r ia a  p e r  l i t e r  aa tbe o x id e . 
A p r e l in ia a r y  e v a la a tio n  e f beat and ra d ia t io n  s t a b i l i t y  baa bean Bade f a r  
each v a r ie ty  w ith  re s a lts  that were gen era lly  p re a is in g .

F in e ly  P iw id ed  Tbsrlnn  O x id e  w ith  He A d d it iv e s . Tab le  28 shews tb e  
s e t t l in g  r a t e s  e f  ThOa as c a lc u la t e d  by S to kes ' lnw  fo r  tbe  s e t t l in g  e f  
sp h erica l p a r t ic la s .  Using a v a le s  e f  9 fo r tbe d e n s ity  s f  ThOf , a 0 .1 -  to  
0 .5 -m f r a c t io n  e f  ca lc ined  TbOJ eras separated by rep ea te d  s e d in a a ta tie a  aad
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TABU a*

S a t t l ia g  T a la e ity  » f  U r l N i  l l a t a  a f  TM , la  1 ,1  a t  a»*C

PARTICLE SIZE
iMi

T IB  RHJBIMD ID ■ 1 » T
i# m  U» ijO

•  1 
1 •  

i t - 0  
H I  
S P I

1UI h»
M * u i  
Si t  at* 
18.TS tac

1  M  N C
i

l a e i a t i t i a a .  A a l u r r y  o f  t k i a  a a t a r i a l  r a q a i r c d  24 kr  fo r  c o a p l e t a  a a t t l i a g  
• a t  ohovad a l i g h t  t h i m o t r c p i e  p r a p a r t i a a  ( T a b l a  29 ) .  Aa a o a a a r a d  a t  tka  
a l o o a a t  apaad ( l o v a a t  r a t a  o f  a k a a r )  o f  a a o d a l  LVF B r o o k f i a l d  v i a c o a i a a t a r  
t k a  r i a c o a i t y  aaa 1800 to  1400 c a a t i p o i a o a .  At ,tk* k i g k a a t  r a t a  o f  ak aa r  
(00  rpa) oa ike i a a t r a a a o t  tka r i a c o a i t y  r a g i a t a r a d  140 to ISO c a a t i p o i a a a .

TABU SB

Y laaao lty  o f  P iaaly  Blvldod T M , g la rr lo a  a t 80*C 

Modal LVF Brookfia ld  ▼ is c a a i a a t a r ,  No. T a p ia d l a
P

SPINDLE SPEED YISGOtITY
( f a )  (oaatipai***)

Sack * ia a ly  d i v i d a d  p a r t i c l a a  aro r a t b a r  a a r f ac e  a c t i v a ,  t o a d i a g  to f o r a  
lo o a a l y  boaad a g g l a a a r a t o a .  Hoaarar,  a f t a r  a t a a d i a g  far p a r io d a  aa loag aa 1

■ J - I • #" t '% ' f  * i •

a o a t k  tka a a t a r i a l  waa a a a i l y  rad iap a raad .
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F ro a  the  t u i d p e i i t  o f  p h y s ic a l p r o p s r t i o i  such s l s r r i s s  have good 
e n g in e e r in g  fa a ta ra a ,  i » e . ,  the  v is c o s i t y  i s  le w , c o r ro s io s  is  • • ( l i f i h l e ,  
s e t t l i n g  ra te s  are e c c e p ta h le , sad the da ta  o f  H is k e y  sad E id ta o f f '  have shoes 
th a t  th e  p a r t ic le  s i t e  is  ia  the  reage o f  a ia im p  o ro s io a  e f fe c ts .

S ia c e  the a v a i la b le  q a a a t i t y  o f  f ia e l y  d iv id e d  TbOf ( 0 . 1 ' t o  O .S m )  >•
ra th e r  a v a i l ,  la rg e -s c a le  h e a t ia g  e x p e ria e a ta  have a o t bees c o a p le te d . Hoe- 
o v e r , o x p e r ia e a ts  are h a ia g  c a r r ie d  oa t ia  s a a l l  q a a r ts  tubes to  da te  r a is e  i f  
p a r t i c lo - s is e  g re e th  caa ha d e te c te d . No chaage ia  the  average p a r t i c le  e iae  
has bee a observed ia  s la r r i o s  c o a ta ia ia g  h a a to a ita  ehoa heated f e j  p e r io d s  op 
to  ISO h r  a t  250*C. Ia  a d d it io n ,  ao evidence o f  c e k ia g  eas observed aa aaaplas 
i r r a d ia te d  ia  qaa rts« tabea  ia  the p i le  a t  a e u tro a  f le x e d  a f  S x 10*1 c a ‘  * ee e *1 
fo r  p e r io d s  o f  1 week a t  100°C .

A s a a l l  p ra g m a  ia  a a d e re a y  to  ia v a s t ig a t a  c o r ta ia  o f thp  n a t u r a l l y  
o c c o r r ia g  s i l i c a te s 'a a  a fc t ip a c k ia g  agea ts . Sack lo e -c ra s s -s e c t io a  a a t e r ia ls  
eoa ld  he edded to  the s la r r i o s ,  a o t as d is p e ra ia g  ageats ha t s o re ly  to  p reven t' 
p a c k ia g  ia  the o vea t th a t  th e  s la r r io s  had te  s te a d  fo r  c e a a id e ra b le  le n g th s  
o f  t ia a  w ith o u t  s g i t a t io a .  C o r ta ia  v a r ie t ie s  o f  th e  q r y s e t i le  (ah  b a s te s )  
v a r ie t y  lo o k  p ro a is ia g .

T h o r ia a  g l a r r i e s  I t a b l l l a o i  w ith  A d d i t iv e s .  U s in g  0 .7 $  to  1 .0  a t  % 
f r a c t io a a te d  b o a to n its ,  s ta b le  th o r ia a  s la r r io s  have been prepared a lo a g  the 
l is a s  saggested hy the v o rk  o f  Morse. These s la r r i o s  have bees i r r a d ia te d  is  
the p i l e  fo r  p e rio d s  ap to  1 week o ith o a t  ev ideaco  o f  ra d ia t io a  d e c o o p o a it io a . 
The e x p e r is e a ts  were c a r r ie d  o t f t  ia  q a a rts  tabes a t * th e  o p e ra tin g  te s p e ra ta re  
o f  h o le  12 (aboa t 100°C).

V a r io a s  te s ts  o f  the b o a t s t a b i l i t y  o f  the  s la r r io s  have bees coadacted  
a t 2S09C ia  q a a rts  tabes f o r  p e r io d s  ap te  )  weeks w ith  ao a p p re c ia b le  chsages 
ia  p r o p e r t ie s .  However, s i a i l a r  te s ts  is  a s t a ia la s s  s te e l a a to c le v e  wader 
s t ro a g  a g i t a t io s  have a lw ays  re s a lte d *  is . the d e p o s it io n  o f  b e a to a ite  os the 
w a lla  o f  the c o a ta is e r  sad c o a se q a e a tly . f a i la r e  o f  the  s la r r y .  The reason  fo r  
t h is  b e h a v io r  i s  n o t c lo a r  s in c e  t h is  b a lk  o f  th e  b e a to a ite  is  a p p a re n t ly  
a a a lte re d  c k e a ic a l ly  sad say be re a d i ly  r e s la r r ia d  w ith  the th o r ia a  .to  g iv e  a 
s ta b le  saspeasioa  a t rose  te e p o ra ia re .

The newest o f  b e a to a ite  re q a ire d  fo r  s ta b le  s la r r io s  v a r ie s  d i r e c t l y  w ith  
the  p a r t i c l e  s is e .  V i t h  0 .7 S  to  M  wt % b e a to a ite  a f  p a r t i c le  s is e d  le s s  
than  25 ap . s ta b le  s l a r r i o s  c o a ta ia ia g  1000 g o f  t h o r ia a  p e r l i t e r  as the
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oxide are o k u i i a d .  W ith ■ ■ t i r i l l y  o c c a r r ia g  b e a to o ite  a a a r ly  three t in e s  ee 

■ech b e a to a i te  i s  repaired  s iace  tk e  p a r t i c l e  l i i e i  are aoaa a a a r ly  10 to IS  M.

D e c re a a ia g  the s i t e  o f  tky t k a r i a a  ox ide  p a r t i c l e s  a le e  decreaaea tke  

aaeaat e f  b e a t o a i t e  re p a ire d .  However, ae a p p rec ia b le  advantage was obaarved  

using p a r t i c l e  s ia e a  a a a l l e r  tb e a  1 m - The d e l e t e r i e a a  e f f a c t  o f  i r o a  oa 

b e a t o a i t e - s t a b i1 iaod a raa iaa  s l a r r i e o  wee a le e  v e r i f i e d .  However, a t te a p ts  to 

reseve the i r s a  c e a p le te ly  were a a s a c c e a a fa l . E le c t r e d ia ly a is  aad ioa-exchaage  

reaeve i e a i c  i r o a  e r  i r e a  t h a t  i a  r e a d i l y  r e p la c e a b le  w i t h  H * , b a t  t b i a  

represeats o a ly  a a a a l l  perceatage a f  tbe t o t a l  aaecat .  I t  was obaarved d a r ia g  

tke cearae o f  f r a c t i e a a t i a g  oet tbe 2S-api p a r t i c l e - a i x e  b e a t o a i te  ia  a super - 
c e a t r i f a g e  t k a t  s e a t  o f  tba  i r o a  was e l i a i a a t a d  w i t h  tk e  heavy f r a c t i o a  

o f  b e a to a i te .  I t  ^ps a lso  observed t k a t  tba i ro a  co a id  be c e a p le te ly  hydro-  

lyaed a f t e r  40 h r  ia  aa aatoclave a t  250”C to give a f e r r i c  hydroxide c o l l o i d . .  

However, tbe i r o a  was so i a t i a a t e l y  a ix e d  w ith  the b e a t o a i te  th a t  ao s ep a ra t io n  

ceald be aceoap liehad  w ithout c b e a ic a l l y  a l t e r i a g  tba b e a t o a i te .

I t  aow aoeaa apparaat th a t  tbe p r e p a ra t ie a  o f  s t a b le  a l a r r i e s  c o n ta in in g  

1000 g e f  t k e r i a a  per l i t e r  w i l l  o f  n e c e s s i ty  prodace a i x t a r e a  o f  high v i s 
c o s ity  (Tab le  S O ).  Using a B ro o k f te ld  nodal LVF v ia c o a ia o t e r ,  a ty p ic a l  range  

o f  v is c o s i t ie s  w i th  vary iag  ra tes  e f  shear ia  frea  10 .000  to  2 ,000 c a a t ip o is e s .  
At lower v i s c o s i t i e s  tka a la r r i e s  s e t t l e  r a p id ly ,  aad a t  h ig h e r  valaea s t i f f  

gala r a s a l t s .  T k e  e x p e a d ita re  o f  power ia  paapiag sack v is c o a s  a la r r i e s  nay 

be p r o h i b i t i v e .  T h is  aspect e f  th e  p re b le a  should be e v a la a te d  a t  an a a r l y  

date before aacb a d d i t io a a l  work w i t h  b e a to a i te  a d d i t iv e s  i s  doaa.
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TABLE SB

Vlacscltjr a f  T ypical Stab le Tbcriwa SalAc B larriaa s i  SB*C

1165 (  o f  TbO} per l i t e r ,  0 .5  to 1.0 n  p a r t i c l e  a ita;  0.75 to 
boatoaito ,  aboat 25 p a r t ic le  a i ta ,  ■ •d e l  LVF Brookfield

1.0  •
i a c o a

VI9008ITY (c e a tip e ie e a )
b mi* AT■KTOKITt ADDITIVES

pB I to *

SB aafractioaatad

S SS u f r i e t i m t W ,  le a  h  caa 
(abeat t  IS) (B P ra iaa r Co )

9 OS (* a a  aa above)

1 IS  • laaa tbaa l$-a>  p a r t ic le



I t  CONTINUOUS FUEL PROCESSING

F R Bruce

I R Higgle* J 0 Bieoek*
D C PergMeo f .  E Too) m

The p r i a e r y  o b j e c t i v e  o f  t h i s  s tudy  i s  t o  s e l e c t i v e l y  reaove  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  s n d  p l u t o n i u a  f r o a  sn  s q u e o u i  s o l u t i o n  p l u t o n i u a  
p r o d u c e r  end,  by so  d o in g ,  a i n i a i s e  p r o c e s s i n g  w h ich  i s  r e q u i r e d  b e f o r e  re  ■ 
e n r i c h a e n t  o f  t h e  u r e u i u a  I t  i s  s l s o  o f  s o a e  c o n c e r n  t o  r e a o v e  a l l  t h e  
f i s s i o n  p r o d u c t s  f r o a  an e n r i c h e d  c o r e  r e a c t o r ,  su ch  as  t h e  W E w i t h o u t  
c h a n g i n g  the  c h e a i c a l  f o r a  o f  t h e  fu e l  s i n c e  r e  e n r i c h a 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 o t i o a ,  ion  exchange  a d s o r p t i o n ,  and e l e c t r o l y s i s  
have e l l  been a p p l i e d  A c o a b i u a t i o a  e f  p r o c e d u r e s  which do no t  c h a n g e  the  
c h e a i c a l  f o r a  o f  the  fu e l  i s  uavd t o  t a h 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 .

F o r  an 11 ( t o n  (92  g o f  u r a n i u a  p e r  l i t e r )  p l u t o n i u a  p r o d u c e r  the  
f o l l o w i n g  p r o c e s s i n g  s c h e a e  i s  p ro p o sed  One f i f t h  o r  40 000 l i t e r s  o f  the 
r e a c t o r  f u e l  i s  c oo led  1 d a y  s a d  pas sed  th rough  a b o u t  500 l i t e r s  o f  Dowex 50 
f u r  r e a e v a l  o f  p l u t o n i u a  r a r e  e a r t h s  ,and s t r o a t i a a  At l e s s  f r e q u e n t  
i n t e r v a l s  the  f u e l  i s  a l s o  p a s s e d  th ro u g h  a b o u t  t h e  s a a e  vo lune  o f  f u l l e r ’ s 
s e r t h  f o r  the r e a o v a l j o f  s i r c o a i u a  sad c e s i u a  a n d  th ro u g h  Dowex A 1 a n i o n  
r e s i n  f o r  the  r e a o v a l  o f  a o i y b d e n u n ,  i o d i n e ,  t e l l u r i e a .  and r u t h e a i u a  The 
r u t h e a i u a  the  h o l d  up u r ^ a i u a  and t h e  b u lb  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  f r o a  t h e  a d s o r b e r a  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  P u r e x  The 
p l u t o a i a a  i s  p u r i f i e d  a i d  t h e  u r a n i u a  i s  d e c o a t a a i a a - t e d  f o r  h a n d l i n g  i n  the  
r e - e n r i c h a e n t  p l a n t

F o r  t h e  p r o c e s s i n g  o f  e n r i c h e d  fu e l  the  s a a e  s y s t e a  of  a d s o r b e r s  c a n  be 
u sed  w i t h  ab o u t  5% o f  th e  f u e l  p r o c e s s e d  p e r  d a y  b e i n g  h e l d  up on t h e  ad - 
s o r b e r s .  S i n c e  re  e n r i c h a e n t  i s  n o t  r e q u i r e d ,  t h i s  f u e l  hold  up i s  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  a u s t  be used  f o r  d e c o n t a a i a a t i d 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  the o r i g i n a l  c h e a i c a l  f o r a  A p r o c e s s  h a s  been dev e lo p ed  u s i n g  a 
c o a b i a a t i o a  of  c a t i o n  exchange  and e l e c t r o l y s i s  w h ich  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  as  U0JS04 B a r i u a  and s i r c o n i u a  a r e  r e a o v e d  by f i l t r a t i o n  Rare  
e a r t h s  a a d  s t r o a t i a a  a r e  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  M o ly b d e a u a  
i o d i n e ,  t e l l u r i a n  aad r u t h e a i u a  a r e  e l e c t r o p l a t e d  The o n ly  a p p r e c i a b l e
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uraniiia hold up is on the cation rosin and this is displaced selectively with 
Cu** ion Tho anall excess of Ce** in the effluent UOJS04 is ronoved by 
olactrolysia with only a vary slight pH redaction. A total uraaiun loss of 
0.001% hss been deeonstrated.

If the problan of converting UNH containing excess HNOa to nostral 
UOjSO, is sinple and can be carried out by renots control, another ion-exchange 
process is attractive. In this a*thod all the uraaiun processed per day ia 
adsorbed on a cation reain. Unadsorbed fission products go on to waste. The 
aranian is stripped saloctivaly fron tho catioa rosin and conplotely adsorbed 
again on anion resin with breakthrough of unadsorbed fission products again. 
The uraaiun ia again stripped, selectively but is ia the nitrate forn ia an 
excess of HNO,.

Table 31 roughly conparas three systana for treating W E  fuel. Tho runs 
wore node at full chenical scale aaauniag 5% of the reactor loading to be 
processed par day. One-day-cooled tracer and dead fission products equivalent 
to one day’a production wore added. Tha fission products which procipitated 
naturally wore bariun. lirconiun (10 days production), tellurian, and portions 
of nolybdenun, iodine, and rwtheaina. Tho flow was probably too high for the 
fuller’s earth used, which, on separata runs, caught practically all the 
cesiun. Sons stroatinn loaaas were higher than necsoSsery because the rosin 
voluue. SO nl, was at a niainun. The efficiency of electrolysis and anion 
exchange for nolybdoaun, iodine, tellurian, and rutheainn wore rennrkably 
sinilnr.

In conclnaion, it nay bo said, neglecting precipitation, that fuller’s 
earth or the inorganic ion exchangers ars tho only good nethods of roaroviag 
■irconiun and cesiun fron S04 fuel. Cation exchange is nost specific for 
plutoniun and the rare earths bet adequately covers bariun and stroatinn. 
Electrolysis ia nost satisfactory and probably can bo nore highly developed 
for nolybdenun, rutheniun, iodine, and talluriun.
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TABLE S I

C M p arln a  of Throo P ro cesses  for Bee s s  to o  l a s t  I s c  IBB M} H 4 Pool

A. Breakthroegh adsorption on f e l l e r ' •  a a rlk  D m i  SO and O w n  A 1

B. C o o l  e t a  adsorp tion  e f  fe e l an  Dd m x  SO sad  Doees A 1

C. P r e c ip i ta t i o n  fallow ed by a d s o rp t io n  on Dsaox SO n t k  Cs*+ d isp lacem en t fallow ed by e l e c t r e l y s i e

RESULTS OR DAILY B A SIS

A B C

Percent e f  feel in fore o th e r than n e e trs !  U0.90. (in  arcane
* 0 ,1 0 6B 100% 0

P ercen t e f  a ran ion hold up an adsisrbers 0 o i l s 0 013% <0 001%

T etsl r e i v e  o f  adsorbers per day ISO al 1000 n l SO ml

P ercen t e f  fis s io n  predects l e f t  in  feel

Rare ea rth s « o n n
B ari an 7%

A tten tio n m l i% Sl%

G enies 62% S M ion
t Z irean in s 27% AS 6% m

Celonbian

Retkonien on
44 n  
o n 4 SB

Mrlyhdwnan 40% as n S/%

led . m 0 4% 11%

Telinrlua iS% 1 3% in
> r n 10 S% > 7 *
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1 1 .  ENGINEERING RESEARCH ON ALTERNATE REACTOR SYSTEMS

SIerry  Mtmei»r

A. S. K it*  
R. a  Gall 
«. Q. Hall 
C  A  to f f

.ahrnr&
f.  C. 
J . D.
H. ».

Zmels
R o a j ty

SLUSHY BBACTM STUB ICS

A l o n g e r  t u p  e x p e r i m e n t a l  program van 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 -  
■ i n a  and t o  o v e r c o u e  th e  p ro h io a i a  a a a o c i a t e d  v i t h  t h e  a u b a t i t u t i o n  o f  •  DO, 
• l o r r y  f o r  t h e  e o l a t i o n  o f  n r a n y l  a v l f a t a  in  t h e  HRE. I t  i a  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  a n y  a r i a a  f r o n  a t  l e a n t  fo u r  a o a r c a a :  ( 1 )  l a c k  o f  a t a h i l i t y  o f  
the  s l u r r y  r e s u l t i n g  in  l a c k  o f  u a i f o r a i t y ;  (2 )  c a k i n g  open ahntdovn; (S) an* 
c e s a i v e  g row th  or  coausinution o f  t h e  s l u r r y  p a r t i c l e s ;  and (4)  a b ra s io n  o f  t h e  
• y a t e n  c o m p o n e n t s .  P r a l i n i n a r y  r e s u l t s  have bean o b t a i n e d  on t h e  f i r s t  two 
problems ,  and  c o n s t r u c t i o n  h a s  s t a r t e d  on a q u i p n e n t  f o r  p r a l i n i n a r y  s t u d y  o f  
the l a t t e r  two problems.

S t a b i l i t y  and Uni fo r a  l t y  e f  C i r c u l a t e d  g la r r j r .  I a  o r d e r  to  d a t a r n i a e  t o  
v k s t  e x t e n t  t h e  s l u r r y  b a c o a a s  in hom ogeneous  w h i l e  c i r c u l a t e d  in  a c l o s e d  
s y a t e a ,  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 a i l t  which puaped a 25 
g / l i t e r  UO, s l u r r y  t h ro u g h  a s n a i l  ap k a ra  and t h r o u g h  a l i q u i d  c y c lo n e  nop* 
a r a t o r .  T h e  f i n e r  f r a c t i o n  f r o n  t h e  s e p a r a t o r  wan p a s s e d  t h r o u g h  a pump, 
while  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  to  the  f i n e r  a t r e a a  a t  th e  t h r e a t  ml  a 
v e n t u r i  on t h e  h i g h - p r e s s u r e  a i d e  o f  th e  puap.

In e a r l y  t e a t s  u s i n g  b a r y t e s  i a a t e a d  o f  UO,, s a m p l e s  t a k en  f ron  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  between 35% s o l i d s  a t  15 gpa sad 50% s o l i d s  a t  I  gpa.  B a r y t e s  
( d e n s i t y  4 . 2 )  were nsed  f o r  c o n v e n i e n c e  i a  e a r l y  t e s t a .  The r e s u l t s  e f  t h a n e  
t e s t a  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 a  r a a a l t s  t o  he 
expec ted  i n  a s l u r r y  o f  UO, ( d e n s i t y  7.3-).

h i t h  UO, s l u r r y  t h e  f low p a t t e r n s  i a  tha  s p h e re  and i n  t h e  s e p a r a t o r  were  
found to  be s i m i l a r  t o  th e  p a t t e r n  i n  the  s o l u t i o n  s y s t e m . * 1) However, i t  wen

(1 ) 3. S. C ulver and h  V ilsas, *Hsdel I I  ( P la s t i c  Sphere Test System. ”  h sm sgrscesi Scecter fsmerimemf 
Super f / e r  the  Q uarter fed  tag feh rse ry  f t ,  s .  SB, a sp . p . 71 (Apr. 21, 19901.

SO e e e  a  «  
s e e  a •  •
a a e e  a a
a a  • •  •
a e a a a a
e e  e e e  e a

eee 
a n  a
e e*

■if  ■ .
e e  a e  ee

s o a e s s  a e e e  *» 
a  # e a a a 

» a e e  a e e  a a 
e e e  a e a e 
s e e  a a a a 

s e a  t  e * e  e e



found n e c e s s a r y  t o  remove the s l u r r y  f r o o  both  ouda o f  t h o  t o r t e t  i n  o rd o r  t o  
•v o id  acc u m u la t io n  o f  s o l i d s  a t  one s o d .

No p u n p in g  o r  s o t t l i n g  d i f f i c u l t y  was e n c o u n te re d  i n  o t h e r  p a r t s  o f  t h s  
s y s t s o .  D u r i n g  t h u  t e s t s ,  U0a c h a n g e d  i n  c o l o r  fron e b r i g h t  y s l l o v  t o  •  
d i r t y  y s l l s u - g r o o n .  Samples have boon s u b n i t t s d  f o r  a n a l y s i s  to  d s t s r n i s e  t h s  
c s s s u  o f  t h i s  c h a n g e .

The U0a c h a r g e d  i n t o  the  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 e s s  r e 
t a i n e d  os 32S n o s h  s c r e e s .  D a r i n g  o p e r a t i o n ,  sn 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  e i t h  t h e  o v e r f l o w  f r o n  t h s  s e p a r a t o r ,  i n d i c a t i n g  •  r e d u c 
t i o n  i s  th s  p a r t i c l e  s i s s .  A s s a p l i n g  p r o c e d u r e  has been i n s t i t u t e d  to  d e t e r 
mine t h s  e s t s n t  o f  p a r t i c l e  s i t s  r e d a c t i o n .

The o p e r a t i n g  t s a p e r s t e r s  o f  t h i s  e q u i p a e n t  has b en i n c r e a s e d  to  7$ t o  
B0*C and p r o t r a c t e d  o p e r a t i o n  has  begun  t o  d e t e r a i s e  t h e  s l u r r y  sad 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 ig 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 a t  r e p o r t s  by 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 s  s t a g n a n t  e s t e r  m i l l  h a rd e n  i n t o  •  s o l i d  c a k e .  On th e  
th e o ry  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 s s t i o n  e i t h  e s t e r ,  s e n p l e s  o f  
t h e  c a l c i n e d  p o e d o r  e a r s  d i s p e r s e d  i n  d i s t i l l e d  e s t e r  and b e s t e d  a t  2S0*€ fo r  
24 h r .  C r y s t a l s  on l a r g e  as 300 t o  400 p  e a r s  formed w hich ,  a f t e r  f i l t e r i n g ,  
mash ing ,  and s c r e e n i n g ,  showed so  c a k i n g  t e n d e n c y .  The UOa i n  t h e  c u r r e n t  
• y s t e n  has been h y d r a t e d  in  t h a t  f a s h i o n .

A brsn loo .  D e s i g n  o f  equ ipment t o  d e t e r m in e  t h e  s b r o e i v e  p r o p e r t i e s  o f  
UOj c r y s t a l s  h a s  s t a r t e d .  Th i s  e q u i p m e n t  i s  s i n i l s r  t o  a s t a n d a r d  B r i n s o l l  
•  b r e a m s  u s e r  t e s t e r .  I n i t i a l  t e s t s  w i l l  be s i n 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 , but  f low im pingement t e s t s  any be n e c e s s a r y  l a t e r .

S e p a r a t o r  T e s t s .  Should  s h r a s i e a  and  cak ing  prove  s o r i o n s  in  the  puap o r  
h e a t  e x c h a n g e r  i t  may he n e c e s s a r y  t o  u s e  •  s e p a r a t o r  t o  remove t h e  s e 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 sad  h a s t  e x c h a n g e r .  A D o r r - C l o s e  
l i q u i d  cyc lone  s e p a r a t o r  has  been o r d e r e d  f o r  t e s t i n g  in  t h i s  co n n e c t io n .

C r y s t a l  Crewtfe end  C e a a l a u t l e n .  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  UOJ w i l l  grow i n  •  r e l a t i v e l y  s t a g n a n t  e a t e r  envi ronment.
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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 t e  was o b s e r v e d  i s  t h e  i n i t i a l  c i r c s l a t i s f  
s y s t e a  A sy a te s  bss  b o s s  designed to  t t n d y  tb o so  tendenc ies  i s  a c i r c u l a t e d  
s l a r r y  in  which tba  t e a p e r a t u r e  i s  cycled  between 110 and 1S0*C- Q u a l i t a t i v e  
i a f o r a n t i o n  on the  e q u i l i b r i u a  between c r y s t a l  growth nad c r y s t a l  re f inem ent  
can  be ob ta ined  f ro a  such  a s y s t e a ,  and wbea t h i s  i s  coapared w i th  lower tea* 
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 b s  two 
p r o c e s s  r a t e s  can be o b t a i n e d .

P a l l - g e a l s  C irealntiag Systea. Design o f  a f u l l - s c a l e  150°C HRE s t a r r y -  
s y s t e a  aock-np baa s t a r t e d ,  bu t  asay o f  t h e  d e s i g n  d e c i s i o n s  a n a t  aw ai t  the  
o u tc o ae  of tb s  fo rego ing  t e s t s .  Machining o f  t h e  l S - i n .  s t a i n l e s s  a t e e l  sphere 
i s  under  way, and a n u ab e r  of o th e r  coapoaea ts  have boon c o l l e c t e d .

SOILINS RKACT01 ITVSIKS

A s a a l l  p rograa  was i n i t i a t e d  t b i a  q u a r t e r  t o  d e t s r n i a 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  typo of hoaogensous  r e a c t o r .  The purpose o f  t h i s  p r o g r a a  i s  to  
y i e l d  d a t a  which w i l l  p e r a i t  th e  c a l c u l a t i o n  o f  the  aaxinua  r a t s  a t  which beat 
can  be  removed f r o a  t h e  r e a c t o r  by b o i l i n g  and to  s cc u n u la to  i n f o r m a t i o n  on 
t h e  f o r a a t i o n  sad c o l l a p s e  o f  b u b b le 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  
prob lems of such a r e a c t o r .

T h a a r a t l e a l  A n a l y s i s .  A p p r o x i a a t e  c a l c u l a t i o n s  f a r  t h e  v a p e r  phase  
v e l o c i t y  sad 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 a e t r y  h a v e  been 
c o m p l e t e d .  Approximate  d e n s i t i e s ,  vo id  s p a c e ,  power l e v e l ,  p r e s s u r e ,  sad 
c y l i n d e r  d ia en s io a s  were assumed and th 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 t e d  from a f i r s t  low energy bs lenee  f o r  a flow p rocess .  These  v e l o c i t i e s  
v a r i e d  widely end were dependen t  l a r g e l y  on t h e  aagn i tude  of  the  l o a a  c o e f f i 
c i e n t  used in  the 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  an a a so a ed  
power i e  of 1000 m e g aw a t t s  in  a SO-f t  d i a a 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  th* ^*atnge v e i d a  in  th e  bulk f l u i d  a a y  bacons e x c e s s i v e  ( o v e r  20ft) 
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  in  th 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 ap o r  v e l o c i t y  i a  the  c o r e  i s  o f  the  o rd e r  o f  10 f t / s e c ,  
p r e l i a i a a r y  com pu ta t ions  i n d i c a t e  the  r e s i d e n t  v o id s  to  be ab o u t  Sft o f  the  
t o t a l  c y l i n d r i c a l  f l u i d  volume. Such high  v a p o r  v e l o c i t i e s  can be a s s u re d  by 
r e l y i n g  on forced c i r c u l a t i o n .



K t t i r l a i a U l  I t a i l a a .  A design k « i  been completed end tb e  a p p i r a t u  ia  
a n d e r  c o n s t ru c t io n  f a r  a "T "  e x p e r in e n t .  T b e  o b je c t  o f  t h i s  s tu d y  i s  to  

o b s e rv e  tbe b eh av io r  o f  a d i l u t e  s a l t  a o l u t i o n  w ith  un ifc .ro  e l e c t r i c a l  r e 
s is ta n c e  beating . No a t t e a p t  baa been aade i s  th is  experinent to  s io u la te  tbe 

b o a t  g en era tio n  dne t o  tb e  f lu x  d i s t r i b u t i o n  i a  a r e a c to r .  l a s t r a o e a t a t io n  
f o r  te a p e ra tu fe ,  p re s s u re ,  and poaer d is s ip a t io n  are iae lndsd in  tb e  design o f  

tb e  apparatus.

In  an e f f o r t  to  p ro d eee  h igher b e a t -g e n e r a t io n  ra te s  near tb e  cen ter  o f  

tb e  l i q u i d ,  aa e x p e r io e a t  baa been o p e ra te d  i a  which te e  i s o l a t e d  c i r c u i t s  

w eia  connected at r i g h t  e ag les  to each o th e r  across a c y l in d r ic a l  c o n ta in e r  o f  
d i l a t e  ac id . By b o ld in g  tb e  cu rren t in one c i r c u i t  90* behind e a r r e a t  in tbe  

o th e r  c i r c u i t ,  soae ia c r e a a e  ia  power g e n e ra t io n  near the center nan expected. 
E l e c t r o l y s i a  and b o i l in g  a t  tbe e le c tro d e s  haapered e f f e c t i v e  o p e r a t io n .  I t  
i a  b e l ie v e d  th a t  b e t t e r  e le c t ro d e  cooling and a d d it io n  o f  a d e p o la r is in g  agent 
w i l l  reduce these d i f f i c u l t i e s .

Aaotber syetee which has been deaigaed uses a v e r t ic a l  i a a a l e t i a g  b a f f l e  

to  c o ac e a tra te  tbe c u r r e n t  a t  tbe center o f  a ephere. Th is  s y s te n ,  in d ic a te d  

i a  P ig .  22. consists  o f  a hollow  copper sphere d iv id e d  ia to  too hemispheres by 
aa i n s u la t i n g  s e p a r a to r .  Tbe eysten  i s  f i l l e d  w ith  a c o n d u c tin g  s o lu t io n ,  
e . g . ,  1% hydroch lo r ic  a c id ;  a vol tags is  in p re ss e d  between the two b en ispberes ,  
w i t h  the  s e p a ra to r  s e r v in g  to  g iv e  e power d i s t r i b u t i o n  which s i n u l a t e s  to  

sons e x te n t  the d i s t r i b u t i o n  to  be expected in  a b o i l in g  re a c to r .  Tbe systen  

i s  p ro v id ed  w ith  view p o r t s  so as to enable  v i s u a l ,  as w e ll  as p h o to g rap h ic ,  
o b s e rv a t io n  of pheaooena o c c u rr in g  in  the c e n t e r  o f  the sphere. I t  e i l l  also  

be p o s s ib le  to d e te rn ia e  c i r c u la t io n  p a tte rn s  and ra tes  by naans 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  to  u se  l i g h t  fo r  t r a n s n i t t i n g  beat to the c e n t e r  o f  the  

tu b e  have been u a s u c c e s a fu l  to  date  because o f  high absorp tion  and h ig h  r e 
f l e c t i v i t y  o f  tbe e a te r  s u r fa c e .  E f fo r ts  a long  t h i s  l in e  ere c o n t in u in g .

<4

U l t r a s o n ic  energy b aa  been used in a n o th e r  in v e e t ig a t io n  f o r  o b ta in ia g  

i n t e r s * !  h e a t  souree i n  a 2 * 4 in .  c y l i n d e r .  L i n i t e t i o n s  on a v a i l a b l e  

equ ip n en t p ro h ib i t  in n e d i  a te  in v e s t ig a t io n  on a s u i ta b le  sca le .

I a  a p r e l i a i a a r y  e f f o r t  to  o b ta in  sons i a f o r a a t i o n  on tbe  c i r c u l a t i o n  

p a t t e r n s  and the r a te s  o f  f lo w  in s b o i l in g  homogeneous r e a c to r ,  a s in u la te d
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a ya taa  » * i » |  * i r  b a b b le *  baa baaa des igned and c o a a t r a c t a d .  T b ie  c o a s ia t a  o f  
a c y l i n d r i c a l  g la s s  ta n k ,  1 f t  i n  d ia n a ta r  aad 1 f t  deep, f i l l e d  o i t b  voter*  
Tba b a b b le *  a r *  s u p p l ie d  t b r o a g b  f r i t t e d - g l a a a  d i a k s  and a re  r e le a s e d  i n  a 

c y l i n d r i c a l  r e g io n  i a  t b *  c a n t e r  c f  t b *  w a te r  b a t b .  T b ia  a r r s n g e s a a t  i s  

i n d i c a t e d  i n  F ig .  23. S e v e ra l  p o s s ib le  n o d i f i c a t i o a s  o f  t h i s  ayataa  a r *  b e in g  
c o n s id e re d  w i th  t b *  v iew  to w a rd  c r e a t in g  a a ya taa  w b icb  n o r *  c lo s e ly  s i n n l a t c s  

tb a  b o i l i n g  r e a c to r .  P r a l i a i n a r y  v i s a a l  o b s e r v a t i o n s  o f  the  aya taa  i n d i c a t e  
f le w  p a t t e r n s  o f  t o r o i d a l  s b a p * .  F low  r a t *  n a a s a r o a a n ts  in  tb a  c e n t r a l  aad 
o a ta r  r e g io n s  a r *  be ing  n a d * .
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