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SUMMARY 

E x p e r i e n c e  t h u s  f a r  g a i n e d  i n  e x t r u d i n g  r o d s  and.  c u b i n g  o f  t h o r i u m  
i n d i c a t e s  t h a t  f a b r i c a t i o n  by e x t r u s i o n  is c o m p l e t e l y  f e a s i b l e ,  The e x t r u s i o n  
d i e  d e s i g n  and m a t e r i a l s  p r e s e n t  t h e  g r e a t e s t  p r o b l e m s  a t  p r e s e n t  b e c a u s e  o f  
t h e  p e c u l i a r  f l o w  o f  t h o r i u m  d u r i n g  e x t r u s i o n  a n d  t h e  h i g h  e r o s i o n  r a t e .  

Thor ium t u b i n g  c l a d  i n s i d e  w i t h  z i r c o n i u m  h a s  been  e x t r u d e d  s a t i s f a c t o r i l y .  

Work i s  c o n t i n u i n g  i n  o r d e r  t o  o b t a i n  b e t t e r  s u r f a c e s  a ~ d  u n i f o r m i t y  o f  

c l a d d i n g ,  The  t h e r m a l  c y c l i n g  o f  t h o r i u m  a n d  u r a n i u m  i n  Na-K h a s  shown n o  
r e a l  d e f o r m a t i o n  o f  t h e  F h o r i u m ,  b u t  o x i d e  s c a l e  formart iLn w i t h  s i g n i f i c a n t  
p e n e t r a t i o n  d i d  o c c u r .  An i n v e s t i g a t i o n  on  t h e  w e l d i n g  o f  t h o r i u m  h a s  b e e n  
s t a r t e d ,  and s u c c e s s f u l  bvttl e d g e ,  and l a p w e l d s  have  been made, u s i n g  H e l i a r c  
t e c h n i q u e s ,  

T h e  s t a t i c  c o r r o s i o n  t e s t i n g  o f  c o n s t r u c t i o n a l  m a t e r i a l s  i n  a l i q u i d -  
m e t a l  e n v i r o n m e n t  h a s  c o n t i n u e d ,  Work h a s  s t a r t e d  on t h e  c o r r o s i o n  t e s t i n g  
o f  v a r i o u s  m a t e r i a l s  exposed  t o  f u s e d  s a l t s ,  

Dynamic  c o r r o s i o n  t e s t i n g  u s i n g  t h e r m a l  c o n f e c t i o n  l o o p s  c o n t a i n i n g  
s o d i u m ,  l e a d ,  a n d  l i t h i u m  i s  b e i n g  c a r r i e d  on  j o i n t l y  w i t h  t h e  E x p e r i m e n t a l  
E n g i n e e r i n g  S e c t i o n  o f  t h e  ANP Dzar i s ion ,  S t a i n l e s s  s t e e l  t y p e s  3 4 7 ,  3 2 1 -  and 

3 1 0  i n c o n e l ,  and Haynes  A l l o y  25  d i s p l a y e d  v e r y  l i t t l e  a t t a c k  by s o d i u m  i n  
1 0 0 0  h r  a t  1 5 0 0 * C 6  The  w e l d s  a r e  s t i l l  the - v u l n e r a b l e  i p r e a ~ ,  and  v a r i o u s  
w e l d i n g  t e c h n i q u e s  need  i n v e s t i g a t i o n  t o  d e t e r m i n e  t h e  b e s t  way t o  e l i m i n a t e  
t h i s  s o u r c e  o f  f a i l u r e  

I 

Work on t h e  f a b r i c a t i o n  o f  s o l i d  t y p e  f u e l  e l e m e n t s  €o r  h i g h - t e m p e r a t u r e  
r e a c t o r s  i s  p r o g r e s s i n g ,  N e w  t y p e s  o f  p e r f o r a t e d  o r  m e c h a n i c a l l y  d e f o r m e d  
m e t a l  p l a t e s  which  c a n  be l o a d e d  w i t h  UO, and c l a d  a r e  b e i n g  c o n s i d e r e d ,  The  
p r e s s e d  and '  c l a d  t y p e  i n  which t h e  UO, and a rnet,aY powder ' a r e  p r e s s e d  and t h e n  
c l a d  by h o t  r o l l i n g  shows  good c o n t i n u o u s  m e t a l l i c  network  even  u p  t o  50% uo,, 
and good b o n d i n g  t o  t h e  c l a d d i n g  m a t e r i a l  c a n  be o b t a i n e d .  The  s p r a y  c o a t i n g  
o f  a m e t a l  s u r f a c e  o n t o  m a s s i v e  b e r y l l i u m  oxide i s  b e i n g  a t t e m p t e d ;  h o w e v e r l  
e v a l u a t i o n  o f  t h e  bond i s  d i f f i c u l t ,  The  d i f f e r e n c e s  i n  t h e r m a l  e x p a n s i o n  

b e t w e e n  t h e  Be0  a n d  t h e  m e t a l h a v e  Ped t o  t h e  c o n s i d e r a t i o n  o f  c o a t i n g  w i t h  
some o f  t h e  more r e f r a c t o r y  m e t a l s ,  

9 



T h e  W e l d i n g  L a b o r a t o r y  i s  e n g a g e d  i n  a p r o g r a m  t o  d e v e l o p  s u i t a b l e  

t e c h n i q u e s  f o r  w e l d i n g  i n c o n e l  t u b i n g  o f  s m a l l  d i a m e t e r  t o  h e a d e r s .  Thus f a r  
manua l  i n e r t - a r c  w e l d i n g  h a s  been  u s e d ,  b u t  e q u i p m e n t  i s  b e i n g  a s s e m b l e d  t o  
o p e r a t e  a s e m i a u t o m a t i c  c o n e - a r c  a p p a r a t u s .  

R e c o v e r y  i n  c o p p e r  a t  room t e m p e r a t u r e  i s  b e i n g  i n v e s t i g a t e d  by X - r a y  

m e t h o d s .  An a n a l y s i s  o f  t h e  (331) l i n e  i n  t h e  c o p p e r  p a t t e r n  i n d i c a t e s  t h a t  
i n  coppe r  f i l i n g s  r e c o v e r y  i s  comple t e  i n  a b o u t  one  month.  

10 



1 >  THORIUM RESEARCH 

F A B R I C A T I O N  OF TlI4XlIf.M 

I n v e s t i g a t i o n  o f  e x t r u s i o n  v a r i a b l e s  h a s  b e e n  c o n t i n u e d  t o  eermit s a t i s -  
f a c t o r y  e x t r u s i o n  o f  r o d s  and t u b i n g  o f  t h o r i u m ,  The o n l y  e v a l u a t i o n  o f  e x t r u .  
s i o n s  a t  p r e s e n t  is  t h e  s u r f a c e  q u a l i t y  a s  o b s e r v e d  by v i s u a l  i n s p e c t i o n ,  a n d ,  
by t h i s  c r i t e r i o n ,  a l l  t h e  e x t r u s i o n s  have  p roduced  r e l a t i v e l y  good m a t e r i a l .  

However ,  s a m p l e s  have been t a k e n  from e a c h  e x t r u s i o n  t o  make t e n s i l e  t e s t  and 
c r e e p  s p e c i m e n s  a n d  a t  v a r i o u s  p o i n t s  a l o n g  t h e  l e n g t h  o f  t h e  e x t r u s i o n  f o r  
c h e m i c a l  a n a l y s i s  and f o r  m e t a l l o g r a p h i c  e x a m i n a t i o n  a '  The v a r i a b l e s  t h a t  have  

been  i n v e s t i g a t e d  a r e  b i l l e t  t e m p e r a t u r e ,  e x t r u s i o n  r a t e ,  r e d u c t i o n  r a t i o ,  
l u b r i c a t i o n  d i e  d e s i g n ,  and d i e  m a t e r i a l s r  I n  s o  f a r  a s  p o s s i b l e ,  a l l  v a r i -  
a b l e s  e x c e p t  t h e  one  unde r  c o n s i d e r a t i o n  were m a i n t a i n e d  c o n s t a n t  w h i l e  normal  

e x t r u s i o n  p r o c e d u r e  was f o l l o w e d  a s  o u t l i n e d  be low,  

The b a r e  b i l l e t s  a r e  h e a t e d  i n  a s a l t  b a t h  ( H o u g h t o n ' s  L i q u i d  Hea t  N . D . )  
for  a p p r o x i m a t e l y  1 h r  and m a n u a l l y  t r a n s f e r r e d  t o  t h e  c o n t a i n e r  o f  a ?OO-ton 
Lake E r i e  e x t r u s i o n  p r e s s . .  A g r a p h i t e  dummy b l o c k  i s  p l a c e d  beh ind  t h e  b i l l e t  
t o  remove t h e  end o f  t h e  e x t r u s i o n  from t h e  d i e ,  A s t e e l  dummy b l o c k  f o l l o w s  
t h e  g r a p h i t e  and t h e  e n t i r e  assembly  i s  pushed  wieh  t h e  ram, A w a t e r - q u e n c h i n g  

j i g  h a s  been  added  t o  t h e  p r e s s  t o  quench  t h e  h o t  e x t r u d e d  rod  o r  t u b e  a s  i t  
l e a v e s  t h e  d i e  a n d  p r e v e n t ,  e x c e s s i v e  o x i d a t i o n ,  T h i s  j i g  c o n s i s t s  o f  two 
c o n c e n t r i c  p i p e s  w e l d e d  t o g e t h e r  t o  f o r m  a n  a n n u l u s  w h i c h  s u p p l i e s  h i g h . .  
p r e s s u r e  w a t e r  t h r o u g h  B j 8 - i n , - d i a m e t e s  h o l e s  i n  t,he i n n e r  p i p e  t o  quench  t h e  
e x t r u s i o n ,  The j i g  P S  bo1::t.d t,o t h e  back  o f  t h e  d i e  h o l d e r  i n  o r d e r  t o  b e g i n  
q u e n c h i n g  t h e  e x t r u s i o n  approxirna>:,e Iy 18 i n  beh ind  t h e  d i e .  

A r e c o r d  o f  t h e  e x t r u s i o n s  i s  shown i n  T a b l e  L1. T h e  v a r i a b l e s  a r e  
d i s c u s s e d  i n d i v i d u a l l y  be"low, 

B r l l e t  Tempesa tu j re .  The b i l l e t  t e m p e r a t u r e  w a s  r a r l e d  from 950 down to 

7OO"C, T h e r e  w a s  p r a c t i c a l l y  no V Y ~ U P ~  d i f f e r e n c e  'ED t he  surrfac,e o f  t h e  1 - b b  
r o d s  e x t r u d e d  i n  t h i s  t e m p e r a t u r e  r a n g e ,  H O W ~ V E P I ,  t h e  g r a p h i c e  dummy b l o c k  
had  a g r e a t e r  t e n d e n c y  t o  f e e d  i n t o  t h e  e x t r u d e d  r o d  d u r i n g  t h e  7 0 0 ° C  e x ,  

t r u s i o n .  Lower t e m p e r a t u r e  e x t r u s i o n s  w e ~ e  n o t  a %  itempt,ed p a r t l y  b e c a u s e  o f  
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t h i s  t e n d e n c y  and  p a r t l y  b e c a u s e  t h e  p r e s s  was o p e r a t i n g  a t  n e a r  i t s  maximum 
p r e s s u r e  c a p a c i t y .  I t  i s  p l a n n e d  t o  e x t e n d  t h e  work eo h i g h e r  t e m p e r a t u r e s ,  
p r o b a b l y  1000 and 1100°C.  

Extruston R a t e ,  The  e f f e c t  o f  e x t r u s i o n  r a t e  was i n v e s t i g a t e d  by ex  
t r u d i n g  1 i n ,  d i a m e t e r  r o d s  a t  s p e e d s  v a r y i n g  f rom 4 t o  450  f t / m i n ,  The’re 
was no d i f f e r e n c e  a p p a r e n t  i n  t h e  q u a l i t y  o f  e x t r u s i o n  o v e r  t h e  e n t i r e  r a n g e  
o f  r a t e s ,  A s p e e d  o f  a b o u t  50 f t / m i n  was a d o p t e d  f o r  t h e  r e m a i n d e r  o f  t h e  
e x t r u s i o n  work b e c a u s e  i t  was c o n v e n i e n t  and a l lowed  a - s u i t a b l e  p e r i o d  o f  time 

f o r  w a t e r  q u e n c h i n g  t h e  e x t r u s i o n .  

Redueteon R a t ~ o .  The  e f f e c t  o f  r e d u c t i o n  r a t i o  h a s  been  i n v e s t i g a t e d  by  

e x t r u d i n g  b i l l e t s  3 a n d  4 i n ,  i n  d i a m e t e r  i n t o  r o d s  a n d  t u b i n g  o f  v a r i o u s  
s i z e s .  T h e  r e d u c t i o n  r a t i o s  v a r i e d  f r o m  2 , 5 / 1  t o  3 6 / 1  and a l l  e x t r u s i o n s  
p r o d u c e d  r o d s  w i t h  a good s u r f a c e  q u a l i t y a  S i n c e  t h i s  was t h e  o n l y  c r i t e r i o n  
a t  t h i s  s t a g e  i t  was c o n c l u d e d  t h a t  t h e  q u a l i t y  o f  e x t r u s i o n  i s  i n d e p e n d e n t  
o f  r e d u c t i o n  r a t i o  w i t h i n  t h e  r ange  i n v e s t i g a t e d .  

L u b r e c a t i o n ,  V a r i o u s  l u b r i c a n t s  h a v e  b e e n  u s e d  i n  t h e  e x t r u s i o n  o f  
t h o r i u m .  G l a s s e s  w i t h  low melknng p o i n t s  have been used, b u t  t h e y  p roved  t o  be 
u n s u c c e s s f u l  b e c a u s e  o f  c h i l l i n g  d u r i n g  e x t r u s i o n  and t h e n  s c o r i n g  t h e  s u r f a c e  

a n d  g i v i n g  an u n s a t i s f a c t o r y  s u r f a c e  PII  g e n e r a l .  L a m p b l a c k - m a c h i n e  o i l  

l u b r i c a n t  was t r i e d ,  b u t  r e s u l t s  were improved  by s u b s t i t u t i o n  o f  beeswax f o r  
t h e  o i l ,  L a t e r ,  t h 6  p r a c t i c e  o f  m i x i n g  f l a k e  g r a p h i t e  and sodium s i l i c a t e  t o  
form a t h i c k  p a s t e  which  was a p p l i e d  t o  t h e  c o l d  stem and d i e  gave much b e t t e r  

r e s u l t s .  T h i s  l u b r i c h n ?  was u s e d  f o r  t h e  l a t e s t  ex t rusmons  O t h e r  l u b r i c a n t s  

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

D e e  D e s t g n .  P r i o r  e x p e r ~ e n c e  and  .he e a s e  o f  f a b r i c a t i o n  and a v a i l a -  
b i l i t y  o f  f l a t - f a c e d  d i e s  d i c c a t e d  t h e i r  u s e  f o r  m o s t  o f  t h e  e a r l y  work  on  
e x t r u s i o n .  T h e s e  d i e s  were  e i t h e r  made from a s o l i d  s t e e l  f o r g i n g  o r  c o n -  
t a i n e d  an i n s e r t  i n  t h e  n o s e  o f  t h e  d i e  RO t a k e  t h e  w e a r  d u r i n g  e x t r u s i o n ,  
D i e s  o f  t h e  i n s e r t  t y p e  a r e  b e i n g  u s e d  t o  n n g e s t i g a t e  t h e  e f f e c t  o f  d i e  d e s i g n  
s i n c e  t h e  i n s e r t s  a r e  r e l a t i v e l y  c h e a p  from the  s t a n d p o i n t  o f  f a b r i c a t i o n ,  and 
a m a t e r i a l  t h a t  i s  s a t i s f a c t o r y  f o r  t h e  d i e  body d o e s  n o t  a p p e a r  t o  o f f e r  a 
s a t i s f a c t o r y  work ing  s u r f a c e .  The work ing  p a r t  o f  t h e  d i e  made o f  a s u i t a b l e  

m a t e r i a l  and t o  a d e s i r e d  s h a p e ,  i s  i n s e r t e d  i n  a n o s e  o f  t h e  d i e  body,  V a r i -  
a t i o n s  o f  t h e  s h e a r  t y p e  d i e  a r e  b e i n g  s t u d i e d  by u s i n g  - ca r ious  s h a p e s  o f  .be11 

d i e  i n s e r t s .  One s u c h  d i e ,  h a v i n g  a 30‘ facse a n g l e  wnth a % - i n .  t h r o a t  r a d i u s  
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and % - i n ,  b e a r i n g , ,  p roduced  an e x c e l l e n t  t u b e .  A Bongn tud ina l  s e c t i o n  o f  t h i s  
e x t r u s i o n  and a p i e c e  o f  t h e  t u b i n g  p roduced  a r e  shown i n  F i g .  1,1, 

D e e  and M a n d r e l  Matereal. Die and mdndre l  m a t e r i a l s  p r e s e n t  t h e  g r e a t e s t  
p roblem a t  p r e s e n t ,  The normal  h o t - w o r k  d i e  s t ee l s  s u c h  a s  Al l egheny-Lud lum ' s  
Potomac L a t r o b e ' s  C.H,W, and L . P - D .  and Braebum s . T - A l l o y  have  n o t  made one  
e x t r u s i o n .  w i t h o u t  f a i l i n g ,  T h i s  p r d b l e m  i s  c o m p l i c a t e d  by t h e  p e c u l i a r  f l o w  
o f  t h o r i u m  d u r i n g  e x t r u s i o n  w h i c h  was f o u n d  on  t h e  f i r s t  e x t r u s i o n s  t h e  
m e t a l  f l o w e d  a c r o s s  t h e  f a c e  o f  t h e  f l a t  fa ' sed  s h e a r  Lype d i e  r a t h e r  t h a n  
t h r o u g h  t h e  b i l l e t  a s  i s  t h e  c a k e  i n  most o t h e r  m e t a l s .  T h i s  t y p e  o f  f l o w  

l e n d s  i t s e l f  somewhat b e t t e r  t o  a b e l l  t y p e  d i e ' t h a n  t o  a s h e a r  t y p e  owing  t o  
t h e  e r o s i o n  o f  t h e  s h a p e  o r i f i c e  a t  t h e  e n t r a n c e  o f  t h e  t h r o a t  i n  a ; s h e a r  d i e .  

The  e r o s i o n  e x p e r i e n c e d  - d u r i n g  t h e  t e s t  o f  some d i e  m a t e r i a l s  h a s  b e e n  s u f -  
f i c i e n t  t o  p r o d u c e  .a r e s e m b l a n c e  , o f  a b e l l  d i e  -in a s h e a r  d i e ,  However ,  b e l l  
d i e s  o f  some m a t e r i a l s  h a v e  been  u n s u c c e s s f u l ,  I n  t h e  c a s e  o f  o n e  h o t  work  
d i e  s t e e l  t h e  t h r o a t  o f  t h e  d i e  was wakhed o u t  and t h e  d i e  d i a m e t e r  was made 
c o n s i d e r a b l y  l a r g e r .  B e c a u s e  o f  t h i s  e r o s i o n  i n s e r t  d i e s  were made 'o f  a 
s t e l l i t e  t y p e  m a t e r i a l  a n d  a h i g h  c o b a l t ,  18 4 1,  s t e e l .  T h e s e  m > a t e r i a l s  

a p p e a r  ' to  w i t h s t a n d  t h e  e r o s i o n  e q u a l l y  w e l l ,  b u t  t h e y  a r e  b o t h  s u s c e p t i b l e  t o  

c r a c k i n g ,  Some o f  the j t e i l i t e  t y p e  (Doss  S t e e l  R e s e a r c h  Company 3 1 3 0  a l l o y )  
i n s e r t s  ha r e  c r a c k e d  c o n s i d e r a b l y  d u r i n g  t h e  f i r s t  e x t r u s i o n , .  M o d i f i c a t i o n s  

o f  t h e s e  two m a t e r i a l s  a r e  b e i n g  i n v e s t i g a t e ' d  i n  a n  a t t e m p t  t o  f i n d  a t o u g h  
m a t e r i a l  s u f f i c i e n t l y  h a r d  t o  w i t h s ' t a n d  t h e  e r o s i o n  I E x p e r i e n c e  w i t h  t h e  

mHndrels  i s  a b o u t  t h k  same a s  w i t h  t h e  d i e s .  The s t e e l  m a n d r e l  becomes s o f t  
a n d ,  i n  t h e  c a s e  o f  o k e  s t e m  3 j 8  P n ,  i n  d i a m e e e r  i t  a c t u a l l y  f a i l e d  i n  
t e n s i o n .  A s t e l l i c e  'type ~ D O S B  S t e e l  Rezea rch  Company 2115 a l l o y )  f a i l e d  w i t h  
a b r i t t l e  f r a c t u r e  on t h e  f i r s t  ~ X ' C F U S I O ~ .  

*r 

DRAWING Q F  THORICM 

Very  l i t t l e  work h a s  been  done on  d rawrng  o f  t h o r i u m  O n e  s h o r t  l e n g t h  
o f  r o d  w a s  drawn f rom 0 , 5 0 0  t o  0 . 4 5 1  i n .  i n  d;amet,er by c o a t i n g  w i t h  f l a k e  

g r a p h i t e , ,  p u l v e r i z e d  m i c a ,  Dies  and 

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

and sodium s i l i c a t e  and h e a t i n g  t o  300"C, 
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NOT CLASSIFIED 
Y-3964 

I 

MAG. 2 X  Y-3500 
THORIUM TUBING- 7/8"o.D. X 5/8" 1.0 

EXTRUSION CONDITIONS: 
REDUCTION RATIO- 25/1 
EXTRUSION RATE- APPROXIMATELY 90 ft/min. 
BILLET TEMPERATURE-780°C 
HEATING- I HOUR 20 MINUTES IN HOUGHTON'S 

DIE-DOSS "3130ALLOY" INSERT 30OBEVEL 
"LIQUID HEAT ND:' 

PREHEATED TO 1200OF 
MA NDRE L-!' EL E c T R I TE v A N A DI u M " F o R G E D 

PREHEATED TO 1000°F 
LUBRICANT- FLAKE GRAPHITE + SODIUM SILICATE 
QUENCH-COLD WATER 

FIG. 1. I 
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E X T R U S I O N  C L A D D I N G  OF TAOBXUM 

An ex t s rus ion  o f  a d u p l e x  t h o r i u m  z i r c o n r u m  b i l l e t .  was made at. a tempera  
t u r e  o f  725°C w i t h  a r e d u c t i o n  r a u i o  o f  1 6 1 1  t o  p e o d u c e  a t h o r i u m  t u b e  o f  
4 / 8  i n ,  O . D .  and % i n .  I . D .  w i t h  a n  i n s i d e  c P a d d n n g  s f  a b o u t  0 . 0 2 0  i n ,  o f  

z i r c o n i u m ,  The  z i r c o n i u m  c l a d d i n g  w a s  f a i r l y  u n i f o r m , a n d  t h e  t u b i n g  had  a 

f a i r  s u r f a c e  on  b o t h  t h e  i n n e r  and  o u t e r  s i d e ,  A b a c k  bend o f  t h e  t u b i n g  

p a s s e d  th robgh  approx imaue ly  200 b e f o r e  s h e  l i n e r  o f  , z i s c o n l u m  b roke  and t h e  
b r o k e n  e p d s  o f  t h e  c l a d d i n g  c o u l d  n o &  ,be s t r a p p e d  m e c h a n i c a l l y  f rom t h e  
t h p r i u m ,  P b o t o m i c r o g r a p h s  o f  t h e  t u b e  aL t h e  tho r ium-  z i r c o n i u m  i n t e r f a c e  a r e  

shown i n  F i g s .  1 . 2 ~ ~  and  F .  T h e r e  was Some d i f f u s i o n  be tween  t h e  two m e t a l s  

a n d  a m e t a l l u r g i c a l  bond w a s  a p p a r e n t l y  o b t a i n e d .  T h e  s h a r p  l i n e  o f  d e  
m a r c a t i o n  b e t w e e n  t h e  t h o r i u m  and  z4 rconzum was due  ' to p r e f e r e n t i a l  a t t a c k  
d u r i n g  p o l i s h i n g . a n d  e t c h i n g  and  d o e s  n o t  r e p r e s e n t  a v o i d ,  IS may be s e e n  

from F i g s .  1 . 2 6  and d t h a t  t h e  z i r c o n i u m  c l a d d i n g  i s  s l i g h t l y  t h i c k e r  and more 
u n i k o r m  a t  ?,he l e a d i n g  end o f  t h e  e x t r u s i o n  t h a n  a i  t h e  t r a i l i n g  e n d , '  Macro 
s e c t i o n s  b f  t h e  d u p l e x  t u b i n g  a t  b o t h  t h e  B e a d i n g  and  t h e  t r a i l i n g  end  o f  
t h e  e x t r u s i o n  a r e  shown i n  F i g .  1 8 3 *  T h e  z i r c o n i u m  a p p e a r s  'to be  m e t a l .  
l u r g i c a l l y  bonded  v e r y  s a t i s f a c , t o r i l y  a n d  i t  seems p r o b a b l e  t h a t  t h e  c o n -  
d i t i o n s  o f  t e m p e r a t u r e  and r e d u c t i o n  u s e d  'in t h i s  e x t r u s i o n  - a r e  s u f f i c i e n t  t o  
e n s u r e  b o n d i n g ,  F u r t h e r  work i s  needed  t o  Improve t h e  u n i f o r m i t y  s f  c l a d d i n g  
and  o b t a i n  more s a t 1  - , f a c t o r y  s u r f a c e s .  

I 

I O D I D E - P R O C E S S  PHOBXUWi 

Thor ium p r e p a r e d  by t h e  theamai  d e c o m p o s i  t a o n  o f  t h o r i u m  ~ e t r a i o d i d e  on 
a h b t  t u n g s t e n  f i l a m e n t  w a s  o b t a i n e d  from B a ? t e l P e  M e m o r i a l  I n s t i t u t e  f o r  a 

s t u d y  o f  t h e  p r o p e r t i e s  o f  h i g h  p u r r ~ v  m e t a l .  S p G c t T o g r a p h i c  a n a l y s i s  o f  t h e  

m a t e r i a l  showed i t  t o  be spectrographiraliy pure  c x c r p c  f o r  a v e r y  f a i n t  t r ace  

o f  c a l c i u m .  C h e m i c a l  a n a l y s i s  r e v - e d i e d  t h e  €01 l o w i n g  ~ m p u r l d ~ e s  o x y g e n  

0 .012% h y d r o g e n ,  0 .0002%'  and  can bon 0 . 0 5 % -  

I n  o r d e r  t o  k e e p  t h e  c o n t a m l n a t l o n  t o  a minxmum t h e  m e t a l  was m e l t e d  i n  
a vacuum.a rc  f u r n a c e  u s i n g  t h e  c r y s t a l  baa tho r ium as a consumable  c l e c t e o d e  
The m e l t e d  meta l  had a V i c k e r i  hardne..;.. number o f  approxnmate ly  40. By way o f  

c o m p a r i s o n ,  A m e s  m e t a l  h a s  a h a r d n e s s  o f  a b o u t  8 5  V n c k e r s .  The m e l t e d  i n g o t  
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was c o l d  r o l l e d  f o r  80% r e d u c t i o n  and t h e  r o l l e d  s h e e t  wao c u t  i n t o  spec imens  
f o r  r e c r y s t a l l i z a t i o n  s t u d i e s ,  A work h a r d e n i n g  c u r g e e  o b t a i n e d  w h i l e  r o l l i n g  
t h e  i n g o t ,  was s i m i l a r  t o  t h o s e  p r e v i o u s l y  r e p o r t e d  f o r  t h o r i u m ,  i , e ,  t h e  
m e t a l  r e a c h e d  v e r y  n e a r l y  its maximum h a r d n e s s  a t  a b o u t  5% r e d u c k i o n ,  The  
m a t e r i a l  a f t e r  80% r e d u c t i o n  was found t o  have a h a r d n e s s  o f  65  V i c k e r s ,  The 
m e t a l  was h e a t e d  a t  550°C f o r  v a r i o u s  l en lg ths  o f  t ime w i t h  v e r y  l i t t l e ,  i f  
a n y ,  r e c o v e r y  t a k i n g  p l a c e ,  The t h o r i u m  f a i l e d  LO r e c r y s t a l l i z e  a f t e r  b e i n g  

h e l d  a t  550°C f o r  1 h r .  However i s o t h e r m a l  r e c r y s t a l l i z a t i o n s  were o b t a i n e d  
a t  650 and 700"C, These  c,urves a r e  shown i n  F i g .  1-4. The m a t e r i a l  was f u l l y  
r e c r y s t a l l i z e d  i n  e a c h  c a s e  a f t e r  a b o u t  5 min a t  t e m p e r a t u r e .  

One c o m p l e t e  m e l t  o f  t h e  i o d i d e  p r o c e s s  t h o r i u m  was r o l l e d  i n t o  a b a r  
a n d  machined  i n t o  a r o u n d  t e n s i l e  t e s t  s p e c i m e n  0 . 3 5 7  i n ,  i n  d i a m e t e r .  The  
spec imen was a n n e a l e d  a f t e r  m a c h i n i n g ,  

I n  t h e  t e n s i l e  t e s t  t h e  m o d u l u s  o f  e l a s t i c i t y  was m e a s u r e d  w i t h  SR-4 
s t r a i n  g a u g e s  a n d  f o u n d  t o  b e  1 0 , 0 0 0 , 0 0 0  p s i ,  T h e  u l t i m a t e  s t r e n g t h  was  

22,680 p s i .  Tbe spec imen  was e x t r e m e l y  d u c t i l e ,  h a v i n g  a r e d u c t i o n  i n  a r e a  o f  
a b o u t  95%. P e r c e n t  e l o n g a t i o n  c o u l d  n o t  be  measu red ,  s i n c e  t h e  spec imen  b roke  
o u t s i d e  t h e  gauge marks .  F i g u r e s  1 Sa and h a r e  p h o t o g r a p h s  o f  t h e  broken  t e s t  

s p e c i m e n .  N o t e  t h e  t r i a n g u l a r  s h a p e  o f  t h e  f r a c t u r e ,  and  t h e  r a t h e r  a b r u p t  
way i n  which  t h e  specimCn necked  down. 

THERWAL CYCLING OF TAOBIUI  

S p e c i m e n s  o f  t ,hornum rod  w e r e  c y c l e d  i n  Na K b e t w e e n  1 0 0  and  500°C a s  
d e s c r i b e d  i n  a p r e g i o u s  r e p o r t  (ORNL 9 8 7 ) -  The f i r s t  s e t  o f  s a m p l e s  a n n e a l e d  
t h o r i u m  was c y c l e d  f o r  a t ~ r a J  of 1000 c y c l e s .  The o n l y  s i g n i f i c a n t  change  
was a c o n s i s t e n t  w e i g h t  l o s s  d u r i n g  c y c l i n g  The d i m e n s i o n s  i n c r e a s e d  s l i g h t l y  
i n  a l l  d i r e c t i o n s  o w i n g  t o  a s c a l a  whvch f o r m e d  o n  t h e  b a r s  a n d  w h i c h  was 
shown by X - r a y  a n a l y s i s  t o  be p u r e  T h o , .  However no r e a l  d e f o r m a t i o n  o f  t h e  
t h o r i u m  b a r s  was n o t e d  The  f u r n a c e  wa:, c h a r g e d  w i t h  Na K which  had n o t  been 
p u r n f l e d  b u t  a p r o t e c t i v e  a t m o s p h e r e  o f  p u r v f i e d  a r g o n  was m a i n t a i n e d  a t  a l l  
t i m e s .  A s a m p l e  o f  gamma t r a n s f o r m e d  u r a n ~ u :  was c y c l e d  a l o n g  w i t h  t h e  

t h o r i u m  and  showed t h e  w a r p i n g  and s u r f a c e  r o i ~ g h e n i n g  wh ich  i s  c h a r a c t e r i s t i c  
o f  t h i s  material. T h e  d a t a  f o r  b o t h  t h e  i t h ~ t r ~ u m  a n d  u r a n n u m  a r e  shown i n  
T a b l e  1 . 2 ,  The  s p e c i m e n s  a f t e r  ha-;rng been  r - f c l e d  fop. 906  c y c l e s  a r e  shown 
i n  F i g ,  1 . 6 .  
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Y-371 I A .  LONGVIEW SLIGHT MAG. 

Y-3712 6. ENDVIEW MAG. 2 X  

BROKEN TENSILE TEST SPECIMENS OF IODIDE THORIUM 

FIG. 1.5 
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The s e c o n d  s e t  o f  s p e c i m e n s  c y c l e d  was made u p  o f  t h e  f o l l o w i n g  c o l d  
r o l l e d  t h o r i u m ,  co ld - swaged  t h o r i u m  a s  e x t r u d e d  ( 8 0 0 - C )  t h o r i u m ,  a l p h a - r o l l e d  

u ran ium ( b a r e ) ,  and  a l p h a  r o l l e d  u ran ium ( c a n n e d ) .  A t  t h e  end  o f  500 c y c l e s  
t h e  b a r e  u r a n i u m  s p e c i m e n  showed t h e  n o r m a l  g r o w t h  o f  a l p h a - r o l l e d  m a t e r i a l  
( a p p r o x i m a t e l y  20% e l o n g a t i o n ) ,  The  s p e c i m e n  w h i c h  had  been  c a n n e d  i n  t h e  
s t a i n l e s s  s t e e l  t u b i n g  w i t h  a 0 , 0 3 0 - i n .  w a l l  t h f c k n e s s  d i d  n o t  show a p p r e c i -  
a b l e  e l o n g a t i o n  o r  any  c h a n g e  i n  dnameae r .  Thus  i t  a p p e a r s  t h a t  t h e  g rowth  
d u r i n g  c y c l i n g  o f  a l p h a - r o l l e d  uranium may be r e s t r a i n e d .  

T h e  t h o r i u m  s p e c i m e n s  showed no s i g n i f n c a n t  changes '  a f t e r  500 c y c l e s  

be tween 100 and  500°C e x c e p t  f o r  a 2 t o  3% w e i g h t  l o s s  wh ich  a l s o  o c c u r r e d  i n  
t h e  a n n e a l e d  s p e c i m e n s .  T h e s e  s p e c i m e n s  a f R e r  500 c y c l e s  a r e  shown i n  F i g .  

l a T 0  The d a t a  b e f o r e  c y c l i n g  and a f t e r  500 c y - . l e s  a r e  shown i n  T a b l e  1.3.  

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

s i n c e  t h e  b a r s  c r u m b l e  and s p a 1 1  o f f  a t  t h e  ends ,  a s  may be s e e n  i n  F i g s ,  1 . 6  
and  1"".  On m e t a l l o g r a p h i c  e x a m i n a t i o n  o f  t h e  'bar  i n  c r o s s - s e c t i o n  an o x i d e  

g r a d i e n t  was found  which  e x t e n d e d  p r a c . t i r a i P y  $0 t h e  c e n t e r  o f  t h e  b a r ,  t h u s  
v e r i f y i n g  t h i s  p e n e t r a t i o n .  

WEEDING OF IHORZUM 

A s t u d y  on w e l d i n g  o f  t h o r i u m  h a s  been  s t a r t e d .  I n  p r e l i m i n a r y  w e l d i n g  
t e s t s ,  u s i n g  A m e s  t h o r i u m  , h c e t ,  b u t t  edge  and  l a p  w e l d s  were r e a d i l y  made 
i n  a he l ium a tmosphere  u s i n g  H e i r a r c  w e l d i n g  teohnlque . ; .  

W e l d i n g  w a s  d o n e  i n  a d r y  box  u ; r n g  G r a d e  A Lank h e l i u m  a s  an  i n e r t  
g a s ,  P r i o r  t o  t h e  w e l d i n g  t h e  box was p a r ~ n a i ' i y  e s a c u a t e d  and a l l o w e d  t o  r e f i l l  
w i t h  h e l i u m  a few times t o  purge  a i r  from t h e  box.  Helium was f ed  t h r o u g h  t h e  
t o r c h  c o n t i h u o u s l y .  Welds o b t a i n e d  were .Bean and b r i g h t  and had an e x c e l l e n t  
a p p e a r a n c e .  B r i e f  e x p e r i m e n t s  - u 3  ~ n g  a'rgsn t h r o u g h  t h e  ~ : . ~ r ~ h , d n d  using a h e l i u m  
t o r c h  i n  an  a i r  a tmosphe re  dud n o t  p roduce  good w e l d s .  

S a t i s f a c t o r y  w e l d s  us . ing h e l i u m  h a v e  been  p r o d u c e d  u s i n g  b o t h  a - c  a n d  
d - c  s t r a i g h t - p o l a r i t y  a r c s .  ,411 welds, were  made on t h i n  s h e e t s  ( u p  t o  0 .080  
i n .  t h i c k )  and  no f i l l e r  r o d  was u s e d ,  B u t t  *ellds were made w i t h o u t  r e s & r a i n t  

2 5  
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Y-3750 

SPECIMENS T H E R M A L L Y  CYCLED IN NaK FOR 500 
CYCLES B E T W E E N  IOO'C-500°C 

1. COLD ROLLED THORIUM ROD. 4. AS EXTRUDED THORIUM ROD. 
2.COLD ROLLED THORIUM ROD. 5. u ROLLED URANIUM. 
3. COLD SWAGED THORIUM ROD. 6. u ROLLED URANIUM CANNED IN 

STEEL. 

FIG. 1.7 
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TIbE OF MEASURENlENT 
- 

Before cycling 
After 500 c y c l e s  
ChZIagC3 
% Change 

b f n r e  cyc lmg 
Af. ,er  500 cycles  

% Change 
eh3llgF 

Before CyC21iUg 
After 500 cy-Pes 
Change 
% Chenge 

%fore cycl ing  
Af-er  500 e y c k a  
Change 
x change 

k f o m  cycl ing  
After 500 cycles 
Change 
% Change 

Before zyclirng 
After 500 cyc les  
Change 
% Change 

Before c y c l m g  
After 500 cyc les  
Change 
% Change 

U N G m  (4n I 
~ 

4 012 
4-075 

+O 063 
1 . 5 7  

4 032 
4 034 

+o 002 
0 05 

4 009 
4 023 

+o 014 
0 35 

3 981 
3 414 

-0 007 
1 86 

4 030 
4 106 

'0 046 
1 88 

4 000 
4 785 

90 785 
19 62 

4 252 

'0 023 
0 5 4  

4 275 

0 350 
0 772 

+or 022 
2 93 

0 498 
0 498 
0 000 
0 0  

0 497 
0 505 

90 008 
a 6 1  

0 440 
0 447 

4.0 007 
1 59 

0 485 
0 495 

60 010 
2 06 

0 437 
0 404 

-0 033 
4 53 

0 502 
0 501 

-0.001 
0 .2  

333 876 
324 898 

-8-978 
2 69 

150 301 
145 960 
-4.341 
2 89 

148 476 
145 892 
-2 884 
I 94 

184 615 
110 316 
-4 299 
3 15 

144 550 
140 405 
-4 145 
2 87 

186 237 
175 681 
-10 556 

5 67 

215 774 
215 178 

-0-596 
0 17 



s i n c e ,  when p i e c e s  were c l amped  w h i l e  w e l d i n g  c r d c k s  d e v e l o p e d  i n  t h e  w e l d .  
When a second  p a s s  w a s  made o v e r  t h e  welded  j o i n t ,  c r a c k i n g  a l s o  d e v e l o p e d .  

P r e l i m i n a r y  w e l d s  were t e s t e d  by b e n d i n g  in a v i s e .  Good w e l d s  c o u l d  be 
b e n t  from 30 t o  90" b e f o r e  c r a c k i n g ,  b r e a k s  usuaPBy o c c u r r i n g  i n  t h e  h e a t -  
a f f e c t e d  zone * 

T e n s i l e  t e s t s  w e r e  made on s e v e r a l  b u t t - w e l d e d  s h e e t  , t h o r i u m  s p e c i m e n s  
6 i n ,  l o n g ,  1 i n ,  wide  and 0 , 0 4 0  o r  0 . 0 8 0  i n .  t h i c k  Spec imens  were s h e a r e d  
from t h e  b u t t - w e l d e d  s h e e t ,  d i s c a r d i n g  t h e  c :a te red  we ld  m e t a l  a t  t h e  s t a r t  

and  end  o f  t h e  w e l d ,  T e n s i l e  s p e c i m e n s  were n o t  m a c h i n e d ,  a n d  t h e  w e l d e d  
j o i n t s  were s l i g h t l y  t h i c k e r  t h a n  t h e  b a s e  m e t a l ,  A l l  f r a c t u r e s  o c c u r r e d  i n  
t h e  h e a t , a f f e c t e d  b a s e  m e t a l .  Spec imens  were a n n e a l e d  p r i o r  t o  t e s t i n g ,  

D a t a  o b t a i n e d  f r o m  t h e  t e n s i l e  t e s t s . a r e  shown i n  T a b l e  1 , 4 .  I t  i s  
a p p a r e n t  t h a t  t h e  y i e l d  p o i n t  and  t e n s i l e  s t r e n g t h  o f  t h e  s p e c i m e n s  were n o t  
a f f e c t e d  by t h e  w e l d i n g .  The  d u c t i l i t y  o f  t,he we lded  s p e c i m e n s  was somewhat 
l ower  t h a n  t h a t  o f  t h e  spec imens  wh ich  c o n t a i n e d  no w e l d s .  However ,  d u c t i l i t y  
o f  t h e  we ld  m a t e r i a l  i s  p a r t l y  masked  a s  a r e , u E t  o f  t h e  s l i g h t l y  g r e a t e r  
t h i c k n e s s  a t  t h e  w e l d .  Some d e f o r m a t i o n  o f  t h e  weld metal  d i d  o c c u r ,  T h i s  i s  

shown by t h e  r e d u c t i o n  i n  w i d t h  a t  t h c  w e l d  w h i c h  r a n g e d  f rom 5 t o  8 % .  
R e d u c t i o n s  i n  w i d t h  a t  bhe f r a c t u r e s  ranged  from P O  t o  18%. 

H a r d n e s s  t r a v e r s e s  a c r o s s  s e v e r a l  w e l d e d  j o i n t . ,  haure been  made, I n  o n e  
s e r i e s  o f  t e s t s  weld  me ta l  was n o t  a p p r e c i a b l y  h a r d e r  t h a n  t h e  base  m e t a l ,  I n  
s i m i l a r  t e s t s  on  a s o f c e r  l o t  o f  t h o r i u m  ithe h a r d n e s s  o f  t h e  we ld  m e t a l  was 
somewhat g r e a t e r  t h a n  t h e  h a r d n e s s  i n  t h e  h e a t  a f f e c t e d  20ne. F u r t h e r  work i s  

needed  t o  d e f i n e  t h e  e f f e c t  o f  w e l d i n g  on ?.Re h a r d n e s s  o f  t h o r i u m .  

A d d i t i o n a l  t e n s i l e  t e s t s  w i l l  be rndde o n  s p e c i m e n s  m a c h i n e d  t o  remove 

t h e  e x c e s s  m e t a l  a t  t h e  w e l d s .  Weld rng  ',e.s L on h e a - u i e r  m e t a l  s e c t i o n s  w i l l  
b e  made, and t e n s i l e  t e s t s  w i l l  be  m a d e  0x1 I*ound - ,pec imens  machined  e n t i r e l y  
from weld m e t a l ,  

28 
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SPEC EN 
NO 

-.- . 

Blank 1 

Blank 2 

Weld 2B 

Weld 3A 

Weid 3B 

p.3 
\o Blank 1 

Blank 2 

Weld 1 

Weld 2 

i TH m E S S  I 

j \ I n  , I 

t 
-1 - . -  L 

; 0 080 

0 080 I 
I : 0 030 

0 080 

I 0 080 

I 

0 042 

0 042 

0 042 

0 042 
I - -  

YIELD 
POINT 
\P"") 
.- - 

29 400 

29 400 

29,400 

28.800 

29 400 

30 600 

31, 100 

3cTCeoO 

30 OOO 

TABLE 1.4 

Tensile Tests on Thorium w e l d s  

38 600 

38 500 ' 44 

39.000 34 

38- 500 34 ! 

38 100 

38 000 

38,500 I 

38- 600 

39 000 ' 
1 

36 

36 

32 

- - 7--.-. - 
REDUCTION" IN , REDUCTIGN* I N  

WIDTH AT FRACTURE ~ WIDTH AT WELD 
t%i  (XI 

-- _. _ -  - __- - - .  

17 1 

1 8 . 1  

17 .4  

10 7 

1 0 - 9  

15-4 

16 I '7 

10 0 

9 5  
- . 

5 0  

8 4  

7 3  

*% seduction in w i d t h  - ( i n r t x a l  width - f i n a l  wxdth, i n i t i a l  width 



2 ,  ANP PROGRAM 

LIQUID-METAL COBROSION TESTIMB,STATIC 

S t a t i c  T e s t s ,  The t e s t i n g  o f  m a t e r i a l s  f o r  t h e  p r o p o s e d  ARE i s  b e i n g  
c o n t i n u e d .  M e t a l s  and  a l l o y s  a r e  b e i n g  t e s t e d  a t  v a r y i n g  e x p o s u r e  t i m e s  and 
t e m p e r a t u r e s  t o  d e t e r m i n e  p o s s i b l e  s a t u r a t i o n  e f f e c t s .  The phenomenon o f  mass 

t r a n s f e r  i s  b e i n g  s t u 4 i e d  and t e s t s  made unde r  c o n d i t r o n s  where mass t r a n s f e r  
was o b s e r v e d  u s i n g  t h e  c a p s u l a t i n g  t e c h n i q u e  h a v e  been  compared  w i t h  t e s t s  

made i n  a t w o - c o m p o n e n t  s y s t e m  i n  o r d e r  t o  d e t e r m i n e  t h e  t y p e  o f  a t t a c k  

e n c o u n t e r e d  i n  t h e  a b s e n c e  o f  a t h i r d  component .  

P r e l i m i n a r y  c o r r o s i o n  t e s t s  have been  made i n  NaF-BeF2 UF, e u t e c t i c  s a l t  

m i x t u r e  f o r  l O 0 , h r  p e r i o d s  a t  1 0 0 0 e C *  Comple te  m e t a l l o g r a p h i c  d a t a  a r e  n o t  
y e t  a v a i l a b l e  b u t  w i l l  be i n c l u d e d  i n  a s u b s e q u e n t  p r o g r e s s  r e p o r t ,  

Revision of S t a t i c  Corrosion Test ing Technique, Comple te  t r a n s i t i o n  t o  
t h e  two.,component s y s t e m  c o n t a i n i n g  sodium f i l t e r e d  t o  remove s u s p e n d e d  o x i d e s  

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

T h r e e  component  tests have  b e e n  d i s c o n t i n u e d ,  b u t  t h o s e  c o m p l e t e d  p r e  
~ i o u s l y  w i l l  be e v a l u a t e d  and r e p o r t e d ,  U n t i l  t h e  f i l l i n g  a p p a r a t u s  i s  i n  
o p e r a t i o n  t h e  s a m p l e s  w a i l  c o n s i s ;  o f  o p e n - e n d  cubes  w i t h  b a t h  m e t a l  i n s i d e  
i n s e r t e d  i n t o  a s d f e & ; y  p r e s s u r e  c a p s u l e  and  t e s t e d  i n  an  u p r i g h t  p o s i t i o n ,  
F i g u r e s  2 . 1 a  and  b i l l u s t r a t e  t h e  f o r m e r  ( c d p s a l a t i n g )  and  p r o p o s e d  ( t u b u  
l a t i n g )  t e c h n i q u e s  r e s p e c t i v e l y  f o r  c.onduov.nng s t a t i c  l i q u i d - m e t a l  c o r r o s i o n  
t e s t s  I 

S t a t i c  Corrosicn Test Data, Ssd,na S e c e - a l  'rests i n  sodium h a v e  been 
made to obse i -va  ma:,; ~ r a a n s f e r ,  When s i l i c o n  was a d d e d  t o  t h e  s o d i u m  i n  a 
molybdenum t u b e  whic,h c o n t a i n e d  a molybdenum s h e e t  s p e c i m e n ,  t h e  s i l i c o n  was 
o b s e r v e d  t o  form a h a r d  b r i t t l e  p l a t e ,  l a r g e l y  molybdenum d i s i l i c i d e ,  on t h e  
i n s i d e  o f  t h e  molybdenum c r u c i b l e  a l m o s t  t h e  e n t i r e  t h i n - s h e e t  s p e c i m e n  o f  
molybdenum had r e a c t e d  ( F i g *  2 . 2 1 ,  I n  c o n t r a s t  a molybdenum spec imen  t e s t e d  
i n  s i l i c o n  f f e e  s o d i u m  f o r  100  h r  a t  1000°C showed no w e i g h t  c h a n g e  and n o  

e v i d e n c e  o f  a t t a c k  ( F i g ,  2 . 3 ) .  Two h a s t e l l o y s ,  B and C ,  have  been  t e s t e d  i n  
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I . -  

L 

NOT CLASSIFIED 
Y-4200 

b 

b 
MOLYBDENUM EXPOSED TO SODIUM CONTAINING SILICON 
FOR 100 HOURS AT 15OOOF. 

I 

FIG.2.2 
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T CLASSIFIED 
Y-4201 

ETCH: 0.5%0XALIC ACID Y-3756 

B 

M A6.2 5 0 X 

Y MOLYBDENUM EXPOSED TO SODIUM FOR 100 HOURS AT 
I 0 O O 0 C  

FIG.2.3 
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L 

. 

sodium f o r  40 h r  a t  IOOO'C The h a s t e l l o y  B t e s t  was a two-component t ype  and 
t h e  sod ium had  n o  a p p a r e n t  e f f e c t  o t h e r  t h a n  d e c a r b u r i z a t i o n  and  p o s s i b l e  
p r e c i p i t a t i o n  o f  some a n g u l a r  g r a i n  boundary  c o n s t i t u e n t  i n  t h e  d e c a r b u r i z e d  
r e g i o n .  A l t h o u g h  t h e  h a s t e l l o y  C t e s t  was c a p s u l a t e d  i n  n i c k e l ,  n o  mass  

t r a n s f e r  was  n o t e d  and  t h e  o n l y  v i s i b l e  a t t a c k  was i n  t h e  f o r m  o f  s m a l l  
s h a l l o w  v o i d s  l e s s  t h a n  0 , 0 0 1  i n ,  deep  ( F i g .  2<4), 

L e t h r u m ,  Mahy a l l o y s  and e l e m e n t s  have  been  t e s t e d  i n  l i t h i u m  f o r  400 hq  
a t  1000-C  u s i n g  i r o n  c a p s u l e s .  The m e t a l l o g r a p h i c  r e s u l t s  a r e  summar ized  i n  
T a b l e s  2 . 1  and 2 2 *  Of t h e  a l l o y s  t e s t e d ,  t h e  lower -ch romium f e r r i t i c  s t a i n  
l e s s  s t e e l s  showed t h e  b e s t  r e s i s t a n c e  t o  a t t a c k .  N i c k e l  and h i g h - n i c k e l  

a l l o y s  were s e v e r e l y  a t t a c k e d .  

L e a d  S e v e r a l  a d d i t i o n a l  t e s t s  have  been  made w i t h  l e a d  t o  c h e c k  f o r  
m a s s - t r a n s f e r  e f f e c t s ,  b u t  t h e  r e s u l t s  o f  t h e s e  t e s t s  a r e  n o t  y e t  a v a i l a b l e .  

F u s e d  S a l t  Solutsons The c o r r o s i v e  a c t i o n ' o f  a low mel . t ing  f u s e d  s a l t  
s o l u t i o n  o f  1 0  mole  % BeFz 68 mole % N a F  and 2 1  mole % UF, wag t e s t e d  f o r  

100  h r  a t  1000°C on s e v e r a l  o f  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  one  f e r r i t i c  
s t a i n l e s s  s t e e l  i n c o n e l  i n c o n e l  X n i c k e l  h a s t e l l o y  B ,  a n d  i r o n ,  The  
r e s u l t s  o f  t h e s e  t e s t s  a r e  i n c o m p l e t e  b u t  p r e l i m i n a r y  i n s p e c t i o n  o f  w e i g h t  

change  d a t a  i n d i c a t e  t h a t  i n c o n e l ,  a s  r e c e i Y e d ,  showed a s i g n i f i c a n t  w e i g h t  
l o s s ,  and  m e t a l l o g r a p h i c  e x a m i n a t i o n  re - ;ea led  s m a l l  i o i d s  t o  a d e p t h  o f  0 , 0 1 8  
i n  No o t h e r  a t t a c k  w a x  not ,ed  A d u p l i c a t e  o f  t h e  i n c o n e l  s p e c i m e n  d e -  
c a r b u r i z e d  i n  w e t  hydzogen and s i m i l a r l y  t e s t e d  i n  che e u t e c t i c  m i x t u r e  showed 

v e r y  s l i g h t  i n t e r g s a n u i a r  a t t a c k  b u t  n o  m e a s u r a b l e  w e i g h t  l o s s .  P h o t o -  
m i c r o g r a p h s  o f  e h e s e  s a m p l e s  d ~ e  g i v e n  i n  F i g  2 5 T h e s e  r e s u l t s  a r e  from 
s i n g l e  s a m p l e s  f u t u r e  t e s t a  a r e  p l a n n e d  t o  y e r i f y  ;hem, 

L I Q U I D , M E T A L  C O R R O S I O N  T E S T I N G  D Y N A M I C  

TherrnaJ Conweetion Loops,  D u r i n g  t h e  p a s t  q u a r t e r  t h e  m e t a l l o g r a p h i c  
e x a m i n a t i o n  o f  2 1  t h e r m a l  c o n v e c t i o n  Poops c o n t a i n i n g  s o d i u m  and t h r e e  con-  
t a i n i n g  l e a d  h a s  been  c o m p l e t e d  Two t h e r m a l  conu iec t ion  l o o p s  o p e r a t e d  w i t h  
l i t h i u m  and  s e v e n  o p e r a t e d  w i t h  l e a d  a r e  h e s n g  e x a m i n e d ,  T h e  l o o p s  were 

o p e r a t e d  a t  t e m p e r a t u r e s  up t o  1500 F f o r  100.0 h s  O F  un:il f a i l u r e  o c c u r r e d ,  

Types  304 ,  310"  316 3 2 1  and  347 s y a a i n l e s s  s t e e i s ,  n i c k e l  A ,  i n c o n e l ,  Haynes 
A l l o y  2 5 -  and 1010 s t e e l  were  t h e  m a t e r i a l s  Les t ed  

3 4  



NOT CLASSIFIED 

HASTA L L 0 Y "B" 

ETCH: OXALIC ACID Y-3757 MAG. 250 X 

HASTALLOY "C" 
HASTALLOYS EXPOSED TO SODIUM FOR 40 HOURS AT 

loooo c 

FIG. 2.4 
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Q, 

c C e 

DECARBURIZED INCONEL 
NOT TESTED 

INCONEL'AS RECElVE D' 
NOT TESTED 

. * . 

NOT CLASSIFIED 
Y-426F; 

1 -4 * $  

3748 MAG2503 
DECARBURIZED INCON EL 

EXPOSED TO NaF,BeF2,UF SALT MIXTURE FOR 100 
HOURS A? 1000°C 

BcF,- 10.7%; NaF- 68.0%; UF4-21.3% SALT MIXTURE. 

-3984 MAG250 
INCONEL 'AS RECEIVED' 

EXPOSED TO NaF, BeF,, UF4 SALT MIXTURE FOR 100 
HOURS AT 1000°C 

COMPARISON OF DECARBURIZED AND "AS RECEIVED" INCONEL 

FIG. 2.5 



0 001 

0 008 

0 004 

0 020 

. , . 

TABLE 2.1 

Stainless Steels and Alloys Ex@omed to L i t h i a r  for 489 hr a t  ~ o a o o c  

- .~ . 

MATERIAL 

309 ss 

304 SS 
YO 04% CI 

304 SS 

316 SS 

i o .  006%~) 

I - 4- 

I 

! 
i 

I 
i 
I 

i 
I 
1 

t 

I 

1 .  - ,  

I 
Grain 10 010 None 
boundary I 

I 

__. 

j Phase transfornoatson uniform 
along sur face  except  a t  gram 
boundaries where it extends 
inward t o  0 010 i n ,  

Thin transformed +ayes ex- 
’ tending i n  at, 
3 t o  a maximurn o c n g o ? ~ d ~ r y  I some voids I n  t h i s  region 

Same as above exce t maximum 
penetratxon was 0 615 r n  

-0 001 0 010 

0 005 

0 010 

0-015 

0 010 

None 

None 

None 

None 

0.090 

0 . 0 2 5  

None 

None 

Nont 

None 

None 

None 

None 

None 

None 

None 

None 

0 003 

0 001 

0 003 

0 OX5 

0 010 

None 

0 001 

0 008 

0 004 

None 

None 

-0 003 

-0 00.5 

-0 423 

‘ -0 078 I 
None 

hb 40 

No d a t a  

Fe 204 
Cr 36 
N s  ND 
Mo ND 

Fc 533 
k a 
Cb 203 
CF 32 

Fe 315 
3 25 
41 ND 

?e 145 
:r 114 

:e 360 
:R 46 

..I. 

lo d a t a  

o d a t a  

o d a t a  

-- - 

No data  

Q, 2 87 

b c c ~  n” 2 86 

bcc n 2 86 

a 2 86 

b@c. 2 86 

No data  

NO data  

No  da ta  

,o 002 I None 

I None 

None 

None 

Heavy i n t e r g r a n u l a r  pene t ra t ion  -0 163 
vs th hase t ransformation along 
a t t a c i e d  g r a m s  

W 
-4 

347 ss 0 000 Phase transformatxon along 
a t tacked  gra in  boundarrcs 1 ! -0 375 

-0 054 

-0 064 

-0 287 

-0. PO8 

-1 848 

-1 262 

I 
405 SS , 0 000 10 004 . None Small voids s c a t t e r e d  within 

g r a i n s  along expaged s u r f a c e  
I 

430 ss ! O Oo0 

446 SS 1 0 000 
I 

None 

None 

None 

None 

None 

Thin, noncontinuous s u r f a c e  
const i tuent .  conta in ing  a 
f e w  voids  

0 008-in. l a y e r  s p o t t e d  with 
a f i n e  p r e c i p i t a t e  and laced 
with l a r g e  voids (both i n  g r a i n  
boundaries and wi th in  gra ins)  

Voids near  the  s u r f a c e . t o  depth 
of 0.004 i n . ;  no p r e c i p i t a t e  
seen 

Very severe  i n t e r g r a n u l a r  pene- 
t r a t i o n ;  heavy band of  voids 
?xtending inward at g r a i n  
~ o u n d a r i e s  -1 

Vone h e r e  i n t e r g r a n u l a r  pene t ra t ion  
:ausing sur face  g r a i n s  to  f a l l  
,ut I .- 

*bcc = body-centered cubic“ f c c  7 face-centered cublc; ND not  determined u - l a t t i r e  cons tan t  



- 
-
.
.
R

I
-
 

38 



Each l o o p  ( F i g s ,  2 6 and  2 - 1 1  w a s c o n s t r u c t e d  o f  t h e  s a m e m a t e r i a l  t h r o u g h  
o u t  t o  a v o i d  t h e  p r e s e n c e  o f  a t h i r d  componen t  i n  t h e  c o r r o s i o n  t e s t ,  The 
l o o p s  l i s t e d  i n  T a b l e s  2 . 3  and 2 4 wdth  t h e  exception o f  N o s .  6 2 8 ,  2 9 ,  3 0  
3 3 ,  and 3 4  were f a b r i c a t e d  i n  the O W E  S h o p s  u s i n g  m e t a l  a r c  w e l d i n g .  T h e s e  
e x c e p t i o n s  were  f a b r i c a t e d  u s i n g  h e l a a r c  w e l d i n g ,  l o o p s  6 ,  28 2 9 ,  and  30 a t  

t h e  P h i l a d e l p h i a  P i p e  B e n d i n g  Company and Poops  33 and 3 4  I n  t h e  Y-12 S h o p s .  
A f t e r  f a b r i c a t i o n ,  t h e  Poops were c l e a n e d  t o  remowe w e l d i n g  s c a l e  and s u r f a c e  
o x i d e s .  The  c l e a n i n g  p r o c e d u r e s  f o r  t h e  ' J ~ F ~ B U S  Poops a r e  g i v e n  on  p .  51 ,  
E x p e r i m e n t a l  p r o c c d u r e i  were c o v e r e d  in t h e  p r e v i o u s  M e t a l l u r g y  q u a r t e r l y  
r e p o r t  (ORNL 987 p .  48 1 and w i l l  n o t  b e  r e p e a t e d  h e r e ,  

With sodium t y p e s  34'3 3 2 1 .  and 310 s t a i n l e s s  s t e e l s ,  i n c o n e l ,  and Haynes 

A l l o y  25 showed v e r y  l i t t a l e  a z t a c k .  The i r o n  Poop showed some a t t a c k ,  N i c k e l  
A and s t a i n l e s s  s t e e l s  304 and  316 showed some i n t e r g r a n u l a r  a t t a c k  nea r  t h e  
weld z o n e s c  Owing t o  t h e  t e s t i n g  v a r i a b l e s  i n v o l v e d ,  i 3  h a s  been i m p o s s i b l e  
t o  d e t e r m i n e  t h e  e x a c t  c a u s e  o f  t h e  i n t c r g r a n u l a r  c o r r o s i o n  i n  t h e  n i c k e l  and  

304 and 316 s t a i n l e s s  s t e e l s  b u t  i t  i s  n o t  n e c e s s a r i l y  due t o  sodium a t t a c k .  

L ~ o p r .  O p t - a f e d  u l ~ ~ h  S o d ~ u m ,  E i g h t  o f  t h e  2 1  l o o p s  t h a t  were  o p e r a t e d  
w i t h  sodium f a i l e d  t o  o p e a a ~ e  a + h o u + a n d  h o u r s  F o u r  o f  t h e  e i g h t  f a i l u r e s  

o c c u r r e d  a t  w e l d s  T h e  w e l d s  showed  p o o r  p e n e t r a t i o n  o f  w e l d  m e t a l ,  a n d  
s e v e r a l  showed  p o r o s i t y  a n d  o x i d e  os s l a g  n n c P u s i s n .  F i g u r e  2 . 8  s h o w s  a 

t y p i c a l  weld  L r e Y i L e  and  F l g  2 9 show', . s lag nwzPus ions  i n  t h e  we ld  m e t a l .  
The p i c k l i n g  o f  t h e  Poops i n  u n n n h n b i s e d  a c i d  a o l u ' t i o n s  u n d o u b t e d l y  p r o d u c e d  

some a t t a c k  o f  t h e  m e + r a l  e s p e c i a l l y  ID t h e  w e a d  h o n e s  o f  t h e  u n s ~ a b i l i z e d  
s t a i n l e s s  s t e e l s  mak ing  h e  m e t a l l o g r a p h i c  e x a m s n a t i o n  of t h e s e  Poops d i f a  
f i c u l t  t o  i n t e r p r e t  T h e  a a r k  w h i c h  o c c u i r r e d  d u r i n g  p i c k l i n g  c a n n o t ,  be 
d i f f e r e n t i a t e d  f r o m  ? h e  a i t - a c k  w h ~ r h  ~ s i u ~ r e d  d u r i n g  o p e r a t i o n  w a t h  sod ium 
and t h e  d a t a  s h o u l d  be ietespr 

The 1010 s t e e l  l o o p  No, 8 f a s l e d  by  ew:ernaP o x k d a t i o n  i n  t h e  h o t  z o n e ,  
I n  t h e  t o p  c u p  t h e  w a l l  t h i c k n c  w a -  r e d u c e d  2 0  rn-sls a +  t h e  l i q u i d - m e t a l  
l e v e l .  T h e  h o t  z o n e  r e g i o n  h a d  a i b ~ i g h t  r n e ~ . a ; i i c  s u r f a c e  i n d i c a t i n g  t h e  
r e d u c t i o n  o f  any s u r f a c e  o x i d e  films and t h e  dbsence  o f  any cosrbs ion  p r o d u c t s ,  
The bot tom cup c o n t a i n e d  a c o n s i d e r a b l e  amount o f  a d a r k  r e s i d u e  tha: a n a l y z e d  
2 " 7 %  c a r b o n  and  o v e r  95% Y ~ Q I I ,  S p e c t r o g r a p h i c  a r . d i i , , e s  o f  sod ium from Ithe 
bot tom cup  showed a p p r e c ~ a b l e  amount,., b f  i r o n  present. The oxygen c o n t e n t  o f  

t h e  sodium i n c r e a s e d  d u r i n g  o p e r a t i o n ,  i n d l c a t a n g  & h e  r e d u c t a o n  of s u r f a c e  
o x i d e  on t h e  m e t a l .  The a t t a c k  was h e a r n e r  i n  t h e  h o t  t h a n  i n  t h e  c o l d  z o n e ,  
and was n o t  int.erc.granuF.as i n  n a + u r e .  
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Y-3619 

OLD DESIGN 
FlG. 2.6 

45 
in. 

NOT CLASSIFIED 
Y-374 I 

23 
in. 

NEW DESIGN 
FIG. 2.7 

Y-3620 

T H E R M A L  C O N V E C T I O N  L O O P  
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NOT C L A S S I F I E D  
Y-3743 

'3734 
FIG.2.8 

WELD CREVICE IN 316 STAINLESS STEEL LOOP (N0.2)  

MAG. 200X 
FIG.2.9 Y-3263 

OXIDE INCLUSIONS IN WELD METAL OF 304 STAINLESS 
STEEL LOOP (N0.5) 

A I  

-CUP 

-WELD 

TUBE 
WALL 

- 



b 

TABLE 2 . 3  

LOWER -1 
Corros ion and Operat ion Data o f  Thermal Convect ion Loops C o n t a i n i n g  Sodium 

- __ - 

METALLOGEWPHI C EXANIINATI ON 

SPECmOGRAPHIC ANALYSES OF SODIUM FOR OXYGEN ANALYSES I 
ISION PRODUCTS (ppm) 

COLD- ZONE 
TEMPERATURE 

(OF) 

HOT-ZONE 
TEMPERATURE 

(OF) 
MISCEL- 
LANEOUS 

-- _ _  
TIME OF 
SAMPLING 

LOOP 
MATERIAL 

LENGTH OF 
'IEST ( h r )  

LOCATION 
OF SAMPLE 

TOP 
TOP 
Bot t o m  

TOP 
TOP 

TOP 
TOP 

TOP 
TOP 

Bottom 

Bottom 

Bottom 

TOP 

TOP 
TOP 

TOP 
TOP 

Bottom 

Bottom 

a t t o m  

TOP 
TOP Bottom 

TOP 
TOP 
Bottom 

TOP 
TOP 
Bottom 

UPPER 
BULB 

0 092 
0 028 

0 056 

0 067 
0 021 

0 086 
0 031 

0 032 

0.034 
0.011 

0.052 
0.015 

LOOP 
NO. REMARKS Mo 

<f 5 
<15 

'50 
'5 

<260 
<40 

<2 5 
<5 

<10 

<9 5 
< l o  

<30 
<5 

N i  

<130 
<70 

c250 
(20 

'470 <zoo 

<120 
<20 

270 

<180 
<50 

<140 
<20 

<370 
<2 5 

<170 
<2 5 

<110 
<30 

Appreciable amounts of sigma formed i n  t h e  t w o  loops 
operated a t  1500°F, more i n  hot  zones than i n  cold:  a l l  
four  loops showed heavy i n t e r g r a n u l a r  a t t a c k  i n  bottom 
cups near welds; most specimens had a s l i g h t  i r r e g u l a r  
edge" i n d i c a t i n g  some a t t a c k  

1100 

978 

iooo 

62 5 

1130 

M10 

1345 

1165 

0-082 
0 014 j 30 

90 

I n i t i a l  
F ina l  
F ina l  

I n i t i a l  
F i n a l  
F i n a l  

I n i t i a l  
F ina l  
F ina l  

I n i t i a l  
F i n a l  
F i n a l  

I n i t i a l  
F i n a l  

I n i t i a l  
F i n a l  
F ina l  

I n i t i a l  
F i n a l  
F i n a l  

316 ss 

316 SS 

316 ss 

316 SS 

304 SS 

304 SS 

304 ' 

347 ss 

347 ss 

347 ss 

1350 

13 50 

1500 

1500 

1500 

1350 

1350 

Gas l i n e  f a i l u r e  

0 087 
0 012 

0 "  020 

0.051 
0 016 

0.016 
0.011 

2 10 
1200 

120 
20 

1680 

<7 5 
20 

30 
.so 

<150 
20 

<70 
30 

<4 5 
30 

40 
<lo 

20 

40 

70 

20 

Hot-zone f a i l u r e  

Considerable i n t e r g r a n u l a r  a t t a c k  of weld metal ,  h e a v i e s t  
i n  the cold-zone welds 
i r r e g u l a r  edge, i n d i c a t i n g  some a t t a c k  

most specimens had a s l i g h t  12 70 

1185 

1220 

349 

988 

1000 

Weld f a i l u r e  5 

16 

17 

7 

14 

15 

580 

<35 
10 

<3 0 
<5 

I n i t i a l  
F ina l  
F ina l  

I n i t i a l  
F ina l  
F i n a l  

I n i t i a l  
F i n a l  
F ina l  

0.020 
0 008 

0 037 
0.009 

Ob025 
0.045 

0 013 
0.018 

0.090 
0.027 

0'019 
0.023 

No i n t e r g r a n u l a r  a t t a c k  on samples and very l i t t l e  
evidence of any type of corroslon 1500 1 1290 

I 

1110 

1350 1350 1 1175 

1000 

1000 

1000 

3bP 
TOP 
Bottom 

0-015 
0 0 022 

0.008 
0 022 

Metallographic examination showed evidence of . s igma 
formation i n  hot  zone; very l i t t l e  a t t a c k  ev ident  on 
samples 

310 ss 1000 

- 

7 54 

457 

I n i t i a l  
F i n a l  
F ina l  

30 

33 

34 

6 

100 
5 

10 
<20 

15 
<5 

321 SS Fai led  middle of top  
see t i  on 

@able t o  maintain 
c i r c u l a t i o n  

F i n a l  
F ina l  

F ina l  

0.012 
0.021 

0 ,079  

0.016 
0 I 012 

0.074 

5 

50 

<2 5 

<35 

<5 

35 

Metallographic examination showed heavy i n t e r n a l  oxida- 
t i o n  near  weld zones of loop 34, which was thought t o  
have occurred dur ing  welding; pipe samples from No, 34 
and a l l  samples from No. 33 showed only s l i g h t  a t t a c k  

I 
1500 , 530.850 

1500 ! 1050 

i- 
<IO Ti  

30 T i  

270 Co 
<230 W 

(80 W 
<40 co 

Bottom 
Bottom 

Bottom 

TOP 
Bottom 

321 SS 
~ ~ ~~ 

No evidence of cor ros ion  i n  any samples F ina l  

F ina l  
1000 95 

10 

500 

<40 

<2 5 

<10 
Haynes Al lo )  
No. 25 
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LOOP 
NO 

HOT-ZONE COLD-ZONE 
LOOP LENGTH OF TEMPERATURE TEMPERATURE 

MATERIAL TEST (kr) (OF) (OF) 

TABLE S..3 (Cont' d )  
~~ 

IXYGEN ANALYSES 
(%I  

~~ 

SPECTROGRAPHIC ANALYSES OF SODIUM FOR 
CORROSION PRODUCTS (ppm) ' MISCEL- 

LANEOUS 
TIME OF 
SAMPLING 

LOCATION 
OF SAMPLE 

LOWER 
BULB 

UPPER 
BULB REMARKS METALLOWHIC EXAMINATION 

When loop was opened considerable  a t t a c k  was noted i n  
top cup and bottom cup contained a considerable  amount 
of a dark metallic res idue  t h a t  analyzed 2.7% carbon 
and over 95% i ron;  a t t a c k  was f a i r l y  uniform, a s  l i t t l e  
evidence of a t t a c k  could be seen i n  metal lographic  
samples 

Loop f a i l e d  by ex- 
t e r n a l  ox ida t ion  

I n i t i a l  
F i n a l  
F i n a l  

TOP 
TOP 
Bottolri 

0 .021 0.017 
0 043 

Metal lographic  examination showed voids and poor bonding 
between parent  and weld metal i n  bottom cup 1000 

lo I l0l0 I 25 I 1200 I Weld f a i l u r e  i n  bottoi 
CUP 

I n i t i a l  
F i n a l  

TOP 
TOP 

0.047 
0 039 

0 025 
0.025 

__ 

8500 
3300 

Nickel  A 1,-2;; 1 1500 I 1020 

Nickel  A 1500 1310 

Weld f a i l u r e  i n  bottoi 
CUP 

Inni t ia l  
F i n a l  
F i n a l  

TOP 
TOP 
B o t t o m  

0.027 0.026 A l l  samples showed l i g h t  a t t a c k ,  n o t  i n t e r g r a n u l a r ,  
which was e s p e c i a l l y  heavy near  weld f a i l u r e  

Weld f a i l u r e  i n  bottoi 
CUP 

I n i t i a l  
F i n a l  
F i n a l  

TOP 
TOP Bottom 

0.033 0.063 Metallographic examination showed poor bonding between 
parent  and weld metal i n  bottom cup 4100 

245 

0.046 
0.024 

0.025 
0.019 

Metallographic examination showed l i t t l e  a t t a c k  on p ipe  
samples, but heavy i n t e r g r a n u l a r  a t t a c k  of pipe and 
p l a t e  mater ia l  occurred ad jacent  t o  weld zones 

I n i t i a l  
Fina 1 
F i n a l  

TOP 
TOP 
Bottom 

650 
<30 

<lo 
<15 

Loop f a i l e d  where two p ieces  of %- in ,  pipe had been 
butt-welded toge ther ;  t h i s  was from a flaw i n  t h e  
material when received 

F a i l e d  i n  co ld  zone 

I n i t i a l  
F i n a l  
F i n a l  

TOP 
TOP 
Bottom 

0.023 0.011 Pipe  samples showed s l i g h t  amount of in te rgranular  
a t t a c k  10 cu 

<5 cu 
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M e t a l l o g r a p h i c  s a m p l e s  t a k e n  from t h e  Haynes  A l l o y  25 l o o p , N o .  6 , s h o w e d  
n o  e v i d e n c e  o f  a t t a c k ,  S p e c t r o g r a p h i c  a n a l y s i s  o f  t h e  sod ium from t h e  l o o p  
showed t h e  p r e s e n c e  o f  s m a l l  amoun t s  o f  i r o n ,  chromium,  n i t k e l "  a n d  c o b a l t ,  

M e t a l l o g r a p h i c  s a m p l e s  from n i c k e l  Poop No, 1 3  showed o n l y  l i g h t  a t t a c k  
w h i l e  m e t a l l o g r a p h i c  s a m p l e s  f rom n i c k e l  l o o p  N o ,  1 2  showed h e a v y  i n t e r -  
g r a n u l a r  a t t a c k  i n  t h e  p a r e n t  m e t a l  n e a r  t h e  weld  z o n e s .  T h i s  i n t e r g r a n u l a r  
a t t a c k  ( F i g .  2 , 1 0 1  was n o t  p r e s e n t  i n  t h e  p i p e  s a m p l e s  away from t h e  weld zone 

( F i g .  2 . 1 1 )  e It  i s  b e l i e v e d  t h a t  t h e  p r e s e n c e  o f  s u l f u r - c o n t a i n i n g  l u b r i c a n t s  
d u r i n g  w e l d i n g  c a u s e d  t h e  f o r m a t i o n  o f  a n  i n t e r g r a n u l a r  l a y e r  o f  n i c k e l  
s u l f i d e  w h i c h  was removed d u r i n g  e i t h e r  p i c k l i n g  o r  o p e r a t i o n  w i t h  s o d i u m ,  
s p e c t r o g r a p h i c  a n a l y s e s  o f  t h e  s o d i u m  f r o m  b o t h  l o o p s  showed  a p p r e c i a b l e  
amounts  o f  n i c k e l  p r e s e n t ,  Mass t r a n s f e r  o f  n i c k e l  o c c u r r e d  i n  t h e  c o l d  zone 

o f  n i c k e l  l o o p  No, 1 2  ( F i g s ,  2 . 1 2  and  2 . 1 3 ) .  The  m a s s - t r a n s f e r r e d  m a t e r i a l  
was i n  t h e  form o f  spongy  d e n d r i t i c  c r y s t a l s  a d h e r i n g  l o o s e l y  t o  t h e  w a l l s  o f  
t h e  bot tom cup .  S p e c t r o g r a p h i c  a n a l y s i s  showed t h e  m a t e r i a l  t o  be n i c k e l  w i t h  
t r a c e s  o f  chromium, i r o n ,  and manganese ,  X r a y  d i f f r a c t i o n  a n a l y s e s  i d e n t i f i e d  

t h e  m a t e r i a l  a s  n i c k e l  ( f a c e - c e n t e r e d  c u b i c  s t r u c t u r e  w i t h  a l a t t i c e  p a r a m e t e r  

3 ? 5 1 2  A ) ,  

The oxygen c o n t e n t  o f  t h e  sod ium d e c r e a s e d  d u r i n g  t h e  o p e r a t i o n  o f  a l l  

t h e  300  s e r i e s  s t a i n l e s s  s t e e l s ,  i n d i c a t i n g  some r e a c t i o n  w i t h  t h e  s t a i n l e s s  
s t e e l .  Types  34% and  321. showed t h e  b e s t  r e s i s t a n c e  t o  a t t a c k  o f  any  o f  t h e  
3 0 0  s e r i e s ,  T h e r e  was no  e v i d e n c e  o f  a t t a c k  i n  t h e  m e t a l l o g r a p h i c  s p e c i m e n s  
and  t h e  s p e c t r o g r a p h i r  a n a l y s e s  o f  t h e  s o d i u m  showed o n l y  s m a l l  amoun t s  o f  
c o r r o s i o n  p r o d u c t s  p r e s e n t .  The we ld  zones  o f  o n e  o f , t h e  3 2 1  s t a i n l e s s  s t e e l  

l o o p s  showed heavy o x i d a t i o n ,  i n d i c a t i n g  no inert. p r o t e c t i v e  g a s  had  been  u s e d  
d u r i n g  w e l d i n g ,  The' m e t a l l o g r a p h i s  s a m p l e s  f rom t h e  3.04 and  316  s ' t a i n l e s s  
s t e e l s  showed more g e n e r a l  a t t a c k  ,ban s a m p l e s  0 f  t y p e  3 4 1 ,  and t h e  ~ ~ P d - a : m e  
we ld  s a m p l e s  o f  t h e  316 s t a i n l e s s  s t e e l  P O S P S  showed l o e a l n 2 e d  a r e a s  o f  v e r y  

heavy i n t e r g r a n u l a r  a t ~ a c k  o f  t h e  p a r e n t  metal  ( F i g . . 2 . 1 4 ) .  The weld  m e t a l  o f  
s e v e r a l  o f  t h e  t y p e  3 0 4  s t a i n l e s s  s t e e l  Poops  showed i n t e r g r a n u l a r  a t t a c k  
( F i g .  2 u 1 5 ) 6  The  u n s t a b i l i z e d  m e t a l  was p r o b a b l y  made s u s c e p t i b l e  t o  i n t e s -  
g r a n u l a r  a t t a c k  d u r i n g  w e l d i n g .  T h i s  i n t e r g r a n u l a r  a t t a c k  c o u l d  have  o c c u r r e d  
d u r i n g  p i c k l i n g  o r  d u r i n g  o p e r a t i o n  w i t h  sod ium.  D u r i n g  p i c k l i n g ,  t h e  l o o p s  

were immersed i n  t h e  p i c k l i n g  s o l u t i o n ,  and  r t  1s d i f f i c u l t  t o  u n d e r s t a n d  why 

t h e  weld zones  i n  t h e  hot. s e c t i o n  s h o u l d  n o t  be s u b j e c t  to t h e  same a t t a c k  a s  

t h o s e  i n  t h e  c o l d  zone ,  During o p e s a t r o n  w i t h  sod ium,  i t  i s  p o s s i b l e  t h a t  t h e  
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a 

NOT CLASSIFIED 
V-3742 

1-3469 MAG. I OOX 

WE L GRANULAR ATTACK NEAR THE WELD OF NICKEL LOOP 
F 10.2, IO 

(NO. 12) 

Y-347 1 

PIPE SAMPLE 
Ft 0.2.1 I 

FROM NICKEL LOOP (NO.12) NI 

MAG. 200X 

OT ADJACENT T O  
WELD ZONE 

A b  



NOT CLASSIFIED 
Y-3739 

Y-3233 MAG. 8 X  
F16.2.13 

MASS TRANSFER MATERIAL IN COLD ZONE 
OF NICKEL LOOP (N0.12) 
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NOT CLASSIFIED 
Y-3740 

-3736 MAG.75 X 

INTERGRANULAR ATTACK NEAR THE WELD IN 316 STAINLESS 
FIG.2.14 

STEEL LOOP (N0.I) 

Y-3735 
FIG.2.15 

MAG.75 X 

INTERGRANULAR ATTACK NEAR THE WELD IN 316 STAINLESS 
STEEL LOOP (N0.16) 
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I 

g r a v i t y  s e g r e g a t i o n  o f  s o d i u m  o x i d e  i n  t h e  b o t t o m  c u p  m i g h t  h a v e  l o c a l l y  
i n c r e a s e d  t h e  a t t a c k  and  been  t h e  c a u s e  o f  t h i s  i n t e r g r a n u l a r  c o r r o s i o n ,  I t  
i s  o f  i n t e r e s t  t o  n o t e  t h a t  l o o p  No. 30 ( 3 1 0  s t a i n l e s s  s t e e l ) ,  w h i c h  w a s  n o t  
p i c k l e d ,  d i d  n o t  show t h e  i n t e r g r a n u l a r  a t t a c k  i n  t h e  weld zone .  

M e t a l l o g r a p h i c  s a m p l e s  f rom t h e  i n c o n e l  l o o p  No, 29 showed some i n t e r -  
g r a n u l a r  a t t a c k  i n  t h e  p i p e  s e c t i o n  ( F i g .  2 . 1 6 ) ,  b u t  o n l y  l i g h t  g e n e r a l  a t t a c k  

i n  t h e  weld zone r e g i o n ,  

When a l o o p  f a i l e d  d u r i n g  o p e r a t i o n  and sodium came i n t o  c o n t a c t  w i t h  t h e  
e x t e r n a l  s u r f a c e  o f  t h e  l o o p ,  v e r y  heavy a t t a ' c k  ( F i g .  2 . 1 7 )  o f  t h e  e x t e r n a l  
s u r f a c e  t o o k  p l a c e ,  T h i s  a t t a c k  was n o t e d  on l o o p s  5 ,  9 ,  1 0 ,  11, a n d  1 3 ,  

T h e  a t t a c k  i s  b e l i e v e d  t o  have  b e e n  c a u s e d  by t h e  l a r g e  a m o u n t s  o f  sod ium 
o x i d e  formed when t h e  sodium came i n t o  c o n t a c t  w i t h  t h e  a i r ,  

Loops Operated w e t h  Lead. A l l  t h r e e  l e a d . + c o n t a i n i n g  l o o p s  ( T a b l e  2 . 4 )  
f a i l e d  b e c a u s e  o f  i n t e r n a l  o b s t r u c t i o n s  ( p l u g g i n g )  a The p l u g s ,  which o c c u r r e d  
i n  t h e  c o l d  z o n e ,  c o n s i s t e d  o f  d e n d r i t i c - l i k e  c r y s t a l s  o f  a h i g h - m e l t i n g  
m e t a l ,  a n d  p r o b a b l y  r e p r e s e n t  t r a n s f e r  d u e  t o  t e m p e r a t u r e  g r a d i e n t s  i n  t h e  

l o o p ,  C h e m i c a l  a n a l y s e s  o f  t h e  p l u g s  showed them t o  c o n s i s t  e s s e n t i a l l y  o f  
i r o n ,  chromium,  a n d  n i c k e l  i n  t h e  316 s t a i n l e s s  s t e e l  l o o p ,  and  o f  i r o n  and  

chromium i n  t h e  446 s t a i n l e s s  s t e e l  l o o p .  The h o t - z o n e  s a m p l e s  showed c o n -  
s i d e r a b l y  more a t t a c k  t h a n  t h e  c o l d  , z o n e  s a m p l e s ,  

Current Expestmenis, I n  c o n j u n c t i o n  w i t h  t h e  A i r c r a f t  R e a c t o r  Exper imen t  
t h e  e m p h a s i s  i n  t h e  d y n a m i c  c o r r o s i o n  p r o g s a m  i s  now b e i n g  p l a c e d  o n  t h e  
t e s t i n g  o f  i n c o n e l  a n d  t h e  3 0 0  s e r i e s  s t a i n l e s s  s t e e l s  i n  s o d i u m ,  a n d  a l l  
d y n a m i c  c o r r o s i o n  t e s t s  w i t h  l i t h i u m  and  l e a d  h a v e  be@n t e m p o r a r i l y  d i s -  
c o n t i n u e d ,  A t  p r e s e n t  t h e  f o l l o w i n g  sodium ,eon  t a i n i n g  l o o p s  a r e  b e i n g  o p e r a t e d  
b y  t h e  ANP E x p e r i m e n t a l  E n g i n e e r i n g  Group a'. a maximum t e m p e r a t u r e  o f  PSOO*F 

f o r  1000 h r  o r  u n t i l  f a i l u r e  o c c ~ r s  A d d i t i o n a l  t h e r m a l  c o n v e c t i o n  l o o p s  a r e  
b e i n g  f a b r i c a t e d  f o r  o p e r a t i o n  w i t h  sodium 

LOOP MATERIAL REMARKS 

304 s t a i n l e s s  s t e e l  

304 stanriless s t e e l  

309 s t a n n l e s s  s tee l  

316 stannless a & e s l  

I n c o n e l  

E Q O ~  z o n t a i n a  b e r y l 8  inm samples 

LOOP contt.arns molybdenum samples 

1% Na,O, by welight added t o  loap 

Loop t c p n t a i ~  beryllium samples 
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IIICQIleI Loop c o n t a m s  molybdemuim samples 

Incone P 1% Na,O, by wenght added to Poop 

410 stainless s ~ e e l  

430 s t a ~ n P e s s  s t e e l  

430 s t a a n l e s s  s t ee l  

I n c o n e l  X 
1% Na,O, by weight  added to loop 

Clean ing  Procedures. Degreasrng. The d e g r e a s i n g  p r o c e d u r e  u s e d  f o r  a l l  
m a t e r i a l s  was t o  immerse t h e  l o o p  i n  a 10% ( b y  w e i g h t )  t r i s o d i u m  p h o s p h a t e  
s o l u t i o n  a t  200°F f o r  15 min f o l l o w e d  by two warm w a t e r  r i n s e s ,  

P i c k l e n g  P r o c e d u r e  f o r  300 S e r e e s  Starnless S t e e l  L o o p s :  T h e  l o o p  was 
immersed i n  a c i d  s o l u t i o n  (10% s u l f u r i c  a c i d ,  10% h y d r o c h l o r i c g q  80% w a t e r  by 

vo lume)  a t  180‘F f o r  1 h r  f o l l o w e d  by w a r m  a n d  c o l d  w a t e r  r i n s e s ,  I t  was 

t h e n  immersed  i n  a n o t h e r  a c i d  s o l e l t i o n  (10% n i t r i c  a c i d ,  2 , 5 %  h y d r o f l u o r i c  
a c i d ,  and 87% w a t e r  by vo lume)  a t  1 7 0 ° F  f o r  30 m i n d  f o l l o w e d  by h o t  a n d  c o l d  
w a t e r  r i n s e s .  T h i s  p r o c e d u r e  was u s e d  on l o o p s  1, 2 ,  3 ,  4 ,  5 ,  7 ,  1 4 ,  1 5 ,  1 6 ,  
and  17 .  

P i c k l i n g  P r o c e d u r e  for r  N n c k e l  Base LOOPS, T h e  l o o p  was immersed  i n  an 
a c i d  s o l u t i o n  ( 2  g a l  o f  w a t e r ,  1 g a l  o f  h y d r o c h l o r i c  a c i d ,  ?4 l b  o f  c u p r i c  

c h l o r i d e )  a t  1 8 0 ° F  f o r  30 m i n ,  f o l l o w e d  by a d i p  i n  a . 5 0 %  s o l u t i o n  o f  h y d r o -  
c h l o r i c  a c i d  and  t h e n  by w a r m  a n d  c o l d  r i n s e s ,  T h i s  p r o c e d u r e  was u s e d  o n  
l o o p s  9 ,  1 1 ,  1 2 ,  and 13 

PickE eng Procedu-r. f o r  Low-Cnpbon-Stee I L o o p s  T h e  l o o p  was immersed  
i n  an a c i d  s o l u t i o n  ( 8  f i u k d  o z  s f h y d r o c h l o r i c  a c i d ,  10 f l u i d  o z .  o f  s u l f u r i c  
a c i d ,  1 g a l  o f  w a t e r )  a t  P80’F  f o r  20 m i n ,  f o l l o w e d  by  a r i n s e  i n  50% h y d r o -  
c h l o r i c  acid and c o l d  and h o t  w a t e r  : i n a e s  T h i s  p r o c e d u r e  was  u s e d  on l o o p s  
8 and 10 .  

Peeklung P r o c e d u r e  for Coben I t - B a s e  A l l o y  E o ~ p s ,  The same p i c k l i n g  p r o -  

c e d u r e  was u s e d  a s  f o r  t h e  300 s e r i e s  s t a i n l e s s  s t e e l s  f o l l o w e d  by a r i n s e  
w i t h  50% h y d r o c h l o r i c  a c i d  s o l u t i o n  and r i n s e s  i n  h o t  and c o l d  w a t e r ,  T h i s  
p r o c e d u r e  was u s e d  on  l o o p  6 ,  

The p i c k l i n g  p r o c e d u r e s  were u s e d  o n l y  on l o o p s  1 t h r o u g h  1 7 ,  i n c l u s i v e .  

A t  p r e s e n t ,  m a t e r i a l  i s  p i c k l e d  o n l y  where i t  i s  n e c e s s a r y  t o y r e m o v e  s c a l e  f o r  
w e l d i n g ,  and  s a m p l e s  o f  

t h e  m a t e r i a l  a r e  t a k e n  b e f o r e  and  a f t e r  p i c k l i n g  t o  a‘ktermine i f  any a t t a c k  o f  
t h e  p a r e n t  metal  h a s  o c c u r r e d ,  

A l l  p i c k l i n g  i s  done i n  i n h i b i t e d  p i c k l i n g  s o l u t i o n s ,  
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W a t e r  Removal P r o c e d u r e  U s e d  o n  A l l  L O O P S ,  The l o o p  was r i n s e d  t w i c e  

w i t h  m e t h y l  a l c o h o l  a n d  o n c e  w i t h  e t h e r ,  The  l o o p  was t h e n  vacubm pumped 
down t o  a n  a b s o l u t e  p r e s s u r e  o f  20 p Hg o r  l e s s ,  

Forced  C i r c u l a t i o n  LOOPS,  The ANP E x p e r i m e n t a l  E n g i n e e r i n g  Group  i s  

c u r r e n t l y  o p e r a t i n g  a f o r c e d  c o n v e c t i o n  l o o p  c o n s t r u c t e d  o f  t y p e  316 s t a i n l e s s  

s t e e l <  Two t y p e  347 s t a i n l e s s  s t e e l  l o o p s  and  two i n c o n e l  l o o p s  a r e  b e i n g  
f a b r i c a t e d  f o r  u s e  w i t h  s o d i u m ,  a n d  s e v e r a l  more a r e  i n  t h e  d e s i g n  s t a g e ,  

T e s t  s e c t i o n s  f o r  d e t e r m i n i n g  s t r e s s  r u p t u r e  and  s t r e s s - c o r r o s i o n  d a t a  h a v e  
been  c o m p l e t e d  and  w i l l  be  u s e d  i n i t i a l l y  on  s p e c i a l l y  b u i l t  t h e r m a l  c o n -  
v e c t i o n  l o o p s  t o  o b t a i n  s t r e s s - r u p t u r e  d a t a  f o r  t h e  A i r c r a f t  R e a c t o r  Exper imen t .  

POWDER METALLURGY 

Fuel Element F a b r S e a t i o n ,  Work on t h e  f a b r i c a t i o n  o f  a s p l i d  t y p e  f u e l  
e l e m e n t  f o r  a h i g h , t e m p e s a t u r e  r e a c t o r  i s  p r o g r e s s i n g .  The ‘ t h r e e  methods  o f  
f a b r i c a t i o n  o f  a f u e l  p l a t e  t h a t  h a v e . , b e e n  a c t i v e l y  p u r s u e d  d u r i n g  t h i s  

q u a r t e r  a r e -  

1, F i l l i n g  t h e  h o l e s  i n  a p e r f o r a t e d  o r  m e c h a n i c a l l y  d e f o r m e d  
m e t a l  p l a t e  w i t h  UO, and c l a d d i n g  by s o l i d - p h a s e  b o n d i n g ,  

2 ,  S i n t e r i n g  and  bond ing  a l o o s e  powder t o  a back up p l a t e ,  

3 .  P r e s s i n g  a p o w d e r  c o m p a c t  a n d  c l a d d i n g  w i t h  a h o t , r o l l i n g  
t e c h n i q u e  s i m i l a r  t o  t h a t  u sed  i n  p r o d u c i n g  MTR p l a t e s .  

M e c h a n i c a l l y  Formed Matrix, Work c o n t i n u e d  d u r i n g  t h i s  q u a r t e r  o n  
mechan ica l  p u n c h i n g  and e m b o s s i q g  met&ods f o r  f a b r i c a t i o n  o f  f u e l  - s u p p o r t i n g  
m a t r i c e s .  A m a c r o g r a p h  o f  t h e  H e n d r i r ’ k  M a n u f a c t u r i n g  Company’s  0 , 0 2 0 - i n S  ~ 

d i a m e t e r  p u n c h e d  h o l e  d e s i g n  w a s  p ~ e s e n e e d  i n  t h e  P a s t  q u a r t e r l y  r e p o r t  
(0RNL-98’7)a An improvement  i n  b o t h  p r e c i 5 i o n  and o p e n  a r e a  o f  0 . 0 0 7 - i n a  h a r d  
b r a s s  s h e e t  i s  shown i n  F i g ,  2 * 1 8 .  T h i s  s c r e e n  was s u p p l i e d  by t h e  N o r t o n  
Company, t h e  h o l e s  compr i se  33% o f  t h e  a r e a  

C 

The X-10 R e s e a r c h  S h o p s  e x p r e s s e d  c o n f i d e n c e  i n  b e i n g  a b l e  t o  p r o d u c e  
s i m i l a r - s i z e d  o p e n i n g s  b u t  w i t h  o v e r a l l  open  a r e a  o f  a b o u t  65%. A c c o r d i n g l y ,  

a s i m p l e  d i e  and  s e m i a u t o m a t i c  p u n c h  p r e s s  e q u i p m e n t  i s  b e i n g  a s s e m b l e d  t o  

p roduce  l - i n .  - w i d e  molybdenum s t r i p ,  0 .005  i n ,  t h i c k ,  h a v i n g  a c l o s e - p a c k e d  . 
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0 . 0 2 0 - i n 6  - d i a m e t e r  h o l e  a r r a n g e m e n t  on 0 . 0 2 5  i n ,  c e n t e r s ,  P r e l i m i n a r y  h a n d -  

punch e x p e r i m e n t s  h a v e  d e m o n s t r a t e d  t h e  f e a s i b i l i t y  o f  s u p p o r t i n g 3 w e b  s e c t i o n s  
a s  s m a l l  a s  0 .002  t o  0,004 i n .  

. 

A n o t h e r  a p p r o a c h  t o  t h e  c o n t i n u o u s - s h e e t  m a t r i x  prob!em c o n c e r n s  t h e  u s e  
o f  embossed metal  f o i l .  A P r e l i m i n a r y  t e s t  s t r i p  o f  0 , 0 0 2 - i n C  s t e e l  f o i l  was 
p r e p a r e d  by t h e  R o y a l  L a c e  P a p e r  W o r k s . , I n c -  T h e y  s u c c e s s f u l l y  employed  a 
 till"^ d e s i g n  r o l l e r  d i e  w h i c h  i m p a r t e d  a O ,O1O- ine  r a i s e d  p a t t e r n  o f  c i r -  

c u l a r  d i m p l e s ,  r u n n i n g  a b o u t  700 p e s  s q u a r e  a n c h ,  A r o l l e d  diamond p a t t e r n  o f  
s h a r p  r i d g e s  i s  a l s o  b e i n g  c o n s i d e r e d  a s  t h i s  d e s i g n  c a n  r e a - d i l y  be p r o d u c e d  
on t h e  l a c e  p a p e r  m a c h i n e s ,  

S o l i d  p h a s e  w e l d i n g  t e s t s  were c o n d u c t e d  a t  t h e  M i c r o  M e t a l l i c  C o r p o -  
r a t i o n ,  Twelve l % a  by 2 - i n .  p a c k e t s  c o m p r i s i n g  sandwiched  s h e e t  s p e c i m e n s  o f  
v a r i o u s  s t a i n l e s s  s t e e l s ,  molybdenum, e l e c t r o f o r m e d  n i c k e l  s c r e e n i n g ,  s t a i n . .  
less  s t e e l  w i r e  s c r e e n i n g  and s h e e t s  e l e c t r o p l a t e d  w i t h  f l a s h  c o a t s  o f  n i c k e l ,  
i r o n ,  and chromium were t r i e d .  A d e a d . w e i g h t  p r e s s u r e  o f  a p p r o x i m a t e l y  1% p s i  

was u s e d ,  t h e  r e p o r t e d  t e m p e r a t u r e  b e i n g  a b o u t  1325°C f o r  a b o u t  2 h r ,  Un- 

f o r t u n a t e l y ,  t h i s  p r o d u c t i o n  f u r n a c e  i s  n o t  o p e r a t e d  u n d e r  known c o n d i t i o n s  
w i t h i n  t h e  m u f f l e ,  From a n  e x a m i n a t i o n  o f  t h e  run i t  13 a p p a r e n t  t h a t  c e r t a i n  
s p e c i m e n s  were h i g h l y  o i e r h e a t e d  i n  s e v e r a l  l o c a t i o n s  m e l t i n g  had o c c u r r e d ,  
M e t a l l o g r a p h i c  s t u d i e s  a r e  c u r r e n t l y  b e i n g  p e r f o r m e d  on  a l l  s p e c i m e n s ,  I n  
some c a s e s  e x t e n s i v e  d i f f u s i o n  and bond ing  i s  e n d e n t  o t h e r  i n t e r f a c i a l  a r e a s  

a r e  shown t o  be unbonded o s  f r a c t i i r e r l ,  o w i n g  p e r h a p s  t o  b r i t t l e  p h a s e s  b e i n g  

formed8 T h e r e  a r e  i n d n c a t i o n s  t h a t  chromium p l a t e d  molybdenum may s e l f  -bond  
e f f i c i e n t l y  u n d e r  t h e  c o n d i t i o n s  u s e d .  

S i n t e r i n g  and B o n d i n g  a Loose pauder,  Work o n  a c h i e f i n g  a b o n d  b y  
s i n t e r i n g  l o o s e  powders  t o  a back up p l a t e  h a s  been c o n t i n u e d  u s i n g * e q u i p m e n t  

a t  t h e  Micro M k t a l l i c  Corpora;nor i n  m e w  York .  I n  T a b l e  2 . 5  a r e  g i v e n  t h e  r e -  
sults, which  a r e  b a s e d  o n l y  upon a r i s u a P  e x a m i n a t i o n  o f  a bend i n  t h e  p l a t e  
and s o  m u s t  be r e g a r d e d  a s  p r e l i m i n a r y .  T h e  m e t a l l o g r a p h i c  e x a m i h a t i o n s  h a v e  
n o t  been c o m p l e t e d .  The t a b l e  i s  d i , i i d e d  in%o two p a r t s  i n  t h e  t o p  h a l f  t h e  
p l a t e s  were s i n t e r e d  a s  a s s e m b l e d  w h i l e  w i t h  t h o s e  i n  t h e  l o w e r  h a l f  a d e a d  
l o a d  o f  0 . 5  p s i  was a p p l i e d  t o  i n c r e a s e  t h e  c o n t a c t .  T h e s e  d a t a  show t h a t  t h e  

7 u r f a c e  p r e p a r a t i o n  o f  t h e  base  p l a t e  i s  n o t  a s  i m p o r t a n t ' a s  e x p e c t e d  and t h a t  
t h e  s u b s t i t u t i o n  o f  i r o n  o r  n i c k e l  powder fos, t h e  s t a i n l e s s  s t e e l  powder l o o k s  

d o u b t f u l .  
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TABLE 2 . 5  

- I - - -. __ ____  I___ 
I 

20% UO,* + 6-316 s t a i n l e s s  steel ' Degreased 316 std~m8ess s t e e l  
! 

G-316 s t a i n l e s s  s t e e l  

G-316 s t a i n l e s s  s t e e l  

6-316 s t a i n l e s s  steel 

10-P carbonyl Fe 

325 mesh hydnogen 

10 p carbonyl Na 

Electmpolnshed 316 s t a i n l e s s  steel 

S l i g h t l y  roughened 316 s t a i n l e s s  steel 

Heavily rougheced 316 s t a i n l e s s  steel 

Degreassd 316 s t a i n l e s s  s t e e l  

Degreased 316 s t a i n l e s s  s t e e l  

Degreassd 316 s t a i n l e s s  steel 

reduced Fe 

Loose Powder S i n t e r i n g  and Bonding 

- 

We1 1. bonded 

Well bonded 

Well bonded 

Well bonded 

Po OF bond i n  g 

No bonding 

No bonding 

CIf 

40% m,* + G-316 s t a i n l e s s  s t e e l  

Carbonyl Fe 

N 1- p h t e d  molybdenum 

Degreased 316 stamless s t e e l  

Degreased 316 artannllero strel  _ _  

*By volume 

We11 bonded 

, Poor bonding 

; F a i r  bonding 

, F a i r  bonding 

' Poor b n d i n g  

1 Sligh! bonding I Poor bonding 

f 

_ _ _ I .  ------__ ----- 

S i n c e  t h e  f u r n a c e  a t  t h e  M i c ~ o  M e t a l l i c  C o r p o r a t i o n  i s  p r i m a r i l y  a 

p r o d u c t i o n  f u r n a c e  i s  i s  n o t  p o s ' s i b l e  t o  c o n t r o l  t h e  t i m e  t e m p e r a t u r e ,  and 
a t m o s p h e r e  v a r i a b l e s  w i t h i n  t h e  l i m i t s  n e c e s s a r y  f o r  Q U ~  work,  F u r t h e r  work 
on t h i s  p rob lem w i l l  be l e f t  u n t i l  w e  c a n  u s e  o u r  own equ ipmen t ,  
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H o t - R o l l e d  Clad F u e l  P l a t e ,  Wit,h t h i s  p r o c e d u r e  f o r  p r o d u c i n g  a f u e l  
p l a t e ,  a c o r e  o f  UO, a n d  a m a t r i x  o f  some m e t a l l i c  powder i s  f i r s t  p r e s s e d ,  
T h i s  c o r e  i s  c l a d  by h o t  r o l l i n g  u s i n g  a t e c h n i q u e  s i m i l a r  t o  t h a t  u s e d  f o r  
p r o d u c i n g  MTR f u e l  p l a t e s ,  

I n  t h e  l a s t  q u a r t e r l y  r e p o r t  i t  was p o l n t e d  o u t  t h a t  when s t a i n l e s s  s t e e l  

p o w d e r s  were u s e d  a s  t h e  m a t r i x  m a t e r i a l  t ' b e r e  w a s  a t e n d e n c y  f o r  t h e  UO, 
p a r t i c l e s  t o  a g g l o m e r a t e  and t o  form s t r i n g e r s .  F i g u r e  2 . 1 9  shows t h a t  t h i s  
i s  a p a r t i c l e  s i z e  phenomenon and may be e l i m i n a t e d  by u s i n g  v e r y  f i n e  p a r t i -  

c l e s ,  F i g u r e  2 . 2 0  d e m o n s t r a t e s  t h a t  t h i s  e f f e c t  i s  a l s o  p r e s e n t  w i t h  i r o n  
powders  b u t  n o t  t o  s u c h  a d e g r e e .  The  s e c t i o n s  w i t h  t h e  f i n e  powders  show 

t h a t  w i t h  50% UO, a c o n t i n u o u s  m e t a l l i c  ne twork  and good b o n d i n g  s t i l l  may b e  
o b t a i n e d .  

, 
A s e r i e s  o f  p l a t e s  w a s  made i n  which i n c o n e l  was s u b s t i t u t e d  f o r  s t a i n ,  

l e s s  s t e e l  a s  t h e  c l a d d i n g  m a t e r i a l .  F i g u r e s  2 . 2 1  and  2 . 2 2  a r e  t y p i c a l  o f  
s u c h  p l a t e s  and  show t h a t  good b o n d i n g  may be o b t a i n e d  w i t h  m a t r i c e s  o f  i r o n  

o r  s t a i n l e s s  s t e e l  w i t h o u t  e x c e s s i v e  d i f f u s i o n ,  

W i t h  t h e  h o t  r o l l i n g  t e c h n i q u e  a p r o t e c t i v e  c a p s u l e  o r  c a n  i s  u s e d  t o  
p r e v e n t ,  o x i d a t i o n  o f  t h e  c l a d  compact  d u r i n g  f a b r i c a t i o n .  U n l e s s  p r e v e n t i v e  

s t e p s  a r e  t a k e n  t h e  c a p s u l e  b o n d s  t o  t h e  c l a d d i n g  p l a t e ,  m a k i i g  s e p a r a t i o n  
i m p o s s i b l e .  E f f o r t s  a r e  b e i n g  made t o  p r e v e n t  t h i s  b o n d i n g  b y  a p p l y i n g  a 
c o a t i n g  o f  A 1 , 0 ,  The  mos t  s a t i s f a c t o r y  s e p a r a t i o n  
was o b t a i n e d  when t h e  A 1 , 0 ,  was a p p l i e d  t o  t h e  i n n e r  s u r f a c e  o f  t h e  c a n  by 

d i p p i n g  i t  i n t o  a s l u r r y  o f  A 1 , 0 ,  i n  c l e a r  l a c q u e r ,  A f t e r  a i r  d r y i n g ,  t h e  
c a p s u l e s  were h e a t e d  t o  6 0 0 ° C  i n  a n  o x i d i z i n g  a t m o s p h e r e  t o  b u r n  o f f  v o l a t i l e  
s u b s t a n c e s  and r e s i d u a l  c a r b o n  from t h e  l a c q u e r  With  t h i s  t e c h n i q u e  s e p a r a -  
t i o n  o f  t h e  c a n  and compac t  was o b t a i n e d  a f t e r  a s  much a s  '75% r e d u c t i o n .  A 
few s a m p l e s  w e r e  n o t  g i v e n  t h e  h i g h - t e m p e r a t u r e  t r e a t m e n t ,  w i t h  t h e  r e s u l t  
t h a t  on h e a t i n g  $01- r o l l i n g  g a s  e :oPu t ion  c a u s e d  a b l i s t e r i n g .  o f  t h e  c a p s u l e  
and  c o n t a m i n a t i o n  o f  a l l  i n t e r n a l  s t a i n l e s s  s t e e l  s u r f a c e s ,  

t o  o n e  o f  t h e  s u r f a c e s 1 .  

Cladding Bery l l ium Oxide, I t  was d e s i r e d  t o  d e t e r m i n e  e x p e r i m e n , t a l l y  t h e  
f e a s i b i l i t y  o f  a p p l y i n g  t h i n ,  a d h e r e n t  m e t a l  c o a t i n g s  t o  m a s s i v e  b e r y l l i u m  
o x i d e  b l o c k s .  A c o n t i n u o u s  m e t a l  e n v e l o p e  o f  t h e  p r o p e r  c h a r a c t e r i s t i c s  

s h o u l d -  a f f o r d  i n c r e a s e d  t h e r m a l  s t r e s s  and  s h o c k  r e s i s t a n c e  t o  t h e  b e r y l l i a  
b a s e ,  A l s o "  any  minor  f r a c t u r e  o r  s p a l l i n g  o f  t h e  r e f r a c t o r y  b a s e  would be 
c o n f i n e d .  
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A s  a c h e m i c a l  t y p e  b o n d i n g  o f  m e t a l  t o  n o n p o r o u s  c e r a m i c  ( B e O )  a p p e a r s  
f u n d a m e n t a l  t o  t h e  s u c c e s s  o f  a c o a t i n g ,  a t t e m p t s  were  made t o  e l i m i n a t e  
f a c t o r s  a f f e c t i n g  m e c h a n i c a l  a d h e r e n c e  Diamond sawn s u r f a c e s  o f  h o t  - p r e s s e d  

Be0 ( a p p r o x i m a t e l y  96% d e n s i t y )  were u s e d  f o r  t e s t  s p e c i m e n s .  A M e t a l l i z i n g  
E n g i n e e r i n g  Company w i r e  gun Model 2 E ,  was employed  u s i n g  e i t h e r  N o .  18 o r  

No. 2 0  B a n d  S g a u g e  w i r e +  $ p r a y i n g  o f  t h e  f l a t  Be0  s u r f a c e  m e a s u r i n g  
3 /4  by 1 i n .  was a c c o m p l i s h e d  by s e v e r a l  r a p i d  p a s s e s ,  an a i r  a tmosphe re  b e i n g  
p r e s e n t  i n  a l l  t e s t s .  R e f e r e n c e  t o  T a b l e  2 c 6  i n d i c a t e s  t h e  c o n d i t i o n s  and  
q u a l i  t a t i v e  d e g r e e  o f  a d h e r e n c e  o b s e r v e d .  

The d e g r e e  o f  * a d h e s i o n  i s  d i f f i c u l t  t o  e v a l u a t e ,  h o w e v e r ,  i t  was found 
u s e f u l  t o  d e p o s i t  h e a v y  c o a t s  ( a p p r o x i m a t e l y  0 . 0 1 5  i n ,  t h i c k )  o f  m a t e r i a l s  
t h a t  a p p a r e n t l y  a d h e r e d  s t r o n g l y  a n d ,  i n  t h e  e a s e  o f  n i c k e l  a n d ' t y p e s  3 0 4  

and 410 s t a i n l e s s  s t e e l ,  t h e  d i f f e r e n c e  i n  t h e r m a l  c o n t r a c t i o n  on c o o l i n g  t o  
*ST room t e m p e r a t u r e  was s u f f i c i e n t  t o  c a u s e  r u p t u r e  o f  t h e  m a s s i v e  Be0 i t s e l f ,  

W i t h  t h e s e . t h r e e  m e t a l s  t h e  m e c h a n i c a l  s t r e s s e s  d e v e l o p e d  s h e a r e d  o f f  a 
s h a l l o w  ( a b o u t  1 /16  i n * )  l a y e r  from t h e  r e f r a c t o r y .  T h i s  same t y p e  o f  r u p t u r e  

o c c u r r e d  w i t h  304  s t a i n l e s s  s t e e l  s p r a y e d o n  AlSiMag 4 9 1  p r e h e a t e d  t o  600°C.  

G r a d e  4 9 i  i s  a h i g h  s t r e n g t h  v i t r i f i e d  a l u m i n a  body m a G u f a c t u r e d  by t h e  
American Lava C o r p o r a t i o n .  

M e t a l l o g r a p h i c  examination o f  t h e  i n t e r f a c i a l  zone  be tween s p r a y e d  m e t a l  
and  c e r a m i c  i s  c u r r e n t l y  ' i n  p r o g r e s s  ( F i g ,  2 $ 2 3 )  A t t e m p t s  a r e  b e i n g  made t o  
e v a l u a t e  t h e  n a t u r e  o f  t h e  bond,  I n  a d d i t i o n ,  s e v e r a l  s p e c i y e n s  o f  d e n s e  Be0 
w i l l  be m e t a l l o g r a p h i c a l l y  p o l i s h e d  p r i o r  t o  b e i n g  m e t a l  s p r a y e d .  Under t h e s e  

r e f i n e d  s u r f a c e  c o n d i t i o n s  a n a l y s i s  o f  t h e  bond mechanism may be f a c i l i t a t e d ,  - 
V a r i o u s  h i g h - t e m p e r a t u r e  c o r r o s i o n  . r e s i s t a n t  a l l o y s  w i t h  t h e r m a l  e x p a n s i o n s  
more  s i m i l a r  t o  Be0 a r e  b e i n g  c o n s i d e r e d ,  M a t e r i a l s  s u c h  a s  h a s t e l l o y  B ,  
CM469, CM449, and s t a in l e s s  steel  446 and  430 a r e  b e i n g  o b t a i n e d  i n  w i r e  o r  r o d  

form.  

Compat ibi l i ty  Tests o f  P o t e n t i a l  Fuel Element g la ter ia l s .  A d . d i t i o n a 1  
r e s u l t s  o f  t e s t s  t,o o b t a i n  i n f o r m a t i o n  on c o m p a t i b i l i t y  o f  p o s s i b l e  h i g h -  
t e m p e r a t u r e  r e a c t o r  c o n s t i t u e n t s  a r e  r e p o r t e d  i n  T a b l e  2.7 & 

T h e  t e s t  p r o c e d u r e s  a n d  o b j e c t i v e s  a r e  t h e  same a s  o u t l i n e d  i n  t h e  two 
p r e v i o u s  M e t a l l u r g y  D i v i s i o n  q u a r t e r l y  p r o g r e s s  r e p o r t s  ( O R N L . . 9 8 7  and 9 1 0 )  
U n l e s s  n o t e d  o t h e r w i s e  t h e  samples  were h e l d  a t  1000°C f o r  100  h r ,  
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I . 

A M m e l  
I 

B Gold 

c Plat inam I 
D I Tantalum 

I 

E ' Mol.ybdenum 

F Aluminum 

G i Nickel  

W. dense(b) 

Be0 po.rou,r~ ' f  
Be0 dense 
BeO, dense 
Be0 dense 
Al,O, densethi) 

Be0 dense 
Be0 dense 

Be0 dense 

Be0 poloils 
EkO dense 
Be0 dense 

Be0 porous 
Be0 dense 
BeO. dense 

Beo, dense 
BeO. dense 
Beo, dense 

Beo, dense 

M. dense 

TABLE 2 .6  

Xetal Sprag Coating of Ceramic Base 

BASE 'IEMPER- 
ATURE OF : 

I HEATING ("C) 

25  
800 

25  
25 

600 
850 

25 

25 
800 

25  
600 

25 
25  

600 

25 
25 

600 

25 
400 
600 

600(f) 

800 (e) 

None 
Sli &t 

Appears god 
None 
Sllght 
S l a g h t  
None 

None 
Sl ight .  

None 
Slight 

Appears good 
None 
None 

Appears good 
None 
Exce 1 l e n t  

None 
None 
None 

E x c e l l e n t  

Exce 1 l e n t  

.- 

I 

(In 

0 007 
0 009 

0 008 
0 006 
0 006 
0 005 

0 008 
0 010 

0 005 
0 011 

0 008 
0 014 

0 004 
0 003 

0 006 
0 015 
0 025 

0 015 

0 025 

Loose s h e e t  
Dis ro lored ,  kn i fe -s t r ipped  e a s i l y "  f a i r l y  

br  i t t le 

Clean 
Loose sheet d u c t j l c  
Clean h f e - s t r a p p e d  e a s i l y ,  d u c t i l e  
Clean knife-s t rapped e a s i l y  d u c t i l e  
Loose s h e e t  d u c t i l e  

Loose s h e e t  du : t i l e  
Knife-stsnpped e a s i l y  c lean  t l u c t ~  l e ,  some 
Be0 adhepes s t r o n g l y  t o  t h e  plat inum 

S l i g h t l y  d isco lored ,  loose s h e e t  b r i t t l e  
Badly d isco lored  Rard b r i t t l e  

Clean 
Clean loose  sheet^ f a i r l y  
Surf  ace oxidat ion br i t t 1 e 

e a s i l y  
I 

* Clean 
I Clean, loose s h e e t  s l i g h t  y d u c t t l e  

Clean,  c not  be kni fe -s t r ipped  a t  i n t e r -  I f a e e C e r  

Cleane loose s h e e t  f a i r l y  b r i t t l e  
1 Clean loose  s h e e t  f a i r l y  b r i t t l e  
I I n t e r f a c e  oxidized,  Pooae s h e e t ,  f a i r l y  

I Clean 
i completely sheared o f f  
1 On cool ing  t h e  B ~ O  sur face  was compleLely 
1 sheared o f f  

b r i t t l e  
on cool ing  the B ~ O  s u r f a c e  was 

. ... . . . .. .... - 
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MECHANICAL T E S T I N G  

A l l  1 4  o f  t h e  t e s t  c h a m b e r s  f o r  t h e  c , reep  a n d  s t r e s s - r u p t u r e  t e s t i n g  
programs have  been  r e c e i v e d  and a s s e m b l e d ,  Each  chamber h a s  b e e n . v a c u u m - l e a k  
t e s t e d  w i t h  a h e l i u m  l e a k  d e t e c t o r ,  and a l l  d e t e c t a b l e  l e a k s  have  been  s e a l e d ,  
The  vacuum s y s t e m s  o p e r a t e  i n  t h e  p r e s s u r e  r a n g e  o f  0 . 0 1  t o  0 . 0 5  p Hg a t  
1000°C.  T h e  t e m p e r a t u r e s  a r e  c o n t r o l l e d  f rom t h e  s p e c i m e n  s u r f a c e ,  and t h e  

L e e d s  and N o r t h r u p  D . A a T a  c o n t r o  1 s y s t e m  m a i n t a i n s  t h e  t e m p e r a t u r e  w i t h i n  
*l"C f o r  an i n d e f i n i t e  p e r i o d  o f  o p e r a t i o n  and f o r  a l l  t e m p e r a t u r e s  from 70  t o  
1 0 0 0 ° C ~  

Thermocouple  i n s t a b i l i t y  h a s  been  s u s p e c t e d  i n  t h e s e  h igh-vacuum s y s t e m s  e 

The c a l i b r a t i o n  o f  t h e  c o u p l e s  c a n  change  owing  t o  v a p o r i z a t i o n  o f  a l l o y i n g  
e l e m e n t s  o r  t o  a b s o r p t i o n  o f  m e t a l  vapor  from t h e  spec imen  o r  from t h e  chamber 

w a l l ,  To d e f i n e  t h e  t o p  t e m p e r a t u r e  f o r  h i g h - v a c u u m  o p e r a t i o n  i n  t h e s e  

m e t a l l i c  s y s t e m s  two e x p e r i m e n t s  a r e  b e i n g  c o n d u c t e d ,  T h r e e  c o u p l e s  ( p l a t i -  
num-plat inum-lO% rhodium,  i r o n , ~ c o n s  t a n t a n ,  and c h r o m e l , , a l u m e l )  were p l a c e d  i n  

one  o f  t h e  t e s t  chambers  and have  been  o p e r a t i n g  f o r  100 h r  a t  750'C and 0,04 
t o  0,05 p Hg pressurme T h e  c h r o m e l , , a l u m e l  and  t h e  i r o n - c o n s t a n t a n  c o u p l e s  
have  r ema ined  c o n s t a n t  a s  c h e c k e d  a g a i n s t  a p r o t e c t e d  c h r o m e l - a l u m e l  c o u p l e ,  
w h i l e  t h e  p l a t i n u m  c o u p l e  h a s  d r i f t e d  l q 2 C  i n  t h e  same p e r i o d ,  F o l l o w i n g  an  

a d d i t i o n a l  1 0 0  h r  o f  o p e r a t i o n  t h i s  t e s t  w i l l  be r e p e a t e d  a t  s u c c e s s i v e l y  
h i g h e r  t e m p e r a t u r e s ,  and t h e  s t a b i l i t y  o f  e a c h  t y p e  o f  c o u p l e  w i l l  be o b s e r v e d ,  
A l s o ,  c l e a n  q u a r t z  t u b e s  have  been  p l a c e d  i n  s e v e r a l  chambers  and o p e r a t e d  a t  
d i f f e r e n t  t e m p e r a t u r e s  no  m e t a l  d e p o s i t s  have  been  o b s e r v e d  a t  t e m p e r a t u r e s  
below 800"C, I n  

f u r t h e r  s t u d y  o f  t h e r m o c o u p l e  s t a b i l i t y  a l l  couple . ;  w i l ' l  be c a l i b r a t e d  b e f o r e  
and a f t e r  e a c h  t e s t ,  

a l t h o u g h  a t  850°C and above v e r y  e x t e n s i v e  d e p o s i t i o n  o c c u r s 3  

Uranium and  t h o r i u m  ( 0 , 5 0 5 - i n , )  b a r  s p e c i m e n s  and  i n c o n e l a n d s t a i n l e s s  

s t e e l  s h e e t  s p e c i m e n s  a r e  b e i n g  machxned S h e e t  s p e c i m e n s  a r e b e i n g  c u t  w i t h  
a " b a l l  end" m i l l  c u t t e r .  E x p e r i m e n t s  a r e  b e i n g  c o n d u c t e d  t o  d e t e r m i n e  t h e  
f e a s i b i l i t y  o f  m a k i n g  t h e  b a r  s p e c r m e n s i n  a m i l l i n g  m a c h i n e  w i t h  a fo rmed  
f l y i n g  c u t t e r  

A l l  m a c h i n e s  h a v e  t o  be c i l i b r a t e d ,  T h e s e  c a l i b r a t i o n s  m u s t  b n c l u d e  

l e v e r  a rm r a t i o  b e l l o w s  s p r i n g  r a t e  we1ght .s  o f  p u l l  r o d s ,  a n d  p r e s s u r e  
e f f e c t s  on t h e  e f f e c t i v e  b e l l o w s  a r e a .  
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The 2 5 - k w  g a s o l i n e - p o w e r e d  emergency  g e n e r a t o r  a n d  t r a n s f e r  p a n e l  h a v e  
been  r e c e i v e d  and  i n s t a l l e d ,  T h i s  u n i t  i s  a u t o m a t i c  a n d  w i l l  d e l i v e r  f u l l  
v o l t a g e  w i t h i n  30 t o  60 s e e  a f t e r  a power f a i l u r e .  

The h o r i z o n t a l  t e m p e r a t u r e  g r a d i e n t  i n  t h e  t e s t  zone o f  t h e  f u r n a c e s  and 
t h e  i n f l u e n c e  o f  t h e  v e r t i c a l  g r a d i e n t  on t h e  h o r i z o n t a l  g r a d i e n t  a r e  b e i n g  
i n v e s t i g a t e d .  

A p r e l i m i n a r y  program i n v e s t i g a t i n g  e l a s t i c  b e h a v i o r  a t  e l e v a t e d  t empera -  
t u r e  i s  b e i n g  c o n t i n u e d .  About t h i r t y  t e n s i l e  t e s t s  o f  .var ious  m a t e r i a l s  have 
been conduc ted  a s  s e r v i c e  t o  o t h e r  s e c t i o n s ,  

WELDING LABOBATOBY 

W e l d i n g  o f  I n c o n e l ,  A m o d i f i e d  r o o m - t e m p e r a t u r e  t e n s i l e  t e s t  h a s  b e e n  

u s e d  i n  t h e  p a r t i a l  e v a l u a t i o n  o f  w e l d  q u a l i t y  o f  i n c o n e l  t u b e ? t o - h e a d e r  

welded  j o i n t s .  T e s t  s p e c i m e n s  were welded  i n  p a i r s  and p u l l e d  t o  d e s t r u c t i o n  
i n  a t e n s i l e  j i g  a s  i l l u s t r a t e d  i n  F i g ,  2 ? 2 4 . .  

E x p e r i m e n t s  t o  d a t e  have  been  c o n f i n e d  t o  manua l  i n e r t - a r c  w e l d s &  I n  

v i e w  o f  t h e  number  o f  L u b e - t o - h e a d e r  w e l d s  r e q u i r e d  f o r  t h e  A R E ,  t h e  m a i n  
p o r t i o n  o f  f u t u r e  work will i n v o l g e  u s e  o f  s e m i a u t o m a t i c  v 9 ~ ~ n e  a r c P q  a p p a -  
r a t u s ,  ' 1  t h e  i n s t a l l a t i o n  o f  which  s h o u l d  be accompl i shed  i n  t h e  n e a r  f u t u r e .  

The  e f f e c t  o f  jornt d e s i g n  on t h e  r o o m - t e m p e r a t u r e  s t r e n g t h  o f  manua l  
i n e r t . . a r c  , w e l d e d  j o i n t s  h a s  r e c e i ~ e d  some a t t e n t i o n , .  R e s u l t s  o f  t e s t s  o n  
i n e o n e l  p a i r s  i n c o r p o r a t i n g  c o m p l e t e  p e n e t r a t i o n  have e x h i b i t e d  s t r e n g t h s  o f  
9 0 , 0 0 0  p s i  based  on t h e  t u b e  d i m e n s i o n s  o f  0 , 1 8 7  i n ,  O.D, and 0,.030 i n ,  w a l l ,  
The  o v e r a l l  p a i r  l e n g t h  i n c r e a s e d  from 3 t o  3 , s  i n , ,  i n d i c a t i n g  a p p r o x i m a t e l y  
16% a v e r a g e  e l o n g a t i o n ,  

F i g u r e  2 . 2 5  i s  a t y p i c a l  i n c o n e l  j o i n t  i n c o r p o r a t i n g  comple t e  p e n e t r a t i o n ,  

I n  view o f  t h e  geometry  o f  t h i s  t y p e  o f  j o i n t .  a f a i l u r e  i n  t h e  h e a t . a f f e c t e d  
zone o f  t h e  t u b i n g  would be e x p e c t e d ,  

(1) E R Mmn, M a n s  f a r  MakLng Uni fo rm C;*:unlta- Helzerrc Wf!d:  QyDcflesDing the Ion Bean Continuously, 
ANP-63 (Apri l  9, 1951) 
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R e s u l t s  on  s i m i l a r  weld t e s t s  on p a i r s  e x h i b i t i n g  i n c o m p l e t e  p e n e t r a t i o n  
have  been  i n c o n s i s t e n t .  S t r e n g t h s  b a s e d  on  t h e  t u b e  d i m e n s i o n s  v a r i e d  from 

5 7 , 0 0 0  t o  84 ,000  p s i ,  T h i s  may be a t t r i b u t e d  i n  p a r t  t o  d i f f i c u l t y  o f  c o n t r o l  
o f  t h e  d e g r e e  o f  p e n e t r a t i o n  d u r i n g  manual  w e l d i n g .  T e s t s  a r e  c o n t e m p l a t e d  
on welded j o i n t s  o f  t h i s  t y p e  which w i l l  be made u s i n g  t h e  cone -a rc  t e c h n i q u e .  

I t  i s  e x p e c t e d  t h a t  a g i v e n  p e n e t r a t i o n  c a n  be  c o n s i s t e n t l y  d u p l i c a t e d  by 
p r o p e r  c o n t r o l  o f  t h e  v a r i a b l e s ,  A t y p i c a l  i n c o n e l  t u b e - t o - h e a d e r  we ld  made 
u s i n g  t h e  cone a r c  t e c h n i q u e  and  i l l u s t r a t i n g  t h e  t y p e  o f  j o i n t  i n c o r p o r a t i n g  
i n c o m p l e t e  p e n e t r a t i o n  i s  shown i n  F i g .  2 ,26 .  

C o r r o s i o n  t e s t s ,  p r e s s u r e  t e s t s  and f a t i g u e  t e s t s  w i l l  be i n c l u d e d  i n  
f u t u r e  work i n  a d d i t i o n  t o  a l l  w e l d - m e t a l  t e s t s  f o r  b a s i c  e v a l u a t i o n o f w e l d  

q u a l i  t y  

Welding of Refractory Elements. A s u b c o n t r a c t  i s  b e i n g  a r r a n g e d  w i t h  
R e n s s e l a e r  P o l y t e c h n i c  I n s t i t u t e  f o r  t h e  i n v e s t i g a t i o n  o f  f u s i o n  and e l e c t r i c  

r e s i s t a n c e  w e l d i n g  o f  molybdenum, 

B u t t  w e l d s  b e t w e e n  0 , 0 2 0  i n .  F a n s t e e l  co lumbium s h e e t  h a v e  b e e n  made 

u s i n g  t h e  i n e r t - a r c  p r o c e s s .  Bend and t r a n s v e r s e  t e n s i l e  t e s t s  i n d i c a t e  t h a t  
w e l d s  i n  t h i s  m a t e r i a l  a r e  r e l a t i v e l y  s t r o n g  and d u c t i l e ,  F u r t h e r  work i s  

con templa t e d ,  

P H Y S I C A L  C H E M I S T R Y  OF L I Q U I D  M E T A L S  

The p u r p o s e  o f  t h e s e  s t u d i e s  i s  t o  d e t e r m i n e  what  e f f e c t  t h e  o r i e n t a t i o n  
o f  a m e t a l  s u r f a c e  m i g h t  h a i e  o n  t h e  i n t e r a c t i o n  b e t w e e n  l i q u i d  a n d  s o l i d  
m e t a l s .  The  r e a s o n s  f o r  t h i s  I n v e b t i g a t i o n  and  t h e  g e n e r a l  method o f  s t u d y  
have  b e e n  d e s c r i b e d  p r e v i o u s l y  i n  ORNE 987  ( M e t a l l u r g y  D i v e s ~ o n  Q u a r t e r l y  
P r o g r e s s  R e p o r t  f o r  P e r z o d  E n d r n g  J a n l r a i y  31,  1 9 5 1 ) .  

S t u d i e s  have  been  made o f  t h e  a c t i o n  a t  room t e m p e r a t u r e  o f  s m a l l  amounts  
o f  l i q u i d  m e r c u r y  on c o p p e r  s i n g l e  c r y s t a l s .  T h e s e  s t u d i e s  show t h a t  t h e  
i n t e r a c t i o n  o f  l i q u i d  m e r c u r y  a n d  s o l i d  c o p p e r  v a r i e s  c o n s i d e r a b l y  w i t h  
c r y s t a l  o r i e n t a t i o n .  

The Copper spec imens  were i n  t h e  form o f  s p h e r i c a  

i n  d i a m e t e r ,  The  s u r f a c e s  o f  t h e s e  c r y s t a l s  were  e 

u n t i l  smooth and f r e e  from m e c h a n i c a l  s t r a i n .  

s i n g l e  c r y s t a l s  518 i n ,  
e c, t r o  1 y t i  c a I I v  po 1 i s  hed 
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Interaction i n  the Presence o f  A i r .  Copper  c r y s t a l s  were immersed  i n  
l i q u i d  m e r c u r y  i n  t h e  p r e s e n c e  o f  a i r .  A f t e r  1 h r  t h e y  were removed and  
i t  was found t h a t  c e r t a i n  c r y s t a l l o g r a p h i c  r e g i o n s  were u n i f o r m l y  cove5ed w i t h  

a f i l m  o f  mercury  w h i l e  t h e  r e m a i n i n g  r e g i o n s  were c o v e r e d  w i t h  s m a l l  i s o l a t e d  
m e r c u r y  d r o p l e t s ,  F i g u r e  2 . 2 7  i s  an a p p r o x i m a t e  s t e r e o g r a p h i c  p l o t  o f  t h e  
a p p e a r a n c e  o f  t h e  s u r f a c e  o f  t h e  s p h e r e ,  The p l o t  i s  o r i e n t e d  s o  t h a t  a 

( 1 0 0 )  p o l e  o c c u r s  a t  t h e  c e n t e r  o f  t h e  c i r c l e ,  Four  e t h e r  ( 1 0 0 )  p o l e s  o c c u r  
on  t h e  p e r i p h e r y  o f  t h e  p l o t  a s  masked w i t h  a r r o w s .  The s h a d e d  r e g i o n s  were 

c o v e r e d  w i t h  f i n e  d r o p l e t s ,  The unshaded  r ' eg ions  were c o v e r e d  w i t h  a u n i f o r m  
f i l m ,  t h e  boundary  l i n e s  o f  wh ich  were v e r y  smooth  and s h a r p l y  d e f i n e d ,  T h i s  
e x p e r i m e n t a l  r e s u l t  c o u l d  be r e p r o d u c e d  o n l y  when c a r e  was t a k e n  t o  a v o i d  

c o n t a m i n a t i n g  t h e  c r y s t a l  s u r f a c e  w i t h  t r a c e s  o f  g r e a s e  o r  o t h e r  f o r e i g n  
m a t e r i a l  b e f o r e  immers ibn  i n  t h e  mercu ry ,  

0 

Interaction i n  the Presence o f  Bydrogen, Copper  s i n g l e  c r y s t a l  s p h e r e s  

were  a n n e a l e d  i n  h y d r o g e n  a t  550'C f o r  4 h r  t o  remove  o x i d e  f i l m s ,  A f t e r  

c o o l i n g  t o  room t e m p e r a t u r e  t h e  c r y s t a l s  were immersed  i n  m e r c u r y  w i t h o u t  

e x p o s u r e  t o  t h e  a i r .  On removal  i t  was found t h a t  t h e y  were u n i f o r m l y  c o v e r e d  

w i t h  a t h i n  mercu ry  f i l m  Spec imens  c o v e r e d  w i t h  s u c h  a f i l m  were a l l o w e d  t o  
s t a n d  w i t h o u t  b e i n g  r e i m m e r s e d  i n  m e r c u r y ,  and  a f t e r  a week a p a t t e r n  o f  
smooth  and r o u g h  a r e a s  had  formed o n  t h e  s u r f a c e  o f  t h e  s p h e r e .  F i g u r e  2 .28  
i s  an a p p r o x i m a t e  s t e r e o g r a p h i c  p r o j e c t i o n  o f  t h i s  p a t t e r n ,  wh lch  h a s  t h e  same 
o r i e n t a t i o n  a s  F i g .  2 . 2 7 ,  The unshaded  a r e a s  d e n o t e  t h e  smooth  r e g i o n s ,  The 
s h a d e d  * a r e a s  d e n o t e  t h e  r o u g h e n e d  r e g i o n s ,  The  l i h e  s e p a r a t i n g  s m o o t h  and 
r o u g h  r e g i o n s  was no, . , h a r p l y  d e f i n e d .  F i g u r e  2 . 2 9  i s  a p h o t o g r a p h  t a k e n  

n o r m a l  t o  a [lo01 a x i s  o f  o n e  s p e c i m e n ,  s t r o n g  s p e c u l a r  r e f P e c t n o n s  were 

o b t a i n e d  f rom c h e  ( 1 0 0 )  r e g i o n s  f rom a beam o f  l i g h t  d i r e c t e d  n o r m a l  Lo a 
[ l O O l  a x i s  and f rom a beam n o r m a l  t o  a r p l l ]  a x i s .  M i c r o s c o p i c  e x a m i n a t i o n  
showed t h a t  t h e  r o u g h n e s s  w a s  piroduced by s m a l l  c r y b ~ a l l i t e s .  I n  t h e  n e i g h -  
borhood o f  a ( 1 0 0 )  p ~ l e  t h e  c s y s R a l l i t e s  had one  f a c e  p a r a l l e l  to t h e  ( 1 0 0 )  
p l a n e .  

T h e  i m p o r t a n c e  o f  t h e s e  e x p e r i m e n t s  h a s  been t o  show th'at  i n  at P e a s t  one  
s i t u a t i o n  t h e  i n t e r a c t n o n  o f  a l i q u i d  a n d  a s o l i d  m e t a l  i s  i n f l u e n c e d  by 
c r y s t a l  o r i e n t a R i o n ,  
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3 .  MTR FUEL UNITS . 

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

s i t e  h a s  been  changed  from March 1 ,  1951 t o  J u l y  1 ,  1951 t o  m i n i m i z e  h o l d u p  
o f  e n r i c h e d  U 2 3 5 e  On t h e  b a s i s  o f  a n  NITR s t a r t - u p  d a t e  o f  O c t o b e r  1 ,  1 9 5 1 "  
t h e  new sche :dule  r e q u i r e s  t h a t  two r e a c t o r  l o a d i n g s ,  or 46 f u e l  a s s e m b l i e s  
a n d  e i g h t  s h i m  r o d  e l e m e n t s ,  be a v a i l a b l e  b y  m i d - S e p t e m b e r  and  t h a t  t h e  
f a b r i c a t i o n  o f  an a d d i t i o n a l  8 4  f u e l  e l e m e n t s  be  comple t ed  by J a n u a r y  1, 1952.  

A t  p r e s e n t  2 5  n a t u r a l - u r a n i u m  f u e l  u n i t s  a r e  b e i n g  p r e p a r e d  f o r  t h e  
C h e m i c a l  T e c h n o l o g y  D i v i s i o n  f o r  u s e  i n  t h e i r  d i s s o l v i n g  t e s t s  on t h e  RaLa 
program,  F a b r i c a t i o n  work on t h e s e  u n i t s  i s  e s t i m a t e d  t o  be a b o u t  20% c o m p l e t e .  



49 X-RAY LABORATORY 

EFFECT OF PRECIPITATION I N  COPPER-BERYLLIUM ALLOYS 

A s t u d y  o f  t h e  n a t u r e  o f  t h e  p r e c i p i t a t i o n  p r o c e s s  i n  c o p p e r - b e r y l l i u m  
h a s  been u n d e r t a k e n ,  S p e c t r o m e t e r  t r a c e s  o f  a l l o y s  aged  f o r  v a r i o u s  t empera -  
t u r e s  a n d  t imes  h a v e  b e e n  made i n  a n  e f f o r t  t o  f i n d  a r a n g e  o f  v a l u e s  f o r  
these  two v a r i a b l e s  which  would p e r m i t  t h e  most  e f f e c t i v e  s t u d y  o f  t h e  e f f e c t  
o f  p r e c i p i t a t i o n  I N e w ,  c a r e f u l l y  h o m o g e n i z e d  s a m p l e s  a r e  c u r r e n t l y  b e i n g  
p r e p a r e d  f o r  q u a n t i t a t i v e  measurements  I I  

HOT-LABORATORY SPECTROMETER DESIQN 

The d e s i g n  o f  an  X , , r a y  s p e c t r o m e t e r  f o r  r a d i o a c t i v e  s a m p l e s  h a s  b e e n  
c o m p l e t e d  a n d  i s  now b e i n g  b u i l t ,  A H i l g e r  X - r a y  d i f f r a c t i o n  u n i t  h a s  been  
p u r c h a s e d  and  w i l l  be u s e d  a s  a power  s o u r c e  f o r  t h e  s p e c t r o m e t e r ,  I t  i s  

e x p e c t e d  t h a t  t h e  i n i t i a l  t e s t s  o f  t h i s  i n s t r u m e n t  w i l l  t a k e  p l a c e  l a t e  t h i s  

summer e 

ROOM TEMPERATURE RECOVEBY I N  COPPER 

R e a o v e r y  i n  c o p p e r  a t  room t e m p e r a t u r e  i s  b e i n g  i n v e s t i g a t e d  by  X r a y  
methods ,  Unannealed  f i l i n g s  c u t  from a s o l i d  s p e c i m e n ,  were p a s s e d  t h r o u g h  a 
100 mesh s c r e e n  and p r e s s e d  w i t h  a s p a t u l a  i n t o  a s m a l l  p l a s t i c  s ample  h o l d e r ,  
A s m a l l  amount o f  g r e a s e  was u s e d  a s  an a d h e s i v e ,  The  powder p a t t e r n  o f  khe 
s a m p l e  was  t h e n  o b s e r v e d  w i ~ h  a h i g h , a n g l e  N o r t h  A m e r i c a n  P h i l l i p s  X - r a y  
s p e c t r o m e t e r ,  F i g u r e  4 * 1  shows a c o m p a r i s o n  o f  t h e  ( 3 3 1 )  l i n e  o f  t h e  c o p p e r  
p a t t e r n  a t  v a r i o u s  t i m e s  a f t e r  t h e  s a m p l e  w a s  p r e p a r e d ,  A f t e r  a b o u t  o n e  
month  no  d i f f e r e n c e  b e t w e e n  t h e  f i l i n g s  a n d  an a n n e a l e d  s p e c i m e n  c o u l d  b e  
d e t e c t e d ,  

An a n a l y s i s  o f  t h e  d i s t o r t i o n s  no rma l  t o  t h e  ( 3 3 1 )  p l a n e s  was made, u s i n g  

t h e  method o f  Warren  and Averbach , ,  The a p p r o x i m a t i o n  

(1) B E Wassen and B L Averbarh The Effect of Cold,WorPk Distortion on X Ray Patterns,’ J ,  Applied 
P h y s ,  211 595 (1950) 

’76 



2.t 

2.c 

I 

FI GU R E  4. 

HKL= 33 

NO AGING 
AGED I WEEK - - 
A N N E A L E D  

DWG.11748 
NOT CLASSIFIED 

I33 134 I35 I36 137 
2 0  (degrees) 

138 

77 



. 

was u s e d ,  and a l l  i n s t r u m e n t a l  c o n t r i b u t i o n s  t o  t h e  l i n e  c o n t o u r  were e l i m i  
n a t e d  by t h e  method o f  S t o k e s ,  k 2 )  The r e s u l t s  o f  t h i s  a n a l y s i s  a r e  shown i n  
P i g ,  4 & 2 .  The q u a n t i t y  &,  p l o t t e d  on t h e  o r d i n a t e  i s  t h e  r o o t  mean s q u a r e  
c h a n g e "  upon c o l d  w o r k i n g ,  i n  t h e  l e n g t h  o f  a co lumn o f  d i f f r a c t i n g  m a t e r i a l  
o r i g i n a l l y  L u n i t s  l o n g .  The l e n g t h  L i s  c h o s e n  s o  t h a t  i t  i s  n o r m a l  t o  t h e  
r e f l e c t i n g  p l a n e s .  

C e r t a i n  f e a t u r e s  o f  t h e  c u r v e s  o f  F i g .  4 Q 2  a r e  o f  s i g n i f i c a n c e .  E x c e p t  

f o r  t h e  t 0 c u r v e  ( p l o t t e d  f rom d a t a  t a k e n  t h e  day  t h e  m a t e r i a l  was c o l d  
w o r k e d ] ,  a l l  o f  them s a t u r a t e  and t h e  p o s i t i o n  o f  t h e  k n e e  i s  i n  a p p r o x i -  
m a t e l y  t h e  same p l a c e  ( L  2 0  t o  30 A ) *  Thp main d i f f e r e n c e  i n  t h e  c u r v e s "  
e x c e p t  t 7 0 ,  i s  t h a t  t h e  l e v e l  o-f t h e  p l a t e a u  d e c r e a s e s  w i t h  t ime ,  

These  c h a r a c t e r i s t i c s  o f  t h e  d a t a  may be e x p l a i n e d  i n  t h e  f o l l o w i n g  way: 
Suppose  t h a t  t h e  d e n s i t y  o f  t h e  r e g i o n s  o f  d i s t o r t i o n  -=- o r  d i s l o c a t i o n s  7- i s  

h i g h  i m m e d i a t e l y  a f t e r  c o l d  w o r k i n g .  Then AL s h o u l d  c o n t i n u e  t o  c h a n g e  w i t h  

L s i n c e  a coZumn o f  d i f f r a c t i n g  m a t e r i a l  i s  composed  m o s t l y  o f  d i s t o r t e d  
r e g i o n s .  

N o w  s u p p o s e  t h a t  some t i m e  l a t , e r ,  t h e  d e n s i t y  o f  d i s l o c a t i o n s  h a s  
become c o n s i d e r a b l y  l e s s  S O  t h a t  t h e  p r o b a b i l i t y  o f  a co lumn o f  l e n g t h  L 
p a s s i n g  t h r o u g h  more than  one  d i s l o c a t i o n  B S  s m a l l .  Then i f  
s i o n  o f  a d i s t o r t e d  region normal t o  t h e  r e f l e c t i n g  pEanes  
less  t h a n  R AL S h o u l d  conh,;nue ,o change  w i t h  L B u t  f o r  L 
AL. s h o u l d  become c o n s t a n t  s i n c e  a &  P e a s t  a l e n g t h  L - R o f  

e x t e n d  i n t o  t h e  u n d n s L o r t e d  p o r k i o n  o f   he .-ample 

R i s  t h e  d i m e n ,  
a s  l o n g  a s  L i s  

g r e a t e r  t h a n  H ,  
t h e  co lumn mus t  

The f a c t  t h a t  t h e  knee  i n  t h e  c u r v e s  o f  F i g .  4 . 2  d o e s  n o t  move w i t h  t i m e  
i m p l i e s  t h a t  t h e  s i z e  o f  a d i s t o r t e d  r e g i o n  r e m a i n s  unchanged .  I f  t h e  number 
o f  s u c h  r e g i o n s  r e m a i n - d  c o n s t a n t  b u t  e a c h  r e g i o n  s l o ~ w l y  d e c a y e d  t h e n  t h e  
k n e e  s h o u l d  move t o w a r d  t h e  o r i g i n ,  Hence  t h e  d i s s o r t e d  r e g i o n s  are i n  a 

(2) A R Stokes A Numerical Fourier-analysls Method for 1 he Correctnorn of WxdtRs and Shapes of 
Lines X-Ray Powder PhotograpRstJ  Piroc. P h y s .  Soc. 51, 382 (1948) 
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s e n s e ,  q u a n t i z e d .  U n l e s s  a d i s t o r t i o n  i s  a n n i h i l a t e d  ( b y  d i f f u s i o n  t o  t h e  
g r a i n  b o u n d a r y ,  f o r  i n s t a n c e )  i t  r e m a i n s  i n  i t s  o r i g i n a l  form.  The  l o w e r i n g  
o f  t h e  p l a t e a u  w i t h  t i m e  may be e x p l a i n e d  by  t h e  f a c t  t h a t  a s  t h e  d e n s i t y  o f  
d i s t o r t i o n s  becomes  l e s s ,  t h e  p r o b a b i l i t y  o f  a co lumn o f  l e n g t h  L p a s s i n g  

e n t i r e l y  t h r o u g h  u n d i s t o r t e d  m a t e r i a l  becomes  g r e a t e r .  S u c h  c o l u m n s ,  o f  
c o u r s e ,  make no c o n t r i b u t i o n  t o  t h e  r o o t  mean s q u a r e  a v e r a g e  o f  .&,. 

T h e s e  f i n d i n g s  a p p e a r  t o  be  e n t i r e l y  c o n s i s t e n t  w i t h  t h e  d i s l o c a t i o h  
t h e o r y .  The p o s i t i o n  o f  t h e  k n e e ,  a b o u t  1 0  atom d i a m e t e r s  fr,om t h e  o r i g i n ,  i s  
i n  agreemen t  w i t h  t h a t  p r e d i c t e d  by t h e  t h e o r y ,  

F u r t h e r  i n v e s t i g a t i o n s  o f  t h i s  t y p e  o f  o t h e r  c r y s t a l l o g r a p h i c  p l a n e s  o f  
c o p p e r  a r e  i n  p r o g r e s s .  
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5 "  SERVICE WORK 

ROLLING MILL SECTION 

t 

ANP Disks, A &otaP o f  4176 e n r i c h e d  U * 3 s  ( p r o c e s s  l e v e l )  m e t a l  d i s k s  
were f a b r i c a t e d  f o r  u s e  i n  c o n d u c t i n g  t h e  ARE c r i t i c a l i t y  e x p e r i m e n t s  a t  t h e  
Y - 1 2  s i t e ,  S p e c i f i c a t i o n s  o n  e a c h  o f  t h e  f o u r  d i s k  s i z e s  r e q u i r e d  and  t h e  
number o f  e a c h  p r e p a r e d  a r e :  

, QUANTITY 
- 

, 2066 

2076 

16 

1 18 

4176 
- 

OUTSIDE DIAMETER 
(in 

~ 

2 858 r 0 002 

1 429 f 0 001 

2 858 1 0 002 

1429 i 0 001 

INSIDE DIAMETER 
(In 

0 196 4 0.002 

0 196 * 0 002 
0 196 0 002 

0 196 i 0 002 

THICKNESS 
(bn ) 

0,0090 
0 0095 

0 0090 
0 0095 

0 0018 
0 0022 

0 0018 
0 0022 

MASS 
€9 

17 1 to 18 1 

4 42 t o 4  52 

3.6 Q 0 1 

0 9  Q O 1  

U23s m e t a l  i n g o t s  w e i g h i n g  a b o u t  1 k g ,  and appr .ox ima te ly  4 by 7 by 1/8 i n .  
t h i c k ,  w e r e  s u p p l i e d  by Y , 1 2 ?  I n i t i a l l y  t h e s e  i n g o t s  were c o l d  r o l l e d  t o  
0 . 0 5 0  i n ,  t h i c k n e s s  :hey were t h e n  j a c k e t e d  i n  a s o f t  i r o n  c a s e  and  h o t -  
r o l l e d  a t  1 2 0 0 ° F  to w i e h i n  a few mils o f  d e s i r e d  t h i c k n e s s  and were  f i n a l l y  

stripped o f  t h e  i r o n  j a c k e t  and c o j d  r o l l e d  to f i n i s h e d  t h i c k n e s s .  

i 

D i s k s  o f  a p p r o p r i a t e  s i z e s  ware  punched  from the e h i n  u ran ium f o i l ,  u s i n g  
a p u n c h  and  d i e  s e t .  A l l  d i s k s  were p n r k l e d  zn c o l d  c o n c e n t r a t e d  HNO, t o  
remove t h e  t h i n  o x i d e  f i l m  and t o  a d j u s t ,  t h e  w e i g h t  downaard t o r n e e t  t o l e r a n c e .  

Bora1 s h e e t ,  S e j r e r a l  h u n d r e d  f e e t  o f  b o r a l  s h e e t  were r o l l e d  f o r  t h e  
R e a c t o r  T e c h n o l o g y  D i v i s i o n ,  Powdered  g r a p h i t e  was u s e d  b e t w e e n  t h e  b o r a l  
i n g o t  and t h e  aluminum J a c k e t  t o  p r e v e n t  b o n d i n g .  

Spacer Rad, F i v e  h u n d r e d  l i n e a l  f e e t  of' 347 s t a i n l e s s  s t e e l  s p a c e r  'rod 

o f  s p e c i a l  c r o s s  s e c t i o n  was p r e p a r e d  f o r  t h e  ANP H e a t  Exchanger  Group a t Y  1 2 .  
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KAPL Washers, The t h i n  U"' w a s h e r s  and f o i l  j reques ted  on o r d e r s  SR SNY 
344 and SR-SNY 346 have  been f a b r i c a t e d  t o  s p e c i f i c a t i o n s  and f o r w a r d e d ,  

Xc- RAY LABOBA'EOBH 

D u r i n g  t h i s  p e r i o d  2 9 5  X r a y  d i f f r a c t , i o n  p a t t e r n s  were m e a s u r e d  a s  a 
s e r v i c e  a c t i v i t y  f o r  o t h e r  r e s e a r c h  g r o u p s .  F i f t y - n i n e  p e r c e n t  o f  t h e s e  
p a t t e r n s  were f o r  p r o j e c t s  o f  t h e  M e t a l l u r g y  Dn-uis ion  22% f o r  t h e  P h y s i c s  o f  
S o l i d s  I n s t i t u t e  13% f o r  t h e  C h e m i s t r y  D ~ y x s i o n ,  and  6% f o r  t h e  P h y s i c s  
D i  v i s  i o n .  

S l l g h t l y  m o r e  t h a n  h a l f  t ,he  p a c t e r n u  icakcn were  f o r  i d e n t i f i c a t i o n  
p u r p o s e s ,  S a t i s f a c t o r y  i d e n t i f i c a t i o n  was  a c c o m p l i s h e d  f o r  a l m o s t  90% o f  t h e  
samples  examined .  N e w  rompounds  o f  unknown r o m p o s i t i o n  and s t r u c t u r e  p r o b a b l y  
a c c o u n t  f o r  m o s t  o f  t h e  u n i d e n t i f i e d  p a t k e r n s  . 

I n  a d d i t i o n  t o  i d e n t i f i c a t i o n  psoblems t h e  s e r v i c e  work o f  t h e  l a b o r a -  
t o r y  d u r i n g  t h i s  p e r i o d  i n c l u d e d  s i n g l e  c r y . - , t a l  o r i e n t a t i o n  m e a s u r e m e n t ,  
p r e f e r r e d  o r i e n t a t i o n  s t u d i e s  and p u r i t y  c h e c k s .  

L e n g t h s  o f  i n c o n e l  3Lubing were s u s f a e  e d e c a r b u r i z e d  f o r  t h e  C o r r o s i o n  
Group,  T h i s  was done  by p a h z i n g  w e t  hydrogen  t h r o u g h  them a t  1000°C Samples  
h e l d  66 h r  showed d e f i n i c e  d e c a r b u r n r a c i o n  w h i l e  a f t ~ r  13 h r  i t .  was q u e s t i o n a b l e .  

A t  t h e  r e q u e s t  of rLhe R e a c t r s ,  Te;chneYogy D i v a ~ x o r i  a n  a t t e m p t .  was made 

t o  f a b r i c a t e  a s t a i n l e s s  s t e e l  b s a s  i n g  t o n t a ~ r ~ i n g  MoS, .  T h e  C i n c i n n a t i  
M i l l i n g  M a c h i n e  Company ha$, d g r c e d  t o  a t t e m p t  +,to pres . ,  s u c h  a b e a r i n g  d i  
r e c t l y  s o  t h e  a t t e m p t  h e r e  was t o  ~ r n p r r g n a i e  pa,roua < , t a r u n l r : s  s ~ e e P  s h e e t ,  
V a r i o u s  p r e s s e d  c o m p a c t ;  o f  i r o n  i r o n  ojvndp a n d  MoS, w e r e  p l a c e d  on t h e  
po rous  s h e e t  and h e l d  at 1008 C however  n o  i m p r e g n a t i o n  t o o k  p l a c e -  F u r t h e r  
t e s t s  will be made a t  hLgher  t e m p e r a t u r e ;  a n d  w i t h  inore i n t i m a t e  c o n t a c t  o f  

t h e  i r o n  MoS, Payer  and t h e  s t a i n l e s s  s t e e l  s h e e t .  

S e v e r a l  h i g h  d e n s i  cy r a n d o m l y  o r 1  e n t e d  a luminum s l u g s  were f a b r i c a t e d  

and s i n t e r e d  a% t h e  r e q u e s t  o f  the  Fundamenta l  R e . e a r c h  S ~ s t l o n .  
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