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SUMMARY 

R e s u l t s  o f  t h e  t h o r i u m  a l l o y  
d e v e l o p m e n t  work  i n d i c a t e  t h a t  c a r b o n  
i s  a p o t e n t  h a r d e n i n g  a d d i t i o n .  
A d d i t i o n s  o f  0 . 2 %  c a r b o n  p r o d u c e  
t h r e e f o l d  i n c r e a s e s  i n  s t r e n g t h  w i t h o u t  
s e v e r e  l o s s  o f  d u c t i l i t y .  B e r y l l i u m  
a n d  o x y g e n  h a v e  o n l y  m i n o r  e f f e c t s  
when a d d e d  t o  t h o r i u m  i n  a m o u n t s  i n  
t h e  r a n g e  f o u n d  i n  no rma l  A m e s  m a t e r i a l .  
Chromium a d d i t i o n s  t o  t h o r i u m  p r o d u c e  
s u b s t a n t i a l  i n c r e a s e s  i n  s t r e n g t h  a n d  
h a r d n e s s  a n d  o f f e r  s o m e  p r o m i s e  o f  
i m p r o v i n g  c o r r o s i o n  r e s i s t a n c e .  

M a r k e d  d i f f e r e n c e s  i n  m e c h a n i c a l  
p r o p e r t i e s  h a v e  b e e n  o b s e r v e d  i n  
i n  t h o r i u m  e x t r u d e d  a t  two d i f f e r e n t  
r a t e s  o f  s p e e d .  M a t e r i a l  e x t r u d e d  
a t  a low r a t e  ( 1  f t / m i n )  h a s - s t r e n g t k i  
a b o u t  d o u b l e  t h a t  o f  m a t e r i a l  e x t r u d e d  
a t  a f a s t  r a t e  ( 6 0 0  f t / m i n ) .  R o d  
e x t r u d e d  a t  t h e  s l o w  r a t e  s h o w s  ia 
m a j o r  11111 t e x t u r e  w i t h  a minor  [I101 
t e x t u r e .  A s i n g l e  i l l 4 1  t e x t u r e  i , s  
o b s e r v e d  i n  m a t e r i a l  e x t r u d e d  a t  t h e  
f a s t  r a t e .  

The  e f f e c t  o f  e l e v a t e d - t e m p e r a t u r e  
h e a t  t r e a t m e n t  on  t h e  i m p a c t  s t r e n g t h  
o f  t h o r i u m  a t  r o o m  t e m p e r a t u r e  h a s  
b e e n  d e t e r m i n e d .  A s h a r p  t r a n s i t i o n  
i n  i m p a c t  s t r e n g t h  h a s  b e e n  n o t e d  
b e t w e e n  a n n e a l s  a t  t e m p e r a t u r e s  f rom 
8 0 0  t o  1 1 0 0 ° C  a n d  t h o s e  a t  1 2 0 0  t o  
1600°C; t h e  m a t e r i a l  t r e a t e d  a t  1200°C 
a n d  a b o v e  s h o w e d  v e r y  m u c h  l o w e r  
i m p a c t  s t r e n g t h .  

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

The  e x a m i n  a t i on o f a l p  h a -  e x t r u d e d  
u r a n i u m  r o d s  by  t h e  s p h e r i c a l  x - r a y -  
d i f f r a c t i o n  t e c h n i q u e  h a s  b e e n  com- 
p l e t e d .  The  t e x t u r e s  a r e  s u m m a r i z e d  
a n d  c o r r e l a t e d  w i t h  t h e  f a b r i c a t i n g  
c o n d i t i o n s  o f  r e c r y s t a l l i z a t i o n .  I t  
a p p e  a r  s t h a t  t h e  r e  c r y s  t a 1  1 i z a t  i o n  
t e x t u r e  d e v e l o p e d  i n  e x t r u d e d  u r a n i u m  
r o d  i s  d e p e n d e n t  u p o n  t h e  mode o f  
i n d u c t i o n  o f  t h e  r e c r y s t a l l i z a t i o n .  

T h e  D i v i s i o n  h a s  c o n t r i b u t e d  c o n -  
s u l t a t i o n  a n d  s e r v i c e  a s s i s t a n c e  t o  
t h e  H o m o g e n e o u s  R e a c t o r  P r o j e c t  o n  
c o r r o s i o n  p r o b l e m s ,  w e l d i n g  s p e c i f i -  
c a t i o n s ,  a n d  f a b r i c a t i o n  o f  H R E  
s a f e t y  p l a t e s .  The  c o o p e r a t i v e  work  
w i t h  t h e  Y - 1 2  N o n d e s t r u c t i v e  T e s t  
G r o u p  a n d  t h e  O R N L  S o l i d  S t a t e  
D i v i s i o n  o n  h o m o g e n e o u s  r e a c t o r  
p r o b l e m s ,  c o n t i n u e s .  P r o g r e s s  h a s  
b e e n  made i n  t h e  i n i t i a l  s t a g e s  o f  
i n v e s t i g a t i o n s  o f  t i t a n i u m  and z i r c o n i u m  
f a b r i c a t i o n  f o r  a p p l i c a t i o n  t o  homo- 
g e n e o u s  r e a c t o r s .  &..  - _- -. ~ 

.- 

T h e  t e s t s  c o n d u c t e d  o n  t h e s e  

a b i l i t y ,  c o r r o s i o n ,  a n d  p h y s - i c a l  
p r o p e r t i e s .  I t  , w a s  f o u n d  t h a t  t h e  
6 0 %  P d - 4 0 %  N i  a l l o y  # a s  t h e  b e s t  
b r a z i n g  m a t e r i a l  t o  u s e  i n  c o n t a c t  
w i t h  f l u o r i d e  n i i x t . u r e s .  A d d i t i o n a l  
e x p e r i m e n t s  h a v e  b e e n  c o n d u c t e d  on 

b r a z i n g  a 1  l . o y s  i n c l u d e  . .  f l o w -  I 

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  c u r v e s  c o n e - a r c  w e l d i n g  t e c h n i q u e s  t,o o b t a i n  
h a v e  b e e n  d e t e r m i n e d  f o r  8 0 %  c o l d -  a n  u n d e r s t a n d i n g  o f  t h e  v a r i a b l e s  o f  
w o r k e d  i o d i d e  a n d  A m e s  t h o r i u m .  I t  t h i s  p r o c e s s .  Some w o r k  h a s  b e e n  com- 
a p p e a r s  t h a t  t h e  s t a r t  o f  r e c r y s t a l -  P l e t e d  on P r a c t i c a l  a p p l i c a L i o n  o f  t h e  
l i z a t i o n  o c c u r s  a t  a b o u t  5 2 0 0 ~  f o r  c o n e - a r c  w e l d i n g  t e c h n i q u e  t o  a c t u a l  

t h e  t h o r i u m  a n d  a t  a b o u t  5 1 0 0 ~  f a b r i c a t i o n  o f  t h e  t u b e - t o - h e a d e r  

f o r  t h e  i o d i d e  t h o r i u m .  
j o i n t s  i n  h e a t  e x c h a n g e r s .  

% 

1 ; *. ~ 
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An a d d i t i o n a l  m e t h o d  f o r  t h e  
p r o d u c t i o n  o f  s o l i d  f u e l  e l e m e n t s  h a s  
b e e n  s t u d i e d  t h a t  i n v o l v e s  l o o s e -  
powder  s i n t e r i n g  o f  u r a n i u m - b e a r i n g  
m i x t u r e  t o  a s o l i d  b a c k i n g  p l a t e .  The 
f o l l o w i n g  v a r i a b l e s  have  been i n v e s t i - z  
g a t e d :  s i n t e r i n g  t e m p e r a t u r e ,  s i n -  

s i z e ,  c o l d  w o r k i n g  a n d  r e s i n t e r i n g ,  
s u r f a c e  p r e p a r a t i o n ,  a n d  s i n t e r i n g  
u n d e r  l o a d .  

- t e r i n g  t i m e ,  f u e l  c o m p o n e n t  p a r t i c l e  

... 
_F 

i- T h e  c r y s t a l  s t r u c t u r e  o f  NiOOH h a s  
b e e n  worked  o u t  by x - r a y  d i f f r a c t i o n  
methods.  The u n i t  c e l l i s r h o m b o h e d r a l ,  
a = 7 .17  1 a n d  a = 22.84  d e g r e e s ,  a n d  
i s  b e l i e v e d  t o  c o n t a i n  t h r e e  f o r m u l a  

- w e i g h t s .  Work  h a s  s t a r t e d  o n  t h e  
d e t e r m i n a t i o n  o f  t h e  c r y s t a l  s t r u c t u r e  
o f  N a N i 0 2 .  

T h e  a p p a r a t u s  f o r  two s i m p l i f i e d  
I m e t h o d s  o f  s t u d y i n g  d y n a m i c  c o r r o s i o n  

h a v e  been  d e v e l o p e d .  T h i s  e q u i p m e n t  
was  u s e d  s u c c e s s f u l l y  i n  p r e l i m i n a r y  
t e s t s  f o r  s t u d y i n g  t h e  m e t a l - h y d r o x i d e  
mass - t r  a n s  f e r  phenomenon. 

e m a i n  e f f o r t  o f  t h e  C e r a m i c  
o r a t o r y  d u r i n g  t h e  p a s t  q u a r t e r  

h a s  b e e n  t h e  d e s i g n  a n d  i n s t a l l a t i o n  
o f  e q u i p m e n t .  A r e s e a r c h  p r o g r a m  was 
l a i d  out a n d  w o r k  commenced  o n  t h e  
c e r a m i c  c o a t i n g  , ha f n i  a ,  and r a d i a t i o n  - 
damage p h a s e s .  An i n v e s t i g a t i o n  o f  a 
l i t h i u m - g l a s s  d i f f u s i o n  b a r r i e r  w a s  
s t a r t e d .  

F o r  t h e  d e t e r m i n a t i o n  o f  f e r r o -  
m a g n e t i c  a r e a s  i n  n o n  f e r  romagn  e t i  c 
a l l o y s ,  t h e  m a g n e t i c - e t c h  me thod  h a s  
b e e n  u s e d .  C o l l o i d a l  i r o n  i s  c o a t e d  
o n  t h e  s p e c i m e n  a n d  a m a g n e t i c  f i e l d  
i s  u s e d  t o  a t t r a c t  t h e  i r o n  t o  t h e  
f e r r  oma g n e  t i  c M i  c r o  s c o p i  c 
e x a m i n a t i o n  t h e n  r e v e a l s  t h e  a f f e c t -  
e d  a r e a s .  

a r e  a s  . 

R e l i a b l e  t e c h n i q u e s  h a v e  b e e n !  
d e v e l o p e d  f o r  c l a d d i n g  p u r e  u r a n i u m  
w i t h  z i r c o n i u m  b y  r o l l i n g .  T h e  

? - 

r a t i o n ,  j a c k e t  d e s i g n ,  m e t h o d  o f  
e v a c u a t i o n  and s e a l i n g ,  r o l l i n g  t emper -  
a t u r e ,  a n d  a m o u n t  o f  r e d u c t i o n  r e -  
q u i r e d  h a v e  been  s t u d i e d .  

U r a n i u m  c a n  b e  b o n d e d  me t a l  l u r g i  - 
c a l l y  t o  z i r c o n i u m  by h o t  r o l l i n g  a t  
1 1 7 5 ° F  w i t h  a r e d u c t i o n  o f  1 0  t o  1. 
S h e a r  s t r e n g t h s  a s  h i g h  a s  6 0 , 0 0 0  p s i  
h a v e  been m e a s u r e d .  C l a ,  s a m p l e s  have  
s u c c e s s f u l l y  w i t h s t o o d  bombardment i n  
t h e  Y - 1 2  c a l u t r o n  u n d e r  a h e a t  l o a d  
o f  1 k w / i n . 2  f o r  a 2 4 - h r  t e s t  p e r i o d .  
A l s o ,  q u e n c h i n g  d i r e c t l y  f r o m  7 2 0 ° C  
i n t o  r o o m  t e m p e r a t u r e  w a t e r  ( b e t a  
h e a t  t r e a t m e n t )  h a s  f a i l e d  t o  d e s t r o y  
t h e  bond. 

B e c a u s e  o f  i t s  h i g h  c h e m i c a l  
a c t i v i t y  a n d  m e l t i n g  p o i n t ,  t h o r i u m  
i s  s o m e w h a t  m o r e  d i f f i c u l t  t o  c l a d  
w i t h  z i r c o n i u m  t h a n  u r a n i u m .  U n -  

f o r t u n a t e l y ,  t h e  f o r m a t i o n  o f  a l ow-  
m e l t i n g - p o i n t  p h a s e  i n  t h e  z i r c o n i u m -  
i r o n  d i a g r a m  l i m i t s  t h e r o l l i n g  t emper -  
a t u r e  t o  1650°F or  l o w e r .  A t e c h n i q u e  
o f  h o t  r o l l i n g  a t 1 5 0 0 ° F ,  f o l l o w e d  by 
an 1 8 0 O " F h e a t t r e a t m e n t a f t e r  s t r i p p i n g  
t h e  s t e e l  c a n ,  h a s  r e s u l t e d  i n  g o o d  
bond ing .  T h u s  f a r ,  a low-carbon g r a d e  
o f  t i t a n i u m - d e o x i d i z e d  s t e e l  h a s  
p roved  t o  be t h e  b e s t  c a n n i n g  m a t e r i a l  
f o u n d  t o  p r o t e c t  t h e s e  a c t i v e  m e t a l s  
d u r i n g  h o t  w o r k i n g .  

A l t h o u g h  a s i m p l e ,  c y l i n d r i c a l  
t y p e  o f  b i l l e t  d e s i g n  w a s  u s e d  w i t h  
c o n s i d e r a b l e  s u c c e s s  f o r  t h e  i n i t i a l  
p h a s e  o f  t h i s  i n v e s t i g a t i o n ,  a new 
n o n f r a m i n g  t y p e .  o f  j a c k e t  d e s i g n  h a s  
been a d o p t e d  for large-scale p r o d u c t i o n  
o f  d o u b l e - c l a d  p l a t e .  S u c h  a d e s i g n  
o b v i a t e s  t h e  d i f f i c u l t  p r o b l e m  o f  
m a i n t a i n i n g  p e r f e c t  a l i g n m e n t  d u r i n g  
r o l l i n g  o f  e x t r a  l o n g  p l a t e s  a n d  
r e s u l t s  i n  a m o r e  u n i f o r m l y  c l a d  
p l a t e .  O n e  d i s a d v a n t a g e  i s  t h e  
e x p o s u r e  o f  t h e  c o r e  m a t e r i a l  a l o n g  
t h e  e n d s  and l a t e r a l  e d g e s .  

E x p e r i m e n t a l  w e l d i n g  w o r k  i s  i n  



g .  P r e l i m i n a r y  r e s u l t s  
i n d i c a t e  t h a t  t h e  method i s  d e f i n i t e l y  
f e a s i b l e .  Z i r c o n i u m  f i l l e r  r o d  h a s  
been u s e d  s u c c e s s f u l l y  i n  t h e  w e l d i n g  
o f  t h o r i u m  c o r e  p l a t e s ;  a 3 w t  % 
n i c k e l  a l l o y  i s  u s e d  w i t h  t h e  u r a n i u m  
c o r e  p l a t e s .  

- 
D e v e l o p m e n t a l  w o r k  o n  t h e  p r o b l e m  

o f  c l a d d i n g  o f  t h o r i u m  w i t h  a luminum 
f o r  p r o d u c t i o n  o f  U 2 3 3  by i r r a d i a t i o n  
c o n t i n u e s .  T e s t  s a m p l e s ,  p r e p a r e d  
by t h e  d i r e c t  method,  h a v e  been  r o l l e d  
a t  4 0 0 ,  5 0 0 ,  and 6OOOC a n d  e v a l u a t e d .  
A l c l a d  p l a t e s  r o l l e d  a t  4 O O O C  a r e  
p r o b a b l y  s u i  t a b l e  f o r  s e r v i c e  i n  t h e  
M a t e r i a l s  T e s t i n g  R e a c t o r .  Un- 
f o r t u n a t e l y ,  t h e  m e t a l l u r g i c a l  b o n d  
o b t a i n e d  w i l l  n o t  w i t h s t a n d  t h e  
a l u m i n u m - s i l i c o n  b r a z i n g  t r e a t m e n t ,  
s o  t h i s  m e t h o d  c a n n o t  b e  u s e d  f o r  
p l a t e  a s s e m b l y .  

- __ 

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

S i x t y - s i x  e n r i c h e d  f u e l  u n i t s  and  
e i g h t  cadmium s h i m - s a f e t y  r o d s  w e r e  
f a b r i c a t e d  f o r  t h e  M a t e r i a l s  T e s t i n g  
R e a c t o r  a n d  s h i p p e d  t o  ARCO. A l l  
s h i p m e n t s  a r r i v e d  s a f e l y .  No t r o u b l e  
w a s  e x p e r i e n c e d  i n  l o a d i n g  t h e  i n i t i a l  
s e t  o f  2 3  f u e l  a n d  4 c o n t r o l  e l e m e n t s ,  
i n t o  t h e  r e a c t o r  f o r  t h e  s t a r t - u p .  

FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

a r e  b e i n g  t a k e n  t o  s t e p - u p  p r o d u c t i o n  
commensurate w i t h  t h e  e x p e c t e d  i n c r e a s e  
i n  demand. 

D e v e l o p m e n t a l  work  was  i n i t i a t e d  
o n  t h e  f a b r i c a t i o n  o f  a m o d i f i e d  MTR 
f u e l  u n i t  f o r  t h e  C P - 5  r e a c t o r  a t  
A r g o n n e  N a t i o n a l  L a b o r a t o r y .  T h r e e  
dummy a l u m i n u m  a s s e m b l i e s  were made  
t o  d e t e r m i n e  o p t i m u m  j i g  d i m e n s i o n s  ' 
a n d  d e v e l o p  a b r a z i n g  c y c l e  t h a t  w i l l  
y i e l d  b r a z e d  a s s e m b l i e s  w e l l  w i t h i n  
t h e  CP-5  s p e c i f i e d  t o l e r a n c e s .  I n -  
s p e c t i o n  r e s u l t s  were e n c o u r a g i n g .  A l l  
u n i t s ,  w i t h  t h e  p o s s i b l e  e x c e p t i o n  
o f  t h e  f i r s t ,  m e t  s p e c i f i c a t i o n s .  NO 
t r o u b l e  i s  a n t i c i p a t e d  i n  f a b r i c a t i n g  
t h e  r e m a i n i n g  1 6  a c t i v e  a s s e m b l i e s  
t h a t  were o r d e r e d .  

I n  c o n n e c t i o n  w i t h  t h e  p r o p o s e d  
power l e v e l  i n c r e a s e  o f  t h e  LITR from 
a p p r o x i m a t e l y  1 t o  1 . 5  m e g a w a t t s ,  
two r e p l a c e m e n t  a n d  f i v e  a d d i t i o n a l  
e n r i c h e d - f u e l  a s s e m b l i e s  were f a b r i -  
c a t e d .  

F i v e  f u e l  u n i t s  c o n t a i n i n g  a s u b -  
n o r m a l  a m o u n t  o f  UZ3' w e r e  p r e p a r e d  
for t h e  B u l k  S h i e l d i n g  F a c i l i t y .  The  
u n i t s  w e r e  n e e d e d  t o  c o m p l e t e  a 
m a t c h e d  s e t  o f  c o l d  e l e m e n t s  f o r  
mak ing  gamma-ray s p e c t r a  m e a s u r e m e n t s .  

F o u r  of t h e  2 0  n o r m a l - u r a n i u m  f u e l  
a ' s s e m b l i e s  were c o m p l e t e d  f o r  Amer ican  
Cyanamid a t  ARCO f o r  u s e  i n  c o n d u c t i n g  

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

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

- 
I t h e  i n i t i a l  d i s s o l v i n g  a n d  s e p a r a t i o n  

I 
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ALLOY DEVELOPMENT 

J .  A. M i l k o  

T h e  a l l o y  d e v e l o p m e n t  p rogr , am w a s  
i n i t i a t e d  p r i m a r i l y  t o  a d v a n c e  t h e  

, g e n e r a l  m e t a l l u r g i c a l  k n o w l e d g e  o f  
t h o r i u m  and s e v e r a l  o f  i t s  a l l o y s . ( ' )  
T h e  o b j e c t i v e  o f  t h e  p r o g r a m  i s  t h e  
d e v e l o p m e n t  o f  a l l o y s  o f  t h o r i u m  t h a t  
h a v e  h i g h  s t r e n g t h  a n d  s a t i s f a c t o r y  
c o r r o s i o n  r e s i s t a n c e .  A n o t h e r  a i m  
i s  t h e  d e t e r m i n a t i o n  o f  s o l u b i l i t y  o f  
c e r t a i n  e l e m e n t s  i n  p u r e  t h o r i u m  and  
t h e i r  e f f e c t s  o n  m e c h a n i c a l  a n d  
p h y s i c a l  p r o p e r t i e s .  I t  i s  f e l t  t h a t  
t h e  r e s u l t s  o f  t h i s  s t u d y  w i l l  b e  
u s e f u l ,  s i n c e  t h e  i n f o r m a t i o n  g a i n e d  
w i l l  f i l l  many g a p s  i n  t h e  e x i s t i n g  
knowledge .  

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

E x p e r i m e n t a l  Work. T h e  m e t h o d  o f  
p r e p a r i n g  t h e  a l l o y s  w a s  d e s c r i b e d  
p r e v i o u s l y .  ( C o n v e n t i o n a l  t e c h n i q u e s  
were u s e d  f o r  t h e  h a r d n e s s  and t e n s i l e  
t e s t s  - a c r o s s h e a d  s p e e d  o f  0 . 0 5  
i n . / m i n  was u s e d  i n  t h e  t e n s i l e  t es t s .  

( ' ) M e  t a  1 1  u r g y  D i  II i s  i o n  Q u a r  t e r  1% P r o g r  C I S  
R e p o r t  f o r  P e r i o d  E n d i n g  J a n u a r y  3 1 ,  1 9 5 2 ,  
O R N L -  1 2 6 7 .  

E f f e c t  o f  Quenching Temperature  o n  
t h e  H a r d n e s s  o f  t h e  T h o r i u m - C a r b o n  
A l l o y s .  H a r d n e s s  v a l u e s  a r e  p r e s e n t e d  
i n  T a b l e  1 f o r  n i n e  t h o r i u m - c a r b o n  
a l l o y s  q u e n c h e d  f r o m  t h e  i n d i c a t e d  
t e m p e r a t u r e s .  From t h i s  t a b l e  i t  may 
b e  o b s e r v e d  r e a d i l y  t h a t  a n  i n c r e a s e  
i n  t h e  c a r b o n  c o n t e n t  i n  t h o r i u m - c a r b o n  
a l l o y s  r e s u l t s  i n  a m a r k e d  i n c r e a s e  
i n  t h e  h a r d n e s s  o f  t h e  a l l o y .  T h i s  
t r e n d  i s  a p p a r e n t  i n  t h e  a s - a r c - c a s t  
c o n d i t i o n ,  a s  w e l l  a s  i n  t h e  q u e n c h e d  
s t a t e .  

An e x a m i n a t i o n  o f  t h e  d a t a  i n  
T a b l e  1 s h o w s  t h a t  t h e  h a r d n e s s  
c h a n g e d  d e f i n i t e l y  f o r  t h e  0 . 0 7 ,  
0 . 0 9 ,  0 .  11, 0 . 2 0 ,  a n d  0 . 2 6 %  c a r b o n  
a l l o y s  b e l o w  t h e  q u e n c h i n g  t e m p e r a t u r e  
o f  1 4 0 0 ° C .  T h e s e  c h a n g e s  a r e  s u g -  
g e s t i v e  o f  a s o l i d - s o l u t i o n  t y p e  o f  
h a r d e n i n g  b y  t h e s e  a m o u n t s  o f  c a r b o n  
i n  t h o r i u m ,  i n  t h e  t e m p e r a t u r e  r a n g e  
o f  1400 t o  16OO0C. Below 14OO0C, t h e  
h a r d n e s s  d e c r e a s e s  p r o g r e s s i v e l y ,  
w h i c h  i s  s o m e w h a t  i n d i c a t i v e  o f  
d e c r e a s i n g  s o l u b i l i t y  o f  c a r b o n  i n  
t h e  t h o r i u m  w i t h  ' d e c r e a s i n g  t e m p e r a -  
t u r e .  T h e s e  o b s e r v a t i o n s  w i l l  b e  
v e r i f i e d  by  x - r a y - d i f f r a c t i o n  s t u d i e s  
o f  t h e s e  a l l o y s .  

For t h e  a l - l o y s  c o n t a i n i n g  c a r b o n  i n  
t h e  r a n g e  o f  0 . 5  t o  2 . 5 % ,  n o  d e f i n i t e  
t r e n d  o f  t h e  r e l a t i o n s h i p  o f  c a r b o n  
c o n t e n t  t o  q u e n c h i n g  t e m p e r a t u r e  c a n  
b e  o b s e r v e d .  T h e r e  a p p e a r s  t o  b e  a 
t e n d e n c y ,  h o w e v e r ,  f o r  t h e  h a r d n e s s  
v a l u e s  t o  i n c r e a s e a t  c e r t a i n  q u e n c h i n g  
t e m p e r a t u r e s .  T h u s ,  f o r  t h e  0 . 5 %  
c a r b o n  a l l o y ,  h i g h e r  h a r d n e s s  v a l u e s  
were o b t a i n e d  i n  t h e  q u e n c h i n g  t e m p e r -  
a t u r e  r a n g e  o f  1 1 0 0  t o  1 4 0 0 ° C  t h a n  
i n  t h e  r a n g e  1 4 0 0  t o  1 6 0 0 ° C .  T h i s  
o b s e r v a t i o n  i s  a l s o  t r u e  f o r  t h e  1 . 0  
a n d  2 . 5 %  a l l o y s ,  w h e r e a s  t h e  1 . 4 %  
a l l o y  d o e s  n o t  i n d i c a t e  t h i s  t r e n d .  

4 
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TABLE 1 

Effect o f  Quenching Temperature and Carbon C o n t e n t  on  t h e  
Hardness  of Thorium-Carbon A l l o y s '  

136' DPH HARDNESS (10-kg l o a d ,  16-mm objective) 

ENCHING FROM INDICATED TEMPERATURE 
CHEMICAL 

XMPOSITION 
( S o ) ,  CARBON 

AS- ARC- CAST 
AND HOMOGENIZED 
24 h r  at 95OOC 

AFTER ( ALLOY 
NO. 800 OC 1000 OC 1100 O C  1200 OC 1300 OC 1400 O C  1600 O C  

135 

14  1 

146 

17 8 

18 9 

2 40 

361  

40 8 

42 1 

1500 OC 

123 

12 3 

146 

17 5 

18 6 

244 

370 

4 18 

44 1 

600 O C  

8 2  

88 

122 

134 

150 

20 1 

287 

29 6 

28 6 

400 OC 

78 

87 

10 0 

129 

152 

20 5 

27 0 

290 

28 2 

80 

8 4  

110 

138 

160 

2 18 

280 

325 

39 3 

9 4  

9 1  

112 

143 

16 1 

246 

28 5 

37 9 

40 6 

89 

9 3  

119 

142 

16  3 

265 

38 5 

424 

448 

10 0 

98 

120 

142 

17 1 

259 

3 59 

415 

430 

1 10 

112 

132 

164 

18 2 

257 

39 4 

40 8 

460 

0 . 0 7  7 8  

88  

10 7 

129 

156 

20 5 

27 6 

309 

358 

9 8  

9 4  

126 

153 

17 6 

252 

351  

415 

4'7 2 

F- 8 

F- 13  

F- 3 

F- 6 

F- 9 

F- 11 

F- 19 

F- 17 

F- 20 

0 .09  

0 . 1 1  

0 .20  

0 . 2 6  

0.50 

1 . 0 5  

1. 42 

2. 50 

* C r y s t a l - b a r  i o d i d e  t h o r i u m o f  t h e  f o l l o w i n g  nomina l  c o m p o s i t i o n ,  0 . 0 2 %  C, 0 . 0 0 1 %  N ,  0 . 0 8 %  0, 0 . 0 0 5 %  A l ,  0 . 0 0 1 %  W ,  0 . 0 0 0 1 %  CU, 0 . 0 0 0 2 %  
Mo, 0.0002% As, 0 . 0 0 0 3 %  Zn, 0 .0005% Fe ,  and B e ,  B, S i ,  Co, N i ,  Mn, Pb,  Cr, Cd, Sn, end Mg p r e s e n t  o n l y  i n  t r a c e  q u a n t i t i e s .  



FOR P E R I O D  E N D I N G  APRIL 3 0 ,  1952  

T h e s e  o b s e r v e d  c h a n g e s  may  b e  t h e  
r e s u l t  o f  p r e c i p i t a t i o n  o f  a s e c o n d  
p h a s e  i n  t h e  t e m p e r a t u r e  r a n g e  o f  
1 1 0 0  t o  14OO0C, o r  t h e y  may b e  e f -  
f e c t e d  b y  i n h o m o g e n e i t i e s  i n  t h e  
t e s t  s p e c i m e n s .  T h e  c h a n g e s  w i l l  be  
c h e c k e d  b y  m i c r o s c o p i c  a n d  x - r a y -  
d i f f r a c t  i o n  s t u d i e s  . 

Effect  of  Q u e n c h i n g  Temperature  o n  
t h e  Hardness  o f  Thorium-Oxygen Al loys .  
H a r d n e s s  v a l u e s  a r e  p r e s e n t e d  i n  
T a b l e  2 f o r  11 t h o r i u m - o x y g e n  a l l o y s  
quenched  f rom t h e  g i v e n  t e m p e r a t u r e s .  
S i n c e  a d d i t i o n  o f  o x y g e n  t o  t h o r i u m  
i n c r e  a s e s  t h e  h a r d n e  s s on1  y moder a t  e 1 y , 
o x y g e n  d o e s  n o t  a p p e a r  t o  b e  a p o t e n t  
a l l o y i n g  a d d i t i o n  t o  t h o r i u m  t o  
i n c r e a s e  t h e  h a r d n e s s  a n d ,  p e r h a p s ,  
s t r e n g t h .  About 2% oxygen i s  r e q u i r e d  
t o  d o u b l e  t h e  h a r d n e s s  o f  p u r e  t h o r i u m .  

T h e  d a t a  i n  T a b l e  2 i n d i c a t e  a 
c h a n g e  i n  h a r d n e s s  be low t h e  q u e n c h i n g  
t e m p e r a t u r e  o f  15OO0C, w h i c h  may show 
t h a t  a d e f i n i t e  a m o u n t  o f  o x y g e n  i s  
s o l u b l e  a t  t e m p e r a t u r e s  o f  1500 t o  
16OO0C. T h e r e  a p p e a r s  t o  b e  c o n -  
s i d e r a b l y  l e s s  s o l u b i l i t y  o f  o x y g e n  
b e l o w  14OO0C,  a s  i n d i c a t e d  b y  t h e  
r a t h e r  a b r u p t  c h a n g e  i n  h a r d n e s s  
b e l o w  t h i s  t e m p e r a t u r e .  T h e s e  o b -  
servations w i l l  b e  checked by rnicro- 
s c  o p i  c and x- r ay- d i  € f r a c t i o n  s t u d i e s .  

E f f e c t  o f  Carbon A d d i t i o n s  o n ' t h e  
P r o p e r t i e s  o f  Pure  Thorium. A d d i t i o n s  
o f  c a r b o n  were  made t o  t h e  r e l a t i v e l y  
p u r e  c r y s t a l - b a r  t h o r i u m ,  w h i c h  w a s  
p r o d u c e d  b y  t h e  d e c o m p o s l t i o n  o f  i t s  
t e t r a i o d i d e .  The s t r e n g t h  p r o p e r t i e s  
and h a r d n e s s  v a l u e s  o b t a i n e d  on  s e v e n  
s u c h  a l l o y s  a r e  p r e s e n t e d  i n  T a b l e  3 .  

The s t r e n g t h  p r o p e r t i e s  and h a r d n e s s  
o f  t h e  r e l a t i v e l y  p u r e  t h o r i u m  m e t a l  
a r e  q u i t e  l o w .  An a d d i t i o n  o f  o n l y  
a b o u t  0 .05% c a r b o n  t o  t h e  p u r e  t h o r i u m  
more t h a n  d o u b l e s  i t s  y i e l d  s t r e n g t h .  
T h i s  amount o f  c a r b o n  h a s  even_ a more 
m a r k e d  e f f e c t  o n  t h e  p r o p o r t i o n a l  

l i m i t ;  i t  i n c r e a s e s  t h a t  p r o p e r t y  
a b o u t  f i v e  t i m e s .  T h e  h a r d n e s s  
v a l u e  (VHN)  i s  i n c r e a s e d  b y  20 p o i n t s  
b y  t h e  a d d i t i o n  o f  t h i s  s m a l l  amoun t  
o f  c a r b o n .  A d d i t i o n s  o f  g r e a t e r  
amoun t s  of  c a r b o n  t o  t h e  p u r e  t h o r i u m  
a p p e a r  t o  i n c r e a s e  t h e  s t r e n g t h  
p r o p e r t i e s  and  h a r d n e s s  a p p r e c i a b l y  
w i t h o u t  d e t r i m e n t a l  e f f e c t  o n  t h e  
d u c t i l i t y ,  a s  m e a s u r e d  b y  t e n s i l e  
e l o n g a t i o n  and r e d u c t i o n  o f  a r e a .  

A l t h o u g h  t h e s e  t r e n d s  were  o b t a i n e d  
on s i n g l e  t e s t  s p e c i m e n s ,  i t  i s  f e l t  
t h a t  c a r b o n  i s  a p o t e n t  a l l o y i n g  
a d d i t i o n  t o  t h o r i u m  i n  t h a t  i t  i n -  
c r e a s e s  i t s  s t r e n g t h  a n d  h a r d n e s s .  
P r e l i m i n a r y  i n d i c a t i o n s  a r e  t h a t  
c a r b o n  i n  a m o u n t s  up  t o  0 .2% may a l s o  
i m p r o v e  t h e  c o r r o s i o n  r e s i s t a n c e  i n  
w a t e r  s o l u t i o n s  a n d  t h e  s c a l i n g  
r e s i s t a n c e  i n  a i r .  

Effec t  o f  Carbon A d d i t i o n s  o n  t h e  
P r o p e r t i e s  o f  Ames T h o r i u m .  T h e  
s t r e n g t h  p r o p e r t i e s  o f  15 t h o r i u m -  
c a r b o n  a l l o y s  a r e  p r e s e n t e d  i n  T a b l e  4. 
A l l  t h e  a l l o y s  w e r e  p r e p a r e d  f r o m  
t h o r i u m  t h a t  h a d  n o m i n a l  a m o u n t s  o f  
i m p u r i t i e s ,  s u c h  a s  i r o n ,  b e r y l l i u m ,  
s i l i c o n ,  a n d  a l u m i n u m .  T h e  c a r b o n  
c o n t e n t  r a n g e d  f r o m  a b o u t  0 . 0 3  t o  
0 .14%.  

I t  may b e  o b s e r v e d  f r o m  T a b l e  4 
t h a t  t h e  a d d i t i o n  o f  c a r b o n  t o  A m e s  
t h o r i u m  i n c r e a s e s  i t s  s t r e n g t h  a n d  
h a r d n e s s .  T h i s  i s  t h e  s a m e  t r e n d  
t h a t  w a s  o b s e r v e d  w i t h  t h e  a d d i t i o n  
o f  c a r b o n  t o  p u r e  t h o r i u m .  

A l t h o u g h  t h e  a l l o y s  l i s t e d  i n  
T a b l e  4 w e r e  p r e p a r e d  i n  t h e  s a m e  
m a n n e r  a s  t h o s e  i n  T a b l e  3 ,  a d i r e c t  
c o m p a r i s o n  o f  t h e  p r o p e r t i e s  i s  n o t  
p o s s i b l e .  The  a l l o y s  o f  T a b l e  4 were  
a n n e a l e d  ( a f t e r  85% c o l d  r e d u c t i o n )  
a t  7 5 0 O C  i n  o r d e r  t o  o b t a i n  m o r e  
c o m p l e t e  r e c r y s t a l l i z a t i o n  t h a n  i n  
t h e  a l l o y s  l i s t e d  i n  T a b l e  3 ,  w h i c h  
were a n n e a l e d  a t  650OC. 
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0(Q) 

0.006 

0 . 0 1 3  

0 . 0 2 2  

0.050 

0.080 

0.120 

0 .240  

0 .440  

0.770 

1.50 

2.00 

c 
I 

0 .025  

0 .025  

0 .016  

0 .035  

0 . 0 2 1  

0 . 0 2 5  

0 . 0 2 4  

0 .030  

0 . 0 2 1  

0.048 

0 . 0 5 3  

,-- . *' 9 
M 
H 
4 

C a 
0 .c 
U 
H c 
H 
m 
H 
0 z 
e 
C 
4 a 
H 
M a 
.c 
eer a 
0 
t, a m 
m 
m 
s 
M 
71 
0 a 
H 

r r 

r 

TABLE 2 

E f f e c t  o f  Quench ing  Temperature and Oxygen Content  on t h e  Hardness  of  
Thorium-Oxygen Alloys( ') 

1 3 6  DPH HARDNESS (10-kg l o a d ,  16-mm objective) 

AFTER QUENCHING FROM INDICATED TEMPERATURE 
CHEMICAL COMPOSITION (W) 

AS- ARC- CAST 
IND HOMOGENIZED 
24 hr at 950°C 

N (by vacuum 
fus ion ) 

ALLOY 
NO. 

F- 34 

F- 32 

F- 30 

F- $6 

F- 36 

F- 28 

F- 38 

F- 40 

400 O C  1100 O C  1200 "c 1300 "C aoo O c  

39 

41 

42 

41 

39 

42 

44  

46 

57 

a7  

a 5  

600 "C 

41  

39 

44 

41  

42 

47 

52 

4a 

57 

a 2  

93  

.ooo O C  

37 

3a 

38 

42 

43  

49 

49 

50 

5 3  

8 3  

10 1 

140 0 "C SO0 OC 

0.008 

0.011,  0.014") 

0.027 

0.047 

0 . 0 7 ( d )  

0 .22  

0 .077 ,  0.  16") 

0 . 1 4 ,  0 . 2 2 ,  
0 . 6 6 ,  0 .16  

0 . 0 7 ,  0 . 0 7 ,  0 .25 

0 . 5 5 ,  0 . 2 4  

0 . 0 3 6 ,  0.088, 
0 . 0 6 5  

42 

43 

43 

44 

43 

47 

47 

54 

57 

59 

58 

6 4  . 

66 

64  

77 

9 4  

47 

49 

52 

59 

7 4  

79 

7a  

a 4  

10 1 

10 1 

116 

111 

110 

117 

10 9 

10 7 

1 10 

111 

127 

134 

136 

140 

43 

41  

42 

44 

47 

45 

50 

46 

54 

75  

ao 

65  

6 3  

62  

65  

90 

7 5  

8 6  

96  

9 1  

116 

119 

5 1  

5 1  

55 

62  

67 

62  

59 

67 

65  

a 4  

9a  

44 

47 

46 

56 

63 

a7 

F- 42 

F- 48 

F- 24 

( a ) C r y s t a l - b a r  i o d i d e  thorium o f  t h e  f o l l o w i n g  nominal c o m p o s i t i o n ,  0 . 0 2 %  C, 0.001% N, 0 . 0 8 %  0, 0 . 0 0 5 %  A l ,  0 . 0 0 1 %  W, 0.0001% Cu. 

( b ) I n t e n d e d  amount. 

("Two v a l u e s  r e p o r t e d .  

( d ,  Ave I age .  

0 . 0 0 2 %  Mo, 0 . 0 0 0 2 %  As, 0 . 0 0 0 3 %  Zn,  0 . 0 0 0 5 %  Fe, and Be, S i ,  Co, N i ,  Mn, P b ,  Cr, Cd, Sn, and Mg p r e s e n t  only i n  t r a c e  q u a n t i t i e s .  
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01 

ALLC 
NO. 

' F-54 
1 

F-65 

F-66 

F-67 

Y 

I - .  - 
t.; F- 69 

F-83 

I '  

TABLE 3 

E f f e c t  o f  Carbon A d d i t i o n s  on t h e  P r o p e r t i e s  o f  Pure Thorium 

A l l  samples  were co ld  r o l l e d  i n t o  sheet form, approximate ly  85% r e d u c t i o n ,  

and annealed a t  65OoC for  ?4 h r  

C 

0.01 

0.02 ,  

0 .04;  

0 . 0 ~  

1. 130 

1.187 

. 2 2  
- 

0 .15  W(d 

0 . 0 2  c u  

0 . 0 5  0 .001  w 
0 .003  Cu 

0 .001  w 
0 .003  Cu 

3 . 0 5  0.001 W 
0 . 0 0 3  Cu 

1.01 0 .001  w 
0 .004  Cu 

0.001 w 
0 .03  Cu 

0.001 w L 0 . 0 2  c u  

18,000 

17 ,600  

26 ,000  

34,400 

43,900 

53,600 

60,700 

( ' )Value was n o t  o b t a i n e d  w i t h  p r e c i s i o n .  

( b ) l O - k g  l o a d  and 2 / 3 - i n .  o b j e c t i v e .  

( c ) l O - k g  l o a d  and 1 / 1 6 - m m  o b j e c t i v e .  e3 

- 

7,600 

6,500 

16,400 

26,900 

35,100 

50,300 

50,300 

I 
PROPO. 
TIONA 
LIMI' 
( p s i  

2 ,40(  

4,50C 

11,400 

22 ,300  

22,400 

31,300 

12,800 - 

MODULUS OF 

( m i l l l o n  p s l )  
EL&STICITY ( 

12.8  

9 .0  

9 . 1  

9 .4  

9 .0  

10 .4  

9 . 4  

ELONGl 
TIm 1 

2 I N .  
(%I 

2 7 . 0 ( e  

- 

50.0 

46.0 

41.0 

38.0 

)O.O 

69.0 

62.0 

43.0 

51.0 

46.0 

39.0 

39.0 - 

' 74 R, 

6 1  R, 

89 R, 

99 R, 

57 RS 

7 1  RB 

83 RB 

( d ) P r o b a b l y  i n t r o d u c e d  d u r i n g  a r c  m e l t i n g .  

54 

54 

?I 
n 72 0 

v m 
H 
0 
U 

9 3  =er 

113 m z 
U 
Y 
2; 
c., 130 

4 v 
=P 

144 Y 

W 
0 
" 

( e ) T h i s  v a l u e  a p p e a r s  t o  b e  e n t i r e l y  t o o  l o r ;  i t  r i l l  b e  checked .  
c1 

UI 
N 

I 



TABLE 4 

E f f e c t  o f  Carbon A d d i t i o n s  on t h e  Properties o f  Ames Thorium 

A l l  samples were c o l d  r o l l e d  i n t o  s h e e t  form, approximate ly  85% r e d u c t i o n ,  

AREA 
(9s) 

49.0 
51.0 
53.0 
50.0 
41.0 
40.0 

46.0 

42.0 
21.0 

31.0 

--. ' 

ROCKWELL 

90 R, 
9 2  R, 
8 6  R, 
90 R, 
83 R, 
90 R, 
87  R, 

1 0 1  R, 
96 R, 

99 R, 

47.0 
44.0 

45.0 

40.0 
33.0 
50.0 

41.0 

44.0 
33.0 

38.0 

104 R, 
102 R, 

103 R, 

105  R, 
105 R, 
99 R, 

103 R, 

57 R, 
6 4  R, 
60 R, 

and annea led  a t  750'C for % h r  

YIELD 
STRENGTH 
AT 0.2% 
OFFSET 
( p s i )  

19 , 800 
17 ,200  
15 , 800 
20 ,900  
17 ,000  
17 ,500  

17 ,800  

25,900 
27 ,100  

26,500 

32,000 
26,600 

29 , 300 

3 1,500 
28 ,100  
26 , 200 

28 , 600 

37 , 700 
43,300 

40 , 500 

HARDNESS 
REDUC- 
TION OF 

ELONGA- 
TION I N  

2 I N .  
(%I 

MODULUS OF 
ELASTICITY 
(mi 1 lion 
p s i  I ( a )  

'ROPOR- 
TIONAL 
LIMIT 
(psi) 

CHEMICAL COMPOSITION 
ENSILE 
iTRENGTH 

( p s i )  

( %) 

Si 
-. . .  
. .. 
- .  W' - 

136' DPH' ALLOY 
NO. 

F- 60 
F-73 
F-61 
F-62 
F- 63 
F-74 

Average 

F-77 
F-80 

Aver  age 

F-7 5 
F-79 

Average 

F-76 
F-78 
F-8 1 

Average 

' F-82 
F-68 

Aver age 

m( 6 )  

67 
66 
59 
68 
6 1  
6 3  

6 3  

8 2  
88 

8 5  

8 5  
83 

8 4  

9 1  
9 4  
8 3  

9 5  

10 5 
118 

111 

Fe 

) . 0 2 ( d )  
3 .02 ( d )  

D.02(d)  

0 . 0 2 ( d )  
0 . 0 2 ( d )  

0 . 0 2 ( d )  

D .  0 2 ( d )  

0 .016  ( d l  
0 . 0 1 6 ( d '  

0 .016 

0 . 0 2 ( d )  
0 . 0 2 ( d )  

0 . 0 2 ( d )  

0 . 0 2 ( d '  

0 . 0 2 ( d )  
0.  0 2 ( d )  

0 . 0 2  

0.0 16 ( d :  

0.019 

0.02 

C 

0 .030  
0.040 
0 .05  
0 .05  
0 . 0 5  
0 . 0 5  

0 .05  

0.07 
0.07 

0.07 

0 . 0 8  
0.08 

0 .08  

0 .09  
0 .09  
0 .09  

0.09 

0 . 1 3  
0 . 1 4  

0 . 1 3  

0 .  3 5 ( d )  

0 . 0 6 ( d )  
0 .16(* '  
0.  1 7 ( d )  

0 . 2 l ( d )  

0 . 2 1 ( 4  

0 .15  

0.  2 3 ( d )  
0. 2 9 ( d )  

0 .16  

0 . 0 4 ( d )  
0.0 3 ( d )  

0 . 0 3  

0 .04 '  d ,  

0. 1 8 ( d )  

0.10 

0. 1 6 ( d )  

0.1O'd' 

O . O 1 ( d )  

0 .09  

38.0 
45.0 
44.0 
43.0 
40.0 
47.0 

43.0 

47.0 
25.0 

36.0 

42.0 
40.0 

41.0 

43.0 
46.0 
39.0 

43.0 

41.0 
35.0 

38.0 

8 2  
9 5  
7 2  
78 

100 

8 3  

7 8  
9 2  

8 5  

10 0 
9 1  

9 5  

77 
98 
9 2  

8 9  

112  
126 

119 

14 ,300  
12 ,200  
8 , 9 0 0  

12 , 700 
12,300 
11 ,100  

11 ,300  

15 ,900  
15,900 

15 ,900  

23,000 

19 ,600  

17 ,500  
19 ,800  
16 , 900 

18 ,100  

22,600 
25,600 

24,100 

12 .8  
9 .7  

12.0 
9 . 2  
9 . 8  

11.0 

1 0 . 5  

10 .6  
10.6 

10 .6  

11. 5 
12.9 

12.2 

10.0 
13.4 
10 .4  

11.2 

10.6 
10 .8  

10.7 

29 ,800  
27 ,400  
26 ,900  
31,000 
27 I 000 
27 ,600  

27 ,900  

33 ,500  
35 ,500  

34 ,500  

37,300 
35 , 500 

36,400 

37 , 600 
37,800 
36,600 

37 ,600  

44,900 
48 ,600  

46,800 

<. /. 

("10-kg l o a d ,  16-om o b j e c t i v e .  

( d ) V a l u e  b e i n g  r e c h e c k e d .  

( a ) V a l a e  was not o b t a i n e d  w i t h  h i g h  p r e c i s i o n .  

( b ) l O - k g  l o a d ,  2 / 3 - i n .  o b j e c t i v e .  
(0 
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FOR PERIOD ENDING APRIL 30, 1952 

From g e n e r a l  o b s e r v a t i o n s ,  however ,  
i t  may be  s t a t e d  t h a t  t h e  a d d i t i o n  o f  
e q u i v a l e n t  a m o u n t s  o f  c a r b o n  t o  A m e s  
t h o r i u m  r e s u l t s  i n  h i g h e r  s t r e n g t h  
and  h a r d n e s s ,  p r o b a b l y  b e c a u s e  o f  t h e  
p r e s e n c e  i n  c o m b i n a t i o n  o f  i r o n ,  
b e r y l l i u m ,  s i l i c o n ,  a n d  a l u m i n u m .  
A s  w i l l  be  shown l a t e r  i n  t h e  p r o g r a m ,  
a l l  t h e s e  e l e m e n t s ,  when a d d e d  s i n g l y ,  

- t e n d  t o  h a r d e n  t h o r i u m .  

E f f e c t  o f  B e r y l l i u m  A d d i t i o n s  on 
t h e  P r o p e r t i e s  o f  P u r e  T h o r i u m .  
A d d i t i o n s  o f  0 . 0 2  t o  0 . 7 %  b e r y l l i u m  
w e r e  m a d e  t o  t h e  r e l a t i v e l y  p u r e  
t h o r i u m .  T h e  r e s u l t i n g  s t r e n g t h  
p r o p e r t i e s  o f  s u c h  a l l o y s  a r e  l i s t e d  
i n  T a b l e  5 .  

B e r y l l i u m  i n  a m o u n t s  o f  0 . 0 2  t o  
0 . 0 4 %  d o e s  n o t  a p p e a r  t o  e x e r t  a n y  
s i g n i f i c a n t  e f f e c t  on t h o r i u m .  T h e s e  
s m a l l  a m o u n t s  seem t o  p r o d u c e  s o m e  
s o f t e n i n g ,  a s  may b e  d e d u c e d  f rom t h e  
h a r d n e s s  v a l u e s .  T h e  s m a l l  d e c r e a s e  
i n  t h e  h a r d n e s s  o f  t h e  0 . 0 2 ,  0 . 0 3 ,  and 
0 . 0 4 %  b e r y l l i u m  a l l o y s  m a y  b e  a s -  
s o c i a t e d  w i t h  d e o x i d a t i o n  o f  t h e  
t h o r i u m  by t h e  b e r y l l i u m .  

A d d i t i o n s  o f  b e r y l l i u m  i n  a m o u n t s  
o f  0 .  1 t o  0 . 7 %  h a v e  a t e n d e n c y  t o  
i n c r e a s e  t h e  s t r e n g t h  p r o p e r t i e s  o n l y  
m o d e r a t e l y .  D u c t i l i t y  o f  t h e  a l l o y s  
a p p e a r s  t o  b e  l o w e r e d  s l i g h t l y  w i t h  
t h e  b e r y l l i u m  a d d i t i o n s  i n  t h i s  r a n g e .  
H o w e v e r ,  t h e r e  i s  a d e f i n i t e ,  b u t  
s m a l l ,  i n c r e a s e  i n  h a r d n e s s .  

I n  summary,  t h e  a d d i  i o n  o f  a b o u t  
0 . 7 %  o f  b e r y l l i u m  t o  p u r e  t h o r i u m  
seems t o  s t r e n g t h e n  t h e  r e s u l t i n g  
a l l o y  o n l y  m i l d l y .  I t s  h a r d e n i n g  
p o w e r ,  a l t h o u g h  s m a l l ,  i s  d e f i -  
n i t e  - p r o b a b l y  c a u s e d  b y  c o m p o u n d  
f o r m a t i o n  i n  t h e  a l l o y  s t r u c t u r e .  

Effect  o f  Chromium A d d i t i o n s  on t h e  
P r o p e r t i e s  of  Pure  Thorium. Chromium 
a d d i t i o n s  were  m a d e  t o  t h e  i o d i d e  
t h o r i u m ,  b e c a u s e  i n  t h e  p a s t  'two s u c h  
a l l o y s  d e v e l o p e d  h i g h  s t r e n g t h  a n d  i t  

may w e l l  b e  t h a t  s u c h  a d d i t i o n s  w i l l  
i m p a r t  f a i r l y  good c o r r o s i o n - r e s i s  t a n c e  
p r o p e r t i e s  t o  t h o r i u m .  F i v e  a l l o y s  
were  p r e p a r e d ,  a n d  t h e i r  p r o p e r t i e s  
a r e  l i s t e d  i n  T a b l e  6 .  

I n  g e n e r a 1 , t h e  a d d i t i o n  o f  chromium 
t o  t h o r i u m  i n c r e a s e s  i t s  s t r e n g t h  
a n d  h a r d n e s s  w i t h  a c o r r e s p o n d i n g  
d e c r e a s e  i n  d u c t i l i t y ;  h o w e v e r ,  t h e  
two  a l l o y s  of  1 . 6  a n d  2 . 9 %  c h r o m i u m  
d o  n o t  s u p p o r t  t h i s  o b s e r v a t i o n  
e n t i r e l y .  T h e  t w o  a l l o y s  d e v e l o p e d  
l o w e r  s t r e n g t h  a n d  h a r d n e s s  a n d  a 
h i g h e r  d u c t i l i t y  t h a n  d i d  t h e  0 . 7 6 ,  
4 . 2 ,  a n d  5 . 3 %  a l l o y s .  I t  w i l l  b e  
n o t e d ,  however ,  t h a t  t h e  0 .76% chromium 
a l l o y  h a d  a r e l a t i v e l y  h i g h  c a r b o n  
c o n t e n t ;  t h e r e f o r e  a d d i t i o n a l  a l l o y s  
w i l l  b e  p r e p a r e d  and s t u d i e d  i n  o r d e r  
t o  d e v e l o p  c o n c l u s i v e  d a t a .  A l s o ,  
t h e  m i c r o s t r u c t u r e  o f  t h e s e  a l l o y s  
w i l l  b e  s t u d i e d  s o  t h a t  a n y  f u r t h e r  
d i s c r e p a n c i e s  o f  s t r e n g t h  p r o p e r t i e s  
c a n  b e  e x p l a i n e d .  

MECHANICAL PROPERTIES OF THORIUM AND 
THORIUM ALLOYS 

W .  J .  F r e t a g u e  

T e n s i l e  s p e c i m e n s  o f  Ames thorium 
were p r e p a r e d  t o  d e t e r m i n e  t h e  e f f e c t  
o f  e x t r u s i o n  r a t e  o n  m e c h a n i c a l  
p r o p e r t i e s .  F o r  t h i s  e x p e r i m e n t  t w o  
e x t r u s i o n s  o f  A m e s  t h o r i u m  b i l l e t  
A339A were  m a d e .  E x t r u s i o n  A339A1 
w a s  made a t  t h e  r a t e  o f  600  f t / m i n ,  
a n d  e x t r u s i o n  A339A2 w a s  made a t  t h e  
r a t e  o f  1 f t / m i n .  T h r e e - i n c h - d i a m e t e r  
s e c t i o n s  of b i l l e t  A339A were h e a t e d  
t o  850'C f o r  2 h r  p r i o r  t o  e x t r u s i o n ,  
and b o t h  s e c t i o n s  (A339A1 and A339A2) 
were e x t r u d e d  t o  1 - i n . - d i a  r o d  ( r e -  
d u c t i o n  r a t i o ,  9 : l ) .  S a m p l e s  o f  b o t h  
e x t r u s i o n s  ( i n  t h e  a s - e x t r u d e d  c o n -  
d i t i o n )  were e x a m i n e d  f o r  o r i e n t a t i o n  
t e x t u r e s .  E x t r u s i o n  A 3 3 9 A 1  w a s  
r e p o r t e d  t o  have  a [ I 1 4 1  t e x t u r e ,  a n d  
e x t r u s i o n  A339A2 was r e p o r t e d  t o  h a v e  
a m a j o r  [ill] t e x t u r e  a n d  a m i n o r  

10 



$ a )  

0 . 1 5  

0 . 1 0  

0.20 

0 . 0 4  

0.07 

:0.001 

:0.001 

:0.001 

cu(a) 

0 .02  

0 . 0 3  

0 . 0 2  

0 . 0 3  

0 . 0 3  

0 . 0 3  

0 . 0 3  

0 . 0 3  

TABLE 5 

Effect of Beryllium Additions on the Properties of Pure Thorium 

A l l  samples  were c o l d  r o l l e d  i n t o  s h e e t  form, 
approximate ly  85% r e d u c t i o n ,  and annealed 

a t  65OoC for X hr 

PROPOR- 
TIONAL 
L I M I T  
( p s i )  

YIELD 
3TRENGTH 
AT 0 . 2 %  
OFFSET 
( p s i )  

7 ,600  

6 ,700  

7 ,000  

6 ,300  

7 , 800 

10,700 

12,200 

16,900 

k" 
t -1 :LONG A- 

r I O N  I N  
2 I N .  
( %I 

REDUC- 
r I O N  OF 

AREA 
( %) 

dODULUS OF 
ELASTICITY 

( m i  1 l i o n  
( b )  p s i )  

HARDNESS TENS1 LE 
STRENGTH 

( p s i )  

18,000 

19 ,500  

18 ,600  

19,900 

21,700 

18, 500 

24, 100 

31,600 

CHEMICAL COMPOSITION 
AL40Y 

NO. ROCKWELL Be C 

0 .015  

0.018 

0.008 

0 .022  

0.017 

0 . 0 2  

0.027 

0 . 0 1  

2,400 

4,000 

5,000 

3,600 

4,800 

6,100 

8 , 2 0 0  

10,300 

12.8 

8 .0  

10.0 

8 . 2  

7.7 

13. 1 

8 .  2 

27.0 

38.0 

41.0 

29.0 

38.0 

4.0 

29.0 

25.0 

69.0 

71.0 

57.0 

76.0 

67.0 

13.0 

36.0 

34.0 

7 4  R, 

60 R, 

65 R, 

63  R, 

7 1  R, 

78 R, 

75  R, 

8 4  R, 

54 

44 

47 

46 

52 

62 

57 

72  

F- 5 -- 

F- 56 

F-55 

F-58 

F- 59 

F-86 

F-84 

F-85 

0 . 0 1  

0 . 0 2  

0 . 0 3  

0 . 0 4  

0 . 1 1  

0 . 3 2  

0.50 

0 . 6 9  
- 

40 

37 

36 

37 

40 

53 

48 

57 

( a ) P r o b a b l y  i n t r o d u c e d  d u r i n g  a r c  m e l t i n g .  

( b ) V a l u e  n o t  o b t a i n e d  w i t h  p r e c i s i o n .  

10-kg l o a d ,  2 / 3 - i n .  o b j e c t i v e .  

( d l  10-kg l o a d ,  16-mm o b j e c t i v e .  



TABLE 6 

Effect of Chromium Additions on the Properties  o f  Pure Thorium CL 
N 

A l l  samples were c o l d  r o l l e d  i n t o  s h e e t  form,  
approximate ly  85% r e d u c t i o n ,  and annea led  

a t  650'C f o r  % h r  

YIELD 
STRENGTH 
AT 0 .2% 
OFFSET 
( p s i )  

7 , 6 0 0  

33,600 

12,200 

13,800 

28,500 

28,200 

MODULUS OF 
ELASTICITY 

( m i l l i o n  
p s i )  (6) 

ELONGA- 
TION I N  

2 I N .  
(%I 

REDUC- 
TION OF 

AREA 
( %I 

PROPOR- 
TIONAL 
LIMIT 
( p s i )  

TENSILE 
STRENGTH 

( p s i )  

CHEMICAL COMPOSITION 
' ALL& 

NO. 

HARDNESS - 
Cr ROCKWELL 

~~ 

136' DPH(d) 

54 

9 3  

7 3  

7 1  

9 1  

97 

vHN( c )  

40 

8 5  

52 

62 

85 

8 6  

C 

~~ 

7 4  R, 

106 R, 

85 R, 

8 9  R, 

102  R, 

102 R, 

F- 54 
' L  
& 

I< . F-53 

0 

0 . 7 6  

1. 60 

2.90 

4.2 

5 .3  

18,600 

39,500 

28,900 

33,000 

47,900 

51, 300 

2 ,400  

23,300 

6,300 

7 , 3 0 0  

17,800 

14,000 

12 .8  

9 . 4  

7 . 2  

9 .7  

27.0 ( e )  

11.0 

26.0 

23.0 

6.0 

13.0 

0 .015  

0.038 

0 .019  

0 .022  

0.1'. 

cg.001 

u). 00 1 

0 .02  

0 . 0 3  

0 . 0 2  

69.0 

48.0 

54.'0 

47.0 

23.0 

31;O 

F-51 

F-52 

F-87 

F-88 

( a ) P r o b a b l y  i n t r o d u c e d  d u r i n g  m e l t i n g .  

( b ) V a l u e s  n o t  o b t a i n e d  w i t h  p r e c i s i o n .  

( c ) l O - k g  l o a d ,  2 /3- in .  o b j e c t i v e .  

( d )  10-kg l o a d ,  16-mm o b j e c t i v e .  

("This  v a l u e  o b t a i n e d  on a s i n g l e  t e a t  a p p e a r s  t o  b e  l o r .  

I 
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18,300 

E l l 0 1  t e x t u r e .  D u p l i c a t e  t e n s i l e  
s p e c i m e n s  f r o m  e a c h  e x t r u s i o n  w e r e  
p r e p a r e d .  One  s p e c i m e n  f r o m  e a c h  
e x t r u s i o n  w a s  t e s t e d  i n  t h e  a s - e x t r u d e d  
c o n d i t i o n  and t h e  o t h e r  i n  t h e  a n n e a l e d  
c o n d i t i o n .  T h e  a n n e a l i n g  w a s  d o n e  
i n  vacuum; t h e  s p e c i m e n s  w e r e  h e a t e d  
a t  750OC f o r  30 min and f u r n a c e - c o o l e d  
t o  room t e m p e r a t u r e .  A n n e a l e d  x - r a y  
s p e c i m e n s  from e a c h  e x t r u s i o n  a r e  b e i n g  
p r e p a r e d ,  a n d  o r i e n t a t i o n  d e t e r m i -  
n a t i o n s  w i l l  be  made a s  s o o n  a s  t h e  
s p e c i m e n s  a r e  a v a i l a b l e .  I n f o r m a t i o n  
on  t h e  r e c r y s t a l l i z a t i o n  t e x t u r e s  o f  
t h e  t w o  e x t r u s i o n s  w i l l  b e  v e r y  
h e l p f u l  i n  a n a l y z i n g  t h e  r e s u l t s  o f  
t h e  t e n s i l e  t e s t s  o f  t h e  a n n e a l e d  
s p e c i m e n s .  T a b l e  7 l i s t s  t h e  mechan i -  
c a l  p r o p e r t i e s  of  t h e  a s - e x t r u d e d  and 
a n n e a l e d  s p e c i m e n s  o f  t h e  t w o  e x -  
t r u s i o n s .  A d e c i d e d  i m p r o v e m e n t  i n  
t e n s i l e  s t r e n g t h  and y i e l d  s t r e n g t h  
w i t h  a c o r r e s p o n d i n g  d e c r e a s e  i n  
e l o n g a t i o n  and  r e d u c t i o n  i n  a r e a  w a s  
n o t e d  i n  t h e  m a t e r i a l  e x t r u d e d  a t  t h e  
v e r y  s l o w  r a t e  (A339A2). 

7 0 . 0  41 .5  

7 2 . 7  5 5 . 6  

I m p a c t  t e s t s  w e r e  p e r f o r m e d  on 17 
C h a r p y  V - n o t c h  i m p a c t  s p e c i m e n s  o f  
Ames t h o r i u m  t o  d e t e r m i n e  t h e  e f f e c t  
o f  e l e v a t e d - t e m p e r a t u r e  h e a t  t r e a t m e n t .  

A S - i n . - d i a  s e c t i o n  o f  Ames t h o r i u m  
b i l l e t  A 3 3 8 A  was h e a t e d  a t  950°C f o r  
2 h r  and e x t r u d e d  t o  a 5 / 8 - i n . - d i a  r o d  
( r e d u c t i o n  r a t i o ,  2 3 :  1) .  T h i s  r o d  
w a s  c o l d  d r a w n  t o  0 . 4 1 0 - i n . - s q u a r e  
b a r ,  and d u p l i c a t e  s p e c i m e n s  2 1/4 i n .  
l o n g  w e r e  h e a t e d  i n  a p u r i f i e d  a r g o n  
a t m o s p h e r e  a t  t e m p e r a t u r e s  b e t w e e n  
800  a n d  160OoC i n  1 0 0 ° C  i n c r e m e n t s  
f o r  30 min and wa te r  quenched .  F o l l o w -  
i n g  h e a t  t r e a t m e n t s ,  s p e c i m e n s  w e r e  
m a c h i n e d  i n t o  C h a r p y  V - n o t c h  i m p a c t  
s p e c i m e n s  and t e s t e d  a t  room tempera-  
t u r e s  b y  u s i n g  t h e  c o m b i n a t i o n  o f  
p e n d u l u m  w e i g h t  a n d  p o s i t i o n  t h a t  
g i v e s  maximum c a p a c i t y  ( 0  t o  120 f t - l b )  
o f  t h e  i m p a c t  t e s t e r .  T a b l e  8 l i s t s  
t h e  r e s u l t s  o b t a i n e d  on i m p a c t  t e s t s .  
S p e c i m e n s  q u e n c h e d  f r o m  t e m p e r a t u r e s  
o f  8 0 0  t h r o u g h  l l O O ° C  g i v e  i m p a c t  
v a l u e s  t h a t  a r e  f a i r l y  c o n s i s t e n t .  
S p e c i m e n s  q u e n c h e d  f r o m  120OOC a n d  
a b o v e ,  h o w e v e r ,  h a d  i m p a c t  s t r e n g t h s  
r a n g i n g  f r o m  a p p r o x i m a t e l y  o n e  h a l f  
t o  o n e  s e v e n t h  o f  t h o s e  e x h i b i t e d  b y  
t h e  same m a t e r i a l  q u e n c h e d  f r o m  8 O O O C  
and below. 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  f r a c t u r e d  i m p a c t  s p e c i m e n s  i s  
i n  p r o g r e s s  t o  d e t e r m i n e  w h e t h e r  t h e r e  
i s  a c o r r e s p o n d i n g  c h a n g e  i n  t h e  
m i c r o s t r u c t u r e  o f  s p e c i m e n s  q u e n c h e d  
from 1200°C and h i g h e r .  

SPECIMEN 
NO. 

A339A1 

A339AlA 

A339A2 

A3 39 AZA 

TABLE 7 

Mechanical  P r o p e r t i e s  of  A m e s  Thorium 

B i l l e t  A 3 3 9 A  

CONDITIMV 

As-ext ruded  a t  f a s t  r a t e  

Annealed* 

As-ex t ruded  a t  s l o w  r a t e  

Annealed'  

( p s i )  ( p s i )  

YIELD 
STRENGI 
AT 0 .2 :  
OFFSET 
( p s i )  

2 6 , 2 0 0  

18, 300 

49,600 

19,700 
I_ 

'i$qi$f- YIELD YIELD TION I N  TION I N  

19,700 j 18 ,800  1 1::: 1 ::I: 
I I I 

. V a e u u a  a n n e a l e d  a t  7 5 0 ° C  f o r  30 m i n  a n d  f u r n a c e  c o o l e d ;  t e s t  s e c t i o n  m a c h i n e d  a f t e r  a n n e e l i n g .  

PROPOR- 
TIONAL 



TABLE 8 

SPECIMEN 
NO. 

1 

2 

I 3  

4 

5 
6 

9 
,e-. 10 
. l U  

,: '- 11 
12 

.. 13 
14 

15 
16 

17 
18 

"-. 

IMPACT ENERG'I 
( f t - l b )  * 

20.5 

20.5 

23.5 
24.0 

25.5 
25.0 

24.0 
25.0 

10.5 
10.5 

7.0 
8.0 

4.5 
4.0 

4.0 
5.0 

3 . 5  
Specimen 

broke during 
machining 

Impact S t r e n g t h  of  Heat -Treated  Ames Thorium 

Charpy V-notch  i m p a c t  specimens 

THERMAL AND MECHANICAL HISTORY 

kree- inch-diameter  b i l l e t  heated t o  950°C for  2 hr  p r i o r  t o  ex t rus ion  

Cxtruded t o  5/8-in.-dia 
spe :mens heated i n  a p u r i f i e d  argon atmosphere a t  800°C fo r  30 min and water quenched; machined t o  f i n a l  
specimen s i z e  a f t e r  hea t  t reatment  

rod and cold drawn t o  0.410-in.-square bar; d u p l i c a t e  2 l /4  by 0.410-in.-square 

Same a s  Specimens 1 and 2 except heated a t  900°C for  30 min and water quenched p r i o r  t o  machining 

Same as Specimens 1 and 2 except heated a t  1000°C for  30 min and water quenched p r i o r  t o  machining 

Same a s  Specimens 1 and 2 except heated a t  1100°C f o r  30 min and water quenched p r i o r  t o  machining 

Same a s  Specimens 1 and 2 except  heated a t  1200°C for  30 min and water quenched p r i o r  t o  machining 

Same as  Specimens 1 and 2 except heated a t  1300°C for  30 min and water  quenched p r i o r  t o  machining 

Same a s  Specimens 1 and 2 except heated a t  1400°C for  30 min and water quenched p r i o r  t o  machining 

Same a s  Specimens 1 and 2 except  heated a t  1500°C for  30 min and water quenched p r i o r  t o  machining 

Same a s  Specimens 1 and 2 except heated a t  1600°C for  30 min and water quenched p r i o r  t o  machining 

'The 0 - t o - I 2 0  f t - l b  range  o f  t h e  i m p a c t  t e s t e r  was u s e d .  
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FABRICATION OF THORIUM 

4. J .  F r e t a g u e  

Extrusion. A m e s  t h o r i u m  b i l l e t s  
MX325A9, A328A,  A 3 3 8 B ,  A339B,  a n d  
A 3 4 3 8  were  e x t r u d e d  t o  1 b y  2 i n .  
c r o s s - s e c t i o n  b a r s .  T h e  b a r s  w e r e  
c o l d  r o l l e d  t o  5 / 8  by  2 i n .  p l a t e s ,  
c u t  t o  a p p r o p r i a t e  l e n g t h s ,  a n d  
m a c h i n e d  i n t o  t e n s i l e ,  C h a r p y  V - n o t c h  
i m p a c t ,  and t o r s i o n  s p e c i m e n s .  

A m e s  t h o r i u m  b i l l e t  MX322A8 w a s  
e x t r u d e d  t o  5 / 8 - i n . - d i a  r o d  b y  u s i n g  
a T a t m o  d i e  i n s e r t .  A f t e r  o n e  e x -  
t r u s i o n  t h e  i n s e r t  was b a d l y  s c o r e d ,  
and  t h e  s u r f a c e  o f  t h e  e x t r u s i o n  was 
r o u g h  a n d  o u t - o f - r o u n d .  A S u p e r  
C o b a l t  i n s e r t  was p l a c e d  i n  t h e  d i e  
h o l d e r ,  a n d  A m e s  t h o r i u m  b i l l e t  
MX325A9 was e x t r u d e d  t o  5 / 8 - i n . - d i a  
r o d .  T h e  r e s u l t s  w e r e  b e t t e r  t h a n  
t h o s e  o b t a i n e d  w i t h  t h e  T a t m o  i n s e r t  
o n  b i l l e t  MX322A8,  b u t  t h e y  w e r e  
s t i l l  p o o r  by c o m p a r i s o n  w i t h  p r e v i o u s  
s t a n d a r d s .  A m e s  t h o r i u m  b i l l e t s  
A328A; A338B, A339B, and A343B w e r e  
e x t r u d e d  t o  5/8- i n .  - d i a  r o d s  by u s i n g  
t h e  S u p e r  C o b a l t  d i e  i n s e r t .  A l l  
b i l l e t s  were h e a t e d  t o  85OoC i n  s a l t  
f o r  2 h r  p r i o r  t o  e x t r u s i o n .  T h i s  
d i e  m a t e r i a l  a p p e a r e d  t o  g i v e  s a t i s -  
f a c t o r y  s e r v i c e .  

A m e s  t h o r i u m  b i l l e t  MX322B8 was  
s e c t i o n e d  ( t r a n s v e r s e l y )  p r i o r  t o  
e x t r u s i o n ,  a n d  c r a c k s  ( o r  v o i d s )  
w e r e  f o u n d  o n  b o t h  f a c e s  o f  t h e  
t r a n s v e r s e  c u t  a n d  o n  b o t h  e n d s  o f  
t h e  o r i g i n a l  b i l l e t .  T h e  l a r g e r  
p i e c e  o f  t h e  b i l l e t  w a s  s e c t i o n e d  
l o n g i t u d i n a l l y  i n  t h e  R e s e a r c h  S h o p s ,  
a n d  a l a r g e  s h r i n k a g e  c a v i t y  ( o r  
s e c o n d a r y  p i p e )  was d i s c o v e r e d  n e a r  
o n e  e n d  ( a b o u t  o n e  t h i r d  o f  t h e  way 
f r o m  t h e  end  o f  t h e  o r i g i n a l  b i l l e t ) .  
T h i s  d e f e c t  w a s  c u t  o f f ,  a n d  t h e  
r e m a i n d e r  o f  t h e  b i l l e t  was m a c h i n e d  
i n t o  two 1 by 2 i n .  p i e c e s .  An a t t e m p t  
w a s  made t o  c o l d  r o l l  t h e s e  p i e c e s ,  
b u t  t h e y  c r a c k e d  b a d l y  a f t e r ’ o n l y  

0 . 1 3 5  i n .  t o t a l  r e d u c t i o n  ( 0 . 0 1 5  i n .  
p e r  p a s s ) .  T h e  c r a c k s  d e v e l o p e d  a t  
r i g h t  a n g l e s  t o  t h e  r o l l i n g  d i r e c t i o n  
o n  t h e  s u r f a c e  t h a t  w a s  o r i g i n a l l y  
n e a r  t h e  c e n t e r  o f  t h e  b i l l e t .  F u r t h e r  
work on  t h i s  b i l l e t  w a s  d i s c o n t i n u e d .  

Billet Defects. A n u m b e r  o f  t h e  
A m e s  t h o r i u m  b i l l e t s  t h a t  were  s e c t i o n e d  
p r i o r  t o  e x t r u s i o n  e x h i b i t e d  s e a m s  or 
v o i d s  ( t y p i c a l  o f  s o l i d i f i c a t i o n  
s h r i n k a g e  d e f e c t s ) .  When s u c h  d e f e c t s  
a r e  p r e s e n t  i n  a b i l l e t  t h e y  a r e  n o t  
s e l f - h e a l i n g  - t h a t  i s ,  t h e y  a r e  n o t  
we lded  c l o s e d b y  t h e  e x t r u s i o n  p r o c e s s ,  
a n d  i f  p r e s e n t  i n  t e s t  s p e c i m e n s  
p r e p a r e d  f r o m  s u c h  a d e f e c t i v e  e x -  
t r u s i o n  t h e y  t e n d  t o  g i v e  e r r o n e o u s  
r e s u l t s  when t e s t e d .  R a d i o g r a p h y  o f  
3 - i n . - d i a  t h o r i u m  b i l l e t s  t o  d e t e c t  
f l a w s  p r i o r  t o  e x t r u s i o n  is i m p o s s i b l e  
w i t h  t h e  e x i s t i n g  e q u i p m e n t  o f  t h e  
D i v i s i o n ,  s o  o t h e r  m e t h o d s  o f  f l a w  
d e t e c t i o n  were i n v e s t i g a t e d .  T h r e e  
Ames t h o r i u m  b i l l e t s  and  16 e x t r u d e d  
a n d  c o l d - d r a w n  t h o r i u m  b a r s  were  
c h e c k e d  w i t h  a S p e r r y  r e f l e c t o s c o p e .  
Of t h e  t h r e e  b i l l e t s  t e s t e d ,  o n e  was 
k n o w n  t o  b e  c r a c k e d  ( f r o m  v i s u a l  
e x a m i n a t i o n ) ,  w h e r e a s  t h e  o t h e r  t w o  
w e r e  t h o u g h t  t o  b e  s o u n d .  A l l  t h e  
e x t r u d e d  and  c o l d - d r a w n  b a r s  s e e m e d  
t o  be  sound.  The  r e f l e c t o s c o p e  worked 
v e r y  w e l l  on  t h e  c o l d - d r a w n  m a t e r i a l ,  
b u t  t h e  i n d i c a t i o n s  o b t a i n e d  on t h e  
a s - c a s t  b i l l e t s  were r a t h e r  i n d e f i n i t e .  

P a r t o f  t h e  d i f f i c u l t y  w i t h  t h e  a s - c a s t  
b i l l e t s  c o u l d  b e  a t t r i b u t e d  t o  t h e  
r o u g h - m a c h i n e d  s u r f a c e  on  t h e  e n d s  o f  
t h e  b i l l e t .  When t h e  c r y s t a l  i n t e n d e d  
f o r  u s e  w i t h  c a s t  m a t e r i a l s  w a s  
employed ,  f a i n t  i n d i c a t i o n s  o f  d e f e c t s  

k n o w n  t o  b e  d e f e c t i v e  ( M X 3 2 5 B 9 ) .  
were o b t a i n e d  i n  t h e  b i l l e t  t h a t  was .* 

z . 

RECRYSTALLIZATION OF THORIUM 

F. H. E c k e r t  

Ames T h o r i u m .  S p e c i m e n s  0 . 0 7 1  i n .  
t h i c k w e r e  f a b r i c a t e d  from Ames t h o r i u m  



FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

b i l l e t  A349B (0 .040% c a r b o n )  b y  c o l d  
r o l l i n g  t h o r i u m  p l a t e  t o  2 0 ,  4 0 ,  60 ,  
and  80% r e d u c t i o n .  T h e  t h o r i u m  p l a t e  
w a s  h e a t e d  t o  7 5 O O C  f o r  % h r  a n d  
f u r n a c e - c o o l e d  b e f o r e  f i n a l  c o l d  
w o r k i n g  t o  p r e c i p i t a t e  a n y  i m p u r i t i e s  
t h a t  m i g h t  h i n d e 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  by s i m u l t a n e o u s  p r e c i p i t a t i o n .  
T h e  s p e c i m e n s  t h a t  w e r e  c o l d  w o r k e d  
8 0 %  were t h e n  a n n e a l e d  f o r  v a r y i n g  
l e n g t h s  o f  t i m e  a t  c o n s t a n t  t e m p e r a -  
t u r e s  i n  a l e a d  b a t h  a n d  q u e n c h e d  i n  
c o l d  w a t e r .  

F i g u r e  1 s h o w s  t h e  p r o g r e s s  o f  
r e c r y s t  a 1  l i  z a t  i o n ,  w h i c h  w a s  t r a c e d  
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b y  V i c k e r s  h a r d n e s s  m e  a s u r e m e n t s .  
T h e  c h a n g e  i n  m i c r o s t r u c t u r e  d u r i n g  
t h e  i s o t h e r m a l  a n n e a l i n g  i s  shown  i n  
F i g s .  7 7  a n d  80 f o r  550  a n d  6 0 0 " G .  
T h e  e f f e c t  o f  t e m p e r a t u r e  o n  r e -  
c r y s t a l l i z a t i o n  i s  r e v e a l e d  b y  t h e  
m i c r o s t r u c t u r e s  i n  F i g .  8 3 .  ( S e e  
s e c t i o n  o n  " M e t a l l o g r a p h y  L a b o r a t o r y "  
f o r  F i g s .  77 ,  80,  and 8 3 . )  

A r a p i d  d r o p  i n  t h e  h a r d n e s s  o f  t h e  
A m e s  t h o r i u m  s p e c i m e n s  i s o t h e r m a l l y  
a n n e a l e d  f o r  1 h r  w a s  n o t e d  a t  t e m p e r -  
a t u r e s  v a r y i n g  f r o m  4 5 0  t o  5 2 0 O C .  
M i c r o e x a m i n a t i o n  showed n o  e v i d e n c e  o f  
r e c r y s t a l l i z a t i o n  i n  t h e  t e m p e r a t u r e  

SECRET 

80% COLD WORK 
0.04% C A R B O N  
ANNEALING TEMPERATURES 
SHOWN ON C U R V E S  I N  O C ,  

to 2 0  30 40 50 60 60 
0 - ANNEALING TIME ( m i n )  

F i g .  1. R e c r y s t a l l i z a t i o n  Curves for  Ames Thorium. 



RETALLURGY DIVISION QUARTERLY PROGRESS REPORT 

r a n g e ,  s o  i t  i s  b e l i e v e d t h a t  " r e c o v e r y "  
a n d / o r  p o s s i b l y  some p r e c i p i t a t i o n  i s  
r e s p o n s i b l e  f o r  t h i s  i n i t i a l  h a r d n e s s  
d r o p .  I n v e s t i g a t i o n  o f  t h e  A m e s  
s a % p l e s  r o l l e d  t o  2 0 ,  4 0 ,  a n d  6 0 %  
r e d u c t i o n  w i l l  b e  r e p o r t e d  a t  a l a t e r  
d a t e .  

I o d i d e  Thorium. I o d i d e  c r y s t a l - b a r  
t h o r i u m  w a s  m e l t e d  i n  a n  i n e r t -  
a t m o s p h e r e  a r c  f u r n a c e  b y  u s i n g  a 
n o n c o n s u m a b l e  t u n g s t e n  e l e c t r o d e .  
T h e  r e s u l t i n g  t h o r i u m  b u t t o n s  were  
f l a t  r o l l e d  and s l o w - c o o l  a n n e a l e d  a t  
75OoC f o r  '/2 h r  a n d  t h e n  c o l d  r o l l e d  
w i t h  an 80% r e d u c t i o n  t o  0 . 0 6 1 - i n . -  
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t h i c k  p l a t e  s p e c i m e n s .  T h e s e  s p e c i -  
mens  were t h e n  i s o t h e r m a l l y  a n n e a l e d  
t h e  s a m e  a s  t h e  A m e s  s p e c i m e n s ,  and  
V i c k e r s  h a r d n e s s  m e a s u r e m e n t s  w e r e  
made  t o  t r a c e  t h e  r e c r y s t a l l i z a t i o n  
o f  t h e  p u r e  t h o r i u m .  T h e  c a r b o n  a n d  
q u a l i t a t i v e  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  i o d i d e  t h o r i u m  a r e  g i v e n  i n  
T a b l e  9. 

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  c u r v e s  
f o r  i o d i d e  t h o r i u m  a r e  p l o t t e d  i n  
F i g .  2 .  M i c r o s t r u c t u r e  c h a n g e s  d u r i n g  
a n n e a l i n g  a r e  shown  i n  F i g s .  7 5 ,  7 6 ,  
7 8 ,  7 9 ,  81,  a n d  8 2 .  ( S e e  s e c t i o n  on 
" M e t a l l o g r a p h y  L a b o r a t o r y .  'I) 
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ANNEALING TIME ( r n i n )  

F i g .  2. I so thermal  R e c r y s t a l l i z a t i o n  Curves  f o r  I o d i d e  Thorium. 
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FOR PERIOD ENDING APRIL 3 0 ,  1952 

TABLE 9 some t i m e  b e f o r e  r e s u l t s  from t h e  t e s t  
program a r e  a v a i l a b l e .  

Analysis of Iodide Thorium for 
Re c ry s ta 1 1 i za t i on Stud i e s 

Carbon  * 0.012% 
Aluminum Very weak 

Chron  ium T r a c e  

Ca 1 c ium 

Copper  

I r o n  

S i l i c o n  

S i l v e r  

T r a c e  

T r a c e  

T r a c e  

T r a c e  

F a i n t  t r a c e  

Boron  F a i n t  t r a c e  

B e r y l l i u m  F a i n t  t r a c e  

Lanthanum 

Magnesium 

N i c k e l  

F a i n t  t r a c e  

F a i n t  t r a c e  

F a i n t  t r a c e  

T i  t a n i  um Fa ic t ,  , t r a c e  

The i o d i d e  t h o r i u m  d i d  n o t  e x h i b i t  
a " r e c o v e r y "  z o n e  a s  s h o w n  i n  t h e  
Arne s t h o  r ium. H a r  d n e  s s m e  a s u  r e  men t s 

on  t h e  i o d i d e  t h o r i u m  r e m a i n e d  c o n s t a n t  
b e t w e e n  4 0 0  a n d  5 1 O o C  ( s p e c i m e n s  
i s o t h e r m a l l y  a n n e a l e d  f o r  1 h r ) ,  b u t  
t h e n  t h e  h a r d n e s s  s t a r t e d  t o  d r o p  o f f  
r a p i d l y .  M i c r o e x a m i n a t i o n  r e v e a l e d  
t h a t  t h i s  h a r d n e s s  d r o p  was t h e  r e s u l t  
o f  r e c r y s t a l l i z a t i o n ,  which  s t a r t e d  a t  

' S O O O C .  I n v e s t i g a t i o n  o f  t h e  e f f e c t  
o f  r e d u c e d  c o l d  w o r k  o n  t h e  r e -  
c r y s t a l l i z a t i o n  o f  i o d i d e  t h o r i u m  i s  

. now i n  p r o g r e s s .  

RADIATION DAMAGE OF THORIUM 

R. E .  Adams 

A t e s t  p r o g r a m  h a s  b e e n  p l a n n e d  
t o  e v a l u a t e  t h e  e f f e c t s  o f  r a d i a t i o n  
damage o n  t h o r i u m .  B e c a u s e  o f  d e l a y s  
e n c o u n t e r e d  i n  s e c u r i n g  s p a c e  € o r  
i r r a d i a t i o n  and t h e  t i m e  r e q u i E e d  f o r  
c o o l i n g  b e f o r e  t e s t i n g ,  i t  w i l l  Le 

Some p r e l i m i n a r y  i n f o r m a t i o n  on  
r a d i a t i o n  damage  o f  t h o r i u m  h a s  b e e n  
o b t a i n e d  from t e s t s  made on s i x  s l u g s  
t h a t  h a d  p r e v i o u s l y  b e e n  i r r a d i a t e d  
f o r  a n o t h e r  p u r p o s e .  T h e  s l u g s  were  
p a r t  o f  a b a t c h  o f  s e v e r a l  h u n d r e d  
t h a t  were m a c h i n e d  f r o m  f o r g e d  a n d  
r o l l e d  s t o c k  s o m e t i m e  d u r i n g  1 9 4 8 .  
The s l u g s  were  r e p o r t e d  t o  b e  4 . 0 0  * 
0 . 0 1 0  i n .  i n  l e n g t h ,  w i t h  d i a m e t e r s  
r a n g i n g  be tween 1 . 3 5 5  and 1.360 i n c h e s .  
No o t h e r  i n f o r m a t i o n  o n  t h e  i n i t i a l  
s i z e  and c o n d i t i o n  o f  t h e  i n d i v i d u a l  
s l u g s  i s  a v a i l a b l e .  T h u s ,  d a t a  on  t h e  
e f f e c t s  o f  r a d i a t i o n  damage  o n  t h e s e  
s l u g s  a r e  e s s e n t i a l l y  q u a l i t a t i v e .  

T h e  a luminum c a n s  were  removed by 
d i s s o l u t i o n ,  a n d  d i m e n s i o n s  o f  t h e  
s l u g s  were m e a s u r e d  b y  s p e c i a l  l e n g t h  
a n d  t h i c k n e s s  g a g e s .  D u p l i c a t e  
m e a s u r e m e n t s  c o u l d  b e  r e p e a t e d  t o  
w i t h i n  a b o u t  0 . 0 0 0 3  i n c h .  L e n g t h  
w a s  m e a s u r e d  a t  t h e  c e n t e r  o f  t h e  
s l u g s ,  a n d  d i a m e t e r s  were measu red  a t  
s e v e r a l  p l a c e s  a r o u n d  and  a l o n g  t h e  
s l u g s .  I n  a d d i t i o n ,  t w o  o r  t h r e e  
p r o f i l e  t r a c e s  were made a l o n g  t h e  
l e n g t h  o f  e a c h  s l u g .  H a r d n e s s  measure-  
m e n t s  w e r e  a l s o  t a k e n  b y  u s i n g  a 
c onven  t i  on a 1  h a r d n e s s  t e s t e r  o p e r a t e d  
by  r emote  c o n t r o l .  

R e s u l t s  o f  d i m e n s i o n a l  and h a r d n e s s  
m e a s u r e m e n t s  o n  t h e  s i x  s l u g s  a r e  
shown i n  T a b l e  10. 

T h e  l e n g t h  m e a s u r e m e n t s  i n d i c a t e  
t h a t  o n l y  t w o  o f  t h e  s l u g s  were n o t  
w i t h i n  t h e  g i v e n  t o l e r a n c e  a f t e r  
i r r a d i a t i o n .  S i n c e  o n e  i s  l o n g e r  
a n d  t h e  o t h e r  s h o r t e r ,  i t  a p p e a r s  
t h a t  a l l  s l u g s  may n o t  h a v e  b e e n  made 
t o  t h e  s p e c i f i e d  t o l e r a n c e .  The  d a t a  
d o  i n d i c a t e  t h a t  no  s e r i o u s  c h a n g e s  i n  
l e n g t h  o c c u r r e d  d u r i n g  i r r a d i a t i o n .  

I 

S o m e  v a r i a t i o n  i n  d i a m e t e r  o f  
i n d i v i d u a l  s l u g s  was  f o u n d ,  b u t  t h e  

. . .  



FOR PERIOD EhDING APRIL 30, 1952 

PREFERRED ORIENTATION OF URANIUM 

L. K. J e t t e r  

E x a m i n a t i o n  o f  t h e  a l p h a - e x t r u d e d  
u ran ium r o d s  h a s  been  c o m p l e t e d .  Some 
r e s u l t s  o f  t h e  e x a m i n a t i o n  were  r e -  
p o r t e d  p r e v i o u s l y ,  ( ' *  * *  3, and t e x t u r e s  
a r e  summar ized  and  c o r r e l a t e d  w i t h  t h e  
f a b r i c a t i n g  c o n d i t i o n s  and  d e g r e e  o f  
r e c r y s t a l l i z a t i o n  i n  T a b l e  11. 

R o d s  1 1 / 2 ,  9 / 1 0 ,  a n d  5 / 8  i n .  i n  
d i a m e t e r  were e x t r u d e d  t h r o u g h  2 5 - d e g  
c o n i c a l  d i e s  f rom i n g o t s  3 1 / 8  i n .  i n  
d i a m e t e r  a t  5 0 0 ° C  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 i o s ,  4 . 3 ,  1 2 . 1 ,  and 2 5 . 0 ,  
r e s p e c t i v e l y ) .  T h e  e x t r u d e d  l e n g t h s  
w e r e  w a t e r - s p r a y  q u e n c h e d  a s  t h e y  
emerged from t h e  d i e  t o  r e t a i n ,  i n s o f a r  
a s  p o s s i b l e ,  t h e  a s - e x t r u d e d  s t r u c t u r e .  
A sample  was t a k e n  f r o m n e a r  t h e  f r o n t ,  
m i d d l e ,  and  back  end  o f  e a c h  e x t r u d e d  
l e n g t h  and  examined  i n  t h e  a s - e x t r u d e d  
c o n d i t i o n .  A n o t h e r  s a m p l e  was t a k e n  
f rom n e a r  t h e  m i d d l e  o f  e a c h  e x t r u d e d  
l e n g t h ,  a n n e a l e d  1 h r  a t  5 5 0 ° c ,  a n d  
t h e n  examined .  

A s p h e r i c a l  d i f f r a c t i o n  s p e c i m e n  
0 . 5 0 0  i n .  i n  d i a m e t e r  w a s  m a c h i n e d  
f r o m  e a c h  s a m p l e  s o  t h a t  t h e  c e n t e r  
l i n e  o f  t h e  s p e c i m e n  c o i n c i d e d  w i t h  
t h a t o f  t h e  r o d .  The s p h e r i c a l  s u r f a c e  
was l a p p e d  t o  s m o o t h n e s s  and  e l e c t r o -  
p o l i s h e d  t o  remove t h e  s u r f a c e  l a y e r s  
d e f o r m e d  b y  m a c h i n i n g  a n d  l a p p i n g .  
(The  s p e c i m e n  was r e d u c e d  a p p r o x i m a t e l y  
0 . 0 1 0  i n .  i n  d i a m e t e r  b y  e l e c t r o -  
p o l i s h i n g .  ) 

T h e  p r e f e r r e d  o r i e n t a t i o n  w a s  
d e t e r m i n e d  by t h e  x - r a y - d i f f r a c t i o n  

( l ) 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  for P e r i o d  E n d i n g  J u l y  31, 1950. O R N L - 8 2 7 ,  
p .  35-49. 

(')Metallurgy 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  f o r  p e r i o d  E n d i n g ' J a n u a r y  3 1 ,  1 9 5 1 ,  
O R N L - 9 8 7 ,  p .  1 7 - 3 6 .  

( 3 ) ~ e t a ~ l u r g y  D i v i s i o n  ~ u a r t e r ~ y  p r o g r e s s  
Report for P e r i o d  Ending J u l y  31, 1951, O R N L - 1 1 0 8 ,  
p .  12-14. 

s p e c t r o m e t e r  t e c h n i q u e  d e s c r i b e d  i n  
p r e v i o u s  r e p o r t s . ( ' * 4 * 5 )  E x a m i n a t i o n  
w a s  m a d e  o n  a N o r e l c o  T y p e - 1 2 0 2 1  
G e i g e r - c o u n t e r  x - r a y - d i f f r a c t i o n  
g o n i o m e t e r  e m p l o y i n g  c u  Ka r a d i a t i o n .  
T h e  s p e c i m e n  w a s  r o t a t e d  a t  2 0 0  or 
3 6 0  rpm a b o u t  i t s  l o n g i t u d i n a l  a x i s  
( t h e  e x t r u s i o n  d i r e c t i o n )  d u r i n g  
e x p o s u r e .  

P l o t s  o f  t h e  i n t e n s i t y  o f  d i f -  
f r a c t i o n  v s .  t h e  a n g l e  6 b e t w e e n  t h e  
e x t r u s i o n  d i r e c t i o n  and  t h e  n o r m a l  t o  
t h e  d i f f r a c t i n g  p l a n e  f o r  v a r i o u s  
p l a n e s  f o r  r e p r e s e n t a t i v e  s p e c i m e n s  
a r e  g i v e n  i n  F i g s .  3 t h r o u g h  2 0 .  

The d e g r e e  o f  r e c r y s t a l l i z a t i o n  was 
d e t e r m i n e d  f rom t h e  m i c r o s t r u c t u r e  and  
x - r a y - d i f f r a c t i o n  L a u e  p h o t o g r a m s  
shown i n  F i g s .  2 1  t h r o u g h  2 6 .  

I n  t h e  a s - e x t r u d e d  c o n d i t i o n ,  a l l  
s a m p l e s  e x h i b i t e d  a d u p l e x  [410]  - [ O l O ]  
f i b e r  t e x t u r e  w i t h  minor  [ 0 3 1 I ,  [431I ,  
[ O O I ]  , [ I003  c o m p o n e n t s .  I n c r e a s i n g  
t h e  e x t r u s i o n  r a t i o  r e s u l t e d  i n  a n  
i n c r e a s e  i n  t h e  s t r e n g t h  o f  t h e  [410] 
c o m p o n e n t  r e l a t i v e  t o  t h a t  of t h e  
[ O l O ]  c o m p o n e n t  w i t h  a n  i n c r e a s e  i n  
s h a r p n e s s  o f  b o t h ,  (Compare s p e c i m e n s  
3 1 ,  1 4 ,  1 7 . )  F rom t h e  b a c k  t o  t h e  
f r o n t  e n d  o f  t h e  e x t r u d e d  l e n g t h  o f  
r o d  g i v e n  t , h e  g r e a t e s t  r e d u c t i o n ,  
t h e r e  was a n  i n c r e a s e  i n  t h e  s t r e n g t h  
o f  t h e  [410] component  r e l a t i v e  t o t h a t  
o f  t h e  [ O l O ]  c o m p o n e n t .  ( C o m p a r e  
s p e c i m e n s  18, 1 7 ,  16. 

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

( 4 ) M e  t a  1 l u  r g y  D i u  i s i o n  Q u a  r t e r 1 y p r o  g r e  s s 
R e p o r t  f o r  P e r i o d  E n d i n g  J a n u a r y  3 1 ,  1 9 5 0 ,  
ORNL-583, p .  3 7 - 4 3 .  

( S ) M e t a l l u r g y  D i u 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  f o r  P e r i o d  E n d l n g  J a n u a r y  3 1 ,  1 9 5 2 ,  
ORNL- 1267, in p r e s s .  
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X-RAY - DIFFRACTION 
SPECIMEN NO. 

11 

3 1  

12 

13  
1 

14 

1 5  

16 

17 

18 

26 

52 

53 

EXIRUSION 
SAMPLE NO. 

U9-Xl 

u9-x5  

u9 - x3 

u10-x1  

U l O - X Z  

U10-X3 

u12-Xl 

u12-x2  

U 1 2 - x 3  

u9-x4  

UlO-XS 

U12-x6 

DIAME'IER OF 
{XTRUDED ROD 

( i n . )  

1 1/2 

1 1/2 

1 1 / 2  

9/ 10 

9/ 10 

9/ 10 

51 a 

5/ 8 

5 /  8 

1 1/2 

9/ 10 

51 a 

7XIRUSI ON 
RATIO 

4 . 3  

4 . 3  

4 . 3  

1 2 . 1  

1 2 . 1  

1 2 . 1  

25.0 

25 .0  

25.0 

4 . 3  

12 .1  

25 .0  

TABLE 11 3 PY 
cl 
;e 

C 
P 

r r 

TEX'IURE - 
TRACE - 

CONDITION 

As-ext ruded  

As-ext ruded  

As-ext ruded  

As- e x t r u d e d  

As-ext ruded  

A s  - e x t  ru ded 

A s  - e x t r u d e d  

As-ext ruded  

A s -  e x t r u d e d  

Annealed 

Annealed 

Annealed 

DCATION OF 
SAMPLE * 

F r o n t  

Middl e 

Back 

Front  

M i  ddl e 

Back 

Front 

Middle 

Back 

Middl e 

Middle 

Middle 

DEGREE OF 
RECRYSTALLIZATION 

None 

None 

None 

P a r t i a l  

P a r t i a l  

P a r t i a l  

Compl e t e  

Near1 y comple te  

P a r t i a l  

Complete 

Compl e t e  

Complete 

' F r o n t  = 1 / 4  - Middle = 1/2 - Back = 3/4 of t h e  d i s t a n c e  along t h e  e x t r u d e d  l e n g t h .  

m cc 
c1 
Y 



g r e a t e s t  r e d u c t i o n ,  i n c r e a s e d  from t h e  
b a c k  t o  t h e  f r o n t  end o f  t h e  e x t r u d e d  
l e n g t h .  F r o m  t h i s ,  i t  w o u l d  a p p e a r  
t h a t  t h e  p r e f e r r e d  o r i e n t a t i o n  i s  
r e l a t e d  t o  t h e  g r a i n  s t r u c t u r e  i n  t h a t  
t h e  s t r e n g t h  o f  t h e  [ 4 1 0 ]  c o m p o n e n t  
i n c r e a s e d  r e l a t i v e  t o  t h a t  o f  t h e  [ O l O ]  
c o m p o n e n t  w i t h  i n c r e a s i n g  d e g r e e  o f  
r e c r y s t a l l i z a t i o n .  

Upon a n n e a l i n g ,  t h e  s a m p l e  i n i t i a l l y  
s h o w i n g  a h i g h  d e g r e e  of  r e c r y s t a l l i -  

FOR PERIOD ENDING APRIL 30, 1952 

z a t i o n  and a ma-jor [410] t e x t u r e  u n d e r -  
w e n t  e s s e n t i a l l y  no  c h a n g e ,  a s  m i g h t  
b e  e x p e c t e d .  ( C o m p a r e  s p e c i m e n s  1 7  
a n d  5 3 . )  T h e  s a m p l e  i n i t i a l l y  e x -  
h i b i t i n g  a d e f o r m e d  s t r u c t u r e ,  a n d  a 
m a j o r  [ 4 1 0 ]  - [ O l O ]  t e x t u r e  d e v e l o p e d  a 
s i n g l e  [431]  t e x t u r e  upon a n n e a l i n g .  
( C o m p a r e  s p e c i m e n s  3 1  a n d  2 6 . )  I t  
a p p e a r s  t h e n  t h a t  t h e  r e c r y s t a l l i z a t i o n  
t e x t u r e  d e v e l o p e d  i n  e x t r u d e d  u r a n i u m  
r o d  i s  d e p e n d e n t  u p o n  t h e  m a n n e r  i n  
wh ich  r e c r y s t a l l i z a t i o n  i s  i n d u c e d .  

22 



METALLURGY D I V I S I O N  QUARTERLY P R O G R E S S  REPORT 
SECRET 
Y 6765 

D W G .  I480 

I 
T n T  

I 1  t 

I 
I 
I 

I 
I 

4 
A 

I T2 

I '1 

A 

A A A 

F i g .  3 .  P r e f e r r e d  O r i e n t a t i o n  P l o t  (110)  o f  A l p h a - E x t r u d e d  
Uranium Rod. S p e c i m e n  numbers  shown on  c u r v e s .  

SECRET 
Y 6766 

DWG. I480 

I 

I 
I 
I 
I 

1 -  

0 2 0  3 0  40 50 60 70 80 90 100 -10 0 10 

4 (DEGREES) 
Ji 

F i g .  4 .  P r e f e r r e d  O r i - e n t a t i o n  P l o t  ( 1 1 0 )  o f  A l p h a - E x t r u d e d  
Urankum Rod. Specimen numbe.rs s h . o w p o n  . .  c u r v e s .  

_ ,  23 
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FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

tE,C,”,ET 

~4101 

Eo101 

co31 

t4311 

I 

VlT 
A I A  

111 1 

A 

I 
I 
I 
I 

A 
T 
2 

I 2 
A * A 

1 

A 

I 

I 

. 
I T 

F i g .  5 .  P r e f e r r e d  O r i e n t a t i o n  P l o t  ( 1 1 0 )  o f  A l p h a - E x t r u d e d  
Uranium Rod, S p e c i m e n  numbers  shown on c u r v e s .  

SECRE 
Y 676  

DWG. 141 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

/ \ 
/ \ 14 

- ”r 9 (DEGREES) 

F i g .  6 .  P r e f e r r e d  O r i e n t a t i o n  P l o t  (002)  o f  A l p h a - E x t r u d e d  
Uranium Rod. S p e c i m e n  numbers  shown on c u r v e s .  



METALLURGY DIVISION QUARTERLY P R O G R E S S  R E P O R T  

SECRET 
Y 6769 

DWG. (481 
I I 

t 
I 
I 
I 
I 

. e  7 I- I 

E 6  
m 

t 
E 5  
z 

4 

3 

2 

1 

0 

t i  

4 (DEGREES) 

F i g .  7 .  P r e f e r r e d  O r i e n t a t i o n  P l o t  ( 0 0 2 )  o f  A l p h a - E x t r u d e d  
Uranium Rod. S p e c i m e n  n u m b e r s  shown on c u r v e s .  

SECRET 
Y 6 7 7 0  

DWG. 1481 

1 
1 2  
A 
7 2  

I 
I 

I 

I 

I 
I 

I 

I 
I 
7 1  
I 

I 71 ,+ 

4 (DEGREES) - 
F i g .  8 .  P r e f e r r e d  O r i e n t a t i o n  P l o t  ( 0 0 2 )  o f  A l p h a - E x t r u d e d  

Uranium Rod. S p e c i m e n  numbers  shown on c u r v e s .  



FOR PERIOD ENDJNG APRIL 3 0 ,  1952 

bo1 

ro1Ol 

E4311 

[0311 

I 
I 

O W G  148 

1 1 1 
12  12 21 I 

I 
1 

, 14 , 1 L 

I I l  
I T  T I  TI T I  T I  

12 T2 
I 1 L ' 

I , 
I 

-1 0 0 I O  20 30 40 50 60 70 80 90 100 

I 

9 (DEGREES) 

F i g .  9 .  P r e f e r r e d  O r i e n t a t i o n  P l o t  ( 1 3 1 )  o f  A l p h a - E x t r u d e d  
Uranium Rod. S p e c i m e n  n u m b e r s  s h o w n  o n  c u r v e s .  

SECRET 
Y 6 7 7 2  

OWG. I4815 
I I 

4 (DEGREES) - 
F i g .  10 .  P r e f e r r e d  O r i e n t a t i o n  P l o t  ( 1 3 1 )  o f  A l p h a - E x t r u d e d  

Uranium Rod. S p e c i m e n  n u m b e r s  s h o w n  on c u r v e s .  
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f 4  
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. (DEGREES) 

F i g .  11. P r e f e r r e d  O r i e n t a t i o n  P l o t  (131)  o f  A l p h a - E x t r u d e d  
Uranium Rod. S p e c i m e n  numbers  shown on c u r v e s .  

+ (DEGREES) - 
F i g .  12 .  P r e f e r r e d  O r i e n t a t i o n  P l o t  ( 0 4 0 )  o f  A l p h a - E x t r u d e d  

Uranium Rod. S p e c i m e n  numbers  shown on c u r v e s .  
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7 

E 6  
m 

E 
E 5  
I- 

4 

3 

2 

I 

0 

FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

- 10 0 10 20 30 40 50 60 70 80 90 100 

+ (DEGREES) 

F i g .  13.  P r e f e r r e d  O r i e n t a t i o n  P l o t  ( 0 4 0 )  o f  A l p h a - E x t r u d e d  
Uranium Rod. S p e c i m e n  numbers  shown on c u r v e s .  

SECRET 
Y 6 7 7 6  

I DWG. 148  
I 

I 
I 
I 
I 

I 

I 
I 
I 

4 I 
I 

3 I 
I 

2 I 

z 
i 

E 5  
f 

I 

0 
-to 0 10 20 30 40 50 60 70 80 90 100 

-a + (DEGREES) 

F i g .  14.  P r e f e r r e d  O r i e n t a t i o n  P l o t  ( 0 4 0 )  o f  A l p h a - E x t r u d e d  
Uranium Rod. S p e c i m e n  numbers  shown on c u r v e s .  

4 1 3  ('32 



METALLURGY D I V I S I O N  QUARTERLY P R O G R E S S  REPORT 

SECRET 
Y 6777 

DWG. 1 4 8 2  

I 

, -  

$J (DEGREES) 

F i g .  1 5 .  
Uranium Rod. 

P r e f e r r e d  O r i e n t a t i o n  P l o t  ( Z O O )  o f  A l p h a - E x t r u d e d  
S p e c i m e n  numbers  shown on c u r v e s .  

I 1 
11 I 1 

12 
1 
72 

I 

1 
I 11 

I 

-10 0 10 20 eo 90 1 0 0  40 50 60 70 

#- ,(DEGREES) - 
F i g .  16.  

Uranium Rod. 
P r e f e r r e d  O r i e n t a t i o n  P l o t  ( 2 0 0 )  o f  A l p h a - E x t r u d e d  
S p e c i m e n  numbers  shown on c u r v e s .  



FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

SECRET 
Y 6 7 7 9  

DWG 1 4 8  

I 
I 

I 

I 
I 
I 
I 
I 
I 
I 

I 

A 
11 c4101 

Pol 1 
72 
A 
T2 [0311 

1 A 
I 

Ti 

E 5  
f $ 4 3 I 1 I I I I I 

10 20 30 40 50 60 70 83 90 100 -10 0 

d (DEGREES) 

F i g .  1 7 .  P r e f e r r e d  O r i e n t a t i o n  P l o t  ( Z O O )  o f  A l p h a - E x t r u d e d  
Uranium Rod. S p e c i m e n  numbers  shown on c u r v e s .  

d (DEGREES) 

F i g .  18 .  P r e f e r r e d  - O r i e n t a t i o n  P l o t  ( 0 4 1 )  o f  A l p h a - E x t r u d e d  
Uranium Rod. Spec imen  numbers  shown on c u r v e s .  

4 1 3  e 3 4  
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Fig. 19. 
Uranium Rod. 

Preferred Orientation Plot (041) o f  Alpha-Extruded 
Specimen numbers shown on c u r v e s .  
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d (DEGREES) 

Fig. 20. 
Uranium Rod. 

Preferred Orientation Plot (041) o f  Alpha-Extruded 
Specimen numbers shown on c u r v e s .  
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FOR PERIOD ENDING APRIL 3 0 ,  1 9 5 2  

( a )  1 % - i n .  - d i a  e x t r u d e d  r o d ;  m i d d l e  o f  e x t r u d e d  l e n g t h  (U9-XS) 

( b )  9 / 1 0 - i n . - d i a  e x t r u d e d  r o d ;  m i d d l e  of  e x t r u d e d  l e n g t h  (UlO-X2) 

( c )  5 / 8 - i n . - d i a  e x t r u d e d  r o d ;  m i d d l e  o f  e x t r u d e d  l e n g t h  (U12-X2) 

L o n g i t u d i n a l  S e c t i o n s  T r a n s v e r s e  S e c t i o n s  

F i g .  21. P h o t o m i c r o g r a p h s  Showing t h e  I n c r e a s e  i n  Degree of  R e c r y s t a l l i -  
z a t i o n  w i t h  I n c r e a s i n g  E x t r u s i o n  Ratio f o r  A l p h a - E x t r u d e d  Uranium Rod i n  A s -  
Extruded C o n d i t i o n .  - 

32 



METALLURGY DIVISION QUARTERLY P R O G R E S S  REPORT 

(a) 5 / 8 - i n . - d i a  e x t r u d e d  r o d ;  f r o n t  end o f  e x t r u d e d  l e n g t h  (U12-Xl)  

( b )  5 / 8 - i n .  - d i a  e x t r u d e d  rod; m i d d l e  o f  e x t r u d e d  l e n g t h  (U12-X2) 

- 1  

( c )  5 / 8 - i n . - d i a  e x t r u d e d  r o d ;  b a c k  end o f  e x t r u d e d  l e n g t h  (U12-X3) 

L o n g i t u d i n a l  S e c t i o n s  T r a n s v e r s e  S e c t i o n s  

F i g .  22.  P h o t o m i c r o g r a p h s  Showing t h e  I n c r e a s e  i n  Degree o f  R e c r y s t a l l i -  
z a t i o n  from Back t o  F r o n t  End o f  A l p h a - E x t r u d e d  Uranium Rod i n  A s - E x t r u d e d  
C o n d i t i o n .  - 

33 
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FOR P E R I O D  ENDING A P R I L  3 0 ,  1 9 5 2  
, I  

( a )  % i n .  - d i a  e x t r u d e d  r o d ;  m i d d l e  of e x t r u d e d  l e n g t h  (U9-X4) 

( 6 )  9 / 1 0 - i n .  - d i a  e x t r u d e d  r o d ;  m i d d l e  of  e x t r u d e d  l e n g t h  (UlO-XS) 

( c )  5 / 8 - i n .  - d i a  e x t r u d e d  r o d ;  m i d d l e  o f  e x t r u d e d  l e n g t h  (U12-X6) 

L o n g i t u d i n a l  S e c t i o n s  Tr a ns  v e  r s e Se c t i on s 

F i g .  2 3 .  P h o t o m i c r o g r a p h s  S h o w i n g  t h e  C o m p l e t e l y  R e c r y s t a l l i z e d  G r a i n  
S t r u c t u r e  of  Alpha-Extruded Uranium Rod i n  Annealed C o n d i t i o n  ( 1  h r  a t  5 5 0 O C ) .  
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METALLURGY DIVISION QUARTERLY P R O G R E S S  R E P O R T  

( a )  1 % - i n .  - d i a  e x t r u d e d  r o d ;  m i d d l e  
o f  e x t r u d e d  l e n g t h  (U9-X5);  s p e c i m e n  6 

( b )  9 / 1 0 - i n .  - d i a  e x t r u d e d  r o d ;  m i d d l e  
o f e x t r u d e d l e n g t h  (UlO-X2);  s p e c i m e n  14 

( c )  5 / 8 - i n .  - d i a  e x t r u d e d  r o d ;  m i d d l e  
of e x t r u d e d  l e n g t h  (U12-X2) ;  s p e c i m e n  
1 7  

F i g .  24. Laue P h o t o g r a m s  Shawing  
t h e  I n c r e a s e  i n  Degree  o f  R e c r y s t a l l i -  
z a t i o n  w i t h  I n c r e a s i n g  E x t r u s i o n  R a t i o  
i n  A l p h a - E x t r u d e d  Uranium Rod i n '  A s -  
Extruded C o n d i t i o n .  ! 

413 ("3!, 

( a )  5 / 8 - i n .  - d i a  e x t r u d e d  r o d ;  f r o n t  
e n d .  of e x t r u d e d  l e n g t h  ( U 1 2 - X l ) ;  
s ~ e c i m e n  16 

8 

r 

( b )  5 / 8 - i n .  - d i a  e x t r u d e d  r o d ;  m i d d l e  
o f  e x t r u d e d  l e n g t h  (U12-X2) ;  s p e c i m e n  
1 7  

( c )  5 / 8 - i n .  - d i a  e x t r u d e d  r o d ;  b a c k  
e n d  o f  e x t r u d e d  l e n g t h  ( U 1 2 - X 3 ) ;  
spec imen  1 8  

F i g .  2 5 .  Laue P h o t o g r a m s  Showing  
t h e  I n c r e a s e  i n  Degree  of  R e c r y s t a l l l -  
z a t i o n  from Back t o  Front  End of  Alpha- 
E x t r u d e d  Uranium Rod i n  A s - E x t r u d e d  
C o n d i t i o n .  

35 



FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

! -  

( a )  1 % - i n . - d i a  e x t r u d e d  r o d ;  m i d d l e  
of e x t r u d e d  l e n g t h  (U9-X4);  s p e c i m e n  26  

( b )  9 / 1 0 - i n .  - d i a  e x t r u d e d  r o d ;  m i d d l e  
o f  e x t r u d e d  l e n g t h  (UlO-X5); s p e c i m e n  52 
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( c )  5 / 8 - i n .  - d i a  e x t r u d e d  r o d ;  m i d d l e  
of e x t r u d e d  l e n g t h  (U12-X6); spec imen  53  

F i g .  26 .  Laue Photograms S h o w i n g  
t h e  C o m p l e t e l y  R e c r y s t a l l i z e d  G r a i n  
S t r u c t u r e  o f  A l p h a - E x t r u d e d  Uranium 
Rod i n  A n n e a l e d  C o n d i t i o n  ( 1  h r  a t  
55OOC). 
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FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

MECHANICAL T E S T I N G  

R .  B. O l i v e r  D. A. Doug las  
J .  W .  Woods 

Uranium.  A l p h a - r o l l e d  u r a n i u m  b a r s  
a n d  b a r s  t h a t  were a l p h a  r o l l e d  a n d  
b e t a  t r e a t e d  a r e  b e i n g  t e s t e d  i n  vacuum 
a t  500°C a n d  a t  s t r e s s e s  f rom 1700  t o  
4500 p s i .  D e s i g n  c u r v e s  w i l l  b e  c o n -  
s t r u c t e d  f r o m  t h e s e  a n d  e a r l i e r  d a t a  
s h o w i n g  t h e  t i m e s  t o  s e v e r a l  e l o n g a -  
t i o n s ,  t i m e s  t o  r u p t u r e ,  and t h e  c r e e p  
r a t e s  a s  a f u n c t i o n  o f  s t r e s s .  

The  e f f e c t s  o f  s e v e r a l  a t m o s p h e r e s  
o n  t h e  c r e e p  p r o p e r t i e s  o f  u r a n i u m  
h a v e  r e c e i v e d  s o m e  a t t e n t i o n .  Two 
b e t a - t r e a t e d  b a r s  were  l o a d e d  t o  2 2 2 0  
p s i  a t  5 0 0 ° C  i n  v a c u u m .  One  o f  t h e  
t e s t s  was  c o n d u c t e d  i n  vacuum o n l y ,  
w h e r e a s  t h e  o t h e r  t e s t  was  c o n d u c t e d  
a l t e r n a t e l y  i n  vacuum and i n  a hydrogen  
a t m o s p h e r e  ( 3 0 0 0  p ) .  F i g u r e  45  shows 
t h e  r e s u l t s  o f  t h e  t w o  t e s t s ;  t h e  
h y d r o g e n  c a u s e d  a m a r k e d  i n c r e a s e  i n  
t h e  c r e e p  r a t e ,  b u t  upon r e - e v a c u a t i o n  
t h e  c r e e p  r a t e  r e t u r n e d  t o  t h e  same  
r a t e  a s  f o r  t h e  s p e c i m e n  t e s t e d  i n  
vacuum o n l y .  A s i m i l a r  p a i r  o f  t e s t s  
was  c o n d u c t e d  a t  s t r e s s e s  o f  1720 p s i  
b u t  i n  a n i t r o g e n  ( 3 0 0 0  p )  i n s t e a d  o f  
a h y d r o g e n  a t m o s p h e r e .  T h e  d a t a  a r e  
p r e s e n t e d  i n  F i g .  4 6 ;  t h e  n i t r o g e n  d i d  
n o t  a p p e a r  t o  - i n c r e a s e  t h e  c r e e p  r a t e ,  
b u t  upon r e - e v a c u a t i o n  t h e  c r e e p  r a t e  
was r e d u c e d  t o  c o n s i d e r a b l y  l e s s  t h a n  
t h a t  o L s e r v e d  f o r  t h e  s p e c i m e n  t e s t e d  
i n  v a c u u m  o n l y .  When t h e  t e s t  i n  
n i t r o g e n  w a s  d i s c o n t i n u e d ,  a l a r g e  
a m o u n t  o f  s c a l e  was  o b s e r v e d  on  t h e  
s u r f a c e  o f  t h e  s p e c i m e n ;  x - r a y - d i f -  
f r a c t i o n  a n a l y s i s  i n d i c a t e d  t h a t  t h e  

s c a l e  was p r i n c i p a l l y  UO,. I t  i s  f e l t  
r h a t  t h e r e  was oxygen i n  t h e  u n t r e a t e d :  
:as and t h e  r e s u l t a n t  o x i d a t i o n  a c c o u n t s  
f o r  t h e  o b s e r v e d  b e h a v i o r .  The e x p e r i - ,  
l e n t  w i l l  b e  r e p e a t e d  w i t h  p u r i f i e d :  
n i t r o g e n  . g a s .  

T h o r i u m .  A l l  t h o r i u m  t e s t i n g  
d u r i n g  t h e  p a s t  q u a r t e r  w a s  o n  a n  
Ames b i l l e t  h a v i n g  a n o m i n a l  c a T b o n  

c o n t e n t  o f  0 . 0 4 0 % .  S p e c i m e n s  a r e  
b e i n g  t e s t e d  a t  1 6 , 0 0 0 ,  1 7 , 0 0 0 ,  a n d  
1 8 , 0 0 0  p s i  i n  vacuum a t  300°C.  One 
s i l v e r - p l a t e d  b a r  i s  b e i n g  t e s t e d  i n  
a n  a r g o n  a t m o s p h e r e  a t  3 0 0 ° C .  A l l  
e x t e n s i o n s  r e p o r t e d  w e r e  m e a s u r e d  
o p t i c a l l y .  P r e v i o u s  r e p o r t s  h a v e  shown 
t h a t  f o r  s t r e s s e s  u p  t o  1 6 , 0 0 0  p s i  
t h e  r u p t u r e  l i f e  i s  f a r  i n  e x c e s s  o f  
3500 h r  and t h a t  a v e r y  low c r e e p  r a t e  
i s  e x h i b i t e d ,  b u t  a t  1 9 , 0 0 0  p s i  v e r y  
f a s t  f l o w  r a t e s  a r e  o b s e r v e d  a n d  t h e  
r u p t u r e  l i f e  i s  l e s s  t h a n  50 h o u r s .  
The spec imen now i n  t e s t  a t  18 ,000  p s i  
h a s  r u n  f o r  4 5 0  h r  w i t h  a t o t a l  

I e l o n g a t i o n  o f  1 2 %  a n d  h a s  m a i n t a i n e d  
a c r e e p  r a t e  o f  0 .006Xlhr  f o r  t h e  p a s t  
2 0 0  h o u r s .  When t h i s  t e s t  f a i l s ,  
a n o t h e r  o n e  w i l l  b e  c o n d u c t e d  a t  
1 8 , 5 0 0  p s i .  

Expe r imen t s  w i t h  tho r ium i n  hydrogen  
a n d  n i t r o g e n  a t m o s p h e r e s ,  s i m i l a r  t o  
t h o s e  r e p o r t e d  f o r  u r a n i u m ,  h a v e  b e e n  
c o n d u c t e d .  N i t r o g e n  h a d  no d e t e c t a b l e  
e f f e c t  on t h e  c r e e p  p r o p e r t i e s .  Hydro- 
gen caused  a marked i n c r e a s e  when f i r s t  
a d m i t t e d  t o  t h e  chamber ;  however ,  t h i s  
e f f e c t  d i m i n i s h e d  w i t h  t i m e  a n d  n o  
m a r k e d  c h a n g e  w a s  n o t e d  w h e n  t h e  
chamber was r e - e v a c u a t e d .  The  o v e r - a l l  
e f f e c t  o f  t h e  h y d r o g e n  t r e a t m e n t  w a s  
t o  r e d u c e  t h e  c r e e p  r a t e  t o  a v a l u e  
much l o w e r  t h a n  t h a t  o b s e r v e d  f o r  a 
t e s t  i n  vacuum o n l y .  F i g u r e  47 p r e s e n t s  
t h e  r e s u l t s  f o r  s e v e r a l  t h o r i u m  t e s t s .  
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  
s i l v e r - p l a t e d  t h o r i u m  b a r ,  w h i c h  was  
n o t  e v a c u a t e d  and o u t - g a s s e d ,  e x h i b i t e d  
a g r e a t e r  c r e e p  , r a t e  t h a n  t h e  t h o r i u m  
b a r  f rom t h e  s a m e  e x t r u s i o n  t h a t  w a s  
t e s t e d  i n  vacuum. 

F a c i l i t i e s  f o r  S t r e s s - R u p t u r e  
T e s t i n g  i n  L i q u i d  Metals  a n d  F u s e d  
S a l t s .  The  i n s t a l l a t i o n  o f  f a c i l i t i e s  
f o r  s t r e s s - r u p t u r e  t e s t i n g  i n  l i q u i d  
m e t a l s  a n d  f u s e d  s a l t s  i s  c o m p l e t e  
a n d  t h e  t e s t i n g  m a c h i n e s  were  c a l i -  , 
b r a t e d  w i t h  a s t a n d a r d  s h e e t  t e s t  
s p e c i m e n  o n  w h i c h  SR-4  s t r a i n  g a g e s  
were m o u n t e d ;  t h e  s p e c i m e n  was  c a l i -  
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F i g .  46. Creep Rate o f  Beta-Treated Normal Uranium Tested a t  SOO°C and 1720 p s i .  C u r v e  1: a l t e r n a t e  . 
vacuum (0 .05  m i c r o n )  and  n i t r o g e n  (3000 m i c r o n s ) .  C u r v e  2 :  vacuum ( 0 . 0 5  m i c r o n )  o n l y .  
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F i g .  47. Creep Rate of  E x t r u d e d  Thorium T e s t e d  a t  3 0 O o C .  Curve 1: a s - e x t r u d e d ,  d e f o r m e d  5% i n  t e n -  
a s - e x t r u d e d ,  t e s t e d  i n  vacuum 

a s - e x t r u d e d ,  t e s t e d  i n a l t e r n a t e  vacuum ( 0 . 0 5  m i c r o n )  and hydrogen  
a s - e x t r u d e d ,  s i l v e r  p l a t e d ,  and t e s t e d  i n  a r g o n  ( a t m o s p h e r i c  

s i o n  p r i o r  t o  t e s t i n g  i n  vacuum ( 0 . 0 5  m i c r o n )  a t  1 6 , 0 0 0  p s i .  
( 0 . 0 5  m i c r o n )  a t  1 6 , 0 0 0  p s i .  
( 3000  m i c r o n s )  a t  1 7 , 0 0 0  p s i .  C u r v e  4: 

Curve 2 :  
Curve  3 :  

p r e s s u r e )  a t  1 6 , 0 0 0  p s i .  
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FOR PERIOD ENDING APRIL 3 0 ,  1 9 5 2  

b r a t e d  a g a i n s t  a s t a n d a r d  p r o v i n g  
r i n g .  

The t e s t i n g  chambers  were o r i g i n a l l y  
d e s i g n e d  t o  c o n t a i n  s o d i u m  o r  o t h e r  
l o w - m e l t i n g - p o i n t  m a t e r i a l s .  A f ew 
m i n o r  d e s i g n  c h a n g e s  a r e  b e i n g  made  
b e c a u s e  o f  t h e  c h a n g e  i n  p r o g r a m  a n d  
t h e  n e e d  f o r  d a t a  f rom t e s t s  w i t h  t h e  
h i g h e r  m e l t i n g  f u s e d  f l u o r i d e s .  When 
t h e  c h a m b e r s  w e r e  c o n s t r u c t e d  t h e  
m a t e r i a l  u n d e r  c o n s i d e r a t i o n  f o r  t h e  
r e a c t o r  was t y p e - 3 1 6  s t a i n l e s s  s t e e l ;  
h o w e v e r ,  t h e  p r e s e n t  e m p h a s i s  i s  on  
I n c o n e l ,  s o  s e v e r a l  n e w  c h a m b e r s  
i n c o r p o r a t i n g  t h e  a b o v e  modi f i c a  t i o n s  
a r e  b e i n g  c o n s t r u c t e d  o f  I n c o n e l .  
C o n t a i n e r s  t o  c h a r g e  a n d  e m p t y  t h e  
t e s t i n g  c h a m b e r s  h a v e  b e e n  d e s i g n e d  
a n d  a r e  b e i n g  c o n s t r u c t e d ;  t h e s e  
c o n t a i n e r s ,  a l t h o u g h  d e s i g n e d  t o  f i t  
t h e  o r i g i n a l  a p p a r a t u s ,  w i l l  a l s o  f i t  
t h e  a p p a r a t u s  t o  b e  u s e d  w i t h  t h e  
f l u o r i d e  m i x t u r e s .  T e s t i n g  w i t h  m o l t e n  
f l u o r i d e s  w i l l  b e  s t a r t e d  s o o n  a f t e r  
t h e  f i r s t  l o t  o f  f l u o r i d e  m i x t u r e  i s  
r e c e i v e d .  P 

The p r i m a r y  p u r p o s e  o f  t h e s e  t e s t s  
w i l l  b e  t o  s t u d y  t h e  e f f e  : o f  s t r e s s -  
c o r r o s i o n  o n  t h e  c r e e p  r a t e  a n d  
s t r e s s - r u p t u r e  l i f e  o f  t h e s e  m a t e r i a l s .  
B o t h  I n c o n e l  a n d  t y p e - 3 1 6  s t a i n l e s s  
s t e e l  a r e  t o  be  t e s t e d  i n  t h e  m o d i f i e d  
a p p a r a t u s  i n  a n  a r g o n  a t m o s p h e r e  i n  
t h e  same  s t r e s s  r a n g e s  a s  t h e y  were 
p r e v i o u s l y  t e s t e d  i n  t h e  o l d  a p p a r a t u s .  
A c o m p a r i s o n  o f  t h e  two s e t s  o f  d a t a  
w i l l  e s t a b l i s h  t h e  e f f e c t s  o f  t h e  
i n h e r e n t  v a r i a b l e s  o f  t h e  new t e s t i n g  
s y s t e m s ,  a n d  t h u s  t h e  r e s u l t s  o f  t h e  
c o r r o s i v e  a c t i o n  c a n  be  s t u d i e d .  

- 

i n  a i r  a r e  b e i n g  t e s t s  
i n i t i a t e d  t o  o b t a i n  d a t a  f o r  a com- - 
p a r i s o n  o f  t h e  e f f e c t s  o f  o x i d a t i o n  
and  f l u o r i d e  a t t a c k  on t h e  c r e e p  r a t e  
and r u p t u r e  l i f e .  

Type-316 S t a i n l e s s  S t e e l .  S p e c i m e n s  
a r e  b e i n g  t e s t e d  i n  a r g o n  i n  b o t h  t h e  
o l d  and t h e  m o d i f i e d  chambers  a t  5300, 
5800, 6300, 6800, and 7300 p s i .  These 
d u p l i c a t e  s e t s  o f  d a t a  w i l l  s e r v e  t o  
c o r r e l a t e  t h e  w o r k  i n  t h e  two t y p e s  
o f  t e s t i n g  c h a m b e r s  a n d  w i l l  f u r n i s h  
d a t a  f o r  a d e s i g n  c u r v e  f o r  t y p e - 3 1 6  
s t a i n l e s s  s t e e l  t e s t e d  i n  a r g o n .  

FABRICATION 

E .  S. Bomar, J r . ,  J .  H. Coobs ,  
H. Inouye  

_. 

ARE Control and S a f e t y  Rods. The 
d e s i g n  o f  t h e  ARE c o n t r o l  and  s a f e t y  
r o d s  h a s  been  c o m p l e t e d ,  and f a b r i c a t i o n  
o f  t h e  c o m p o n e n t s  h a s  b e g u n .  A f t e r  
c o n s i d e r i n g  t h e  a v a i l a b i l i t y  o f  s t o c k  
f o r  t h e  c a n s  a n d  t h e  t i m e  s c h e d u l e  
t o  b e  m e t ,  i t  was d e c i d e d  t o  make t h e  
c a n s  o f  t h e  t y p e s - 3 1 6  and -304 s t a i n -  
l e s s  s t e e l  t u b e s  on  h a n d .  T h e s e  a r e  
a d m i t t e d l y  n o t  t h e  b e s t  m a t e r i a l s  f o r  
c o m p a t i b i l i t y  w i t h  b o r o n  c a r b i d e  and 
p e r h a p s  n o t  t h e  b e s t  f rom t h e  s t a n d -  
p o i n t  o f  s e l f - w e l d i n g ;  h o w e v e r ,  t h e  
d e l a y  n e c e s s a r y  t o  o b t a i n  t h e  m o r e  
d e s i r a b l e  t y p e - 4 3 0  s t a i n l e s s  s t e e l  
t u b i n g  i s  p r o h i b i t i v e .  T h e  c a n s  a r e  
b e i n g  f a b r i c a t e d  by t h e  Y - 1 2  M a c h i n e  
S h o p s  and w i l l  b e  l o a d e d  w i t h  b o r o n -  
c o n t a i n i n g  s l u g s  a n d  b r a z e d  w i t h  
W a l l - C o l m o n o y  N i c r o b r a z e  b y  t h e  
w e l d i n g  g r o u p .  

F a b r i c a t i o n  work h a s  b e g u n  on t h e  
I n c o n e l .  B o t h  f i n e -  a n d  c o a r s e -  s a f e t y  r o d  s l u g s ,  w h i c h  w i l l  b e  h o t  

g r a i n e d  s p e c i m e n s  o f  I n c o n e l  a r e  b e i n g  p r e s s e d  f r o m  an i r o n - b o r o n  c a r b i d e  
t e s t e d  a t  s t r e s s e s  f r o m  1500 t o  4500 m i x t u r e  c o n t a i n i n g  56% b y  w e i g h t  ( 8 0 %  
p s i  i n  a r g o n .  t e s t  by  v o l u m e )  b o r o n  c a r b i d e .  The  A I O I I -  

1 d u r a t i o n  i n  t h  s t r e s s  r a n g e  is b o r o n  c a r b i d e  m i x t u r e  w a b  s e l e c t e d  
f rom 8 0 0  t o  3 0 0 0  h r ; " u p o n  c o m p l e t i o n  % b e c a u s e  o f  t h e  s p e c i a l  f a b r i c a t i o n  
o f  t h e  t e s t s  r e v i s e d  d e s i g n  c u r v e s  p r o b l e m s  a s s o c i a t e d  w i t h  p u r e  b o r o n  
w i l l  b e  c o m p i l e d .  A s h o r t  s e r i e s  o f  c a r b i d e .  The m i x t u r e  w i l l  b e  p r e p a r e d  

- 

- 

- _ -  
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by  m i l l i n g  b o r o n  c a r b i d e  f o r  16 h r  i n  
a s t e e l  m i l l  w i t h  s t e e l  b a l l s  a n d  
b l e n d i n g i t  € o r  8 h r  w i t h  t h e  r e q u i s i t e  
amount o f  -325 mesh i r o n  powder .  T h i s  
m i x t u r e  w i l l  b e  f a b r i c a t e d  b y  h o t  
p r e s s i n g  a t  1 5 2 0 ° C  a n d  2 5 0 0  p s i  i n  
g r a p h i t e  d i e s .  S e v e r a l  s l u g s  o f  
i n t e r m e d i a t e  s i z e  have  been  f a b r i c a t e d  
s u c c e s s f u l l y  w i t h  d e n s i t i e s  o f  2 . 8 0  
g / c c  o r  b e t t e r  ( a b o u t  80% o f  t h e o -  
r e t i c a l )  a n d  w i t h  a c c e p t a b l e  d i -  
m e n s i o n a l  t o l e r a n c e s .  The h o t -  p r e s s i n g  
f u r n a c e  f o r  t h e  f u l l - s i z e  s l u g s  i s  
b e i n g  c o n s t r u c t e d .  

Two o f  t h e  i r o n - b o r o n  c a r b i d e  
s l u g s  h a v e  b e e n  c a n n e d  a n d  b r a z e d .  
One w a s  c u t  open t o  c h e c k  f o r  r e a c t i o n  
b e t w e e n  t h e  b o r o n  c a r b i d e  a n d  t h e  
c o n t a i n e r ,  and n o  r e a c t i o n  was f o u n d .  
The s e c o n d  i s  b e i n g  h e l d  a t  815OC f o r  
100 h o u r s .  

The r e q u i r e m e n t s  f o r  t h e  r e g u l a t i n g  
r o d  ( s h i m  r o d )  a r e  somewhat d i f f e r e n t .  
For  t h i s  r o d  a s m a l l  amount  o f  b o r o n  
( 3  t o  1 2 . 5  g )  m u s t  b e  u n i f o r m l y  
d i s p e r s e d  i n  a m a t e r i a l  r e l a t i v e l y  
t r a n s p a r e n t  t o  n e u t r o n s ,  s u c h  a s  
A 1 , 0 , .  A p r e l i m i n a r y  s l u g  was  made  
b y  h o t - p r e , s s i n g  a m i x t u r e  composed  o f  
90% A 1 , 0 ,  ( g r a d e  3 8 - 5 0 0 )  p l u s  10% 
B,C at 175OoC i n  g r a p h i t e  d i e  u n d e r  
a p r e s s u r e  o f  2 5 0 0 . p s i .  M e t a l l o g r a p h i c  
e x am i n  a t  i o n  r e  v e  a l e  d t h  a t  t h e  t w o  
m a t e r i a l s  a r e  c o m p a t i b l e  a n d  t h a t  
t h e s e  c o n d i t i o n s  w i l l  p r o b a b l y  b e  
s a t i s f a c t o r y  f o r  f a b r i c a t i o n  o f  f u l l -  
s i z e  s l u g s .  A s e c o n d  s l u g  c o n t a i n i n g  
0 . 7 4 %  b y  w e i g h t  ( - 3 2 5  m e s h )  B,C, 
p r e p a r e d  by t h e  same t e c h n i q u e ,  h a d  a 
d e n s i t y  o f  3 . 4 5  g / c c  ( 8 6 %  o f  t h e o -  

. r e t i c a l )  and p o s s e s s e d  s a t i s f a c t o r y  
p h y s i c a l  p r o p e r t i e s  a n d  d i m e n s i o n a l  
t o l  e r ance s. 

BRAZING 

G. M .  S l a u g t h e r  

The p r i m a r y  o b j e c t i v e  o f  t h e  h i g h -  
t e m p e  r a t u r e  b r  a z i n g  a1 1 oy i nve s t i g a  t i on -. 
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- d u r i n g  t h e  p a s t  f ew m o n t h s  h a s  b e e n  
t o  s c r e e n  o u t  b r a z i n g  a l l o y s  f o r h i g h  
t e m p e r a t u r e  u s e .  F l o w - a b i l i t y  and s t a t i c  
c o r r o s i o n  t e s t s  in s o d i u m  h y d r o x i d e  a n d  
f l u o r i d e  b a t h s  a r e  b e i n g  u s e d .  A f t e r  
t h e s e  p r e l l m i n a r y  i n v e s t i g a t i o n s  h a v e  
b e e n  c o m p l e t e d ,  p r o m i s i n g  a l l o y s  c a n  
be  f u r t h e r  s t u d i e d  i n  p h y s i c a l  p r o p e r t y  
t e s t s  s u c h  a s  b u t t - t e n s i l e  t e s t s  ( a t  
b o t h  room and e l e v a t e d  t e m p e r a t u r e s )  , 
e l e v a  t e d  - t e m p e r a t u r e  t e  s t s  , 
d y n a m i c  c o r r o s i o n  t e s t s ,  a n d  r o o m -  
a n d  e l e v  a t e  d -  t e m p e r  a t  u r e  d u c t  i l i  t y  
t e s t s .  S u c h  s c r e e n i n g  p r o c e d u r e s  
seem a p p r o p r i a t e  b e c a u s e  o f  t h e  l a r g e  
number o f  a l l o y s  now u n d e r  c o n s i d e r -  
a t i o n .  

~- - 

c r e  e p  

T h e  r e s u l t s  o f  p r e l i m i n a r y  i n -  
v e s t i g a t i o n s  o f  e i g h t  h i g h -  t e m p e r a t u r e  
b r a z i n g  a l l o y s  a r e  r e c o r d e d  i n  T a b l e  
27. The m e l t i n g  p o i n t s  g i v e n  f o r  t h e  

v a r i o u s  a l l o y s  a r e  o n l y  a p p r o x i m a t e  
a n d  w i l l  v a r y  s o m e  s i n c e  c h e m i c a l  
a n a l y s e s  o f  v a r i o u s  h e a t s  o f  t h e  same 
a l l o y  d i f f e r  s l i g h t l y .  

S t a t i c  c o r r o s i o n  t e s t s  on . j o i n t s  
b r a z e d  w i t h  some o f  t h e s e  a l l o y s  a r e  
b e i n g  made. The t e s t s  o f  N i c r o b r a z e d  
j o i n t s  on I n c o n e l  and type -316  s t a i n -  
l e s s  s t e e l  i n  b o t h  s o d i u m  h y d r o x i d e  
a n d  f l u o r i d e  h a v e  b e e n  com- 
p l e t e d .  F l u o r i d e  h a s  a r e l a -  
t i v e l y  minor  c o r r o s i v e  e f f e c t  on b o t h  
t y p e s  o f  j o i n t s ,  a s  c a n  b e  s e e n  i n  

. F i g s .  52 and 53; sod ium h y d r o x i d e  was 
much more s e v e r e l y  c o r r o s i v e ,  a s  c a n  
b e  s e e n  i n  F i g s .  54 and 55. 

T h e  6 0 %  Mn-40% N i  a l l o y  i s  e x -  
t r e m e l y  b r i t t l e  and many b r a z e d  j o i n t s  
made w i t h  t h i s  a l l o y  c r a c k e d  s e v e r e l y ,  
a s  i l l u s t r a t e d  by F i g .  56. S i n c e  t h i s  
b r a z i n g  a l l o y  h a s  l o w  r e s i s t a n c e  t o  

a n d  c o r r o s i o n  i n  f l u o r i d e  
sod ium h y d r o x i d e  and r e l a t i v e l y  p o o r  
f l o w  p r o p e r t i e s ,  i t  a p p e a r s  t o  b e  
u n s u i t a b l e  f o r  t h e .  a p p l i c a t i o n s .  
P h o t o m i c r o g r a p h s  o f  I n c o n e l  j o i n t s  ' 
b r a z e d  w i t h  t h i s  a l l o y  a n d  t e s t e d  
i n  f l u o r i d e  a n d  s o d i u m  h y d r o x  d e  a r e -  



BRAZING ALLOY - 
Nicrobraz 
(70. 17% Ni-13.95% Cr-5.86% 
Fe-4.59% Si-4.92% B) 

sh 
ILJ 60% kln-40% N i  

d 
b.h 60% Pd-40% N i  
”\: 

60% Pd-37% N i 3 %  si 

16.5% Cr-10.0% Si-73.5% Ni 

16.5% Cr-10. 0% Si-2.5% Mn-71. (3 
N i  

64% Ag-33% Pd-3% Mn 

75% Ag-20% Pd-5% Mn 

TABLE 27 
a 

Properties of High-Temperature Brazing Alloys 

PPROXI MATE 
MELTING 

POINT 
( OF) 

18 50 

18 50 

2260 

2 150 

2 100 

2 100 

2 130 

2 100 

BRAZING 
TEMPERATURE 

( OF) 

20 50 

1960 

2320 

2200 

2200 

2200 

2200 

2200 

FLO WABI L I  TY 
OBSERVATIONS 

Exce 1 l e n t  

Poor f l o w  and 
cracking is 
preva len t  

Excel l e n t  

Excel l e n t  

Moderate 

Moderate 

Exce 1 l e n t  

Excel lent  

IN FLUORIDE 
NO. 14 

Slight  a t tack  
with leaching 
of  boron 

Severe 

Uo apparent 
a t tack  

Mode r a t  e 

Severe 

S l i g h t  

Severe 

I N  NaOH 1 

Extremely 
severe 

Severe 

Severe 

Severe 

Severe 

Severe 

Severe 

I N  FLUORIDE 
NO. 14 

S l i g h t  

Moderate 

Moderate 

V e r y  s l i g h t  

N NaOH 

Severe 

Severe 

Severe 

Severe 
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shown i n  F i g s .  57 and 58 .  I t  c a n  
b e  s e e n  t h a t  t h e  , b r a z i n g  a l l o y  i s  
a t t a c k e d  r a t h e r  s e v e r e l y  i n  b o t h  
c a s e s .  

~ 

T h e  60% Pd-40% N i  b r a z i n g  a l l o y  
h a s  e x c e l l e n t  f l o w a b i l i t y  p r o p e r t i e s ,  
and  f r o m  t h e  r a t h e r  l i m i t e d  e x p e r i -  
m e n t a l  d a t a  o b t a i n e d  t o  d a t e ,  i t  
seems t o  h a v e  b e t t e r -  t h a n - a v e r a g e  
r e s i s t a n c e  t o  c o r r o s i o n  b y  t h e  f l u o -  
r i d e s .  T h e  i n s i g n i f i c a n t  a t t a c k  o f  
t h e  f l u o r i d e  b a t h  on an I n c o n e l  
j o i n t  b r a z e d  w i t h  t h i s  a l l o y  i s  shown 
i n  F i g .  5 9 .  I t  c a n  b e  s e e n  t h a t  
i n t i m a t e  b o n d i n g  w i t h  t h e  b a s e  m e t a l  
i s  o b t a i n e d  d u r i n g  b r a z i n g ,  s i n c e  t h e  
g r a i n  b o u n d a r i e s  o f  t h e  I n c o n e l  
p r o c e e d  d i r e c t l y  a c r o s s  t h e  i n t e r f a c e .  

T h e  37% N i - 6 0 % P d  s y s t e m  w i t h  3% 
s i l i c o n  a d d e d  f o r  i t s  e f f e c t  u p o n  
m e l t i n g - p o i n t  l o w e r i n g  w a s  a l s o  
i n v e s t i g a t e d .  T h e  s i l i c o n  a d d i t l o n ,  
c a u s e d  p h e n o m e n a l  f l o w ,  w h i c h  i s  
i l l u s t r a t e d  b y  t h e  I n c o n e l  f l o w -  
a b i l i t y  t e s t  s p e c i m e n  shown i n  Fig.  60.  
I t  c a n  b e  s e e n  t h a t  t h e  b r a z i n g  a l l o y  
f l o w e d  a l l  t h e  way a l o n g  t h e  6 - i n .  
. j o i n t  and e v e n  f l o w e d u p  t h e  s c r a t c h e s .  
However ,  t h e  r o o m - t e m p e r a t u r e  t e n s i l e  
s t r e n g t h  o f  t y p e - 3 1 6  s t a i n l e s s  s t e e l  
j o i n t s  b u t t - b r a z e d  w i t h  t h e  a l l o y  w a s  
l o w ,  a n d  t h e  b r a z e d  j o i n t  w a s  v e r y  
b r i t t l e .  S t a n d a r d  0 . 5 0 5 - i n . - d i a  
b u t t - b r a z e d  t e n s i l e  b a r s  were t e s t e d  
t o  o b t a i n  an i n d i c a t i v e  v a l u e  o f  t h e  
q u a l i t y  o f  t h e  j o i n t s ,  and t h e  r e s u l t s  
showed  a t e n s i l e  s t r e n g t h  o f  4 8 , 5 0 0  
p s i  w i t h  a b r i t t l e  f r a c t u r e .  T h e  
f r a c t u r e  o c c u r r e d  a l o n g  t h e  c e n t e r -  
l i n e  o f  t h e  b r a z e d  j o i n t  - i t s  a p -  
p e a r a n c e  . i s  i l l u s t r a t e d  i n  F i g .  6 1 .  
The  r e s i s t a n c e  t o  c o r r o s i o n  of I n c o n e l  
b r a z e d  . j o i n t s  i n  f l u o r i d e s  seems t o  
h a v e  b e e n  l o w e r e d  s o m e w h a t  b y  t h e  
a d d i t i o n  o f  t h e  s i l i c o n  t o  t h e  3 7 %  
Ni-60% Pd s y s t e m .  

._- 

Two b r a z i n g a l l o y s  o f t h e  Ni-Cr-Si-Mn 
t .ype h a v e  b e e n  i n v e s t i g a t e d  i n  p r e -  

l i m i n a r y  e x p e r i m e n t s .  T h e  1 6 . 5 %  
Cr-10.0% S i - 7 3 . 5 %  N i  a l l o y  a n d  t h e  
1 6 . 5 %  C r -  1 0 . 0 %  S i - 2 . 5 %  Mn-7 1 . 0 %  N i  
a l l o y  h a v e  d e s i r a b l e  f l o w a b i l i t y  
c h a r a c t e r i s t i c s  b u t  a r e  a p p a r e n t l y  
a t t a c k e d  t o  some e x t e n t  by  t h e  f l u o -  
r i d e s  and  r a t h e r  s e v e r e l y  b y  s o d i u m  
h y d r o x i d e .  A c o m p l e t e  s e t  o f  p h o t o -  
m i c r o g r a p h s  s h o w i n g  t h e  e x t e n t  o f  
c o r r o s i o n  w i l l  b e  p r e s e n t e d  w h e n  
a v a i l  a b l e .  

Two s i l v e r - b a s e  b r a z i n g  a l l o y s  o f  
t h e  c o m p o s i t i o n s  64% Ag-33% Pd-3% Mn 
and 75% Ag-20% Pd-5% Mn, which m e l t  a t  
a p p r o x i m a t e l y  2 1 0 0 ° F ,  h a v e  b e e n  
i n v e s t i g a t e d ,  and  i t  h a s  b e e n  shown  
t h a t  t h e  f l o w a b i l i t y  o f  t h e s e  a l l o y s  
i s  v e r y  good.  T h e  r e s u l t s  o f  s t a t i c  
c o r r o s i o n  t e s t s  a r e  i n c o m p l e t e  a t  t h e  
p r e s e n t  t i m e .  When i n  c o n t a c t  w i t h  
f l u o r i d e  b a t h ,  t h e  b r a z e d  j o i n t  
o f  6 4 %  Ag-33% Pd-3% Mn o n  t y p e - 3 1 6  
s t a i n l e s s  s t e e l  w a s  o n l y  s l i g h t l y  . . 

a t  t a c k e d ,  w h e r e a s  t h e  I n c o n e l  j o i n t  
b r a z e d  w i t h  75% Ag-20% Pd-5% Mn was 
s e v e r e l y  a t t a c k e d .  T h e s e  b r a z e d  
. j o i n t s  a r e  i l l u s t r a t e d  i n  F i g s .  62 and 
6 3 .  T h e  e x t r e m e  a t t a c k  o f  s o d i u m  
h y d r o x i d e  o n  a b r a z e d  . j o i n t  o f  6 4 %  
Ag-33% Pd-3% Mn on t y p e - 3 1 6  s t a i n l e s s  
s t e e l  i s  shown i n  F i g .  6 4 .  

. ~- 

F u r t h e r  a t t e m p t s  a r e  b e i n g  made t o  
l o w e r  t h e  m e l t i n g  p o i n t  o f  t h e  4 0 %  
Ni-60% Pd a l l o y  by  t h e  a d d i t i o n  o f  a 
t h i r d  c o m p o n e n t .  A 1% b e r y l l i u m  
a d d i t i o n  and a 10% m a n g a n e s e  a d d i t i o n  
a r e  b e i n g  s t u d i e d ,  b u t  more w o r k  h a s  
t o  b e  d o n e  b e f o r e  t h e  d e s i r a b i l i t y  of 
s u c h  a d d i t i o n s  c a n  b e -  d e t e r m i n e d .  

WELDING 

P. P a t r i a r c a  

C o n e - A r c  W e l d i n g .  I t  w a s  c o n -  
s i d e r e d  d e s i r a b l e  a s  a r e s u l t .  o f  
p r e v i o u s  p r e l i m i n a r y  e x p e r i m e n t s  t o  
d e t e r m i n e  some p r a c t i c a l  a s p e c t s  o f  
cone-  a r c  w e l d i n g  t e c h n i q u e s  a s  a p p l i e d  
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FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

Fig. 52. Nicrobrazed Incooel J o i n t  Tested i n  Fluoride Bath for 100,  br .  -_ S l i g h t  a t t a c k  c a n  be s e e n .  Unetched .  1 5 0 X .  

Fig. 53. Nicrobrazed Type-316 S t a i n l e s s  S tee l  Jo in t  Tested i n  Fluoride 
B a t h  for 100 hr. 

- 

The brazing a l l o y  was  s e v e r e l y  p i t t e d .  E tched  w i t h  aqua 
r e g i a .  200X. 
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FOR PERIOD ENDING APRIL 3 0 ,  1952 

Yo6481  

0 

F i g .  56. I n c o n e l  J o i n t  Brazed w i t h  a 60% Mn-40% N i  A l l o y  s h o r i n g  tbe Extreme 
P r o p e n s i t y  of t h e  A l l o y  for c r a c k i n g .  E t c h e d  w i t h  mixed a c i d s .  SOX. 

F i g .  5 7 .  I n c o n e l  J o i n t  Brazed w i t h  a 60% Mn-40% Ni A l l e y  and Tested i n  
._. 

F l u o r i d e  Bath f o r  100  hr  The b r a z i n g  a l l o y  was severely a t t a c k e d .  
1 5 0 X .  - 

U n e t c h e d .  

* 413 
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* METALLURGY DIVISION QUARTERLY P R O G R E S S  REPORT 

Fig. 5 8 .  Inconel Tube-to-Header Corrosion Specimen Brazed with 8 60% Mn- 
40% Ni Alloy and Tested in Sodium Hydroxide f o r  100 hr. Heavy g e n e r a l  a t t a c k  
on t h e - - a l l o y  c a n  be s e e n .  U n e t c h e d .  1OOX. - 

Y-3753 

Fig. 59. Inconel Joint Brazed with a 60% Pd-40% Ni Alloy and Tested in 
Fluoride Bath f o r  100  hr. E x c e l l e n t  s u r f a c e  b o n d i n g  i s  e v i d e n c e d  - t h e  g r a i n  
b o u n d a r i e s  e x t e n d  a c r o s s  t h e  b r a z e d  i n t e r f a c e  i n  many p l a c e s .  No c o r r o s i v e  
a t t a c k  c a n  be  s e e n .  E t c h e d  w i t h  aqwa r e g i a .  1 O O X .  

- .  - 
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FOR PERIOD EIVDING APRIL 3 0 ,  1 9 5 2  

Fig. 60. T y p i c a l  Inconel F l o w a b i l i t y  Test Specimen Brazed w i t h  60% Pd-3796 
The e x c e l l e n t  f l c ~ a b i l i t y  c h a r a c t e r i s t i c s  o f  t h i s  a l l o y  a r e  shown - N i - 3 %  s i .  

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

Fig. 61 .  S e c t i o n  o f  an As-Tes ted  Type-316 S t a i n l e s s  S t e e l  0 . 5 0 5 - i n .  T e n s i l e  
T e s t  B a r  B r a z e d  w i t h  a 60% Pd-37% Ni -3% S i  A l l o y .  The b a r  f r a c t u r e d  i n  a 
b r i t t l e  manner a t  4 8 , 5 0 0  p s i ,  and t h e  e l o n g a t i o n  i n  a 2 - i n . - g a g e  l e n g t h  was 7%. 
F r a c t u r e  o c c u r r e d  a l o n g  t h e  c e n t e r  o f  t h e  b razed  j o i n t .  E tched  w i t h  aqua r e g i a .  
200x. -. 413 yq 
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Y-6606 
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F i g .  62.  Type-316 S t a i n l e s s  S t e e l  J o i n t  B r a z e d  w i t h  a 64% Ag-33g Pd-3$ Mn 
. ..__ 

A l l o y  a n d  T e s t e d  i n  F l u o r i d e  B a t h  f o r  100 h r .  The b r a z e d  j o i n t  was a p p a r e n t l y  
' u n a t t a c k e d .  Une tched .  100~. 

. .  .. 

Y 

. 

Fig .  63 .  I n c o n e l  J o i n t  B r a z e d  w i t h  a 75% Ag-ZOX Pd-SX Mn A l l o y a n d  T e s t e d  ~ _ _ -  - 
I-_- i n  - a -- F l u o r i d e  - - - - Bath f o r  100 hr. The b r a z i n g  a l l o y  was a t t a c k e d  - -  - _ _  t o a c o n s i d e r a b l e  - 
e x t e n t  a s  i s  shown by t h e  ge v o i d s  in  t h e  f i l l e t .  Unetch&;d. loox.: 
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FOR PERIOD E N D I N G  A P R I L  3 0 ,  1 9 5 2  

Y . 6 6 0 7  

- F i g .  6 4 .  T y p e - 3 1 6  s t a i n l e s s  S t e e l  J o i n t  Brazea w i t h  a 64% Ag-33% Pd-396 Ho 
A l l o y  / a n d  T e s t e d  i n  Sodium , H y d r o x i d e -  for 100 hr. The f i l l e t  of b r a z i n g  
a l l o y  c o n t a i n e d  many l a r g e  v o i d s ,  a n d  t h e  b a s e  m e t a l  was  s e v e r e l y  a t t a c k e d .  
U n e t c h e d .  1 O O X .  

- 

t o  t u b e - t o - h e a d e r  h e a t  e x c h a n g e r  
- f a b r i c a t i o n .  T h i s  s t u d y  w a s  g i v e n  

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

T h e  e q u i p m e n t  u s e d  f o r  c o n e - a r c  
w e 1  d i n g  e x p e r i m e n t s  h a s  b e e n  d e s c r i b e d  
p r e v i o u s l y .  ( 6 ,  A s e r i e s  o f  h e a d e r s  
were f a b r i c a t e d  t o  c o n f o r m  t o  a c l o s e l y  
p a c k e d  t u b e - h o l e  a r r a n g e m e n t  in a 
c i r c u l a r  h e a d e r .  T h e  h e a d e r  m a t e r i a l  
was  t y p e - 3 0 4  s t a i n l e s s  s t e e l  s h e e t ,  
1/8 i n .  i n  t h i c k n e s s .  N i n e t e e n  t u b e  

( 6 ) 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 c -  
p o r t  f o r  P e r i o d  E n d i n g  J a n u a r y  31 ,  1 9 5 2 ,  OHNL-1267. 
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h o l e s  were  d r i l l e d  t o  r e c e i v e  0 . 1 0 0 -  
i n .  -OD type-316 s t a i n l e s s  s tee l  t u b i n g  
w i t h  a w a l l  t h i c k n e s s  o f  0 .010  i n c h .  
The b a s i c  p a t t e r n  was an e q u i l a t e r a l  
t r i a n g l e  w i t h  a t u b e  h o l e  a t  e a c h  
a p e x ;  e a c h  t u b e  h o l e  was  0 . 1 0 0  i n . ,  
o r  o n e  d i a m e t e r ,  f r o m  i t s  n e a r e s t  
n e i g h b o r .  T u b e  h o l e - t o - h e a d e r  e d g e  
d i s t a n c e s  were i n i t i a l l y  c h o s e n  a s  
0.050 i n . ,  b u t  t h e y  were  i n c r e a s e d  i n  
s u b s e q u e n t  e x p e r i m e n t s  t o  0.100 i n c h .  
W e l d i n g  c o n d i t i o n s  were c h o s e n  b y  
e x p e r i m e n t  b e f o r e  b e i n g  a p p l i e d  t o  a 
1 9 - h o l e  h e a d e r  a s s e m b l y  f o r  a c o n -  
s i s t enc  y e v a l u a  t i on. 

F i g u r e  65  i l l u s t r a t e s  a s e r i e s  o f  
t y p i c a l  t u b e - t o -  h e a d e r  c o n s i s t e n c y  
d e t e r m i n a t i o n s .  E a c h  h e a d e r  w a s  
f a b r i c a t e d  by  u s i n g  a d i f f e r e n t  w e l d i n g  
c o n d i t i o n  t o  i l l u s t r a t e  t h e  f l e x i -  
b i l i t y  o f  t h e  c o n e - a r c  p r o c e s s .  T h e  
w e l d i n g  c o n d i t i o n s  a r e  l i s t e d  i n  
T a b l e  2 8  a n d  a r e  i n  r e f e r e n c e  t o  
F i g .  65. 

C o n e - a r c  welds  w i t h i n  t h e  l i m i t s  o f  
-- t h e  m a t e r i a l  and j o i n t  d e s i g n  of t h i s  

TABLE 

i n v e s t i g a t i o n  may b e  made o v e r  a r a n g e  
o f  w e l d i n g  c o n d i t i o n s .  A l t h o u g h  t h e  
w e l d s  i l l u s t r a t e d  i n  F ig .  65 are n o t  
r e p r e s e n t a t i v e  of a s y s t e m a t i c  s t u d y ,  
t h e i r  e x a m i n a t i o n  r e v e a l s  t r e n d s  t h a t  
w i l l  be  v e r i f i e d  by f u t u r e  work.  

1 1  

2 I 3 
IO ; (I 

F i g .  65.  T y p i c a l  Cone-Arc Welds of 
1 / 8 - i n .  Type-304 StainlessSteel  Header  
S h e e t s  and  T y p e - 3 1 6  s t a i n l e s s  S tee l  
T u b e s ,  0 . 1 0  i n .  OD, 0 . 0 1 0 - i n .  Wall 
T h i c k n e s s .  

28 

HEADER 
DE S I GN AT I ON 

Welding C o n d i t i o n s  f o r  Tube-to-Header J o i n t s  

DISTANCE FROM ELECTRODE 
TIP TO PLANE OF WORK 

(in. ) 

0.020 

0.050 

0.040 

0.100 

0.100 

0.050 

ARC 
CURRENT' 

( a m p )  

64 " 

60 

70 

70 

84 

60 

ARC 
TIME 
( s e c )  

1 .5 

1.8 

1.2 

2.0 

1.4 

1 . 8  

* D i r e c t  c u r r e n t .  
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FOR P E R I O D  ENDING A P R I L  3 0 ,  1 9 5 2  

I t  a p p e a r s  f r o m  a c o m p a r i s o n  o f  
w e l d s  a ,  b,  c ,  and f w i t h  w e l d s  d and 
e ( F i g .  6 5 )  t h a t  t h e  p r i m a r y  e f f e c t  
o f  s h o r t e n i n g  t h e  a r c  d i s t a n c e  i s  t o  
recess  t h e  c o n e - a r c  we ld .  Welds a, b ,  
a n d  c i l l u s t r a t e  t h e  c o m p a r a b l e  n e t  

- e f f e c t  o f  i n c r e a s i n g  c u r r e n t  w i t h  a 
c o r r e s p o n d i n g  d e c r e a s e  i n  a r c  t i m e  
( w i t h i n  l i m i t s ) .  I t  i s  b e l i e v e d ,  
however ,  t h a t a  t h o r o u g h  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  i s  r e q u i r e d  t o  d e t e r m i n e  
t h e  e f f e c t s  on v a r i a b l e s  s u c h  a s  w e l d  
p e n e t r a t i o n .  

W e l d s  d a n d  e i l l u s t r a t e  t h e  
combined  e f f e c t  o f  f u r t h e r  i n c r e a s i n g  
a r c  l e n g t h ,  a r c  c u r r e n t ,  and a rc  t i m e .  
A c o n d i t i o n  i s  r e a c h e d  t h a t  i n d i c a t e s  
s u p e r f l u o u s  w e l d i n g ,  wh ich  i s  a p p a r e n t  
b y  o b s e r v i n g  t h e  r e l a t i v e l y  l a r g e  
w e l d s  a n d  t h e  t e n d e n c y  t o  f o r m  a 
r o s e t t e  p a t t e r n  on t h e  h e a d e r  e d g e s .  
The  h e a t  f l o w  p a t t e r n ,  t h e  u n i f o r m i t y  
o f  w h i c h  seems t o  b e  a n  i m p o r t a n t  
v a r i a b l e  i n  c o n e - a r c  w e l d i n g ,  a p p e a r s  
t o  h a v e  b e e n  d i s t o r t e d  on p r o l o n g e d  

h e a t i n g  a s  a r e s u l t  o f  i n c r e a s i n g  a r c  
t i m e  o r  h i g h e r  c u r r e n t s  u n l e s s  a c -  
c o m p a n i e d  by  a marked  d e c r e a s e  i n  a r c  
t i m e .  I t  may b e  n o t e d  t h a t  t h e  o u t e r  
h o l e s  o f  h e a d e r  e d o  n o t  c o n t a i n  
w e l d e d  t u b i n g .  The d i s t a n c e  f rom t h e  
t u b e  p e r i p h e r y  t o  h e a d e r  e d g e  i n  t h i s  
c a s e  was 0 . 0 5 0  i n c h .  T h i s  d i s t a n c e  
u p s e t  t h e  u n i f o r m i t y  o f  t h e  h e a t  f l o w  
p a t t e r n ,  a n d  n o  w e l d i n g  c o n d i t i o n s  
were f o u n d  t h a t  would g i v e  s a t i s f a c t o r y  
w e l d s .  T h e  a p p l i c a t i o n  o f  w e l d i n g  
c o n d i t i o n  b t o  w e l d  f ,  w h i c h  i s  
i d e n t i c a l  i n  g e o m e t r y  w i t h  w e l d  e ,  
was a l s o  u n s a t i s f a c t o r y  when a p p l i e d  
t o  t h e  o u t e r  h o l e s .  M e l t i n g  c o n -  
c e n t r a t e d  t o w a r d  t h e  h e a d e r  e d g e  and  
g a v e  e r r a t i c  r e s u l t s ,  a n d  i n  m a n y  
i n s t a n c e s  t h e  t u b e  p e r i p h e r i e s  were 
o n l y  p a r t l y  welded.  

T h e  s u p e r f l u o u s  n a t u r e  o f  w e l d s  
m a d e  u n d e r  w e l d i n g  c o n d i t i o n  e i s  
i l l u s t r a t e d  i n  F i g .  6 6 .  T h i s  p h o t o -  
m i c r o g r a p h  i s  t y p i c a l  o f  c o n e - a r c  
w e l d s  w i t h  good f i t - u p .  The  e f f e c t  o f  

F i g .  6 6 .  T r a n s v e r s e  S e c t i o n  of a T y p i c a l  T u b e - t o - H e a d e r  Cone-Arc Weld o f  
1 / 8 - i n .  T y p e - 3 0 4  S t a i n l e s s  S t e e l  Header  S h e e t s  and T y p e - 3 1 6  S t a i n l e s s  S t e e l  
Tubes ,  0 . 1 0  i n .  O D ,  0 . 0 1 0 - i - n .  w a l l  T h i c k n e s s .  1 O X .  

413 f'S7 

53 



METALLURGY D I V I S I O N  QUARTERLY PROGRESS REPORT 

a n  a s s o c i a t e d  p r o b l e m  a p p e a r e d  u p o n  
e x a m i n a t i o n  o f  t h e  w e l d .  A r c s  t h a t  
a r e  t e r m i n a t e d  i n s t a n t a n e o u s l y  w i t h o u t  
a c u r r e n t  t a p e r  t e n d  t o  l e a v e  a c r a t e r .  
E x a m i n a t i o n  o f  t h e  p e r i p h e r y  o f  c o n e -  
a r c  w e l d s  r e v e a l e d  a s m a l l  s p o t  
c h a r a c t e r i z e d  b y  a s m a l l  a m o u n t  o f  
s c a l e .  A c r o s s  s e c t i o n  o f  s u c h  a 
s p o t  w i t h  t h e  m i d d l e  o f  t h e  w e l d  
s u r f a c e  e x p o s e d  a p p e a r s  i n  F i g .  66 .  
T h e  e x t e n t  o f  t h e  c r a t e r  i n d i c a t e s  
t h a t  t h e  r e s u l t i n g  p o r o s i t y  i s  n o t  a 

54 

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

The  f a b r i c a t i o n  o f  t e s t  a s s e m b l i e s  - *  
by  c o n e - a r c  w e l d i n g  w i l l  c o n t i n u e ,  and 
s t u d i e s  t o  e v a l u a t e  t h e  f u n d a m e n t a l  
e f f e c t s  o f  t h e  c o n e - a r c  w e l d i n g  
v a r i a b l e s  w i l l  r e c e i v e  a t t e n t i o n  
c o n c u r r e n t l y .  

1 
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The s t a f f  
t h e  ce ramic  

FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

CERAMICS LABORATORY 

J .  M. Warde 
C. E. C u r t i s  
L .  M. Doney 

G. D. 

ORGAN I Z  AT I ON 

f o r  p r e s e n t  o p e r a t i o n s  o f  
l a b o r a t o r y  i s  c o m p l e t e ,  

a n d  t h e  g r o u p  h a s  b e e n  o r g a n i z e d  i n t o  
t w o  s e c t i o n s  - a r e s e a r c h  a n d  d e v e l o p -  
m e n t a l  s e c t i o n  a n d  a s e c t i o n  t h a t  
r e n d e r s  a s s i s t a n c e  t o  o t h e r  d i v i s i o n s .  

R E S E A R C H  PROGRAM 

A r e s e a r c h  p r o g r a m  h a s  been a d o p t e d  
t h a t  i s  t o  i n c l u d e  a n  e x t e n s i v e  s t u d y  
o f  C e r m e t s ,  c e r a m i c  c o a t i n g s ,  h a f n i a ,  
a n d  c h a n g e s  i n  c e r a m i c  m a t e r i a l s  d u e  
t o  r a d i a t i o n .  T h e  p r o g r a m  a l s o  p r o -  
v i d e s  f o r  d e v e l o p i n g  l a b o r a t o r y  
f a c i l i t i e s  f o r  m e a s u r i n g  p h y s i c a l  
p r o p e r t i e s  o f  c e r a m i c  m a t e r i a l s .  

- D E S I G N  A N D  B U I L D I N G  OF E Q U I P M E N T  

T h e  f o l l o w i n g  e q u i p m e n t  was  com- 
p l e t e d  or w a s  i n  t h e  p r o c e s s  o f  c o n -  
s t r u c t i o n  d u r i n g  t h e  p a s t  q u a r t e r :  

1. 

2 .  

t h e r m a l  e x p a n s i o n  e q u i p m e n t ,  c o n -  
s i s t i n g  o f  a v a c u u m  d i l a t o m e t e r  
( p l a t i n u m - w o u n d  f u r n a c e )  i n t e n d e d  
f o r  t h e  d e t e r m i n a t i o n  o f  t h e r m a l  
e x p a n s i o n  o f  s o l i d s  i n  t h e  r a n g e  
2 0 0  t o  1 3 0 0 ° C  u n d e r  v a c u u m  or 
c o n t r o l l e d  a t m o s p h e r e  c o n d i t i o n s ,  
and a h i g h - t e m p e r a t u r e  d i l a t o m e t e r  
( m o l y b d e n u m - w o u n d  f u r n a c e )  f o r  
t h e r m a l  e x p a n s i o n  d e t e r m i n a t i o n s  
u p  t o  1 6 0 0 ° C  u n d e r  c o n t r o l l e d  
a t m o s p h e r e  c o n d i t i o n s ;  

r e s i s t o r  f u r n a c e s ,  b o t h  molybdenum 
wound, p r i m a r i l y  f o r  f i r i n g  Cerme t s  
u p  t o  1 7 5 O " C ,  a n d  v a c u u m - s t r i p ,  
f o r  m e 1  t i n g - p o i n t  d e t e r m i n a t i o n s  
rip t o  3 0 0 0 ° C ;  .. 

S. D. F u l k e r s o n  
J .  R .  Johnson 
A. J .  T a y l o r  

M'h i t e  

3. 

4. 

5. 

6 .  

7 .  

8. 

9. 

a vacuum i n d u c t i o n  f u r n a c e ,  w h i c h  
w i l l  be used  f o r  s i n t e r i n g  ceramic 
m a t e r i a l s  i n  vacuum or  c o n t r o l l e d  
a t m o s p h e r e s  u p  t o  2500°C a n d  w i l l  
be i n s t a l l e d  upon t h e  p u r c h a s e  and 
d e l i v e r y  o f  a m o t o r - g e n e r a t o r  s e t ;  

g a s -  f i r e d  f u r n a c e s ,  b o t h  a h i g h  
t e m p e r a t u r e ,  z i r c o n i a l i n e d ,  f i r i n g  
c h a m b e r ,  1 0  by 1 0  by  12  i n . ,  f o r  
t e m p e r a t u r e s  u p  t o  19OO0C, a n d  a 
h i g h  t e m p e r a t u r e ,  MgO o r  Z r O z  
1 i n e d  , t a n g e n t i a l l y  f i r e d ,  f i r i n g  
chamber ,  4 i n .  i n  d i a  b y 4 i n .  d e e p ,  
f o r  t e m p e r a t u r e s  u p  t o  2000°C; 

h i g h - t e m p e r a t u r e  x - r a y  e q u i p m e n t  
d e s i g n e d  t o  o b t a i n  x - r a y  p a t t e r n s  ' 

o f  m a t e r i a l  i n  t h e  r a n g e  f rom room 
t e m p e r a t u r e  t o  2000°C; 

t h e r m a l  d i f f u s i v i t y  a p p a r a t u s  t o  
be used  f o r  m e a s u r i n g  t h e r m a l  d i f -  
f u s i v i t y  o f  c e r a m i c  m a t e r i a l s  a t  
t e m p e r a t u r e s  u p  t o  2000°C; 

i c e  c a l o r i n t e  t e r  e q u i p m e n t  t o  b e  
u s e d  f o r  p r e c i s e  m e a s u r e m e n t s  o f  
h e a t  c a p a c i t y  o f  m a t e r i a l s  a t  
t empera  t u r e s  u p  t o  1500°C; 

s t r e s s - r u p t u r e  a p p a r a t u s  f o r  
m e a s u r i n g  s t r e s s - r u p t u r e  o f  c e r a m i c  
m a t e r i a l s  a t  t e m p e r a t u r e s  u p  t o  
1300" C;  

p y r o m e t e r  a n d  t h e r m o c o u p l e  c a l i -  
b r a t i o n  e q u i p m e n t .  

H A F N I A  R E S E A R C H  

H a f n i a  r e c e i v e d  f r o m  t h e  C h e m i s t r y  
D i  v i s  i o n  c o n t a i n e d  t h e  f o  1 l o w i n g  
p r i n c i p a l  i m p u r i t i e s ,  a c c o r d i n g  t o  
s p e c t r o s c o p i c  a n a l y s i s :  Z r ,  0.35%; 
T i ,  1 . 0 0 % ;  F e ,  0 . 1 0 % ;  N a ,  0 .04%. I t  

I .. .~. , c i 
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h a s  b e e n  d e m o n s t r a t e d  t h a t  t h i s  ma- o x i d a t i o n  o f  t h e  m e t a l s  d u r i n g a  1 0 0 - h r  
t e r i a l  c a n  be  c h a n g e d  f r o m  t h e  mono- t e s t  a t  9 0 0 ° C .  A n e w ,  b o r o n - f r e e  
c l i n i c  t o  t h e  c u b i c  c r y s t a l  f o r m  by  c o a t i n g  f o r  s t a i n l e s s  s t e e l  i s  b e i n g  
t h e  a d d i t i o n  o f  8 m o l e  % o f  c a l c i u m  d e v e l o p e d .  
o x i d e  and  f i r i n g  f o r  1 h r  a t  1600°C i n  
a i r .  T h i s  b e h a v i o r ,  n o t  p r e v i o u s l y  
n o t e d  i n  t h e  l i t e r a t u r e ,  i s  s i m i l a r  R A D I A T I O N  DAMAGE STUDIES 
t o  t h a t  o f  z i r c o n i u m  o x i d e ,  w h i c h  i s  
c r n m e r c i a l l y  s t a b i l i z e d  i n  t h e  same  An i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  
rn,lrlrier t o  i n c r e a s e  h e a t - s h o c k  r e -  r a d i a t i o n  on  v a r i o u s  ceramic m a t e r i a l s  
s i s t a n c e .  h a s  b e e n  s t a r t e d .  T e s t  s p e c i m e n s  o f  

3 0  d i f f e r e n t  c e r a m i c  m a t e r i a l s  a r e  
T h e  t h e r m a l  e x p a n s i o n  b e h a v i o r  o f  b e i n g  p r e p a r e d  i n  t h e  f o r m  o f  t h i n  

h a f n i a  from room t e m p e r a t u r e  t o  1300°C d i s k s ,  3 / 4 i n .  i n  d i a  by 20 m i l s  t h i c k ,  
w a s  d e t e r m i n e d ;  n o  i n v e r s i o n s  w e r e  t h a t  w i l l  b e  s e n t  t o  H a n f o r d  f o r  
found i n  t h i s  r a n g e .  i r r a d i a t i o n  f o r  p e r i o d s  o f  3 a n d  6 

months.  
E q u i m o l e c u l a r  m i x t u r e s  o f  H f O  a n d  

SiO, were f i r e d  f o r  1 h r  a t  1500°C; x -  
r a y  e x a m i n a t i o n  i n d i c a t e d  t h a t  h a f n i u m  REPORTS 
s i l i c a t e  w a s  s y n t h e s i z e d  b y  t h i s  
p r o c e d u r e .  T h e  f o l l o w i n g  r e p o r t s  h a v e  b e e n  

c o m p l e t e d  o r  a r e  b e i n g  p r e p a r e d :  
( 1 )  I I B i b l i o g r a p h y  o f  H a f n i u m  O x i d e ,  
Hafnium C a r b i d e ,  and Hafnium S i l i c a t e , "  
( 2 )  " C r u c i b l e  Handbook,  If ( 3 )  "Ceramic 

F l u o r i d e - R e s i s t a n t  C o a t i n g s .  Work M a t e r i a l s  a s  R e l a t e d  t o  R e a c t o r  Pro-  
gram,"  ( 4 )  "Vapor P r e s s u r e s  of C e r a m i c  

2 

CERAMIC COATINGS 

was s t a r t e d  on  t h e  d e v e l o p m e n t  o f  a 

m i l d  s t ee l  ( 1 0 - 1 0 )  t o  p r o v i d e  r e s i s t a n c e  
t o  u r a n i u m  f l u o r i d e ;  s p e c i m e n s  a r e  SERVICE WORK 
b e i n g  t e s t e d  a t  K-25. 

- p h o s p h a t e - g l a s s  c o m p o s i t i o n  f o r  c o a t i n g  M a t e r i a l s .  If 

P e t r o g r a p h i c  Examinations. I n -  
v e s t i g a t i o n s  o f  ARE f u e l s .  are  b e i n g  

-4"- _. - Z i r c o n i u m  E n a m e l i n g .  A c e r a m i c  
c o a t i n g  a p p l i e d  t o  z i r c o n i u m  s h o w e d  c a r r i e d  O u t  f o r  t h e  
p r o m i s i n g  b e h a v i o r  i n  r e t a r d i n g  0 

o x i d a t i o n  o f  t h e  m e t a l  d u r i n g  h o t  a r e  b e i n g  made p e r i o d i c a  
r o l l i n g .  HRE program.  

Copper Enamel ing .  A c e r a m i c  c o a t i n g  
was s u c c e s s f u l l y  a p p l i e d  t o  t h e  i n s i d e  
o f  a c o p p e r  t u b e  t o  p r o v i d e  i n s u l a t i o n  
be tween mercu ry  and t h e  t u b e  w a l l  i n  a 
c o n v e c t i o n  measurement  a p p a r a t u s .  

- 

S t a i n l e s s s t e e l  Enamel ing .  A c e r a m i c  
c o a t i n g  a p p l i e d  t o  t h r e e  s t e e l s  ( t y p e s  
347,  316 ,  and 3 0 2 ) s u c c e s s f u l l y r e t a r d e d  

F a b r i c a t i o n  of  a. Ceramic B o l d  f o r  
M a k i n g  S i n g l e  Crystals of Aluminum. 
An a l u m i n a  m o l d  w a s  p r e p a r e d  f o r  
m a k i n g  s i n g l e  c r y s t a l s  o f  a l u m i n u m ;  
h o w e v e r ,  t h e  m o l d  d i d  n o t  p e r f o r m  

8 s a t i s f a c t o r i l y  o w i n g  t o  s o l u ' t i o n  
be tween t h e  c r u c i b l e  and  m e t a l .  O t h e r  
m o l d s  w i l l  b e  p r e p a r e d  f r o m  z i r c o n  

4 1 3  
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b r i c k  and  magnesium o x i d e .  T h i s  work Fabrication of Thoria Crucible. 
w a s  r e q u e s t e d  b y  t h e  S o l i d  S t a t e  T h i s  w o r k  f o r  t h e  S t a b l e  I s o t o p e s  
D i v i s  i o n .  D i v i s i o n  was c o m p l e t e d .  

Firing Lava Insulators. R o u t i n e  Fabrication of Insulators. I t  was 
h e a t  t r e a t m e n t  was g i v e n . t o  p a r t s  f o r  f o u n d  t h a t  h o t - p r e s s e d  b e r y l l i a  i n -  
t h e  c a l u t r o n  ( r e q u e s t e d  by  S t a b l e  s u l a t o r s  gave  e x c e l l e n t  s e r v i c e  i n  t h e  
I s o t o p e s  D i v i s i o n ) .  c a l u t r o n .  



HOMOGENEOUS REACTOR PROGRAM 

E .  C.  

The  M e t a l l u r g y  D i v i s i o n ’ s  p a r t i c i  - 
p a t i o n  i n  t h e  H o m o g e n e o u s  R e a c t o r  
P r o j e c t  c o n t i n u e s  t o  b e  l i m i t e d  
l a r g e l y  t o  m i s c e l l a n e o u s  c o n s u l t a t i o n  
a n d  s e r v i c e  w o r k  b e c a u s e  o f  t h e  u n -  
a v a i l a b i l i t y  o f  manpower,  a l t h o u g h  a 
b e g i n n i n g  h a s  b e e n  made  on  t h e  t i -  
t a n i u m  p h a s e s  o f  t h e  p r o g r a m .  

CO RR OS I O N  

P a r t i c i p a t i o n  i n  t h e  c o r r o s i o n  t e s t  
p rogram h a s  i n v o l v e d  a s s i s t a n c e  t o  t h e  
dynamic c o r r o s i o n  g r o u p  o f  t h e  R e a c t o r  
E x p e r i m e n  t a l  E n g i n e e r i n g  D i v i s i o n  i n  
t h e  p r o c u r e m e n t  a n d  p r e p a r a t i o n  o f  
t e s t  s p e c i m e n s  and 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  c o r r o d e d  c o m p o n e n t s  
removed f rom t h e  s y s t e m .  

W E L D I N G  OF S T A I N L E S S  STEEL 

An e f f o r t  h a s  b e e n  made t o  f o l l o w  
t h e  e x t e n s i v e  p r o g r a m s  b e i n g  c a r r i e d  
on  by v a r i o u s  t e c h n i c a l  s o c i e t i e s  and 
c o m m i t t e e s ,  i n d u s t r i a l  g r o u p s ,  a n d  
commiss ion  c on t r a c  t o r s  toward  s o l u  t i o n  
o f  t h e  p r o b l e m s  of w e l d i n g  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  in t h i c k  s e c t i o n s .  

N O N D E S T R U C T I V E  T E S T I N G  

The n o n d e s  t ruc t i v e  t es t i n g  pr ogram 
b e i n g  c a r r i e d  o u t  i n  c o o p e r a t i o n  w i t h  
t h e  Y-12 R e s e a r c h  E n g i n e e r i n g  s e c t i o n  
h a s  i n v o l v e d ,  i n  a d d i t i o n  t o  t h e  
r o u t i n e  i n s p e c t i o n  o f  w e l d s  and  com- 
p o n e n t s  by x r a y s  and  d y e  p e n e t r a n t s ,  
t h e  p r o c u r e m e n t  and  u s e  on a n  e x p e r i -  
m e n t a l  b a s i s  o f  a n  u l t r a s o n i c  r e -  
f l e c t o s c o p e  and a n  Aud igage  i n s t r u m e n t .  
The A u d i g a g e  i n s t r u m e n t s  a r e  o f  p a r -  
t i c u l a r  i n t e r e s t  a s  p o s s i b l e  m e a n s  
f o r  f o l l o w i n g  t h e  p r o g r e s s  o f  c o r -  
r o s i o n  a t t a c k .  

-. 

M i l  l e c  

R A D I A T I O N  DAMAGE S T U D I E S  

S o m e  e a r l i e r  w o r k  b y  A r g o n n e  
N a t i o n a l  L a b o r a t o r y ,  i n  c o o p e r a t i o n  
w i t h  t h e  S o l i d  S t a t e  D i v i s i o n  o f  ORNL, 
on t h e  i m p a c t  s t r e n g t h  o f  c a r b o n  s t e e l s  
i n d i c a t e d  a r e d u c t i o n  o f  t h e  i m p a c t  
s t r e n g t h  i n  t h e  r a n g e  a b o v e  t h e  
t r a n s i t i o n  t e m p e r a t u r e ,  a s  w e l l  a s  a 
p r o n o u n c e d  i n c r e a s e  i n  t h e  t r a n s i t i o n  
t empera  t u r e  a f t e r  i r r a d i a  t i  on .  Fur  t h e r  
s t u d y  o f  t h i s  e f f e c t  h a s  been  i n i t i a t e d  
by  t h e  S o l i d  S t a t e  D i v i s i o n  i n  c o n -  
n e c t i o n  w i t h  m e t a l l u r g i c a l  p r o b l e m s  o f  
t heHRP.  I m p a c t  s p e c i m e n s  o f  AIS1 104C 
s t e e l  h a v e  b e e n  p r e p a r e d  f o r  i r r a d i a -  
t i o n  i n  t h e  X - 1 0  g r a p h i t e  p i l e  f o r  
p e r i o d s  o f  one  t o  two mon ths .  C o n t r o l  
of i r r a d i a t i o n  t e m p e r a t u r e s  and m e t a l -  
l u r g i c a l  h i s t o r y  w i l l  be  m a i n t a i n e d  t o  
d e t e r m i n e  p o s s i b l e  e f f e c t s  on t h e  HRE 
p r e s s u r e  v e s s e l .  S i m i l a r  t e s t s  a r e  
p l a n n e d  t o  e v a l u a t 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  and t i t a n i u m .  

H R E  C O N T R O L  P L A T E S  

E .  S .  Bomar J .  H .  Coobs 
H .  I n o u y e  

The a t t e m p t  t o  f a b r i c a t e  s t a i n l e s s -  
s t e e l - c l a d  B o r a l  l a m i n a t e s  o f  i n t e r -  
m e d i a t e  s i z e  m e t  w i t h  some d i f f i c u l t y .  
S e v e r a l  l a m i n a t e s  m a d e  b y  u s i n g  
a l u m i n u m - c l a d  . B o r a 1  c o r e s  a n d  c o p p e r -  
c o a t e d  s t a i n l e s s  s t e e l  c l a d d i n g  were 
r o l l e d  a t  600°C t o  e n s u r e  good b o n d i n g .  
A t  t h i s  t e m p e r a t u r e  t h e  B o r a l  w a s  
r e d u c e d  p r e f e r e n t i a l l y  a n d  b u i l t  u p  
s u f f i c i e n t  p r e s s u r e  a h e a d  of t h e  r o l l s  
t o  b u r s t  t h e  l a m i n a t e s  a f t e r  f o u r  or 
f i v e  p a s s e s .  M o d e r a t i o n  of t h e  r o l l i n g  
s c h e d u l e  s e e m e d  i n e f f e c t i v e  when t h e  
t o t a l  r e d u c t i o n  e x c e e d e d  30%. 
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A s u c c e s s f u l  r o l l i n g  s c h e d u l e  was 
t h e n  d e v i s e d  i n  w h i c h  two l a m i n a t e s  o f  
i n t e r m e d i a t e  s i z e  ( 2  by  8 i n . )  were 
p r e p a r e d  b y  u s i n g  t h r e e  p a s s e s  a t  
600°C t o  o b t a i n  20% r e d u c t i o n  and two 
a d d i t i o n a l  p a s s e s  a t  500°C t o  o b t a i n  
a t o t a l  r e d u c t i o n  o f  30%. A p p a r e n t l y  
f u l l - s i z e  p l a t e s  may b e  f a b r i c a t e d  by 
t h i s  m e a n s .  H o w e v e r ,  s u c h  l a m i n a t e s  
h a v e  a d e f i n i t e  d i s a d v a n t a g e  - t h e  
p l a t e s  a r e  r o l l e d  a t  t e m p e r a t u r e s  i n  
t h e  c o l d - w o r k i n g  r a n g e  f o r  s t a i n l e s s  
s t e e l s  a n d  t h e  c l a d d i n g  t h u s  b e c o m e s  
p r o g r e s s i v e l y  h a r d e r ,  more d i f f i c u l t  
t o  r e d u c e  u n i f o r m l y  by r o l l i n g ,  a n d  
more  d i f f i c u l t  t o  b e n d  t o  i t s  f i n a l  
con  f i g u r a  t i o n .  

The o r i g i n a l  r e q u e s t  f o r  t h e  s t a i n -  
l e s s - s t e e l - c l a d  b o r o n  c a r b i d e  l a m i n a t e s  
i n c l u d e d  t h e  s u g g e s t i o n  t h a t  a d a p t a -  
t i o n  o f  t h e  t e c h n i q u e  c u r r e n t l y  i n '  
u s e  f o r  f u e l - p l a t e  f a b r i c a t i o n  t o  t h e  
p r e p a r a t i o n  o f  l a m i n a t e s  w i t h  i r o n  o r  
s t a i n l e s s  s t e e l  a s  t h e  c o r e  m a t r i x  be 
i n v e s t i g a t e d .  I n  o r d e r  t o  e v a l u a t e  
t h i s  t e c h n i q u e ,  a s e r i e s  o f  c o m p a c t s  
c o n t a i n i n g  37% by vo lume  ( - 2 0 0  m e s h )  
b o r o n  c a r b i d e  i n  i r o n ,  n i c k e l ,  t y p e -  

302 s t a i n l e s s  s t e e l ,  t y p e - 4 1 0  s t a i n l e s s  
s t e e l ,  a n d  c h r o m i u m  p o w d e r s  w e r e  
p r e s s e d  a n d  s i n t e r e d  a t  1 1 5 0 ° C  f o r  
30 m i n u t e s .  

A n a l y s e s  o f  t h e  compac t s  ( T a b l e  2 9 )  
s h o w  t h a t  i n  a l l  c a s e s  t h e  b o r o n  
c a r b i d e  r e a c t e d  w i t h  t h e  m a t r i x  m e t a l  
t o  f o r m  e i t h e r  a b r i t t l e ,  i n t e r -  
m e  t a  11 i c  o r  1 ow - m e  1 t i n g  - e  u t e c  t i c  
p h a s e .  The r e a c t i o n  was a c c o m p a n i e d  
by g r o w t h  o f  t h e  p r e s s e d  c o m p a c t ,  and  
t h e r e  were d e t r i m e n t a l  e f f e c t s  o n  
p h y s i c a l  p r o p e r t i e s .  

L a m i n a t e s  p r e p a r e d  by h o t  r o l l i n g  
g a v e  u n i f o r m l y  p o o r  r e s u l t s .  T h e  
c l a d d i n g  of s e v e r a l  l a m i n a t e s  c o n t a i n -  
i n g  i r o n  and t y p e  -302 s t a i n l e s s  s t e e l  
m a t r i x  c o r e s ,  r o l l e d  a t  1 2 2 5 " C ,  w a s  
a t t a c k e d  b y  t h e  c o r e  m a t e r i a l ,  a n d  
m o s t  o f  t h e  c e n t e r  p o r t i o n  o f  t h e  
l a m i n a t e  seemed t o  m e l t  away. S e v e r a l  
o t h e r  l a m i n a t e s  c o n t a i n i n g  i r o n ,  t y p e -  
4 1 0  s t a i n l e s s  s t e e l ,  a n d  c h r o m i u m  
m a t r i x  c o r e s ,  r o l l e d  a t 1 0 5 0  t o  1125"C, 
b l i s t e r e d  b a d l y  b e c a u s e  o f  r u p t u r e s  - 
w i t h i n  t h e  c o r e .  

- 

TABLE 29 

Analysis of Various Compacts Containing Boron Carbide 

COMPOSITION 

N i  -B,C 

Fe-B,C 

Type-302  s t a i n l e s s  
s t e e  1-B, C 

Type-410 s t a i n l e s s  
s t e e 1-B, C 

Cr-B4C 

DENSITY ( % )  
~ 

GREEN 

76.5  

74 .0  

S I N TE RED 

70.0 

5 9 . 5  

PROPERTIES 

N i - B  e u t e c t o i d  formed and  f lowed  
o u t  o f  compact  

B r i t t l e ,  f a i r l y  s t r o n g ;  l i q u i d  
p h a s e  formed 

Very b r i t t l e ;  l i q u i d  p h a s e  formed 

Very b r i t t l e ,  weak 

B r i t t l e ,  p o o r l y  s i n t e r e d  



FOR P E R I O D  E N D I N G  APRIL 3 0 ,  1 9 5 2  

The u s e  o f  c o p p e r  was s u g g e s t e d  a s  
t h e  m e t a l l i c  i n  t h e  c o r e ,  and i n v e s t i -  
g a t i o n  r e v e a l e d  t h a t  i t  d o e s  n o t  r e a c t  
w i t h  or d i s s o l v e  a p p r e c i a b l e  a m o u n t s  
of b o r o n  o r  c a r b o n  a t  t e m p e r a t u r e s  f a r  
a b o v e  i t s  m e l t i n g  p o i n t .  A l a m i n a t e  
w i t h  a c o p p e r - b o r o n  c a r b i d e  c o r e  p r e -  
p a r e d  by s i n t e r i n g  a m i x t u r e  o f  c o p p e r  
powder and  c o a r s e  b o r o n  c a r b i d e ,  c o l d  
p r e s s i n g ,  r e s i n t e r i n g ,  and c o l d  r o l l -  
i n g ,  w a s  h o t  r o l l e d  s u c c e s s f u l l y  a t  
1 0 0 0 ° C  w i t h  5 0 %  r e d u c t i o n  i n  s e v e n  
p a s s e s .  E x a m i n a t i o n  r e v e a l e d  a f a i r  
b o n d  b e t w e e n  c o r e  a n d  c l a d d i n g ,  a s  
s h o w n  i n  F i g .  6 7 ,  a n d  t h e  f i n i s h e d  
l a m i n a t e  w a s  e a s i l y  b e n t  t o  a 1-111. 
r a d i u s  w i t h o u t  f a i l u r e .  When b e n t  t o  
a s h o r t e r  r a d i u s ,  t h e  l a m i n a t e  f a i l e d  
by s h e a r  t h r o u g h  t h e  c o r e  and r e v e a l e d  
t h e  s t r e n g t h  o f  t h e  bond .  

T h i s  method o f  p r e p a r i n g  l a m i n a t e s  
h a d  t o  b e  i m m e d i a t e l y  a d o p t e d  f o r  
p r e p a r a t i o n  o f  t h e  f u l l - s i z e  p l a t e s  
b e c a u s e  o f  a r e v i s e d  t ime s c h e d u l e  f o r  
c o m p l e t i o n  o f  t h e  p r o j e c t .  The c o r e  

m a t e r i a l  was p r e p a r e d  a s  a m i x t u r e  o f  
1 6 . 3 %  b y  w e i g h t  b o r o n  c a r b i d e ,  c o n -  
t a i n i n g  7 1 %  b o r o n ,  a n d  U. s .  M e t a l s  

e l e c  t r o  - 
l y t i c  - c o p p e r  p o w d e r ,  w h i c h  was m i x e d  
w i t h  2% s t e a r i c  a c i d  a s  a b i n d e r  a n d  
p r e s s e d  a t  2 5  t o n s  p e r  s q u a r e  i n c h .  
The b i n d e r  was t h e n  removed by h e a t i n g  
i n  a i r  a t  4 0 0 ° C  a n d  s i n t e r i n g  i n  a 
h y d r o g e n  a t m o s p h e r e  a t  9 5 0 ° C  f o r  2 
h o u r s .  T h e  c o m p a c t s  were t h e n  r e -  
p r e s s e d  a t  5 0  t o n s  p e r  s q u a r e  i n c h ,  
r e s i n t e r e d  f o r  1 5  m i n  t o  p r o m o t e  
d e n s i f i c a t i o n ,  a n d  r e p r e s s e d ,  i f  
n e c e s s a r y ,  t o  f u r t h e r  r e d u c e  t h e  
t h i c k n e s s .  P r e p a r a t i o n  was c o m p l e t e d  
by r o l l i n g  t o  t h e  d e s i r e d  t h i c k n e s s ,  
l o a d i n g  i n t o  t h e  f r a m e  o f  t h e  l a m i -  
n a t e s ,  e v a c u a t i n g ,  s e a l i n g ,  and f i n a l l y  
h o t  r o l l i n g  a s  d e s c r i b e d .  It w a s  
d i s c o v e r e d  t h a t  t h e  l a r g e  p l a t e s  h a d  
t o  be e v a c u a t e d  d u r i n g  p r e h e a t i n g  and 
s e a l e d  t o  p r e v e n t  s w e l l i n g  and  b l i s t e r -  
i n g ,  w h i c h  were p r o b a b l y  c a u s e d  b y  
v o l a t i l e  c o m p o n e n t s  r e m a i n i n g  f r o m  
t h e  b i n d e r .  

R e f i n i n g  C o m p a n y ,  t y p e  "C f f  

UNCLASSIFIED 6-  PHOTO Y-6247 

TYPE - 347 
STAINLESS STEEL 

(6.3 WT. 70 B4C 
PLUS 

83.7 WT. 70 CU 

Fig .  67 .  In ter face  of  Type-347 S t a i n l e s s  S t e e l  Cladding and Copper-Boron 
Carbide Core. 200X. Reduced 18%. . 
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T h e  r o l l e d  l a m i n a t e s  were  t h e n  
s h e a r e d  1/8 i n .  f r o m  t h e  e d g e  of t h e  
c o r e  a n d  s e a l e d  w i t h  t h e  a u t o m a t i c  
h e l i a r c  w e l d e r .  I n  t h i s  o p e r a t i o n  
t h e  coppe r -bo ron  c a r b i d e  m i x t u r e  shows 
a n  a d d i t i o n a l  a d v a n , t a g e  o v e r  B o r a 1  i n  
t h a t  i t s  h i g h e r  m e l t i n g  p o i n t  a n d  
t h e r m a l  c o n d u c t i v i t y  r e d u c e  t h e  c h a n c e s  
of m e l t i n g  t h e  e d g e  o f  t h e  core d u r i n g  
w e l d i n g ,  w h i c h  would p r o d u c e  a f a u l t y  
w e l d .  

A l l  f i n i s h e d  p l a t e s ,  e x c e p t  No. 8, 
were x r a y e d  a n d  m e a s u r e d  b e f o r e  d e -  
l i v e r y .  The d a t a  on t h e s e  p l a t e s ,  a s  
d e l i v e r e d ,  a r e  g i v e n  i n  T a b l e  30. 

T h e  b o r o n  c a r b i d e  c o n t e n t  o f  t h e  
p l a t e s  r u n s  s l i g h t l y  be low t h a t  n e c e s -  
s a r y  t o  s u p p l y  t h e  minimum of 100 m g  
o f  b o r o n  p e r  s q u a r e  c e n t i m e t e r  r e -  
q u e s t e d .  F o r t u n a t e l y ,  t h e  two l a r g e  
p l a t e s ,  Nos. 12 a n d  14, c o n t a i n e d  a 
l a r g e  f r a c t i o n  o f  t h e  t o t a l  b o r o n  
c a r b i d e  a n d  t h u s  q u i t e  c l o s e  t o  t h e  
r e q u i r e d  minimum o f  b o r o n .  T h e  d e -  
f i c i e n c i e s  may, i n  g e n e r a l ,  be c h a r g e d  
t o  l a c k  o f  f a m i l i a r i t y  w i t h  t h e  
p r o p e r t i e s  o f  t h e  m i x t u r e  o f  p o w d e r s  
u s e d .  I f  a d d i t i o n a l  p l a t e s  a r e  r e -  
q u e s t e d ,  more a c c u r a t e  c o n t r o l  o f  t h e  
c o m p o n e n t s  w i l l  be m a i n t a i n e d .  A s  a 

d e m o n s t r a t i o n ,  p l a t e  No. 16 i s  b e i n g  
p r e p a r e d  w i t h  a b o u t  107 mg o f  b o r o n  
p e r  s q u a r e  c e n t i m e t e r .  

TITANIUM WELDING 

A .  €3. O l s e n  

P r e l i m i n a r y  work  on t h e  v a r i a b l e s  
i n v o l v e d  i n  w e l d i n g  t i t a n i u m  h a s  b e e n  
s t a r t e d .  To d a t e ,  t w o  g r a d e s  o f  
c o m m e r c i a l l y  p u r e  m a t e r i a l  h a v e  b e e n  
w e l d e d  i n  a d r y  b o x  i n  a p u r i f i e d  
h e l i u m  a t m o s p h e r e  b y  u s i n g  a h e l i a r c  
t o r c h .  T h e  s a m p l e s  were w e l d e d  b y  
t h e  w e l d i n g  g r o u p  and  t h e  t e n s i l e  and 
bend  t e s t s  were made by t h e  p h y s i c a l  
t e s t i n g  g r o u p .  O r i g i n a l  p l a n s  f o r  
u s e  of a c o n s t a n t - m o m e n t  b e n d - t o -  
f a i l u r e  t e s t  e v o l v e d  i n t o  a free bend 
t e s t  b e c a u s e  o f  t h e  h i g h  d u c t i l i t y  
o f  t h e  s a m p l e  w e l d s .  

The s c o u t i n g  t e s t  g a v e  p r e l i m i n a r y  
i n d i c a t i o n s  t h a t  w i t h  p r o p e r  p r e -  
c a u t  i o n s  a g a  i n  s t c on t a  m i n a  t i  on t h e  
w e l d i n g  of c o m m e r c i a l l y  p u r e  t i t a n i u m  
r e q u i r e s  n o  m o r e  c a r e  t h a n  t h a t  
e x e r c i s e d  i n  t h e  p r o d u c t i o n  o f  h i g h -  
q u a l i t y  s t a i n l e s s  s t e e l  w e l d s .  T h e r e  
i s  n o  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  

- 

TABLE 30  

Data on HRE Control P la tes  

PLATE NO. 
TOTAL CORE 
WEIGHT ( g )  

6 
10 
5 
9 
1 
8 

12 
14 

56.3 
55.7 
82.8 
82.9 
108.3 
108.2 
599.3 
596.3 

BORON 
(6) 

6.53 
6.46 
9.62 
9.62 
12.56 
12.56 
69.5 
69.2 

CORE AREA 
(in.2) 

10.8 
10.3 
15.6 
15.6 
20.0 

107.9 
111.0 

~ 

93.0 
97.3 
95.5 
95.5 
97.5 

100.0 
97.0 

I 
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b u t t  w e l d s  i n  w h i c h  o n l y  t h e  b a s e  
p l a t e  i s  f u s e d  and w i d e - a n g l e  V j o i n t s  
i n  w h i c h  f i l l e r  m e t a l  i s  a d d e d  w i t h  
e a c h  p a r t .  A l s o ,  c u r r e n t  and v o l t a g e  
c h a n g e s  i n  t h e  r a n g e  3 0  amp a t  1 5  v 
t o  6 4  amp a t  20  v seem t o  have  l i t t l e  
e f f e c t  on t h e  p h y s i c a l  p r o p e r t i e s  o f  
t h e  w e l d s ,  p r o v i d e d  t h e  w e l d i n g  s p e e d s  
a r e  s l o w  e n o u g h  t o  g u a r a n t e e  c o m p l e t e  
f u s i o n .  S o m e  d i f f i c u l t y  i n  t h i s  
r e g a r d  was f o u n d  a t  t h e  l o w e r  c u r r e n t  
a n d  v o l t a g e  s e t t i n g s  . T e s t  s a m p l e s  
were  f o u n d  t o  f a i l  o u t s i d e  o f  t h e  
w e l d  a r e a  u n d e r  t e n s i o n  a n d  i n  t h e  
c e n t e r  o f  t h e  f u s i o n  z o n e  i n  b e n d i n g  
when T i -75A was t h e  b a s e  p l a t e  and i n  
t h e  h e a t - a f f e c t e d  z o n e  u n d e r  t e n s i o n  
a n d  t h e  f u s i o n  z o n e  i n  b e n d i n g  when 
RC-70 was t h e  b a s e  p l a t e .  

A f e w  s a m p l e  j o i n t s  o f  t i t a n i u m -  
t o - z i r c o n i u m  w e r e  a l s o  a t t e m p t e d .  
They  a l l  f a i l e d  b e c a u s e  o f  a b r i t t l e  
f r a c t u r e  i n  t h e  f u s i o n  z o n e  a d j a c e n t  
t o  t h e  t i t a n  ium. 

L O C A T I O N  
I N  BAR 

Large e n d  

C e n t e r  

S m a l l  end 

F u r t h e r  w o r k  on  t h i s  p r o j e c t  w i l l  
i n c l u d e  some c o r r o s i o n  t e s t s  o f  w e l d s .  

PROPERTIES OF TITANIUM AND ZIRCONIUM 

W. J .  F r e t a g u e  

E x p e r i m e n t a l  work t o  d e t e r m i n e  t h e  
e f f e c t s  o f  v a r i o u s  i m p u r i t y  e l e m e n t s  
on t h e  i m p a c t  p r o p e r t i e s  o f  t i t a n i u m  
a n d  z i r c o n i u m  w a s  s t a r t e d  i n  l a t e  
March. I o d i d e  t i t a n i u m  i s  b e i n g  u s e d  
a s  a s t a r t i n g  m a t e r i a l .  T h r e e  s a m p l e s  
( o n e  from e a c h  end  o f  t h e  r o d  and  one  
f r o m  t h e  c e n t e r )  w e r e  c u t  f r o m  t h e  
a s - d e p o s i t e d  b a r ,  a n d  Tukon h a r d n e s s  
( V i c k e r s  136" DPH) measuremen t s  ( 1 0 - k g  
l o a d ,  16-mm s o b j e c t i v e )  w e r e  m a d e .  
T a b l e  3 1  l i s t s  t h e  h a r d n e s s  v a l u e s  
o b t a i n e d .  S a m p l e s  o f  t h e  a s - d e p o s i t e d  
b a r  were  s u b m i t t e d  f o r  o x y g e n ,  n i t r o -  
g e n ,  a n d  h y d r o g e n  a n a l y s i s  by  t h e  
v a c u u m - f u s i o n  method.  

TABLE 31 

Vickers Hardness  of As-Deposited Titanium 

V I C K E R S  136O D P H  H A R D N E S S  

R E A D I N G S  TAKEN A T  RANDOM 

6 9 . 4  
7 1  . O  
77.2 
7 4 . 5  

Average  73.0 

5 8 . 1  
62.7 
6 7 . 5  
58 .1  

Average  61.6 

55.9 
6 9 . 1  
6 9 . 4  

Average  64.8 

O v e r - a l l -  Average  66 .6  

1 0 - k g  l o a d ,  1 6 - m m  o b j e c t i v e )  

C E N T E R  W I R E  R E A D I N G S  

8 9 . 2  

81.2 

Wire n o t  v i s i b l e ,  r e a d i n g s  
t a k e n  i n  c e n t e r  o f  t r a n s -  
v e r s e  s e c t i o n  a v e r a g e d  
76.62 
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An u n a l l o y e d  i o d i d e - t i t a n i u m  m e l t  
was p r e p a r e d  f r o m  t h e  i o d i d e - t i t a n i u m  
b a r  b y  a r c  m e l t i n g  i n  t h e  s m a l l ,  
w a t e r - c o o l e d  c o p p e r - h e a r t h ,  w a t e r -  
c o o l e d  t u n g s  t e n  - e  l e c  t r o d e  , d -c  a r c  
f u r n a c e .  A s l i g h t w e i g h t g a i n  ( 0 . 5 0 2 7  g 
i n  4 2 . 0 3 1 2  g )  was o b s e r v e d  on m e l t i n g ,  
a n d  s i n c e  t h e  c a u s e  o f  t h i s  w e i g h t  
i n c r e a s e  was unknown,  s a m p l e s  o f  t h e  
a s - m e l t e d  m a t e r i a l  f o r  oxygen ,  n i t r o g e n  
and  h y d r o g e n  v a c u u m - f u s i o n  a n a l y s i s  
were o b t a i n e d .  I n  a d d i t i o n ,  a m e t a l -  
l o g r a p h i c  s a m p l e  w a s  s u b m i t t e d  f o r  
m i c r o s t r u c t u r e  a n d  V i c k e r s  h a r d n e s s  
d e t e r m i n a t i o n .  An i n c r e a s e  o f  1 2  
p o i n t s  i n  V i c k e r s  h a r d n e s s  was  o b t a i n e d  
o n  m e l t i n g  ( f r o m  6 6 . 6  a v e r a g e  f o r  
a s - d e p o s i t e d  t o  7 8 . 6  a v e r a g e  f o r  a s -  
m e l t e d )  . 

The a s - m e  l t e d  i o d i d e  * ' t i t a n i u m  w a s  

swaged  f rom a p p r o x i m a t e l y  0 . 5  i n .  i n  
d i a m e t e r  by 4 i n .  l o n g  t o  0 . 2 4 3 - i n . -  
d i a .  r o d ,  and a l e n g t h  o f  a p p r o x i m a t e l y  
1 0  i n .  w a s  o b t a i n e d .  S w a g i n g  w a s  
s t o p p e d  a t  t h i s  p o i n t  b e c a u s e  t h e  
s u r f a c e  s t a r t e d  t o  r o u g h e n  s l i g h t l y .  
A l l  s w a g i n g  w a s  d o n e  w i t h o u t  i n t e r -  
m i t t e n t  a n n e a l i n g .  A p i e c e  w a s  c u t  
f r o m  o n e  e n d  o f  t h e  s w a g e d  r o d  a n d  
s u b m i t t e d  t o  t h e  R e s e a r c h  S h o p  f o r  
p r e p a r a t i o n  o f  a s p h e r i c a l  x - r a y  
s p e c i m e n  o f  t h e  t y p e  u s e d  by t h e  x - r a y  
l a b o r a t o r y  f o r  o r i e n t a t i o n  d e t e r m i n a -  
t i o n s .  Enough a d d i t i o n a l  m a t e r i a l  w a s  
p r o v i d e d  f o r  a m e t a l l o g r a p h i c  s p e c i m e n ,  
a n d  t h e  t u r n i n g s  f r o m  t h e  m a c h i n i n g  
o p e r a t i o n  w i l l  b e  c o l l e c t e d  and  s u b -  
m i t t e d  t o  t h e  C h e m i s t r y  D i v i s i o n  f o r  
a d e t e r m i n a t i o n  o f  t h e  t u n g s t e n  c o n t e n t  
o f  t h e  t i t a n i u m  m e l t  b y  a c t i v a t i o n  
a n a l y s i s .  (A s i m i l a r  d e t e r m i n a t i o n  

w i l l  be made on t h e  f i r s t  z i r c o n i u m  
m e l t  p r e p a r e d ) .  

The r e m a i n d e r  o f  t h e  swaged r o d  w a s  
vacuum a n n e a l e d  a t  950°C f o r  4 h r  and 
f u r n a c e  c o o l e d .  A s e c o n d  p i e c e  f o r  
x - r a y  and  m e t a l l o g r a p h i c  s a m p l e s  was 
c u t  f r o m  t h e  a n n e a l e d  r o d  ( a d j a c e n t  
t o  t h e  f i r s t  x - r a y  s a m p l e )  a n d  t h e  
b a l a n c e  o f  t h e  r o d  ( a p p r o x i m a t e l y  
6 1 / 4  i n .  l o n g )  was s u b m i t t e d  t o  t h e  
R e s e a r c h  S h o p  f o r  p r e p a r a t i o n  o f  a 
m o d i f i e d ,  I z o d - t y p e ,  i m p a c t  t e s t  
s p e c i m e n  o f  t h e  t y p e  u s e d  b y  t h e  
S o l i d  S t a t e  D i v i s i o n  i n  w o r k  o n  
r a d i a t i o n  damage. 

T h e  a c t u a l  m a c h i n i n g  o p e r a t i o n s  
were  c l o s e l y  s u p e r v i s e d ;  t h e  S o l i d  
S t a t e  D i v i s i o n  c o n  t r  i b u  t e d  t e c h n i q u e s  
d e v e l o p e d  t h r o u g h  t h e  p r e p a r a t i o n  o f  
a n u m b e r  o f  s p e c i m e n s  o f  t h i s  t y p e  
b u t  n o t  o f  t h e  s a m e  m a t e r i a l .  I n -  
s p e c t i o n  o f  t h e  f i n i s h e d  s p e c i m e n  by 
s h a d o w g r a p h  a n d  s t e r e o s c o p i c  m i c r o -  
s c o p e  showed t h a t  t h e  i o d i d e - t i t a n i u m  +- 
i m p a c t  s p e c i m e n  p r o d u c e d  b y  t h e  
R e s e a r c h  S h o p  compared  f a v o r a b l y  w i t h  
t h e  s p e c i m e n s  p r o d u c e d  i n  t h e  S o l i d  
S t a t e  D i v i s i o n  Shop .  

The s m a l l ,  i m p a c t  t e s t i n g  m a c h i n e  
l o c a t e d  i n  t h e  S o l i d  S t a t e  D i v i s i o n  
B u i l d i n g  i s  now b e i n g  a l t e r e d  t o  p e r m i t  
t r a n s i t i o n  t e m p e r a t u r e  s t u d i e s  o f  
i r r a d i a t e d  m a t e r i a l s  w i t h i n  t h e  h o t  
c e l l .  T h e  v a r i o u s  c o m p o n e n t  p a r t s  
t h a t  r e q i i r e d  a l t e r a t i o n  a r e  b e i n g  
p r e p a r e d  i n  t h e  R e s e a r c h  S h o p s ,  and  
t h e  e s t i m a t e d  c o m p l e t i o n  d a t e  f o r  t h e  
j o b  i s  J u n e  1 6 ,  1 9 5 2 .  A s  a r e s u l t ,  n o  
i m p a c t  t e s t s  a r e  p l a n n e d  b e f o r e  t h i s  
d a t e .  

.. 
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FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

X- RAY LABORATORY 

B. S. B o r i e ,  J r .  

CRYSTAL STRUCTURE OF NiOOH 

Identification and Chemical Compo- 
s i t i o n .  The s p e c i m e n  u s e d  i n  t h e  d e -  
t e r m i n a t i o n  o f  t h e  c r y s t a l  s t r u c t u r e  
o f  NiOOH,  p r e p a r e d  a n d  s u b m i t t e d  by 
L .  D. D y e r ,  c o n s i s t e d  o f  r a t h e r  d u l l ,  
b l a c k  p l a t e l e t s  f rom which  f l a k e s  were 
e a s i l y  removed w i t h  a n e e d l e .  Chemica l  
a n a l y s i s  showed t h e  s p e c i m e n  t o  c o n -  
t a i n  61% n i c k e l  and 3% s o d i u m ,  and t h e  
r e m a i n d e r  was  p r e s u m a b l y  o x y g e n  a n d  
w a t e r .  I f  t h e  f o r m u l a  o f  t h e  compound 
were N i O O H  (or Ni,O;H,O), c h e m i c a l  
a n a l y s i s  s h o u l d  s h o w  6 4 %  n i c k e l .  
The  s m a l l  q u a n t i t y  o f  sod ium f o u n d  i n  
t h e  s p e c i m e n  m i g h t  p o s s i b l y  b e  d u e  t o  
t h e  p r e s e n c e  o f  NaOH, a 1  t h o u g h  t h e r e  
i s  n o  d i f f r a c t i o n  e v i d e n c e  f o r  t h i s .  
An x - r a y - s p e c t r o m e t e r  p a t t e r n  o f  t h e  
m a t e r i a l  i s  c o n s i s t e n t  w i t h  t h e  d i f -  
f r a c t i o n  d a t a  g i v e n  by C a i r n s  and O t t ( ' )  
for Ni,@;H,O. 

Cell Size and Number of Formula 
Weights per Unit Cell. A s e r i e s  o f  
p r e c e s s i o n  p h o t o g r a p h s  o f  a s m a l l ,  
s i n g l e  c r y s t a l  o f  t h e  s a m p l e  m o u n t e d  
w i t h  g r e a s e  o n  a g l a s s  f i b e r  w e r e  
t a k e n ,  B o t h  c o p p e r  a n d  m o l y b d e n u m  
r a d i a t i o n  were  u s e d .  From t h e s e  d a t a  
t h e  u n i t  c e l l  w a s  f o z n d  t o  be rhombo- 
h e d r a l ,  a = 7 . 1 7  A a n d  a = 2 2 . 8 4  
d e g r e e s .  For  c o n v e n i e n c e  t h e  s t r u c t u r e  
w i l l  be r e f e r r e d  t o  h e x a g o n a l  a x e s  i n  
t h e  f o l l o w i n g  d i s c u s s i o n .  I n  t h i s  
s y s t e m  t h e  c e l l  d i m e n s i o n s  a r e  a' = 
2 . 8 4  and c '  = 20 .95  1. 

F i v e  r e f l e c t i o n s ,  n o t  p a r t  o f  t h e  
d i f f r a c t i o n  p a t t e r n  o f  NiOOH, w e r e  
o b s e r v e d  a n d  i d e n t i f i e d  2s N i ( O H ) ,  

, a = 3 . 1 1 4  A a n d  c = 
4 . 6 1 7  ( h e x a Y n a l  ) A l t h o u g h  t h e  c r y s t a l s  o f  

( l ) R .  W. C a i r n s  and E. Ott, I'X-Ray S t u d i e s  o f  
t h e  S y s t e m  N i c k e l - O x y g e n - W a t e r .  1 1 .  C o m p o u n d s  
C o n t a i n i n g  T r i v a l e n t  Nickel,'' J .  A m .  C h c m .  S O C .  
5 5 ,  534 ( 1 9 3 3 ) .  

4 1 3  

R. M. S t e e l e  

t h i s  c o m p o n e n t  a r e  a p p a r e n t l y  b a d l y  
d i s t o r t e d ,  t h e y  a r e  e s s e n t i a l l y  
m o n o c r y s t a l l i n e  and c o h e r e n t  w i t h  t h e  
NiOOH l a t t i c e .  The c and a a x e s  of t h e  
two p h a s e s  a r e  p a r a l l e l .  

The d e n s i t y  o f  t h e  s a m p l e ,  m e a s u r e d  
p i c n o m e t r i c a l l y ,  i s  3 .8  g / c c .  From 
t h i s  a n d  t h e  c e l l  s i z e  g i v e n  a b o v e ,  
t h e  number o f  f o r m u l a  w e i g h t s  p e r  u n i t  
c e l l  i s  3 . 6 .  S i n c e  t h e  p r e s e n c e  o f  
e i t h e r  N i ( O H ) ,  or NaOH would  t e n d  t o  
make t h e  m e a s u r e d  d e n s i t y  l a r g e  a n d  
s i n c e  t h e  h e x a g o n a l  c e l l  i s  t r i p l y  
p r i m a t i v e ,  i t  may b e  a s s u m e d  t h a t  
t h e r e  a r e  t h r e e  f o r m u l a  w e i g h t s  p e r  
u n i t  c e l l .  

I t  s h o u l d b e n o t e d  t h a t  t h e  p r e s e n c e  
of a l i t t l e  N i ( O H ) ,  d o e s  n o t  a f f e c t  
t h e  u s e f u l n e s s  o f t h e  c h e m i c a l a n a l y s i s .  
T h e  w e i g h t  p e r  c e n t  o f  t h e  n i c k e l  i n  
t h i s  compound i s  e s s e n t i a l l y  t h e  same 
a s  t h a t  of NiOOH. 

Determination o f  the Space Group 
and Atomic Parameters. Of t h e  rhombo- 
h e d r a l - c e n t e r e d  s p a c e  g r o u p s  o n l y  
C 3 i ,  D : ,  a n d  D Z d  w i l l  a c c o m m o d a t e  

a t o m s  i n  s e t s  o f  t h r e e  or s e t s  o f  
t h r e e  and s i x .  For a l l  t h r e e  of t h e s e  
s p a c e  g r o u p s  t h e  a v a i l a b l e  p o s i t i o n s  
a r e :  

(000 ,  1 / 3  2 / 3  1 / 3 ,  2 / 3  1 / 3  2 / 3 1  + 

3 a :  000 
36: 0 0 1 / 2  

6 c : O O Z ,  OOZ . 

The oxygen atoms must  l i e  i n  p o s i t i o n s  
6 c  s i n c e  one o f  t h e  t w o  a v a i l a b l e  s e t s  
o f  t h r e e f o l d  p o s i t i o n s  must b e o c c u p i e d  
by n i c k e l .  The  o r i g i n  was  c h o s e n  s o  
t h a t  t h e  n i c k e l  a toms  a r e  i n  p o s i t i o n s  
3 a .  
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F a i r  a g r e e m e n t  b e t w e e n  o b s e r v e d  
and  c a l c u l a t e d  i n t e n s i t i e s ,  a s  shown 
i n  T a b l e  3 2 ,  was a c c o m p l i s h e d  by t h e  
u s e  o f  a n  oxygen p a r a m e t e r  o f  Z = 0.38. 
O n l y  r e f l e c t i o n s  o f  t h e  t y p e  hO1 ,  a s  
o b s e r v e d  f rom a z e r o  l e v e l  p r e c e s s i o n  
p h o t o g r a p h ,  a r e  i n c l u d e d  i n  t h e  t a b l e .  
T h e  a r t i f i c i a l l y  h i g h  t e m p e r a t u r e  
f a c t o r  of e x p  [ - 5  s i n 2  $ /A21  u s e d  f o r  
t h e  c a l c u l a t e d  v a l u e s  i s  j u s t i f i e d  by 
t h e  f a c t  t h a t  t h e  c r y s t a l  y a s  q u i t e  
i m p e r f e c t ,  which c a u s e d  a l l  r e f l e c t i o n s  
t o  be b r o a d  and t h o s e  o f  l a r g e  s i n  B / A  
t o  a p p e a r  weakened,  

T a b l e  3 3  i s a  c o m p a r i s o n  o f  o b s e r v e d  
a n d  c a l c u l a t e d  s i n 2  0 v a l u e s  f o r  t h e  
D e b y e - S c h e r r e r  p a t t e r n .  T h e  e x p e r i -  
m e n t a l  d a t a  o f  t h i s  t a b l e  a r e  t h o s e  of 
C a i r n s a n d @ t t . ( ' )  S i n c e l i n e  p o s i t i o n s  
w e r e  m e a s u r e d  w i t h  a m i l l i m e t e r  r u l e  
a n d  n o t  a c o m p a r a t o r ,  t h e  a g r e e m e n t  
seems s a t i s f a c t o r y .  One l i n e  ( a t  28 = 
34 d e g ,  i n t e n s i t y  " v e r y  weak") o f  t h e  
p a t t e r n  g i v e n  by C a i r n s  a n d  O t t  d o e s  

TABLE 32 

Observed and Calculated Intensities 

hk I 

00 3 

006 

009 

00,12 

10 2 

10 5 

108 

1011 

ioi 
104 
- 

107 

10,lO 

10,13 

- 
- 

for NiOOH 

INTENSITY 

CALCULATED 

98 40 

1670 

263 

138 

8 47 

1253 

9 22 

314 

312 

16 2 

268 

39 2 

339 

OBSERVED 

stt 
st 
w, 
W 

S 

S 

M t  

M 
M 
w t  
w .  
M 

W- 
.. 

REPORT 

n o t  a g r e e  w i t h  a n y  o f  t h e  c a l c u l a t e d  
r e f l e c t i o n s  and  r e m a i n s  u n e x p l a i n e d .  

Discussion o f  the Structure. A 
d r a w i n g  i l l u s t r a t i n g  t h e  p a c k i n g  o f  
a t o m s  i n  t h e  s t r u c t u r e  i s  s h o w n  i n  
F i g .  6 8 .  I t  i s  c l e a r  from t h e  i l l u s -  
t r a t i o n  t h a t  t h e  s t r u c t u r e  c o n s i s t s  o f  
o x y g e n - n i c k e l  -oxygen " s a n d w i c h e s ,  l1 w i t h  
t h e  n o r m a l  t o  t h e  l a y e r s  b e i n g  t h e  c 
a x i s .  The two oxygen  l a y e r s  w i t h i n  a 
s andwich  a r e  e s s e n t i a l l y  c l o s e - p a c k e d ,  
w i t h  t h e  s m a l l  n i c k e l  i o n s  l y i n g  i n  
i n t e r s t i c e s .  E a c h  n i c k e l  h a s  s i x  
oxygen n e a r e s t  n e i g h b o r s ,  and t h e  N i - 0  
s e p a r a t i o n  i s  a b o u t  1 .95  W ,  T h u s  t h e  

TABLE 33 

Observed  and C a l c u l a t e d  Sin2 e 
for  N l O O H  

hk 1 

003 

00 6 

111 

102 

114 

009 

10 5 

117 

108 

00,12 

L 

- 

- 

11, io 

110 , 

10811 

00,15 

113 

ii,i3 

116 

10,14 

20 1 

022 

S i n 2  e 
CALWLATED 

0.012 

0.049 

0.100 

0.104 

0.120 

0.122 

0.132 

0.165 

0.185 

0:195 

0.233 

0.262 

0.295 

SO. 305 

0.307 

0.327 

0.343 

0.365 

0.394 

O. 398 I- 

OBSERVED 

0.012 

0.050 

0.099 

0.106 

0.131 

0.258 

0.293 

0.309 

0.345 

0.396 

c 
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F i g .  6 8 .  P a c k i n g  o f  Atoms 
i n  N i O O H .  

FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

r a d i u s  o f  t h e  n i c k e l  i o n  i s  a b o u t  
0 . 6  X ,  w h i c h  i s  a p p r o x i m a t e l y  w h a t  
w o u l d  b e  e x p e c t e d .  T h e  r a d i u s  o f  
t r i v a l e n t  c o b g l t  i s  0 . 6 5  8, and t h a t  o f  
i r o n  i s  0.67 A. 

Each o x y g e n h a s  s i x  oxygen n e i g h b o r s  
a t  2 . 8 4  8, w i t h i n  i t s  l a y e r  a%d t h r e e  
oxygen n e i g h b o r s  a t  a b o u t  2 . 5  A i n  t h e  
a d j a c e n t  p l a n e  o f  o x y g e n s .  T h e r e  a r e  
t h r e e  n i c k e l  i o n s  c o o r d i n a t e d  t o  e a c h  
oxygen w i t h i n  a s a n d w i c h .  

The a b n o r m a l l y  l a r g e  o x y g e n - o x y g e n  
s e  a r a t i o n  be tween  s a n d w i c h e s  i s  a b o u t  

f o r c e s  r e s u l t i n g  f r o m  t h i s  u n u s u a l  
s t r u c t u r e  s h o u l d  a c c o u n t  f o r  t h e  
g r a p h i t e - l i k e  a p p e a r a n c e  o f  t h e  
c r y s  t a  1s. 

5 w . T h e  e x t r e m e l y  weak i n t e r l a y e r  

T h e  s t r u c t u r e  i s  n o t  i s o m o r p h o u s  
w i t h  t h e  o x y h y d r o x i d e s  o f  i r o n  a n d  
aluminum, b o t h o f  w h i c h a r e  o r t h o r h o m b i c  
w i t h  a n i o n s i n  a l m o s t  p e r f e c t  h e x a g o n a l  
c l o s e  p a c k i n g . C 2 )  S t r a n g e l y ,  t h e  
s t r u c t u r e i s  s i m i l a r  t o  NaFeOz (rhombo- 
i e d r a l ,  w i t h  hexoagonal a x e s  a' = 3 .019  
A ,  c '  = 15 .934  A ) .  I r o n  a t o m s  o c c u p y  
p o s i t i o n s  a n a l o g o u s  t o  n i c k e l  i n  
N i O O H ,  a n d  t h e  o x y g e n  p a r a m e t e r  i s  
r e p o r t e d  t o  be 0 . 3 7 8 .  ( 2 )  Whethe r  t h e  

s i m i l a r  t o  s o d i u m  i n  NaFeOz i s  n o t  
k n o w n ,  a n d  a t  t h i s  p o i n t  p e r s o n n e l  
w o r k i n g  on t h e  p r o b l e m  a r e  n o t  w i l l i n g  
t o  h a z a r d  a g u e s s .  

h y d r o g e n  o f  N i O O H  is s t r u c t u r a l l y  

I 

F u t u r e  work on t h e  s t r u c t u r e  s h o u l d  
i n c l u d e  a n  e f f o r t  t o  p r e p a r e  s a m p l e s  
t h a t  a r e  f r e e  o f  n i c k e l  h y d r o x i d e  a n d  
s o d i u m .  A m o r e  a c c u r a t e  d e n s i t y  
m e a s u r e m e n t  s h o u l d  b e  m a d e ,  a n d  
c a r e f u l l y  m e a s u r e d  i n t e n s i t y  d a t a  
s h o u l d  be o b t a i n e d  t o  e s t a b l i s h  t h e  
oxygen  p a r a m e t e r .  A d e t e r m i n a t i o n  o f  
t h e  s t r u c t u r e  o f  NaNi02 ,  a p r e l i m i n a r y  
a c c o u n t  o f  w h i c h  i s  i n c l u d e d  i n  t h i s  
r e p o r t ,  w i l l  p r o b a b l y  c o n t r i b u t e  t o  

( * ) R .  W .  G .  W y c k o f f ,  C r y s t a l  S t r u c t u r e s ,  
I n t e r s c i e n c e ,  N e w  York,  1 9 4 8 .  
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a n  u n d e r s t a n d i n g  o f  t h e  c o m p o u n d ,  
s i n c e  t h e  s t r u c t u r e s  a p p e a r  t o  b e  
r e l a t e d .  Because  o f  t h e  u n u s u a l  a n i o n  
c o n f i g u r a t i o n  e x i s t i n g i n  t h e  s t r u c t u r e ,  
t h e  d a t a  s h o u l d ,  t o  a g r e a t e r  d e g r e e  
t h a n  u s u a l ,  b e  g a t h e r e d  w i t h  c a r e  and  
i n t e r p r e t e d  w i t h  c a u t i o n .  

CRYSTAL STRUCTURE OF N a N i O a  

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

A c c u r a t e  i n t e n s i t y  m e a s u r e m e n t s  
f r o m  w h i c h  t h e  s t r u c t u r e  w i l l  b e  
d e d u c e d  mus t  a w a i t  t h e  d e v e l o p m e n t  o f  
a t e c h n i q u e  t h a t  w i l l  p r e v e n t  t h e  
f o r m a t i o n  o f  t h e  c a r b o n a t e .  I t  seems 
l i k e l y  t h a t  t h i s  may be a c c o m p l i s h e d  
by h o u s i n g  a s i n g l e  c r y s t a l  i n  a g l a s s  
c a p i l l a r y  d u r i n g  x - r a y  e x p o s u r e .  

Work h a s  s t a r t e d  on t h e  s t r u c t u r e  
o f  a compound i d e n t i f i e d  a s  NaNiO 
which  w a s  s u b m i t t e d  by L.  D. Dyer .  b; 
c h e m i c a l  a n a l y s i s  t h e  s a m p l e  c o n t a i n s  
51.0% n i c k e l ,  2 1 . 2 %  s o d i u m ,  a n d  2 7 . 8 %  
o x y g e n .  T h e  f o r m u l a  NaNiO,  w o u l d  
p r e d i c t  5 1 . 6 %  n i c k e l  , 2 0 . 2 %  s o d i u m ,  
and 28.1% oxygen.  

T h e  d i m e n s i o n s  o f  i t s  c - c e n t e r e d  
m o n o c l i n i c  u n i t  c e l l ,  a s  d e t e r m i n e d  by 
W e i s s e n b e r g  p h o t o g r a p h s  an$  a r o t a t i o n  

h o t o g r a p h ,  at;e (I = 5.336 A ,  b 2 .855  1, c = 5.596 A ,  a n d p  = 1 1 0 . 4 4  d e g r e e s .  
The  d e n s i t y  o f  t h e  sample  was m e a s u r e d  
t o  b e  4 . 6  g / c c ;  i f  t h e r e  a r e  t w o  
f o r m u l a  w e i g h t s  p e r  u n i t  c e l l ,  t h e  
t h e o r e t i c a l  d e n s i t y  i s  4 . 7 4  g / c c .  

A tomic  p o s i t i o n s  i n  t h e  b i m o l e c u l a r  
u n i t  c e l l  h a v e  n o t  y e t  b e e n  f o u n d .  
T h e  c o m p o u n d  i s  u n s t a b l e  e n o u g h  t o  
r e a c t  w i t h  c a r b o n  d i o x i d e  a n d  w a t e r  
from t h e  a i r  t o  fo rm s o d i u m  c a r b o n a t e  
m o n o h y d r a t e  o n  t h e  s u r f a c e  o f  t h e  
c r y s t a l s .  A p o w d e r  p a t t e r n  o f  t h e  
c a r b o n a t e  was  f o u n d  s u p e r i m p o s e d  o n  

I n i t i a l  i n d i c a t i o n s  a r e  t h a t  t h e  
compound i s  s i m i l a r  t o  NaFeOz. A l t h o u g h  
t h e  i r o n  compound i s  r h o m b o h e d r a l ,  i t  
may be  r e f e r r e d  t o  m o n o c l i n i c  a x e s .  
I t  i s  t h e n  c - c e n t e r e d  $nd i t s  c e l l  
d i m e n s i o n s  a r e :  a = 5.23 A,  b = 3 - 0 2  i, 
c = 5 . 5 9  A ,  a n d  p = 1 0 8 . 1  d e g r e e s .  
T h e  s i m i l a r i t y  between t h i s  cell s i z e  
a n d  t h a t  g i v e n  f o r  NaNiOo i s  s t r i k i n g .  
A p p r  ox i m  a t e  i n  t e n s  i t y  mea s u r e m e  n t s 
f r o m  p h o t o g r a p h s  o f  NaNiO, a r e  a l s o  
c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  
t h e  s t r u c t u r e s  a r e  c l o s e l y  r e l a t e d .  

0 

An i n v e s t i g a t i o n  o f  t h e  s t r u c t u r e  
o f  a c r y s t a l  o f  N a N i 0 2  a f t e r  s o d i u m  
d e p l e t i o n  by r e a c t i o n  w i t h  a i r  i s  a l s o  
p l a n n e d .  The d a t a  a v a i l a b l e  i n d i c a t e  
t h a t  h y d r o g e n  g o e s  i n t o  t h e  s t r u c t u r e  
a n d  r e p l a c e s  s o d i u m  a n d  t h a t  t h e  
v a l e n c e  s t a t e  o f  n i c k e l  r e m a i n s  u n -  
c h a n g e d ,  I t  i s  hoped t h a t  o b s e r v a t i o n  
o f  t h e  m a n n e r  i n  w h i c h  NaNiO, ( o r  
NiO@Na) t r a n s f o r m s  t o  NiOOf! w i l l  l e a d  
t o  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  
c r y s t a l  c h e m i s t r y  o f  b o t h  c o m p o u n d s .  . -  

c 

. 
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METALLOGRAPHIC LABORATORY 

R. J .  Gray R. S.  Crouse  
T. K .  Roche 

T h e r e  h a s  b e e n  c o n s i d e r a b l e  i n t e r e s t  The f e r r o m a g n e t i c  p a t c h e s  a r e  e v i d e n t  
i n  t h e  e x a m i n a t i o n  o f  m e t a l l o g r a p h i c  by t h e  a t t r a c t i o n  o f  t h e  i r o n  c o l l o i d .  
s p e c i m e n s  t o  d e t e r m i n e  t h e  l o c a t i o n  A h i g h  c o n c e n t r a t i o n  o f  t h e  c o l l o i d  
o f  f e r r o m a g n e t i c  a r e a s  i n  n o n f e r r o -  i s  shown at, t h e  boundary  o f  t h e  f e r r o -  
m a g n e t i c  a l l o y s  a f t e r  t e s t .  m a g n e t i c  p a t c h e s .  

A p r o c e d u r e  d e v e l o p e d  p r e v i o u s l y (  
w a s  a d a p t e d  for e x a m i n a t i o n  o f  t h e  
s p e c i m e n s .  C o l l o i d a l  i r o n  i s  s u s p e n d e d  
i n  a s o a p - w a t e r  s o l u t i o n .  A d r o p  o f  
t h e  s o l u t i o n  i s  p l a c e d  on a m e t a l l o -  
g r a p h i c  s p e c i m e n  t h a t  h a s  been  p o l i s h e d  
and e t c h e d  i n  t h e  c o n v e n t i o n a l  manner.  
A f t e r  p l a c i n g  a c o v e r  g l a s s  o n  t h e  
m o u n t e d  s p e c i m e n ,  t h e  s p e c i m e n  i s  
p l a c e d  o n  t h e  m e t a l l o g r a p h  a n d  a n  
e l e c t r o m a g n e t  i s  p o s i t i o n e d  o n  t h e  
s p e c i m e n .  The  e l e c t r o m a g n e t  i s  c o n -  
t r o l l e d  by a d o u b l e - t h r o w  d o u b l e - p o l e  
s w i t c h  t o  r e v e r s e  t h e  p o l a r i t y  or t o  
o b t a i n  a n e u t r a l  p o s i t i o n  ( F i g .  6 9 ) .  

T h e  i n t r o d u c t i o n  o f  a m a g n e t i c  
f i e l d  t o  t h e  s p e c i m e n  r e s u l t s  i n  t h e  
i n t e r r u p t i o n  o f  t h e  Brownian  movement 
of t h e  i r o n  c o l l o i d  a n d  a n  a t t r a c t i o n  
o f  t h e  c o l l o i d  t o  a n y  f e r r o m a g n e t i c -  
a r e a  p r e s e n t .  

A UO, f u e l  p l a t e  made o f  t y p e - 3 1 0  
s t a i n l e s s  s t e e l  p l a t e s  a n d  a c o r e  of 
t y p e - 3 1 0  s t a i n l e s s  s t e e l  c o m p o n e n t s  
( n o t  t y p e - 3 1 0  s t a i n l e s s  s t e e l  powder )  
a n d  UO, w a s  e x a m i n e d  b y  t h e  m e t h o d  
d e s c r i b e d .  P h o t o m i c r o g r a p h s  were made 
o f  t h e  s a m e  f i e l d s  b e f o r e  a n d  a f t e r  
u s i n g  t h e  m a g n e t i c  e t c h  ( F i g .  7 0 ) .  

A n  I n c o n e l  s p e c i m e n  t a k e n  f r o m  a 
t h e r m a l  c o n v e c t i o n  l o o p  w a s  a l s o  
e x a m i n e d ,  a n d  a s  b e f o r e  p h o t o m i c r o -  
g r a p h s  w e r e  made  b e f o r e  a n d  a f t e r  
u s i n g  t h e  m a g n e t i c  e t c h  ( F i g .  7 1 ) .  
T h e  s u r f a c e  e x p o s e d  t o  t h e  f l u o r i d e  
r e v e a l e d  a f e r r o m a g n e t i c  l a y e r  
a p p r o x i m a t e l y  t h r e e  - f o u r t h s  t h a t  o f  
. .~ 

F i g .  6 9 .  E l e c t r o m a g n e t  P o s i t i o n e d  
(l)H. S .  A v e r y ,  V .  0. H o m e r b e r g ,  and E. C o o k ,  

“ U e t a l l o g r a p h r c  I d e n t  i f ~ c a t  r a n  o f  F e r r o m a g n e t  I C  
o n  ~ ~ ~ ~ t ~ d  specimen f o r  l a g n e t i c - ~ t c h  

P h a s e s , ”  M e t a l s  @ Alloys 10, 3 5 3  ( 1 9 3 9 ) .  E x a m i n a t i o n .  
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Y - 6 5 4 7  

. .  

. Y - 6 5 4 6  

F i g .  7 0 .  Fue l  P l a t e s  Composed o f  T y p e - 3 1 6  S t a i n l e s s .  S t e e l  P l a t e s  and a 
Core  o f  UO, and t h e  Components  o f  T y p e - 3 1 6  S t a i n l e s s  S t e e l .  ( a )  W i t h o u t  
m a g n e t i c  e t c h .  ( b )  W i t h  m a g n e t i c  e t c h .  A s - p o l i s h e d .  2 5 0 X .  

t h e  a p p a r e n t  c o r r o s i o n  d e p t h .  A 
q u a l i t a t i v e  m i c r o s p e c t r o g r a p h i c  exami-  
n a t i o n  o f  t h i s  s u r f a c e  a r e a  showed t h e  
c h r o m i u m - t o - n i c k e l  r a t i o  t o  be  l o w e r  
i n  t h i s  g e n e r a l  a r e a  b y ' a  f a c t o r  o f  
2 t o  3 a s  compared  w i t h  t h e  i n t e r i o r  
a r e a  u n a f f e c t e d  by t h e  f l u o r i d e .  The 
c u r i e  p o i n t  f o r  I n c o n e l  i s  r e p o r t e d  
t o  be a p p r o x i m a t e l y  8% chromium. ~ 

A t y p e - 3 1 6  s t a i n l e s s  - -_ s t e e l  spec imen  -. 
exposed  t o  a f l u o r i d e  'was s e c t i o n e d  
a t  an  a n g l e  t o  i n c r e a s e  t h e  c o r r o s i o n -  - 

a f f e c t e d  a r e a .  The a r e a  a d j a c e n t  t o  t h e  
g r a i n  b o u n d a r i e s  showed a t r a n s f o r -  
m a t i o n  w i t h  t h e  c h e m i c a l  e t c h  ( F i g .  
7 2 ~ ) .  The m a g n e t i c  e t c h  showed , t h i s  
t r a n s f o r m a t i o n ,  which i s  p r o b a b l y  a l p h a  
i r o n ,  t o  be f e r r o m a g n e t i c  ( F i g .  7 2 b ) .  

- 
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FOR P E R I O D  ENDING 'APRIL 3 0 ,  1 9 5 2  

. . 

F i g .  7 1 .  I n c o n e l  Thermal  C o n v e c t i o n  Loop ~ x p o s e d  t o  ~ l u o r i d e .  
- -_ -~ 

( a )  W i t h o u t  m a g n e t i c  e t c h .  ( b )  W i t h  m a g n e t i c  e t c h .  Dep th  o f  f e r r o m a g n e t i c  " 
l a y e r  shown by c o l l e c t i o n  o f  i r o n  c o l l o i d .  E t c h e d  w i t h  aqua r e g i a .  250X. 

METALLOGRAPHIC EXAMINATION OF THORIUM 
AND THORIUM ALLOYS 

R .  J .  Gray  

T h e  p r o b l e m  o f  p r e p a r i n g  t h o r i u m  
and  t h o r i u m  a l l o y s  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  h a s  b e e n  q u i t e  d i f f i c u l t .  
M e c h a n i c a l  p o l i s h i n g  r e s u l t e d  i n  
p r e s e r v a t i o n  o f  t h e  i n c l u s i o n s  t h a t  
were p r e s e n t ;  b u t  u n l e s s  g r a i n  bounda- 
r i es  were o u t l i n e d b y s o m e  p r e c i p i t a t e ,  
g r a i n -  b o u n d a r y  d e  l i n e a  t i o n  was a l m o s t  
i m p o s s i b l e  w i t h o u t  t h e  u s e  o f  s e v e r e  
e t c h a n t s  and  t h e n  o n l y  f o r  m a c r o s c o p i c  
e x a m i n a t i o n .  

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

s h o r t  t i m e  u s u a l l y  i n v o l v e d  a n d  t h e  
r e s u l t i n g  u n d i s t u r b e d  m e t a l  s u r f a c e .  
O n e  p o p u l a r  e l e c t r o l y t e ,  t h e  10:l 
g l a c i a l  a c e t i c  a c i d - p e r c h l o r i c  a c i d  
m i x t u r e ,  was u s e d  for some  t i m e .  A 
s u i t a b l e  s u r f a c e  was o b t a i n e d  e x c e p t  
f o r  t h e  p o o r l y  r e v e a l e d  g r a i n  bounda-  
r i e s  f o r  r e c r y s t a l l i z a t i o n  and  g r a i n -  
g rowth  s t u d i e s .  The b e s t  r e s u l t s  have  
b e e n  a c h i e v e d  w i t h  a n  e l e c t r o l y t e  o f  
1 5  p a r t s  o f  a b s o l u t e  e t h y l  a l c o h o l  
and 1 p a r t  o f  p e r c h l o r i c  a c i d .  

S p e c i m e n s  a r e  g r o u n d  t o  a b o u t  a 
4 0 0 - g r i t  p a p e r  and t h e n  p o l i s h e d  w i t h  
a 4 -  to 8 - p  d i a m o n d  p a s t e  o n  h a r d -  
f i n i s h e d  b r o a d c l o t h .  T h e y  a r e  t h e n  
e l e c t r o l y t i c a l l y  p o l i s h e d  a t  3 5  v ,  
w i t h  t h e  e l e c t r o l y t e  b e i n g  m a i n t a i n e d  
a t  room t e m p e r a t u r e  a n d  t u r b u l e n t l y  
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F i g .  72. Type-316 S t a i n l e s s  Steel Exposed  t o  F l u o r i d e ,  ( a )  W i t h o u t  
m a g n e t i c  e t c h .  12OOX. ( 6 )  W i t h  m a g n e t i c  e t c h .  500X. G r a i n  b o u n d a r y  t r a n s -  
f o r m a t i o n  t o  a f e r r o m a g n e t i c  p h a s e  i s  shown by t h e  c o l l e c t i o n  o f  t h e  i r o n  
c o l l o i d .  E t c h e d  w i t h  a q u a  r e g i a .  

a g i t a t e d .  A B a k e l i t e  mounted spec imen  
c a n  be u s e d  t o  make c o n t a c t  w i t h  t h e  
spec imen  t h r o u g h  t h e  back o f t h e  mount. 
T h e  t i m e  r e q u i r e d  f o r  e l e c t r o l y t i c  
p o l i s h i n g  i s  a b o u t  10  t o  1 5  s e c o n d s .  
A f t e r  t h e  s p e c i m e n  i s  removed from t h e  
e l e c t r o l y t i c  c e l l  i t  i s  r i n s e d  w i t h  
a l c o h o l ,  a n d  i t  i s  t h e n  r e a d y  f o r  
e x a m i n a t i o n .  A c h e m i c a l  e t c h  i s  
sometimes u s e d  w i t h  a l l o y s  t o  show t h e  
s t r u c t u r e  t o  b e t t e r  a d v a n t a g e .  

A t r a n s v e r s e  v i e w  o f  t h e  B a t t e l l e  
i o d i d e  c r y s t a l - b a r  t h o r i u m  i s  shown i n  
F i g .  73. The b a s e  w i r e  i s  on t h e  l e f t ,  
a n d  t h e  d e p o s i t e d  t h o r i u m  a p p e a r s  a s  
r a d i a l l y  s h a p e d  g r a i n s .  

The s t r u c t u r e  o f  a r c - m e l t e d  c r y s t a l  
b a r  i s  s h o w n  i n  F i g .  7 4 .  H e r e  o n e  
p r o b l e m  t h a t  h a s  b e e n  e n c o u n t e r e d  i n  
t h e  e l e c t r o l y t i c  p o l i s h i n g  o f  t h o r i u m  
a n d  a l s o  i n  m e c h a n i c a l  p o l i s h i n g  t o  
some d e g r e e  i s  t h e  " p e p p e r e d  f i n i s h "  
o f  t h e  s p e c i m e n .  T h i s  p s e u d o - p r e c i p i -  
t a t e  i s  a l s o  p r e s e n t  i n  o t h e r  m e t a l s ,  
s u c h  a s  t a n t a l u m ,  p r e p a r e d  by e l e c t r o -  
l y t i c  p o l i s h i n g .  T h e  p o s s i b i l i t y  o f  
t h i s  b e i n g  o n l y  a p o l i s h i n g  t e x t u r e  
is  n o t  p o s i t i v e ,  b u t  i n d i c a t i o n s  a r e  
f a v o r a b l e  f o r  t h i s  e x p l a n a t i o n .  T h e  
p r e s e n c e  o f  s u c h  a f i n i s h  i s  n o t  t o o  
o b j e c t i o n a b l e  e x c e p t  i n  d i l u t e  a l l o y  
a d d i t i o n s  i n  w h i c h  a s m a l l  amount o f  
p r e c i p i t a t e  i s  d i f f i c u l t  t o  i s o l a t e  
and i d e n t i f y .  

l i  
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FOR P E R I O D  E N D I N G  APRIL 3 0 ,  1 9 5 2  

Fig. 73. T r a n s v e r s e  S e c t i o n  o f  B a t t e l l e  I o d i d e  C r y s t a l - B a r  Thorium.  

Fig. 74. Arc-Melted C r y s t a l - B a r  Thorium. 250X. 

. 
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R e c r y s t a l l i z a t i o n  i n  i t s  e a r l y  
s t a g e s  i s  d i v u l g e d  by  t h i s  m e t h o d  o f  
p o l i s h i n g .  F o r  a s e r i e s  o f  r e c r y s t a l -  
l i z a t i o n  s t u d i e s ,  t h e  c r y s t a l  b a r  was 
a r c  m e l t e d  by a n o n c o n s u m a b l e  e l e c t r o d e  
m e t h o d  i n  w h i c h  a p o s i t i v e  p r e s s u r e  
o f  p u r i f i e d  a r g o n  w a s  u s e d .  T h e  a s -  
c a s t  b u t t o n  w a s  80% c o l d  w o r k e d  a n d  
r e c r y s t a l l i z e d  f o r  v a r i o u s  t i m e s  a n d  
t e m p e r a t u r e s .  E x a m i n a t i o n s  were made 
on l o n g i t u d i n a l  s e c t i o n s .  

R e c r y s t a l l i z a t i o n  a t  530°C f o r  5 ,  
1 0 ,  2 0 ,  4 0 ,  a n d  6 0  m i n  i s  s h o w n  i n  
F i g .  7 5 .  The 80% c o l d - w o r k e d  s t r u c t u r e  
w i t h  a DPH o f  7 6  (10 -kg  l o a d )  i s  shown 
a t  t h e  t o p  l e f t  o f  F i g .  7 5  f o r  com- 
p a r i s o n .  One h o u r  a t  530°C r e s u l t e d  
i n  a DPH o f  51. R e c r y s t a l l i z a t i o n  was 
j u s t  v i s i b l e  a t  1 0  m i n u t e s .  Some  
t h o r i u m  d i o x i d e  w a s  p r e s e n t ,  a s  shown 
by t h e  s c a t t e r e d  d a r k  p a t c h e s .  R e -  
c r y s t a l l i z a t i o n  a t  550°C f o r  1, 5 ,  1 0 ,  
2 0 ,  a n d  6 0  m i n  i s  s h o w n  i n  F i g .  76 
f o r  c o m p a r i s o n  w i t h  r e c r y s t a l i -  
z a t i o n  a t  530°C ( F i g .  7 5 ) .  R e c r y s t a l -  
l i z a t i o n  w a s  a p p a r e n t  a f t e r  5 m i n ,  
a n d  6 0  min a t  550°C g a v e  a DPH o f  50. 

F o r  c o m p a r i s o n ,  t h e  A m e s  t h o r i u m  
w a s  r e c r y s t a l l i z e d  a t  550°C a f t e r  t h e  
same p e r c e n t a g e  o f  c o l d  work  a n d  f o r  
t h e  same p e r i o d s  ( F i g .  7 7 )  a s  f o r  t h e  
c r y s t a l - b a r  t h o r i u m  ( F i g .  7 6 ) .  T h e  
c o l d - w o r k e d  s t r u c t u r e  h a d  a DPH o f  
1 1 0 ,  a n d  t h e  s p e c i m e n  a n n e a l e d  f o r  
6 0  min  h a d  a DPH o f  9 1 .  R e c r y s t a l -  
l i z a t i o n  w a s  a p p a r e n t  a t  5 m i n ,  a n d  

s m a l l  g r a i n s  w e r e  p r e s e n t  a f t e r  6 0  
m i n u t e s .  Some g r a i n s  were v i s i b l e  i n  
t h e  c o l d - w o r k e d  c r y s t a l  b a r  a f t e r  ' 

1 min a t  58OoC, a s  shown i n  F i g .  7 8 .  
C o m p l e t e  r e c r y s t a l l i z a t i o n  w i t h  a 
h a r d n e s s  o f  DPH 3 8  w a s  p r e s e n t  a f t e r  . 
60 m i n u t e s .  

T h e  c r y s t a l  b a r  a n n e a l e d  a t  6OOOC 
f o r  t h e  s a m e  p e r i o d s  a s  s h o w n  i n  
F i g .  7 9 ,  h a d  g r a i n s  v i s i b l e  a f t e r  
1 m i n  a n d  a n o n u n i f o r m  g r a i n  s i z e  
a f t e r  60 min w i t h  a DPH o f  3 9 .  

A c o m p a r i s o n  was a g a i n  made be tween  
A m e s  t h o r i u m  ( F i g .  8 0 )  a n d  c r y s t a l -  
b a r  t h o r i u m  ( F i g .  7 9 ) .  S m a l l  g r a i n s  
w e r e  v i s i b l e  i n  t h e  A m e s  t h o r i u m  
a n n e a l e d a t 6 0 0 " C  a f t e r  1 min ;  however ,  
a s  w o u l d  b e  e x p e c t e d ,  t h e  g r a i n  s i z e  
w a s  much s m a l l e r  a f t e r  6 0  m i n .  T h e  
DPH v a l u e  a f t e r  60 m i n  was 7 1 .  

An a n n e a l  o f  t h e  c r y s t a l - b a r  
t h o r i u m  a t  650"C, a s  shown i n  F i g .  81, 
h a d  o n l y  a s l i g h t  d i f f e r e n c e  i n  . . 
u n i f o r m i t y  o f  g r a i n  s i z e  a f t e r  5 rnin 
o r  6 0  m i n u t e s .  T h e  h a r d n e s s  w a s  DPH 
3 8  a f t e r  6 0  m i n u t e s .  T h e  d i f f e r e n c e  - 
i n  g r a i n  s i z e  i s  shown i n  F i g .  82 a f t e r  
a n n e a l i n g  t h e  80% c o l d - w o r k e d  c r y s t a l -  
b a r  t h o r i u m  f o r  6 0  rnin a t  v a r i o u s  
t e m p e r a t u r e s  f r o m  5 0 0  t o  7 4 2 ° C .  

A c o m p a r i s o n  w a s  a g a i n  made  w i t h  
A m e s  t h o r i u m  ( F i g .  8 3 ) .  The  d i f f e r e n c e s  
i n  g r a i n  s i z e  b e t w e e n  t h e  c r y s t a l - b a r  
a n d  t h e  A m e s  t h o r i u m  a r e  s h o w n  i n  
F i g s .  82 and 83 .  . 

, 
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( a )  C o l d  worked 

( c )  A n n e a l e d  1 0  min  

FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

( b )  A n n e a l e d  5 min 

( d )  A n n e a l e d  2 0  rnin 

(f) A n n e a l e d  60  min 

Fig. 75. Recrystallizathon of Crystal-Bar Thorium 8 0 %  cold Worked and 
Annealed a t  5 3 O o C .  250X.  
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(a) Cold  worked 

( c )  Annealed 5 min 

( e )  Annealed 2 0  min 

( b )  Annea led  1 min 

( d )  Annealed 10 min 

( f )  Annealed 60 min 

F i g .  76. R e c r y s t a l l i z a t i o _ n  o f  C r y s t a l - B a r  Thorium 8 0 %  C o l G  Worked and 
A n n e a l e d  a t  55OoC. 2 5 0 X .  

4 2 3  T 9  



FOR PERIOD ENDING APRIL 3 0 ,  1 9 5 2  

( a )  Cold worked 

(c) Annealed 5 min 

( e )  Annealed 20  min 

F i g .  7 7 .  R e c r y s t a l l i z a t i o n  o f  Ames 
a t  5 5 O o C .  2 5 0 X .  

4 1 3  

( d )  Annealed 10 min 

( f )  Annealed 6 0  min 

Thorium 80% C o l d  worked and A n n e a l e d  

080 
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(a) C o l d  worked 

( c )  A n n e a l e d  5 min 

( e )  A n n e a l e d  20 min 

.- 

( b )  A n n e a l e d  1 min 

( d )  A n n e a l e d  1 0  min 

( f )  A n n e a l e d  60 m i n  

F ig .  7 8 .  R e c r y s t a l l i z a t i m  o f  Crysta l -Bar  Thorium 80% Cold Worked and 
Annealed a t  5 8 O O C .  2 5 0 X .  

4 1 3  0 8 1  

77 
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( a )  Cold worked 

.. - -  - - 1  . . .  

( c )  Annealed 5 min 

FOR PERIOD ENDING APRIL 30, 1 9 5 2  

( b )  Annealed 1 min 

( d )  Annealed 1 0  min 

( e )  Annealed 2 0  min 

Fig. 79. RecrYstallizatPon of Crystal-Bar 
Annealed at 60oOc. 250x.  

4 1 3  082 

( f )  Annealed 60 min 

Thorium 80% Cold Worked and 

78 



METALLURGY DIVISION QUARTERLY PROGRESS REPORT 

Y -  6 4 3 5  
. "  c - .  

( a )  Cold worked  

( c )  A n n e a l e d  5 min 

( e )  Annea led  20  min 

( b )  Annea led  1 min 

( d )  Annea led  1 0  rnin 

( f )  Annealed  60 min 

F i g .  go .  
6 0 O o C .  250X.  

Recrystallization % o f  Ames Thorium 8 0 %  Cold worked and Annealed at 

4 1 3  0 4 3  
79 
__ - . . - . I _ .  



FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

( a )  C o l d  worked ( b )  A n n e a l e d  1 min 

( c )  A n n e a l e d  5 min ( d )  A n n e a l e d  10 min 

( e )  A n n e a l e d  20 min ( f )  A n n e a l e d  60 min 

Fig. 81. Recrystallization of Crystal-Bar Thorium 80% Cold Worked and 
Annealed at 65OoC. 2 5 0 X .  
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( a )  Annealed at 500°C 

( c )  Annealed at 580°C 

( b )  Annealed at 530°C 

( d )  Annealed at 600°C 

_ -  

( e )  Annealed at 650°C ( f )  Annealed at 742OC 

F i g .  8 2 .  R e C r Y s t a l l i Z a t i o W  o f  C r y s t a l - B a r  Thorium 80% Cold Worked and 
Annea led  60  M i n u t e s .  250X.  



( a )  Annealed a t  500°C 

( c )  Annealed a t  580°C 

FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

( 6 )  Annealed a t  530°C 

( d )  Annealed a t  600°C 

(f) Annealed a t  742°C ( e )  Annealed a t  650°C 

F i g .  83.  Recrystallization of Ames Thorium 80% Cold Worked and Annealed 
60 Minutes. 2 5 0 X .  
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EXPERIMENTAL PLATE-CLADDING PROGRAM 

J.  E. Cunningham 

CLADDING OF URANIUM WITH ZIRCONIUM 

R. J. B e a v e r  T. A. O l s o n  

I n  r e v i e w i n g  t h e  p r o p e r t i e s  o f  
p r o t e c t i v e  m a t e r i a l s  f o r  r e a c t o r  f u e l s  
o p e r a t i n g  a t  e l e v a t e d  t e m p e r a t u r e s ,  i t  
b e c o m e s  a p p a r e n t  t h a t  l o w - h a f n i u m  
z i r c o n i u m  h a s  many a d v a n t a g e s  t o  o f f e r .  
F o r e m o s t  among t h e  a d v a n t a g e s  a r e  t h e  
f o l l o w i n g :  i t  c o m b i n e s  s t r e n g t h ,  
d u c t i l i t y ,  a n d  c o r r o s i o n  r e s i s t a n c e  
w i t h  a l o w  n e u t r o n - a b s o r p t i o n  c r o s s  
s e c t i o n .  I n  a d d i t i o n ,  t h e r e  i s  n o  
e v i d e n c e  o f  a n  i n t e r m e t a l l i c  compound 
p r e s e n t  t h a t  c o u l d  e m b r i t t l e a  u r a n i u m -  
z i r c o n i u m  bond ,  B e c a u s e  o f  t h e  b e n e f i t s  
t o  be g a i n e d  and  t h e  f a c t  t h a t  s u c c e s s  
a p p e a r e d  l i k e l y ,  a n  i n v e s t i g a t i o n  was 
i n i t i a t e d  t o  p r o d u c e  u r a n i u m  p l a t e s  
bonded w i t h  z i r c o n i u m b y  r o l l  c l a d d i n g .  

Inasmuch  a s  n o  d e s i g n  f i g u r e s  were 
s t i p u l a t e d ,  a number o f  b i l l e t  d e s i g n s  
were a v a i l a b l e .  T h e  t e c h n i q u e  o f  
p i c t u r e - f r a m i n g  t h e  u r a n i u m  i n  z i r -  
conium was c o n s i d e r e d  b u t  e l i m i n a t e d  
i n  f a v o r  o f  t h e  d e s i g n  shown i n  F i g .  84. 
T h e  r e a s o n  f o r  i n i t i a l l y  u s i n g  c i r c u l a r  
c y l i n d e r s  was t h a t  t h e y  r e s u l t e d  i n  
c o n s i d e r a b l e  s a v i n g  i n  m a c h i n i n g  c o s t s  
a s  w e l l  a s  a 250% s a v i n g  i n  z i r c o n i u m .  
A l s o ,  t h e  p r o b a b i l i t y  o f  o b t a i n i n g  
e d g e  b o n d i n g  was improved .  The b i l l e t s  
were s u b s e q u e n t l y  r o l l e d  t o  f l a t  
p l a t e s  i n  t h e  m a n n e r  d e p i c t e d  i n  
F i g .  85 .  A l p h a - e x t r u d e d  u r a n i u m  b a r  
was u s e d  as  t h e  c o r e  e l e r n e n t a n d B u r e a u  
o f  Mines  a r c - m e 1  t e d  s p o n g e  z i r c o n i u m  
was u s e d  a s  t h e  c l a d d i n g  m a t e r i a l .  

Me thods  o f  p r e p a r i n g  a n d  s e a l i n g  
t h e s e  b i l l e t s  were  i n v e s t i g a t e d .  O f  
t h e  2 1  c i r c u l a r  b i l l e t s  r o l l e d ,  15  had 
c o r e s  t h a t  h a d  j u s t  b e e n  f r e s h l y  
m a c h i n e d .  T h e  r e m a i n i n g  s r x  c o r e s  
w e r e  e l e c t r o p o l i s h e d  p r i o r  t o  a s -  

413 

R. B .  S m a l l  

s e m b l i n g .  T h e r e  s e e m e d  t o  b e  n o  
a p p a r e n t  d i f f e r e n c e  i n  b o n d i n g  c h a r a c -  
t e r i s t i c s .  P r i o r  t o  a s s e m b l i n g ,  a l l  
c o m p o n e n t s  w e r e  d e g r e a s e d  i n  T r i -  
c l e n e  "D" v a p o r ,  and  l a t e r  a n  a c e t o n e  
r i n s e  w a s  a d d e d  t o  t h e  c l e a n i n g  
p r o c e d u r e .  

T h e  f i r s t  p r o c e d u r e  u s e d  i n  a s -  
s e m b l i n g  and  s e a l i n g  was t o  p r e s s - f i t  
t h e  u r a n i u m  a n d  z i r c o n i u m  c a p  c o r e  
i n t o  t h e  z i r c o n i u m  f r a m e  a n d  s e a l  by  
h e l i a r c  w e l d i n g  t h e  c a p  t o  t h e  f r a m e  
i n  a d r y  b o x .  U n f o r t u n a t e l y ,  t h e  
h e l i u m  w a s  o f  q u e s t i o n a b l e  p u r i t y  and  
t h e  d r y  b o x  l e a k y .  T h e  f i r s t  t e n  
b i l l e t s  were s e a l e d  i n  t h i s  m a n n e r .  
T h e  i n i t i a l  b i l l e t  w a s  r o l l e d  a t  
1 1 5 0 ° F  w i t h  n o  s h e a t h .  T h e  r e s u l t s  
r e v e a l e d  t h a t  t h e  z i r c o n i u m  m u s t  b e  
p r o t e c t e d  f r o m  t h e  a t m o s p h e r e .  T h e  
f o l l o w i n g  two b i l l e t s  were s h e a t h e d  i n  
s t e e l  and  r o l l e d a t 1 1 5 0 ° F .  D i f f i c u l t y  
was  i m m e d i a t e l y  e n c o u n t e r e d  b e c a u s e  
t h e  s t e e l  s h e a t h  c r a c k e d  w h i l e  b e i n g  
r o l l e d .  A f t e r  t h e  ~ c c o n d  r o l l i n g ,  t h e  
t e m p e r a t u r e  was i n ,  r e a s e d  t o  1115°F .  
C o p p e r  w a s  t h e n  s u h s t i t u t e d  a s  t h e  
s h e a t h i n g  m a t e r i a l ,  a n d  t h e  b i l l e t s  
r o l l e d  n i c e l y  i n  s u c h  s h e a t h i n g ,  
e x c e p t  t h a t  when t h e  r e d u c t i o n s  p e r  
p a s s  w e r e  l e s s  t h a n  15% s e r i o u s  e d g e  
c r a c k i n g  o f  t h e  u n d e r l y i n g  z i r c o n i u m  
o c c u r r e d .  T h i s  e f f e c t  i s  s h o w n  i n  
F i g .  8 6 .  T e n  b i l l e t s  were s e a l e d  i n  
t h e  d r y  box and  r o l l e d  a t  1 1 7 5 ° F  w i t h  
s u r f a c e - i n c r e a s e  r a t i o s  r a n g i n g  f r o m  
4:  1 t o  1 5 :  1. S u r f a c e - i n c r e a s e  r a t i o s  
were u s e d  a s  r e d u c t i o n c r i t e r i a i n s t e a d  
o f  c r o s s - s e c t i o n  r e d u c t i o n  r a t i o s  
b e c a u s e  o f  t h e  b i l l e t  g e o m e t r y .  

C h i s e l ,  b e n d ,  a n d  s h e a r  t e s t s  
i n d i c a t e d  t h a t  a f a i r  b o n d  h a d  b e e n  
o b t a i n e d  a c r o s s  t h e  f l a t  p o r t i o n s  of 
p l a t e s  f r o m  b i l l e t s  p r e p a r e d  i n  t h i s  
m a n n e r ,  b u t  b o n d i n g  n e v e r  o c c u r r e d  a t  
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ZIRCONIUM CAP 

NICKEL BRAZE WIRE -,(=J 

URANIUM CORE 

ZIRCONIUM FRAME 

SECRET 
PHOTO Y-5264 

- PRO1 - EC TlVE C A N  

F i g .  84. Unit Parts of Billet Assembly Used in Roll-Cladding Zirconium to 
U ran i  urn. 

t h e  e d g e s .  F i g u r e  87 i s  a p h o t o -  
m i c r o g r a p h  s h o w i n g  t h e  bond b e t w e e n  
t h e  u r a n i u m  a n d  z i r c o n i u m  o f  a p l a t e  
r o l l e d  a t  1 1 5 0 ° F  w i t h  a s u r f a c e  i n -  
c r e a s e  r a t i o  o f  7 : 1 ,  A l t h o u g h  a s h e a r  
t e s t  r e v e a l e d  t h a t  t h e  p l a t e  h a d  a 
s t r e n g t h  o f  35,000 p s i ,  a n u m b e r  o f  
unbonded r e g i o n s  e x i s t e d  a t  t h e  i n t e r -  
f a c e .  -. 

R e s u l t s  o b t a i n e d  w i t h  s e a l i n g  u n d e r  
a h e l i u m  a t m o s p h e r e  i n d i c a t e d  t h a t  a 
more e f f i c i e n t  means o f  s e a l i n g  would  
b e  t h a t  o f  b r a z i n g  t h e  c a p  t o  t h e  
f r a m e  u n d e r  v a c u u m .  T h e  a p p a r a t u s  
d e v e l o p e d  f o r  t h i s  method i s  shown i n  
F i g .  88 .  T h e  vacuum s y s t e m  c o n s i s t s  
o f  a Welch Duo S e a l  vacuum pump c a p a b l e  
o f  e v a c u a t i n g  t o  0 . 1  p ,  a DPI T y p e  
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FOR P E R I O D  E N D I N G  APRIL 3 0 ,  1 9 5 2  

SECRET 
Y- 6030 

DWG. 1 5 5 Y f R f  (-1. f 
t. 1 
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DIMENSIONS IN INCHES 

F i g .  8 5 .  C r o s s - S e c t i o n a l  Views Showing  D e f o r m a t i o n  o f  Z ircon ium-Uranium 
C i r c u l a r  B i l l e t  During R o l l i n g  Sequence .  

VMB 7 r o u g h i n g  d i f f u s i o n  pump t h a t  c a n  
be o p e r a t e d  a t  a f o r e p r e s s u r e  o f  500 p,  
a n d  a DPI T y p e  VM220A d i f f u s i o n  pump 
t h a t  o p e r a t e s  a t  a f o r e p r e s s u r e  o f  
1 0 0  m i c r o n s .  A c o l d  t r a p  b e t w e e n  t h e  
VM220A d i f f u s i o n  pump a n d  t h e  2 1/2- 
i n . - d i a  h e a d e r  p r e v e n t s  v a p o r s  f r o m  
d i f f u s i n g  b a c k  i n t o  t h e  s y s t e m .  A 
H a s t i n g s  t h e r m o c o u p l e  g a g e  c a p a b l e  o f  
a c c u r a t e l y  m e a s u r i n g  vacuums  i n  t h e  
r a n g e  a b o v e  1 0  p i s  l o c a t e d  b e t w e e n  
t h e  c o l d  t r a p  a n d  t h e  m a i n  v a l v e  
DPI i o n  g a g e  f o r  m e a s u r i n g . v a c  
l o w e r  t h a n  1 p i s  l o c a t e d  b e h i n d  t h e  
m a i n  v a l v e  a n d  b e t w e e n  t h e  1 / 2 - a n d  
2 1 / 2 - i n . - d i a  v a c u u m  p o r t s .  
a t t a c h m e n t  t o  t h e  vacuum c o n s i s t s  o f  a 
2 - i n . - d i a  p y r e x  g l a s s  j a r t  t h e  b o t t o m  
5 1 / 2 - i n .  l e n g t h  o f  w h i c h  was r e d u c e d  
t o  1 5/8 i n .  i n  d i a  t o  p r o v i d e  c l o s e r  
l i n k a g e  be tween  t h e  i n d u c t i o n  c o i l  and  
t h e  c y l i n d e r .  A K o v a r  m e t a l  t u b e  
s e a l e d  t o  t h e  t o p  o f  t h e  j a r  p r o v i d e s  
a m e a n s  f o r  b r a z i n g  t h e  u n l t  t o  a 

c o p p e r  dome. A 1 0 - i n .  l o n g ,  1 / 2 - i n .  - 
d i a  c o p p e r  t u b e  c o n n e c t s  t h e  c o p p e r  
dome t o  t h e  vacuum p o r t .  A l l  j o i n t s  
a r e  made l e a k  t i g h t  by s o l d e r i n g  w i t h  
60  w t  % t i n - l e a d  a l l o y  s o l d e r .  

The t e c h n i q u e  f o l l o w e d  f o r  e v a c u a t i n g  
and b r a z i n g  t h e  b i l l e t  i n  t h e  a p p a r a t u s  
i s  to a s s e m b l e  t h e  b i l l e t  by s l i p p i n g  
t h e  u r a n i u m  c o r e  i n t o  t h e  z i r c o n i u m  
c y l i n d e r  a n d - p l a c i n g  t h e  z i r c o n i u m  c a p  
i n t o  t h e  f r a m e  a b o v e  t h e  c o r e .  T h e  
t o p  e n d o f t h e  c a p  i s  s p u n  t o a  s l i g h t l y  
l a r g e r  d i a m e t e r  t h a n  t h e  body o f  t h e  
c a p  so t h a t  t h e  a b u t m e n t  c a n  r e s t  on 
t h e  r i n g  o f  b r a z e  m e t a l  t h a t  is  p l a c e d  
on t h e  s h o u l d e r o f t h e  z i r c o n i u m  f r a m e .  
The c a p  f i t s  l o o s e l y  i n t o  t h e  f r a m e  
a n d  p r o v i d e s  a n  i n t k r s t i c e  t h r o u g h  
w h i c h  t h e  i n s i d e  o f  t h e  b i l l e t  c a n  b e  
e v a c u a t e d .  A 1 l / a - i n . - d i a  q u a r t z  
t u b e  i s  p l a c e d  a r o u n d  t h e  c y l i n d e r  t o  
p r o t e c t  t h e  p y r e x  d u r i n g  t h e  b r a z i n g  
o p e r a t i o n  and t h e  u n i t i s  p l a c e d  i n  t h e  



M
ETALLURG

Y DIVISION 
Q

UARTERLY PR
O

G
R

ESS R
EPO

R
T 



F O R  P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

p y r e x  g l a s s  j a r .  The  j a r  c o n t a i n i n g  
t h e  b i l l e t  i s  t h e n  c o n n e c t e d  t o  t h e  
vacuum s y s t e m  and e v a c u a t e d  f o r  a b o u t  
16 h o u r s .  The vacuum i s  m a i n t a i n e d  a t  
a p p r o x i m a t e l y  0 . 1  m i c r o n .  

Means  f o r  h e a t i n g  t h e  b i l l e t  f o r  
d e g a s s i n g  a n d  b r a z i n g  i s  p r o v i d e d  by  
t h e  L e p e l  s p a r k - g a p  o s c i l l a t o r .  A 
5 - t u r n  c o i l  o f  3 / 8 - i n . - d i a  c o p p e r  
t u b i n g  i s  p l a c e d  a r o u n d  t h e  g l a s s  j a r  
n e a r  t h e  b o t t o m  p o r t i o n  o f  t h e  b i l l e t  
a n d  c o n n e c t e d  t o  t h e  l e a d s  o f  t h e  
o s c i l l a t o r .  T h e  o s c i l l a t o r  i s  t h e n  
s w i t c h e d  on  a n d  t h e  b i l l e t  i s  h e a t e d  
by i n d u c t i o n  f rom room t e m p e r a t u r e  t o  
a p p r o x i m a t e l y  6 0 0 ° F  a n d  d e g a s s e d  f o r  
1 h o u r .  A f t e r  a l l o w i n g  t h e  b i l l e t  t o  
c o o l  f o r  a p e r i o d  o f  1 5  m i n  w h i l e  
s t i l l  u n d e r  vacuum, t h e  c o i l  i s  moved 
t o  t h e  t o p  o f  t h e  b i l l e t  a n d  t h e  
o s c i l l a t o r  i s  t u n e d  t o  i t s  peak  o u t p u t .  
When t h e  b r a z e  m e t a l  i s  m e l t e d  t h e  c a p  
i s  s e a l e d  t o  t h e  frame.  S i l v e r ,  n i c k e l ,  
and  t i t a n i u m h a v e  been u s e d  s u c c e s s f u l l y  
a s  t h e  b r a z i n g  m e t a l ;  h o w e v e r ,  s i l v e r  
and  t i t a n i u m  c a n n o t  b e u s e d  i n  c l a d d i n g  
u ran ium b e c a u s e  o f  t h e i r  h i g h - n e u t r o n -  
a b s o r p t i o n  c r o s s  s e c t i o n s .  

F o u r  b i l l e t s ,  p r e p a r e d  i n  t h e  
manner d e s c r i b e d  a b o v e ,  were s h e a t h e d  
I n  c o p p e r  a n d  r o l l e d  a t  1175°F.  T h e  
s u r f a c e - i n c r e a s e  r a t i o s  v a r i e d  f r o m  
8 : 1  t o  1 4 : l .  C h i s e l  t e s t s ,  s h e a r  
t e s t 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  
r e v e a l e d  a n  i m p r o v e m e n t  i n  t h e  z i r -  
c o n i u m - u r a n i u m  b o n d ,  F i g u r e  89 shows  
t h e  bond i n t e r f a c e  between u r a n i u m  and  
z i r c o n i u m  on  t h e  f l a t  p o r t i o n  o f  t h e  
c l a d  p l a t e .  F i g u r e  90 i s  a p h o t o -  
m i c r o g r a p h  o f  t h e  same bond t a k e n  a t  
t w i c e  t h e  m a g n i f i c a t i o n ,  and i t  c a n  be  
s e e n  t h a t  a s l i g h t  amount o f  d i f f u s i o n  
o c c u r r e d ,  b u t  i t  i s  q u i t e  a p p a r e n t  
t h a t  t h i s  me thod  o f  s e a l i n g  r e s u l t e d  
i n  i m p r o v e m e n t ,  F i g u r e  9 1  s h o w s  
b o n d i n g  a t  o n e  e d g e  o f  t h e  p l a t e ;  
h e r e  a g a i n  t h e r e  i s  e v i d e n c e  o f  good  
b o n d i n g .  F i g u r e  92 shows  b o n d i n g  a t  
t h e  o t h e r  e d g e .  An unbonded r e g i o n  a t  
t h e  t i p  end l e a d s  t o  some u n c e r t a i n t y  
a s  t o  w h e t h e r  e d g e  b o n d i n g  c a n  b e  
a c c o m p l i s h e d  by u s i n g  t h i s  p r e p a r a t i o n  
and r o l l i n g  t e c h n i q u e .  

A s e c t i o n  f rom t h e  m i d d l e  p o r t i o n  
o f a  p l a t e  was quenched from 720°C i n t o  
room t e m p e r a t u r e  w a t e r  w i t h n o a p p a r e n t  

4 8 3  098. 
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Fig. 89 
Clad Plate. 

FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

Bond Between Uranium and Zirconium on the Flat Portion of t h e  
E t c h e d  w i t h  a c e t i c  and p e r c h l o r i c  a c i d s .  500X. 

Fig. 90. Same as Fig. 89 Shown at Twice the Magnification. E t c h e d  with 
a c e t i c  and p e r c h l o r i c  a c i d s .  1OOOX. 
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Fig. 91. Bonding at Edge of Uranium-Zirconium Plate. E t c h e d  w i t h  a c e t i c  
a n d  p e r c h l o r i c  a c i d s .  SOOX. 

, 

G 

Fig. 92. Bonding at Edge of Uranium-Zirconium Plate. E t c h e d  w i t h  a c e t i c  
and  p e r c h l o r i c  a c i d s .  500X. - 

90 



f a i l u r e .  A n o t h e r  s e c t i o n  was bombarded 
by p r o t o n s  i n  t h e  Y - 1 2  c a l u t r o n  f o r  
24  h r  a t  1 k w / i n . ' w i t h n o  i l l  e f f e c t s .  

SHEARING FORCE 
( I b )  

1595 

17 25 

2 540 

2600 

F i g u r e  9 3  i l l u s t r a t e s  t h e  s h e a r  
t e s t  d e s i g n  t h a t  was u s e d  t o  s u p p o r t  
c h i s e l  t e s t  and m e t a l l o g r a p h i c  s p e c i -  
m e n s .  A s  c a n  b e  s e e n ,  t h e  d e s i g n  
c a l l s  f o r  a s l i t  t o  be made t h r o u g h  
t h e  z i r c o n i u m  and u r a n i u m  on o n e  s i d e  
a n d  a s l i t  t o  b e  m a d e  t h r o u g h  t h e  
z i r c o n i u m  o n l y  on  t h e  o t h e r  s i d e ,  
l e a v i n g  a s h e a r  a r e a  o f  a p p r o x i m a t e l y  
0 . 0 4 5  i n . 2 .  T a b l e  3 4  c o r r e l a t e s  
b i l l e t  p r e p a r a t i o n  a n d  a m o u n t s  o f  
t o t a l  r e d u c t i o n  w i t h  s h e a r  v a l u e s .  I t  
c a n  be n o t e d  t h a t  p l a t e s  p r o d u c e d  from 
e v a c u a t e d  b i l l e t s  a r e  c o n s i d e r a b l y  
b e t t e r  t h a n  t h o s e  s e a l e d  i n  a n  i n e r t  
a t m o s p h e r e .  A l s o  a n  i n c r e a s e  i n  
r e d u c t i o n  i m p r o v e s  t h e  bond s t r e n g t h  
o f  t h e  p l a t e s  p r e p a r e d  f rom e v a c u a t e d  
b i l l e t s .  H o w e v e r ,  p l a t e s  p r o d u c e d  
f r o m  b i l l e t s  p r e p a r e d  i n  t h e  d r y  box 
u n d e r  a h e l i u m  a t m o s p h e r e  s h o w  n o  
i m p r o v e m e n t  by i n c r e a s i n g  t h e  t o t a l  
amount o f  r e d u c t i o n .  I t  seems p o s s i b l e  
t h a t  t h i s  may be due t o  h e l i u m  e n t r a p -  
m e n t  a t  t h e  i n t e r f a c e ,  w h i c h  c a u s e s  

SHEAR AREA 
(in. 2 ,  

0.0455 

0.0495 

0.0527 

0.0430 

PLATE 
NO. 

F i g .  9 3 .  S c h e m a t i c  Drawing o f  
Shear Test Sample U s e d  t o  Determine 
Mechanical S trength  o f  Bond Between 
Uranium and 'Zirconium. 

TABLE 34 

E f f e c t  of  P r e p a r a t i o n  and S e a l i n g  Technique  on Bond S t r e n g t h  of 
Zirconium-Clad Uranium Pla tes  

2* * 

10: * 

14*** 

16*** 
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unwelded r e g i o n s  t h a t  r ema in  u n a f f e c t e d  
by i n c r e a s i n g  t o t a l  r e d u c t i o n .  

B e c a u s e  o f  t h e  u n c e r t a i n t y  o f  t h e  
b o n d i n g a t  t h e  e d g e s  o f  p l a t e s  p r o d u c e d  
by t h e  p r o c e d u r e s  d e s c r i b e d  a b o v e ,  i t  
was f e l t  t h a t  r o l l i n g  a t  1 7 5 0 ° F  would 
i n d u c e  s u f f i c i e n t  d i f f u s i o n  t o  s e c u r e  

SECRET 
Y-5946 

DWG. 15587Rl 

35,000 

35,000 

48, 300 

60, 500 

Ratio o f  final surface area to original surface area. .. 
Sealed in dry box under questionable inert atmosphere. 

Sealed by brazing i n  vacuum. 

- 
e.. 

SURFACE INCREASE 
RATIO* 

7: 1 

11: 1 

8: 1 

14: 1 
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b o n d i n g  a t  t h e  e d g e s .  A p r e v i o u s  
e x p e r i m e n t  showed  t h a t  r o l l i n g  com- 
p l e t e l y  i n  t h e  gamma-uranium t e m p e r a -  
t u r e  r a n g e  ( a b o v e  1 4 2 0 ° F )  w a s  n o t  
f e a s i b l e .  A p r o c e d u r e  was i n i t i a t e d  
i n  w h i c h a b i l l e t ,  s e a l e d  u n d e r  vacuum, 
was r o l l e d  t h r o u g h  a p p r o x i m a t e l y  h a l f  
o f  t h e  r o l l i n g  s e q u e n c e  a t  1 1 7 5 " F ,  
r e d u c e d  a p p r o x i m a t e l y  a n o t h e r  22% a t  
1750"F ,  a n d  t h e n  f i n i s h e d  a t  1175°F.  
The  b i l l e t s  were n e c e s s a r i l y  s h e a t h e d  
i n  s t e e l ,  and  t h e  i n s i d e  o f  t h e  s t e e l  
c a n  was o x i d i z e d  t o  p r e v e n t  f o r m a t i o n  
o f  t h e  e u t e c t i c  t h a t  o c c u r s  b e t w e e n  
s t e e l  a n d  z i r c o n i u m  a t  a p p r o x i m a t e l y  
1 6 5 0 ° F .  F o u r  b i l l e t s  were r o l l e d  i n  
t h i s  manner.  

S e r i o u s  d i f f i c u l t y  was e n c o u n t e r e d  
a s  a r e s u l t  of 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 .  B e c a u s e  o f  t h e  e x t r e m e  
p l a s t i c i t y  o f  u r a n i u m  i n  c o m p a r i s o n  
w i t h  z i r c o n i u m  d u r i n g  t h e  r o l l i n g  a t  
1 7 5 0 " F ,  u r a n i u m  t e n d e d  t o  b u i l d  u p  a t  
t h e  p l a t e  e d g e s .  F i g u r e  94 shows t h e  
c r o s s  s e c t i o n  o f  a p l a t e  r o l l e d  com- 
p l e t e l y  a t  1 1 7 5 ° F .  I t  c a n  be  s e e n  
t h a t  t h e  c o r e  h a s  a u n i f o r m  t h i c k n e s s  
i n  t h e  m i d d l e  p o r t i o n  b u t  g r a d u a l l y  
t a p e r s  t o w a r d  t h e  e d g e .  T h e  b o t t o m  
v iew o f  F i g .  95 sh,ows t h e  c r o s s  s e c t i o n  
o f  a p l a t e  i n  which t h e  1175°F r o l l i n g  
was i n t e r r u p t e d  by a 22% r e d u c t i o n  a t  
1 7 5 0 ° F .  T h e  d u m b b e l l  e f f e c t ,  c a u s e d  
by r o l l i n g  i n  t h e  gamma-uranium t e m p e r -  
a t u r e  r a n g e ,  i s  q u i t e  a p p a r e n t .  How- 
e v e r ,  t h i s  e f f e c t  i s  c o n s i d e r a b l y  
r e l i e v e d  when t h e  p l a t e  i s  s u b j e c t e d  
t o  2 0 %  c o l d  w o r k i n g ,  a s  shown i n  t h e  
u p p e r  v i e w .  F i g u r e  9 6  s h o w s  t h e  
b u l g i n g  e f f e c t  a l o n g  t h e  p l a t e  l e n g t h  
c a u s e d  by 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 .  T h i s  p r o b l e m  was n e v e r  s o l v e d  
b e c a u s e  t h e  b i l l e t  d e s i g n  was c h a n g e d  
a t  t h e  s a m e  t i m e  t h e  e f f e c t  b e c a m e  
a p p a r e n t .  However,  i t  i s  b e l i e v e d  t h a t  
f u r t h e r  i n v e s t i g a t i o n  would r e v e a l  a 
s o l u t i o n  t o  t h e  problem. 

T h e  h i g h - t e m p e r a t u r e  r o l l i n g  r e -  
s u l t e d  i n  e n o u g h  d i f f u s i o n  t o  o b t a i n  

92 

b o n d i n g  a t  t h e  e d g e s .  F i g u r e  97 shows 
t h e  b o n d  a t  t h e  e d g e s ,  a n d  F i g .  98 
shows t h e  bond a t  t h e  f l a t  p o r t i o n s  o f  
s u c h  a p l a t e .  F i g u r e  99 i s  a s i m i l a r  
p h o t o m i c r o g r a p h  t a k e n  a t  t w i c e  t h e  
ma gn i f i c a t i on. The 1 ami na  r s t r u  c t u  r e 
e x i s t i n g  i n  t h e  z i r c o n i u m  a d j a c e n t  t o  
t h e  bond i n t e r f a c e  c a n  be s e e n .  I t  i s  
p o s s i b l e t h a t  t h i s  s t r u c t u r e  r e p r e s e n t s  
t h e  e u t e c t o i d  o f  t h e  u r a n i u m - z i r c o n i u m  

d u c e d  i n  t h i s  manner  w i t h  z i r c o n i u m -  
c l a d d i n g  t h i c k n e s s e s  a s  low a s  0 . 0 0 4  
i n c h .  F i g u r e  1 0 0  s h o w s  s e c t i o n s  o f  
t h e s e  p l a t e s  a f t e r  v a r i o u s  p h y s i c a l  
d e f o r m a t i o n s .  I t  i s  a p p a r e n t  f r o m  
s u c h  t e s t s  t h a t  t h e  p l a t e s  a r e  a b l e  t o  
w i t h s t a n d  c o n s i d e r a b l e  s t ress .  

. -  

p h a s e  d i a g r a m .  P l a t e s  h a v e  b e e n  p r o -  . -  

- 
A l t h o u g h  t h e  c i r c u l a r  b i l l e t  d e s i g n  

s e r v e d  a d e q u a t e l y  f o r  t h e  i n i t i a l  
s t u d i e s ,  i t  became q u i t e  a p p a r e n t  t h a t  
t h e  c o m p l e t e  f r a m i n g  t y p e  o f  j a c k e t  
d e s i g n  had s e v e r a l  l i m i t a t i o n s .  F i r s t ,  
t h e  m e t h o d d o e s  n o t  l e n d  i t s e l f  r e a d i l y  
t o  p r o d u c t i o n  o f  e x t r a  l o n g  p l a t e s  
b e c a u s e  o f  t h e  p r o b l e m  i n  m a i n t a i n i n g  
a l i g n m e n t  d u r i n g  r o l l i n g .  S e c o n d ,  t h e  - 
r e s u l t i n g  p l a t e  w i d t h  i s  n e c e s s a r i l y  
f i x e d .  F u r t h e r m o r e ,  o b t a i n i n g  e d g e  
b o n d i n g  i s  d i f f i c u l t ,  e v e n  u n d e r  t h e  
m o s t  f a v o r a b l e  c o n d i t i o n s .  F o r  t h e s e  
r e a s o n s ,  t h e  m o d i f i e d  r e c t a n g u l a r  
b i l l e t  d e s i g n ,  shown i n  F i g .  1 0 1 ,  was 
a d o p t e d  t o  p e r m i t  p r o d u c t i o n  o f  l a r g e -  
s c a l e ,  d o u b l e - c l a d  p l a t e  f r o m  w h i c h  
p l a t e s  o f  any  d e s i r e d  l e n g t h  or w i d t h  
c o u l d  be s h e a r e d .  However,  t h i s  method 
w o u l d  n o t  be s u i t a b l e  f o r  p r o d u c t i o n  
c l a d d i n g  o f  e n r i c h e d - u r a n i u m  m e t a l  o r  
a l l o y s .  

- 

No p r o v i s i o n  h a s  b e e n  m a d e  f o r  
o b t a i n i n g  e d g e  b o n d i n g  i n  t h e  r e c -  
t a n g u l a r  d e s  i gn.  C u r r e n t l y  a t t e m p t s  
a r e  b e i n g  made t o  c 1 o s e  these  e x p o s e d  
e d g e s  by w e l d i n g  w i t h  an a u t o m a t i c ,  
s t r a i g h t - l i n e  w e l d i n g  m a c h i n e .  The 
new d e s i g n  i s  e c o n o m i c a l  i n  t h a t  i t  
m i n i m i z e s  t h e  consumpt ion  o f  z i r c o n i u m  
and  r e s u l t s  i n  t h e  minimum o f  m a c h i n i n g .  

I 



FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

F i g .  94. Cross S e c t i o n  of  P l a t e  R o l l e d  Completely a t  1175OF. 

F i g .  9 5 .  Cross S e c t i o n s  of P l a t e  l o l l e d  a t  1175OF. Reduced 22% a t  1750°F ,  
and S u b s e q u e n t l y  Cold Reduced-20%. 

41.3 097 
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The method o f  p r e p a r i n g  and s e a l i n g  
b i l l e t s  g e n e r a l l y  f o l l o w s  t h e  p a t t e r n  
d e s c r i b e d  be 1 ow: 

1. W e l d  b o t t o m  s t e e l  c o v e r  p l a t e  
t o  s t e e l  f r ame .  

2 .  P l a c e  c o r e  e l e m e n t s  i n  w e l l  o f  
s t e e l  f r a m e .  

INCHES 
1 9 6 -  

2 03- 

2 11- 

2 15- 

2 17- 

2 18- 

2 1 8 -  

2 18 - 

2 1 8 -  

2.15 - 

2 0 5  - 

2 0 1 -  

c 

N' 
._ 
c 

UNCLASSIFIED 
Y-6987 

DWG 15592 

INCHES 
- 185 

- i 95 

- 2 0 6  

- 2 0 6  

- 2 0 8  

- 2 0 8  

- 2 0 6  

- 2 0 6  

- 2 0 5  

- 2 0 4  

- 2 0 3  

- 201 

- 1  98 

- 1 95 

- 1  93 

- 1  88 

F i g .  96 .  B u l g i n g  A l o n g  t h e  Cength 
o f  P l a t e  Caused by R o l l i n g  a t  1750OF. 

3 .  Weld t o p  c o v e r  p l a t e  t o  f r a m e  
w h i l e  p a s s i n g  h e l i u m  t h r o u g h  e v a c u a t i n g  
t u b e .  ( T h e  h e l i u m  b l a n k e t  p r o t e c t s  
t h e  u ran ium from o x i d a t i o n . )  

4. Quench i n  w a t e r .  
. -  

5. Leak  t e s t  on W e s t i n g h o u s e  l e a k  
d e t e c t o r .  

6 .  E v a c u a t e  t o  l e s s  t h a n  1 p f e r  .- 
16 h o u r s .  

7 .  P u r g e  twice w i t h  h e l i u m .  

8. E v a c u a t e  f o r  1 h o u r .  

9. S e a l  b i l l e t  by f o r g i n g  e v a c u a t -  
i n g  t u b e .  

The u r a n i u m  c o r e s  a r e  o b t a i n e d  f rom 
c a s t  s t o c k  a n d  a r e  e l e c t r o p o l i s h e d  
p r i o r  t o  a s s e m b l i n g .  T h e  z i r c o n i u m  
c o v e r  p l a t e s  a r e  o b t a i n e d  f rom B u r e a u  
o f  M i n e s  a r c - m e l t e d  s p o n g e  t h a t  h a s  
b e e n  s h e a t h e d  i n  s t e e l  and h o t  r o l l e d  
t o  f i n i s h e d  s i z e .  

S i x  b i l l e t s  were s h e a t h e d  i n  0.25% 
c a r b o n  f i r e b o x - g r a d e  s t e e l  and  r o l l e d  
a t  1175°F.  E v e r y  b i l l e t  c r a c k e d  d u r i n g  
some  s t a g e  o f  t h e  r o l l i n g  s e q u e n c e ,  
a n d  a s  a r e s u l t  t h e  p l a t e s  had e i t h e r  
l i t t l e  o r  n o  b o n d i n g .  I t  b e c a m e  
a p p a r e n t  t h a t  a m o r e  d e t a i l e d  i n -  
v e s t i g a t i o n  wou ld  be n e c e s s a r y  b e f o r e  
f u r t h e r  b i l l e t s  c o u l d  be  r o l l e d  i n  
t h i s  s t e e l  a t  t h i s  t e m p e r a t u r e .  R a t h e r  . 
t h a n  d e l a y  t h e  o u t p u t  o f  t h e  p l a t e s ,  
a 0.04% c a r b o n ,  t i t a n i u m - k i l l e d  s t e e l  
( T i n a m e l )  was o b t a i n e d  a s  a s u b s t i t u t e  . 

s t e e l .  N i n e  b i l l e t s  h a v e  b e e n  r o l l e d  
s u c c e s s f u l l y  i n  t h i s  t y p e  o f  s t e e l  
s h e a t h .  I n s p e c t i o n  o f  t h e  b o n d i n g  h a s  
b e e n  l i m i t e d  t o  m e t a l l o g r a p h i c  o b -  
s e r v a t i o n s .  The i n t e r f a c e  between t h e  
u r a n i u m  and z i r c o n i u m  d o e s  n o t  a p p e a r  
t o  h a v e  t h e  o p t i m u m  b o n d i n g  c h a r a c -  
t e r i s t i c s  e s t a b l i s h e d  i n  p r e v i o u s  work. 
F i g u r e  102 i s  a p h o t o m i c r o g r a p h  o f  t h e  
p o o r e s t  bond,  and F i g .  103  i s  a p h o t o -  
m i c r o g r a p h  o f  t h e  a v e r a g e  bond i n  s u c h  
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FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

Fig. 97. Bonding at the Edge of Uranium-Zirconium Plate. E t c h e d  w i t h  
a c e t i c  and p e r c h l o r i c  a c i d s .  1 O O O X .  

Fig. 98. Bonding at the Flat Portions of Uranium-Zirconium Plate. E t c h e d  
w i t h  a c e t i c  and p e r c h l o r i c  a c i d s .  l O O O X  
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U R 

Fig. 99. Similar specimen as in Fig. 98 Shown at. Twice the Magnification. 
E t c h e d  w i t h  a c e t i c  and p e r c h l o r i c  a c i d s .  20OOX. 

a p l a t e .  S i n c e  t h e  a s s u m p t i o n  t h a t  
t h e  vacuum i n  t h e s e  b i l l e t s  was be low 
1 p h a s  b e e n  f o u n d  t o  be  e r r o n e o u s ,  
a m e t h o d  o f  a c c u r a t e l y  m e a s u r i n g  
vacuums  b e l o w  1 p h a s  b e e n  p r o v i d e d .  
I t  a p p e a r s  t h a t  a vacuum i n  t h e  r a n g e  
o f  1 x t o  5 x m m  Hg c a n  be  
a t t a i n e d ,  a n d  t h e  e f f e c t  o f  s u c h  a 
vacuum s h o u l d  r e s u l t  i n  an improvement  
i n  b o n d i n g  c h a r a c t e r i s t i c s .  

C L A D D I N G  OF T H O R I U M  W I T H  Z I R C O N I U M  

J .  J .  L a w l e s s  R.  J.  B e a v e r  

A p r e l i m i n a r y  i n v e s t i g a t i o n  h a s  
b e e n  i n  p r o g r e s s  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  b o n d i n g  t h o r i u m  t o  
z i r c o n i u m  b y  r o l l  c l a d d i n g .  T h e  
c i r c u l a r  b i l l e t  d e s i g n  shown i n  F i g .  
1 0 4  w a s  u s e d  i n i t i a l l y .  A f t e r  1 7  
b i l l e t s  w e r e  r o l l e d  w i t h  l i t t l e  
s u c c e s s ,  t h e  b i l l e t  d e s i g n  shown  i n  
F i g .  1 0 5  w a s  r e s o r t e d  t o  a n d  s o m e  
p e r t  i n e n  t i n  f o r m a t  i o n  was  o b t a i n e d .  
T h i s  t y p e  o f  b i l l e t  r e q u i r e d  t h a t  - t he  
s t e e l  c a n  be vacuum t i g h t  b e c a u s e  any 

l e a k  or f a i l u r e  w o u l d  a u t o m a t i c a l l y  
o x i d i z e  t h e  c o r e  e l e m e n t s  d u r i n g  t h e  
h e a t i n g  and r o l l i n g  o p e r a t i o n s .  C a n  - - 
n i n g  m a t e r i a l  i s  an i m p o r t a n t  f a c t o r  i n  
t h i s  p r o b l e m  a n d  i s  w o r t h y  o f  c o n -  
s i d e r a b l e  s t u d y .  

- 

T h e  t y p e  o f  b i l l e t  shown  i n  F i g .  
105 was p r e p a r e d  by f i r s t  w e l d i n g  t h e  
t u b e s  a n d  b o t t o m  c o v e r  p l a t e  t o  t h e  
s t e e l  f r a m e ,  A f t e r  c o o l i n g  t h e  s t e e l  
t o  room t e m p e r a t u r e ,  t h e  t h o r i u m  c o r e  
a n d  z i r c o n i u m  c o v e r  p l a t e s  w e r e  i n -  
s e r t e d .  I n  o r d e r  t o  m i n i m i z e  h e a t i n g  
o f  t h e  c o r e  e l e m e n t s  and p r e v e n t  t h e i r  
o x i d a t i o n  d u r i n g  t h e  w e l d i n g  o f  t h e  
t o p  s t e e l  c o v e r  p l a t e ,  t h e  a s s e m b l y  
was p l a c e d  i n  a t r a y  o f  w a t e r  1 / 2  i n .  
d e e p  a n d  a g e n t l e  f l o w  o f  h e l i u m  was 
passed  t h r o u g h  t h e  b i l l e t .  

P a r t i c u l a r  e m p h a s i s  was p l a c e d  on  
s t u d y i n g  t h e  e f f e c t s  o f  r e d u c t i o n ,  
r o l l i n g  t e m p e r a t u r e ,  s u r f a c e  p r e p a -  
r a t i o n ,  and i n t e r n a l  b i l l e t  a t m o s p h e r e .  
I n  s t u d y i n g  m e t a l  s u r f a c e  p r e p a r a t i o n ,  
i t  was f o u n d  t h a t  s e v e r a l  t e c h n i q u e s  

1 
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FOR P E R I O D  ENDING A P R I L  3 0 ,  1 9 5 2  

m i g h t  be a c c e p t a b l e .  H o w e v e r ,  t h e  
i m p o r t a n c e  o f  t h i s  v a r i a b l e ,  a l t h o u g h  
m i n o r  i n  c o m p a r i s o n  w i t h  t e m p e r a t u r e ,  
r e d u c t i o n ,  and a t m o s p h e r e ,  may become 
more c r i t i c a l  a t  some l a t e r  d a t e  when 
b e t t e r  c o n t r o l  o f  t h e  o t h e r  v a r i a b l e s  
h a s  b e e n  a t t a i n e d .  

Y -  5347 

( a )  T o r s i o n .  2.25X.  

M a c h i n i n g ,  wire  b r u s h i n g ,  e l e c t r o -  
p o l i s h i n g ,  and s h o t  b l a s t i n g  ( z i r c o n i u m  
o n l y )  were a l l  f o u n d  t o  be  p r a c t i c a l  
and  e f f e c t i v e  p r o c e d u r e s  f o r  c l e a n i n g  
m a t i n g  s u r f a c e s  t o  be bonded. E l e c t r o -  
p o l i s h e d  t h o r i u m  seems t o  have  a d e g r e e  
o f  p a s s i v i t y  a n d  s o m e w h a t  r e s i s t s  
r e o x i d a t i o n  a t  l o w e r  t e m p e r a t u r e s .  

T h e  d e g r e e  o f  vacuum w i t h i n  t h e  
b i l l e t  was f o u n d  t o  a f f e c t  b o n d i n g .  
Some p r e l i m i n a r y  t e s t s  were made b y  
h e a t i n g  t h o r i u m  a n d  z i r c o n i u m  a t  
d i f f e r e n t  vacuums. The t e s t s  i n d i c a t e d  
t h a t  t h e  a t m o s p h e r e  w i t h i n  t h e  b i l l e t  
s h o u l d  b e  i n  t h e  r a n g e  o f  1 ppm o f  
t o t a l  a c t i v e  g a s e s  i f  c o n t a m i n a t i o n  a t  
t h e  bond i n t e r f a c e  was t o  be a v o i d e d .  

T h e  b o n d  s h o w n  i n  F i g .  1 0 6  w a s  
o b t a i n e d  by r o l l i n g  a b i l l e t  t h a t  had  
been e v a c u a t e d  o n l y .  F i g u r e  107 shows 
t h e  b o n d  i n  a n o t h e r  p l a t e  t h a t  h a d  
b e e n  r o l l e d  from a b i l l e t  s u b j e c t e d  t o  
a l t e r n a t e  e v a c u a t i o n  and f l u s h i n g  w i t h  
h e l i u m  and o u t g a s s i n g  a t  1000°F b e f o r e  
s e a l i n g  a t  a p r e s s u r e  below 5 m i c r o n s .  
T h e  r e s u l t s  r e p r e s e n t e d  i n  F i g s .  1 0 6  
a n d  1 0 7  w e r e  c o n f i r m e d  i n  s e v e r a l  
t e s t s .  I n  e a c h  c a s e  t h e  r e d u c t i o n s  
a n d  r o l l i n g  t e m p e r a t u r e s  w e r e  e f -  
f e c t i v e l y  t h e  same. 

( 6 )  Bend. 4 . 5  X .  

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

( c )  F r a c t u r e .  9 . 5 X .  
F i g .  100. S e c t i o n s  o f  P l a t e  Shown 

i n  F i g s .  9 7 ,  9 8 ,  and  9 9  A f t e r  Under-  
g o i n g  T o r s i o n ,  Bend, and F r a c t u r e .  

T e m p e r a t u r e s  between 400 and 1500°F  
r e s u l t  i n  r e l e a s e  o f  a d s o r b e d  g a s e s  
t o  a d e g r e e  s u f f i c i e n t  t o  p r o m o t e  r e -  
o x i d a t i o n  o f  t h e  t h o r i u m  i f  t h e  g a s e s  
a r e  n o t  removed i m m e d i a t e l y .  Above a 
c r i t i c a l  t e m p e r a t u r e ,  i n  t h e  r a n g e  o f  
1800°F ,  t h e  o x i d e s  o f  t h o r i u m  a p p a r e n t l y  
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ZIRCONIUM 
COVER 
P L A T E  

URANIUM 
CORE 

ZIRCONIUM 
COVER 
PLATE 

SECRET 
Y-625 2 

DWG 1 5 5 9 0 R l  

PLATE 

P L A T E  

F i g .  101 .  B i l l e t  D e s i g n  f o r  P r o d u c i n g  Z i r c o n i u m - C l a d  Uranium P l a t e s  by 
U t i  1 i z i n g  E v a c u a t i n g  Tectin i yue .  

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

H o t  h a r d n e s s  o r  s i m i l a r  d a t a  f o r  
t h e  t e m p e r a t u r e  r a n g e  o f  i n t e r e s t  were 

n o t  a v a i  l a b 1  e ;  h o w e v e r ,  
r o 11 e d  a t  t e m p e r a t u r e s  
1 9 0 0 ° F  w i t h o u t  d i f f i c u  
f r o m  d i f f e r e n c e s  i n  p 
z i r c o n i u m  and t h o r i u m .  

b i l l e t s  w e r e  
f r o m  1 4 5 0  t o  
t y  r e s , u l  t i n g  
a s t i c i t y  o f  

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  
r o l l e d  bonds  i n d i c a t e d  t h a t  d i f f u s i o n  
l a y e r s  b e t w e e n  z i r c o n i u m  a n d  t h o r i u m  
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. 

Fig. 102. Uranium-Zirconium Interface Showing Poor Bonding. Etched  w i t h  
a c e t i c  and p e r c h l o r i c  a c i d s .  1OOOX. 

Fig. 103. Uranium-Zirconium Interface Showing Average Bonding. E t c h e d  
w i t h  a c e t i c  and p e r c h l o r i c  a c i d s .  1OOOX.  
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F i g .  104. C y l i n d e r  Type of  B i l l e t  for Roll C l a d d i n g .  
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FOR PERIOD ENDING APRIL 3 0 ,  1 9 5 2  

UNCLASSIFIED 
DWG. 4 5586 

FLUSH TUBE 

EVAC. 

STEEL 

TUBE 

. CAN 

D I M E N S I O N S  IN INCHES 

Fig. 1 0 5 .  F l a t  Sandwich,Type o f  B i l l e t  f o r  R o l l  C l a d d i n g .  C l a d d i n g  
d o e s  n o t  e x t e n d  a round  e d g e s .  

i n c r e a s e d  w i t h  b o t h  t e m p e r a t u r e  a n d  
t i m e  a t  t e m p e r a t u r e .  T h e  t h o r i u m -  
z i r c o n i u m  p h a s e  s y s t e m  shows  n o  com- 
p o u n d s ,  a n d  i t  i s  i n d i c a t e d  t h a t  t h e  
p r e s e n c e  o f  d i f f u s i o n  l a y e r s  would n o t  
s i g n i f i c a n t l y  a f f e c t  t h e  d u c t i l i t y  o f  
c l a d  p l a t e s .  S a m p l e s  o f  t h e  b e s t  
p l a t e s  p r o d u c e d  i n  t h i s  i n v e s t i g a t i o n  
were b e n t  a r o u n d  a 1 / 2 - i n .  m a n d r e l  and 
s t r a i g h t e n e d  w i t h o u t  a p p a r e n t  damage 
t o  t h e  bond.  A t  h i g h e r  t e m p e r a t u r e s ,  
i n  t h e  r a n g e  o f  1 7 0 0 ° F  a n d  h i g h e r ,  
v e r y  t h i c k  d i f f u s i o n  l a y e r s  w e r e  

o b t a i n e d  i n  c o m p a r a t i v e l y  s h o r t  h e a t -  
i n g  t imes .  The  s h a r p  i n c r e a s e  i n  t h e  
r a t e  o f  d i f f u s i o n  was t h o u g h t  t o  be  
r e l a t e d  t o  t h e  a l p h a - t o - b e t a  p h a s e  
c h a n g e  i n  z i r c o n i u m  a t  a b o u t  1650°F. 

I n  a d d i t i o n  t o  t h e  e f f e c t  o f  d i f -  
f u s i o n ,  h i g h  t e m p e r a t u r e s  t e n d  t o  
r e s u l t  i n  s o l u t i o n  o f  t h o r i u m  o x i d e  
i n  t h e  z i r c o n i u m ,  a n d  w i t h  t i m e  t h e  
o x i d e s  d i s p e r s e  t o  s u c h  a d e g r e e  t h a t ,  
upon r e p r e c i p i t a t i n g ,  t h e y  d o  n o t  fo rm 
a p l a n e  o f  w e a k n e s s  a t  t h e  i n t e r f a c e .  
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METALLURGY D I V I S I O N  QUARTERLY PROGRESS REPORT 

F i g .  106. M i c r o s t r u c t u r e  i n  t h e  Bond Area of a P l a t e  R o l l e d  from a B i l l e t  
t h a t  Was S i m p l y  Evacuated B e f o r e  S e a l i n g .  E t c h e d  w i t h  a c e t i c  and p e r c h l o r i c  
a c i d s .  1OOoX.  

F i g .  107 .  M i c r o s t u r c t u r e  i n  t h e  Bond Area o f  a P i a t e  R o l l e d  from a B i l l e t  
t h a t  Was E v a c u a t e d ,  H e l i u m  F l u s h e d ,  and R e - e v a c u a t e d  B e f o r e  S e a l i n g .  E t c h e d  
w i t h  a c e t i c  and p e r c h l o r i c  a c i d s  ._ 1OOOX. 
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I FOR PERIOD ENDING APRIL 3 '  1 9 5 2  

T h r e e  i d e a s  f o r  u t i l i z i n g  h i g h  t e m p e r -  
a t u r e  t o  e n h a n c e  b o n d i n g  w e r e  i n -  
ve s t i  g a t e d .  

1. 1 9 0 0 ° F  R o l l i n g .  F i g u r e  1 0 8  
s h o w s  t h e  b o n d  p r o d u c e d  i n  a p l a t e  
r o l l e d  p a r t i a l l y  a t  1900°F. T a n t a l u m  
w a s  u s e d  a s  a b a r r i e r  t o  p r e v e n t  
f o r m a t i o n  o f  a l o w - m e l t i n g - p o i n t  
z i r c o n i u m - i r o n  p h a s e .  T a n t a l u m  w a s  
b o n d e d  t o  z i r c o n i u m  a l s o ;  h o w e v e r ,  
t h e  l a c k o f  bond l i n e  v o i d s  i s  n o t a b l e .  
The p l a t e  shown i n  F i g .  1 0 7 w a s  c h a r a c -  
t e r i z e d  by t h e  o c c u r r e n c e  o f  o x i d e s  a t  
t h e  i n t e r f a c e .  The  p h o t o m i c r o g r a p h s  
shown  i n  F i g s .  1 0 7  a n d  108  were o b -  
t a i n e d  f r o m p l a t e s  made u n d e r  i d e n t i c a l  
c o n d i t i o n s  e x c e p t  f o r  r o l l i n g  t e m p e r a -  
t u r e .  R o l l i n g  o f  z i r c o n i u m  i n  s t e e l  
c a n s  a b o v e  1 6 5 0 ° F  i s  n o t  p r a c t i c a l  
b e c a u s e  o f  t h e  f o r m a t i o n  o f  a l i q u i d  
i r o n - z i r c o n i u m  e u t e c t i c  a n d  t h e  
a t t e n d a n t  h a z a r d .  

8 
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. 
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2. P r e h e a t  B i l l e t  a t  1 9 0 0 ° F  B r i e f l y  
( 1 0  m i n )  and Drop T e m p e r a t u r e  t o  1 5 0 0 ° F  
f o r  R o l l i n g .  A t t e m p t s  w i t h  t h i s  
t e c h n i q u e  - r e s u l t e d  i n  e x c e s s i v e  d i f -  
f u s i o n  o f  i r o n  i n t o  t h e  z i r c o n i u m ,  a n d  
a s  a r e s u l t  t h e  p l a t e  s u r f a c e s  w e r e  
b a d l y  c r a c k e d  i n  r o l l i n g .  

3. H e a t  T r e a t  t h e  F i n i s h e d  P l a t e  
a t  1900°F.  T h i s  p r o c e d u r e  was a t t e m p t e d  
on p l a t e s  r e d u c e d  1 5 : l a n d  30 : l .  F i g u r e  
109  i s  t h e  m a c r o s t r u c t u r e  o f  a s e r i e s  
o f  p l a t e s  r o l l e d  w i t h  a 1 5 : l  r e d u c t i o n  
a n d  h e a t  t r e a t e d  i n  v a c u u m  a t  t h e  
t i m e s  and t e m p e r a t u r e s  i n d i c a t e d .  The 
o c c u r r e n c e  o f  v o i d s  a n d  i r r e g u l a r  
d i f f u s i o n  i s  n o t e d .  F i g u r e  1 1 0  s h o w s  
a s i m i l a r  s e r i e s  o f  t e s t s  made  o n  a 
p l a t e  r e d u c e d  3 0 : l  i n  r o l l i n g .  T h e  
d i f f u s i o n  l a y e r  i s  n o t e d  t o  be m o r e  
r e g u l a r  and l e s s  p o r o u s .  The r e g u l a r i t y  
a n d  p o r o s i t y  o f  t h e  d i f f u s i o n  l a y e r  
seem t o  be r e l a t e d  t o  t i m e  and t e m p e r -  
a t u r e  o f  h e a t  t r e a t m e n t  a s  w e l l  a s  t o  
t h e  r e d u c t i o n  h i s t o r y  o f  t h e  p l a t e .  
The s h o r t e r  time and  l o w e r  t e m p e r a t u r e  
g i v e  t h e  b e s t  r e s u l  t s .  

NO HEAT TREAl 

HEAT TREATED 

'2 min a t  1075°C 

HEAT TREATED 

6 min at  1075°C 

HEAT TREATED 

2 min at  4425°C 

HEAT TREATED 

6 min a t  ((25°C 

-MEN1 

F i g .  1 0 8 .  Micros truc ture  i n  t h e  Fig.  109. Macrophoto Showing Ef fec t  
Bond Zone of a Plate  Rolled a t  190O0F. o f  Vacuum Heat Treatments on  a S e r i e s  
E t c h e d  w i t h  a c e t i c  a n d  p e r c h l o r i c  o f  P l a t e s  Rol led  w i t h  a Reduction of  
a c i d s .  1 O O O X .  1 5 : l .  Unetched .  8 X .  
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T h e  r e s u l t s  o f  t h i s  p r e l i m i n a r y  
work i n d i c a t e d  t h a t  c l a d d i n g  t h o r i u m  
w i t h  z i r c o n i u m  was a much more d i f f i -  
c u l t  p rob lem t h a n  c l a d d i n g  u r a n i u m  

No HEAT TREATMENT w i t h  z i r c o n i u m .  B a s e d  on t h e  i n f o r -  
m a t i o n  g a i n e d ,  a n  i n t e n s i v e  i n v e s t i -  
g a t i o n  i s  i n  p r o g r e s s  t o  p r o d u c e  t h e  
n e c e s s a r y  b o n d i n g .  The i n v e s t i g a t i o n  
h a s  been  d i v i d e d  i n t o  two c a t e g o r i e s :  

HEAT TREATED 

2 min a t  (075°C 

( 1 )  r o l l  c l a d d i n g  by s t r a i g h t f o r w a r d  

p r o c e d u r e s  s u c h  a s  b r a z i n g ,  h i g h -  
t e m p e r a t u r e  r o l l i n g ,  and h i g h - t e m p e r a -  
t u r e  d i f f u s i o n .  

p r o c e d u r e s  and  ( 2 )  c l a d d i n g  by a l t e r n a t e  - -  HEAT TREATED 

6 rnin a t  iO75OC 

HEAT TREATED 

'2 min a t  4425OC 

HEAT TREATED 

6 rnin a t  1425OC 

I t  i s  o b v i o u s  f rom t h e  p r e l i m i n a r y  
w o r k  t h a t  s o m e  s o r t  o f  a b a r r i e r  
a p p e a r i n g  on  t h e  t h o r i u m  i n t e r f e r e s  
w i t h  b o n d i n g .  E x p e r i m e n t s  have  t h e r e -  

F i g .  110. Macrophoto Showing E f f e c t  
o f  Vacuum Heat Treatment on a S e r i e s  
o f  P l a t e s  R o l l e d  w i t h  a R e d u c t i o n  o f  
3 0 : l .  U n e t c h e d .  7 X .  

T h e  s t r u c t u r e  p r o d u c e d  i n  a 1 5 : 1  
r e d u c e d  p l a t e  f o l l o w e d  by h e a t  t r e a t -  
m e n t  f o r  2 min  a t  1 9 6 5 ° F  i s  shown i n  
F i g .  111. The  o r i g i n a l  s t r u c t u r e  o f  
t h e  p l a t e  r e d u c e d  3 0 : l  i s  s h o w n  i n  
F i g .  1 1 2 .  The s t r u c t u r e s  d e v e l o p e d  by 
h e a t  t r e a t m e n t  o f  t h i s  p l a t e  f o r  2 min 
a t  1965°F  a r e  shown i n  F i g .  1 1 3 ,  a n d  
t h e  e f f e c t  o f  h e a t  t r e a t m e n t  f o r  6 min 
a t  2055°F i s  a p p a r e n t  i n  F i g .  114. I t  
i s  f e l t  t h a t  t h e  r e s u l t s  o f  t h e s e  t e s t s  
i n d i c a t e  o n e  f e a s i b l e  me thod  o f  p r o -  
d u c i n g  a f a i r l y  s a t i s f a c t o r y  c l a d  
p l a t e .  

R e d u c t i o n  i n  r o l l i n g  h a s  t h e  e f f e c t  
o f  s p r e a d i n g  i n t e r f a c e  c o n t a m i n a t i o n  
a n d  b r e a k i n g  i t  i n t o  i s l a n d s  t h a t  d o  
n o t  o b s t r u c t  b o n d i n g ,  e x c e p t  i n t e r -  
m i t t e n t l y ,  T h e  e m p l o y m e n t  o f  h i g h  
r e d u c t i o n s  t o  c o u n t e r a c t  r e o x i d a t i o n  
r e s u l t i n g  f r o m  o u t g a s s i n g  i n  t h e  
b i l l e t  was f o u n d  t o  b e  e f f e c t i v e  i n  
i m p r o v i n g  bonds.  

f o r e  b e e n  d e s i g n e d  t o  o b s e r v e  t h e  
e f f e c t  o f  h e a t i n g  on o x i d a t i o n  o f  t h e  
c o r e  e l e m e n t s  a t  v a r i o u s  s t a g e s  o f  
b i l l e t  p r e p a r a t i o n .  The b i l l e t  d e s i g n  
c u r r e n t l y  b e i n g  u s e d i s s i m i l a r  t o  t h a t  
shown i n  F i g .  1 0 5  w i t h  t h e  e x c e p t i o n  
t h a t  t h e  p u r g i n g  t u b e  h a s  b e e n  e l i m i -  
n a t e d .  

The method o f  a s s e m b l i n g  t h e  b i l l e t  
p r i o r  t o  p l a c i n g  u n d e r  vacuum i s  a s  
f o l l o w s :  

1. The r e c t a n g u l a r  t h o r i u m  c o r e  i s  
e l e c t r o p o l i s h e d i n  a n  a c e t i c - p e r c h l o r i c  
a c i d  s o l u t i o n ,  r i n s e d  i n  a l c o h o l ,  and  
d r i e d .  

2 .  The  z i r c o n i u m  c o v e r  p l a t e s  a r e  
s a n d - b l a s t e d ,  m a c r o e t c h e d  i n  a 4 8 %  
w a t e r - 5 0 %  n i t r i c - 2 %  h y d r o f l u o r i c  a c i d  
s o l u t i o n ,  r i n s e d  i n  w a t e r ,  and d r i e d .  

3 .  The s t e e l  i s  s a n d  b l a s t e d .  

4. The s t e e l  f r a m e  c o n t a i n i n g  t h e  
z i r c o n i u m  a n d  t h o r i u m  c o r e  e l e m e n t s  
i s  s a n d w i c h e d  between two s t e e l p l a t e s .  
The p a r t s  a r e  h e l d  i n  p o s i t i o n  by two 
c l amps .  
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FOR PERIOD ENDING APRIL 30, 1952 

F i g .  111. M i c r o s t r u c t u r e  o f  t h e  P l a t e  R o l l e d  w i t h  a R e d u c t i o n  o f  1 S : l  
E t c h e d  w i t h  a c e t i c  and A f t e r  Heat T r e a t m e n t  f o r  2 min a t  1 0 7 5 O C  i n  Vacuum. 

p e r c h l o r i c  a c i d s .  1 O O O X .  

F i g .  112 .  M i c r o s t r u c t u r e  o f  t h e  P l a t e  Shown i n  F i g .  111 B e f o r e  Heat T r e a t -  
ment. E t c h e d  w i t h  a c e t i c  and p e r c h l o r i c  a c i d s .  l o o o x .  
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METALLURGY D I V I S I O N  QUARTERLY P R O G R E S S  R E P O R T  

F i g .  113. Microstructure of  the  P l a t e  Rol led  w i t h  a Reduction of  3 0 : l  
E t c h e d  w i t h  a c e t i c  and  After  Heat Treatment f o r  2 m i n  a t  1 0 7 5 O C  i n  Vacuum. 

p e r c h l o r i c  a c i d s .  l ooox .  

F i g .  114. Microstructure o f  the P l a t e  Rol led  w i t h  a Reduction of  3 0 : l  
E t c h e d  w i t h  a c e t i c  and  After Heat Treatment f o r  6 m i n  a t  1125OC i n  Vacuum. 

p e r c h l o r i c  a c i d s .  1 O O O X .  



5 .  T h e  s t e e l  c o v e r  p l a t e s  a r e  
w e l d e d  t o  t h e  f r ame  w h i l e  a s t r e a m  o f  
h i g h l y  p u r e  h e l i u m  f l o w s  t h r o u g h  t h e  
e v a c u a t i n g  t u b e  t o  b l a n k e t  t h e  c o r e  
e l e m e n t s  u n d e r  an  i n e r t  a t m o s p h e r e .  

6 .  A f t e r  w e l d i n g ,  t h e  b i l l e t  i s  
q u e n c h e d  i n  w a t e r  w h i l e  s t i l l  u n d e r  
h e l i u m  p r e s s u r e .  

7 .  Upon c o o l i n g t o  room t e m p e r a t u r e  
t h e  b i l l e t  i s  c h e c k e d  f o r  l e a k s  on a 
W e s t i n g h o u s e  l e a k  d e t e c t o r .  

8 .  T h e  b i l l e t  i s  p l a c e d  u n d e r  
vacuum i m m e d i a t e l y  a f t e r  l e a k  t e s t i n g .  

The e f f e c t  on t h e  c o r e  e l e m e n t s  o f  
w e l d i n g  t h e  s t e e l  c o v e r  p l a t e s  t o  t h e  
s t e e l  f r a m e  was  o b s e r v e d  by w e l d i n g  
a l l b u t t h e  t o p  c o v e r  p l a t e  and  c o o l i n g  
i n  d r y  i c e  t o  room t e m p e r a t u r e  w h i l e  
p e r m i t t i n g  a f l o w  o f  h e l i u m  t o  p a s s  
t h r o u g h  t h e  e v a c u a t i n g  t u b e .  An i n -  
s p e c t i o n  o f  t h e  t h o r i u m  and  z i r c o n i u m  
r e v e a l e d  t h a t  no  a p p r e c i a b l e  o x i d a t i o n  
o f  t h e  c o r e  e l e m e n t s  o c c u r r e d  d u r i n g  
t h e  w e l d i n g  o p e r a t i o n ,  and  i t  i s  f e l t  
t h a t  t h i s  i s  a s a t i s f a c t o r y  p r o c e d u r e  
f o r  e n c l o s i n g  t h o r i u m  and z i r c o n i u m  i n  
a s t e e l  s h e a t h .  

Two t y p e s  o f  s t e e l  a r e  b e i n g  i n -  
v e s t i g a t e d .  I t  h a s  been f e l t  t h a t  t h e  
0 .  2 5 %  c a r b o n ,  s e m i k i l l e d ,  f i r e b o x -  
g r a d e  s t e e l  may r e l e a s e  e n o u g h  g a s e s  
d u r i n g  t h e  h e a t i n g  a n d  r o l l  i n g  o p e r -  
a t i o n s  t o  c a u s e  o x i d a t i o n  o f  t h e  c o r e  
e l e m e n t s .  On t h e  o t h e r  h a n d ,  t h e  
0.04% c a r b o n ,  t i t a n i u m - k i l l e d ,  enamel -  
i n g - g r a d e  s t e e l  ( T i n a m e l )  p r o b a b l y  
c o n t a i n s  l ess  g a s .  

A b i l l e t  o f  e a c h  t y p e  o f  s t e e l  was 
p r e p a r e d  i n  t h e  manner d e s c r i b e d  a b o v e ,  
e v a c u a t e d  t o  wha t  a p p e a r e d  t o  be l e s s  
t h a n  1 /L a s  o b s e r v e d  f rom a H a s t i n g s  
t h e r m o c o u p l e  g a g e ,  a n d  s l o w l y  h e a t e d  
t o  1 0 0 0 ° F  f o r  r e m o v a l  o f  a d s o r b e d  
g a s e 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  b i l l e t s  w e r e  p u r g e d  w i t h  
h e l i u m ,  e v a c u a t e d  a g a i n  t o  w h a t a p p e a r e d  

t o  be l e s s  z h a n  1 p,  a r d  s e a l e d  by h o t  
f o r g i r i g  t h 5  s v s c ~ a c i n g  t d b e ,  T h e  
b i l l e t s  were t h e n  h e a t e d  t o  1500°F  f o r  
1 1 / 2  h r ,  c o o l e d  t o  room t e m p e r a t u r e ,  
a r id  t h e  t o p  c o v e r  p l a t e  c u t  away f r o m  
t h e  b i l l e t .  A c o n s i d e r a b l e  d e g r e e  o f  
o x i d a t i o n  of t h e  t h o r i u m  o c c u r r e d  i n  
b o t h  b i l l e t s .  w i t h  n o t i c e a b l e  c o n -  
t a m i n a t i o n o n  t h e  s i d e  of  t h e  z i r c o n i u m  
c o v e r  p l a t e  a d j a c e n t  t o  t h e  t h o r i u m  
c o r e .  T h e  o x i d a t i o n  w i t h i n  t h e  
t i t a n i u m - k i l l e d  s t e e l  was somewhat l e s s  
t h a n  t h a t  i n  t h e  s e m i k i l l e d  s t e e l ,  
b u t  n o t  t o  a n  a p p r e c i a b l e  e x t e n t .  
A t h o r o u g h  i n v e s t i g a t i o n  o f  t h e  vacuum 
s y s t e m  r e v e a l e d  t h a t  t h e  a s s u m p t i o n  
t h a t  t h e  vacuum was l e s s  t h a n  1 ,LL was 
e r r o n e o u s ,  a n d  p r o v i s i o n s  h a v e  b e e n  
made f o r  more  c a r e f u l  m e a s u r e m e n t  o f  
t h e  a c t u a l  vacuum w i t h i n  t h e  b i l l e t .  

A f t e r  o b s e r v i n g  t h e  r e s u l t s  j u s t  
d e s c r i b e d  and  knowing t h a t  n o  o x i d a t i o n  
o c c u r r e d  d u r i n g  t h e  w e l d i n g  o p e r a t i o n ,  
i t  w a s  d e s i r e d  t o  d e t e r m i n e  t h e  e f f e c t  
o n  t h e  c o r e  e l e m e n t s  o f  h e a t i n g  t h e  
b i l l e t  w h i l e  u n d e r  vacuum. A b i l l e t  
w a s  t h e n  p r e p a r e d  o f  T i n a m e l  s t e e l ,  
e v a c u a t e d  t o  2 x m m  H g ,  a n d  
s l o w l y  h e a t e d  t o  1 0 0 0 ° F .  T h e  vacuum 
was n e v e r  p e r m i t t e d  t o  e x c e e d  5 x 
m m  Hg. H e a t i n g  t o  t h e  d e s i r e d  t e m p e r -  
a t u r e  consumed 1 h r ,  and t h e  d e f l e c t i o n  
i n  v a c u u m  d u r i n g  h e a t i n g  i n d i c a t e d  
t h a t  g a s e s  were b e i n g  r e l e a s e d ,  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  t o p  
c o v e r  p l a t e  w a s  c u t  a w a y  a n d  t h e  
r e s u l t s  o b s e r v e d .  T h e  c o r e  h a d  
o x i d i z e d  t o  s o m e  e x t e n t  b u t  t h e  
o x i d a t i o n  w a s  n o t  n e a r l y  s o  s e v e r e  
a s  t h a t  o b s e r v e d  i n  t h e  p r e v i o u s  
e x p e r i m e n t s .  A s l i g h t  a m o u n t  o f  
c o n t a m i n a t i o n  was a l s o  o b s e r v e d  on t h e  
s i d e  o f  t h e  z i r c o n i u m  c o v e r  p l a t e  
a d j a c e n t  t o  t h e  c o r e .  T h e  c a u s e  o f  
t h i s  e f f e c t  h a s  n o t  b e e n  d e t e r m i n e d ,  
b u t  i t  i s  t h o u g h t  t h a t  t h e  c o n t a m i -  
n a t i o n  a r i s e s  f rom t h e  t h o r i u m  o r  t h a t  
t h e  vacuum i s  n o t  q u i t e  low enough and 
p e r m i t s  enough a i r  t o  r ema in  e n t r a p p e d  
a t  t h e  t h o r i u m - z i r c o n i u m  i n t e r f a c e  t o  
s u b s e q u e n t l y  c a u s e  o x i d a t i o n  o f  t h e  
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m a t i n g  p a r t s .  F u r t h e r  i n v e s t i g a t i o n s  
a r e  b e i n g  c e n t e r e d  on e l i m i n a t i n g  t h e  
s o u r c e s  o f  c o n t a m i n a t i o n  o f  c o r e  
e l e m e n t s  p r i o r  t o  r o l l i n g .  

L i t t l e  w o r k  h a s  b e e n  d o n e  o n  
a l t e r n a t e  p r o c e d u r e s  f o r  o b t a i n i n g  
b o n d i n g  be tween  t h o r i u w  and z i r c o n i u m ;  
h o w e v e r ,  i t  i s  f e l t  t h a t  w i t h i n  t h e  
n e x t  t w o  m o n t h s  r e s u l t s  w i l l  b e  
a v a i l a b l e .  

EDGE CLOSURE BY WELDING 

J. F. D e l a n e y  

I n  t h e  c o u r s e  o f  c o n d u c t i n g  e x p e r i -  
m e n t s  o n . t h e  c l a d d i n g  o f  t h o r i u m  and  
u r a n i u m  w i t h  z i r c o n i u m  by r o l l i n g ,  i t  
w a s  r a t h e r  d i f f i c u l t  t o  o b t a i n  e d g e  
b o n d i n g  w i t h  good  h e a t  t r a n s f e r  c h a r a c -  
t e r i s t i c s .  A l s o ,  t h e  p r o d u c t i o n  o f  a 
u n i f o r m l y  c l a d  p l a t e  i n  a n  e x t r a  l o n g  
l e n g t h  was a c c o m p l i s h e d  more e a s i l y  by 
r o l l i n g  l a r g e - s c a l e  b i l l e t s  i n  a n o n -  
f r a m i n g  t y p e  o f  j a c k e t .  T h i s  r e s u l t e d  
i n  a d o u b l e - c l a d  p r o d u c t  f r o m  w h i c h  
many p l a t e s  c o u l d  be s h e a r e d  b u t  w i t h  
c o r e  m a t e r i a l  e x p o s e d  a l o n g  t h e  e n d s  
and l a t e r a l  e d g e s .  The s u c c e s s  o f  s u c h  
a p r o d u c t i o n  method t h e r e f o r e  d e p e n d s  
l a r g e l y  on t h e  d e v e l o p m e n t  o f  r e l i a b l e  
t e c h n i q u e s  f o r  c l o s i n g  t h e  e x p o s e d  
e d g e s .  

Work was  s t a r 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  c l o s i n g  t h e  e x p o s e d  
e d g e s  by w e l d i n g  o r  b r a z i n g .  The main 
r e q u i r e m e n t s  o f  s u c h  a w e l d  a r e  t h a t  
i t  p o s s e s s  a l o w  n e u t r o n - a b s o r p t i o n  
c r o s s  s e c t i o n ,  a d e q u a t e  m e c h a n i c a l  
p r o p e r t i e s ,  good  h e a t  t r a n s f e r ,  a n d  
g o o d  r e s i s + , a n c e  t o  w a t e r  c o r r o s i o n .  
From t h e  s t a r t  i t  was e v i d e n t  t h a t  t h e  
b e s t  e d g e  c o n f i g u r a t i o n  was a g r o o v e  
i n  w h i c h  a z i r c o n i u m  w e l d  w o u l d  b e  
l a i d .  S e v e r a l  me thods  o f  e d g e  p r e p a -  
r a t i o n  w e r e  t r i e d ,  a n d  t h e  m o s t  
s u c c e s s f u l  w a s  f o u n d  t o  be  a n  a c i d  

e t c h .  The c o r e  m a t e r i a l  i s  d i s s o l v e d  
w i t h  20% HC1 from between t h e  c l a d d i n g  
t o  t h e  d e s i r e d  d e p t h ,  which i s  a p p r o x i -  
m a t e l y  0 . 0 1 0  i n .  d e e p e r  t h a n  t h e  
d i a m e t e r  o f  t h e  f i l l e r  w i r e .  T h e  
p l a t e s  a r e  t h e n  c l e a n e d  i n  50% HNO, 
p l u s  5% HF f o r  1 m i n u t e .  The g r o o v e  
f o r m e d  h a s  a s q u a r e  s h a p e ,  a n d  t h e r e  
i s  n o  p r e f e r e n t i a l  a t t a c k  a l o n g  t h e  
bond l i n e  between t h e  c l a d d i n g  and t h e  
c o r e .  F i l l e r  w i r e  o f  t h e  d e s i r e d  s i z e  
and c o m p o s i t i o n  i s  p l a c e d  i n  t h e  g r o o v e  
a n d  t h e  e d g e s  o f  t h e  c l a d d i n g  a r e  
c r i m p e d  t i g h t l y  a r o u n d  i t  a t  s e l e c t e d  
p o i n t s  t o  p r e v e n t  b u c k l i n g  d u r i n g  
w e l d i n g .  

T h e  a u t o m a t i c  w e l d i n g  a p p a r a t u s  
u s e d  i n  t h i s  i n v e s t i g a t i o n  i s  shown  
i n  F i g .  115. The e s s e n t i a l  p a r t s  a r e  
t h e  h e l i a r c  w e l d i n g  h e a d ,  a u t o m a t i c  
c a r r i a g e ,  c l a m p ,  fume s h i e l d ,  w e l d i n g  
g e n e r a t o r ,  and c o n t r o l  e q u i p m e n t .  The 
w e l d  i s  made by p a s s i n g  t h e  w e l d i n g  
t o r c h  h o r i z o n t a l l y  a l o n g  t h e  e d g e  o f  
t h e  clamped p l a t e  w i t h  n o  o t h e r  f i l l e r  
w i r e  a d d e d .  D i r e c t - c u r r e n t  s t r a i g h t  
p o l a r i t y  i s  u s e d  w i t h  a 0 . 0 4 0 - i n .  
t h o r i a t e d - t u n g s t e n  e l e c t r o d e .  H e l i u m  
g a s  f l o w  o f  10 c f h  i s  g e n e r a l l y  u s e d .  

I 

R e s u l t s  t o  d a t e  h a v e  d e m o n s t r a t e d  
t h a t  i t  i s  p o s s i b l e  t o  o b t a i n  a 
m e t a l l u r g i c a l  w e l d  on b o t h  t h o r i u m -  
z i r c o n i u m  a n d  u r a n i u m - z i r c o n i u m  
p l a t e s .  W h e t h e r  s u c h  w e l d s  m e e t  a l l  
t h e  r e q u i r e m e n t s  w i l l  be d e t e r m i n e d  by 
a t e s t i n g  p r o g r a m  now u n d e r  w a y .  
T h o r i u m - z i r c o n i u m  p l a t e s  a r e  w e l d e d  
by a p u r e - z i r c o n i u m  f i l l e r  w i r e .  A 

a c c e p t a b l e  f o r  w e l d i n g  p l a t e s  o f  0.065- 

i n .  z i r c o n i u m  c l a d d i n g ,  a n d  u s i n g  
f i l l e r  w i r e  0 . 0 3 2  i n .  i n  d i a m e t e r .  
T h i s  r a n g e  o f  p o w e r  i n p u t  w i l l  b e  
n a r r o w e d  when p o r o s i t y  a n d  d i f f u s i o n  
a r e  t a k e n  i n t o  c o n s i d e r a t i o n .  A 
t r a n s v e r s e  s e c t i o n  o f  a r e p r e s e n t a t i v e  
weld i s  shown i n  F i g .  116 .  

h e a t  r a n g e  o f  30 t o  5 5  w a t t - m i n / i n .  i s  

i n .  t h i c k n e s s  w i t h  a p p r o x i m a t e l y 0 . 0 1 0 -  i 

- I  
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U r a n i u m - z i r c o n i u m  p l a t e s  p r e s e n t  a 
d i f f e r e n t  p rob lem.  Uranium m e l t s  a t  a 
t e m p e r a t u r e  n e a r l y  700°C l o w e r  t h a n  
t h e  m e l t i n g  p o i n t  o f  z i r c o n i u m .  I f  
z i r c o n i u m  i s  u s e d  a s  t h e  f i l l e r  w i r e ,  
t h e  s o l i d i f i c a t i o n  a f t e r  t h e  we ld  p a s s  
w i l l  b e  f rom t h e  o u t s i d e  i n w a r d ,  w i t h  
t h e  r e s u l t  s h o w n  i n  F i g .  1 1 7 .  T h e  
z i r c o n i u m  w e l d - m e t a l  s h e l l  s o l i d i f i e s  
f i r s t  a n d  l e a v e s  a v o l u m e  o f  l i q u i d  
u r a n i u m  i n s i d e ,  w h i c h ,  on  s o l i d i f i -  
c a t i o n ,  s h r i n k s  away from t h e  w e l d  
m e t a l  a n d  l e a v e s  a v o i d .  I n  o r d e r  t o  
a c h i e v e  t h e  i d e a l  s i t u a t i o n  o f  t h e  
m e t a l  s o l i d i f y i n g  f r o m  t h e  i n t e r i o r  
o u t w a r d ,  a w e l d  m e t a l  w i t h  a l o w e r  
s o l i d i f i c a t i o n  t e m p e r a t u r e  t h a n  u ran ium 
i s  needed .  The z i r c o n i u m - n i c k e l  s y s t e m  
h a s  a e u t e c t i c  p o i n t  a t  15 w t  % n i c k e l  
a n d  9 6 1 ° C ;  t h e  s o l i d u s  l i n e  r e a c h e s  
t h e  e u t e c t i c  l i n e  a t  1 .9% n i c k e l .  An 
a l l o y  o f  3% n i c k e l  was t r i e d  i n  w e l d -  
i n g  t h e  e d g e s .  T h r e e  p e r  c e n t  n i c k e l ,  
w h i c h  w o u l d  p l a c e  t h e  a l l o y  i n  a 
l i q u i d  p l u s  s o l i d  p h a s e  a r e a  a b o v e  

Fig. 116. Transverse Section of 
Thorium-Zirconium Plate Welded with 
Zirconium Filler Wire. 40X. - 

961"C, p r o v e d  t o  be e n o u g h  t o  c o n t r o l  
t h e  d i r e c t i o n  o f  t h e  s o l i d i f i c a t i o n  
a n d  t o  f i l l  a n y  s h r i n k a g e  c a v i t y .  
L o n g i t u d i n a l  a n d  t r a n s v e r s e  s e c t i o n s  
o f  t h e  n i c k e l  a l l o y  w e l d s  a r e  shown i n  
F i g s .  118 a n d  1 1 9 .  F o r  t h i s  t y p e  o f  
w e l d ,  a p o w e r  i n p u t  o f  1 3  t o  2 5  
w a t t - m i n / i n .  was u s e d ,  or a p p r o x i m a t e l y  
h a l f  o f  t h a t  n e e d e d  f o r  g o o d  w e l d s  
w i t h  p u r e - z i r c o n i u m  f i l l e r  w i r e .  T h e  
d i m e n s i o n s  o f  t h e  u r a n i u m - z i r c o n i u m  
p l a t e s  a r e  t h e  same a s  t h o s e  g i v e n  f o r  
t h o r i u m - z i r c o n i u m  p l a t e s .  T h e  w e l d s  
w i t h  t h e  3% n i c k e l  z i r c o n i u m  f i l l e r  
w i r e  were s o  p r o m i s i n g  t h a t  t h e y  were 
t r i e d  on  t h o r i u m - z i r c o n i u m  p l a t e s .  
T h e s e  w e l d s  were a l s o  q u i t e  s u c c e s s f u l ;  
a s e c t i o n  o f  one is  shown i n  F i g .  120.  

T h e  w e l d i n g  h e a t  i n  a l l  c a s e s  
improves  t h e  bond be tween  t h e  c l a d d i n g  
and coqe  and t h e r e  h a s  been  n o  t r o u b l e  
w i t h  h e a t - a f f e c t e d  z o n e s .  The p l a t e s  
must  be c l amped  v e r y  t i g h t l y  t o  p r e v e n t  

Fig. 117. L o n g i t u d i n a l  S e c t i o n  
Through P l a t e  o f  Uranium-Zirconium 
Showing Shrinkage Cavity Below Weld. 
5x. 
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Fig. 118. Z i r c o n i u m - 3 %  N i c k e l  
Weld on Uranium-Zirconium Plate. 40X. 

FOR PERIOD ENDING APRIL 30, 1952 

Fig. 120. Z i r c o n i u m - 3 %  N i c k e l  
Weld on Thorium-Zirconium Plate. 40X. 

D e v e l o p m e n t a l  work  on  t h e  p r o b l e m  
Fig. 119. L o n g i t u d i n a l  S-ection o f  c l a d d i n g  o f  t h o r i u m  w i t h  a l u m i n u m  

Through Plate Shown in Fig. 118. 4 0 X .  f o r  p r o d u c t i o n  o f  U233 by i r r a d i a t i o n  
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b u c k l i n g .  One method o f  r e l i e v i n g  t h e  
s t r e s s e s  i n  t h e  w e l d  i s  t o  e m p l o y  a 
r e l a t i v e l y  c o l d  p a s s  o f  t h e  t o r c h  a s  
a n  a n n e a l ,  

A m a j o r  p a r t  o f  t h e  f u t u r e  work 
w i l l  b e  a i m e d  a t  r e d u c i n g  t h e  g a s  
p o r o s i t y  t h a t  c a n  be  s e e n  i n  m o s t  o f  
t h e  w e l d s .  The  3% n i c k e l  a l l o y  seems 
t o  r e d u c e  t h e  amount  o f  g a s  p o r o s i t y ,  
b u t  t h i s  h a s  n o t  b e e n  p r o v e d .  Work 
i s  i n  p r o g r e s s  t o  d e t e r m i n e  t h e  e x t e n t  
t o  wh ich  t h e  c o r e  m e t a l  d i f f u s e s  i n t o  
t h e  f i l l e r  m e t a l  and  t h e  f a c t o r s  t h a t  
c o n t r o l  i t .  

CLADDING OF THORIUM WITH ALUMINUM 

W. J. L e o n a r d  T. W. F u l t o n  
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c o n t i n u e s .  C l a d d i n g  t e s t s  were c o n -  
d u c t e d  t o  e v a l u a t e  s e v e r a l  m e t h o d s  o f  
p r e p a r a t i o n  p r i o r  t o  h o t  w o r k i n g  t o  
o b t a i n  a m e t a l l u r g i c a l  b o n d .  T h e  
e f f e c t  o f  r o l l i n g  t e m p e r a t u r e  a n d  
a m o u n t  o f  t o t a l  r e d u c t i o n  were i n -  
v e s t  i g a  t e d  a 1  s 0. 

T e s t  s a m p l e s  p r e p a r e d  by t h e  d i r e c t  
method were h o t  r o l l e d  a t  t e m p e r a t u r e s  
o f  4 0 0 ,  5 0 0 ,  a n d  600°C.  T h e  d i r e c t  
m e t h o d  c o n s i s t s  o f  j a c k e t i n g  a r e c -  
t a n g u l a r  t h o r i u m  b i l l e t  i n  a n  aluminum 
p i c t u r e  f r a m e  and  c o v e r s ,  e v a c u a t i n g ,  

h o t  r o l l i n g .  The  amount  
t i o n  i n  t h i c k n e s s  w a s  
2 : l  t o  2 0 : l .  I n  a l l  

c a s e s  b o n d i n g  was a c h i e v e d .  

Bend and  c h i s e l  t e s t s  after r o l l i n g  
i n d i c a t e d  t h a t  t h e  4 0 0  a n d  5 0 0 ° C  
s a m p l e s  c o u l d  w i t h s t a n d  c o n s i d e r a b l e  
s t r e s s  w i t h  n o  a p p a r e n t  damage t o  t h e  
b o n d  i n t e r f a c e .  T h e  600°C s a m p l e ,  
however ,  f r a c t u r e d  on r e p e a t e d  b e n d i n g  
a n d  t h e  a l u m i n u m  c l a d d i n g  c o u l d  b e  
e a s i l y  s t r i p p e d  f r o m  t h e  t h o r i u m .  
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  f u r t h e r  
s u p p o r t e d  t h e s e  i n i t i a l  f i n d i n g s .  

P h o t o m i c r o g r a p h s  t a k e n  a t  t h e  bond 
i n t e r f a c e s  o f  s a m p l e s  r o l l e d  a t  400 ,  
500 ,  and  600°C a r e  shown i n  F i g .  121 .  
B o t h  t h e  500  a n d  6 0 0 ° C  s a m p l e s  show 
t h e  p r e s e n c e  o f  a n  i n t e r m e t a l l i c  
c o m p o u n d .  Work  i s  i n  p r o g r e s s  t o  
i d e n t i f y  t h e  u n k n o w n  c o m p o u n d .  A t  
l e a s t  two compounds a r e  known t o  e x i s t  
i n  t h e  tho r ium-a luminum p h a s e  d i a g r a m .  
R e s u l t s  o f  m e a s u r e m e n t s  made t o  d e -  
t e r m i n e  t h e  a m o u n t  o f  i n t e r m e t a l l i c  
compound formed a r e  g i v e n  i n  T a b l e  35. 

A l u m i n u m - c l a d d i n g  t h i c k n e s s e s  i n  
t h e  r a n g e  1 0  t o  1 5  m i l s  h a v e  b e e n  
p r o d u c e d .  

W i t h i n  t h e  r a n g e  5 : l  t o  2 0 : l  r e -  
d u c t i o n ,  t h e  amount o f  t o t a l  r e d u c t i o n  

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

Coupons c u t  f rom v a r i o u s  s t r a i g h t ,  
a l u m i n u m - t h o r i u m  r o l l e d  s a n d w i c h e s  
w e r e  h e a t e d  a t  6 0 0 ° C  f o r  1 h r  t o  
s i m u l a t e  t h e  a l u m i n u m - s i l i c o n  b r a z i n g  
o p e r a t i o n  u s e d  on t h e  MTR f u e l  u n i t s .  
I n  a l l  c a s e s  t h e  b o n d  c o m p l e t e l y  
d i s i n t e g r a t e d  b e c a u s e  o f  g r o w t h  o f  
i n t e r m e t a l l i c  compounds  a t  t h e  m e t a l  
f a c e s ,  w h i c h  i n d i c a t e d  t h a t  t h i s  bond 
c a n n o t  w i t h s t a n d  t h e  a l u m i n u m - s i l i c o n  
b r a z i n g  c y c l e .  A n o t h e r  g e n e r a l  d i f -  
f i c u l t y  e x p e r i e n c e d  was d i f f e r e n t i a l  
f l o w  b e t w e e n  t h e  t h o r i u m  c o r e  a n d  
aluminum j a c k e t  a t  a l l  r o l l i n g  t e m p e r -  
a t u r e s .  T h i s  r e s u l t e d  i n  t h e  t h o r i u m  
c o r e  b r e a k i n g  t h r o u g h  t h e  c l a d d i n g  
n e a r  t h e  l o n g i t u d i n a l  e n d s .  T h e  
e f f e c t  was m o s t  p r o n o u n c e d  a t  t h e  low 
r o l l i n g  t e m p e r a t u r e .  

I n  a n  a t t e m p t  t o  c h e c k  t h e  e f f e c t  
o f  p u r g i n g  j a c k e t e d  t h o r i u m  b i l l e t s  
w i t h  t h e  i n e r t  g a s e s  h e l i u m  a n d  a r g o n  
t o  remove a d s o r b e d  g a s e s ,  t h r e e  b i l l e t s  
were  p r e p a r e d  a n d  r o l l e d  a t  5 0 0 ° C .  
M e t a l l u r g i c a l  r e s u l t s  i n d i c a t e d  l i t t l e ,  
i f  a n y ,  b e n e f i c i a l  e f f e c t  from p u r g i n g  
w i t h  i n e r t  g a s e s .  

TABLE 35 

T h i c k n e s s o f  I n t e r m e t a l l i c  Compound 
Formed a t t h e  Bond I n t e r f a c e  o f  

Thorium c l a d  w i t h  Aluminum 

ROLLING 
TEMPERATURE 
("0 

40 0 

500 

600 

IHICI~NESS OF INTERMETALLIC 
COMPOUND (mils) 

, 

- 
- c  

None 

Average - 2 
Minimum - too  small to r e s o l v e  

Maximum - 4 
Average - 3 
Minimum - too small to r e s o l v e  

.. 
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( a )  R o l l e d  a t  400°C 

Y -  593 1 ALUMINUM - 
.% 

- 4  asp- * 

- . ,  - 

( b )  R o l l e d  a t  500°C 

Y - 6 6 8 6  

1% 
ALUM I NU M 

-.-/ - 
-\ 

( c )  R o l l e d  a t  600°C 

F i g .  121. Bond I n t e r f a c e s  d f  A l c l a d  Thorium R o l l e d  a t  Various Temperatures .  
E t c h e d  w i t h  a l c o h o l  and p e r c h l o r i c  a c i d .  1OOOX.  
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Work i s  i n  p r o g r e s s  on  t h e  f o l l o w -  
i n g :  

1. u s i n g  a t h i n  m a g n e s i u m o r  aluminum- 
s i l i c o n  a l l o y  l a y e r  b e t w e e n  t h e  
a l u m i n u m  a n d  t h o r i u m  t o  a c t  a s  a 
d i f f u s i o n  b a r r i e r ,  

2 .  a l t e r i n g  t h e  w o r k i n g  or f l o w  
c h a r a c t e r i s t i c s  o f  t h e  two m e t a l s  
by  a l l o y i n g  - t h o - r i u m  c a n  b e  
s o f t e n e d  by s m a l l  a d d i t i o n s  o f  
t i t a n i u m ,  w h e r e a s  a luminum c a n  be 
h a r d e n e d  by a d d i t i o n s  o f  b e r y l l i u m ,  
magnesium, s i l i c o n ,  e t c .  , 

3. i n v e s t i g a t i n g  o t h e r  m e t h o d s  o f  
p l a t e  a s s e m b l y  s u c h  a s  m e c h a n i c a l  
l i n k a g e  or u s e  o f  t h e  l o w - m e l t i n g  
( 3 5 0  t o  400°C) aluminum s o l d e r s .  

CERAMIC PROTECTIVE COATINGS 

W. J. L e o n a r d  

C e r a m i c s  c o n t a i n i n g  e n a m e l i n g  
a g e n t s  were  s t u d i e d  t o  e v a l u a t e  t h e i r  
p r o t e c t i o n  p r o p e r t i e s  a s  c o a t i n g s  on  
m e t a l s .  T h e  c e r a m i c s  u s e d  were o f  
t y p e s  A - 4 1 7  a n d  A - 4 1 8  d e v e l o p e d  by  
t h e  Bureau  o f  S t a n d a r d s ,  or v e r y  s i m i l a r  
c o m p o s i t i o n s .  T h e s e  c e r a m i c s  w e r e  
d e v e l o p e d  o r i g i n a l l y  a s  p r o t e c t i v e  
c o a t i n g s  f o r  h i g h -  t e m p e r a t u r e  - a  1 l o y  
c o a t i n g s  a n d  f o r g i n g s  t h a t  were u s e d  
f o r  j e t  t u r b i n e  b u c k e t s  or b l a d e s .  
T h e y  c o n s i s t  e s s e n t i a l l y  o f  e q u a l  
p a r t s  o f  EaO, C r z 0 3 ,  a n d  S i O ,  w i t h  
a s m a l l  a d d i t i o n  o f  CdO o r  Z r O  a n d  a 
s m a l l  p o r t i o n  o f  a v i t r i f y i n g  a g e n t  
s u c h  a s  B,03 or P,O,. a n d  BeO. A 1 , 0 ,  
or N a z O  may be s u b s t l t u t e d  or b l e n d e d  
i n  t h e  o r i g i n a l  c o m p o s i t i o n s  i f  
d e s i r e d .  

The c o a t i n g s  were p u t  on t y p e  25 -20  
s t a i n l e s s  s t e e l  by  t h e  p r o p e r  p r e -  
p a r a t o r y  t e c h n i q u e s ,  a n d  t h e  s a m p l e s  
were  r o l l e d  a t  1 8 0 0 ° F .  T h e  c o a t i n g  
a d h e r e d  e x c e l l e n t l y  t o  t h e  m e t a l  , 
s p r e a d  and  f l o w e d  w i t h  t h e  m e t a l ,  and  
s h o w e d  n o  t e n d e n c y  t o  s t i c k  t o  t h e  

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

S i n c e  t h e  p r e l i m i n a r y  t e s t s  i n d i -  
c a t e d  t h e  f e a s i b i l i t y  o f  h o t  r o l l i n g  
z i r c o n i u m ,  s e v e r a l  t e s t  s a m p l e s  9 / 1 6  
i n .  t h i c k ,  2 i n .  w i d e ,  a n d  4 i n .  l o n g  

r o l l i n g  t e m p e r a t u r e  , a m o u n t  o f  t o t a l  
r e d u c t i o n ,  a n d  t h i c k n e s s  o f  c o a t i n g .  
I n  a l l  c a s e s ,  t h e  r e d u c t i o n p e r  p a s s  was 
m a i n t a i n e d  a t  a p p r o x i m a t e l y  2 0 % .  
M i c r o g r a p h i c  e x a m i n a t i o n  was made o f  
t h e  s a m p l e s  a f t e r  r o l l i n g  t o  d e t e r m i n e  
t h e  amoun t  o f  d i f f u s i o n  b e t w e e n  c o r e  
and c l a d d i n g ,  w h e t h e r  o x i d e s  formed i n  
t h e  z i r c o n i u m ,  a n d  w h e t h e r  c r a c k s  o r  
o t h e r  d i s c o n t i n u i t i e s  o c c u r r e d  i n  t h e  - 
coating. 

- $'- 

were r o l l e d  t o  s t u d y  t h e  v a r i a b l e s  o f  6 

R e s u l t s  s h o w e d  t h a t  t h e  o p t i m u m  
t h i c k n e s s  o f  c o a t i n g  was a p p r o x i m a t e l y  
2 . 5  t o  3 .0  m i l s  a n d  t h a t  t h e  c o a t i n g  
w a s  i m p e r v i o u s  t o  a i r  p e n e t r a t i o n  when 
r o l l e d  t o  a r e d u c t i o n  o f  l e s s  t h a n  
5 : l .  T h i s  r e d u c t i o n  r a t i o  i s  s l i g h t l y  
d e p e n d e n t  on t e m p e r a t u r e ,  b e i n g  l ess  - 
a t  t h e  h i g h  r o l l i n g  t e m p e r a t u r e  a n d  
s l i g h t l y  more a t  t h e  lower  t e m p e r a t u r e .  
Z i r c o n i u m  may be r o l l e d  a t  temperatures 
f r o m  1 2 0 0  t o  1 8 0 0 ° F .  M i c r o s c o p i c  
s t u d i e s  i n d i c a t e  n o  d i f f u s i o n  i n t o  
t h e  z i r c o n i u m  by t h e  c o a t i n g  e l e m e n t s  
or l e a k s  o f  a i r  t h r o u g h  t h e  c o a t i n g  on 
t h e  - f l a t  p o r t i o n  o f  r o l l e d  p l a t e .  On 
t h e  e d g e s  t h e  c o a t i n g  f l a k e s  o f f  a f t e r  
a f ew p a s s e s ,  a n d  n i t r o g e n ,  o x y g e n ,  
and  p o s s i b l y  o t h e r  g a s e s  p e n e t r a t e  t o  
a d e p t h  o f  a b o u t  0 . 0 3 0  t o  0 . 0 4 0  i n .  
i n t o  t h e  z i r c o n i u m .  

Thor ium h a s  a l s o  been  s u c c e s s f u l l y  
c o a t e d  w i t h  t h e s e  m a t e r i a l s  b u t  n o  
q u a l i t y  e v a l u a t i o n s  have  been  made. 

T w e n t y - f i v e  s a m p l e s  were r o l l e d  t o  
1 2 : l  a n d  1 6 : 1  t o t a l  r e d u c t i o n  a t  
v a r i o u s  t e m p e r a t u r e s  w i t h  t h e  u s e  o f  
t h e  f o l l o w i n g  s t a n d a r d i z e d  p r o c e d u r e :  
( 1 )  c o a t  w i t h  2 . 5  t o  3 . 0  m i l s  o f  t h e  
c e r a m i c ,  ( 2 )  r o l l  t o  t o t a l  r e d u c t i o n  
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o f  4 : l  or s l i g h t l y  l e s s ,  ( 3 )  r e c o a t  
a n d  r o l l  t o  f i n a l  t o t a l  r e d u c t i o n  o f  
1 2 : l  o r  1 6 : l .  T h e  r o l l e d  p l a t e s  
a p p e a r e d  t o  be e n t i r e l y  s a t i s f a c t o r y .  
B e f o r e  u s e  t h e  e d g e s  a n d  e n d s  w o u l d  
r e q u i r e  t r i m m i n g  a n d  t h e  c o a t i n g  on  
f l a t  f a c e s  would h a v e  t o  be removed. 

A t  p r e s e n t ,  m i c r o s c o p i c  s t u d i e s  a r e  
b e i n g  made o f  t h e  s a m p l e s  by t a k i n g  
h a r d n e s s  t r a n s v e r s e s  i n t o  t h e  c o r e  f rom 
t h e  z i r c o n i u m  s u r f a c e  t o  d e t e c t  a n y  
p o s s i b l e  i m p u r i t y  e f f e c t s  n o t  b r o u g h t  
o u t  by  e t c h i n g .  A l s o ,  m e t h o d s  o f  
r e m o v i n g  a n d  c l e a n i n g  t h e  r o l l e d  
z i r c o n i u m  p l a t e s  a r e  b e i n g  i n v e s t i g a t e d .  

E X P E R I M E N T A L  W E L D I N G  OF U R A N I U M ,  
T H O R I U M ,  A N D  Z I R C O N I U M  

W. J .  L e o n a r d  

I n  c o n j u n c t i o n  w i t h  t h e  c l a d d i n g  
p rogram,  i n f o r m a t i o n  was needed  on t h e  
w e l d a b i l i t y  o f  c e r t a i n  m e t a l s  i n  com- 
b i n a t i o n  w i t h  t h e m s e l v e s  or w i t h  o t h e r  
d i s s i m i l a r  m e t a l s .  C u r s o r y  w e l d i n g  
t e s t s  were p e r f o r m e d  t o  g a t h e r  some 
p r e l i m i n a r y  i n f o r m a t i o n ,  a n d ,  i n  
p a r t i c u l a r ,  t h e  c r a c k  s e n s i t i v i t y  o f  
t h o r i u m  was i n v e s t i g a t e d .  R e a c t o r -  
g r a d e  u r a n i u m ,  A m e s  t h o r i u m ,  a n d  
B u r e a u  o f  Mines a r c - m e l t e d  c r y s t a l -  
b a r  t h o r i u m  w e r e  u s e d  t h r o u g h o u t  t h e  
i n v e s t i g a t i o n .  

A l l  w e l d i n g  was p e r f o r m e d  by u s i n g  
a s h i e l d e d ,  i n e r t - a r c  g a s - w e l d i n g  
t o r c h  w i t h a 1 / 1 6 - i n . t u n g s t e n  e l e c t r o d e  
i n  a d r y  box u n d e r  a h e l i u m  ( B u r e a u  o f  
Mines g r a d e  AA) a t m o s p h e r e  p u r i f i e d  by 
a g a s  t r a i n .  T h e  m a t e r i a , l s .  t o  b e  
w e l d e d  were c h a r g e d  i n t o  t h e  box  a n d  
t h e  box e v a c u a t e d  f o r  a p e r i o d  o f  a t  
l e a s t  1 6  h r  t o  t h e  b e s t  a t t a i n a b l e  
v a c u u m ,  w h i c h  v a r i e d  f r o m  40 t o  1 0 0  
m i c r o n s .  T h e  s y s t e m  w a s  t h e n  c o n -  
t i n u o u s l y  f l u s h e d  w i t h  h e l i u m  t h r o u g h  
a No .  8 g a s  c a p  a t  a f l o w  r a t e  o f  2 t o  
6 li t e r / m i n  a s  measured on a L i d e  t y p e  
L 14A f l o w m e t e r .  A f t e r  t e s t s  i n s i d e  

t h e  box i n d i c a t e d  a c o n t a m i n a t i o n - f r e e  
a t m o s p h e r e ,  w e l d i n g  was b e g u n .  T h e  
b e s t  e l e c t r i c a l  c o n t r o l  a n d  w e l d i n g  
c h a r a c t e r i s t i c s  f o r  u s e  w i t h  e a c h  
d i f f e r e n t  m a t e r i a l  w e r e  d e t e r m i n e d  by 
e x p e r i m e n t ,  

B u t t ,  f i l l e t ,  a n d  l a p  w e l d s  were  
made on t h o r i u m  p l a t e s  o f  known compo- 
s i t i o n  i n  p l a t e  s i z e s  o f  1 / 1 6 ,  1 /8 ,  
3 / 1 6 ,  a n d  1 / 4  i n . ;  t h e  r e s u l t s  were  
i r r e g u l a r .  I n  g e n e r a l ,  t h e  s m a l l e r  
t h e  p l a t e  s i z e ,  t h e  g r e a t e r  t h e  l i k e l i -  
hood o f  o b t a i n i n g  a c r a c k - f r e e  weld i n  
t h e  t h o r i u m .  L a r g e r  s i z e  t h o r i u m  
w e l d s  r e q u i r e  a g r e a t e r  " t o t a l  h e a t  
i n p u t "  ( g r e a t e r  number  o f  p a s s e s  f o r  
f i l l i n g  and l a r g e r  h e a t  i n p u t  p e r  p a s s  
f o r  p r o p e r  p e n e t r a t i o n ) ,  wh ich  i n  t u r n  
a p p e a r s  t o  be t h e  i m p o r t a n t  f a c t o r  i n  
p r o d u c i n g  c r a c k s  i n  t h o r i u m  w e l d s .  
M u l t i p a s s  w e l d s  o f  1 / 4 - i n .  t h o r i u m  
p l a t e ,  w i t h  a n d  w i t h o u t  f i l l e r  r o d ,  
were i n v e s t i g a t e d  w i t h  more c o n s i s t e n t  
r e s u l t s .  T h e s e  w e l d s  s h o w e d  c r a c k  
s e n s i t i v i t y  u n d e r  c e r t a i n  w e l d i n g  
c o n d i t i o n s ,  a n d  t h e  c r a c k s  u s u a l l y  
o c c u r r e d  b e t w e e n  t h e  b a s e  m e t a l  a n d  
t h e  h e a t - a f f e c t e d  z o n e .  The m i c r o -  
s t r u c t u r e s  o f  t h e  w e l d s  s t u d i e d  i n  
d e t a i l  s h o w e d  t h e  u s u a l  m o d e  o f  
f a i l u r e  t o  be  i n  t h e  g r a i n  b o u n d a r i e s  
o f  t h e  l a r g e s t  g r a i n s  c l o s e  t o  t h e  
w e l d  m e t a l ,  b u t  n o  d i f f e r e n c e  i n  
g r a i n  s i z e ,  a m o u n t  o f  g r a i n  b o u n d a r y  
c o n s t i t u e n t s ,  or p e r c e n t a g e  o f  i m -  
p u r i t i e s  c o u l d  be n o t e d  b e t w e e n  sound  
a n d  c r a c k e d  w e l d s .  I n  g e n e r a l  i t  may 
b e  s a i d  t h a t  s i n g l e - p a s s  w e l d s  o f  
t h o r i u m  p r e s e n t  l i t t l e  or n o  p r o b l e m ;  
m u l t i p a s s  w e l d s  a r e  more l i k e l y  t o  c r a c k  
w i t h  e a c h  s u c c e e d i n g  p a s s .  

Uranium p l a t e s  1 / 8 a n d  1/4 i n .  t h i c k  
w e r e  b u t t  w e l d e d .  M u l t i p a s s  g r o o v e  
w e l d s  on 1 / 4 - i n .  p l a t e  were a l s o  made. 
Argon g a s  a t m o s p h e r e s  and a l t e r n a t i n g -  
c u r r e n t  c o m b i n a t i o n s  w e r e  t r i e d  o n  
u r a n i u m  b u t  r e s u l t s  were n o t  s o  good  
a s  w i t h  t h e  u s e o f  d - c  s t r a i g h t  p o l a r i t y  
and a h e l i u m  a t m o s p h e r e .  
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M u l t i p a s s  g r o o v e  w e l d s  u s i n g  f i l l e r  
r o d  i n  1 / 4 - i n .  p l a t e s  were made o f  a l l  
p o s s i b l e  c o m b i n a t i o n s  o f  t h o r i u m ,  
u r a n i u m ,  a n d  z i r c o n i u m  e x c e p t  t h a t  n o  
z i r c o n i u m  b a s e  p l a t e s  w e r e  w e l d e d  
t o g e t h e r  n o r  were  two u r a n i u m  p l a t e s  
w e l d e d  w i t h  t h o r i u m  o r  z i r c o n i u m  
f i l l e r  r o d .  F i g u r e  122  i s  a p h o t o g r a p h  
o f  a weld o f  t h i s  t y p e .  F i g u r e  123  i s  
a p h o t o g r a p h  o f  b u t t  w e l d s  o f  1 / 4 - i n .  
p l a t e s  o f  t h e s e  m e t a l s .  None o f  t h e  
w e l d s  e x h i b i t e d  c r a c k  s e n s i t i v i t y  
e x c e p t  t h o s e  f o r  w h i c h  h i g h  h e a t  i n -  
p u t s  were n e c e s s a r y  t o  s e c u r e  a n o r m a l  
p e n e t r a t i o n  i n  t h e  w e l d .  T h i s  c o n -  
d i t i o n  may happen  i n  w e l d i n g  t h o r i u m -  
t o - t h o r i u m  o r  t h o r i u m - t o - z i r c o n i u m  
p l a t e s  w i t h  e i t h e r  a t h o r i u m  o r  z i r -  
c o n i u m  f i l l e r  r o d  u n l e s s  c a r e f u l  
w e l d i n g  c o n t r o l  i s  e x e r c i s e d .  T h e  
w e l d s  i n  F i g .  1 2 2  t h a t  c r a c k e d h a d  been  
made w i t h  h i g h  h e a t  i n p u t  t o  s e c u r e  
maximum p e n e t r a t i o n .  

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

show a e u t e c t i c  p r e s e n t  a t  l o c a t i o n s  
o f  m e l t i n g  amd m i x i n g  and  a l s o  s e g r e -  
g a t i o n  a r e a s  o f  u r a n i u m - r i c h  o r  
t h o r i u m - r i c h  s o l u t i o n s .  T h e s e  o h -  
s e r v a t i o n s  a r e  i n  a g r e e m e n t  w i t h  t h e  
p u b l i s h e d  b i n a r y  p h a s e  d i a g r a m .  
T h o r i u m - z i r c o n i u m  w e l d s  s h o w  t h e  
e u t e c t o i d  i n  t h a t  s y s t e m  ( s i m i l a r  t o  
p e a r l i t e  i n  s t e e l ) .  U r a n i u m - z i r c o n i u m  
w e l d s  show m i x t u r e s  o f  a l p h a  u r a n i u m  
i n  a n  a l p h a - z i r c o n i u m  m a t r i x  a n d  
v i c e  v e r s a ,  

M i c r o g r a p h i c  s t u d y  showed c o m p l e x  
p h a s e s  i n  w e l d s  i n  w h i c h  u r a n i u m ,  
t h o r i u m ,  a n d  z i r c o n i u m  were m i x e d  i n  
l i q u i d  p h a s e s .  S i n c e  t h e  t e r n a r y  
d i a g r a m  i s  u n k n o w n ,  n o  p o s i t i v e  
i d e n t i f i c a t i o n  was  a t t e m p t e d .  C o n -  
s i d e r a b l e  h e t e r o g e n e i t y  w a s  p r e s e n t  
i n  t h e  w e l d  d e p o s i t s  an'd a d j a c e n t  
m e l t e d  a r e a s ,  a n d  many m e t a s t a b l e  
p h a s e s  were o b s e r v e d .  No i n t e r m e t a l l i c  
o r  b r i t t l e  compounds were found i n  any  
o f  t h e  w e l d s  made. 

- 
F i g .  1 2 2 .  W e l d s  o f  Thorium, Uranium, and Zirconium 1 / 4 - i n .  T e s t  P l a t e s .  
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FUEL AND CONTROL ELEMENT FABRICATION 
J. E. Cunningham 

MTR FUEL A N D  CONTROL ROD ELEMENTS 

H. J.  W a l l a c e  G. E. C o o l e y  
E .  R .  T u r n b i l l  

P r o d u c t i o n  work on t h e  f a b r i c a t i o n  
o f  e n r i c h e d - u r a n i u m  f u e l  and c o n t r o l -  
r o d  e l e m e n t s  f o r  t h e  M a t e r i a l s  T e s t i n g  
R e a c t o r  i s  now p r o g r e s s i n g  a t  a s a t i s -  
f a c t o r y  and  e f f i c i e n t  r a t e .  M e a s u r e s  
a r e  b e i n g  t a k e n  t o  s t e p  up p r o d u c t i o n  
c o m m e n s u r a t e  w i t h  t h e  e x p e c t e d  i n -  
c r e a s e  i n  demand. 

D u r i n g  t h e  q u a r t e r  s e v e r a l  h u n d r e d  
g o o d - q u a l i t y  c a s t i n g s  w e r e  r e c e i v e d  
f r o m  t h e  Aluminum Company o f  A m e r i c a .  
T h e s e  e n d - b o x  c a s t i n g s  were d e l a y i n g  
c o m p l e t i o n  o f  t w o  p i l e  l o a d i n g s  o f  
f u e l  u n i t s  on  h a n d .  The 356 aluminum 
c a s t i n g s  were r e q u i r e d  t o  a d a p t  t h e  
f u e l  a s s e m b l y  t o  t h e  u p p e r  and  l o w e r  
g r i d  s e c t i o n s  i n  t h e  r e a c t o r .  

E x a m i n a t i o n  r e v e a l e d  t h a t  t h e  s a n d  
c a s t i n g s  were sound  and d i m e n s i o n a l l y  
c o r r e c t .  A s  r a p i d l y  a s  p o s s i b l e ,  
c a s t i n g s  were a t t a c h e d  b y  w e l d i n g  and 
t h e  u n i t s  w e r e  r u s h e d  t h r o u g h  t h e  
f i n a l  m a c h i n i n g  o p e r a t i o n  i n  t h e  s h o p .  
N e w  j i g s  t h a t  were d e s i g n e d  and  c o n -  
s t r u c t e d  t o  s p e e d  u p  i n s p e c t i o n  w e r e  
a l s o  a v a i l a b l e .  A l l  u n i t s  p a s s e d  
d i m e n s i o n a l  i n s p e c t i o n  and U235 c o n t e n t  
s p e c i f i c a t i o n s .  

A t o t a l  o f  6 6  f u e l  u n i t s  a n d  8 
s h i m - s a f e t y  c o n t r o l  r o d s  were c r a t e d  
and  s h i p p e d  t o  ARCO. The u n i t s  were 
p a c k a g e d  i n  c admium-cont a i n i n g  c a r r i e r s  
f o r  s h i p m e n t  - s i x  f u e l  u n i t s  or two  
c o n t r o l  r o d s  p e r  c o n t a i n e r .  A l l  
s h i p m e n t s  were made money w a y b i l l  v i a  
R a i l w a y  E x p r e s s  , hand-  t o - h a n d  s i g n a t u r e  
r e q u i r e d ,  and i n  a n  amoun t  l e s s  t h a n  
1 k g  o f  U235. 

A l l  s h i p m e n t s  a r r i v e d  s a f e l y .  T h i s  
i s  i m p o r t a n t  b e c a u s e  t h e  p e r m i s s a b l e  
o u t -  o f -  s t r a i g h t n e  ss t o l e r a n c e  o n  t h e  
s h i m - s a f e t y  r o d  i s  a m e a g e r  1 m i l / f t  
or 14 m i l s  on a 1 4 - f t  r o d .  No t r o u b l e  
was e x p e r i e n c e d  i n  l o a d i n g  t h e  i n i t i a l  
s e t  o f  2 3  f u e l  a n d  4 c o n t r o l  r o d s  
i n t o  t h e  r e a c t o r  f o r  s t a r t - u p .  

The r e m a i n d e r  o f  t h e  t h i r d  and  a l l  
t h e  f o u r t h  p i l e  l o a d i n g  a r e  i n  v a r i o u s  
s t a g e s  o f  c o m p l e t i o n .  T h i r t e e n  f u e l  
and  s e v e n  u r a n i u m  s e c t i o n s  f o r  s h i m -  
s a f e t y  r o d s  h a v e  b e e n  b r a z e d  a n d  
f o r w a r d e d  f o r  f i n a l  m a c h i n i n g .  T h e  
p a r t s  for 16 m o r e  u n i t s  a r e  i n  t h e  
fo rm o f  u ran ium-a luminum a l l o y  i n g o t s ,  
c o r e s ,  c l a d  p l a t e s ,  e t c .  

M i n o r  a d j u s t m e n t s  on  t h e  componen t  
p a r t s  and  b r a z i n g  c y c l e  h a v e  made i t  
p o s s i b l e  t o  m a i n t a i n  c l o s e r  t o l e r a n c e  
on  t h e  w a t e r - g a p  s p a c i n g .  The n o m i n a l  
0 .  1 1 7 - i n .  s p a c i n g  t o l e r a n c e  i s  now 
r u n n i n g  * 0 . 0 0 6  i n .  , or w i t h i n ,  5 %  
r a t h e r  t h a n  t h e  s p e c i f i e d  + 0 . 0 1 2  i n . ,  
or 10%. 

4n o v e r - a l l  i n v e n t o r y  was  r u n  o n  
t h e  last 7-kg lot of  e n r i c h e d - u r a n i u m  
m e t a l  p r o c e s s e d .  T h e  a c c o u n t  showed 
a g a i n  o f  0 . 2 5 % ,  w h i c h  i s  a s l i g h t  
d e c r e a s e  o v e r  t h e  l a s t  b a t c h  t h a t  r a n  
0 . 3 6 %  h i g h .  T h e s e  b a l a n c e s  a r e  o b -  
t a i n e d  a f t e r  ' r e c o v e r y  o f  a l l  t h e  
u r a n i u m  c o n t a i n e d  i n  t h e  d r o s s ,  
g r a p h i t e  c r u c i b l e ,  s t i r r i n g  r o d s ,  and  
s a m p l i n g  t o o l s .  A l t h o u g h  t h e s e  
f i g u r e s  a r e  w i t h i n  t h e  a n a l y t i c a l  
a c c u r a c y  o f  +0.5%, r e s u l t s  c o n s i s t e n t l y  
r u n  h i g h  a n d  i n d i c a t e  a b i a s  o r  
c o n s t a n t  e r r o r .  E x p e r i m e n t a l  t e s t s  
o n  n o r m a l  m e t a l  a r e  i n  p r o g r e s s  t o  
d e t e r m i n e  t h e  o r i g i n  o f  t h i s  s l i g h t  
b u t  d i s t u r b i n g  e r r o r .  B o t h  t h e  
a n a l y s e s  by  t h e  c h e m i c a l  l a b o r a t o r y  
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a n d  t h e  m e t h o d  o f  t a k i n g  t h e  d i p  
s a m p l e s  a r e  b e i n g  c a r e f u l l y  c h e c k e d .  

A new d r y i n g  o v e n  c a p a b l e  o f  d r y i n g  
s i m u l t a n e o u s l y  s i x  o r  m o r e  u n i t s  o f  
l e n g t h s  u p  t o  6 f t  h a s  b e e n  p u r c h a s e d  
a n d  i n s t a l l e d .  An e n g r a v i n g  u n i t  i s  
o n  o r d e r  f o r  p e r m a n e n t l y  m a r k i n g  t h e  
i d e n t i f i c a t i o n  l e t t e r s  a n d  n u m e r a l s  
o n  e a c h  a s s e m b l y .  S t a r t i n g  n e x t  
m o n t h ,  a n  a t t e m p t  w i l l  b e  m a d e  t o  
p r o c e s s  u n i t s  f r o m  r a w  u r a n i u m  a n d  
a l u m i n u m  m e t a l  i n t o  c o m p l e t e d  a s -  
s e ~ b l ; e . -  1i .2dy f o r  p i l e  o p e r a t i o n  a t  
t h e  r a t e  o f  t w o  e a c h  w o r k i n g  d a y .  
W i t h  a d d i t i o n a l  manpower,  t h i s  s c h e d u l e  
c o u l d  be  f u r t h e r  improved .  

EXPERIMENTAL C P - 5  FUEL U N I T S  

J .  N .  Hex W. W. P r o a p s  

D e v e l o p m e n t a l  work w a s  i n i t i a t e d  on 
t h e  f a b r i c a t i o n  o f  a m o d i f i e d  MTR 
f u e l  u n i t  f o r  t h e  C P - 5  r e a c t o r  a t  
A r g o n n e  N a t i o n a l  L a b o r a t o r y .  T h e  
CP-5  f u e l  u n i t  c a l l s  f o r  l e s s  a c t i v e  
p l a t e s  o f  s o m e w h a t  h i g h e r  u r a n i u m  
c o n c  e n  t r a t i  on ,  w i d e r  w a t e r  - g a p  s p a c i n g ,  
a n d  t h i n n e r  a luminum s i d e  p l a t e s  t h a n  
a r e  r e q u i r e d  on  t h e  MTR u n i t .  

T h r e e  dummy a l u m i n u m  a s s e m b l i e s  
w e r e  made  t o  d e t e r m i n e  o p t i m u m  j i g  
d i m e n s i o n s  a n d  t o  d e v e l o p  a b r a z i n g  
c y c l e  t h a t  w i l l  y i e l d  b r a z e d  a s -  
s e m b l i e s  w e l l  w i t h i n  t h e  CP-5 s p e c i f i e d  
t o l e r a n c e s .  E x p e r i m e n t  a 1  a s s e m b l y  
No. 1, d e s i g n a t e d  a s  P - 1 - E ,  was  r u n  
t h r o u g h  t h e  c o n v e n t i o n a l  MTR c y c l e ,  
a n d  i n s p e c t i o n  r e v e a l e d  t h a t  t h e  
0 . 0 1 0  i n .  o f  f r e e d o m  n o r m a l l y  a l l o w e d  
b e t w e e n  componen t  p a r t s  w a s  t o o  much. 
A l s o ,  t h e  w i d e r  p l a t e  s p a c i n g  a n d  
t h i n n e r  s i d e  p l a t e s  r e q u i r e d  a c h a n g e  
i n  t h e  b r a z i n g  c y c l e .  U n i t s  P -2 -E  and 
P - 3 - E  were  r u n  i n  a s i m i l a r  m a n n e r  
b u t  w i t h  s l i g h t  a d j u s t m e n t s  made  i n  
j i g g i n g  and b r a z i n g  t i m e  o r  t e m p e r a -  
t u r e .  F i g u r e  124 i s  a p h o t o g r a p h  o f  
t h e  CP-5 f u e l  e l e m e n t .  

R e s u l t s  o f  t h e  i n s p e c t i o n  a r e  
shown i n  T a b l e  3 6 .  T h e  f i g u r e s  a r e  
b a s e d  on maximum r a t h e r  t h a n  a v e r a g e  
d e v i a t i o n  a t  a n y  o n e  p o i n t  a n d  t e n d  
t o  p r e s e n t  a s o m e w h a t  p e s s i m i s t i c  
p i c t u r e ,  and y e t  a l l  u n i t s ,  w i t h  t h e  
p o s s i b l e  e x c e p t i o n  o f  t h e  f i r s t ,  meet 

p a t e d  i n  f a b r i c a t i n g  t h e  r e m a i n i n g  
16 a c t i v e  e l e m e n t s  o r d e r e d .  

i' s p e c i f i c a t i o n s .  No t r o u b l e  i s  a n t i c i -  _. 

I 

4 
,1 

T h e  C P - 5  dummy u n i t ,  a s  b r a z e d ,  
w e i g h s  6 . 5 3  l b ,  o f  w h i c h  0 . 2 2  l b  i s  
e u t e c t i c  ( 1 1 . 5 %  S i )  a l u m i n u m - s i l i c o n  
a l l o y .  T h e r e f o r e  t h e  a s s e m b l y  c o n t a i n s  
a p p r o x i m a t e l y  0 . 0 2  l b  o f  s i l i c o n  
m e t a l .  S i n c e  t h e  d e s i g n  g r o u p  w a s  
c o n c e r n e d  a b o u t  l o s s  i n  r e a c t i v i t y  
d u e  t o  a l u m i n u m ,  i t  w a s  s u g g e s t e d  
t h a t  t h e  a l c l a d  t h i c k n e s s  o n  t h e  
a c t i v e  p l a t e  be  l o w e r e d  f r o m  2 0  t o  
15  o r  10  m i l s .  A c c o r d i n g  t o  J .  A .  
L a n e ,  o n l y  a b o u t  2 m i l s  i s  r e q u i r e d  
t o  s t o p  r e c o i l  n e u t r o n s .  

- 

F i g .  124. CP-5  F u e l  E lement .  
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TABLE 36 

Dimensions 

P la te  spacing ( i n . )  

y Over-a l l  width ( i n . )  

Vertical center height ( i n .  1 
b% 
w c;: 

Alignment ( i n .  

Condition of brazed j o i n t  

Dis tr ibut ion of braze metal 

Flux removal 

Inspec t ion  Data on the  Experimental 

CP-5 F u e l  U n i t s  

SPECIFIED DIMENSION 

0. 154 

2.940 

2.414 

TOLERANCE 

j3.015 or 10% 

iO.016 

a. 030 

P-1-E 

0.154 + 0.004 
- 0.009 
or 6% 

2.940 + 0.000 

- 0.005 
to 0.012 

2.414 + 0,001 
- 0.005 

0.040 t o  0.050 
o u t  of  square 

Excellent 

Good except a t  

one end of 
space 11-12 

OK 

EXPERIMENTAL ASSEMBLY 

P-2-E 

0.154 + 0.004 
- 0.006 
or 4% 

2.940 + 0.000 
- 0.007 
to 0.011 

2.414 + 0.006 
- 0.000 

Excellent 

Excellent 

Better 

OK 

P-3-E 

0. 154 + 0.012 or 8% 
- 0.004 

2.940 + 0.000 
- 0.007 t o  0 .013  

2.414 + 0:OOS 
- 0.000 

S l i g h t l y  o u t  of  square 

Excellent 

Best 

OK 

I 



METALLURGY DIVISION QUARTERLY P R O G R E S S  R E P O R T  

I n  o r d e r  t o  more c l o s e l y  meet t h e  
t a r g e t  d i m e n s i o n s  and f a c i l i t a t e  t h e  
b r a z i n g  o p e r a t i o n ,  a f e w  s l i g h t  
a l t e r a t i o n s  on t h e  CP-5 d r a w i n g s  were 
recommended. A l l  t h r e e  e x p e r i m e n t a l  
a s s e m b l i e s  and t h e  f a b r i c a t i o n  r e c o r d  
c a r d s  were f o r w a r d e d  t o  ANL f o r  i n -  
s p e c t i o n  and s t u d y .  

LITR FUEL UNITS 

I n  c o n n e c t i o n  w i t h  t h e  p r o p o s e d  
power i n c r e a s e  o f  t h e  LITR f r o m  a p -  
p r o x i m a t e l y  1 t o  1 .5  m e g a w a t t s ,  t w o  
r e p l a c e m e n t s  and  f i v e  a d d i t i o n a l  f u e l  
a s s e m b l i e s  were f a b r i c a t e d  a c c o r d i n g  

p e c  i f i c  a t  i o n s .  P e n d i n g  a p p r o v a  1, 
cadmium s h i m - s a f e t y  c o n t r o l  r o d s  

4 w i l l  a l s o  be c o n s t r u c t e d .  

BULK SHIELDING FA 

e x p e r i m e n t .  

A n o t h e r  s p e c i a l  u n i t  t h a t  i s  b e i n g  
a s s e m b l e d  w i l l  b e  u s e d  f o r  o b t a i n i n g  
more  r e l i a b l e  d a t a  to c a l c u l a t e  t h e  
h e a t  r e l e a s e  p e r  f i s s i o n  o f  UZ3’. 
The a s s e m b l y  w i l l  b e  c o n s t r u c t e d  i n  a 
manner t o  p e r m i t  r emova l  or s u b s t i t u t i o n  
o f  t h e  c e n t r a l  a c t i v e  p l a t e .  B e s i d e s  
t h e  r e m o v a b l e  c e n t r a l  p l a t e ,  a n o t h e r  
a c t i v e  p l a  a i n i n g  s e v e r a l  
1 l / $ - i n . - d i  w i l l  b e  p r o v i d e d  
t o  p e r m i t  i n  of c l a d  or u n c l a d  
u r a n i u m -  aluminum d i s k s  p r e p a r e d  f r o m  
t h e  same h e a t .  

Two o f  t h e  l e a d - c a d m i u m  a l l o y  
( 1 7 . 5  w t  % cadmium)  s a f e t y  r o d s  and  
one c o n t r o l  r o d  fo r  t h e  Bu lk  S h i e l d i n g  
F a c i l i t y w e r e  f a b r i c a t e d  and f o r w a r d e d .  -. 

FUEL UNITS FOR CHEMICAL PROCESSING 

A t  t h e  r e q u e s t  o f  t h e  A m e r i c a n  . 
Cyanamid  Company a t  ARCO, 2 0  n o r m a l -  
u r a n i u m  MTR f u e l  e l e m e n t s  a r e  b e i n g  
a s s e m b l e d  a n d  b r a z e d  f o r  u s e  in 
d i s s o l v i n g  and s e p a r a t i o n  s t u d i e s  i n  
t h e  c h e m i c a l  p r o c e s s i n g  p l a n t .  To 
d a t e  f o u r  u n i t s  h a v e  b e e n  completed. , 

SERVICE WORK 

J.  H. I r w i n  D. E. Rosson  
L. A. Amburn G. E. C o o l e y  
J. B. F l y n n  E. R. T u r n b i l l  

di 

Rolling of Uranium Plate for  
The  U n i v e r s i t y  o f  C a l i f o r n i a ‘ R e s  
L a b o  r a t  or i e s re  q u i  re  a p p r  ox i m  a t  e 1 y 
2000 l b  o f  u r a n i u m  p l a t e  
m a t e r i a l ,  and a b o u t  1000 
r o l l e d  from b a r  m a t e r i a l  
UCRL. The r e m a i n d e r  o f  
m a t e r i a l  w i l l  b e  r o l l e d  
now b e i n g  mad 
c a s t i n g  l a b o r a t  

A l c l a d  B o r a 1  R o l l f a g .  
a l u m i n u m - c l a  

s e v e n  s m a l l  p l a t e s  r 

P r e p a r a t i o n  of En 
The  two l o t s  o f  e n r i c h e  
a n d  s h i p p e d  t o  o t h e r  
i n c l u d e d  0 . 0 1 - i n .  m a t e  
t o  t h e  U n i v e r s i t y  o 
R e s e a r c h  L a b o r a t o r i e s  a n  
m a t e r i a l  f u r n i s h e d  t o  t h e  B r o o k h a v e n  
N a t i o n a l  L a b o r a t o r y .  

__ ___ . - - -_- 
Thorium Dissolution. A p p r o x i m a t e l y  

30 kg o f  e x t r u d e d  t h o r i u m  r o d  w a s  
f u r n i s h e d  t o  t h e  c h e m i c a l  g r o u p  f o r  
d i s s o l u t i o n  e x p e r i m e n t s .  



FOR P E R I O D  E N D I N G  A P R I L  3 0 ,  1 9 5 2  

Thorium Research  Program. Ap- General. I n s t a l l a t i o n  o f  t h e  
p r o x i m a t e l y  80 t h o r i u m  a l l o y s  were l O O - k w ,  3 0 0 0 - c y c l e  g e n e r a t o r  h a s  b e e n  
vacuum or a r c  m e l t e d  f o r  a l l o y  s t u d i e s .  c o m p l e t e d .  T h e  l a r g e ,  D i s t i l l a t i o n  
T h o r i u m  p l a t e ,  r o d ,  a n d  w i r e  w e r e  P r o d u c t s ,  vacuum t i l t i n g  f u r n a c e  t h a t  
f a b r i c a t e d  f r o m  A m e s  c a s t  b i l l e t s  b y  i s  t o  b e  o p e r a t e d  f r o m  t h i s  g e n e r a t o r  
e x t r u s i o n ,  r o l l i n g ,  s w a g i n g ,  a n d  w i l l  b e  r e a d y  f o r  o p e r a t i o n  i n  t h e  
d r a w i n g  f o r  w e l d i n g  and p h y s i c a l  t e s t  n e a r  f u t u r e .  T h e  i n s t a l l a t i o n  o f  
d a t a .  g e n e r a t o r s  a n d  a t r a n s f o r m e r  a s  t h e  

power s u p p l y  €or t h e  l a r g e  arc  f u r n a c e  
S e v e r a l  b r a z i n g  a l l o y s  were  made w i l l  be  s t a r t e d  s o o n .  

- _ . ~  

b y  a r c  m e l t i n g  i n  t h e  s m a l l ,  i n e r t -  
a t m o s p h e r e  f u r n a c e .  Chromium a 1  l o y s  
were c a s t  a n d  f a b r i c a t e d  i n t o  r o d .  

______ - - __ - ~- 

_ -  - ~ _ _ _ _ _  - 
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