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ABSTRACT 

P r o d u c t i o n  o f  a l u m i n u m - s i l i c o n  
bonded s l u g s  by t h e  t r i p l e - d i p  p r o c e s s  
w a s  s t a r t e d .  The b o n d e d  s l u g s  will 
r e p l a c e  t h e  unbonded s l u g s  now u s e d  i n  
t h e  ORNL g r a p h i t e - m o d e r a t e d  p i l e .  
A p p r o x i m a t e l y  20% of t h e  bonded slugs 
s h ow e d t3 i E f u s i o n  b 1 i s t e r i n g d u I: i n g 
h e a t  t r e a t m e n C  a t  4OO0C, a n d  i t  was 
found  t h a t  l o c a l i z e d  c o n c e n t r a t i o n s  o f  
r e s i d u a l  t i n  were a s s o c i a t e d  w i t h  t h e  
d i f f u s i o n  b l i s t e r s .  I n  o r d e r  t o  a v o i d  
t h e  t i n  ba th  o f  t h e  t r i p l e - d i p  process,  
t h e  a l p h a - c a n n i n g  t e c h n i q u e  w a s  
a d o p t e d .  

D i f f i c u l t i e s  a s s o c i a t e d  w i t h  n o n -  
wetting of  s l u g s  i n  t h e  a l p h a - c a n n i n g  
p r o c e s s  were s o l v e d  by t h e  u s e  o f  a n  

a l u m i n u m  b r a z i n g -  f i u x  c o v e r  o n  t h e  
d u p l e x  b a t h .  I t  w a s  f o u n d  t h a t  a 
c o n t i n u o u s  l a y e r  o f  the d i f f u s i o n -  
b a r r i e r  p h a s e ,  U ( A l , S i ) , ,  a n  t h e  s u r -  
f a c e  o f a l p h a - c a n n e d  s l u g s  was n e c e s s a r y  
t o  a v o i d  d i f f u s i o n  b l i s t e r i n g  d u r i n g  
h e a t  t r e a t m e n t  a t  400'C. T h i s  l a y e r  
i s  c o n t i n u o u s  o n l y  w h e n  c o m p l e t e  
w e t t i n g o f t h e  s l u g  by mol t en  aluminum- 
s i l i c o n  a l l o y  i s  o b t a i n e d .  

A t o t a l  of a p p r o x i m a t e l y  1 2 , 0 0 0  
a l p h a - c a n n e d  s l u g s  have  been t e s t e d  by 
heat t r e a t m e n t  o f  s e v e n  d a y s  a t  40OOC 
w i t h  n o  e v i d e n c e  o f  d i f f u s i o n  b l i s t e r -  
i n g .  T h i s  compares  w i t h  a b l i s t e r i n g  
f r e q u e n c y  o f  a p p r o x i m a t e l y  2 0 %  f o r  
t r i p l e - d i p  c a n n e d  s l u g s .  





APPLICATION OF ALPHA CANNING TO PREPARATION OF 
SLUGS FOR ORNL X-10 GRAPHITE PILE 

E. J .  

PHTRODUCTfON 

About  100 r u p t u r e s  o f  t h e  aluminum- 
c a n n r d ,  u n b o n d e d  f n e l  s l u g s  h a v e  
o c c u r r e d  s i n c e  t h e  s t a r t  o f  t h e  O a k  
R i d E e  Na t i o n a  1 La b o r a  t o r y  a i  F - c o o l  cd 
g r a p h i t e - m o d e r a t e d  p i l e .  T h e s e  r u p -  
t u r e s  a r e  a d i r e c t  r e s u l t  o f  a i r  
g a i n i n g  a c c e s s  t Q  t h e  u r a n i u m  s l u g  
t h r o u g h  a b r e a k  i n  t h e  alumi-tiurn c a n .  
T h e  r e a c t o r  o p e r a t e s  w i t h  a maximum 
s l u g - s u r f a c e  t e m p e r a t u r e  o f  250°C, and 
t h e r e  fore t h e  o x i d a t i o n  o f  t h e  u ran ium 
c o r e  p r o c e e d s  a t  a r a p i d  r a t e  a n d  
r e s u l t s  i n  s w e l l i n g  and t e a r i n g  of t h e  
a l u m i n u m  c a n .  I n  s e v e r a l  r u p t u r e s ,  
t h e  s w e l l i n g  r e s u l t e d  i n  b l o c k a g e  o f  
t h e  s l u g  c h a n n e l s ,  w h i c h  c a u s e d  o v e r -  
h e a t i n g  of t h e  r e m a i n d e r  o f  t h e  s l u g s  
i n  t h a t  c h a n n e l  a n d  f a i l u r e  o f  t h e  
e n t i r e  l i n e  o f  s l u g s .  

In a p r e v i o u s  r e p o r t ( ' )  d a t a  an t h e  
c a u s e s  and s o l u t i o n o f t h e  s l u g  r u p t u r e  
problem were p r e s e n t e d .  T h i s  work h a s  
s h o w n  t h a t  t h e  m a j o r  c a u s e  o f  s l u g  
f a i l u r e  was f a u l t y  w e l d s  a t  t h e  e n d -  
c a p  c l o s u r e ,  A s e c o n d a r y ,  b u t  e q u a l l y  
i m p o r t a n t ,  c a u s e  o f  f a i l u r e  was  t h e  
p e n e t r a t i o n  o f  t h e  a l u m i n u m  c a n  by 
i n t e r d i f f u s i o n  of uranium and aluminum. 
T h e  r e c o m m e n d e d  s o l u t i o n  t o  t h i s  
problem was t h e  u s e o f  a l u m i n u m - s i l i c o n  
bonded s l u g s ,  for t h e  f o l l o w i n g  r e a s o n s :  

1. The  w e l d i n g  c l o s u r e  i s  s t r u c t u r -  
a l l y  s o u n d e r ,  s i n c e  t h e r e  is  a d o u b l e  
p r o t e c t i o n  a g a i n s t  a i r  l e a k a g e  i n t o  
t h e  u ran ium c o r e  by v i r t u e  of t h e  f a c t  
t h a t  t h e r e  i s  a n  a l u m i n u m - s i l i c o n  
l a y e r  p r e s e n t  between t h e  c o r e  and t h e  
i n e r t  g a s ,  a r c - w e l d  bead on t h e  end cap. 

Boy 1 e 

c o r e  w h e n  i n  c o n t a c t  w i t h  m o l t e n  
a l u m i n u m - s i l i c o n  a c t s  a s  a n  e f f e c t i v e  
d i f f u s i o n  b a r r i e r  be tween t h e  c o r e  and 
t h e  aluminum c a n .  

C O N C L U S I O N S  

On t h e  b a s i s  o f  t h e  e x p e r i m e n t a l  
work c a r r i e d  o u t  i n  c o n n e c t i o n  w i t h  
t h i s  problem,  t h e  f o l l o w i n g  c o n c l u s i o n s  
a p p e a r  t o  be j u s t i f i e d :  

1. The compound l a y e r ,  U(A1, S i ) 3 ,  
formed o n  t h e  s u r f a c e  of  u r a n i u m  when 
i n  c o n t a c t  w i t h  m o l t e n  a l u m i n u m -  
s i l i c o n ,  i s  an  e f f e c t i v e  d i f f u s i o n  
b a r r i e r  be tween u r a n i u m  and a luminum-  
s i l i c o n  or aluminum a t  400°C. 

2, S l u g s  c a n n e d  by t h e  s t a n d a r d  
t r i p l e - d i p  p r o c e s s ,  a s  used  a t  Hartford 
and  d u p l i c a t e d  i n  t h e  p r e s e n t  work a t  
Y-12, s h o w  a d i f f u s i o n - b l i s t e r i n g  
f r e q u e n c y  o f  15 t o  20% when h e a t e d  a t  
400°C. T h e  d i f f u s i o n  b l i s t e r s  a r e  
i n v a r i a b l y  a s s o c i a t e d  w i t h  l o c a l i z e d  
c o n c e n t r a t i o n s  o f  t i n  i n  t h e  b o n d i n g  
l a y e r s .  I t  i s  t h o u g h t  t h a t  l o c a l i z e d  
t i n  c o n c e n t r a t i o n s  p r e v e n t  c o n t a c t  o f  
m o l t e n  a l u m i n u m - s i l i c o n  w i t h  t h e  
u ran ium and  r e s u l t  i n  d i s c o n t i n u i t i e s  
i n  t h e  U(A1, S i ) ,  d i f f u s i o n  b a r r i e r .  

3 .  G a s  b l i s t e r i n g  w i l l  o c c u r  i n  
t r i p l e - d i p ,  c a n n e d  s l u g s  h e a t e d  to 
400'C when t h e  a l u m i n u m - s i l i c o n  l a y e r  
c o n t a i n s  d i s s o l v e d  h y d r o g e n .  T h i s  
d e f e c t  may b e  a v o i d e d  b y  c a r e f u l  
a t t e n t i o n  t o  p r e v e n t i n g  m o i s t u r e  from 
e n t e r i n g  t h e  a l u m i n u m - s i l i c o n  b a t h s  
and  by "aging" o f  t h e  b a t h  € o r  2 4  h r  
p r i o r  t o  t h e  s t a r t  o f  c a n n i n g .  

2 .  The u r a n i u m - r i c h  compound l a y e r  4. The u s e  o f  a flux on t h e  s u r f a c e  
fo rmed  on t h e  s u r f a c e  o f  t h e  u r a n i u m  of t h e  d u p l e x  b a t h i n  t h e  a l p h a - c a n n i n g  
--. .~___I_...__ ___I p r o c e s s  ensures c o m p l e t e  w e t t i n g o f t h e  

u r a n i u m  s u r f a c e  by m o l t e n  a l u m i n u m -  

J u l y  1.4, 1949. v e r y  i m p o r t a n t  i n  e n s u r i n g  t h a t  t h e  
(')€I. 0. Williams, l n t e r i r  R e p o r t  on Cltnfon 

S l u g  R u p t u r e s  - C a u s e s  and Preventton, OmL-269, T h i s  w e t t i n g  is  
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U ( A 1 ,  S i ) ,  d i f f u s i o n - b a r r i e r  l a y e r  i s  
c o n t i n u o u s  over  t h e  e n t i r e  s l u g  s u r f a c e .  

5 .  T h e r e  h a v e  b e e n  n o  d e f i n i t e  
c a s e s  of  d i f f u s i o n  b l i s t e r i n g  durirlg 
h e a t i n g  a t  4 0 0 ° C  o f  s l u g s  c a n n e d  hy 
t h e  a l p h a - c a n n i n g  method w i t h  a f l u x  
on t h e  d u p l e x  b a t h .  A l l  b l i s t e r s  and 
r u p t u r e s  examined t o  d a t e  a p p e a r  t o  be 
a s s o c i a t e d  wi t , h  l e a k s  i n  t h e  w e l d  
c l o s u r e s  o r  p o r o s i t y  i n  t h e  end  c a p s .  

EXPERIMENTAL PRQCEDURE 

T r i p l e  - D i p  Canning.(2)  I n  1 i n e  w i t h  
t h e  r e c o m m e n d a t i o n  p r e s e n t e d ,  t h e  
d e c i s i o n  was made t o  r e p l a c e  t h e  s l u g s  
now i n  t h e  p i l e  w i t h  a l u m i n u m - s i l i c o n  
b o n d e d ,  t r i p l e - d i p  s l u g s  c a n n e d  
a c c o r d i n g  t o  s t a n d a r d  Hanfo rd  t e c h n i q u e .  
A l l  p r o d u c t i o n  was c a r r i e d  o u t  i n  t h e  
Chemica l  Depa r tmen t  a t  t h e  Y - 1 2  P l a n t .  

T h e  s t a n d a r d  t r i p l e - d i p  c a n n i n g  
p r o c e d u r e ,  a s  p r a c t i c e d  a t  Hanfo rd  and 
u s e d  a t  Y - 1 2  i n  t h e  p r e s e n t  w o r k ,  
c o n s i s t s  of t h e  f o l l o w i n g  s t e p s :  

1. 8ronze B a t h .  The mach ined  and 
e t c h e d  uranium s l u g s  a r e  immersed i n  a 
b r o n z e  b a t h  f o r  a p e r i o d  o f  44 sec  a t  
a t e m p e r a t u r e  of 725°C. 

2 .  T i n  B a t h .  S l u g s  from t h e  b r o n z e  
b a t h  a r e  quenched  i n t o  m o l t e n  t i n  a t  a 
t e m p e r a t u r e  o f  600°C and a r e  h e l d  f o r  
a p e r i o d  o f  40 s e c o n d s .  

3 .  C e n t r i f u g e .  From t h e  t i n  b a t h  
t h e  s l u g s  a r e  t r a n s f e r r e d  d i r e c t l y  t o  
a c e n t r i f u g e  and spun  a t  650  rpm f o r  a 
p e r i o d  o f  6 s e c o n d s ,  

4.  A l u m i n u m - S i  1 i c o n  D i p  B a t h .  A f t e r  
c e n t r i f u g i n g ,  t h e  s l u g s  a r e  immersed  
i n  a n  a l u m i n u m - s i l i c o n  ( 1 1 . 2 %  s i l i c o n )  
b a t h  a t  600°C and a r e  h e l d  f o r a  p e r i o d  
o f  8 s e c o n d s ,  

5. A l u m i n u m - S i  1 icon C a n n i n g  B a t h .  
A f t e r  t h e  s l u g s  h a v e  b e e n  w e t  w i t h  

("E. A. S m i t h ,  O p e r a t i n g  P r o c e s s  f o r  C a n n i n g  
4 - i n .  Slugs, HW-9401, April 15. 1948. 

a l u m i i r u t n r - s i l i c o n  i n  t h e  d i p  b a t h ,  
t h e y  a r p  t z a n s f e r r e d  t o  i h c  c a n n i n g  
b a t h  where t h e y  a r e  i i l s e r t c d  i n t o  a 
p r e h e a t e d  a l i in i inum c a n  i n h i d e  s f  T, 

s t e e l  s l p e v c .  J u s t  p r i o r  t o i n s e i ~ i o n ,  
t h e  a l u m i n u r n  c a n  is f i l l e d  w i t h  
a l u m i n u m - s i l i c o n  by l o w e r i n g  t h e  m o u t h  
b e l o w  t h e  s i l r f a c e  o f  t h e  b a t h ,  The  
f i n a l  o p e r a t i o n s  a r e  to i n s e r L  a pie- 
h e a t e d  a l u m i n u m  c a p ,  p r c w e t  w i t h  
a l u m i n u m - s i l i c o n ,  i n t o  t h e  end o f  the 
c a n  a n d  que-nch t h e  e n t i r e  a s s e m b l y  
i n t o  w a t e r .  

6 .  W e l d i n g .  A f t e r  c u t t i n g  e n d  
c a p s  t o  p r o p e r  l e n g t h ,  a weld i s  made 
a t  t h e  e n d  c a p - c a n  i n t e r f a c e  w i t h  
i n e r t - g a s  , s h i e l d e d - a r c  w e l d i n g .  

Two o f  t h ?  s t a n d a r d  H a n f o r d  i n -  
s p e c t i o n  t e s t s  - i . e . ,  v i s u a l  i n -  
s p e c t i o n  and a u t o c l a v i n g  - were  u s e d .  
A t h i r d  H a n f o r d  t e s t ,  t h e  f r o s t  t e s t ,  
w a s  e l i m i n a t e d .  F i n a l l y ,  a t e s t  c o n -  
s i s t i n g  o f  h o l d i n g  t h e  s l u g s  f o r  o n e  
week a t  400°C was employed t o  d e t e r m i n e  
w h e t h e r  d i f f u s i o n  be tween t h e  u r a n i u m  
c o r e  and t h e  aluminum can would o c c u r .  

A l p h a  B e c a u s e  o f  
d i f f i c u l t i e s  ( t o  be d i s c u s s e d  l a t e r )  
a s s o c i a t e d  w i t h  t h e  t r i p l e - d i p  c a n n i n g  
p r o c e s s ,  i t  was  d e c i d e d  t o  u s e  t h e  
a l p h a - c a n n i n g  p r o c e s s .  T h i s  p r o c e s s ,  
so named b e c a u s e  a l l  c a n n i n g  o p e r a t i o n s  
a r e  c a r r i e d  o u t  a t  t e m p e r a t u r e s  below 
t h e  a l p h a - b e t a  t r a n s f o r m a t i o n  t empera -  
t u r e  i n  u r a n i u m ,  c o n s i s t s  o f  t h e  
f o l l o w i n g  s t e p s :  

1. B e t a  H e a t  T r e a t m e n t .  T h i s  s t e p ,  
c o n s i d e r e d  a p r e l i m i n a r y  s t e p  p r i o r  t o  
c a n n i n g ,  i s  c a r r i e d  o u t  by i m m e r s i n g  
s l u g s  i n  a s a l t  b a t h  a t  7 2 0  t o  740°C 
f o r  a p e r i o d  o f  3 m i n u t e s .  The  s a l t  
u sed  i s  H o u g h t o n ' s  L i q u i d  H e a t N o .  980. 
S l u g s  m a c h i n e d  t o  s i z e  p r i o r  t o  t h e  
s a l t - b a t h  t r e a t m e n t  were u s e d  b e c a u s e  
t h e y  had a l r e a d y  been  machined f o r  t h e  
t r i p l e - d i p  p r o c e s s .  if they-12 Cann ing  

(3)E. A .  S m i t h ,  D e u c l o p a e n t  o f  L e a d - D i p  
C a n n i n g  P r o c e s s  - I n t e r i a  R e p o r t  o n  P r o d u c t i o n  
T e s t ,  HW-8694, Jan. 29. 1948. 
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Group were  s t a r t i n g a n e w ,  t h e  s a l t - b a t h  
t r e a t m e n t  wou ld  be  c a r r i e d  *ayqsWprior 
t o  m a c h i n i n g  b e c a u s e  some p i t t i n g  o f  
t h e  s l u g s  o c c u r s  d u r i n g  t h e  s a l t - b a t h  
t r e a t m e n t .  

2 .  D u p l e x  B a t h .  A f t e r  c h e m i c a l  
c l e a n i n g  ( 5 0 %  n i t r i c  a c i d )  f o l l o w i n g  
t h e  s a l t - b a t h  t r e a t m e n t ,  t h e  s l u g s  a re  
immersed  i n  a d u p l e x  b a t h  c o n s i s t i n g  
o f  a 1 0 - i n . - t h i c k  l e a d  l a y e r  a t  t h e  
b o t t o m  a n d  a 1 5 - i n . - t h i c k  a l u m i n u m -  
s i l i c o n  l a y e r  a t  t h e  t o p ,  A c o v e r  o f  
E u t e c t o r  1 9 0  f l u x  ( m a n u f a c t u r e d  by 
E u t e c t i c  W e l d i n g  Company) i s  k e p t  on 
t o p  o f  t h e  a l u m i n u m - s i l i c o n  l a y e r .  
T h e  s l u g s  a r e  h e l d  f o r  35 sec  i n  t h e  
l e a d  l a y e r  a t  6OO0C, a n d  t h e n  r a i s e d  
i n t o  t h e  a l u m i n u m - s i l i c o n  l a y e r  a n d  
h e l d  f o r  5 sec  a t  60OoC. 

3 .  A l u m i n u m - S i l i c o n  Dip B a t h .  
S l u g s  a r e  t r a n s f e r r e d  f r o m  t h e  d u p l e x  
b a t h  t o  t h e  d i p  b a t h  w h e r e  t h e y  a r e  
h e l d  f o r  13 sec  a t  60OoC. 

4.  Aluminum-Silicon Canning B a t h .  
T h e  t i m e ,  t e m p e r a t u r e ,  a n d  p r o c e d u r e  
h e r e  a r e  e x a c t l y  t h e  same a s  f o r  t h e  
t r i p l e - d i p  p r o c e s s .  

5. Welding. The same p r o c e d u r e  i s  
f o l l o w e d  a s  f o r  t r i p l e - d i p ,  c a n n e d  
s l u g s  I 

T h e  same i n s p e c t i o n  t e c h n i q u e s  - 
i . e . ,  v i s u a l ,  a u t o c l a v e ,  a n d  h e a t  
t r e a t m e n t  f o r  one  week a t  4OO0C - a r e  
u s e d  a s  f o r  t r i p l e - d i p ,  canned  s l u g s .  

An e l e c t r i c a l  r e s i s t a n c e  f u r n a c e  
w i t h  a g r a p h i t e  c r u c i b l e  for t h e  s a l t  
b a t h  a n d  A j a x - W y a t t  l o w - f r e q u e n c y ,  
i n d u c t i o n  f u r n a c e s  w i t h  rammed l i n i n g s  
f o r  t h e  d u p l e x  b a t h ,  d i p  b a t h ,  a n d  
c a n n i n g  b a t h  a r e  u s e d  i n  t h e  c a n n i n g  
l i n e ,  

RESULTS AND D I S C U S S I O N S  

Triple-Dip Canning. The p r o d u c t i o n  
o f  t r i p l e - d i p ,  bonded s l u g s  w a s  begun 
i n  t h e  C h e m i c a l  D e p a r t m e n t  a t  Y-12 i n  

J u n e  1951 .  T e s t i n g  o f  t h e  f i r s t  5886 
s l u g s  f o r  o n e  w e e k  a t  400°C r e s u l t e d  
i n  d i f f u s i o n  b l i s t e r i n g  o f  18.6%. The 
e x t e r n a l  a p p e a r a n c e  o f  a t y p i c a l  
b l i s t e r e d  s l u g  i s  s h o w n  i n  F i g .  1. 
T h e  m i c r o s t r u c t u r e  a t  t h e  a r e a  o f  a 
d i f f u s i o n  b l i s t e r  i s  shown i n  F i g .  2.  - 

PHOTO Y-5143 

on 

T h e  s t r u c t u r e  a t  t h e  c a n - s l u g  
i n t e r f a c e  i n  F i g .  2 shows  t h a t  t h e r e  
i s  a l a y e r  o f  UA1, between t h e  aluminum- 
s i l i c o n  and u ran ium.  I t  w i l l  be n o t e d  
t h a t  t h e r e  i s n o  u r a n i u m - r i c h  compound; 
i . e .  , U(Al, S i ) , ,  a t  t h e  u ran ium s u r f a c e .  
The  a b s e n c e  o f  t h i s  l a y e r ,  wh ich  a c t s  
a s  a d i f f u s i o n  b a r r i e r ,  h a s  l e d  t o  
i n t e r d i f f u s i o n  b e t w e e n  t h e  a luminum-  
s i l i c o n  a n d / o r  a l u m i n u m  l a y e r  a n d  
u r a n i u m  t o  form t h e  UA1,  l a y e r .  The  
f o r m a t i o n  o f  U A 1 ,  r e s u l t s  i n  a n  i n -  
c r e a s e  i n  volume a n d ,  h e n c e ,  b l i s t e r  
f o r m a t i o n ,  T h i s  d i f f u s i o n  can  l e a d  t o  
p e n e t r a t i o n  o f  t h e  c a n  a n d  r a p i d  
o x i d a t i o n  o f  t h e  u r a n i u m  t o  f o r m  a 
r u p t u r e d  a r e a ,  a s  shown i n  F i g .  3. 

I n  t h e  c o u r s e  o f  i n v e s t i g a t i n g  t h e  
c a u s e  o f  t h e  d i f f u s i o n  b l i s t e r s  i n  
t r i p@- ,d ip ,  canned  s l u g s ,  i t  was found 
t h a t  t h e  t i n  c o n t e n t  a t  t h e  b o n d i n g  
l a y e r s  had  a v e r y  s i g n i f i c a n t  e f f e c t  
on d i f f u s i o n - b l i s t e r  f o r m a t i o n .  Two 
s l u g s  t h a t  showed d i f f u s i o n  b l i s t e r i n g  
a f t e r  h e a t  t r e a t m e n t  for o n e  week a t  
400°C were s e c t i o n e d ,  a n d  t h e  bond 
l a y e r s  were s u b m i t t e d  f o r  e x a m i n a t i o n  
b y  s p e c t r o g r a p h i c  a n a l y s i s ,  B o t h  
b l i s t e r e d  and  b l i s t e r - f r e e  a r e a s  were 
examined .  I t  was found  i n  e v e r y  c a s e  
where  a b l i s t e r  had  formed t h a t  a h i g h  
c o n c e n t r a t i o n  o f  t i n  w a s  p r e s e n t ,  b u t  
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Fig .  2. Center S e c t i o n  o f  Typical  D i f f u s i o n  B l i s t er .  1 O O X .  

n o  d e t e c t a b l e  a m o u n t s  o f  t i n  were  
o b s e r v e d  i n  b l i s t e r - f r e e  a r e a s .  I n  
o r d e r  t o  o b t a i n  a m o r e  q u a n t i t a t i v e  
i d e a  o f  t h e  amoun t s  o f  t i n  p r e s e n t  i n  
b l i s t e r e d  s l u g s  a s  c o m p a r e d  w i t h  
b l i s t e r -  f r e e  s l u g s ,  t h e  c a n s  were  
s t r i p p e d  f r o m  f i v e  s l u g s  t h a t  h a d  
b l i s t e r e d  i n  t h e  s e v e n - d a y  h e a t  t r e a t -  
m e n t  a t  4OO0C a n d  f i v e  t h a t  d i d  n o t  
b l i s t e r  a n d  t h e  b o n d i n g  l a y e r s  w e r e  
removed by f i l i n g .  C h e m i c a l  a n a l y s e s  

PHOT -12 

F i g .  3 .  Can R u p t u r e  c a u s e d  b y  a 
D i f f u s i o n  B l i s t e r .  

CAN 

o f  t h e s e  s a m p l e s  r e v e a l e d  t h a t  t h e  
b l i s t e r e d  s l u g s  c o n t a i n e d  f r o m  7 5  t o  
300 mg o f  t i n ,  w h e r e a s  n o n b l i s t e r e d  
s l u g s  c o n t a i n e d  l e s s  t h a n  1 mg o f  t i n .  

S i n c e  i t  a p p e a r e d  t h a t  l o c a l i z e d  
c o n c e n t r a t i o n s  o f  t i n  were a s s o c i a t e d  
w i t h  t h e  b l i s t e r i n g  p rob lem i n  t r i p l e -  
d i p ,  canned  s l u g s  , ( 4 )  v a r i o u s  t e c h n i q u e s  
were e m p l o y e d  t o  e l i m i n a t e  r e s i d u a l  
t i n  on  t h e  s l u g s .  T h e s e  t e c h n i q u e s  
were a s  f o l l o w s :  

1. Lower ing  t h e  b r o n z e - b a t h  t e m p e r a -  
t u r e  from 720 t o  71OoC, 

2.  I n c r e a s i n g  t h e  t i m e  o f  s l u g  
immers ion  i n  t h e  a l u m i n u m - s i l i c o n  
d i p  b a t h  from 6 t o  12  s e c o n d s ,  

( 4 ) A l t h o u g h  no d i r e c t  e v i d e n c e  was o b t a i n e d  
a b o u t  t h e  m e c h a n i s m  i n v o l v e d ,  i t  w a s  f e l t  t h a t  
l o c a l i z e d  c o n c e n t r a t i o n s  o f  t i n  p r o b a b l y  r e p r e -  
s e n t e d  n o n w e t  a r e a s  on t h e  slug. T h e s e  a r e a s  
w o u l d ,  t h e r e f o r e ,  n o t  h a r e  a b a r r i e r  l a y e r  o f  
U ( A 1 ,  S i )  p r e s e n t ,  and  b l i s t e r  f o r m a t i o n  w o u l d  
r e s u l t  fr%m d i f f u a i o n .  
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3 .  R e d e s i g n i n g  t h e  f i x t u r e  which h e l d  
t h e  s l u g  d u r i n g  c e n t r i f u g i n g  t o  
p e r m i t  p o i n t  c o n t a c t  o n l y  be tween  
t h e  s l u g  and f i x t u r e .  

When t h e s e  c h a n g e s  were i n c o r p o r a t e d ,  
one  a t  a t i m e ,  a s i g n i f i c a n t  d e c r e a s e  
was n o t e d  i n  t h e  number o f  s l u g s  t h a t  
b l i s t e r e d  d u r i n g  t h e  s t a n d a r d  h e a t  
t r e a t m e n t  o f  one  w e e k  a t  400°C.  How- 
e v e r ,  when a p r o d u c t i o n  l o t  o f  5 5 0  
s l u g s  was made by u s i n g  t h e  f i r s t  two 
t e c h n i q u e s  b u t  n o t  t h e  l a s t  o n e ,  25% 
o f  t h e  s l u g s  b l i s t e r e d  d u r i n g  t h e  
s e v e n - d a y  h e a t  t r e a t m e n t  a t  4 O O O C .  
T h e  r e s u l t s  o f  t h i s  t e s t  m a d e  i t  
a p p a r e n t  t h a t  t h e  t i n  c o n t e n t  i n  
t r i p l e - d i p  s l u g s  c o u l d  n o t  be c o n -  
t r o l l e d  s u f f i c i e n t l y  w e l l  d u r i n g  
p r o d u c t i o n  r u n s  t o  e n s u r e  c o m p l e t e  
f reedom f rom b l i s t e r i n g  d i f f i c u l t i e s .  

A t  t h i s  p o i n t  i n  t h e  e x p e r i m e n t a l  work 
i t  was d e c i d e d  t o  abandon  t h e  t r i p l e -  
d i p  c a n n i n g  t e c h n i q u e  and e x p l o r e  t h e  
p o s s i b i l i t i e s  o f  u s i n g  t h e  a l p h a -  
c a n n i n g  t e c h n i q u e ,  w h i c h  c o m p l e t e l y  
e l i m i n a t e s  t h e  u s e  o f  t i n .  

A second  t y p e  o f  b l i s t e r i n g  occured  
d u r i n g  t h e  h e a t  t r e a t m e n t  o f  t h e  l o t  
o f  5 5 0  s l u g s  d e s c r i b e d  p r e v i o u s l y .  
A s  may be  s e e n  f r o m  F i g s .  4 a n d  5 ,  
t h e s e  b l i s t e r s  do n o t  c o n t a i n  d i f f u s i o n  

i 

F i g .  4 .  Radiograph o f  S l u g s  w i t h  
T y p i c a l  Gas B l i s t e r s  ( t o p )  and D i f -  
f u s i o n  B l i s t ers  (bottom) 

w 
PHOTO Y-5132 

ALL MINUM CAN 

GAS VOID 

6 URANIUM 

F i g .  5. Edge o f  6 a s  Bl i s ter  Between Aluminum-Sil icon Layer and Aluminum Can. 
1oox. 
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p r o d u c t s  a n d  may be a s c r i b e d  t o  g a s  
f o r m a t i o n .  I t  w a s  n o t e d  t h a t  t h e  
a l u m i n u m - s i l i c o n  b a t h s  u s e d  f o r  
p r e p a r a t i o n  o f  t h i s  l o t  o f  s l u g s  were 
made up  from v i r g i n  i n g o t  t h a t  was n o t  
p r e h e a t e d  p r i o r  t o  m e l t i n g .  A l s o ,  t h e  
inc 'W&ts  o f  b l i s t e r s  f rom h e a t  t r e a t -  
ment d e c r e a s e d  m a r k e d l y  i n  t h e  l a s t  
s l u g s  canned  a s  c o m p a r e d  w i t h  t h e  
f i r s t ,  I t  was c o n c l u d e d  t h a t  t h e  
t r o u b l e  a r o s e  from hydrogen  a b s o r p t i o n  
i n  t h e  a l u m i n u m - s i l i c o n  b a t h s .  T h i s  
g a s  was r e l e a s e d  o n  h e a t i n g  o f  t h e  
s l u g s  and c a u s e d  t h e  b l i s t e r s .  T h e  
w e  11 -known t e c h n i q u e s  f o r  e 1 i m i n a  t i n g 
hydrogen  from m o l t e n  a luminum - i . e . ,  
f l u s h i n g  t h e  m e l t  w i t h  e i t h e r  n i t r o g e n  
or c h l o r i n e  - were employed i n  s e v e r a l  
t e s t s  and found t o  b e  e f f e c t i v e  i n  
r emov ing  t h e  a b s o r b e d  h y d r o g e n .  T h e  
s i m p l e r  t e c h n i q u e s ,  h o w e v e r  , o f  p r e -  
v e n t i n g  m o i s t u r e  f r o m  e n t e r i n g  t h e  
b a t h  by p r e h e a t i n g  t h e  c h a r g e  and a l s o  
a l l o w i n g  t h e  b a t h  t o  s t a n d  f o r  a p e r i o d  
o f  a p p r o x i m a t e l y  2 4  h r  p r i o r  t o  t h e  
s t a r t  o f  c a n n i n g  t o  a l l o w  any  a b s o r b e d  
hydrogen  t o  d i f f u s e  o u t  were e q u a l l y  
e f f e c t i v e  and a r e  u s e d  a t  p r e s e n t .  .- I * .  * - 

Alpha  Cann ing .  A s  p o i n t e d  o u t  
p r e v i o u s l y ,  t h e  d e c i s i o n  t o  i n v e s t i g a t e  
a l p h a  c a n n i n g  was m a d e  w h e n  i t  w a s  
found i m p o s s i b l e  t o  c o n t r o l ,  a t  a low 
l e v e l ,  t h e  t i n  c o n t e n t  o f  t r i p l e - d i p ,  
canned  s l u g s .  A l o t  o f  553 s l u g s  was 
canned  by t h e  a l p h a  p r o c e s s  u n d e r  t h e  
f o l l o w i n g  c o n d i t i o n s :  

1. B e t a  h e a t  t r e a t m e n t  f o r  3 min a t  
7 3 0 ° C  i n  H o u g h t o n ' s  L i q u i d  H e a t  
No. 980, 

d i f f u s i o n  b l i s t e r s .  I t  w a s  n o t e d  
d u r i n g  t h e  c a n n i n g  a n d  when t h e  a s -  
c a n n e d  s l u g s  were s t r i p p e d  t h a t  t h e  
ma jo r  d i f f i c u l t y  was n o n w e t t i n g  o f  t h e  
s l u g s  by a l u m i n u m - s i l i c o n  i n  t h e  d u p l e x  
b a t h .  When b l i s t e r e d  s l u g s  f rom t h e  
s e v e n - d a y  h e a t  t r e a t m e n t  a t  4OO0C 
were s t r i p p e d ,  i t  was f o u n d  t h a t  t h e  
d i f f u s i o n  b l i s t e r s  w e r e  i n v a r i a b l y  
a s s o c i a t e d  w i t h  n o n w e t  a r e a s  on t h e  
s l u g  s u r f a c e .  A s  p o i n t e d  o u t  p r e v i -  
o u s l y ,  t h e  a b s e n c e  o f  t h e  U(A1, S i ) ,  
compound l a y e r  on t h e  u r a n i u m  s u r f a c e  
a s  a r e s u l t  o f  n o n w e t t i n g  by aluminum- 
s i l i c o n  i n v a r i a b l y  l e a d s  t o  d i f f u s i o n  
b l i s t e r i n g  d u r i n g  h e a t  t r e a t m e n t  a t  

400OC. 

V a r i o u s  a t t e m p t s  were made t o e n s u r e  
t h a t  a c l e a n ,  n o n o x i d i z e d  u r a n i u m  
s u r f a c e  was p r e s e n t e d  t o  t h e  aluminum- 
s i l i c o n  l a y e r  i n  t h e  d u p l e x  b a t h ,  The  
f o l l o w i n g  methods  were t r i e d :  

1. Electrolytic Etching Following 
t h e  S a l t - B a t h  Treatment. T h e  s l u g s  
t h a t w e r e  b e t a  h e a t  t r e a t e d  and quenched  
i n  w a t e r ,  show a s t a i n e d  s u r f a c e  t h a t  
c o u l d  n o t  be c o m p l e t e l y  c l e a n e d  by a 
n i t r i c  a c i d  e t c h .  E l e c t r o l y t i c  
e t c h i n g  w a s  f o u n d  t o  i m p r o v e  t h i s  
s i t u a  t i  on mar ked 1 y . 

2. Flowing Water Quench. I f  s l u g s  
f r o m  t h e  s a l t - b a t h  t r e a t m e n t  a r e  
quenched  i n  s t a t i c  w a t e r ,  c o n s i d e r a b l e  
p i t t i n g  o f  t h e  s u r f a c e  by c o r r o s i o n  
f rom t h e  w a t e r - s o l u b l e  s a l t  r e s u l t s .  
T h e  u s e  o f  f l o w i n g  w a t e r  a l l e v i a t e d  
t h i s  b e h a v i o r .  

3. Redesign of Handling Tools. The 
f i r s t  t o o l s  u s e d  had  a l a r g e  c o n t a c t  
a r e a  w i t h  t h e  s l u g s  d u r i n g  c a n n i n g .  

3. A l u m i n u m - s i l i c o n  d u p l e x  b a t h  - 35 I t  w a s  f o u n d  t h a t  t h e  u s e  o f  p o i n t  
s e c i n l e a d  b a t h ,  5 s e c i n  aluminum- c o n t a c t s  e l i m i n a t e d  t h e  o x i d a t i o n  and  
s i l i c o n ,  n o  f l u x  on b a t h ,  c o n s e q u e n t  n o n w e t t i n g  o f  t h e  s l u g s  i n  

t h e  d u p l e x  b a t h .  T h e  o x i d a t i o n  

2. C l e a n i n g  w i t h  n i t r i c  a c i d  ( 5 0 % )  
e t c h ,  

4'  A 1 u m i n u m - s i l i c o n  d i p  b a t h  a n d  
c a n n i n g  b a t h  u s i n g  t h e  s t a n d a r d  

o c c u r r e d  when the s l u g s  w e r e  p u t  i n t o  
t h e  h o t  t o n g s  p r i o r  t o  d i p p i n g  i n  t h e  
a 1  uminum- s il i c  on b a t h .  p r o c e d u r e .  

A f t e r  h e a t  t r e a t m e n t  f o r  s e v e n  d a y s  4 .  U s e  of  F l u x  o n  D u p l e x  Bath. 
a t  4OO0C, 14 .6% o f  t h e s e  s l u g s  showed T h i s  c h a n g e ,  w h i c h  w a s  t h e  m o s t  
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i m p o r t a n t  o n e  made, c o m p l e t e l y  s o l v e d  
t h e  n o n w e t t i n g  p r o b l e m ,  E u t e c t o r  190 
aluminum b r a z i n g  f l u x  (made by E u t e c t i c  
W e l d i n g  Company)  was  e m p l o y e d  a s  a 
c o v e r  on t h e  a l u m i n u m - s i l i c o n  l a y e r  o f  
t h e  d u p l e x  b a t h .  T h i s  f l u x ,  composed 
o f  s o d i u m ,  l i t h i u m ,  p o t a s s i u m ,  a n d  
a luminum c h l o r i d e s  a n d / o r  f l u o r i d e s ,  
c l e a n s  t h e  u r a n i u m  s u r f a c e  when t h e  
s l u g  i s  i m m e r s e d  i n  t h e  d u p l e x  b a t h  
and  r e s u l t s  i n  c o m p l e t e  w e t t i n g  o f  t h e  
s l u g  by t h e  a l u m i n u m - s i l i c o n .  L a r g e  
n u m b e r s  o f  s l u g s  c a n n e d  w i t h  t h i s  
t e c h n i q u e  h a v e  b e e n  s t r i p p e d  a n d  
e x a m i n e d  f o r  n o n w e t t i n g ;  n o  c a s e s  o f  
n o n w e t t i n g  have  been  o b s e r v e d .  

Some d i f f i c u l t y  was  e n c o u n t e r e d  
w i t h  c r u c i b l e  e r o s i o n  a t  t h e  f l u x  
l i n e .  T h e  o r i g i n a l  c l a y - g r a p h i t e  
c r u c i b l e s  had  a r e l a t i v e l y  s h o r t  l i f e  
o f  two  t o  t h r e e  w e e k s .  L o w  c a r b o n  
s t e e l  c r u c i b l e s  were  t r i e d  b u t  g a v e  
p o o r  s e r v i c e  b e c a u s e  o f  r e a c t i o n  w i t h  
t h e  a l u m i n u m - s i l i c o n  and c o n t a m i n a t i o n  
of t h e  f l u x  c o v e r .  H o w e v e r ,  t h e  
rammed l i n i n g s  i n  t h e  l o w - f r e q u e n c y ,  
i n d u c t i o n  f u r n a c e s  u s e d  a t  p r e s e n t  

g i v e  v e r y  s a t i s f a c t o r y  s e r v i c e .  These  
f u r n a c e s  have  now been  i n  s e r v i c e  f o r  
s e v e r a l  m o n t h s  a n d  h a v e  s h o w n  n o  
o b s e r v a b l e  a t t a c k  from t h e  f l u x .  

The s u c c e s s  o b t a i n e d  w i t h  t h e  s o -  
l u t i o n  o f  t h e  p r o b l e m  o f  o b t a i n i n g  
c o m p l e t e  w e t t i n g  o f  t h e  u r a n i u m  by 
a l u m i n u m - s i l i c o n  p r o m p t e d  u s i n g  t h i s  
t e c h n i q u e  f o r  a t r i a l  p r o d u c t i o n  r u n  
o f  1 0 0 0  s l u g s ,  A h e a t  t r e a t m e n t  o f  
t h e s e  s l u g s  for t h r e e  weeks  a t  400°C 
r e s u l t e d  i n  a s i n g l e  b l i s t e r  o n  o n e  
s l u g .  A p h o t o m i c r o g r a p h  o f  t h i s  
b l i s t e r  i s  shown i n  F i g .  6.  T h e r e  i s  
some  d o u b t  a b o u t  t h e  c a u s e  o f  t h i s  
b l i s t e r ,  b u t  i t  a p p e a r s  t o  be a r e s u l t  
of o x i d a t i o n  from a l e a k  i n  t h e  c a n  or 
c a p  r a t h e r  t h a n  d i f f u s i o n ,  F i g u r e  7 
s h o w s  t h e  s t r u c t u r e  a t  t h e  b o n d i n g  
l a y e r  of  a t y p i c a l  a l p h a - c a n n e d  s l u g .  
I t  c a n  b e  n o t e d  t h a t  t h e  c o m p o u n d  
l a y e r  i s  c r a c k e d  a n d  s e p a r a t e d ,  a n d  
t h e r e  i s  a l a y e r  o f  a l u m i n u m - s i l i c o n  
between t h e  s e p a r a t i o n .  T h i s  c o n d i t i o n  
i s  t y p i c a l  o f  a l p h a - c a n n e d  s l u g s  b u t  
a p p a r e n t l y  d o e s  n o t  l e a d  t o  d i f f u s i o n  
b l i s t e r i n g  d u r i n g  h e a t  t r e a t m e n t  a t  

ALUM IN UM 

U R A N I U M  

CAN 

Ai -S i  

OXIDE 

F i g .  6. Oxidation Blister on Alpha-Canned slug. 150X.  
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4OO0C, s i n c e  t h e r e  i s  a l w a y s  a c o n -  
t i n u o u s  l a y e r  of U ( A l , S i ) ,  compound a t  
t h e  u ran ium s u r f a c e .  

T h e  s u m m a r y  l i s t e d  i n  T a b l e  1 
i l l u s t r a t e s  t h e  b e h a v i o r  o f  p r o d u c t i o n  
l o t s  o f  a l p h a - c a n n e d  m a t e r i a l  a s  
compared w i t h  t r i p l e - d i p ,  canned  s l u g s .  
I t  c a n  be n o t e d  f r o m  e x a m i n a t i o n  o f  
t h i s  t a b l e  t h a t  n o  c a s e s  o f  d i f f u s i o n  
b l i s t e r i n g  h a v e  o c c u r r e d  w i t h  s l u g s  

p r e p a r e d  by a l p h a  c a n n i n g  w i t h  a f l u x  
on t h e  d u p l e x  b a t h .  A l l  b l i s t e r i n g  o f  
t h e s e  s l u g s  was a s s o c i a t e d  w i t h  e i t h e r  
p o r o s i t y  i n  t h e  w e l d s  o r  l e a k s  i n  t h e  
end c a p s .  Some end c a p s  were p r e p a r e d  
f rom d e f e c t i v e  aluminum r o d  t h a t  c o n -  
t a i n e d  p o r o s i t y  a n d  p e r m i t t e d  a c c e s s  
o f  a i r  t o  t h e  u r a n i u m  d u r i n g  h e a t  
t r e a t m e n t .  T h i s  s i t u a t i o n  h a s  b e e n  
c o r r e c t e d  by r i g i d  i n s p e c t i o n  o f  e n d -  
c a p  s t o c k .  

TABLE 1 

Effect of Canning Technfque on Blistering uf Aluminum-Silicon 
Bonded Slugs During Heat Treatment at 4OO0C 

METHOD O F  C A N N I N G  

Standard t r i p l e - d i p ,  canned 
a t  Y-12 

Standard t r i p l e - d i p ,  canned 
a t  Hanford 

Alpha-canned, wi th  no f l u x ,  
a t  Y-12 

Alpha-canned, f l u x  on duplex 
bath,  a t  Y-12 

Retest o f  977 of  above for  
a d d i t i o n a l  2 weeks 

Alpha-canned, f l u x  on duplex 
bath,  a t  Y-12 

NO. O F  SLUGS 
TESTED 

5886 

130 

6 48 
*> -;if+.C& 

2288 

97 7 

8801 

TIME AT 
4OO0C 

( d a y s  ) 

7 

7 

7 

7 

21 

7 

BLISTERED 
SLUGS 
(X) 

18.6 

13.8 

14.6 

0 

0.1 

0.1 

REMARKS 

Hanford 4 - i n .  slugs 

Two slugs f a i l e d  from 
l e a k y  welds  

O n e s l u g  showed o x i -  
d a t i o n  b l i s t e r  from 
can l e a k s  

Eleven slugs showed 
o x i d a t i o n  b l i s t e r s  
from can l e a k s  
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A I - S I  

U ( A I ,  Si), 

+--- URANIUM 

F i g .  7 .  S t r u c t u r e  a t  Bonding Layer of Typical  Alpha-Canned S lug .  

.I . 

25OX. 
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