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SUMMARY 

i 

R e s e a r c h  on t h e  m e t a l l u r g y  of  t h o r i u m  and on f a b r i c a t i o n  t e c h n i q u e s  h a s  
c o n t i n u e d .  The  s t a b i l i t y  and  c o r r o s i o n  r e s i s t a n c e  o f  t h o r i u m  e x p o s e d  t o  
e u t e c t i c  NaK is b e i n g  i n v e s t i g a t e d .  E x t r u s i o n  a s  a means of f a b r i c a t i o n  of  
t h o r i u m  t u b e s  or r o d s  i s  u n d e r  s t u d y .  E x p e r i e n c e  t h u s  f a r  i n d i c a t e s  t h a t  a 
s a t i s f a c t o r y  p r o d u c t  c a n  b e  produced. R o l l i n g  and swaging tho r ium p r e s e n t s  no 
g r e a t  d i f f i c u l t y ,  t h o r i u m  be ing  s i m i l a r  to uran ium i n  t h i s  r e s p e c t .  Drawing, 

h o w e v e r ,  has been  u n s u c c e s s f u l - :  T h i s  may be t h e  r e s u l t  of too h i g h  a draw- 
i n g  s p e e d ,  and a new v a r i a b l e - s p e e d  d r i v e  is b e i n g  i n s t a l l e d  on t h e  draw bench 
SO t h a t  s lower  s p e e d s  may be o b t a i n e d .  A sample o f  i o d i d e - p r o c e s s  t h o r i u m  h a s  
g i v e n  s t r a i n - h a r d e n i n g  v a l u e s  abou t  h a l f  t h o s e  o f  A m e s  thorium. Work h a s  been  
s t a r t e d  t o  d e t e r m i n e  t h e  s h e a r  modulus o f  t ho r ium.  

The f a b r i c a t i o n  o f  uranium t u b i n g  by e x t r u s i o n  h a s  shown t h a t  s u c c e s s  c a n  
b e  o b t a i n e d  i n  t h e  a l p h a  r a n g e  b u t  n o t  i n  t h e  gamma r a n g e .  The s t u d y  o f  
p r e  f e r r e d  o r i e n t a t i o n s  i n  u r a n i u m  by X - r a y  d i f f r a c t i o n  u s i n g  a s p h e r i c a l  
s p e c i m e n  h a s  been c o n t i n u e d  f o r  e x t r u d e d  u ran ium.  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] f i b e r  t e x t u r e  w i t h  
r e s p e c t  t o  t h a t  o f  t h e  [ O l O ]  component w i t h  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 ;  
from f r o n t  t o  back end  o f  t h e  e x t r u d e d  l e n g t h  t h e  r e l a t i o n s h i p  was r e v e r s e d .  

Work i s  c o n t i n u i n g  on t h e  b e h a v i o r  o f  e l e m e n t a r y  m e t a l s  and commerc ia l  
a l l o y s  i n  l i q u i d  - m e t a l  med ia .  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 a t h e r  t h a n  w e i g h t  
c h a n g e  or s o l u b i l i t y  measu remen t s  i s  b e i n g  depended  on t o  a g r e a t  e x t e n t  t o  
d e t e r m i n e  t h e  n a t u r e  and e x t e n t  of a t t a c k .  A r e - e v a l u a t i o n  o f  p r e v i o u s  s t a t i c -  
c o r r o s i o n  r e s u l t s  g a i n e d  w i t h  a t h r e e - c o m p o n e n t  s y s t e m  ( c o n t a i n e r ,  s a m p l e ,  
and med ia ,  where t h e  c o n t a i n e r  i s  d i f f e r e n t  from t h e  sample )  h a s  been s t a r t e d  

u s i n g  a two-component sys t em ( c o n t a i n e r  and sample same).  Thermal c o n v e c t i o n  
l o o p s  of v a r i o u s ' m a t e r i a l s  c o n t a i n i n g  sodium, l e a d ,  or l i t h i u m  have been or a r e  

b e i n g  r u n .  Twen ty - two  c o n t a i n  sod ium,  e i g h t  c o n t a i n  l e a d ,  and  two c o n t a i n  
l i t h i u m .  The l a c k  o f  s u i t a b l e  welded j o i n t s  h a s  t h u s  f a r  l i m i t e d  t h e  s e r v i c e  
l i f e  of N a - f i  l l e d  t h e r m a l  c o n v e c t i o n  l o o p s .  

t 

The equipment  for t h e  powder m e t a l l u r g y  l a b o r a t o r y  i s  a r r i v i n g  s t e a d i l y ,  
a n d  i s  b e i n g  i n s t a l l e d  w i t h  a s  l i t t l e  d e l a y  a s  p o s s i b l e .  Work o n  u n i t s  
s u i t a b l e  for i n c o r p o r a t i o n  i n t o  a s o l i d  - fue l4  e l e m e n t  f o r  a h i g h - t e m p e r a t u r e  
r e a c t o r  h a s  begun. A p l a t e  t h a t  c o u l d  be  u s e d  e i t h e r  a s  made o r  f a b r i c a t e d  
i n t o  a t u b e  i s  u n d e r  d e v e l o p m e n t .  T h i s  p l a t e  i s  t o  h a v e  t h e  f o l l o w i n g  
c h a r a c  t e r i s  t i c s  : 

1 
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1. A l a y e r  o f  UO, m u s t  b e  h e l d  i n  a m e t a l l i c  m a t r i x .  

2. The f u e l  l a y e r  must b e  c l a d  on one s i d e  or b o t h  s i d e s .  

3. The f u e l  l a y e r  i s  t o  be a p p r o x i m a t e l y  0.005 i n .  t h i c k  and t h e  
c l a d d i n g  0.010 i n .  t h i c k .  

T h r e e  me thods  of f a b r i c a t i o n  f o r  s u c h  a p l a t e  h a v e  shown p r o m i s e :  

1. F i l l i n g  t h e  h o l e s  i n  a p e r f d r a t e d  m e t a l  p l a t e  w i t h  UO, 
c l a d d i n g  t h e  p l a t e .  

a n d  

2. S i n t e r i n g  a l o o s e  powder  t o  a p l a t e .  

3 .  Using  a powder compact and c l a d d i n g  w i t h  a t e c h n i q u e  s i m i l a r  t o  
t h a t  u sed  i n  p r o d u c i n g  MTEl p l a t e s .  

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

The i n s t a l l a t i o n  o f  t h e  c r e e p - r u p t u r e  a n d  w e l d i n g  l a b o r a t o r i e s  h a s  c o n -  
t i n u e d  a t  a good pace .  I f  equipment d e l i v e r y  s c h e d u l e s  are m e t ,  b o t h  l a b o r a -  
t o r i e s  s h o u l d  be  r e a d y  f o r  o p e r a t i o n  i n  t h e  n e a r  f u t u r e .  Some work o f  a 
s e r v i c e  n a t u r e  h a s  been done by  t h e  W e l d i n g  G r o u p .  

A f u n d a m e n t a l  s t u d y  o f  t h e  c o r r o s i o n  of  l a r g e  s i n g l e  m e t a l  c r y s t a l s  by 
l i q u i d  m e t a l s  h a s  been u n d e r t a k e n .  The s i n g l e  c r y s t a l s  w i l l  be machined i n t o  
s p h e r e s  and t h e n ,  a f t e r  c a r e f u l  p r e p a r a t i o n ,  w i l l  be immersed i n  l i q u i d  m e t a l .  

T h i s  w i l l  a l l o w  a s i m u l t a n e o u s  s t u d y  o f  t h e  a t t a c k  of a l i q u i d  me ta l  on a l l  
p o s s i b l e  c r y s t a l  f a c e s .  By t h i s  method i t  i s  hoped t o  ga in  some u n d e r s t a n d i n g  
o f  t h e  fundamental  physicochemical p r o c e s s e s  i n v o l v e d  i n  l i q u i d - m e t a l  c o r r o s i o n .  
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l r  TBORIUM RESEARCH 

THERMAL CYCLING OF TEOBIUM 

Samples  o f  t h o r i u m  i n  t h e  form of r o d s  i n .  i n  d i a m e t e r  and 4 i n .  l o n g  
w e r e  p r e p a r e d  f o r  t h e r m a l  c y c l i n g  i n  e u t e c t i c  NaK i n  o r d e r  t o  i n v e s t i g a t e  t h e  
s t a b i l i t y  and  c o r r o s i o n  r e s i s t a n c e  o f  t h o r i u m  u n d e r  t h e s e  c o n d i t i o n s .  The 
s a m p l e s  were measured  i n  a l l  d imens ions  w i t h  m i c r o m e t e r  c a l i p e r s  and  weighed  
p r i o r  t o  c y c l i n g .  Af te r  e a c h  1 0 0  c y c l e s  between 100 and 500°C t h e  spec imens  
w i l l  b e  removed and i n s p e c t e d  f o r  d imens iona l  or weigh t  changes .  Four  s p e c i -  
mens a r e  s u p p o r t e d  i n  a s t a i n l e s s  s tee l  ho lde r  and submerged i n  t h e  l i q u i d  NaK 
which i s  c o n t a i n e d  i n  a s t a i n l e s s  s t e e l  tank .  A h igh- f r equency  i n d u c t i o n  c o i l  
a round t h e  s t e e l  c o n t a i n e r  h e a t s  t h e  e n t i r e  a s s e m b l y  t o  500°C and h o l d s  t h e  
t e m p e r a t u r e  c o n s t a n t  f o r  15 min t o  e n s u r e  u n i f o r m  s p e c i m e n  t e m p e r a t u r e .  A t  
t h e  end o f  t h e  h o l d i n g  p e r i o d  t h e  i n d u c t i o n  h e a t i n g  u n i t  a u t o m a t i c a l l y  t u r n s  
o f f , a n d  a i r  j e t s  a r e  t u r n e d  on f o r  r a p i d  c o o l i n g  t o  100°C, a t  which t i m e  t h e  
a i r  j e t s  a r e  i n t e r r u p t e d  and power is a p p l i e d  t o  r e h e a t  t h e  c o n t a i n e r .  S i n c e  
t h i s  method o f  c y c l i n g  r e q u i r e s  t h a t  t h e  l i q u i d  metal  be  h e a t e d  and cooled  as 

w e l l  a s  t h e  t e s t  spec imens ,  o n l y  one  c y c l e  per h o u r  i s  p o s s i b l e  a t  t h e  p r e s e n t  
t i m e .  A f u r n a c e  h a s  been d e s i g n e d  i n  which a much f a s t e r  r a t e  of c y c l i n g  i s  
t o  be  a c c o m p l i s h e d  by m a i n t a i n i n g  two c o n s t a n t - t e m p e r a t u r e  b a t h s  and a l t e r -  
n a t e l y  submerg ing  t h e  r a c k  of  spec imens  i n  t h e  h o t  and c o l d  NaK. 

WET A LL OGRA PH Y 0 F TH OR I U M  

C o n s i d e r a b l e  d i f f i c u l t y  h a s  been e x p e r i e n c e d  i n  s a t i s f a c t o r i l y  e t c h i n g  
t h o r i u m  t o  show t h e  g r a i n  b o u n d a r i e s .  The m o s t  c o m m o n l y  u s e d  e t c h  i s  50% 
g l a c i a l  a c e t i c  a c i d  and 50% o r t h o p h o s p h o r i c  a c i d .  A new t e c h n i q u e  h a s  been  
d e v e l o p e d  for b r i n g i n g  o u t  t h e  g r a i n  b o u n d a r i e s .  

An unmounted spec imen was hand-ground t h r o u g h  a s e r i e s  o f  f i n e  a b r a s i v e  
p a p e r s  from 180  t o  600 g r i t .  I t  was t h e n  p o l i s h e d  w i t h  a s i l k  c l o t h  mounted 
on a m o t o r - d r i v e n  p o l i s h i n g  d i s k .  Med ium-f ine  a l u m i n a  powder was  u s e d  t o  
remove t h e  g r i n d i n g  s c r a t c h e s  caused  by t h e  p a p e r s .  For t h e  f i n a l  p o l i s h i n g ,  
t h e  spec imen ,  u s e d  a s  t h e  a n o d e ,  was s u s p e n d e d ,  by a s t a i n l e s s  s t e e l  c lamp,  
v e r t i c a l  t o  t h e  s t a i n l e s s  s t e e l  c a t h o d e  f o r  3 t o  5 s e c  i n  an e l e c t r o l y t e  
c o n s i s t i n g  of 1 p a r t  of p e r c h l o r i c  a c i d  and 10 p a r t s  of g l a c i a l  a c e t i c  a c i d .  The 
s h o r t  t i m e  used  a l lowed s l i g h t  m e t a l  removal w i t h  l i t t l e  a t t a c k  on i n c l u s i o n s .  
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The c a t h o d e - a n o d e  d i s t a n c e  was a b o u t  3 i n . ,  t h e  v o l t a g e  was 50 v o l t s ,  and t h e  
c u r r e n t  d e n s i t y  was 4 amp/in? The specimen was removed from t h e  c e l l  w i t h  t h e  
c u r r e n t  o n . a n d  w a s  i m n e d i a t e l y  i m e r s e d  i n  a s m a l l  amount o f  f r e s h  e l e c t r o l y t e  
t o  remove a l o o s e  f i l m  formed d u r i n g  e l e c t r o l y s i s .  

Because  of  t h e  e t c h i n g  e f f e c t  o f  t h e  p o l i s h i n g  e l e c t r o l y t e ,  e x a m i n a t i o n  
was made w i t h o u t  f u r t h e r  e t c h i n g .  

FABRICATION OF TROBIUIU 

Extrusion. E x t r u s i o n s  have been  made from f o u r  c a s t ,  u n c l a d  b i l l e t s  o f  
Ames t h o r i u m .  The e x p e r i e n c e  g a i n e d  w i t h  t h e s e  e x t r u s i o n s  i n d i c a t e s  t h a t  a 
s a t i s f a c t o r y  p roduc t  can be e x t r u d e d  a s  t h e  i n i t i a l  s t e p  i n  t h e  f a b r i c a t i o n  of 
e i t h e r  r o d s  or t ub ing .  The s u r f a c e s  o f  t h e  e x t r u d e d  spec imens  were rough,  bu t  
s p o t s  o f  smooth s u r f a c e  a l o n g  t h e  rod showed some good f low.  T h i s  i n d i c a t e s  
t h a t  t h e  p r o d u c t i o n  o f  smooth s Z r f a c e  is  a m a t t e r  o f  e x t r u s i o n  t e c h n i q u e .  A 
s ample  c u t  f rom t h e  c e n t e r  o f  a l - i n . - O . D .  by 3 / 8 - i n . - I . D .  t u b e  o f  e x t r u d e d  
t h o r i u m  is shown i n  F i g .  1 .1B;  a p h o t o m i c r o g r a p h  o f  t h i s  sample  i s  shown i n  
F i g .  1.1C. 

The c o n d i t i o n s  used  f o r  e x t r u s i o n s  o f  t h e  t h o r i u m  rod and t u b i n g  were a s  

f o l l o w s :  

H e a t i n g  medium f o r  t h e  b i l l e t  

B i l l e t  h e a t i n g  t i m e  1 h r  

B i l l e t  s i z e  ( r o d )  2-15/16 i n .  d i a m e t e r  by 3% i n .  l o n g  

B i l l e t  s i z e  ( t u b i n g )  2-15/16 i n .  O.D. by 9/16 i n .  1 . D .  by 3% i n .  l o n g  

R e d u c t i o n  r a t i o  ( r o d )  8 .93  t o  1 

S a l t  b a t h  950°C ( L i q u i d  Heat N.D.) 

Reduct ion  r a t i o  ( t u b i n g )  10.22 to 1 
E x t r u s i o n  s p e e d  Approximate ly  25 f t / m i n  

E x t r u s i o n  s t a r t i n g  p r e s s u r e  Approxi lna te ly  40 tons/ in .?  on b i l l e t  

C o F t a i n e r  t e m p e r a t u r e  4OO0C 

D i e  t e m p e r a t u r e  600 OC 

D i e  t y p e  l - i n . - d i a m e t e r  t h r o a t ,  f l a t  f a c e ,  i n s e r t  
( i n s e r t  made of “DOSS S t e e l  R e s e a r c h ”  3130)  

L u b r i c a n t  f o r  t u b i n g  15% lampblack-85% beeswax on mandre l  and d i e  f a c e  
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NOT C L A S S I F I E D  
Y - 3 8 7 7  

I 

L Y - 2 9 8 7  

PARTIAL EXTRUSION OF THORIUM 

Y-3078 I 

TUBE EXTRUSION O F  THORIUM 

T C H  GLACIAL ACETIC, Y - 3 0 9 2  2 2 5 X  
PERCHLORIC ACID. 

PHOTOMICROGRAPH OF EXTRUDED TUBE 

EXTRUDED THORIUM 
FIG. 1.1 

I I  



S i n c e  t h e  c o n s i d e r a b l e  e r o s i o n  t h a t  o c c u r r e d  w i t h  a d i e  face o f  L a t r b b e  
LPD s t e e l  i n d i c a t e d  t h a t  t h e  m e t a l  was f l o w i n g  a c r o s s  t h e  f l a t  face of t h e  
e x t r u s i o n  d i e ,  a b i l l e t  w a s  p a r t i a l l y  e x t r u d e d  and s e c t i o n e d  to s t u d y  t h e  f l o w  
c h a r a c t e r i s t i c s ;  t h e  removed p o r t i o n  w a s  a p p r o x i m a t e l y  6 i n .  l o n g  ( s e e  Fig.  
1 . 1 A ) .  T h i s  p a r t i a l  e x t r u s i o n  i n d i c a t e s  t h a t  t h e  b i l l e t  as a whole moves down 
t h e  c o n t a i n e r  somewhat and  t h a t  most o f  t h e  f low t a k e s  p l a c e  i n  t h e  v i c i n i t y  
of  t h e  d i e .  

F u r t h e r  s t u d y  o f  d i e  d e s i g n  and l u b r i c a n t s  w i l l  b e  c a r r i e d  o u t  t o  improve 
s u r f a c e  c o n d i t i o n  of t h e  e x t r u d e d  shape.  

Rol l ing  and Swaging. S e v e r a l  p i e c e s  o f  t ho r ium r o d  h a v e  been r o l l e d  and 
t h e n  c o l d  swaged w i t h  a t o t a l  r e d u c t i o n  of a p p r o x i m a t e l y  70% w i t h o u t  a n y  
d i f f i c u l t y .  T h o r i u m  r o l l s  a n d  swages somewhat l i k e  u r a n i u m .  

Drawing. T h r e e  a t t e m p t s  have  b e e n  made t o  draw X - i n . - d i a m e t e r  t h o r i u m  
r o d s  w i t h o u t  s u c c e s s .  The  r o d s  were swaged to a d i a m e t e r  0.005 i n .  l a r g e r  
t h a n  t h e  d rawing  d i e ,  a n n e a l e d ,  c o a t e d  w i t h  l u b r i c a n t ,  and  t h e n  drawn. The 
l u b r i c a n t s  used '  were "Molykot e" (molybdenum s u l f i d e ) ,  3 p a r t s  o f  " F l i n t c o t e "  
715 t o  1 p a r t  o f  '?Motor Mica," and "F luor thene . "  A l l  t h e  samples  appea red  t o  
draw s a t i s f a c t o r i l y ,  b u t  when t h e s e  r o d s  were t h e n  drawn t h r o u g h  a d i e  0.010 
i n .  smaller i n  d i a m e t e r ,  s e i z i n g  o c c u r r e d  a f t e r  a p p r o x i m a t e l y  4 i n .  or l e s s  

had  gone t h r o u g h  t h e  d i e .  

The draw bench is a 1 0 - t o n  u n i t  w i th  a f i x e d  s p e e d  of  40  f t / m i n  which w a s  

s a l v a g e d  from o t h e r  work. Replacement  of t h e  d r i v e  i n  o r d e r  t o  p e r m i t  s p e e d s  
from 0 t o  40  f t /min  i s  now i n  p r o g r e s s .  S i n c e  t h e  drawing  speed  i s  one of  t h e  
major  f a c t o r s  i n  s a t i s f a c t o r y  drawing ,  f u r t h e r  work w i l l  be h e l d  up  u n t i l  t h e  
new d r i v e  i s  i n s t a l l e d .  

WORK H A R D E N I N G  OF I O D I D E - P R O C E S S  T H O R I U M  

A s m a l l  i n g o t  o f  t h o r i u m  p r e p a r e d  by t h e  i o d i d e  p r o c e s s  a t  B a t t e l l e  
Memor ia l  I n s t i t u t e  h a s  been  r e c e i v e d .  D e t a i l s  o f  p r e p a r a t i o n  and  c h e m i c a l  
a n a l y s i s  o f  t h e  i n g o t  a r e  n o t  y e t  a v a i l a b l e ;  however ,  i t  i s  l i k e l y  t h a t  t h e  
i o d i d e - p r o c e s s  tho r ium i s  c o n s i d e r a b l y  p u r e r  t h a n  o t h e r  t h o r i u m  samples  which 
have been  used i n  t h i s  r e s e a r c h .  

A t  Oak Ridge  N a t i o n a l  L a b o r a t o r y  t h e  i n g o t  o f  i o d i d e - p r o c e s s  thor ium was 

r o l l e d  s l i g h t l y  and vacuum a n n e a l e d  a t  700OC. The spec imen  was t h e n  f u r t h e r  
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r e d u c e d  b y  c o l d  r o l l i n g ,  a n d  t h e  e f f e c t  o f  c o l d  r e d u c t i o n  on h a r d n e s s  was 
d e t e r m i n e d .  The i o d i d e - p r o c e s s  t h o r i u m  r o l l e d  e a s i l y ,  a n d  o n e  specimen was 
r o l l e d  Co a t h i c k n e s s  o f  0 . 0 0 1  i n .  (99.5% r e d u c t i o n )  w i t h o u t  a n y  e v i d e n c e  o f  
c r a c k i n g .  

The e f f e c t  o f  c o l d  r o l l i n g  on t h e  h a r d n e s s  o f  t h e  i o d i d e - p r o c e s s  t h o r i u m  
i s  shown i n  F i g .  1 . 2 .  P l o t t e d  p o i n t s  r e p r e s e n t  t h e  a v e r a g e  o f  f i v e  m e a s -  
urements .  A 5-kg l o a d  was u s e d  f o r  most o f  t h e  h a r d n e s s  t e s t s ,  a l o a d  of  1 kg 
b e i n g  u s e d  f o r  t e s t s  on  t h e  t h i n n e s t  s p e c i m e n s .  S i m i l a r  d a t a  p r e v i o u s l y  
o b t a i n e d  on samples  o f  A m e s  t h o r i u m  a r e  a l s o  shown i n  F i g .  1 . 2 .  

RECR YSTALL I ZAT I O N  OF TH O R 1  UM 

R e c r y s t a l l i z a t i o n  s t u d i e s  of c o l d  -worked t h o r i u m  were c o n t i n u e d .  S p e c i -  
mens o f  c o l d - r o l l e d  t h o r i u m  s h e e t  were a n n e a l e d  f o r  d e f i n i t e  t i m e i n t e r v a l s  i n  
a l e a d  b a t h  m a i n t a i n e d  a t  t h e  d e s i r e d  t e m p e r a t u r e ,  a n d  t h e  e x t e n t  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 h a r d n e s s  m e  a s u r e m e n t  s a 

T y p i c 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  o b t a i n e d  from s p e c i m e n s  o f  A m e s  t h o r i u m  
c o l d  r o l l e d  t o  80% r e d u c t i o n  i n  t h i c k n e s s  a r e  shown i n  F i g .  1 . 3 .  From t h e s e  
d a t a  i t  a p p e a r s  t h a t  t h e  r a t e  o f  r e c r y s t a l l i z a t i o n  o f  t h i s  t h o r i u m  i s  c o n -  
s i d e r a b l y  g r e a t e r  a t  t e m p e r a t u r e s  o f  55OoC and above  t h a n  i t  i s  a t  t e m p e r a -  
t u r e s  o f  5 3 5 ° C  or l o w e r .  

A d d i t i o n a l  r e c r y s t a l l i z a t i o n  t e s t s  a r e  i n  p r o g r e s s .  T h e s e  e x p e r i m e n t s  
a r e  i n t e n d e d  t o  d e f i n e  t h e  e f f e c t s  o f  i m p u r i t i e s  and amount o f  c o l d  working on 
t h e  r a t e  o f  r e c r y s t a l l i z a t i o n .  

SHEAR MODULUS OF THORIUM 

Some p r e l i m i n a r y  t e s t s  were made t o  d e t e r m i n e  t h e  s h e a r  modulus o f  A m e s  
t h o r i u m  r o d s .  A s i m p l e  t o r s i o n - t e s t  machine was u s e d .  One end o f  t h e  t e s t  

s p e c i m e n  w a s  f i x e d  by c l a m p i n g  i n  a s t a t i o n a r y  c h u c k ,  t h e  o t h e r  end b e i n g  
clamped i n  a chuck mounted i n  f r e e l y  r o t a t i n g  b e a r i n g s .  Torque was a p p l i e d  t o  
t h e  r o t a t i n g  c h u c k  t h r o u g h  a w e i g h t - l o a d e d  l e v e r  a r m .  A d i a l  i n d i c a t o r  
a c t u a t e d  by t h e  l e v e r  arm p r o v i d e d  for  measurements  o f  t w i s t .  T e s t  spec imens  
were Oo590 i n .  i n  d i a m e t e r  w i t h  a gauge  l e n g t h  o f  4 .72 i n .  
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R e s u l t s  of t o r s i o n  t es t s  t o  d e t e r m i n e  t h e  s h e a r  modulus o f  t h r e e  specimens 
of t ho r ium t o g e t h e r  w i t h  r e s u l t s  o f  tests on i n g o t  i r o n  and aluminum spec imens  
a re  shown i n  T a b l e  1.1. From t h e s e  d a t a  i t  a p p e a r s  t h a t  t h e  e x p e r i m e n t a l  
v a l u e s  may be s l i g h t l y  low, which may be t h e  r e s u l t  o f  s l i g h t  movement o f  t h e  
f i x e d  chuck  of t h e  m a c h i n e .  T h e s e  v a l u e s  of s h e a r  modu lus  w i l l  b e  c h e c k e d  
when a s u i t a b l e  method for d e t e r m i n i n g  a c t u a l  t w i s t  i n  t h e  specimen is a v a i l a b l e .  

MATERIAL 

TABLE 1.1 

shear modulus of Thorium 

Aluminum (2s) 

Thorium 

EXPERIbENTAL VALUE 

10,800,000 

10,400,000 

10,300,000 

3,560,000 

4,080,000 

3.9 10,000 

3,890,000 

HANDBOOK' VALUE 

11.770.000 

3,850,000 

*Metals Handbook, American Society for Metals, Cleveland, Ohio, 1948. 
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2 "  URANIUM RESEARCH 

F A B R I C A T I O N  O F  URANIUM T U B I N G  

Some work h a s  been  done on e x t r u s i o n  o f  uranium t u b i n g  t o  f i l l  a n e e d  a t  
t h e  l a b o r a t o r y .  F i v e  a t t e m p t s  h a v e  been  made t o  e x t r u d e  l - i n . - O . D .  t u b i n g  
w i t h  3 / 8 -  and 1 / 2 - i n .  b o r e s .  T h e  e x t r u d e d  t u b i n g  was s p r a y  quenched  w i t h  
w a t e r  a s  i t  l e f t  t h e  d i e ,  and t h e  main d i f f i c u l t y  was o x i d a t i o n  o f  t h e  i n s i d e  
o f  t h e  t u b e  b o r e  because  o f  i n a d e q u a t e  c o o l i n g .  Two t u b e s  were e x t r u d e d  i n  
t h e  gamma r a n g e  (SOO"C1 w i t h o u t  a p p r e c i a b l e  s u c c e s s ,  b u t  s u c c e s s f u l  e x t r u s i o n s  
were made i n  t h e  a l p h a  r a n g e  ( 5 5 0 ° C ) .  T y p i c a l  s e c t i o n s  o f  t h e  t u b i n g  a r e  
shown i n  F ig .  2 . 1 .  A l t h o u g h  t h e  s a m p l e s  a p p e a r  q u i t e  rough i n  t h e  photograph ,  
owing t o  shadows, t h e  s u r f a c e  was r e l a t i v e l y  smooth i n  some a r e a s .  

The b i l l e t s  were e x t r u d e d  b a r e  from a b a t h  o f  boron a n h y d r i d e  a f t e r  t h e y  
h a d  b e e n  c o o l e d  t o  550°C.  (The boron  a n h y d r i d e  was a p p l i e d  b y  d i p p i n g  t h e  
b i l l e t s  i n  t h e  b a t h  f o r  15 min a t  900°C.) A 15% lampblack-%S% beeswax m i x t u r e  
was used  f o r  a d d i t i o n a l  l u b r i c a t i o n  on both the  mandre l  and t h e  d i e .  E x t r u s i o n  
s p e e d  was o f  che o r d e r  of 20  f t / m i n .  

P R E F E R R E D  O R I E N T A T I O N  AND AN I S O T R O P Y  I N  P R O P E R T I E S  OF M E T A L S  

A comprehensive i n v e s t i g a t i o n  h a s  been made o f  t h e  p r e f e r r e d  o r i e n t a t i o n s  
d e v e l o p e d  i n  h i g h - a - e x t r u d e d  u r a n i u m  r o d .  Rods  1 X ,  9 / 1 0 ]  and  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  25" c o n i c a l  d i e s  f r o m  i n g o t s  3 - 1 / 8  i n .  i n  
d i a m e t e r  a t  500°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 ) .  The e x t r u d e d  l e n g t h s  were w a t e r - s p r a y  quenched 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 s a m p l e  was t a k e n  f rom t h e  f r o n t  , m i d d l e ,  a n d  back  of e a c h  e x t r u d e d  
l e n g t h ,  from which a s p h e r i c a l  d i f f r a c t i o n  'specimen 0.500 i n .  i n  d i a m e t e r  was 
machined  s o  t h a t  t h e  c e n t e r  l i n e  o f  t h e  spec imen 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 ,  a s  shown i n  F i g .  2 . 2 .  The s p h e r i c a l  s u r f a c e s  o f  t h e  specimens were lapped 
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  de fo rmed  b y  
m a c h i n i n g  and l a p p i n g  ( t h e  s p e c i m e n s  were r e d u c e d  i n  d i a m e t e r  a p p r o x i m a t e l y  
0 . 0 1 0  i n .  by e l e c t r o p o l i s h i n g ) .  The s p e c i m e n s  a r e  i d e n t i f i e d  i n  T a b l e  2 . 1 .  
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TABLE 2 . 1  

1% 

I 

I 

I 9 /  10 

~ 

5/ 8 

X-ray D i f f r a c t i o n  Specimen Data 

Fr on t 
Middle 
Back 

F r o n t  
Middl e 

I Back 
I 

F r o n t  
I 
~ Middle 

Back 

SPECIMEN NO. 

U9- 11 
- 5  
- 12 

U10- 13  
- 14 
- 15 

U12- 16 
- 17 
p 18 

DIAMETER OF 

EXTRUDED ROD (in. 1 
EXTFWSION RATIO 

~ 

4 . 3  

1 2 . 1  

25.0 

LOCATION+ I N  

EXTRUDED LENGTH 

* F r o n t  = )G, middle  = %, end back = d i s t a n c e  a l o n g  e x t r u d e d  l e n g t h .  

T h e  p r e f e r r e d  o r i e n t a t i o n s  were 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  
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 .  ( 2 ,  E x a m i n a t i o n  was 
made on a N o r e l c o  Type  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  Cu Ka r a d i a t i o n .  The s p e c i m e n  was r o t a t e d  a t  2 0 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  exposure.  

P l o t s  o f  t h e  i n t e n s i t y  ~ f ~ d i f f r a c t i o n  v s q  t h e  a n g l e ,  4, 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  normal , 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  each  specimen a r e  g i v e n  i n  F i g s ,  2 , 3  t o  2.29. 

A n a l y s i s  o f  t h e  d a t a  r e v e a l e d  t h e  f o l l o w i n g  f e a t u r e s  of  t h e  p r e f e r r e d  
o r i e n t a t i o n  i n  t h e s e  a - e x t r u d e d  uranium r o d s  and , t h e  changes  brought  about  by 
c e r t a i n  f ab r i c a  t i o n  v a r i a  b l e  s : 

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  [Ol9] - [410]  f i b e r  t e x t u r e .  On t h e  g r a p h s  
i n  F i g s .  2 .3  t o  2 .29  a r e  i n d i c a t e d  t h e  p o s i t i o n s  o f  t h e  i n t e n s i t y  maxima t o  be 
e x p e c t e d  f o r  t h e  v a r i o u s  d i f f r a c t i n g  p l a n e s  f o r  t h e s e  p r e f e r r e d  d i r e c t i o n s .  
Lack o f  e x a c t  c o i n c i d e n c e  may be e x p l a i n e d  by ( a )  i n t e r f e r e n c e  w i t h  o t h e r  
p l a n e s  d i f f r a c t i n g  t o  n e a r l y  t h e  same 2 8  v a l u e s ,  a s  i n d i c a t e d ;  ( b )  i n c l i n a t i o n  
o f  t h e  p r e f e r r e d  d i r e c t i o n s  t o  t h e  e x t r u s i o n  d i r e c t i o n  r e s u l t i n g  f r o m  t h e  
development  o f  a z o n a l  o r  c o n i c a l  f i b e r  t e x t u r e  t o  be e x p e c t e d  f o r  e x t r u s i o n s  

(1) Metallurgy Division Quarterly Progress Report for Period Ending January 31, 1950, ORNL-583, p .  37 
(Mar. 10,  1950). 

( 2 )  Metallurgy Division Quarterly Progress Report for Period Ending July 31, 1950, ORNL-829, p.  35 
(De@. 4, 1950). 
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DWG. 10949 

FIG. 2.3 

PREFERRED ORIENTATION PLOT- (110)- I h l N .  DIAMETER d-EXTRUDED URANIUM ROD 
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DWG. 1 0 9 5 0  

FIG. 2.6 
PREFERRED ORIENTATION PLOT - (02  I )  - I+ IN. DIAMETER  EXTRUDED URANIUM ROD 
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FIG. 2.7 
PREFERRED ORIENTATION PLOT- (021)- IN. DIAMETER  E EXTRUDED URANIUM ROD 
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FIG. 2 .8 
PREFERRED ORIENTATION PLOT - (021) -  IN DIAMETER d -EXTRUDED URANIUM ROD 
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DWG. 10951 

FIG. 2.9 
PREFERRED ORIENTATION PLOT - ( 0 0 2 ) -  I a IN. DIAMETER d-EXTRUDED URAMIUM ROD 
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FIG. 2.10 
PREFERRED ORIENTATION PLOT- (002)-  & I N .  DIAMETER a-EXTRUDED URANIUM ROD 
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DWG. 10952 

FIG 2.12 

PREFERRED ORIENTATION P L O T - (  I I I)- It IN. DIAMETER d-EXTRUDED URANIUM ROD 
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FIG. 2.13 
PREFERRED ORIENTATION P L O T - ( I l l ) -  IN. DIAMETER d -EXTRUDED URANIUM ROI 
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PREFERRED ORIENTATION PLOT - ( I  I I )  - IN. DIAMETER d - EXTRUDED URANIUM ROD 
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DWG. 10953 

FIG. 2.15 
PREFERRED ORIENTATION PLOT - ( l l 2 ) -  I+ IN. DIAMETER d -EXTRUDED URANIUM RO 
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FIG. 2.17 
PREFERRED ORIENTATION PLOT- ( I  12)- 5 IN. DIAMETER d-EXTRUDED URANIUM ROC 
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PREFERRED ORIENTATION PLOT-( I I2) -  %IN. DIAMETER #-EXTRUDED URANIUM ROD 
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FIG. 2.18 

PREFERRED ORIENTATION PLOT - ( l 3 l ) -  I t  IN. DIAMETER d-EXTRUDED URANIUM ROD 

&01 
! 

I \ '  

I \ 
I 

I 
I 

I 

FIG. 2.19 
PREFERRED ORIENTATION PLOT- (131)- 8 IN. DIAMETER d-EXTRUDED URANIUM RO[ 
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FIG. 2 . 2 0  
PREFERRED ORIENTATION PLOT-(131) - 3 IN. DIAMETER #-EXTRUDED URANIUM ROD 
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FIG. 2.21 
PREFERRED ORIENTATION P L O T - ( 0 4 0 )  - la  IN. DIAMETER a-EXTRUDED URANIUM ROD 
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FIG. 2.22 
PREFERRED ORIENTATION PLOT - (o40)-  6 IN.  DIAMETER M- EXTRUDED URANIUM ROD 
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FIG. 2 .23  
PREFERRED ORIENTATION PLOT - ( 0 4 0 ) -  $ IN. DIAMETER #-EXTRUDED URANIUM ROD 
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FIG. 2.24 
PREFERRED ORIENTATION PLOT - (200) - It IN. DIAMETER *-EXTRUDED URANIUM ROD 
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FIG. 2.26 
PREFERRED ORIENTATION PLOT - (200)- 3 IN. DIAMETER d-EXTRUDED URANIUM ROD 
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FIG. 2.27 
PREFERRED ORIENTATION PLOT - ( 0 4 l )  - I $ IN. DIAMETER c( -EXTRUDED URANIUM ROD 
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FIG. 2.28 
PREFERRED ORIENTATION P L O T - ( 0 4 1 ) -  5 IN. DIAMETER d- EXTRUDED URANIUM ROD 
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I FIG. 2.29  
PREFERRED ORIENTATION PLOT - ( 0 4 1 ) -  IN. D IAMETER d- EXTRUDED URANIUM ROD 
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* ( t h e  s h i f t s  i n  i n t e n s i t y  maxima b r o u g h t  a b o u t  by a n  i n c l i n a t i o n  o f  10” a r e  

i n d i c a t e d  on t h e  graphs)’; and ( c )  i n f l u e n c e  of c e r t a i n  minor components i n  t h e  
t e x t u r e ,  such  a s  [031I,  [321I,  [ O O l ] ,  and [loo].  

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  [410I r e l a t i v e  t o  t h a t  o f  the- [ O l O I  component w i t h  i n c r e a s e  i n  s h a r p n e s s  

o f  both.  

From t h e  f r o n t  t o  t h e  back end of t h e  e x t r u d e d  l e n g t h s  t h e r e  was an 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  [ O l O ]  r e l a t i v e  t o  t h a t  o f  t h e  [410I component 
w i t h  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 .  

The m i c r o s t r u c t u r e s  of t h e  samples  from which t h e  d i f f r a c t i o n  specimens 
were t a k e n  a r e  shown i n  F i g s .  2 .30  t o  2 .34.  They show t h a t  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 ,  and,  f o r  t h e  rod 

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 a t  t h e  d e g r e e  of r e c r y s t a l l i z a t i o n  d e c r e a s e d  
from t h e  f r o n t  t o  t h e  back end of t h e  e x t r u d e d  lengFh.  

I t  would a p p e a r  from t h i s  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  m i c r o s t r u c t u r e  i n  t h a t ,  f o r  a deformed s t r u c t u r e ,  w i t h  i n c r e a s i n g  d e g r e e  
o f  d e f o r m a t i o n  t h e  s t r e n g t h  o f  t h e  [ O l O ]  i n c r e a s e s  r e l a t i v e  t o  t h a t  o f  t h e  

[410I component; and, , fo r  p a r t i a l l y  r e c r y s t a l l i z e d  s t r u c t u r e s ,  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  t h e  s t r e n g t h  o f  t h e  [410I i n c r e a s e s  r e l a t i v e  t o  
t h a t  o f  t h e  l o 1 0 1  component. 

A r e c e n t  a t t e m p t  has  been made t o  r a t i o n a l i z e  t h e  t e x t u r e s  of  uranium rod 
f a b r i c a t e d  i n  t h e  a r a n g e  on t h e  b a s i s  t h a t  t h e  r e l a t i v e  s t r e n g t h s  o f  t h e  
[ O l O ]  and [410I components depend upon t h e  t e m p e r a t u r e  o f  d e f o r m a t i o n ,  t h e  
former becoming more prominent  w i t h  d e c r e a s e  in t e m p e r a t u r e ,  and t h a t  r e c r y s -  
t a l l i z a t i o n  does n o t  change t h e  t e x t u r e  developed by deformat ion .  ( 3 )  

There i s  a p o s s i b i l i t y  t h a t  t h e  d i f f e r e n c e s  i n  t h e  r e l a t i v e  s t r e n g t h s  o f  
t h e  [ O l O I  and [410I components o b s e r v e d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  may be 
r e l a t e d  t o  d i f f e r e n c e s  i n  t h e  a c t u a l  t e m p e r a t u r e  of  deformat ion  f o r  t h e  d i f -  
f e r e n t  rods  and f o r  d i f f e r e n t  l o c a t i o n s  i n  t h e  same rod ,  On t h e  o t h e r  hand,  
t h e  e x c e l l e n t  c o r r e l a t i o n  o f  t e x t u r e  and m i c r o s t r u c t u r e  s u g g e s t s  very s t r o n g l y  
t h a t  t h e  r e l a t i v e  s t r e n g t h s  o f  t h e  two components depend p r i m a r i l y  upon t h e  
d e g r e e  of ,  r e c r y s t a l l i z a t i o n ,  

(3) “Reactor Materials,” Progress  Repor t  No. 47, June, 1950, Section 111, p .  12, KAPL-370 ( J u l y  28,  
1950)  ~ 
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NOT CLASSIFIED 
Y-3886 

PHOTO NO. Y-1211 
M.SPEC.-78O-A 

TRANS. 

MAG.- I 5 0 X  

ETCH- POL.LIGHT 

P HOT0 NO. Y-1212 
M. SPEC.-780-B 

LONG. 

PHOTOMICROGRAPHS SHOWING THE DEFORMED GRAIN STRUCTURE 
OF THE SAMPLE OF Q-EXTRUDED URANIUM FROM WHICH THE X-RAY 
DIFFRACTION SPECIMENS WERE MACHINED. 

FIG. 2.30 
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NOT CLASSIFIED 
Y-3693 

PHOTO NO. Y-1206 
M.SPEC.-713-A 

TRANS. 

. .  MAG.-IS0 X 
ETCH - POL. LIGHT 

PHOTO NO. Y-1213 
M.SPLO.-7733-8 

LONO. 

\ 

PHOTOMICROGRAPH SHOWING THE PARTIALLY RECRYSTAL- 
LIZED GRAIN STRUCTURE IN THE MIDDLE OF THE LENGTH 
O F  9/10" DIAMETER a EXTRUDED URANIUM ROD. 

FIG. 2.31 
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NOT CLASSIFIED 
Y-3694 

PHOTO NO. Y-1204 

M. SPEC.- 785-A 
TRANS. 

MAG.- 150 X 
ETCH- POL. LIGHT 

PHOTO NO. Y-1210 

M.SPEC.- 7 8 5 - 8  

LONG. 

PHOTOMICROGRAPH SHOWING THE COMPLETELY RECRYSTAL- 
LIZED GRAIN STRUCTURE NEAR THE FRONT END OF A W8" 
DIAMETER a EXTRUDED URANIUM ROD. 

FIG. 2.32 
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NOT CLASSIFIED 
Y-3691 

PHOTO NO. Y-I209 
M.SPEC.- 786--A 

TRANS. 

MAG: I S O X  

ETGH-POL. LIGHT 

PHOTO NO. Y-1207 
M. SPEC.-786 - B 

LONG. 

PHOTOMICROGRAPH SHOWING THE ALMOST COMPLETELY 
RECRYSTALLIZED GRAIN STRUCTURE IN THE MIDDLE OF 
THE LENGTH OFA 518. DIAMETER a EXTRUDED URANIUM 
ROD. 

FIG. 233 
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PHOTOMICROGRAPH SHOWING THE PARTIALLY RI  
LIZED GRAIN STRUCTURE NEAR THE BACK EN[: 
DIAMETER a EXTRUDED URANIUM ROD. 

FIG. 2.34 
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The s i m p l e  e x p e r i m e n t  o f  a n n e a l i n g  t o  r e c r y s t a l l i z e  t h e  s a m p l k s  now 
h a v i n g  a deformed s t r u c t u r e  and n o t i n g  t h e  changes  i n  p r e f e r r e d  o r i e n t a t i o n  
t h a t  o c c u r  should  r e s o l v e  t h i s  u n c e r t a i n t y .  T h i s  exper iment  i s  now underway. 

UBANIUH B O N D I N 6  S T U D I E S  

F u r t h e r  t e s t s  on s i l v e r - m e r c u r y  bonds between uranium and c o p p e r  show 
t h a t  s u p e r i o r  s h e a r  s t r e n g t h  is o b t a i n e d  by h o t  p r e s s i n g  a t  5000 p s i  and 3OPC. 
Values  of  6000 p s i  w e r e  o b t a i n e d  w i t h  samples  h o t  p r e s s e d  under  t h e s e  c o n d i -  

t i o n s  f o r  2 h r .  

A t o p i c a l  r e p o r t  (OWL-920) h a s  been i s s u e d  c o v e r i n g  d e t a i l s o f  t h i s  work. 

B o l l  Cladding of Uranium With Copper. A d d i t i o n a l  copper -uranium sand-  

w i c h e s  w e r e  r o l l e d  t o  o b t a i n  more d a t a  on t h e  e f f e c t  o f  h e a t i n g  on bond 
s t r e n g t h .  R e s u l t s  of  h e a t i n g  samples i n  a i r  and vacuum are  given i n  Table  2.2.  
Because of  t h e  poor  r e s u l t s  o b t a i n e d ,  t h i s  work i s  b e i n g  d i s c o n t i n u e d .  
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TABLE 2.2 

E f f e c t  of Beat ing  on Strength o f  Cu-U Bonds 

A i r  T e s t s  

150 

300 

540 

850 

300 

600 

2.5 

20.5 

20.5 

7 
7 

24 

24 

0 . 5  

N o  separat ion 

No separation 

N o  separation 

N o  separat ion 

N o  separat ion 

Curling of edge 

Some separat ion,  1/8 i n .  i n  
one case  

Some separation; l i g h t  green 

Vacuum Tes t s  

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Complete separation 

Complete separat ion 

Complete separat ion 

Very l i g h t  separation 

No separation 

No separation 

Complete separation 

Very l i g h t  separat ion 

Very l i g h t  separation 

I 
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3 .  ANP PROGRAM 

LIQUID-METAL CORROSION TESTINB 

i 

R e s e a r c h  work on t h e  b e h a v i o r  o f  e l e m e n t a r y  m e t a l s  and commerc ia l  a l l o y s  
i n  l i q u i d - m e t a l  med ia  i s  b e i n g  c o n t i n u e d .  S t a t i c  c o r r o s i o n  t e s t s  a r e  b e i n g  
made w i t h  c o n s i d e r a b l e  e m p h a s i s  b e i n g  p l a c e d  o n  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 a t h e r  t h a n  w e i g h t  c h a n g e  or s o l u b i l i t y  measu remen t s  t o  d e t e r m i n e  t h e  n a t u r e  

and e x t e n t  o f  a t t a c k .  The rma l  c o n v e c t i o n  l o o p s  c o n t a i n i n g  Na or P b  a r e  b e i n g  
o p e r a t e d  by  t h e  ANP E x p e r i m e n t a l  E n g i n e e r i n g  G r o u p  a t  1350 a n d  1500'F f o r  
v a r y i n g  l e n g t h s  o f  t i m e  up t o  1000 h r .  S e v e r a l  l o o p s  have  been  examined . .  The 

l a c k  o f  s u i t a b l e  welded  j o i n t s  a p p e a r s  t o  be  t h e  l i m i t i n g  f a c t o r  wh ich  d e t e r -  
m i n e s  t h e  l i f e  o f  N a - c o n t a i n i n g  l o o p s .  The  f i r s t  f o r c e d - c i r c u l a t i o n  l o o p  
a p p a r a t u s  i s  b e i n g  f i l l e d  w i t h  Na f o r  a t r i a l  r u n ,  a l s o  by t h e  E x p e r i m e n t a l  
E n g i n e e r i n g  Group.  Some e x p e r i m e n t a l  d a t a  s h o u l d  b e  a v a i l a b l e  f o r  t h e  n e x t  
q u a r t e r l y  r e p o r t .  

Revision of Static Corrosion-testing Technique. The  method o f  s t a t i c  

c o r r o s i o n  t e s t i n g  which r e q u i r e s  t h e  p l a c i n g  o f  m e t a l  s p e c i m e n s  i n  c a p s u l e s  o f  
i r o n  ( f o r  l i t h i u m  t e s t s )  o r  n i c k e l  ( f o r  s o d i u m  t e s t s )  i n t r o d u c e s  some u n -  
c e r t a i n t y  r e g a r d i n g  t h e  v a l i d i t y  o f  t e s t  r e s u l t s  b e c a u s e  o f  a p o s s i b l e  i n t e r -  
a c t i o n  be tween t h e  t h r e e  components  -. c a p s u l e ,  s p e c i m e n ,  and l i q u i d  m e t a l .  

A m o d i f i e d  " two-component  t e s t "  i n  wh ich  t h e  c o n t a i n e r  would a l s o  s e r v e  
a s  t h e  s p e c i m e n ,  or i s  o f  t h e  same c o m p o s i t i o n  a s  t h e  s p e c i m e n ,  i s  b e i n g  
d e v e l o p e d .  Methods o f  p u r i f i c a t i o n  of  t h e  l i q u i d  m e t a l  and f i l l i n g  t e c h n i q u e s  
a r e  b e i n g  s t u d i e d .  S e v e r a l  t e s t s  made u s i n g  t h e  t w o - c o m p o n e n t  t e c h n i q u e  
s h o u l d  i n d i c a t e  t h e  e x t e n t  t o  which th ree -componen t  t e s t s  migh t  be i n  e r r o r .  

P r e v i o u s  t e s t s  h a v e  b e e n  made f o r  40- and  4 0 0 - h r  p e r i o d s ;  f u t u r e  two- 
component t e s t s  a re  b e i n g  p l a n n e d  a s  1 0 0 - h r  t es t s .  The e f f e c t  o f  t ime  w i l l  be 
e s t a b l i s h e d  s o  t h a t  t h e  s u i t a b i l i t y  o f  1 0 0 - h r  t e s t s  can  be c o n f i r m e d ,  

static corrosion-test Data. Sodium,, M e t a l s  exposed  t o  sodium a t  1000°C 
h a v e  shown r e l a t i v e l y  s h a l l o w  s u r f a c e  e f f e c t s ;  t h e s e  a r e  summar ized  i n  T a b l e  
3 .1 .  Some o f  t h e s e  e f f e c t s ,  s u c h  a s  t h e  c a r b u r i z a t i o n  o f  Mo, T a ,  T i ,  and W ,  
a r e  c a u s e d  by i m p u r i t i e s  i n  t h e  sod ium,  whereas  o t h e r  e f f e c t s  a r e  p r o b a b l y  due  
t o  mass t r a n s f e r ,  s i m p l e  s o l u t i o n ,  or s e l e c t i v e  l e a c h i n g  o f  a l l o y  component 's .  
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. * 

MATERIAL 

, , 

SURFACE 
WEIGHT DEPTH FILM 

TIME CHANGE DISSOLVED THICKNESS x- RAY 
( h r ?  (mg) ( i n  ) ( i n  ) IDENTIFICATION* 

TABLE 3.1 

in sodium at 1000°C 

0.0076 

Materials Tested 

None Co ( f c c ) ,  Co (hex) 

N i  

MoZC N i  

I 
Bright  s u r f a c e ,  l i g h t  e tched appearance; small voids or p a r t i c l e s  para1 

Apparently no a t t a c k  

D e f i n i t e  sur face  f i l m ,  very hard (2992 Vickers) compared t o  matr ix  (206 
Vickers'); f i l m  uniform and adherent ,  microapcctrograph showed N i  pene 
t r a t i o n  t o  0 0030 i n  ( see  Fig.  3 . 1 )  

l e l i n g  t h e  sur face  t o  depth of 0 0008 i n .  
co 

N i  

Mo 

N155 

Incone 1 

Inconel X 

304 SS 
(0 ~ 006% C: 

310 SS 

347 ss 
430 SS 

446 SS 
(0.006% C: 

400 

400 

40 0 

+175 

+ 10 

+7 5 

+240 

- 1050 

None 

400 I *160 

None 

0.002 

+loo 

-200 

- 60 

40 ~ 60 

40 - 165 f 40 ~ 50 

None 

None 

None 

None 

None 

0 0025 

No d a t a  

0.0013 

0.001 

None 

None 

None 

None 

None 

None 

None 

REMARKS 

Metals 

I 

TaC 

T i c  

Surface d e p o s i t  and d i f f u s i o n  layer .  t o t a l  depth a f f e c t e d ,  0.0024 i n  ; 
specimens badly b l i s t e r e d  and aca jed ,  giving u n r e l i a b l e  weight change 
d a t a  

de tec ted  carbon t o  a depth of 0,0043 i n  
Heavy uneven sur face  f i lm or d i f f u s i o n  l a y e r ;  microspectrographic m a l y a i r  

Some s p o t t y  corroaion a t  g r a i n  boundariea, very t h i n ,  b r i t t l e  f i l m  I wc 

AI 

f c c  

fcc  

fcc  

Vot reported 

f c c ,  Crz03 

f c c ,  CrzO3 

fcc ,  G,03 

No d a t a  

Matr ix  appeared heavi ly  carburized with a t h i n  akin of decarburized sur face  
l a y e r ;  u n i d e n t i f i e d  phaae under aurface;  microapectro raph reported no 
v a r i a t i o n s  i n  composition; 0.010 in , .  increase  i n  th ic&ness  

s u r f a c e ,  Decarburizat ion t o  a depth of 0.0012 i n . ;  no i n t e r g r a n u l a r  
a t t a c k  (F ig .  3.2) 

&049g i n . ;  s l i g h t  increase  i n  thickness  (Fag, 3 , 2 )  

needfee; hea 
depth of O.O& i n .  

some corroaion voids i n  decarburized layer ,  h i a h  was 0,002 i n  t h i c k  

Appeared t o  have carb ides  d ispersed  throughout the matr ix  except  a t  the  

I n t e r g r a n u l a r  a t t a c k  t o  0.0016 i n . ;  decarbur iza t ion  about 0.0006 i n . ;  
r e c i  i t a t e  i n  gra in  boundaries and peppered within the  g r a i n s  t o  about 

Heavy r a i n  boundary p r e c i p i t a t e ;  sone phase i n  c r y s t a l l o g r a p h i c  planes i n  
corroaion,  leaving a very rough sur face ,  t o  a maximum 

Heavy carb ide .  p r e c i p i t a t e  i n  g r a i n  boundaries below t h e  decarburized l a y e r ,  

0.0008 i n .  decarbur iza t ion  and 0.0005 i n .  i n t e r g r a n u l a r  pene t ra t ion  

S l i g h t  i n t e r g r a n u l a r  a t t a c k  t o  0.0025 i n . ;  some decarbur iza t ion  t o  0 .001 i n  I 

slgma-l ike p r e c i p i t a t e  t o  a depth of 0.025 i n ,  

Angular s igma-l ike c o n s t i t u e n t  formed wi th in  the g r a i n s  and a l a o  appeared 

nonuniform 

a s  a p r e c i p i t a t e  i n  the  gra in  boundaries 

*fcc  = face-centered  cubic ,  hex = hexagonal 



The b e h a v i o r  o f  Mo, shown i n  F i g .  3 . 1 ,  i n d i c a t e s  mass  t r a n s f e r  o f  N i  f rom t h e  
c a p s u l e  t o  t h e  spec imen.  E f f e c t s  o f  t e m p e r a t u r e  a l o n e ,  i . e . ,  g r a i n  g rowth  and 
u n i f o r m  p r e c i p i t a t i o n  o f  e q u i l i b r i u m  p h a s e s  t h r o u g h o u t  t h e  s p e c i m e n ,  have  a l s o  
been  o b s e r v e d  b u t  a r e  n o t  emphas ized .  

A l l  t h e  m e t a l s  and a l l o y s  r e p o r t e d  i n  T a b l e  3 . 1  h a v e  shown s a t i s f a c t o r y  
s t a b i l i t y  i n  t h e  p r e s e n c e  o f  l i q u i d  s o d i u m  a t  1000°C e x c e p t  t u n g s t e n ,  w h i c h  
a p p e a r s  t o  b e  s l i g h t l y  a t t a c k e d  i n  s o d i u m ,  and  l o w - c a r b o n  t y p e  304 s t a i n l e s s  
s t e e l ,  which  a p p e a r s  t o  be  s u s c e p t i b l e  t o  i n t e r g r a n u l a r  a t t a c k .  A c o m p a r i s o n  
o f  n i c k e l ,  I n c o n e l ,  and I n c o n e l  X i n d i c a t e s  t h a t  t h e  I n c o n e l  i s  d e f i n i t e l y  

s u p e r i o r  t o  t h e  I n c o n e l  X a s  f a r  a s  c o r r o s i o n  i s  c o n c e r n e d ,  w h i l e  n i c k e l  i s  

s u p e r i o r  t o  b o t h ,  a s  c a n  b e  o b s e r v e d  i n  F i g .  3 . 2 .  

L i t h i u m . ,  I n  a d d i t i o n  t o  t h e  t e s t s  r u n  a t  1000°C, s e v e r a l  t e s t s . h a v e  been  
made on m e t a l s  i n  l i t h i u m  a t  700 and 85OoC. T h e s e  d a t a  a r e  n o t  y e t  a v a i l a b l e  
f o r  p r e s e n t a t i o n .  

L e a d ,  Meta l  s a m p l e s  p l a c e d  i n  l e a d  a t  1000°C have  shown a wide v a r i a t i o n  
i n  b e h a v i o r  ( s e e  T a b l e  3 . 2 ) ;  t h o r i u m  and u ran ium have  d e m o n s t r a t e d  a p p r e c i a b l e  

s o l u b i l i t y ,  whereas  Z r ,  Cb ,  Moa and Ta have shown no e v i d e n c e  o f  s o l u t i o n .  

A u s t e n i t i c  s t e e l s  b o r d e r i n g  on t h e  f e r r i t i c  r e g i o n  have  shown e v i d e n c e  o f  
s u r f a c e  and . n e a r - s u r f a c e  g r a i n  boundary  d i f f u s i o n .  T h e s e  r e g i o n s  t r a n s f o r m  t o  
f e r r i t e ,  a s  i s  shown i n  F i g .  3 . 3 .  

The p r e s e n c e  o f  l i g h t  g r a y  p a r t i c l e s  i n  t h e  s u r f a c e  l a y e r s  o f  t y p e s  410 
and 430 f e r r i t i c  s t e e l s  s u g g e s t s  t h a t  l e a d  d i f f u s e s  i n t o  t h e  m e t a l  s u r f a c e ,  a s  
shown i n  F i g .  3 . 4 .  S u c h  p a r t i c l e s  a r e  d i f f i c u l t  t o  r e t a i n  d u r i n g  p o l i s h i n g  
and a r e  p r o b a b l y  t h e  c a u s e  o f  t h e  s u b - s u r f a c e  v o i d s  which  a r e  r e p o r t e d  i n  t h e  
f e r r i t i c  s t a i n l e s s  s t e e l s ,  e .g .  t y p e  4 4 6 ,  shown i n  F i g .  3 . 4 .  Some g r a y  
p a r t i c l e s  have  been  r e t a i n e d .  

2 Atomic  % Uranium - 98 Atomic  % B z s m u t h . ,  A number o f  m e t a l s ,  t a b u l a t e d  
i n  T a b l e  3 , 3 ,  i n  c o n t a c t  w i t h  b i s m u t h  c o n t a i n i n g  2 a t o m i c  % uran ium a t  1000°C 
h a v e  shown w i d e l y  v a r y i n g  b e h a v i o r .  T i t a n i u m ,  z i r c o n i u m ,  and  I n c o n e l  h a v e  
b e e n  s e v e r e l y  a t t a c k e d ,  w h e r e a s  columbium, molybdenum, t a n t a l u m ,  and t u n g s t e n  
a r e  q u i t e  s t a b l e .  

Type  316 s t a i n l e s s  s t e e l ,  a l t h o u g h  s u s c e p t i b l e  t o  l i q u i d - m e t a l  a t t a c k  
a l o n g  s u r f a c e  g r a i n  b o u n d a r i e s  ( F i g .  3 . 5 ) ,  i s  q u i t e  s u p e r i o r  t o  I n c o n e l .  
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NOT CLASSIFIED 
Y-3870 

1 
Y 

NICKEL 
MOLYBDENUM 

D.P.H. 2990 
-ALLOY 

0.005 
c m. 

MOLYBDENUM 
D.P. H. 250  Y 

1 
'ETCH:.5tOXALIC ACID Y-2772 I O 0 0  x 

DIAMOND PYRAMID HARDNESS IMPRESSIONS IN TRANSFER LAYER AND BASE 
METAL. 

MASS TRANSFER FROM NICKEL CAPSULE TO 
MOLYBDENUM SPECIMEN IN LIQUID SODIUM. 

400 HOURS AT 1000°C 
FlG.3.1 

0.010 

0.050 
c m. 

I I 
ETCMAQUA REGIA Y-2906 IOOX 

AUSTENITE-FERRITE TRANSFORMATION AT SURFACE AND GRAIN BOUNDARY 
IN AUSTENITIC STAINLESS STEEL. 

TYPE 304 LOW CARBON STAINLESS S T E E L  
EXPOSED TO LEAD. 
400 HOURS AT I O 0 0 " C  

FIG. 3.3 
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NOT CLASS1 FIE0 
Y-3876 

- - 

0.025 

I 

ETCH:PICR AL ~ - 2 ~ 5  200 x 

0.020 

1 

ETCH: PICRAL,HCL. Y- 2905 250 X 
TYPE 410 EXTRA LOW CARBON, SHOWING LIGHT GREY PRECIPITATION, 
AND SOME GRAIN BOUNDRY P E N E T R A T I O N  TO DEPTH OF ,003 I N .  

FIG. 3.4 

4 3  





TABLE 3 . 2  

WEIGHT* DEPTH 
DISSOLVED TIME CHANGE 

MATER1 AL I h r )  (mg) ( i n  i 
X- RAY 

IDENTIFICATION* * 
OF SURFACE REMARKS 

~ 

&. 304 SS 
(0.04% C) ul 

Zr 40 +7 0 No d a t a  Pb, PbO,, ZrO, 

Cb 

MO 40 +250 No d a t a  bcc 
Ta 40 +150 No d a t a  Ta, TaC, PbO, Pbo, 

W 40 + 35 No d a t a  W, K Pb, PbO 
Th 40 Samples dissolved 
U 40 Samples dissolved 

40 + 140 No d a t a  Pb PbO, PbOZ5 Cb 

304 SS 
(0,006W C) 

310 SS 

Very t h i n  s u r f a c e  f i lm;  no o t h e r  a t t a c k  de tec ted  
Continuous, uniform, spongy-appearing f i l m ,  s o f t e r  than base 

Surface depos i t  with perpendicular  f r a c t u r e s ;  no cor ros ion  
Bright  f i lm harder  than base metal appeared t o  have been de 

No f i lm or a t t a c k  observed; W no t  d e t e c t e d  i n  bath 

m e t  a1 

p o s i t e d  

316 SS 

347 s 

405 33 

40 

400 

40 

40 

40 

40 

40 

40 0 

- 175 

+ 190 

.. 90 

+7 5 

+5 

- 165 

+ 135 

0.008 

None 

0.0008 

No data  

None 

None 

None 

0.0051 

bcc 

bc c 

bcc, Pb, PbO 

bcc, Pb, PbO 

bcc 

bcc, f c c ,  Pb 

Some i n t e r g r a n u l a r  a t t a c k  t o  0.0032 i n ,  ; s l i g h t  phase change 

Transformation along a t tacked  g r a i n  boundaries t o  0 025 i n .  

along at tacked gra in  boundaries and s u r f a c e  

p r e c i p i t a t i o n  i n  a lpha and g a m a  regions;  i n t e r g r a n u l a r  
p e n e t r a t i o n  t o  0.025 i n  ; no decarbur iza t ion  

Heavy i n t e r g r a n u l a r  a t t a c k  with phase t ransformation along 
at tacked gra in  boundaries t o  depth of  0.0106 i n .  (Fig. 3 . 3 )  

I n t e r  anular  a t tack  t o  0 .015 i n .  with some decarbur iza t ion  t o  
0 .  OE i n .  ; a f i n e  p r e c i p i t a t e  s c a t t e r e d  throughout specimen, 
pr imar i ly  a t  g ra in  boundaries 

Thin t ransformation zone, 0.0005 i n .  along exposed sur face  and 
also i n  gra in  boundaries near  sur face ;  i n t e r g r a n u l a r  type 
a t tack  t o  0.008 i n . ,  voids i n  c l e a r  white p r e c i p i t a t e  a t  
g ra in  boundaries 

I n t e r g r a n u l a r  type a t tack ,  0.008 i n .  ; phase t ransformation i n  
a t tacked region 

Very s l i g h t  a t t a c k  

In te rgranular  type a t t a c k ;  sur face  rough; cor ros ion  voids  t o  
depth o f  0.005 i n . ;  some decarbur iza t ion ,  l i g h t  gray prec ip i -  
t a t e  t o  0.006 i n .  



TABLE 3.2 (Cont' d )  

X-RAY 
I DENTI FICATION * * 

OF SURFACE I-- MATERIAL REMARKS 

430 SS 

446 SS 
(ELCI 

446 SS 
(0.006% CE 

m 

bcc, Cr203 In te rgranular  a t tack  t o  0.0019 i n .  ; blue-gray compound formed 
a t  sur face .  (Fig. 3.4) 1 

bcc, Pbo P o s s i b l e  f i lm or mass t r a n s f e r  layer  t o  0 .002 i n .  t h a t  i s  
laced with voids: depth of  i n t e r g r a n u l a r  p e n e t r a t i o n  0.004 
i n .  I l i g h t  gray p r e c i p i t a t e  i n  decarburized area (0.006-inr  
deep area)  

I bcc I I n t e r g r a n u l a r  corrosion a t t a c k  t o  0,0012 i n .  

I I n t e r g r a n u l a r  corrosion voids t o  0.004 i n . ;  oome l i g h t  ray p r e c i p i t a t e  t o  0.006 i n . ,  some decarbur iza t ion  t o  0.086 i n .  

Blue- ray compound on sur face  and i n  gra in  boundaries near  
Fe-Cr s o l i d  so lu t ion  sur face ;  c l e a r  p r e c i p i t a t e  i n  mat r ix  I bcc7 
No d a t a  

No d a t a  I .  
bcc 

Plobular  voids near  exposed s u r f a c e  t o  0.0039 i n . ;  heavy 
decarbur iza t ion  t o  0% 0063 in. ; l a r g e  eigma-l ike p r e c i p i t a t e  
i n  c e n t e r  of specimen 

p r e c i p i t a t e ,  l a r g e  gra in  si ze 

i n .  ; some void. contained gray p r e c i p i t a t e  

I r r e g u l a r  a t tack ;  l a r g e  voids concentrated along sur face ;  some 

Decarburized a r e a  adjacent  t o  edge laced with voids t o  0 ,0024 

* Weifit change d a t a  on samples t e s t e d  i n  lead  a r e  not  s u f f i c i e n t l y  a c c w a t e  t o  be s i g n i f i c a n t  owing t o  lead  adhering t o  t h e  s p e c i m n .  

a *  bcc = body-centered cubic; f c c  = face-centered cubic .  

* * *  E K  = e x t r a  low carbon :<0.05% c)" 



TABLE 3.3 

TI ME 
( h r )  

4 

4 
1 

Materials Tested in Bismuth-Uranium Alloy at 1000°C 

X-RAY IDENTIFICATION OF SURFACE RFMARKS 

Bi ,03* 

Sample d isso lved  in  bath 

Uneven sur face ,  i n d i c a t i n g  some cor ros ion  a t t a c k ;  no d i  f fuaion apparent 

MATERIAL 

Beryllium 

Ti taniurn 

4 

4 

Armco i r o n  FeO, Bi203 

Z r ,  ZrO, Zirconium 

Columbi um 

Molybdenum 100 

100 Tan t a 1 um 

Tungsten 

Incone 1 

5 

Mo, UO,, Bi,03* 

Ta, UO,, Bi,03* 

316 SS 40 

100 

No d a t a  In te rgranular  pene t ra t ion  t o  0.009 ‘in. (Fig. 3.6) 

No d a t a  Be0 c r u c i b l e  leaked during t e e t ;  sample e t i l l  had extremely heavy 
in te rgranular  pene t ra t ion  t o  0.025 i n .  

-.-” 

Uneven sur face  with dark noncontinuous f i lm,  b r i t t l e ;  f i lm l e s s  than 
0.0005 i n .  t h i c k  

Sample near ly  dissolved;  no metal lograghic  d a t a  

Very t h i n  sur face  d e p o s i t  (nonadherent); no o ther  corrosion I I 100 I UO,, Cb 

Fain t  suggest ion of sur face  f i l m  and no change i n  s t r u c t u r e ;  some gra in  
growth; no o ther  v i s i b l e  corrosion 

Very t h i n  f i lms  on sur face  

1 4 I W, UO,, Bi,O,* I Very uniform sur face ;  no v i s i b l e  f i l m  or corroBion 

I 40 I No data 

I loo I No data 

Tube sample t e s t e d ,  complete leakage by penerat ion of BiU a lcn  
boundaries throughout sample; very porous and b r i t t l e  (Fig. 

sample; very b r i t t l e  an! porous 
Be0 cruc ib le  leaked dur in  t e s t ;  pene t ra t ion  through t h e  U-in.- thick 

* X-ray l i n e s  were a l s o  seen corkesponding t o  those of o r i g i n a l  2 atomic % U-98 atomic % Bi a l l o y .  



Dynamic corrosion Testing. During the  p a s t  quarter  t h e  ATW Experimental 

E n g i n e e r i n g  Group h a s  o p e r a t e d  v a r i o u s  thermal c o n v e c t i o n  loops  and turned  
them o v e r  t o  t h e  ORNL M e t a l l u r g y  D i v i s i o n  for e x a m i n a t i o n .  The loops a r e  
l i s t e d  i n  Table 3 .4 .  

HOTZONE LENGTHOF 
TEMP. (OF) OPERATION (hrX REMARKS 

28 446 SS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

14 

15 

16 

17 

I 

316 SS 

316 ss 
316 SS 

316 ss 
304 ss 
L-605* 

347 ss 
SAE 1010 s t e e l  

Nickel 

SAE 1010 s t e e l  

Nickel 

Nickel 

347 ss 
347 ss 
304 SS 

304 SS 

TABLE 3.4 

1350 

1350 

1500 

1100 Scheduled termination 

979 Leak i n  top plug 

1000 Scheduled termination 

I I 

Sodium Loops 
I I 

593 

0 

25 

Hot l eg  f a i lu re  

Weld f a i l u r e  

Weld f a i lu re  

1500 

* 1500 

1500 

1500 

1350 

1350 

1350 

1350 

Hot l e g  f a i l u r e  

Weld f a i l u r e  

6 25 

349 

13 Weld f a i l u r e  

223 Weld f a i l u r e  

1000 Scheduled termination 

1000 Scheduled termination 

lo 00 Scheduled termination 

1000 Scheduled termination 

1500 1000 Scheduled termination 

1500 Scheduled termination 

1mo 
1500 

1200 

* L-605 is a cobalt-base wrought alloy, a l so  known as ’ Haynes Alloy No. 251’ 
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The loops listed in Table 3.5 are either in operation or in the process 

of metallographic examination. 

Loop Loop HOTZDNE LIQUID LENGIH OF 
No. MATERIAL TEMP. ( O F )  WAL OPERATION (hrJ 

12 Nickel 1500 Sodium 1000 

29 Inconel 1350 Sodium 

30 310 S 1350 Sodium 

33 321 SS 1500 s o d i u m  7 54 

34 321 S 1500 Sodium 457 

37 V- 36* 1500 Sodium 

39 V- 36' 1500 Lead 

36 L-605* 1500 Lead 
Y- 36* 1500 Lithium 
L-605* 1500 Lithium 

19 SAE 1010 steel 1100 Lead 

21 SAE 1010 steel 1100 Lead 

35 SAE 1010 s t e e l  1400 Le ad 

TABLE 3.5 

W M S  

Operation completed; loop 

I n  opera t ion  

I n  opera t ion  

H o t  zone f a i l u r e  

Loop badly d i s t o r t e d  

I n  operat ion 

In operat ion 

I n  opera t ion  

being cleaned 

I n  operat ion 

I n  operat ion 

I n  opera t ion  

~ 1500 

The loops given in Table 3.6 are being constructed. 

2 
2 
2 
2 
1 
2 
2 
1 
1 
2 
2 
2 
3 
5 

2 
2 

TABLE 3.6 

304 SS OFWL shops 
309 SS ORNL Shops 
4-05 ss ORNL Shops 
405 SS ORNL Shops 
405 SS ORNL Shops 
410 SS ORNL Shops 
410 SS ORNL Shops 
410 SS ORNL Shops 
SAE 1010 s t e e l  ORNL Shops 
Inconel Phi lade lphia*  
446 SS Phi lade lphia  
310 SS phi  1 adelphi a 
316 S ( E K )  Phi lade lphia  
S t a i n l e s s  steel Phi lade lphia  

loo s i n t e r -  
n a l f y  coated 
m t h  SAE 1010 
steel 

Nickel Y-12 Shops 
347 ss Y-12 Shops 

I I 
LOOP EOF'gF- r MATERIAL I PROBABLE 

LIQUID METAL 

Lead 
Le ad 
Le ad 
Lithium 
Sodium 
Lithium 
Lead 
Sodium 
Lead 

Sodium 

PROBABLE OgERATl 
TEMP. ( F) 

1500 
1500 (a s t a b i l i i  
1500 
1500 
1500 
1500 
150 0 
1500 
1400 



A l i t h i u m - l o o p - f i l l i n g  d e v i c e ,  i n  wh ich  t h e  l i t h i u m  i s  aged  and f i l t e r e d ,  

h a s  been  f a b r i c a t e d  and  s e t . u p  a t  Y-12. L i t h i u m  l o o p s  are  s c h e d u l e d  t o  b e  i n  
o p e r a t i o n  b y  t h e  m i d d l e  o f  F e b r u a r y .  A s i m i l a r  d e v i c e  t o  be  u s e d  f o r  l e a d  i s  
b e i n g  f a b r i c a t e d  and  s h o u l d  b e  r e a d y  d u r i n g  March ,  T e m p o r a r i l y  l o o p s  a r e  

b e i n g  f i l l e d  w i t h  l e a d  by members o f  t h e  ORNL M e t a l l u r g y  D i v i s i o n .  

Thermal CDnvection Loops . ,  The  t h e r m a l  c o n v e c t i o n  l o o p s  w e r e  f i l l e d  w i t h  

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

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

t e m p e r a t u r e  g r a d i e n t s  f rom 150 t o  300°F were s b t a i n e d .  The l o o p s  were o p e r a t e d  
f o r  1000 h r  o r  u n t i l  f a i l u r e  o c c u r r e d .  A t  t h e  c o m p l e t i o n  o f , t h e  t e s t ,  s a m p l e s  
o f  s o d i u m  and l e a d  were t a k e n  f o r  a x y g e n  and  m e t a l  c o n s t i t u e n t  a n a l y s i s .  
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  l o o p  s e g m e n t s  c o n s t i t u t e d  t h e  p r i m a r y  method o f  
e v a l u a t i n g  v a r i o u s  m e t a l s  f o r  c o r r o s i o n  r e s i s t a n c e  t o  d i f f e r e n t  l i q u i d  media .  

A p r e l i m i n a r y  r e p o r t  on  l o o p s  1 t h r o u g h  11, 13 t h r o u g h  17,  and 26 t h r o u g h  

28 f o l l o w s :  E x c e p t  f o r  l o o p s  No. 6 and  2 8 ,  w h i c h  were f a b r i c a t e d  a t  t h e  

P h i l a d e l p h i a  P i p e  B e n d i n g  Company, a l l  t h e s e  t h e r m a l  c o n v e c t i o n  l o o p s  were 

f a b r i c a t e d  i n  t h e  ORNL C e n t r a l  Shops .  T h e s e  l o o p s  were f a b r i c a t e d  by  m e t a l  
a r c  w e l d i n g .  A l l  t h e  w e l d s  showed poor  p e n e t r a t i o n  o f  t h e  weld  meta l ,  and  a 
f e w  o f  t h e  w e l d s  showed i n t e r n a l  p o r o s i t y  and  s l a g  i n c l u s i o n s  i n  t h e  w e l d  
m e t a l .  

A f t e r  f a b r i c a t i o n ,  t h e  l o o p s  were a c i d  p i c k l e d  i n  a n  e f f o r t  t o  remove  
s c a l e .  I n  s e v e r a l  c a s e s  l o o p s  t h a t  were p r e s s u r e  t e s t e d  b e f o r e  p i c k l i n g  
f a i l e d  i n  p r e s s u r e  t e s t i n g  a f t e r  p i c k l i n g .  U n f o r t u n a t e l y  i t  i s  n e a r l y  i m -  

p o s s i b l e  t o  s e p a r a t e  t h e  p i c k l i n g  a t t a c k  f rom t h a t  w h i c h  o c c u r r e d  d u r i n g  t h e  
o p e r a t i o n  o f  t h e  l o o p  w i t h  l i q u i d  m e t a l .  I n  some o f  t h e  u n s t a b i l i z e d  s t a i n -  
l ess  s t e e l s  u s e d  w i t h  s o d i u m ,  i n t e r g r a n u l a r  c o r r o s i o n  f r e q u e n t l y  o c c u r r e d  i n  
t h e  m e t a l  n e a r  t h e  w e l d s .  I n  e i t h e r  e v e n t ,  c a r b i d e  p r e c i p i t a t i o n  d u r i n g  
w e l d i n g  u n d o u b t e d l y  made t h e  m a t e r i a l  s u s c e p t i b l e  t o  i n t e r g r a n u l a r  a t t a c k .  

A t  t h e  p r e s e n t  t i m e  t h e  oxygen and 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  sod ium 

and  l e a d  a r e  i n c o m p l e t e  and t h e  r e s u l t s  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  of t h e  
l o o p s  are only p a r t i a l l y  a v a i l a b l e .  Hence,  t h e  f o l l o w i n g  s h o u l d  be  c o n s i d e r e d  
a s  t e n t a t i v e  d a t a .  
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Oxygen a n a l y s e s  o f  t h e  s o d i u m  f r o m  two s t a i n l e s s  s t e e l  l o o p s  a n d  o n e  
n i c k e l  l o o p  h a v e  i n d i c a t e d  t h a t  t h e  o x y g e n  c o n t e n t  o f  t h e  s o d i u m  d e c r e a s e d  
d u r i n g  o p e r a t i o n . :  S p e c t r o g r a p h i c  e x a m i n a t i o n  o f  t h e  s o d i u m  t a k e n  f r o m  two 

n i c k e l  l o o p s  ( 1 1  and 13)  i n d i c a t e d  a n i c k e l  c o n t e n t  o f  s e v e r a l  t h o u s a n d  p a r t s  
p e r  m i l l i o n .  

Wi th  t h e  e x c e p t i o n  o f  t h e  low-ca rbon  s t e e l  l o o p s  t h e r e  was no i n d i c a t i o n  
o f  any a p p r e c i a b l e  a t t a c k  on  t h e  l o o p s  by t h e  sodium. F i l m  f o r m a t i o n  and mass 
t r a n s f e r  e f f e c t s  were n o t  o b s e r v e d  i n  any o f  t h e  s o d i u m - c o n t a i n i n g  l o o p s .  

A l l  t h e  l e a d  l o o p s  were p lugged  i n t e r n a l l y  d u r i n g  o p e r a t i o n .  T h e s e  p l u g s  

c o n s i s t e d  o f  a s p o n g y  mass o f  d e n d r i t i c  c r y s t a l s ,  and c h e m i c a l  and  s p e c t r o -  
g r a p h i c  a n a l y s e s  i n d i c a t e  them t o  b e  p r i m a r i l y  i r o n  and  chromium w i t h  p o s -  

s i b l y  s m a l l  amounts  o f  n i c k e l .  The p l u g s  formed i n  t h e  c o l d  zones  o f  t h e  l o o p  
d u r i n g  o p e r a t i o n :  The  mass t r a n s f e r  e f f e c t  i s  p r o b a b l y  a s s o c i a t e d  w i t h  t h e  
t e m p e r a t u r e  g r a d i e n t  i n  t h e  loop: 

T h e r e  was a s m a l l  amount o f  i n t e r g r a n u l a r  a t t a c k  i n  some o f  t h e  s p e c i m e n s  
n e a r  w e l d s .  The  t y p e  347 s t a i n l e s s  s t e e l ,  l o o p s  ( 7 ,  14 ,  and  15)  showed  n o  
e v i d e n c e  o f  e i t h e r  s i g m a  f o r m a t i o n  or i n t e r g r a n u l a r  a t t a c k .  T h e  t y p e  304  
s t a i n l e s s  s t e e l  l o o p s  showed no  s i g m a  f o r m a t i o n  b u t  t h e r e  was some i n t e r -  
g r a n u l a r  a t t a c k  a d j a c e n t  t o  t h e  welds .  

A 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  L - 6 0 5  and  n i c k e l  l o o p s  ( 6  and  13)  
showed no  p e r c e p t i b l e  c o r r o s i o n  e f f e c t s .  The 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  i r o n  l o o p s  i s  i n c o m p l e t e .  

Fo rced  Circulatzon L o o p , ,  The  ANP E x p e r i m e n t a l  E n g i n e e r i n g  G r o u p  h a s  
c o n s t r u c t e d  a f o r c e d  c o n v e c t i o n  l o o p  o f  t y p e  316 s t a i n l e s s  s t e e l .  A t  t h e  
p r e s e n t  t i m e  t h e  l o o p  w i l l  be o p e r a t e d  w i t h  sodium t o  t e s t  t h e  e l e c t r o m a g n e t i c  
pump and  o t h e r  componen t  p a r t s .  The  l o o p  i s  h e a t e d  w i t h  Nich rome  h e a t i n g  
e l e m e n t s  and c o o l e d  by a b u i l t - i n  h e a t  e x c h a n g e r  and f o r c e d  c i r c u l a t i o n  o f  a i r  
o v e r  t h e  c o o l i n g  s e c t i o n .  T e s t  s e c t i o n s  a r e  l o c a t e d  i n  t h e  h o t  and  c o l d  
z o n e s ,  and t h e  1 o o p . h a s  been  d e s i g n e d  t o  g i v e  a maximum v e l o c i t y  o f  50 f t / s e c  
t h r o u g h  t h e  t e s t  s e c t i o n .  T h e  ANP E n g i n e e r i n g  Group  h a s  d e s i g n e d  a n d  i s  

f a b r i c a t i n g  t h e  f o l l o w i n g  d e v i c e s  t o  b e  u s e d  i n  t h e  t e s t  s e c t i o n s :  s e l f -  

w e l d i n g  a p p a r a t u s ,  s t r e s s - c o r r o s i o n  a p p a r a t u s ,  s e a l  and b e a r i n g  t e s t  a p p a r a t u s  # 

and i n t e r n a l  p r e s s u r e  gauges .  
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. 
Two more f o r c e d - c i r c u l a t i o n  loops o f  t y p e  341 s t a i n l e s s  s t e e l  a r e  b e i n g  

f a b r i c a t e d  i n  t h e  Y-12 Shops , and  10 l o o p s  a r e  i n  t h e  p l a n n i n g  stage. I n i t i a l -  
l y ,  t y p e s  304, 316, and 341 s t a i n l e s s  s t e e l  and I n c o n e l  w i l l  b e  t e s t e d  i n  t h e  

sodium f o r c e d - c i r c u l a t i o n  l o o p .  

POWDER HETALLURGY - FUEL CLEHENT FABRICATION 

A c t u a l  work o n  members  s u i t a b l e  f o r  i n c o r p o r a t i o n  i n t o  a s o l i d  f u e l  

e l e m e n t  f o r  a h i g h - t e m p e r a t u r e  r e a c t o r  h a s  begun. P r e s e n t  e f f o r t s  a r e  t o w a r d  
d e v e l o p i n g  a p l a t e  t h a t  c o u l d  b e  e i t h e r  u s e d  as  made or c o u l d  b e  f a b r i c a t e d  

i n t o  a t u b e .  T h i s  p l a t e  is  t o  have  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  

1.: A l a y e r  o f  UO, m u s t  b e  h e l d  i n  a m e t a l l i c  m a t r i x . :  F o r  t h e  
p r e s e n t  work i r o n ,  s t a i n l e s s  s t e e l ,  and  molybdenum a r e  b e i n g  
i n v e s t i g a t e d .  

2. The f u e l  l a y e r  must be  c l a d  on  one  s i d e  or b o t h  s i d e s .  

3. The f u e l  l a y e r  i s  t o  b e  a p p r o x i m a t e l y  0.005 i n .  and t h e  c l a d d i n g  
0.010 i n .  

The f o l l o w i n g  t h r e e  me thods  o f  f a b r i c a t i o n  f o r  s u c h  a p l a t e  h a v e  shown 

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

c 1 adding .  

2. S i n t e r i n g  a l o o s e  powder t o  a p l a t e .  

3. U s i n g  a powder compact  and c l a d d i n g  w i t h  a t e c h n i q u e  s i m i l a r  t o  
t h a t  u sed  i n  p r o d u c i n g  M T R  p l a t e s .  

Sintering a Loose Powder. S e v e r a l  p r o c e s s e s  i n  i n d u s t r y  a c h i e v e  a bond 
b y  s i m p l y  s i n t e r i n g  a l o o s e  powder .  An a t t e m p t  h a s  b e e n  made t o  p r o d u c e  a 
f u e l  p l a t e  by s u c h  a p r o c e d u r e .  The f a c i l i t i e s  o f  t h e  Micro  M e t a l l i c  C o r p o r a -  
t i o n  o f  G l e n  C o v e ,  N. Y., were u s e d  f o r  t h i s  work .  T h e  p r o c e s s  u s e d  was  
based  upon c o n f i d e n t i a l  t e c h n i q u e s  d e v e l o p e d  b y t h i s  company f o r  t h e  p r o d u c t i o n  
o f  m e t a l l i c  f i l t e r s .  I n  g e n e r a l ,  t h e  method i n v o l v e d  s i n t e r i n g  a t  v e r y  h i g h  
t e m p e r a t u r e s  i n  a p u r i f i e d ,  h i g h l y  r e d u c i n g  a tmosphe re .  Two c l a s s e s  o f  p l a t e s  
were made, o n e  c l a s s  w i t h  s t a i n l e s s  s t e e l  powders  bonded  t o  s t a i n l e s s  s t e e l  

p l a t e s  and t h e  o t h e r  w i t h  a m i x t u r e  o f  UO, and s t a i n l e s s  s t e e l  powder  bonded 
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t o  t h e  p l a t e :  The  p u r p o s e  o f  t h e  f i r s t  c l a s s  w a s  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  b o n d i n g  by t h i s  method and p o s s i b l y  t o  f a b r i c a t e  a p o r o u s  p l a t e  t h a t  c o u l d  

l a t e r  be  impregna ted .  

When o n l y  t h e  s t a i n l e s s  s t e e l  powders  were u s e d ,  a p o o r  m e t a l l u r g i c a l  

bond was o b t a i n e d .  T h i s  bond i s  enough t o  b i n d  t h e  l a y e r s  t o  t h e  p l a t e  and t o  

r e s i s t  some f l e x i n g ,  b u t  i s  n o t  s u f f i c i e n t l y  good  f o r  h e a t  t r a n s f e r .  T h e  
amount o f  bond ing  was g r e a t l y  i n c r e a s e d  by w o r k i n g  t h e  p l a t e  and  r e s i n t e r i n g .  
I n  Some c a s e s  i t  was n o t  p o s s i b l e  t o  l o c a t e  t h e  o r i g i n a l  i n t e r f a c e .  F i n e r  
s t a i n l e s s  s t e e l  p a r t i c l e s  g a v e  a b e t t e r  bonded ,  b u t  more d e n s e ,  l a y e r .  When 
t y p e  410 s t a i n l e s s  s t e e l  w a s  u sed  as t h e  b a s e  p l a t e ,  a zone o f  m a r t e n s i t e  was 
found w e l l  up i n t o  t h e  powder l a y e r .  

I f  20% ( b y  v o l u m e )  UO, i s  a d d e d  t o  t h e  s t a i n l e s s  s t e e l  p o w d e r ,  t h e  
b o n d i n g  i s  p a r t i a l l y  i n h i b i t e d .  I n  some c a s e s  n o t  e v e n  a m e c h a n i c a l  bond was 

o b t a i n e d .  F i g u r e s  3 . 6  t o  3 . 9  a r e  f r o m  a s e r i e s  o f  t h i s  t y p e  w i t h  20% UO, 
added t o  t y p e  316 s t a i n l e s s  s t e e l  powder and s i n t e r e d  o n t o  a 316 p l a t e .  F i g u r e  

3 . 6  i s  i n  t h e  a s - s i n t e r e d  c o n d i t i o n  and  shows  a v e r y  p o o r  bond b o t h  t o  t h e  

b a s e  p l a t e  and i n  t h e  powder l a y e r  i t s e l f .  N e a r l y  a l l  t h e  powder  h a s  f a l l e n  
o u t  d u r i n g  p o l i s h i n g .  P r e s s i n g  ( 100 t s i )  and r e s i n t e r i n g  ( F i g .  3 . 7 )  i n c r e a s e  
t h e  bond enough t o  b i n d  t h e  m a t e r i a l  t o g e t h e r  and t o  t h e  p l a t e ,  b u t  n o t  enough 

f o r  a d e q u a t e  h e a t  t r a n s f e r .  The  UO, i s  w e l l  d i s t r i b u t e d ,  and a n e t w o r k  o f  
s t a i n l e s s  s t e e l  d o e s  e x i s t .  F i g u r e s  3 . 8  and 3 . 9  show t h e  e f f e c t s  o f  r o l l i n g  
and  r e s i n t e r i n g .  The  amount  o f  bond h a s  b e e n  i n c r e a s e d ,  b u t  t h e  UO, i s  now 
found i n  s t r i n g e r s  p a r a l l e l  t o  t h e  p l a t e ,  which i s  u n d e s i r a b l e .  

A s e c o n d  p l a t e  was p r e p a r e d  s i m i l a r  t o  t h e  o n e  j u s t  d i s c u s s e d  e x c e p t  
t h a t  a c l a d d i n g  on  b o t h  s i d e s  was d e s i r e d .  No p r o v i s i o n  c o u l d  b e  made f o r  
e n s u r i n g  c o n t a c t  o f  t h e  t o p  c l a d d i n g  p l a t e ,  s o  i t  i s  n o t  s u r p r i s i n g  t h a t  v e r y  
l i t t l e  b o n d i n g  t o o k  p l a c e  a t  t h i s  i n t e r f a c e .  T h e  b o n d i n g  a t  t h e  b o t t o m  
i n t e r f a c e  was much b e t t e r  t h a n  t h e  o n e  p r e v i o u s l y  d i s c u s s e d  b u t  i s  s t i l l  n o t  
a d e q u a t e .  P r e s s i n g  and r e s i n t e r i n g  t h i s  compact  p r o d u c e d  a good bond a t  t h e  
bo t tom and a f a i r  one  a t  t h e  t o p  ( F i g .  3 . 1 0 ) .  When t h i s  p l a t e  w a s  c o l d  r o l l e d  
and r e s i n t e r e d ,  t h e  bond was improved ,  b u t  a g a i n  t h e  UO, s t r i n g e r s  were found.  

A p l a t e  s i m i l a r  t o  t h e  f i r s t  o n e  d i s c u s s e d  a b o v e  b u t  w i t h  a t y p e  410 
b a s e  p l a t e  was made. The r e s u l t s  o n  t h i s  p l a t e  were v e r y  s i m i l a r  t o  t h o s e  
d i s c u s s e d  above e x c e p t  t h a t  m a r t e n s i t e  f o r m a t i o n  was e v i d e n t .  
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Bond of 316-U02(209!J compact to 316 plate sintered 
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Bond of 318-U02(209!J compact t o  316 plate sintered, 
rolled 50% and resintered. 
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MTB Type Fuel Plate. I f  a p l a t e  o r  t u b e  w i t h  a c l a d d i n g  on b o t h  s i d e s  is  
d e s i r e d ,  a t e c h n i q u e  s i m i l a r  t o  t h a t  u s e d  f o r  mak ing  MTR f u e l  p l a t e s  m i g h t  
p o s s i b l y  be  a d a p t e d ,  To i n v e s t i g a t e  t h i s  p o s s i b i l i t y  d i s k s  1 i n .  i n  d i a m e t e r  
and 0 . 1 4 0  i n .  t h i c k  were f a b r i c a t e d ;  T h e s e  d i s k s  were o f  b o t h  30 and 50% Uo, 
and  were p r e p a r e d  w i t h  b o t h  i r o n  and s t a i n l e s s  s t e e l  m a t r i c e s .  The  s t a i n l e s s  
s t e e l  u sed  was 100-mesh e l e c t r o l y t i c  powder w h i l e  t h e  i r o n  was 10-/.L c a r b o n y l  

powder The d i s k s  were f ramed and c o v e r e d  w i t h  t y p e  316 p l a t e  

S i n c e  a s u i t a b l e  p r o t e c t i v e  a t m o s p h e r e  was n o t  a v a i l a b l e ,  t h e  s a n d w i c h e s  
were canned  i n  f l a t t e n e d  s t a i n l e s s  s t e e l  t u b e s  and  t h e  t u b e s  were e v a c u a t e d  
t o  50  /.L Hg and s e a l e d .  Wi th  t h e  i r o n  c o m p a c t s  0 . 0 3 5 - i n  t u b e s  were w e l d e d  
c l o s e d  w i t h  a hand  t o r c h .  D u r i n g  r o l l i n g  a t  1330°C e v e r y  c a n  f a i l e d .  The  
s t a i n l e s s  s t e e l  compac t s  were t h e n  cann'ed i n  0 . 0 6 5 - i n .  t u b e s  and s e a l e d  w i t h  

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

F i g u r e s  3 . 1 2  t o  3 . 1 4  a r e  r e p r e s e n t a t i v e  o f  t h e  v a r i o u s  p l a t e s  c o n t a i n i n g  

an i ron -U0 ,  f u e l  l a y e r .  The p l a t e  i n  F i g .  3 . 1 2  c o n t a i n s  30% UO, and h a s  been  
r e d u c e d  54%, i t  i s  t y p i c a l  o f  p l a t e s w i t h  s m a l l  r e d u c t i o n s .  One i n t e r f a c e  i s  

bonded ,  b u t  a t  t h e  o t h e r  a v o i d  i s  found .  I t  a p p e a r s  t h a t  t h e  s i d e s  o f  t h i s  

v o i d  h a v e  p a r t i a l l y  bonded  and t h e n  t o r n  away. F i g u r e  3 . 1 3  i s  f rom t h e  same 
t y p e  o f  p l a t e  r e d u c e d  80%. I n  t h i s  s a m p l e  b o t h  i n t e r f a c e s  a r e  w e l l  b o n d e d ,  

and  t h e  UO, i s  q u i t e  e v e n l y  d i s t r i b u t e d  i n  a m e t - a l l i c  m a t r i x .  A c o r e  c o n -  
t a i n i n g  50% UO, which  h a s  been  r e d u c e d  78% i s  shown i n  F i g .  Even w i t h  
t h i s  h i g h  UO, c o n c e n t r a t i o n ,  good bonds and  a c o n t i n u o u s  m e t a l l i c  n e t w o r k  a r e  
found.  The t h i r d  p h a s e  p r e s e n t  a t  t h e  i n t e r f a c e  of  t h e s e  compac t s  a p p e a r s  t o  
be a d i f f u s i o n  zone be tween t h e  i r o n  and s t a i n l e s s  s t e e l .  

3 . 1 4 .  

I n  a l l  t h e s e  s a m p l e s  t h e  c a n  was c o m p l e t e l y  bonded t o  t h e  c o v e r  p l a t e ,  
making s t r i p p i n g  i m p o s s i b l e .  Another  major  problem w i l l  be  t h e  m a i n t a i n i n g  o f  
d i m e n s i o n a l  t o l e r a n c e s .  An u n e x p l a i n e d  v a r i a t i o n  i n  t h e  t h i c k n e s s  o f  t h e  
r o l l e d  powder compact  o c c u r r e d  i n  a l l  t h e s e  t e s t s .  

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  p l a t e s  c o n t a i n i n g  t h e  t y p e  3d2 s t a i n -  
l e s s  s t e e l  m a t r i x  i s  n o t  c o m p l e t e d ;  h o w e v e r ,  F i g .  3 . 1 1  i s  p r e s e n t e d  f o r  
c o m p a r a t i v e  p u r p o s e s .  T h i s  p l a t e  c o n t a i n s  30% UO, and  h a s  been  r e d u c e d  90%. 
Bo th  i n t e r f a c e s  show good bond ing ,  b u t  t h e  UO, i s  a g a i n  p r e s e n t  a s  u n d e s i r a b l e  

s t r i n g e r s .  F u r t h e r  work w i t h  a f i n e r  s t a i n l e s s  s t e e l  powder i s  p lanned .  
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316 plate 

Fe - U 02( 3093 
pressed compact 

316 plate 

316 plate 

Fe - UOe (50 74 
pressed compact 

316 plate 

FIG. 3.13 Y-3140 
I75 x 

Double clad Fe-U02(30%) pressed compact. Hot  
rolled 88 %. 
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The f a b r i c a t i o n  o f  f u e l  e l e m e n t  s h e e t s  c o m p r i s i n g  s u b s t a n t i a l  p r o p o r t i o n s  

o f  c e r a m i c  f u e l  (UO,) s u p p o r t e d  a n d / o r  bonded by a m e t a l  m a t r i x  t o  m e t a l  f a c e  
s h e e t s  is  a l s o  b e i n g  a t t e m p t e d  u t i l i z i n g  a s c r e e n  m a t r i x .  

F i n e l y  p e r f o r a t e d  o r  e l e c t r o f o r m e d  s c r e e n  m a t e r i a l  h a s  been  o b t a i n e d  f rom 

c o m m e r c i a l  s u p p l i e r s .  S e v e r a l  p r e l i m i n a r y  d i f f u s i o n  o r  s o l i d - p h a s e  b o n d i n g  
e x p e r i m e n t s  were p e r f o r m e d  i n  which  n i c k e l  s c r e e n i n g  w a s  j o i n e d  t o  b o t h  t y p e  
3 0 2  s t a i n l e s s  s t e e l  and molybdenum f a c e  s h e e t s .  R e s u l t s  were n o t  c o n c l u s i v e  
b e c a u s e  o f  l i m i t a t i o n s  o f  s i z e  of  t h e  a v a i l a b l e  f u r n a c e ;  however ,  s o l i d - p h a s e  
b o n d i n g  was e v i d e n t  f o r  a l l  m a t e r i a l s  u s e d  a t  a p p r o x i m a t e l y  130OOC f o r  1 h r ,  
w i t h  a p r e s s u r e  o f  a b o u t  2 p s i .  F a c i l i t i e s  a r e  b e i n g  a s sembled  t o  accommodate 
l a r g e r  s p e c i m e n s ,  h i g h e r  u n i t  l o a d s ,  and a c c u r a t e  c o n t r o l .  

The  s c r e e n s  s o  f a r  e x a m i n e d  h a v e  b e e n  o f  t w o  t y p e s .  E l e c t r o f o r m e d  
s c r e e n i n g  i s  a v a i l a b l e  i n  n i c k e 1 , n i c k e l  w i t h  an  o v e r p l a t e  o f  chromium, c o p p e r ,  
a n d  c o p p e r  w i t h  a n  o v e r p l a t e  o f  n i c k e l .  A m a c r o p h o t o g r a p h  a t  3 O X  o f  t h e  
C . 0 ,  J e l l i f f  M a n u f a c t u r i n g  Corp. 's  25- by 25-mesh C u + N i  s c r e e n  is p r e s e n t e d  i n  

Fig.3.15.4.  F i g u r e  3.15B i s  a c r o s s - s e c t i o n a l  v i ew a t  180X and shows c o n c e n t r i c  
l a y e r s  o f  e l e c t r o d e p o s i t e d  n i c k e l  b u i l t  up on a c o p p e r  b a s e  g r i d .  F i g u r e  3 . 1 5 c  

shows t h e  40 by 40 mesh g r a d e  i n  p u r e  n i c k e l .  

E l e c t r o f o r m e d  n i c k e l  o r  n i c k e l  + chromium s c r e e n i n g  a v a i l a b l e  t h r o u g h  t h e  
Pyramid  S c r e e n  Company i s  shown a t  30X i n  F i g s .  3 .158  and E - ,  

A c o n t r a c t  i s  c u r r e n t l y  b e i n g  n e g o t i a t e d  w i t h  t h e  G e r i t y - M i c h i g a n  Corpo-  
r a t i o n  r e l a t i v e  t o  d e v e l o p m e n t  o f  v a r i o u s  e l e c t r o f o r m i n g  a p p l i c a t i o n s  o f  
i n t e r e s t .  

Samples  o f  m e c h a n i c a l l y  p e r f o r a t e d  s c r e e n i n g  were s u p p l i e d  by  t h e  Hen- 
d r i c k s  M a n u f a c t u r i n g  Company. 25- by 25-mesh 0 . 0 2 0 - i n .  - d i a m e t e r  h o l e s  h a v e  
b e e n  s u c c e s s f u l l y  punched  i n  r o l l e d  molybdenum s h e e t  0 . 0 1 0  i n .  t h i c k .  T h e  
h o l e s  a r e  c l e a n  and more s h a r p l y  edged i n  c o n t r a d i s t i n c t i o n  t o  t h o s e  formed by 
e l e c t r o f o r m i n g  p r o c e s s e s .  F i g u r e  3.15F shows t h e  u p p e r  s u r f a c e  o f  s i m i l a r  
2 5  mesh 0 . 0 1 0 - i n .  s t e e l  s h e e t ,  M e c h a n i c a l  p e r f o r a t i n g  i s  b e l i e v e d  t o  be  m o s t  

f e a s i b l e  f o r  f a b r i c a t i o n  o f  t h e  s c r e e n  t y p e  f u e l  m a t r i x  l a y e r ,  s i n c e  a n y  
d e s i r e d  m e t a l  or a l l o y  s h e e t  m a t e r i a l  i s  a p p l i c a b l e .  L i m i t a t i o n s  a s  t o  s i z e  
o f  o p e n i n g  and p a r t i c u l a r l y  t h e  p e r c e n t  t o t a l  open  a r e a  o f  s u c h  s c r e e n i n g  a r e  
c u r r e n t l y  b e i n g  d e t e r m i n e d .  
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A 
(30 X )  

65 mesh/inch, 0.006" thick 
Cu+Ni  

ELECTRO 

SCREENS LY 

ELECTROFORMED AND PUNCHED 

B 
(180x1 

CROSS-SECTION OF 
A - E T C H E D  

A L L  MAGNIFICATIONS REDUCED 

APPROXIMATELY 112 IN REPRODUCTION 

" x *. 

C 
(30x1 

40mesh/inch, 0 .007"th ick  
NICKEL 

E L E C T R O  

D 
(30 X) 

-45 mesh/lnch,0.0025"thick 
NICKEL 

ELECTRO 

E 
(30x1 

0 .O 0 b'slot, 0.0 03 5't hic k 
NICKEL 

E L E C T R O  

F 
(30 X )  

25 mesh/inch, 0.010"thick 
MILD S T E E L  

PUNCHED 

FIGURE 3.15 
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S e v e r a l  e x p e r i m e n t s  w e r e  p e r f o r m e d  t o  d e t e r m i n e  t h e  p r a c t i c a l i t y  o f  
l o a d i n g  o f  s c r e e n  o p e n i n g s  w i t h  UO, powder. By s i m p l y  p r e p a r i n g  a v i s c o u s  

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

r e s u l t e d .  R e l a t i v e l y  h i g h - d e n s i t y  UO, p a c k i n g s  w e r e  a c h i e v e d  i n  p r e l i m i n a r y  

t e s t s  by c o l d  p r e s s i n g  UO, powder p l u s  s e v e r a l  p e r c e n t  p a r a f f i n  b i n d e r  i n t o  
t h e  s c r e e n  o p e n i n g s .  S t e e l  d i e s  w i t h  r u b b e r  and  l e a d  f a c e d  p u n c h e s  w e r e  

employed, u s i n g  p r e s s u r e s  of  5 t o  30 ts i  compacting p r e s s u r e .  A r a d i o g r a p h  o f  
t h e  loaded s c r e e n s  i n d i c a t e d  t h a t  such  p r o c e d u r e s  i n  g e n e r a l  may be f e a s i b l e .  

Compatibility Test of Potentfal Fuel Element Materials. As a c o n t i n u a -  
t i o n  o f  t h e  program t o  i n v e s t i g a t e  t h e  mutua l  c o m p a t i b i l i t y  of  p o s s i b l e  f u e l  
e lement  components, f u r t h e r  t e s t s  have been made. 

The t e s t  p r o c e d u r e  i s  e s s e n t i a l l y  t h e  same a s  t h a t  r e p o r t e d  i n  ORNL-920 
w i t h  t h e  e x c e p t i o n  t h a t  a r e d u c t i o n  o f  n o  more t h a n  20% i n  d i a m e t e r  w a s  

a t t e m p t e d  f o r  t h e  m a j o r i t y  o f  t es t s .  T h i s  was done  s i n c e  i n  e a r l i e r  t e s t s  

g r e a t e r  r e d u c t i o n s  q u i t e  o f t e n  r e s u l t e d  i n  b r e a k i n g  t h e  welds  h o l d i n g  t h e  end 
p l u g s ,  a l l o w i n g  t h e  a tmosphe re  o f  t h e  f u r n a c e  t o  r e a c h  t h e  c a p s u l e  c o n t e n t s . .  
The t i m e  a t  t e s t  t e m p e r a t u r e  was 100 f 5 hr: 

I t  s h o u l d  be  emphasized a g a i n ,  a s  s t a t e d  i n  ORNL-920, t h a t  t h e s e  t e s t s  

were s e t  up t o  o b t a i n  q u a l i t a t i v e  in fo rma t ion . :  The r e s u l t s ,  t h e r e f o r e ,  s h o u l d  
be used w i t h  t h i s  i n h e r e n t  l i m i t a t i o n  i n  mind: 

Whether or n o t  a r e a c t i o n  had t aken  p l a c e  was determined o n l y  by 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 ,  No a t t e m p t  was made t o  i d e n t i f y  e i t h e r  t h e  r e a c t i o n  
p r o d u c t s  or t h e i r  p r o p e r t i e s .  T h e r e f o r e  t h e  p r e s e n c e  of a new,phase would n o t  
i n  i t s e l f  e l i m i n a t e  a g i v e n  p a i r  o f  m a t e r i a l s  s i n c e  t h e  new component may or 

may n o t  c a u s e  d e c r e a s e d  r e s i s t a n c e  t o  c o r r o s i o n ,  r a d i a t i o n ,  or o t h e r  t y p e s  o f  
damage. 

It  i s  f e l t ,  however, t h a t ,  i f  i n t e r m e t a l l i c s  or a l l o y s  were formed, t h e y  
would add t o  t h e  a l r e a d y  complex problem of  m a t c h i n g  t h e r m a l  c o e f f i c i e n t s  o f  
e x p a n s i o n  and  m a i n t a i n i n g  r e a s o n a b l y  c o n t i n u o u s  m e t a l l u r g i c a l  bonds  f o r  
maximum h e a t  t r a n s f e r .  I t  f o l l o w s  t h a t  t h e  p r e s e n c e  o f  a r e a c t i o n  l a y e r  
s h o u l d  s e r v e  a s  a w a r n i n g  t h a t  f u r t h e r  i n v e s t i g a t i o n  s h o u l d  be made b e f o r e  
u s i n g  a g iven  p a i r  of  m e t a l s  t o g e t h e r .  

I n  t h e  t a b u l a t i o n  o f  r e s u l t s  ( T a b l e  3 .7)  t h e  t o t a l  t h i c k n e s s  of  a l l  re-  

a c t i o n  l a y e r s  i s  r e c o r d e d  a l o n g  w i t h  any r e s i d u a l  gap  l e f t  between t h e  com- 
p o n e n t s  i n  t h e  c a p s u l e .  ~ l t h o u g h  t h e  o r i g i n  o f  t h e  gap  c o u l d  be d u e  t o  a 
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TABLE 3.7 

Compatibility T e s t  Data 

GAP ( i n . )  MATERIALS 

Be vs 316 SS 

LAYER+ GAP 
( i n .  ) 

Be vs 430 SS 

0 * 0 0 1  

0.004 

Be vs. Ni 

0.001 0.002 

0.004 

Be vs. Inconel 

Be vs. Mo 

Be v s ~  Ti 

Be vs. Cb 

Be YS" h c o  Fe 

Be vs. Ta 

Be vs. uo, 
Nb vs UO, 

Nb vs. Be0 

Mo V S ~  uo, 

Mo vs. Be0 

wlo vs. 316 SS 

Mo V S ~  309 SS 

316 v s ~  UO, 

316 vs. Be0 

316 vs. Cb 

316 vs, N i  

Inconel vs. h c o  Fe 

Incanel MS. 302 

TEMP. ("Cg 

LS. swaged a t  100( 
1000 
900 
800 

900 
800 

1000 
800 

1000 
800 

800 

1000 

1000 

1000 
80 0 

1000 

1000 

1100 

1 100 

1100 

1100 

1100 

1 100 

PPOO 

1100 

900 

PI00 
1000 
900 

1100 
900 

REACTION 
LAYER 
( i n .  9 

0.004 
0.029 
0.006 
0.008 

0.004 
0.014 

0.012 
0.025 

0.048 
0.019 

0 .001  

0 001 

0.008 

0.005 

0.005 

0.010 

0 ~ 003 

0.001 
0.025 
0.014 
0 003 

0.008 
0.010 

0.030 
0.002 

0 001 
0.019 

0.001 

0.023 

0.010 
0.015 

0.003 

0.005 
0.054 
0.020 
0.011 

0.012 
0.024 

0.042 
0.027 

0.049 
0.038 

0 002 

0.024 

0.008 

0.015 
0.015 

0.008 

S l i g h t  reaction of undetermined depth 
snncecb rod dropped out; does not  

l O U S  appear s 

No reaction 

No reaction 

0.001 

0.001 

0.001 

0 002 

0.002 

0 ~ 003 

0.002 This may be oxide due to poor 
evacuation; being checked 

No seaction apparent; to be rechecked 
I I 

0.004 
0.002 
0.003 

0.002 
0.004 
0.004 
0.003 

Trace react io  
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c o m b i n a t i o n  o f  e f f e c t s  s u c h  a s  ( 1 )  l o s s  o f  r e a c t i o n  p r o d u c t s  d u r i n g  c u t t i n g  
f o r  m e t a l l o g r a p h i c  s a m p l e ,  ( 2 )  d i f f e r e n c e s  i n  t h e r m a l  c o e f f i c i e n t s  o f  e x -  
p a n s i o n ,  a n d  ( 3 )  c h a n g e  i n  t h e  vo lume  o f  t h e  s y s t e m  t h r o u g h  f o r m a t i o n  o f  

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

CREEP-RUPTURE LABORATORY 

I f  d e l i v e r y  s c h e d u l e s  a r e  met by t h e  v a r i o u s  v e n d o r s ,  i n s t a l l a t i o n  o f  t h e  
l a b o r a t o r y  equipment  s h o u l d  be  comple t ed  by t h e  midd le  o f  F e b r u a r y .  C o m p l e t i o n  

o f  t h e  14 s p e c i a l  f u r n a c e s  and t h e  chamber  f o r  t e s t i n g  i n  vacuum or i n  i n e r t  

a tmosphe re  is  e x p e c t e d  i n  30 t o  60 days .  These  f u r n a c e s  h a v e  been  b u i l t  p a r t l y  
by ORNL and p a r t l y  by L. H. M a r s h a l l  Co.  The f i r s t  u n i t  h a s  been  d e l i v e r e d  and 
t h e  p r o d u c t i o n  s c h e d u l e  c a l l s  f o r  two or t h r e e  f u r n a c e s  p e r  week. S t u d i e s  a r e  

underway on  t h e  f i r s t  f u r n a c e  u n i t  t o  s t u d y  t h e  v a r i o u s  o p e r a t i n g  c h a r a c t e r i s -  

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

A 2 5 - k w  g a s o l i n e - d r i v e n  moto r  g e n e r a t o r  w i t h  a u t o m a t i c  t r a n s f e r  s w i t c h  

h a s  been  p u r c h a s e d  t o  f u r n i s h  emergency  e l e c t r i c a l  power f o r  t h e  l a b o r a t o r y .  
A l t e r n a t e  s o u r c e s  f o r  o t h e r  s e r v i c e s  a r o  p r o v i d e d  b u t  r e q u i r e  manua l  s w i t c h -  
o v e r .  Man-power r e q u i r e m e n t s  h a v e  been  s u r v e y e d  and i t  i s  p l a n n e d  t o  have  an 
o p e r a t o r  i n  c o n s t a n t  a t t e n d a n c e .  

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

t u b i n g  o f  t h e  v a r i o u s  m a t e r i a l s  t h a t  may be  o f  i n t e r e s t  t o  t h e  ANP P r o j e c t .  

A l s o  r e q u e s t s  h a v e  b e e n  p l a c e d  w i t h  AEC t o  o b t a i n  a l p h a  r o l l e d  u r a n i u m  b a r ,  
and  a l p h a  and  gamma e x t r u d e d  u r a n i u m  b a r  f o r  t h e  C r e e p  o f  Uranium P r o g r a m .  
The  p r o d u c t i o n  o f  t e s t  s p e c i m e n s  o f  t h e  s e v e r a l  t y p e s  and f r o m  t h e  v a r i o u s  

m a t e r i a l s  h a s  b e e n  d i s c u s s e d  w i t h  t h e  R e s e a r c h  S h o p s .  T o o l i n g  i s  b e i n g  
p l a n n e d  t o  p r o v i d e  spec imens  i n  l o t s  o f  a b o u t  25  a t  a minimum p r o d u c t i o n  c o s t .  

Owing t o  t h e  l a c k  o f  s p a c e  i n  B u i l d i n g  2000 and t h e  f i r e  h a z a r d  i n v o l v e d  
i n  h a n d l i n g  l i q u i d  m e t a l s ,  s p a c e  h a s  b e e n  o b t a i n e d  i n  t h e  b a s e m e n t  o f  t h e  

P i l o t  P l a n t  B u i l d i n g  t o  i n s t a l l  a l a b o r a t o r y  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  e n v i r o n m e n t s .  T h i s  l a b o r a t o r y  i s  i n  t h e  p r e l i m i n a r y  d e s i g n  
s t a g e .  I t  i s  p l a n n e d  t o  i n s t a l l  f o u r  t u b e  b u r s t  u n i t s  and  s i x  l e v e r  arm t y p e  
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. 

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

i n d i c a t e s  s u c h  a n  e x p a n s i o n  t o  b e  d e s i r a b l e .  The  f u r n a c e s  and t e s t  c h a m b e r s  

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

C o n s i d e r a b l e  a t t e n t i o n  h a s  b e e n  g i v e n  t o  t h e  d e s i g n  p r o b l e m s  i n  o r d e r  t o  
m i n i m i z e  t h e  h a n d l i n g  o f  t h e  l i q u i d  m e t a l  and  t h e  h a z a r d s .  T h i s  l a b o r a t o r y  
w i l l  a l s o  be  u n d e r  t h e  2 4 - h r  s u p e r v i s i o n  of an  o p e r a t o r .  

No t e s t s  h a v e  been  c o n d u c t e d  d u r i n g  t h e  p a s t  q u a r t e r  i n  t h e  C r e e p  Lab-  
o r a t o r y . :  D u r i n g  t h i s  c o n s t r u c t i o n  p e r i o d  t h e  room h a s  been  crowded w i t h  t h e  
s e r v i c e  crews and  t h e  power h a s  been  f r e q u e n t l y  i n t e r r u p t e d ,  mak ing  t e s t i n g  
i m p r a c t i c a l .  

E i g h t e e n  t e n s i l e  t e s t s  were c o n d u c t e d  a t  1500°F t o  o b s e r v e  t h e  de fo rma-  
t i o n  and r e c o v e r y  c h a r a c t e r i s t i c s  o f  t y p e s  310 ,  316 ,  and  347 s t a i n l e s s  s t e e l  

and I n c o n e l  u n d e r  c o n d i t i o n s  o f  c y c l i c  s t r e s s i n g .  The t e s t s  were c o n d u c t e d  a t  
two c o n s t a n t  s t r a i n  r a t e s ,  0.05 and 0 .10  in . /min .  The  s t r a i n  r a t e  was main-  

t a i n e d  c o n s t a n t  d u r i n g  l o a d i n g  u n t i l  t h e  l o a d  c e a s e d  t o  i n c r e a s e ,  t h e n  t h e  
l o a d  was r e l e a s e d  s l o w l y .  T h e  s p e c i m e n  was h e l d  a t  z e r o  s t r e s s  f o r  10 min 
p r i o r  t o  r e l o a d i n g .  T h i s  p r o c e d u r e  was r e p e a t e d  f o r  f o u r  o r  f i v e  c y c l e s ,  
g i v i n g  a t o t a l  t e s t  t ime of a p p r o x i m a t e l y  1 h r .  

The s e r i e s  h a s  j u s t  b e e n  c o m p l e t e d , a n d  t h e  d a t a  h a v e  n o t  y e t b e e n  ade- 
q u a t e l y  s t u d i e d .  D e t a i l e d  d a t a  w i l l  be r e p o r t e d  a t  a l a t e r  d a t e .  F o l l o w i n g  
a r e  a few g e n e r a l i z e d  o b s e r v a t i o n s :  

1. I n c r e a s i n g  t h e  s t r a i n  r a t e  marked ly  i n c r e a s e d  t h e  maximum s t ress  
o b t a i n e d .  

2. G e n e r a l l y ,  t h e  maximum s t r e s s  o b t a i n e d  i n  e a c h  c y c l e  d e c r e a s e d  
w i t h  e a c h  s u c c e s s i v e  s t ress  c y c l e .  

3 .  Under t h e q t e s t  c o n d i t i o n s  e l a s t i c  r e c o v e r y  was n o t  d e t e c t e d .  

WELDING LABORATORY 

H o u s i n g  c o n s t r u c t i o n  € o r  t h e  Weld ing  L a b o r a t o r y  h a s  r e c e n t l y  b e e n  com- 
p l e t e d .  I t  i s  e x p e c t e d  t h a t  mos t  o f  t h e  h e l i a r c  w e l d i n g  e q u i p m e n t  and  a s -  
s o c i a t e d  a p p a r a t u s  w i l l  b e  d e l i v e r e d  and i n  o p e r a t i o n  d u r i n g  F e b r u a r y .  A 
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r e s e a r c h  p rogram f o r  t h e  p r o d u c t i o n  o f  we lded  t e s t  s p e c i m e n s  u s i n g  mater ia l s  

o f  i n t e r e s t  t o  t h e  ANP Group  w i l l  be unde rway  d u r i n g  F e b r u a r y .  T h i s  s t u d y  
w i l l  be c o n d u c t e d  u s i n g  t h e  f a c i l i t i e s  o f  t h e  W e l d i n g  L a b o r a t o r y  and  t h e  
s e r v i c e s  o f  a s k i l l e d  w e l d e r  r e c e n t l y  a s s i g n e d  t o  t h e  M e t a l l u r g y  D i v i s i o n .  . 

Welding of Refractory Hetals. E x p e r i m e n t s  i n  w e l d i n g  of molybdenum 
h a v e  b e e n  d e l a y e d  p e n d i n g  t h e  c o m p l e t i o n  o f  f a c i l i t i e s  of t h e  M e t a l l u r g y  
D i v i s i o n  Welding  L a b o r a t o r y .  A r e s e a r c h  c o n t r a c t  h a s  been  awarded t h e  B a t t e l l e  
Memorial I n s t i t u t e  t o  i n v e s t i g a t e  t h e  w e l d a b i l i t y  o f  h i g h - p u r i t y  molybdenum.; 

Thermal Convection Loop Fabrication. A t  t h e  r e q u e s t  o f  t h e  Dynamic  
C o r r o s i o n  Group s u p e r v i s i o n  o f  t h e  f a b r i c a t i o n  o f  h a r p s  w a s  u n d e r t a k e n  by t h e  
Welding S e c t i o n .  J o i n t  d e s i g n  and w e l d i n g  s e q u e n c e  w a s  s p e c i f i e d  f o r  a se r ies  

o f  e i g h t  h a r p s ,  which w e r e  c o n s t r u c t e d  i n  t h e  R e s e a r c h  Shpps.  The h a r p s  have  
b e e n  l e a k  t e s t e d  and  t u r n e d  o v e r  t o  t h e  E x p e r i m e n t a l  E n g i n e e r i n g  Group  f o r  
t e s t i n g  i n  l i q u i d  m e t a l .  

A g r o u p  of e i g h t  4 0 0 - s e r i e s  s t a i n l e s s  s t e e l  h a r p s  i s  b e i n g  p r e p a r e d  f o r  

f a b r i c a t i o n .  S i n c e  t h i s  g r o u p  o f  l o o p s  i s  o f  a new d e s i g n ,  j o i n t  d e s i g n  and  
we ld ing  s e q u e n c e  s p e c i f i c a t i o n s  w i l l  be  p r e p a r e d . :  

Seam-welding of Flattened Tube Ends. A t  t h e  r e q u e s t  of t h e  S t a t i c  Cor- 
r o s i o n  Group a s t u d y  i s  b e i n g  u n d e r t a k e n  t o  d e t e r m i n e  t h e  f e i s i b i l i t y  o f  u s i n g  
r e s i s t a n c e  , s e a m - w e l d i n g  t o  s e a l  o f f  t h e  f l a t t e n e d  e n d s  of t u b e s  c o n t a i n i n g  
s o l i d i f i e d  m e t a l  unde r  c o n s i d e r a t i o n  a s  a l i q u i d  c o o l a n t .  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  v a c u u m - t i g h t  s e a l s  c a n  b e  o b t a i n e d  by  u s i n g  t h e  f o l l o w i n g  
t e c h n i q u e  : 

s 

1 . :  F l a t t e n e d  t u b e  e n d s  were i n s e r t e d  i n  a s l o t  be tween  two s h e e t s  
whose t o t a l  t h i c k n e s s  e q u a l l e d  t h e  t h i c k n e s s  o f  t h e  f l a t t e n e d  
t u b e  end. 

2. A r e s i s t a n c e  seam weld  was i n i t i a t e d  on  t h e  s h e e t  m a t e r i a l  and  
c o n t i n u e d  a c r o s s  t h e  t u b e  end  o n t o  t h e  r e m a i n i n g  s h e e t  m a t e r i a l  
and was i n t e r n a l l y  f l u s h e d  w i t h  a rgon  d u r i n g  weld ing .  

3 . :  The t u b e  was removed and vacuum t e s t ed . :  

4. A f t e r  b e i n g  f i l l e d  w i t h  l i q u i d  m e t a l ,  t h e  o t h e r  t u b e  end  was 
f l a t t e n e d  and seam-welded a s  above  w h i l e  u n d e r  e v a c u a t i o n ,  u s i n g  
a mechan ica l  pump. 

E l e v a t e d  t e m p e r a t u r e  t e s t s  a r e  underway for f u r t h e r  e v a l u a t i o n  o f  t h i s  

66 t e c h n i q u e . :  
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Hydrogenous Fluids. A s t u d y  i s  t o  b e  u n d e r t a k e n  t o  d e t e r m i n e  t h e  a p -  
p r o x i m a t e  l i q u i d u s  c u r v e s  f o r  s y s t e m s  c o n t a i n i n g  a h i g h  p e r c e n t a g e  o f  h y d r o g -  
e n o u s  compounds .  T h e  p u r p o s e  o f  t h i s  s t u d y  i s  t o  d e t e r m i n e  w h a t  s y s t e m s  
m i g h t  b e  u s e f u l  a s  m o d e r a t o r - c o o l a n t s  i n  a h i g h - t e m p e r a t u r e  r e a c t o r  on t h e  
b a s i s  o f  m e l t i n g  p o i n t .  S u b s e q u e n t  s t u d i e s  a r e  p l a n n e d  t o  d e t e r m i n e  t h e  
s t a b i l i t y  o f  s e l e c t e d  m i x t u r e s  and  t o  e s t a b l i s h  m e t h o d s  o f  d e c r e a s i n g  u n -  
d e s i r a b l e  d i s s o c i a t i o n .  The n e c e s s a r y  a p p a r a t u s  f o r  c o n d u c t i n g  t h e  l i q u i d u s  
c u r v e  d e t e r m i n a t i o n s  i s  b e i n g  d e s i g n e d .  

Corrosion of Beta1 Single Crystals by Liquid Metals. A f u n d a m e n t a l  
s t u d y  i s  b e i n g  . u n d e r t a k e n  o f  t h e  c o r r o s i o n  o f  l a r g e  m e t a l  s i n g l e  c r y s t a l s  by 
l i q u i d  m e t a l s .  The a p p a r a t u s  t o  b e  u s e d  i n  t h e  i n i t i a l  p h a s e  o f  t h i s  s t u d y  
h a s  a lmos t  been  comple t ed .  

L a r g e  s i n g l e  c r y s t a l s  s h o u l d  be  t h e  mos t  s a t i s f a c t o r y  s p e c i m e n s  f o r  t h i s  
fundamen ta l  s t u d y .  An o r d i n a r y  p o l y c r y s t a l l i n e  m e t a l  s u r f a c e  i s  an e x c e e d i n g l y  
c o m p l e x  s y s t e m .  Even  i f  t h e  c o m p l i c a t i n g  f a c t o r s  o f  m e c h a n i c a l  s t r a i n ,  
f o r e i g n  f i l m s ,  a n d  r o u g h n e s s  a r e  r e m o v e d ,  a p o l y c r y s t a l l i n e  m e t a l  s u r f a c e  
s t i l l  c o n s i s t s  o f  a l a r g e  v a r i e t y  of  c r y s t a l  f a c e s  and b o u n d a r i e s .  S t u d i e s  o f  
t h e  p h y s i c a l  c h e m i s t r y  o f  a g r e a t  many s u r f a c e  phenomena h a v e  shown t h a t  t h e  
v e l o c i t y  o f  n e a r l y  e v e r y  r a t e  p r o c e s s  d i f f e r s  m a r k e d l y  on d i f f e r e n t  c r y s t a l  
f a c e s . ! ' )  F r e q u e n t l y  t h e s e  d i f f e r e n c e s  p r o v e  t o  b e  o f  s e v e r a l  o r d e r s  o f  
m a g n i t u d e .  a s  i n  t h e  c a s e  o f  t h e  o x i d a t i o n  o f  c o p p e r  a t  i n t e r m e d i a t e  t e m -  

p e r a t u r e s . ( * )  I n  o t h e r  i n s t a n c e s  i t  h a s  been  f o u n d  t h a t  e n t i r e l y  d i f f e r e n t  
p r o c e s s e s  t a k e  p l a c e  on d i f f e r e n t  c r y s t a l  f a c e s ,  a s  i n  t h e  c a s e  o f  t h e  c a t a -  
l y t i c  d e c o m p o s i t i o n  o f  CO on N i . ( ' ,  The p h y s i c o c h e m i c a l  p r o p e r t i e s  o f  a n  
o r d i n a r y  m e t a l  s u r f a c e  a r e  a c o m p o s i t e  o f  t h e  s e p a r a t e  p r o p e r t i e s  o f  t h e  

v a r i o u s  c r y s t a l  f a c e s  exposed .  I n  o r d e r  t o  u n d e r s t a n d  t h e  b e h a v i o r  o f  a m e t a l  
s u r f a c e  i t  i s  n e c e s s a r y  t o  u n d e r s t a n d  t h e  p r o p e r t i e s  o f  t h e  d i f f e r e n t  c r y s t a l  
f a c e s .  

A s t u d y  o f  t h e  a c t i o n  o f  l i q u i d  m e t a l s  on  t h e  v a r i o u s  f a c e s  o f  m e t a l  
s i n g l e  c r y s t a l s  i s  b e i n g  u n d e r t a k e n  i n  o r d e r  t o  d e t e r m i n e  w h a t  i n f l u e n c e  

(1) Taimtann, v9 G. and Sartosium, F. ,  Atzerscheinungen am Kupfereinkristal l ,  "z anopg. a1 Z g a .  C h e k  
'' Influence o f  Crystal Plane 175, 97 (1928); Gwathmey, A. T. Leidheiser,  H. I J r . ,  a n d h i t h ,  G. P. 

and %rounding Atmosphere on (hemica1 A c t i v i t i e s  of Single  Crystals  o f  Metals, '' National A d v i s o r y  
Committee f o r  Aeronaut i c s ,  Tech. Note No. 1460 (1948). 

(2 )  Gwathmey. A T. I and Benton, A F '' The Reaction o f  Gases on the Surface of  a S ingle  Crystal of  
Gpper.; L Oxygen," J .  P h y s .  Chem. 46, 969 (1942) .  

(31 Leidhenser, H. Jr.. and Gwathmey, A. T., " The S e l e c t i v e  Deposition of  Carbon on the (111) Face 
o f  a Nickel  Crystal  i n  the C a t a l y t i c  Decomposition of  Carbon Monoxide," Am. C h e w  SOC. J .  
1206 (1948). 

70, 
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c r y s t a l  o r i e n t a t i o n  may have  on  P i q u i d - m e t a l  c o r r o s i o n .  Very  l i t t l e  i n f o r m a -  
t i o n  e x i s t s  on  t h i s  s u b j e c t .  T h e r e f o r e ,  i n i t i a l  s t u d i e s  w i l l  c o n s i s t  o f  a 
q u a l i t a t i v e  s u r v e y  o f  r e p r e s e n t a t i v e  l i q u i d  m e t a l - s i n g l e  c r y s t a l  s y s t e m s  t o  

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

i n f o r m a t i o n  i t  s h o u l d  be p o s s i b l e  t o  s e l e c t  f a v o r a b l e  c o n d i t i o n s  f o r  q u a n t i t a -  

t i v e  s t u d i e s  o f  s u c h  phenomena a s  may be  e n c o u n t e r e d . .  

The s o l i d - m e t a l  s p e c i m e n s  u s e d  i n  t h i s  s u r v e y  w i l l  c o n s i s t  o f  s p h e r i c a l  
s i n g l e  c r y s t a l s  up t o  5/8 i n .  i n  d i a m e t e r .  S p h e r i c a l  spec imens  o f f e r  a u n i q u e  
a d v a n t a g e  i n  mak ing  q u a l i t a t i v e  s t u d i e s .  E v e r y *  p o s s i b l e  c r y s t a l  f a c e  mus t  

o c c u r  a t  l e a s t  t w i c e  on  t h e  s u r f a c e  o f  t h e  s p h e r e .  T h e r e f o r e  a l l  c r y s t a l  
f a c e s  may b e  s i m u l t a n e o u s l y  compared  i n  a s i n g l e  e x p e r i m e n t .  An e x a m p l e  o f  
t h e  t y p e  o f  r e s u l t  o b t a i n e d  i s  g i v e n  i n  F i g s .  3 .16  and 3 .17 .  

The p h o t o g r a p h s  show a s i n g l e  c r y s t a l  s p h e r e  o f  c o p p e r ,  t h e  s u r f a c e  o f  
w h i c h  was i n i t i a l l y  e l e c t r o l y t i c a l l y  p o l i s h e d  u n t i l  v e r y  s m o o t h  a n d  t h e n  

e t c h e d  e l e c t r o l y t i c a l l y  i n  an o r t h o p h o s p h o r i c  a c i d  s o l u t i o n . .  The p a t t e r n  re- 
s u l t i n g  from d i f f e r e n t  r a t e s  o f  e t c h i n g  a t t a c k  on d i f f e r e n t  c r y s t a l  f a c e s  may 

b e  s e e n  i n  F i g s .  3.16 a n d * 3 . 1 7 .  I n  F i g .  3 .16  a [ l o o ]  a x i s  i s  n o r m a l  t o  t h e  
p l a n e  o f  t h e  page .  Copper  h a s  a c u b i c  c r y s t a l  l a t t i c e  and t h e  e x p e c t e d  f o u r .  
f o l d  symmet ry  o f  t h e  ( 1 0 0 )  p o l e  may b e  s e e n .  The  ( 1 0 0 )  p o l e  i t s e l f  i s  t h e  
g e o m e t r i c a l  c e n t e r  o f  t h e  f o u r f o l d  symmet ry .  I n  F i g . 3 . 1 7  a [ l l l ]  a x i s  i s  

normal  t o  t h e  p l a n e  o f  t h e  page.  The e x p e c t e d  t h r e e f o l d  symmetry may be s e e n .  
A l l  t h e  o t h e r  c r y s t a l l o g r a p h i c  p o l e s  may b e  l o c a t e d  i n  l i k e  m a n n e r , u s i n g  t h e  

methods o f  c r y s t a l l o g r a p h y  For  example ,  a ( 1 1 0 )  p o l e  l i e s  midway be tween any  
p a i r  o f  a d j a c e n t  ( 1 0 0 )  p o l e s  o r  any p a i r  o f  a d j a c e n t  ( 1 1 1 )  p o l e s .  

Where p r a c t - i c a l ,  t h e  e x p e r i m e n t a l  p r o c e d u r e  w i l l  b e  a s  f o l l o w s :  T h e  
s p h e r i c a l  s i n g l e  c r y s t a l s  w i l l  b e  e l e c t r o l y t i c a l l y  p o l i s h e d  u n t i l  t h e  c o l d -  
worked  s u r f a c e  l a y e r s  h a v e  b e e n  s u b s t a n t i a l l y  r emoved ,  a s  i n d i c a t e d  by t h e  
s h a r p n e s s  o f  e l e c t r o l y t i c  e t c h  p a t t e r n s  and  u n t i l  a v e r y  smoo th  s u r f a c e  i s  
o b t a i n e d .  Then t h e  c r y s t a l s  w i l l  be  a n n e a l e d ,  p r e f e r a b l y  i n  an a t m o s p h e r e  i n  
which  t h e i r  o x i d e  f i l m s  a r e  r e d u c e d . .  F i n a l l y ,  t h e  c r y s t a l s  w i l l  b e  immersed  
i n  t h e  l i q u i d  m e t a l  w i t h o u t  e x p o s u r e  t o  t h e  a tmosphe re .  An a p p a r a t u s  f o r  con-  
d u c t i n g  s u c h  s t u d i e s  w i t h  l i q u i d  m e t a l s  wh ich  do  n o t  a t t a c k  q u a r t z  i s  a l m o s t  
c o m p l e t e d .  The  f i r s t  e x p e r i m e n t s  w i t h  t h i s  a p p a r a t u s  w i l l  b e  made on t h e  
m e r c u r y - c o p p e r  s y s t e m  b e c a u s e  o f  t h e  e a s e  o f h a n d l i n g  mercu ry  and t h e  immedia t e  
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a v a i l a b i l i t y  o f  s p h e r i c a l  s i n g l e  c r y s t a l s  o f  c o p p e r .  

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

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

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

O b t a i n i n g  s u i t a b l e  s p h e r i c a l  s i n g l e  c r y s t a l s  p r e s e n t s  some p r o b l e m s .  A 
g r e a t  many m e t a l  c r y s t a l s  may b e  grown by t h e  Br idgman  m e t h o d ,  and  some o f  
t h e s e  a r e  a v a i l a b l e  c o m m e r c i a l l y .  C r y s t a l s  w h i c h  m u s t  b e  f o r m e d  by  o t h e r  
methods  a r e  d i f f i c u l t  t o  o b t a i n  c o m m e r c i a l l y ,  I t  may p r o v e  n e c e s s a r y  t o  s e t  

up  s u i t a b l e  f a c i l i t i e s  a t  QRNL f o r  t h e  g r o w t h  of c r y s t a l s  by  t h e  Andrade  and 
h a l i d e  d e c o m p o s i t i o n  methods.  

The  m a c h i n i n g  o f  s p h e r i c a l  s i n g l e  c r y s t a l s  s o  a s  t o  p r o d u c e  a c o l d -  
worked l a y e r  which c a n  be s u b s t a n t i a l l y  removed by e l e c t r o l y t i c  p o l i s h i n g  i s  a 
r e s e a r c h  problem.  For some m e t a l s t h i s  c a n  be done  w i t h  r e a s o n a b l e  s u c c e s s  b u t  
f o r  o t h e r s  i t  may p r o v e  n e c e s s a r y  t o  grow t h e  c r y s t a l s  i n  a s p h e r i c a l  s h a p e .  
The  m o s t  f r e q u e n t  t r o u b l e  i n  m a c h i n i n g  s i n g l e  c r y s t a l s  i s  e n c o u n t e r e d  w i t h  
c r y s t a l s  wh ich  may b e  f r a c t u r e d  by c l e a v a g e .  I n  s u c h  c a s e s  i t  i s  s o m e t i m e s  

o b s e r v e d  t h a t  abnormal  c o r r o s i o n  o c c u r s  a l o n g  c l e a v a g e  p l a n e s  i n  s u c h  a manner  
t h a t  d e e p  c r a c k s  a r e  fo rmed  e v e n  t h o u g h  s u c h  c r a c k s  were n o t  o b s e r v e d  b e f o r e  
c o r r o s i o n .  

P h y s i c o c h e m i c a l  p r o c e s s e s  o c c u r r i n g  a t a  s u r f a c e  a r e  f r e q u e n t l y  s e n s i t i v e  
t o  t h e  method by wh ich  t h e  s u r f a c e  was p r e p a r e d .  A l t h o u g h  t h i s  i s  g e n e r a l l y  
r e c o g n i z e d ,  i t  h a s  r e c e i v e d  l i t t l e  e x p e r i m e n t a l  a t t e n t i o n .  I t  may p r o v e  
d e s i r a b l e  t o  c o n d u c t  s t u d i e s  o n  s u r f a c e  p r e p a r a t i o n .  H o w e v e r ,  d u r i n g  t h e  
p e r i o d  i n  w h i c h  t h e  m a j o r  e m p h a s i s  i s  on a q u a l i t a t i v e  s u r v e y  o f  c o r r o s i o n ,  
s u c h  s e c o n d a r y  r e s e a r c h  a s  s u r f a c e  p r e p a r a t i o n  w i l l  be a v o i d e d  e x c e p t  where  i t  
i s  n e c e s s a r y  t o  make t h e  c o r r o s i o n  r e s u l t s  m e a n i n g f u l .  



-40 MTRPUELELEMENTS 

. 
During t h i s  p e r i o d  20 a d d i t i o n a l  modi f ied  MTR f u e l  e l emen t s  were manu- 

f a c t u r e d  for use  i n  t h e  Bulk S h i e l d i n g  R e a c t o r ,  t h u s  comple t ing  t h e  o r d e r .  
Orders  have been p l aced  f o r  a u x i l i a r y  components f o r  t h e  138 MTR f u e l  assem- 
b l i e s  a s  fo l lows:  ( 1 )  end boxes,  ( 2 )  combs, ( 3 )  r e t a i n i n g  and beveled  r i n g s ,  
( 4 )  r e t a i n i n g  s p r i n g s ,  ( 5 )  aluminum p l a t e s ,  and ( 6 )  s i d e  p l a t e s .  

The new 31- ton  mechanical  p r e s s  f o r  punching c o r e s  and frames has  been 
i n s t a l l e d .  D i e s  a r e  i n  t h e  shop, 35% complete.  One sh im-sa fe ty  f u e l  s e c t i o n  
was made to t es t  a new des ign  of t h i s  p a r t  of t h e  MTR. E d i t i n g  of t he  r e p o r t  
cover ing  MTR mock-up f u e l  rod product ion  was completed. I t  w i l l  be i s sued  a s  
O W - 9 5 1 .  

. 

A reques t  w a s  made f o r  a d d i t i o n a l  man power and equipment f o r  f u l l - s c a l e  
MTR f u e l  r o d  p r o d u c t i o n  ( 2 . 3  r o d s  p e r  d a y ) .  These  w i l l  be needed  a f t e r  
completion of t h e  o r i g i n a l  o rde r  of 138 assembl ies ,  about  October 1, 1951. 
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5 .  SERVICE WORE 

The b u l k  o f  t h e  e f f o r t  of  t h e  l a s t  q u a r t e r  t h a t  c a n  be c l a s s i f i e d  a s  

s e r v i c e  work was on t h e  f o l l o w i n g :  

I ,  P r o d u c t i o n  o f  e n r i c h e d  U - A 1  a l l o y  d i s k s  f o r  t h e  KAPL c r i t i c a l  
e x p e r i m e n t ,  

2.  R o l l i n g  l a r g e  i n g o t s  o f  B o r a l  f o r  B r o o k h a v e n  a n d  t h e  MTR. 

3. P r o d u c t i o n  o f  e n r i c h e d  uranium meta l  d i s k s  f o r  t h e  ANP c r i t i c a l  
expe r imen t .  

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

KAPL DISKS 

P r o d u c t i o n  o f  about  20 ,000  e n r i c h e d  U - A 1  a l l o y  d i s k s  f o r t h e  KAPL c r i t i c a l  
experiment  was completed i n  Novemb.er 1950, X-ray d i f f r a c t i o n  p a t t e r n s  o f  t h e  
g r a y  powder found i n  b l i s t e r s  o f  d e f e c t i v e  d i s k s  were u n i d e n t i f i a b l e .  T h i s  
b l i s t e r i n g  can p robab ly  be t r a c e d  t o  h y d r a t i o n  of  s e g r e g a t e d  aluminum ox ide  i n  
t h e  i n g o t -  

. 
BOHAL ROLLING 

F i f t y - f o u r  i n g o t s  of  Bora l  were c a s t  and j a c k e t e d a t y - 1 2  and s u b s e q u e n t l y  
r o l l e d , a t  X-10 on t h e  20 -  by 3 0 - i n .  Mes ta  m i l l ,  I n i t i a l l y  t h e  i n g o t s  were 

26 by 28 by 1% i n .  and weighed abou t  7 5  l b .  S i n c e  o n l y  one f u r n a c e  t h a t  c o u l d  
hand le  t h i s  s i z e  was a v a i l a b l e ,  p r o d u c t i o n  was s e v e r e l y  l i m i t e d ,  and t h e  s i z e  
was l a t e r  c u t  t o  20 by 26 by 1% i n ,  s o  t h a t  a n o t h e r  f u r n a c e  c o u l d  be u t i l i z e d .  
I n g o t s  were preheatedaminimum of  2 h r  a t  1100°F and r o l l e d  w i t h o u t  r e h e a t i n g .  
Four were r o l l e d  to 1/8in, and 50 t o  1 / 4  i n .  T o t a l  r o l l i n g  time pes i n g o t  was 

3 min, 

ANP DISKS 

. 

A t  t h e  r e q u e s t  o f  A .  D. C a l l i h a n ,  6000 d i s k s  o f  e n r i c h e d  u ran ium m e t a l  
a r e  be ing  f a b r i c a t e d  f o r  a c r i t i c a l i t y  experiment  t o  be run i n  c o n n e c t i o n  w i t h  
t h e  ANP Program, O r i g i n a l  s p e c i f i c a t i o n s  were a s  f o l l o w s :  
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. 

d 

I 

m m  DWdETER (in.) THICKNESS (in. I - (g) 

3000 2.860 -b 0.000 0.010 +_ 0.0005 19.5 f 0.5 

- 0.004 

3000 1.430 +- 0.000 0.010 * 0.0005 4.87 * 0.13 - 0.002 

I n i t i a l l y ,  g r o s s l y  o v e r w e i g h t  d i s k s  w e r e  p i c k l e d  w i t h  d i l u t e  HNO, t o  
a t t a i n  t h e  d e s i r e d  we igh t .  S m a l l  w e i g h t  a d j u s t m e n t s  were t h e n  made by punching  
s m a l l  h o l e s  i n  t h e  d i s k s .  I t  w a s  found  t h a t  t h e  o x i d e  l a y e r  on d i s k s  which  
had n o t  been e t c h e d  p r e s e n t e d  a s e r i o u s  c o n t a m i n a t i o n  problem.  C o n s e q u e n t l y  
i t  was d e c i d e d  t o  p i c k l e  a l l  d i s k s ,  The e t c h i n g  p r o c e d u r e  now i n  u s e  i s  a s  
f 01 lows : 

1. 

2. R inse  i n  t h r e e  w a t e r  b a t h s .  

3. Dip i n  a c e t o n e .  

4. Dry, 

Dip  i n  c o l d  c o n c e n t r a t e d  HNO,. 

The w e i g h t  t o l e r a n c e s  were t h e n  a d j u s t e d  downward t o  a l l o w  for t h e  l o s s  
o f  uran ium i n  t h e  p i c k l i n g  b a t h s  as  f o l l o w s :  

Small disks 4.42 to  4.52 g 

Large disks 17.70 to  18.10 g 

To d a t e ,  1500 ( a b o u t  30 kg)  o f  t h e  l a r g e  washe r s  have been f i n i s h e d .  
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METALLURGY DIVISION PERSONNEL.* 

Abrams, L .  A. 
Adams, R. E. 
Adamson, G. M. 
A n d e r s e n ,  A .  G. H.  
A t c h l e y ,  N. h .  
B a n k e r ,  L .  E. 
B e a v e r ,  R. J .  
B e t t e r t o n ,  J .  O . ,  J r .  
Bomar, E.  S . ,  J r .  
B o r i e ,  B. S. ,  J r .  
BOSS, G. H .  
Boyd, E. R .  
B o y l e ,  E. J .  
B r a s u n a s ,  A .  D. 
B r i d g e s ,  W. H. 
B u k e r ,  D. 0, 
Byrum, B. F .  
C a r r ,  H. T. 
C o o l e y ,  G .  E ,  
C r o u s e ,  R .  S. 
C u t c h e r ,  C ,  F, 
Cunningham, J ,  .E. 
Day, R .  B, 

As of January 3 1 ,  1951 

D r o s t e n ,  F. W. 
E a s t o n ,  D. S. 
E r w i n ,  J. H. 
F i t z g e r a l d ,  R.. L .  
F l y n n ,  J ,  E. 
F r y e ,  J .  k i - ,  Jr .  
F u l t o n ,  T. W.  
Glasgow,  L .  G. 
G o l d s t o n ,  G. D. 
G o n z a l e z ,  G. M. 
Gqyrer,  J .  C. 
G r a y ,  R ,  J .  
G r i g g s ,  E.  P ,  
Hamby, D. E .  
Hix, J ,  N .  
Hudson,  R .  J .  
J a c o x ,  D .  J ,  
J e t t e r ,  L. K O  
J o h n s o n ,  R .  W .  
L a y n e ,  E .  E. 
L e s l i e ,  B. C ,  
Manly,  W .  D.  
Mi l l e r .  E .  C. 

Ogle, J. C. 
O l i v e r ,  R. B. 
P a t r i a r c a ,  P. 
Foe, Do V. 
FoFe, J .  E .  
P r o a p s ,  W. W. 
R o s s o n ,  D. E. 
S h u b e r t ,  C. E. 
S m i t h ,  C. D. 
S m i t h ,  C. L .  
S m i t h ,  G. P . ,  J r ,  
Steele ,  R. M. 
Thomas,  M. J .  
T r o t t e r ,  L e  R. 
T u r n e r ,  J .  P.  
Wal l ace ,  H.  J .  
W a l l a c e ,  R .  M .  
Weaver ,  C. W .  
Webb, R .  S .  
W h i t e ,  J .  R .  
W i l l i a m s ,  R .  0. 
Woods, J .  C. 

*The P h y s i c s  of S o l i d s  I n s t i t u t e  now i s s u e s  i t s  own q u a r t e r l y  r e p o r t .  I t s  p e r s o n n e l  c o n s i s t s  
of 27 s c i e n t i s t s ,  t h r e e  t e c h n i c i a n s ,  and one c l e r i c a l  worker ,  a t o t a l  of 31. 
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