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SUMMARY 

.) 

' .  

. 

Dur ing  t h e  p a s t  q u a r t e s ,  work h a s  c o n t i n u e d  on t h e  ORNL ( C l i n t o n )  and 
H a n f o r d  s l u g  p r o b l e m s :  t h e  metaPBurgieaP deve lopmen t  o f  components  for t h e  
M a t e r i a l s  T ' e s t i n g  R e a c t o r ,  i n c l u d i n g  t h e  mock-up and t h e  c r i t i c a l i t y  e x p e r i -  
men t ;  t h e  r e c e n t l y  i n i t i a t e d  tho r ium program: and t h e  fundamen ta l  s t u d i e s  of 
t h e  mechan ica l  p r o p e r t i e s  of  pure m e t a l s  and of  r e l a t i o n s  of p r e f e r r e d  o r i e n -  
t a t i o n  t o  a n i s o t r o p y  i n  t h e  p r o p e r t i e s  of uranium and o t h e r  m e t a l s .  

The D i v i s i o n " s  r a d i a t i o n  e f f e c t s  g roup  is b e i n g  expanded t o  work a c t i v e l y  
on t h e  m e t a l l u r g i c a l  problems connected w i t h  t h e  L a b o r a t o r y "  s s o l i d  s t a t e  pro-  
gram, T h i s  group i s  p r e s e n t l y  engaged i n  c o m p l e t i n g  t h e  S o l i d  S t a t e  G r o u p n s  
h o t  l a b o r a t o r y  f a c j . l i t i e s  and p l a c i n g  them i n  o p e r a t i o n ,  

The D i v i s i o n  i s  j u s t  commencing an i n t e n s i v e  i n v e s t i g a t i o n  of m e t a l l u r g i -  
c a l  c o n s t r u c t i o n  m a t e r i a l s  s u i t a b l e  f o ~  h i g h  t e m p e r a t u r e  s e r v i c e  i n  t h e  p r e -  
s ence  o f  l i q u i d  m e t a l s o  T h i s  work w i l l  be d e s c r i b e d  i n  subsequen t  r e p o r t s ,  

ORNL (Clinton) S l u g  Program, Aluminum-si l icon bonded s l u g s  have been re- 
c e i v e d  and are  now under  t e s t  i n  t h e  program t~ d e v e l o p  methods o f  minimizing 
s l u g  f a i l u r e s  i n  t h e  ORNL r e a c t o r ,  S t u d y  of t h e  r o l e s  of magnesium and s i l i -  
c o n  i n  t h e  d i f f u s i o n  between uranium and aluminum c o n t i n u e s ,  NQ s i g n i f i c a n t  
changes  i n  d imens ions  o r  d e n s i t y ,  s u c h  as  o c c u r  i n  H a n f o r d  p i l e  i r r a d i a t i o n ,  
have been obse rved  i n  h e a t  t r e a t m e n t  of  U-A1 aPBoys c o n t a i n i n g  5 t o  40% U i n  

t h e  absence 0f i r r a d i a t i o n ,  
Ranfokd S l u g  Problem, The the rma l  c y c l i n g  experimencs conducted to d a t e  

i n d i c a t e  t h a t  c y c l i n g  and end l o a d i n g  aEe c r i t i c a l  v a r i a b l e s  i n  p roduc ing  d i s -  
t o r t i o n i n H a n f s r d  s l u g s ,  No s i g n i f i c a n t  d i s t o ? t i o n  occurs when slugs a r e  h e l d  
at e l e v a t e d  t e m p e r a t u r e s  w i t h o u t  c y c l i n g ,  I n c r e a s e  i n  end l o a d i n g  a p p e a r s  n; -x 

i n c r e a s e  d i s t o r t  i o n ,  The t e s t s  a r e  b e i n g  e x t e n d e d  t o  i n c l u d e  a B p R a - s s l l e d  
slugs 0 

A s  a r e s u l t  of  t h e  i n v e s t i g a t ?  )n 
o f  t h e  c a u s e s  o f  b l i s l t e r i n g  i n  aluminum-clad U - A l  alllob. p l a t e s ,  m o d i f i c a t i o n s  
have been made in m e l t i n g ,  r o l l i n g ,  c l a d d i n g  and b r a z i n g  p rocedures  which g i v e  
g r e a t l y  improved y i e l d s  of b l i s t e r - f r e e  f u e l  p l a t e s  and assemblies, 

Materials T a s t i n g  R Q Q C ~ O F .  Fuel E l e m e n t s ,  

Pwenty f u e l  a s s e m b l i e s ,  c o n t a i n i n g  e n r i c h e d  uranium, a r e  b e i n g  made b y  
t h e  D i i i s i o n  f o r  u s e  i n  t h e  c r i t i c a l i t y  expe r imen t s  to be performed i n  t h e  MIPR 
mock-up a t  ORNL, 



. Beryllium. The t e c h n i q u e s  of  l a b o r a t o r y  m e l t i n g  and c a s t i n g  have b e e n  
s u b s t a n t i a l l y  improved. A l l o y s  c o n t a i n i n g  smal l  a d d i t i o n s  o f  T i  and Zr have 
been c a s t  and a re  now under  s t u d y .  

A d d i t i o n a l  e x t r u s i o n  e x p e r i e n c e  i n  t h e  A d r i a n ,  Mich igan  p l a n t  c o n f i r m s  
t h e  f e a s i b i l i t y  o f  c o n s i s t e n t l y  p r o d u c i n g  sound 3% i n .  round-co rne red  s q u a r e  
e x t r u s i o n s  f o r  t h e  MTR, p r o v i d i n g  sound 8 - i n c h  b i l l e t s  a r e  a v a i l a b l e .  Recen t  
b i l l e t s  c o n t a i n i n g  s m a l l  a d d i t i o n s  o f  aluminum, r e c e i v e d  from t h e  B e r y l l i u m  
C o r p o r a t i o n ,  were sound and e x t r u d e d  s a t i s f a c t o r i l y .  These  aluminum-contain-  
i n g  e x t r u s i o n s  a r e  now unde r -go ing-mechan ica l  and c o r r o s i o n  t e s t s .  

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

. S t u d i e s  have been made t o  compare g r a i n  s t r u c t u r e ,  mechanical  p r o p e r t i e s ,  
and c o r r o s i o n  b e h a v i o r  of b e r y l l i u m  m e t a l  e x t r u d e d  a t  d i f f e r e n t  t e m p e r a t u r e s  
a n d  a n n e a l e d  a t  d i f f e r e n t  t e m p e r a t u r e s ,  a n d  v a r i o u s  t y p e s  of h o t - p r e s s e d  
be ry 11 ium. 

Thorium. Z i r c o n i a  shows promise a s  a c r u c i b l e  m a t e r i a l  f o r  m e l t i n g  t h o -  
r i u n i .  C o o l i n g  c u r v e s  f o r  t h e  s o l i d i f i c a t i o n  of t h o r i u m  i n d i c a t e  t h e  proba-  
b i l i t y  of a s l i g h t  t h e r m a l  a r r e s t  a t  abou t  1625' C. Thermal a n a l y s i s  h a s  con- 
f i r m e d  t h e  p r e v i o u s l y  r e p o r t e d  d e p r e s s i o n  o f  t h e  l i q u i d u s  r e s u l t i n g  from t h e  
a d d i t i o n  o f  s m a l l  amounts o f  b e r y l l i u m  or s i l i c o n .  P r e l i m i n a r y  t e s t s  have been 
made toward c l a d d i n g  aluminum and z i r con ium t o  tho r ium.  

Mechanical Properties of Pure Metals. A r e s e a r c h  program h a s  been formu- 
l a t e d  f o r  t h e  s t u d y  of  s t r e s s - s t r a i n - t i m e - t e m p e r a t u r e  f u n c t i o n s  o f  pure m e t a l s ,  
d e t e r m i n e d  from t e n s i l e  and c r e e p  t e s t  d a t a ,  t o  advance t h e  u n d e r s t a h d i n g  o f  
p l a s t i c  d e f o r m a t i o n .  S p e c i a l  t e n s i l e  and c r e e p  t e s t i n g  e q u i p m e n t  i s  b e i n g  
deve loped  f o r  t h i s  and o t h e r  a p p l i c a t i o n s .  

Preferred Orientation and Anisotropy in Properties of Metals. A method 
h a s  been d e v i s e d  f o r  t h e  d e t e r m i n i t i o n  o f p r e f e r r e d  o r i e n t a t i o n  i n  uranium by a 

r e f l e c t i o n  method u s i n g  a s p h e r i c a l  u ran ium s u r f a c e  exposed t o  t h e  i n c i d e n t  
beam. 
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. URANIUM SLUG PROBLEMS 

O R N L ' ( C l i n t o n )  SLUG PROBLEM AND THE U - A 1  ALLOY SYSTEM 

Slug Testing and Diffusion Studies. Dur ing  t h e  p a s t  q u a r t e r ,  a s t a n d a r d  
s l u g ,  which d u r i n g  t h e  h e l i u m  l e a k  tes t  p r i o r  t o  h e a t  t r e a t m e n t  had shown a 
l e a k  i n  t h e  aluminum.can a t  t h e  end weld,  r u p t u r e d  a f t e r  h e a t i n g  f o r  309 days  
a t  250' C. T h i s  s u b s t a n t i a t e d  p r i o r  e v i d e n c e  t h a t  s l u g s  c a n  f a i l  i n  t h e  ORNL 
r e a c t o r ,  a f t e r  ex tended  p e r i o d s  o f  time, by o x i d a t i o n  r e s u l t i n g  from l e a k s  i n  
t h e  aluminum can .  I t  i s  f e l t  t h a t  t h e  u s e  o f  A1-Si bonded s l u g s ,  a s  recommerid- 
e d  i n  p r e v i o u s  r e p o r t s o  w i l l  e l i m i n a t e  . t h i s  t y p e  o f  f a i l u r e  and t h e  f a i l u r e  
r e s u l t i n g  from p o s s i b l e  can p e n e t r a t i o n  caused by A1-U d i f f u s i o n .  

F i f t y  C l i n t o n  s i z e  s l u g s ,  cannedbyHanfo rd  w i t h  Al-Si bonding between t h e  
u r a n i u m  c o r e  and aluminum c a n ,  h a v e  b e e n  r e c e i v e d ,  T h r e e  s l u g s  a r e  b e i n g  
h e a t e d  i n  l a b o r a t o r y  f u r n a c e s  in t h e  absence o f  r a d i a t i o n ,  a t  e a c h ' o f  t h e  f o l -  
lowing t e m p e r a t u r e s :  250, 350, ' 450 ,  and 550" C. A f t e r  10 days t r e a t m e n t o n o n e  
o f  t h e  slugs showed e x t e r n a l  e v i d e n c e  o f  b l i s t e r i n g  o r  d i f f u s i o n ,  F i f t R e n  o f  
t h e  s l u g s  will be p l a c e d i n  a channe l  i n  t h e  ORNL r e a c t o r  f o r  i r r a d i a t i o n  tes ts ,  

The a i r  p a s s a g e s  i n  t h e  channe l  w i l l  be p a r t i a l l y  blocked o f f  SO t h a t . t h e  SUE-  

f a c e  t e m p e r a t u r e  o f  t h e  s l u g s  w i l l  be 300"  C i n s t e a d  of  t h e  u s u a l  maximum of  
250" C,  

X - r a y  d i f f r a c t i o n  e x a m i n a t i o n o f  t h e  d i f f u s i o n  l aye r s  i n  t h e  uranium-alum& 
num a l l o y  c o u p l e s  h a s  been completpd, 
s t u d y  t h e  e f f e c t o f  a l l o y  a d d i t i o n s  on d i f f u s i o n  r a t e  i n  t h e  U-AP system, Suc- 
c e s s i v e  l a y e r s  were g round  o f f  t h e  d i f f u s i o n  c o u p l e s ,  and X-ray d i f f r a c t a o n  
p a t t e r n s  were d e t e r m i n e d  a f t e r  t h e  removal  o f  e a c h  l a y e r ,  The r e s u l t s  a r e  
p r e s e n t e d  i n  T a b l e  I, No l a r g e  d i f f e r e n c e s  were n o t e d  i n  t h e  r e l a t i v e  amounts 
o f  t h e  p h a s e s  p r e s e n t ,  e x c e p t  f o r  t h e  u n i d e n t i f i e d  p h a s e s  c o n c e n t r a t e d  ma in ly  
a t  t h e  i n t e r f a c e  between t h e  aluminum and t h e  uranium-aluminum compound, 

The aluminum a l l o y s  had been p r e p a t e d t o  

I t  i s  p o s s i b l e  t h a t  t h e  a l l o y  a d d i t i o n s  p roduce  a t e r n a r y  compound w i t h  
U and A l a  The p r e s e n c e o r  absence  o f  u n i d e n t i f i e d  lines i n  t h e  v a r i o u s  samples  
d o e s  n o t  seem t o  a f f e c t  r e l a t i v e  d i f f u s i o n  r a t e s  s i n c e  t h e  r a t i o  o f  U A l l  t o  

U A 1 s  a p p e a r s  t o  be c o n s t a n t  w i t h i n  t h e  e x p e r i m e n t a l  error. The s i g n i f i c a n c e  
o f  t h e  r e l a t i v e  t h i c k n e s s e s  o f  t h e  p h a s e s  shown i n  T a b l e  I i s  n o t  a p p a r e n t  a t  
p r e s e n t ,  I n  g e n e r a l ,  however, t h e  Al-Mg a l l o y s  show r e l a t i v e l y  h i g h  d i f f u s i o n  
r a t e s  

9 
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A p o s s i b l e  e x p l a n a t i o n  o f  t h e  ro les  o f  Mg and S i  i n  t h e  d i f f u s i o n  between 
U and A 1  may be deduced from p r e l i m i n a r y  X-ray d i f f r a c t i o n  examina t ion  of  t h e  
s u r f a c e s  o f t b e  can and uranium s l u g  of  an A1-Si bonded C l i n t o n  s l u g .  A phase 

w a s  o b t a i n e d  which had t h e  same l i n e s  a s  U A l s ,  b u t  t h e  2 8  v a l u e s  were 0 .8 '  
l a r g e r  t han  t h e  s t a n d a r d  UA13 l i n e s ,  T h i s  s u g g e s t s  t h e  p o s s i b i l i t y  t h a t , S i c a n  
r e p l a c e  A 1  i n  U A 1 3 ,  w i t h  a consequen t  change i n  a0 and p o s s i b l y  i n c r e a s e d  re- 
s i s t a n c e  t o  d i f f u s i o n .  I n  t h e  c a s e  o f  Mg a d d i t i o n s  t o  A l ,  any S i  p r e s e n t  may 
b e  t i e d  up a s  Mg,Si and t h e r e f o r e  i n o p e r a t i v e  i n  r e d u c i n g  t h e  d i f f u s i o n  r a t e .  

Thermal Studies of Uranium-Aluminum Alloys. S e v e r a l  months a g o , ' a  program 

w a s  i n i t i a t e d  t o  d e t e r m i n e  whe the r  t h e  1 t o  3% d e c r e a s e  i n  d e n s i t y  o f  t h e  5% 
and 15% U - A 1  a l l o y s  i r r a d i a t e d  i n  t h e  Hanford p i b e  c o u l d b e  d u p l i c a t e d  by h e a t -  
i n g  i n  t h e  a b s e n c e  o f  r a d i a t i o n .  A l l o y s  c o n t a i n i n g  5% t o  40% U were h e a t e d  
a t  t e m p e r a t u r e s  from 150 t o  450' C f o r  t i m e  p e r i o d s  up t o  36 days.  The s p e c -  

imens were t e s t e d  f o r  d e n s i t y  and h a r d n e s s  b e f o r e  and a f t e r  h e a t  t r e a t m e n t .  
No s i g n i f i c a n t  changes i n  d imens ions  or d e n s i t y  were observed.  Only t h e  u s u a l  
h a r d n e s s  changes a s s o c i a t e d  w i t h  t h e  a n n e a l i n g  of  t h e s e  a l l o y s  were n o t e d .  

B e f o r e  h e a t  t r e a t m e n t  a l l  s amples  c o n t a i n e d  U A 1 3 .  The r a t i o  o f  U A l s  t o  
U A l E  i n c r e a s e d  w i t h  d e c r e a s i n g  uranium c o n c e n t r a t i o n ,  s t a r t i n g a t 2 O s  U. ( T h i s  
is i n  c o n f l i c t  w i t h  t h e  p r e s e n t  U - A 1  e q u i l i b r i u m  d iag ram which p r e d i c t s  t h a t  

no  UA13 s h o u l d  e x i s t  below 60% U.) The h e a t  t r e a t m e n t  o u t l i n e d  above appea red  
t o  t r a n s f o r m  some o f  t h e  U A l o  t o  U A l s ,  b u t  i n  no case d i d  complete  t r a n s f o r m a -  
t i o n  o c c u r .  The 5% U - A 1  a l l o y  showed t h e  l e a s t  c o n v e r s i o n  o f  uA13 t o  U A l s .  
When the a l l o y s  were s l o w l y  c o o l e d ,  a t a  r a t e  o f  175' C/hr ,  from 950 t o  650' C,  
UA13 d i d  n o t  a p p e a r  i n  t h e  15,  20 ,  and 25% U a l l o y s ,  b u t  some was r e t a i n e d  i n  
t h e  5 and 10% U a l l o y s ,  A quench from 950' C caused  r e t e n t i o n  o f  some U A 1 3  i n  
a l l  a l l o y s ,  p a r t i c u l a r l y  i n  t h e  20 and 25% U samples .  

No s a t i s f a c t o r y  e x p l a n a t i o n  h a s  y e t  been developed for t h e  phenomenon de-  
s c r i b e d  above.  S ince  an  u n d e r s t a n d i n g  o f  t h e  U - A 1  s y s t e m  is fundamen ta l  t o  
many r eac to r  problems;  such  as t h e  f u e l  e l e m e n t s  i n  t h e  M a t e r i a l s  T e s t i n g  Re-  
a c t o r ,  f u r t h e r  work on t h i s  system w i l l  be c a r r i e d  o u t  i f  t ime p e r m i t s .  

HANFORD SLUG PROBLEM 

Cycling Tests in the Thermal Gradient Equipment. The f o l l o w i n g  phases  o f  

t h e  problem were i n v e s t i g a t e d  d u r i n g  t h e  p a s t  q u a r t e r :  
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( 1 )  E f f e c t  o f  c o n s t a n t  t h e r m a l  g r a d i e n t  a f t e r  i n i t i a l  c y c l i n g ,  I t  was 
f e l t  t h a t  some of  t h e  d i s t o r t i o n  o c c u r r i n g  i n  s l u g s  i n  t h e  r e a c t o r  may r e s u l t  
from l o c a l  o v e r h e a t i n g  i n  a r e a s  where t h e  bond between t h e  uranium c o r e  and 
aluminum can i s  b roken ,  t h e r e b y  r educ ing  h e a t  t r a n s f e r ,  

Four gamma-extruded s l u g s  were c y c l e d  10 times i n  one c a s e  and 20 t i m e s  
i n  a n o t h e r  c a s e ,  and t h e n  h e l d  a t  maximum t e m p e r a t u r e  f o r  p e r i o d s  o f  300 and 
500 h o u r s .  I t  was f e l t  t h a t  t h e  i n i t i a l  c y c l i n g  might c a u s e  bond b r e a k s  which 
wonld r e s u l t  i n  l o c a l  d e f o r m a t i o n  d u r i n g  t h e  p e r i o d  o f  h o l d i n g  a t  maximum t e m -  
p e r a t u r e .  A f t e r  t h e  300 and 500 hour h o l d i n g  p e r i o d s  n e i t h e r o f t h e  s l u g  l i n e s  
showed s i g n i f i c a n t  d e f o r m a t i o n .  I t  would a p p e a r  from t h i s  t h a t  c y c l i n g  i s  
v e r y  i m p o r t a n t  i n  p roduc ing  d i s t o r t i o n ,  

T h e  d e t a i l e d  d a t a  f o r  t h e  t e s t i n g  o f  a l l  s l u g s  d u r i n g  t h e  p a s t  q u a r t e r  
a r e  i n c l u d e d  i n  T a b l e  I T ,  The  s l u g  l i n e s  d i s c u s s e d  above,  1 9  and 20,  were 

p r e p a r e d  i n  t h e  manner d e s c r i b e d  i n  ORNL 407,  The aluminum c a n  on e a c h  s l u g  
was machined o f f t o  a d e p t h  o f  0,010 i n ,  The t e s t s  on t h e s e  l i n e s  were s topped  
when t h e  aluminum cans  r u p t u r e d  a t  t h e  ends  o f  t h e  uranium c o r e s ,  

( 2 )  E f f e c t  o f  i n c r e a s e d  r a t e  o f  c y c l i n g ,  S i n c e  i t  i s  d e s i r a b l e t o t e s t  
t h e  s l u g s  a s  r a p i d l y  a s  p o s s i b l e ,  it was f e l t  t h a t  a more r a p i d  r a t e y f c y c l i n g  
s h o u l d  be t r i e d ,  T h r e e  s l u g  l i n e s ,  1 6 ,  I?, and 1 8 ,  were p r e p a r e d ,  u s i n g  f o u r  
a l p h a - r o l l e d ,  t r i p l e - d i p p e d  s l u g s  i n  e a c h  l i n e ,  A 15 minu te  c y c l e  was u s e d  
w i t h  a h e a t i n g  p e r i o d  o f  3% m i n u t e s ,  a h o l d i n g  p e r i o d  a t  maximum t e m p e r a t u r e  
o f  7% minu tes ,  and a c o o l i n g  p e r i o d o f 4  minu tes ,  The maximum s l u g  c e n t e r  t e m -  

p e r a t u x e  v a r i e d  from 450 t o  530" C, w i t h  end l o a d s  from 2100 t o  4200 pounds,  
The aluminum c a n s  were a g a i n  r educed  by 0 ,010  i n ,  i n  w a l l  t h i c k n e s s  w i t h  t h e  
c o n t o u r  t u r n i n g  t o o l ,  

S l u g  l i n e  16 f a i l e d  a f t e r  o n l y  f i v e  c y c l e s p  by c o r r o s i o n  o f  t h e  uranxum 
where thermocouples  had been p l a c e d  to measure t h e  the rma l  g r a d i e n t ,  ( R e s u l t s  
a p p e a r e d  in ORNL 40%). A l l  s l u g s  i n  s l u g  l i n e  17  showed an i n c r e a s e  i n  d i a -  
meter o f  0 , 0 0 2  i n , ,  and t h r e e  showed a d e c r e a s e  i n  l e n g t h  o f  0 .4% a f t e r  82  
c y c l e s ,  ( I t  shou ld  be n o t e d  t h a t  l e n g t h  and d i a m e t e r  measurements a r e  made on 
t h e  aluminum c a n s  and n o t o n t h e  uranium c o r e ,  Diameter  measurements are f a i r -  
l y  a c c u r a t e  i f  s e p a r a t i o n  does n o t  o c c a r  between t h e  can and t h e  uranium c o r e ,  
b u t  l e n g t h  measurements a r e  o n l y  q u a l i t a t i v e , )  A t  t h e  end of 180 c y c l e s ,  t h e  
t e s t  was s t o p p e d  by f a i l u r e  o f  t h e  can on s l u g  55, The s l u g s  a g a i n  showed a 
d e c r e a s e  i n  l e n g t h  o f  0.4% and one showed an i n c r e a s e  i n  d i a m e t e r  o f  0.001 i n .  
About t h e  same s o r t  o f  b e h a v i o r  was shown by s l u g  l i n e  18, P h o t o g r a p h s  ' o f  
s l u g s  58 and 59 from s l u g  l i n e  1 8  are  shown i n  F igs .  1 and 2, The w r i n k l i n g  
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a a I D 

TARLE I1 (Cont 'd )  

I )  e 

- 
NUMBER SLUG NUMBER 

48-49- 
52-45 

53-54 
55~,51 

53 - 54 
55-56 

54-58 
55-50 

54-58 
59-50 

6 1  62 
6 3 - 6 0  

72-79- 
7 1 -  66 

7 2 - 9 9  
71- 66 

VUMBER' OF 
CYCLES 

5 

0-82 

82-180 

0-151 

151-650 

28 

0 -60 

6 0 - 6 4  

CNGTA' OF 
CYCLES 

- 

1/3 h r  

1/3 h r  

1/3 h r  

113 hs 

1/3 hr 

2 h r  

2 h r  

2 h r  

END MAD 
( I b s )  

2 200 

42 00 

3600 

2100 

2200 

$000 

1300 

1500 

CENTER 
'EMPERATURE 
Y OC9 

45 0 

53 0 

4 90 

500 

485 

535 

42 0 

440 

32 0 

3 90 

3 40 

370 

360 

4 00 

3 10 

CHANGE IN 

(Percent) 
LENGTH 

#57 - 5 5  / 1  

#53 no 
51-0-4 

change 

None 

None 

None 

#66-0  - 8  

None 

ZHANGE I N  
DIAMETER 

a l l  s l u g s  
'-0 " 002 

[56-'0 001 
155 & O r  085 

f58 i -0  009. 
59.'-0 001  
5010 001 

c5@"0, 001 

None 

f66+ 001 

POWER 
NPUT/FT 
OB u 
Kwp 

96 

114 6 

19.1 4 

96 7 

96 ' 4  

112 0 

89 o4 

COOLING 
A20 1 VEL 
ft/sec) 

7- 

3 9  7 

39  ?8 

44"8 

3 9  6 

39 a 

4Bc7 

Special thermosoupPes were  inserted In the end 
slug to mearuQe g)radl@nt  oxidation which caused 
Bine to Pail 

Cycle even increase 3% mPn, at peak %2%, eo01 
3% min-broke Noe 41, ceinstaPYLng Lod in unit 
replaced w i r h  No ,  56 ~ P I g h t  PndicatBon 0 P  
swelPlng noriceebPe n t  center 

No:. lis s lug  ruptured-U waiakled in PrerexnP 
pfaces measurements very doubtful 

Cycle even .n~rease 3% min, a t  peak 32%. C O O P  
331 contour did not show any change 

N o s ,  5 8  aad 54 showed onsld~fabia watei ' 0 ,  T O  

aion--No, 58 swelled ,n several plar.cs and 
burst Pn 3 p i a e e a ,  N o ,  59 s p d j t  approxhateiy 
2% inches-no evidence si  sweY14ng 

Cycle even inedeesb 40 min., a t  p e a k  40 min, 
cool 40 min.-broke and a~.:ed brrwarn 61 and 
62 s l u g s ,  bnoke :n joint 

Cycle even increase 1 hr. et peak 30 nin ,  
o o s i  30 mHn. - smaPP amount o f  swelPPng notice- 
able from profile, a t  joints 

Resistance increase considerable in No.  72 
slug-it was decided to cheek to determine 
the cause ( a l l  AI jackets fu lP thickness) 

a F  80 grew about 318 i n .  in center of end. Examination indicated that tha smuanium had arced to the aluminum end caps and formed v0lds in the end 0 %  the uranium. 

easurements o f  diameter and length changes after P a i t l ~ P  inspeetion relate t o  changes o c s l u r ~ l n g  after EhIs inspection and are not total changes. 
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Fig, I - H a n f o r d  4"  alpha r o l l e d  , t r ip le  
dip Slugs a f t e r  649 C y C l C S .  Y- 460 

Fi9:2-  Section of Slug 58 showing 
rupture i n t h e c a n  and severe water 
c o r r o s i o n  of the uranium core. 
Unetchrd, 3 X .  Y- 5 7 0  

-T 



and e v e n t u a l  r u p t u r e  o f  t h e  c a n s  which o c c u r r e d  on t h e s e  s l u g s  is t y p i c a l  o f  
t h e  b e h a v i o r  o f  t h e  a l p h a - r o l l e d ,  t r i p l e - d i p p e d  s l u g s  i n  t h e s e  f a s t  c y c l i n g  
t e s t s ,  I t  would a p p e a r  t h a t  t h e  cans  w r i n k l e  from d i f f e r e n t i a l  expans ion  and 
c o n t r a c t i o n  o f  t h e  u r a n i u m  c o r e  and aluminum c a n ,  A c c o r d i n g  t o  M r ,  E ,  A ,  
Eschbach o f  t h e  P i l e  Technology Group a t  Hanfo rd ,  t h i s  same s o r t  o f  can wr in -  
k l i n g  O C C U P " ~  on a l p h a - r o l l e d ,  t r i p l e  d ipped  s l u g s  i n  t h e  Hanfard P i l e s ,  

( 3 )  E f f e c t  o f  r e d u c t i o n  o f  end l o a d i n g  an s l u g  J i s t o r t i o a ,  Up t o  t h e  

p r e s e n t  t ime a11 s l u g s  have been c y c l e d  i n  t h e  the rma l  g r a d i e n t  equipment w i t h  
end l o a d s  from 2000 to5000 pounds,  S i n c e  t h e  end l o a d i n g  i n  t h e  Hanford P i l e s  

i s  about 300 pounds maximum, i t w a s  dec ided  t o  more n e a r l y  d u p l i c a t e  t h i s  l oad -  
i n g  i n  t h e  p r e s e n t  t e s t s ,  Two s l u g  l i n e s ,  2 1  and 23,  were p r e p a r e d  w i t h  8 i n ,  
gamma e x t r u d e d  s l u g s  The can t h i c k n e s s e s  were reduced O,O1Oina and t h e  Bines 

were cycleld u n d e r  750 and 1200 pounds end l o a d s ,  r e s p e c t i v e l y ,  B o t h  l i n e s  
f a i l e d  by can  r u p t u r e  a f t e r  r e l a t i v e l y  s h o r t  p e r i o d s  o f  t ime,  w i t h o u t  showing 

t h e  s i g n i f i c a n t  p i m p l i n g  c h a r a c t e r i s t i c  o f  gamma e x t r u d e d  m a t e r i a l ,  A pho to -  

g raph  o f  s l u g  l i n e  2 1  i s  shown i n  F i g o  3 ,  The r u p t u r e  o f  t h e  aluminum can a t  
t h e  end o f  t h e  u n d e r l y i n g  uranium c o r e  i s  t y p i c a l  o f  t h e  f a i l u r e s  which occur 

a t  t h e s e  low end l o a d s ,  S l u g  l i n e  25 was t e s t e d  a s  above,  b u t  t h e  c a n s  were 
l e f t  a t  f u l l  t h i c k n e s s ,  r e s u l t i n g  i n  a somewhat lower maximum c e n t e r  tempera-  

t u r e ,  T h i s  l i n e  f a i l e d  i n  t h e  same manner a s  23. and 2 3 ,  
Two s l u g  l i n e s ,  22 and 24 ,  were f a b r i c a t e d  from a l p h a c r o l l e d ,  t r i p l e - d i p -  

ped s l u g s  and were t e s t e d  a t  Bow end l o a d s  a s  a b o v e ,  No, 22 had r educed  can 
t h i c k n e s s  w h i l e  t h e  cans  o f  24 were l e f t  a t  f u l l  t h i c k n e s s ,  L ine  22 f a i l e d  at, 

t h e  b r a z e d  j o i n t  w i t h o u t  e x h i b i t i n g  any  s i g n i f i c a i i t  d e f o r m a t i o n ,  L i n e  2 4  
showed some i n c r e a s e s  i n  d i a m e t e r  and d e c r e a s e s  i n  l e n g t h  b e f s r e  t h e r e  wa*; i.. 

c o n s i d e r a b l e  i n c r e a s e i n e l e c t r i c a l  r e s i s t a n c e  o f  one o f  t h e  s l u g s ,  T e s t i n g  of 
t h e s e  s l u g s  w n l l  be c o n t i n u e d  a f t e r  a f ros t  t e s t  i s  made t o  d e t e r m i n e  whether  
a bond b reak  Q G C U E L P ~ ~  i n  t h e  s l u g  showing t h e  h i g h  r e s i s t a n c e ,  

R e s u l t s  and F u t u r e  Work" On t h e  b a s i n  o f  t h e  ev idence  o b t a i n e d  t o  diiiie, 
i t  a p p e a r s  t h a t  c y c l i n g  and end Boading a r e  c r i t i c a l  v a r i a b l e s  i n  p r o d u c i n g  
d i s t o r t i o n  i n  Hanford s l u g s ,  N o  s a g n i f i c a n t  d i s t o r t i o n  i s  produced when s l u g s  
a r e  h e l d a t  elevated t e m p e r a t u r e s  w i t h o u t  c y c l i n g ,  D i s t o r t i o n  a p p e a r s  t o  in- 

c r e a s e  w i t h  an i n c r e a s e  i n  end l o a d i n g  on t h e  s l u g s "  
The f a i l u r e  of 'the s l u g  l i n e s  by r u p t u r e  o f  t h e  aluminum c a n s  c o n t i n u e s  

t o  be  a ma jo r  p r o b l e m ,  I t  i s  p l a n n e d  t o  d e v i s e  t e c h n i q u e s  which w i l l  a l l o w  
uranium b a r s  w i t h  no  j o i n t s  and w i t h  s u i t a b l e  p r o t e c t i o n  a g a i n s t  wa tp r  C Q ~ P " O -  

s i o n ,  t o  be t e s t e d ,  S e v e r a l  p r e l i m i n a r y  w a t e r  c o r r o s i o n  t e s t s  were made on 

1 6  





uranium b a r s  e l e c t r o p l a t e d  w i t h  Ag, Cu or Cd. The c o a t i n g s  f a i l e d  a f t e r  5 t o  
8 h o u r s  when h e a t e d  i n  water  a t  80 t o  90' C ,  w i t h  meta l  s u r f a c e  t e m p e r a t u r e s  
from 90 t o  110"  C. C o n s i d e r a t i o n  i s  b e i n g  g i v e n  t o  t h e  u s e  o f  a s h r u n k - o n  
aluminum s l e e v e  a n d . t o  t h e  u s e  o f  c o o l i n g  media o t h e r  t h a n  w a t e r .  - 

Reduction of Grain Size by Water Quenching Following Gamma Extrusion. A t -  
t e m p t s  were  made t o  p r o d u c e  g r a i n  r e f i n e m e n t  i n  gamma e x t r u d e d  u r a n i u m  by 
quench ing  t h e  e x t r u d e d  b a r  a s  i t  l e f t  t h e  d i e .  A t  t h e  same t i m e ,  a t r i a l  was 
made o f  t h e  e f f i c i e n c y  o f  u s i n g  m o l t e n  g l a s s  a s  a p r o t e c t i v e  h e a t i n g  medium 
and a s  a l u b r i c a n t  i n  e x t r u s i o n .  Seven 3 i n .  b i l l e t s  were e x t r u d e d .  A l l  b i l -  
l e t s  were h e a t e d  i n  a g l a s s  composed o f  sodium o x i d e ,  sodium s i l i c a t e ,  and 
b o r a x .  T h i s  g l a s s  worked q u i t e  w e l l  a s  a p r o t e c t i v e  medium f o r  h m i t i n g  u r a -  
n i u m . t o  t e m p e r a t u r e s  a s  h i g h  a s  1000' C .  rche g l a s s ,  which adhered t o  t h e  b i l -  
l e t s  upon removal from t h e  b a t h  and i n s e r t i o n  i n t o  t h e  e x t r u s i o n  p r e s s ,  s e r v e d  
a s  a l u b r i c a n t  d u r i n g  e x t r u s i o n ,  and i n  some c a s e s  produced a un i fo rm c o a t i n g  
which p r o t e c t e d  t h e  ext , ruded rod  a g a i n s t  o x i d a t i o n  d u r i n g  a i r  c o o l i n g  t o  room 
t e m p e r a t u r e .  

The p e p t i n e n t  e x t r u s i o n  d a t a  a r e  l i s t e d  i n  T a b l e  111. I n  one c a s e ,  whete 
t h e  l a r g e s t  r e d u c t i o n  r a t i o  was used,  a v e r y  good su r face  w a s  produced on t h e  
e x t r u s i o n .  I n  a l l  o t h e r  c a s e s ,  t h e  i n i t i a l  p a r t  o f  t h e  e x t r u s i o n  rod  had good 
s u r f a c e s , b u t  r a t t l e s n a k i n g  was v e r y  p r o n o u n c e d  on tihe t r a i l i n g  e n d .  The 
q u e n c h i n g  o f  t h e  l a s t - t h r e e  r o d s  was accompl i shed  by a t t a c h i n g  a p i p e  t o  t h e  
t o  t , h e  d i e  c o n t a i n e r  and s p r a y i n g  wa te r  on t h e  r o d  as i t  l e f t  t h e  d i e  and 
e n t e r e d  t h e  p i p e .  Very e f f e c t i v e  c o o l i n g  w a s  accomplished;  however, examina- 
t i o n  of  m i c r o s e c t i o n s  o f  t h e  quenched r o d s  showed about  t h e  same g r a i n  s i z e  a s  
f o r  t h e  a i r  c o o l e d  r o d s .  

- 
- 
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DEVELOPMENT 

; TESTING REACTOR (MTR) 

R e d u c t i o n  S t u d i e s .  P r e v i o u s  i n v e s t i -  
u s e  o f  a d r i e d  a i r  a t m o s p h e r e  i n  t h e  

iminum a l l o y  f o r  r o l l i n g  and c l a d d i n g  
~ t a i n e d  were a b o u t  76%. T h i s  o c c u r r e d  
m i d i t y  o f  t h e  e x t e r n a l  a tmosphe re  was 
s t  u s i n g  t w o  i n g o t s  (N8F, N9R) me l t ed  
f 2% b l i s t e r  f r e e  p l a t e s  when t h e  e x -  
b/cu f t ,  even though t h e  atmosphere of 
3 i n d i c a t e d  t h a t  d r y i n g  t h e  p r e h e a t i n g  
m t e e  freedom from b l i s t e r i n g .  
onducted t o  s t u d y  t h e  e f f e c t s  o f  m e l t -  
and r e m e l t i n g  a l l  were r o l l e d  and c l a d  

f l u x  i n  t h e  r e d u c t i o n  s t e p  showed t h a t  
n t a l  h e a t  ( N 7 )  t h e  c r y o l i t e  was me l t ed  
n was added and f i n a l l y  t h e  U,O,. When 
t o o k  p l a c e ,  s p a t t e r i n g  t h e  hood . w i t h  
) U,O, and c r y o l i t e  were c h a r g e d  i n t o  
t h e n  t h e  aluminum was added ;  t h e  mix- 

a g  w a s  s e p a r a t e d  and t h e  m e t a l  p i g g e d .  
t r o l l e d  and c l a d ,  r e s u l t i n g  i n  a y i e l d  
1 5 1 ,  c r y o l i t e  and U,O, were me l t ed  and 
c t i o n  o c c u r r e d ,  The r e s u l t a n t  p i g  was 
y i e l d  o f  78% c l a d  p l a t e s  r e s u l t e d .  
n r educed  w i t h  t h e  s t a n d a r d  p roceduxe ,  
e s s u r e s .  Y i e l d s  were comparable ,  about  
s r eme l t ed  i n  a i r ,  t h e  y i e l d  of  b l i s t e r -  
5 )  was melted i n  a i r  u s i n g  uranium meta l  
y i e l d  o b t a i n e d  was 56%. 
i b l e  d e s i r a b i l i t y  of m e l t i n g  t h e  c r y o l i t e  
g a luminumin t h e  r e d u c t i o n  h e a t ,  and of 
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1 9  

7 8  

56  

V i o l e n t  Exp los ion  

Regu la r  P r a c t i c e  

Regu la r  P r a c t i c e  

28 p p r e s s u r e  

210 p p r e s s u r e  

- - - - -  
Scrap  from N 1 1 ,  N12 

I n g o t  c o o l e d  i n  a i r  

U m e t a l  i- A 1  m e t a l  

Dried A i r  b l e d  i n t o  
s y s t e m  a f t e r  m e l t i n g .  
I n g o t  poured i n  a i r  
and c o o l e d  i n  d e s i c -  
c a t o r  

I n g o t  c o o l e d  i n  
d e s i c c a t o r  

L e g e n d  

S - S t a n d a r d  R e d u c t i o n  P r o c e d u r e ,  m e l t  A i .  a d d  c ~ y o l i t e  - U308 m i x t u r e  
C - M o d i f i e d  R e d u c t i o n  P r o c e d u n e .  m e l t  c t y o l i t e  - U 3 0 8  m i x t u r e  a d d  A 1  
D c H e a t  c r y o l i t e ,  U30 8  t o  6 0 0 °  C ,  a d d  A l ,  m e l t  
E - M e l t  c n g o l i t e ,  a d d  A I .  a d d  U 3 0 8  

A - S t a n d a r d  r e m e l t  0 m e l t  a n d  c a s t  i n  a i r  
V - V a c u s l a  c a s t  

V A  ~ M e l t  i n  v a c u u m  (+PO0 p ) ,  c a s t  i n  a i r  
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vacuum r e m e l t i n g  and c a s t i n g .  However, vacuum r e m e l t i n g  and c a s t i n g  r e p r e s e n t  
a t i m e  consuming o p e r a t i o n  and make i t  d i f f i c u l t  t o  sample f o r c h e m i c a l  a n a l y s i s  
a s  w e l l  a s  t o  s t i r  t h e  m e l t  t o  a v o i d  s e g r e g a t i o n .  I n  h e a t s  N17 t h r o u g h  N21, 
t h e  p r o d u c t  of  t h e  r e d u c t i o n  h e a t  was m e l t e d  i n  vacuum, poured  i n  a i r ,  and 
a l l o w e d  t o  c o o l  i n  a d e s i c c a k o r .  The r e s u l t s ,  p r e s e n t e d  i n  Tab le  I V  show t h a t  
t h e  h i g h e s t  y i e l d  r e s u l t e d  from h e a t s N 1 9  t o  N21 i n  which t h e  aluminum was 
added  t o  a mol t en  c r y o l i t e  and  a U,O, m i x t u r e ,  and t h e  r educed  m a t e r i a l  was 
vacuum and r eme l t ed  and t h e n  a i r  c a s t .  

-. 

To o b t a i n  d a t a  on t h e  e f f e c t  of a n n e a l i n g  t e m p e r a t u r e  on b l i s t e r i n g ,  one 
h e a t  (N10) w a s m e l t e d  i n  air and p r e h e a t e d f o r  r o l l i n g  i n a n  o r d i n a r y  ( n o t  d r i e d )  
a i r  a tmosphere.  P l a t e s  r o l l e d  from t h i s  i n g o t  were annea led  s u c c e s s i v e l y  f o r  
t h r e e  h o u r s a t 5 0 0 ,  9 0 0 ,  900 and P P O O "  F. A f t e r  each a n n e a l ,  p l a t e s w e r e  c o o l e d  
t o  room t e m p e r a t u r e  and number of b l i s l t e r s  and b l i s t e r e d  p l a t e s  r e c o r d e d .  The 
r e s u l t s  a r e  shown i n  F i g .  4 ,  

( 2 )  I n s p e c t i o n ,  A f t e r  c l a d d i n g ,  c o r e s  a r e  l o c a t e d  u s i n g  t h e  f l u o r o s c o p i c  
s c r e e n  of  t h e  X- ray  machine and a s t e e l  gage machined a s  shown i n  F ig .  5 .  The 
n a r r o w e r  s e c t i o n s  a t  t h e  e n d s  ( 2 . 5  i n o )  a r e  l i n e d  u p  w i t h  t h e  c o r e  e d g e s .  A 
l i n e  i s  t h e n  s c r i b e d  on e i t h e r  s i d e  a t  t h e  wide p a s t  of t h e  gage  (3 i n e l  and 
t h e  p l a t e  is s h e a r e d  a l o n g  t h e s e  s c r i b e d  l i n e s .  The s c r i b i n g  and s h e a r i n g  op- 
e r a t i o n s  a r e  s u b j e c t  t~ e r r o r  s o  t h a t  a f t e r  s h e a r i n g  t h e  p l a t e  is  n o t  a lways  
w e l l - c e n t e r e d o  A f t e r  s h e a r i n g ,  t h e  p l a t e s  a r e  machined t o 2 . 8 3 9  i n .  f 0.002 i n .  
Roughly 0.080 i n .  is  machined from each  edge. I f  t h e r e  is a t  l eas t  0.0160 i n .  
aluminum on e a c h  edge  a f t e r  s h e a r i n g ,  t h e  c h a n c e s  o f  mach in ing  i n t o  t h e  c o r e  
a r e  v e r y  low. Accord ingPya  go-no-go gage s i m i l a r  t o  t h e  marking gage w a s  made 
u p  f o r  c h e c k i n g  c o r e  l o c a t i o n  and f o r  s h e a r i n g .  The wide dimension ( 3  i n - )  i s  
l i n e d  up w i t h  t h e  s h e a r e d  e d g e s  and t h e n  viewed on t h e  f l u o r o s c o p e .  I f  a n y  
p a r t  o f  t h e  c o r e  i s  o u t s i d e  t h e  narrow dimension o f  t h e  gauge ( 2 , 6 8 0  i n - )  i t  

h a s  less than 0.160 i n ,  alnminum on t h e  edge a t  t h a t  p o i n t  and i s  r e j e c t e d .  
(3 )  P r e r o P l i n g ,  C l a d d i n g ,  S i n c e  t h e  U - A 1  a l l o y  c o r e  is h a r d e r  t h a n  t h e  

aluminum frame,  l a t e r a l  asymmetry o f  p o s i t i o n  migh t  promote c u r v i n g  d u r i n g  r o l l -  
i n g .  To s t u d y  t h e  e f f e c t  o f  c o r e  c e n t e r i n g  i n  t h e  f r ame ,  t e n  c o r e s  from one  
i n g o t  (N20R) were c e n t e r e d  w i t h i n  1/32 i n .  and t e n  were p u t  o f f  c e n t e r  by 112 
i n  

Examinat ion of  t h e  o f f - c e n t e r  p l a t e s  a f t e r  p r e r o l l i n g  showed l a r g e  v o i d s  
a t  t h e  c o r n e r s  o f  t h e  c o r e s  n e a r e s t  t h e  frame e d g e .  Y i e l d s  o f  b l i s t e r - f r e e  
p l a t e s  from t h e s e  r o l l i n g s  were ( a ]  c e n t e r e d  c o r e s ,  90%; and ( b )  o f f - c e n t e r  

22  
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c o r e s ,  60%. A l l  o f  t h e  p l a t e s  were r a d i o g r a p h e d .  T h e i r  c u r v a t u r e  v a r i e d  from 
z e r o  t o  0.025 i n .  i n  1 2  i n .  of l e n g t h ,  b u t  t h e r e  was no  s i g n i f i c a n t  d i f f e r e n c e  
between the  two c l a s s e s .  

To s t u d y  t h e  e f f e c t  o f  s c r a t c h  b r u s h i n g  c o r e  and frame p r i o r  t o  c l a d d i n g ,  
h a l f  t h e  c o r e s  from e a c h  o f  two h e a t s  (N21, N22) were s c r a t c h e d  and t h e  o t h e r  
h a l f  were n o t .  A f t e r  c l a d d i n g ,  a l l  were g iven  a 3 hour t e s t  annea l  a t  1000° F. 
None o f  t h e  p l a t e s  from i n g o t  N21 (vacuum m e l t e d )  and none from N22 ( a i r  mel t -  
e d )  wh ich  had n o t  b e e n  s c r a t c h e d ,  were b l i s t e r e d .  D e s t r u c t i v e  t e s t i n g  of 
s a m p l e s  from e a c h  t y p e  showed no  d i f f e r e n c e  i n  bond s t r e n g t h .  Samples  h a v e  
been s u b m i t t e d  f o r  m e t a l l o g r a p h i c  e x a m i n a t i o n .  

( 4 )  S h e a r i n g  Clad P l a t e s  t o  S i z e ,  The p r o d u c t  of  t h e  r o l l i n g  and c l a d -  
i n g  o p e r a t i o n  is a p l a t e  4 i n .  wide,  P r e s e n t  
p r a c t i c e  i s  t o  s h e a r  t o  3 i n ,  w i d t h  and  machine t o  2 . 8 3 9  f 0 .002  i n .  Con- 
s i d e r a b l e  s a v i n g  c o u l d  be e f f e c t e d  by e l i m i n a t i n g  t h e  m a c h i n i n g  o p e r a t i o n .  
Experiments  were conducted u s i n g  t h e  % i n .  power s h e a r ,  f i t t e d  w i t h  a gu ide  on 
t h e  f r o n t o f  t h e  t a b l e .  I t  was found t h a t  c o l d  r o l l e d  aluminum c o u l d  be s h e a r -  
ed  p e r p e n d i c u l a r  t o  t h e  r o l l i n g  d i r e c t i o n  w i t h  a v a r i a t i o n  from s t r a i g h t n e s s  
of  o n l y  0.003 i n .  p e r  2 4  i n .  l e n g t h .  However, when c l a d  p l a t e s  were s h e a r e d  
t h e  edges  cu rved .  T h i s  was more s e r i o u s  w i t h  c o l d  r o l l e d  p l a t e s  t h a n  w i t h  an -  
n e a l e d  p l a t e s .  

c o n t a i n i n g  a c o r e  2 . 5  i n .  w ide .  

V a r i a t i o n a v e r a g e d 0 . 0 1 0  i n .  w i t h  c o l d  r o l l e d  p l a t e s  and 0.006 
i n .  w i t h  annea led  p l a t e s .  

C r i t i c a l  Experiment  Requ i remen t s .  Twenty f u e l  a s s e m b l i e s  c o n t a i n i n g  en -  
r i c h e d  uranium w i l l  be manufactured f o r  a c r i t i c a l  expe r imen t  t o  be conduc ted  
i n  t h e  MTR mock-up. S p e c i f i c a t i o n s  f o r  t h e  a c t i v e  p l a t e  t h i c k n e s s  have been 
changed from 0 .064  i n .  f 0 . 0 0 1  i n . t o 0 . 0 6 0  i n .  f 0.001 i n .  P l a n s  a r e  comple t e  
f o r  s t o r i n g ,  g u a r d i n g  and h a n d l i n g  t h e  a c t i v e  m a t e r i a l  when i t  becomes a v a i l -  
a b l e  * 

B r a z i n g  of F u e l  A s s e m b l i e s .  (1) F l u x  I n c l u s i o n s .  F l u x  i n c l u s i o n s  i n  
a l u m i n u m , b r a z i n g  p r e s e n t  a c o n s i d e r a b l e  problem i f  t h e  aluminum i s  t o  be p u t  
i n  c o n t a c t  w i t h  aqueous s y s t e m s .  C o r r o s i o n  o f  t h e  j o i n e d  s u r f a c e s  and of t h e  
f i l l e r  m e t a l  i s  a c c e l e r a t e d  by t h e  p r e s e n c e  o f  h a l i d e  f l u x e s  a s  i n c l u s i o n s  
w i t h i n  t h e  b razed  j o i n t s .  However, c o r r o s i o n  tes ts  conducted i n  t h e  T e c h n i c a l  
D i v i s i o n  have shown t h a t  MTR brazed f u e l  assembly s e c t i o n s  can w i t h s t a n d  simu- 

l a t e d  r e a c t o r  c o o l i n g  w a t e r  f o r  p e r i o d s  much g r e a t e r  t h a n  t h e  expec ted  time i n  
t h e  r e a c t o r ,  and t h a t  no  e x c e s s i v e  c o r r o s i o n  can  be t r a c e d  t o  f l u x  i n c l u s i o n s .  
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. S i n c e  t h e  f l u x e s  used i n  b r a z i n g  f u e l  a s s e m b l i e s  c o n t a i n  s m a l l  amounts of 
l i t h i u m  compounds, c o n s i d e r a t i o n  must be g i v e n  t o  f l u x  i n c l u s i o n s  because o f  
o f  t h e  h i g h  n e u t r o n  c r o s s  s e c t i o n  o f  l i t h i u m .  A n a l y s e s  o f  r e p r e s e n t a t i v e  
b r a z e d  a s s e m b l i e s  show t h e  l i t h i u m  t o  be below t h e  a c c e p t e d  t o l e r a n c e  l i m i t ,  
b u t  t h e s e  samples  a r e  o n l y  s p o t  c h e c k s  and it  is  d e s i r a b l e  t o  k e e p  f l u x  i n -  
c l u s i o n s  a t  a minimum t h u s  l o w e r i n g  p r o b a b l e  l i t h i u m  e n t r a p m e n t .  F l u x  formu- 
l a t i o n  s t u d i e s  gave  e n c o u r a g i n g  r e s u l t s .  J o i n t s  o f  s i m p l e  d e s i g n  s e v e r a l  
i n c h e s  i n  l e n g t h  were p roduced  by f u r n a c e  b r a z i n g  u s i n g  f l u x e s  c o n t a i n i n g  n o  
l i t h i u m  compounds, b u t  f u l l  s i z e  assembly j o i n t s  employing t h e s e  f l u x e s  show- 
e d  i n s u f f i c i e n t  f l u x i n g  a c t i o n  and incomple t e  flow - 

T e s t s  were made t o  e v a l u a t e  some of t h e  f a c t o r s  i n f l u e n c i n g  f l u x  i n c l u s -  
i o n s ,  by v i s u a l  e x a m i n a t i o n  of  t h e  c r o s s  s e c t i o n s  of  assembly j o i n t s .  Atmo- 
s p h e r i c  exposure  of  i n c l u s i o n s  r e s u l t s  i n  m o i s t u r e  p i ck -up ,  due t o  t h e  hygros-  
c o p i c  n a t u r e  o f  t h e  b r a z i n g  f l u x e s .  Examinat ion a t  20X a f t e r  exposure  d i s -  
c l o s e d  t i n y  d r o p l e t s  o f  m o i s t u r e  a t  f l u x  c o n c e n t r a t i o n  p o i n t s .  The s u r f a c e s  
were p r e p a r e d  f o r  e x p o s u r e  by s a w i n g  and m a c h i n i n g ,  wh ich  p r o d u c e d  f r e s h ,  
smooth, r e a d i l y  examined s u r f a c e s .  

( a )  F lux  Composition 

I f  t h e  p h y s i c a l  p r o p e r t i e s ,  d e n s i t y ,  v i s c o s i t y  and s u r f a c e  t e n s i o n ,  
o f  one f l u x  m i x t u r e  d i f f e r ,  t h e  t endency  t o  remain e n t r a p p e d  w i t h i n  
a g i v e n  mol t en  m e t a l  may v a r y .  The two f l u x e s  p r e v i o u s l y  f o u n d . t o  
p roduce  s a t i s f a c t o r y  assembly b r a z i n g ,  E u t e c t i c  #190 and Alcoa  # 3 3 ,  
were employed i n  b r a z i n g  one assembly. One s i d e  of t h e  assembly was 
b razed  w i t h  t h e  E u t e c t i c  f l u x ,  t h e  o t h e r  w i t h  t h e  Alcoa f l u x .  O the r  
c o n d i t i o n s  were h e l d  c o n s t a n t ,  e x c e p t  p o s s i b l e  non-uniform t empera -  
t u r e  d i s t r i b u t i o n .  The r e s u l t s  showed i n c l u s i o n s  i n  b o t h  s e t s  of  
s p e c i m e n s ,  w i t h  some s l i g h t  advan tage  t o  t h e  Alcoa  f l u x .  T h i s  t e s t  
w i l l  be r e p e a t e d  s e v e r a l  t i m e s ,  r e v e r s i n g  t h e  r e s p e c t i v e  f u r n a c e  
p o s i t i o n s  of t h e  two f l u x e s .  T a b l e  V shows t h e  number of i n c l u s i o n s  
t o  be l a r g e  i n  b o t h  i n s t a n c e s .  

( b )  Mois tu re  Con ten t  

High t e m p e r a t u r e  p r o p e r t i e s  may be a f f e c t e d  by t h e  p r e s e n c e  o f  com- 
b ined  m o i s t u r e ,  a s  i n  d i p  b r a z i n g ,  where aluminum s h e e t s  a r e  d i p p e d  
i n t o  t h e  m o l t e n  f l u x  b a t h  u n t i l  t h e r e  i s  no  f u r t h e r  r e a c t i o n  w i t h  
t h e  aluminum. Tes t s  a r e  planned t o  de t e rmine  t h e  e f f e c t  of  m o i s t u r e  
and combined m o i s t u r e  on t h e  q u a l i t y  o f  f u r n a c e  brazed j o i n t s .  
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P I E C E  

TABLE V 

Comparison of  Commercial Braz ing  F h x e a  

LOCAT I O N  

O F  CUT 

(FROHA END) 

2-1/2 i n .  

7 i n ,  

12 i n .  

14-1/4 i n .  

16 i n .  

21  i n .  

26-5 /8  i n .  

T o t a l  

A L C O A  # 3 3  I E U T E C T I C  # 1 9 0  

I N C L U S  I O N S  

12  

26 

2 8  

33 

2 9  

39  

12  

179  

I f f C L U S I O N S  I V O I D S  

12 I 265 

V O I D S  

2 3  

Assembly No. 169 - Sect ioned  for Flux I n c l u s i o n s  

Braze metal 11-1 /2% S i  

Drying temperature - 300' F 

Preheat ing  temperature - 850" F 5 0  minutes,  Hevi  D u t y  Furnace 

Brazing  temperature - l l O O o  F 45 minutes, Lindberg Furnace 

Brazing  jig: Alsimag No. 2 0 2 ,  four component type 

Examination a t  20X a f t e r  48 hours exposure  
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( c )  C l e a n i n g  P r a c t i c e  

A s  r e p o r t e d  i n  ORNL 407, c l e a n i n g  p r a c t i c e  may c a u s e  b l i s t e r  forma- 
t i o n  d u r i n g  f u e l  a s sembly  b r a z i n g .  The u s u a l  c l e a n i n g  methods f o r  
the p r e p a r a t i o n  of aluminum f o r  b r a z i n g  have been found . u n s u i t e d .  t o  
ou r  pu rpose  b e c a u s e  of  t h i s .  However, i n v e s t i g a t i o n s  may d i s c l o s e  
a c c e p t a b l e  m o d i f i c a t i o n s ,  i f  a d v a n t a g e s  r e s u l t i n g  from e t c h  t y p e  
c l e a n i n g  methods make them d e s i r a b l e .  One advan tage  may be i n  t h e  
matter of  f l u x  i n c l u s i o n s .  To d e t e r m i n e  t h e  d i f f e r e n c e  between j o i n t s  
o b t a i n e d  when et .dhing methods a r e  used a s  opposed t o  t h o s e  o b t a i n e d  
when v a p o r  d e g r e a s i n g  i s  employed ,  a n  a s s e m b l y  was p r e p a r e d ,  o n e  
s i d e  of  which was c l e a n e d  a c c o r d i n g  t o  one t e c h n i q u e ,  and t h e  o t h e r  
s i d e  a c c o r d i n g  t o  t h e  o t h e r  t e c h n i q u e .  The a c t i v e  p l a t e s ,  mounted 
f o r  c l e a n i n g  i n  t h e  u s u a l  manner ,  were d e g r e a s e d  i n  t h e  vapor  d e -  
g r e a s e r .  A f t e r  d r y i n g ,  t h e y  were d i p p e d  o n l y  p a r t i a l l y  i n t o  t h e  
aqueous e t c h i n g  type b a t h s  of  h o t  c a u s t i c  and n i t r i c  a c i d .  S i m i l a r -  
l y ,  one s i d e  p l a t e  was d e g r e a s e d  w h i l e  t h e  o t h e r  p l a t e  was b o t h  d e -  
g r e a s e d  and e t c h e d .  A f t e r  f l u x i n g ,  d r y i n g ,  and b r a z i n g ,  t h e  assembly 
w a s  examined. Bo th  s i d e s  were w e l l  b r a z e d .  The assembly was s e c -  
t i o n e d  and examined a f t e r  e x p o s u r e  f o r  f l u x  i n c l u s i o n s .  The s i d e  
which had been s u b j e c t e d  t o  t h e  e t c h  t y p e  
c l u s i o n s  t h a n  t h e  s i d e  which was deg reased  

( d )  P o s i t i o n  of  F l u x  

An as sembly  was p r o d u c e d ,  one s i d e  p l a t e  

c l e a n i n g  showed . f ewer  i n -  
o n l y .  

o f  which had been f l u x e d  
p r i o r  t o  t h e  i n s e r t i o n  o f  t h e  a c t i v e  p l a t e s .  T h i s  r e s u l t e d  i n  g r e a t -  
e r  s p i l l a g e  of  f l u x  on t h e  s u r f a c e  of  t h e  d r y i n g  j i g  and consequen t -  
l y  on s u r f a c e s  o f  t h e  a s sembly  n o t  r e q u i r i n g  f l u x .  A f t e r  b r a z i n g ,  
t h e  assembly was examined f o r  b r a z e  q u a l i t y .  The bonding down b o t h  
s i d e s  was good. The a s sembly  was s e c t i o n e d  and examined f o r  f l u x  
i n c l u s i o n s .  More i n c l u s i o n s  w e r e  n o t e d  on t h e  s i d e  t r e a t e d  w i t h  t h e  
a d d i t i o n a l  f l u x .  

( e )  P o s i t i o n  of  F i l l e r  Metal 

Many commercial examples o f  aluminum b r a z i n g  employ b raze  c l a d  s h e e t s  
o f  aluminumor aluminum a l l o y .  The combs employed i n  t h e  f a b r i c a t i o n  
o f  f u e l  a s s e m b l i e s  f o r  t h e  MTR are  f a b r i c a t e d  from s u c h  m a t e r i a l .  
I t  was e a r l y  c o n s i d e r e d  a d v i s a b l e  t h a t  s i d e  p l a t e s  be f a b r i c a t e d  
from s i m i l a r  m a t e r i a l ,  b u t  commercial  l i m i t a t i o n s  p rec luded  t h i s  u s e  
o f  t h e  m a t e r i a l .  The groove d e s i g n  r e q u i r e s  more f i l l e r  m e t a l  t h a n  
i s  a v a i l a b l e o n c o m m e r c i a l  s h e e t .  E f f o r t s  t o  have a t h i c k e r  c l a d d i n g  
produced f o r  ou r  u s e w e r e  u n s u c c e s s f u l .  A t t empt s  made t o  r o l l  s u c h  a 
m a t e r i a l  a t  t h i s  s i t e  r e s u l t e d  in t h e  s e p a r a t i o n  of t h e  b r a z e  a l l o y  
c l a d d i n g  material  a 

Some advan tage  i n m e t a l  f low may r e s u l t  from t h e  u s e  o f  c l a d  m a t e r i a l  
augmented by t h e  a d d i t i o n  of s u i t a b l e  a u x i l i a r y  f i l l e r  m e t a l .  An 
assembly was p r e p a r e d  u s i n g  b r a z e  c l a d  mater ia l  f o r  s i d e  p l a t e s .  To 
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t i o n  o f  t h e s e  a s s e m b l i e s  
c 

4 

. 

ASSEMBLY ACTIVE PLATE VERTICAL CENTER HEIGHT COMB LENGTH . SIDE PLATES 
THICKNESS ( i n c h e s )  ( i n c h e s )  AVERAGE DISTANCE 

TOP TO BOTTOM 
GROOVE 

( i n c h e r )  

( i n c h e s )  

Maximum Y i n  i mum 

171 Q .064 3 -078 3 -065 2.946 3 .014  
174 0 a 064 3 oao 3 065 2 e 946 3 a 014 
177 0.060 3.074 3 e 065 2 e 941 3.013 

One o f  t h e s e  a s s e m b l i e s ,  177 ,  u s e d  a c t i v e  p l a t e s  0 .060  i n .  i n  t h i c k n e s s .  A 
change has  been made i n  t h e  p l a t e  d e s i g n  t h i c k n e s s  t o  p e r m i t  t h e  u s e  o f  more 

c o o l i n g  w a t e r ,  The purpose o f  0.060 i n .  p l a t e s  i n  a s sembly  177  was t o  s t u d y  
t h e  changes i n  b r a z i n g ,  p a r t i c u l a r l y  w i t h  r e s p e c t  t o  s i d e  p l a t e  and comb f i t .  
No change was  n o t e d  i n  t h e  s i d e  p l a t e  j o i n i n g .  However, some a c t i v e  p l a t e s  
were n o t  j o i n e d  t o  t h e  comb on bo th  s u r f a c e s .  Only abou t  h a l f  t h e  s u r f a c e s  o f  
t h e  comb were brazed t o  t he  a c t i v e  p l a t e s .  S i n c e  t h e  comb s p a c i n g  m e a s u r e s  
0.067 i n .  f o r  0.064 i n .  a c t i v e  p l a t e s  i t  w i l l  be n e c e s s a r y  t o  p r o d u c e  c o m b s  
w i t h  s p a c i n g  of  0 ,063  i n .  f o r  a c t i v e  p l a t e s  0.060 i n .  i n  t h i c k n e s s .  

Dimensional Changes after Thermal Cycling. An assembly w a s  s e l e c t e d  .I and 
r e - i n s p e c  t e d  b e f o r e  s u b m i s s i o n  t o  t h e  T e c h n i c a l  D i v i s i o n  f o r  t h e r m a l  c y c l i n g .  
T h i s  c y c l i n g  w a s  a c c o m p l i s h e d  by a l t e r n a t i n g  t h e  f low o f  s t e a m  t h r o u g h  t h e  
i n s i d e  o f  t h e  assembly and c o l d  w a t e r  t o  t h e  e x t e r i o r .  The time o f  t h e  f i r s t  
s e t  o f  c y c l i n g  tes ts  c o n s i s t e d  o f  130 seconds o f  s t e a m  fol lowed by 120  seconds  
c o l d  water .  A f t e r  274,  1424,  and 1924 c y c l e s ,  t h e  assembly was comple t e ly  re-  
i n s p e c t e d .  Dimensional  changes observed were w i t h i n  t h e  accu racy  o f  t h e  o r i g -  
i n a l  measurements,  p a r t i c u l a r l y  c o n s i d e r i n g  t h e  d i f f i c u l t y  of r e l o c a t i n g  p o i n t s  
f o r  measurement. A f t e r  t w o  thousand more c y c l e s  were r u n ,  e a c h  c o n s i s t i n g  o f  
t e n  m i n u t e s  of  s t eam fo l lowed  by two minu tes  o f  w a t e r ,  t h e  assembly showed no 
o b s e r v a b l e  d imens iona l  change beyond t h e  range o f  a c c u r a c y  o f  t h e  measurements.  
T h i s  work h a s  been r e p o r t e d  i n  ORNL 473. 

The removal o f  b r a z i n g  f l u x  i s  c o n s i d e r a b l y  more d i f f i c u l t  i f  p o s t - b r a z i n g  
e t c h i n g  t y p e s  o f  c l e a n e r s  a r e  a v o i d e d .  One o f  t h e  b e s t  methods f o r  f l u x  re-  
moval i s  q u e n c h i n g  a f t e r  b r a z i n g .  When p a r t s  p e r m i t  immediate q u e n c h i n g  no 
f u r t h e r  c l e a n i n g  is n e c e s s a r y .  I t  was c o n s i d e r e d  d e s i r a b L e  t o  d e t e r m i n e  how 
s e v e r e  a quench c o u l d  beemployed w i t h o u t  d i s t o r t i o n  o f  t h e  assembly s t r u c t u r e .  
A f i t t i n g  w a s  p rov ided  on one end o f  an assembly t o  p e r m i t  v e r t i c a l  quench ing  
a f t e r  s u i t a b l e  h e a t i n g .  B e g i n n i n g  a t  a t e m p e r a t u r e  o f  300" F, t h e  a s s e m b l y  
was s u c c e s s i v e l y  quenched i n t o  c o l d  w a t e r  (75" F) a f t e r  s e v e r a l  50" F i n c r e -  

. 
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ments  e A f t e r  e a c h  c y c l e  t h e  a s sembly  was i n s p e c t e d  f o r  d i m e n s i o n a l  change.  
T a b l e  VI shows t h e  changes  a f t e r  quenches from 400",  450° ,  500",  and 550'  F. 
Changes obse rved  a f t e r  quench ing  from 300' and 350' C were l e s s  t h a n  t h e  l i m -  
i t s  of  accu racy  o f  measurement.  

S i n c e  quench ing  i s  most e f f e c t i v e  f o r  f l u x  removal when c a r r i e d  o u t  from 
t e m p e r a t u r e s  of  500" F and h i g h e r ,  i t  canno t  be recommended because of  t h e  re-  
l a t i v e l y  l a r g e  d i m e n s i o n a l  changes t a k i n g  p l a c e  when t h e  o p e r a t i o n  i s  c a r r i e d  
o u t  on a s s e m b l i e s  a t  t h o s e  t e m p e r a t u r e s  e 

Modifications in Fabrication of Fuel Elements. S h o r t  a c t i v e  p l a t e  d e s i g n  
h a s  i n c l u d e d  t h e  s l o t t i n g  o f  f u e l  p l a t e s  t o  p r o v i d e  a c c u r a t e  p o s i t i o n i n g  o f  
b r a z e  m e t a l  c l a d  combs. S i n c e  t h i s  d e t a i l  o f  d e s i g n  was added ,  a d d i t i o n a l  
p o s i t i o n i n g  e l e m e n t s  have been f i t t e d  t o  t h e  d r y i n g  j i g .  These p r o v i d e  p o s i t i o n -  

i n g o f  t h e  combs w i t h  r e s p e c t  t o  t h e  p l a t e  c e n t e r - l i n e .  I t  h a s  been de te rmined  
t h a t  combs t h u s  p o s i t i o n e d d o n o t  r e q u i r e  t h e  s l o t s  i n  the  a c t i v e  p l a t e s .  Ade- 
q u a t e  p o s i t i o n i n g  and j o i n i n g  h a s  been a c h i e v e d  on t h e  l a s t  f i v e  f u e l  assem- 
b l i e s ,  none o f  which made u s e  o f  s l o t t e d  a c t i v e  p l a t e s ,  

(1) S h e a r i n g a  An as sembly  was p r e p a r e d  from s h e a r e d  p l a t e s  c o n t a i n i n g  
n a t u r a l  uranium-aluminum a l l o y  c o r e s .  T h i s  assembly,  177,  pas sed  d i m e n s i o n a l  
i n s p e c t i o n  showing measurements s i m i l a r  t o  a s s e m b l i e s  made from machined p l a t e s  
under s i m i l a r  b r a z i n g  c o n d i t i o n s .  The u s e  o f  s h e a r e d  p l a t e s  w i l l  r e q u i r e  a 
double  a c t i n g  d i e  t o  f l a t t e n  and ho ld  t h e  p l a t e s  p r i o r  t o  s h e a r i n g .  S i n c e  o n l y  

one a s sembly  h a s  been f a b r i c a t e d  from s h e a r e d  p l a t e s  i t  w i l l  be n e c e s s a r y  t o  
produce a s e r i e s  o f  s u c h  a s s e m b l i e s  t o  r echeck  t h e  above o b s e r v a t i o n s .  

( 2 )  P l a t e  Forming D i e .  Because o f  t h e  r e p e a t e d  r e p o s i t i o n i n g  p rob lems  
expe r i enced  whenever t h e  d i e  p a r t s  had t o  be removed from t h e  h y d r a u l i c  p r e s s ,  
i t  was d e c i d e d  t o  s e t  u p  p e r m a n e n t l y  f o r  p l a t e  forming.  A f t e r  i n s p e c t i o n  of 

t h e  d i e  components,  i t  was found n e c e s s a r y  t o  r e g r i n d  t h e  s u r f a c e s  of t h e  f e -  
male s e c t i o n .  I n  a d d i t i o n ,  a b o l s t e r  p l a t e  o f  3 i n .  b o i l e r  p l a t e  was p rov ided  
t o  f i t  between t h e  d i e  f e m a l e  s e c t i o n  and t h e  p r e s s  t a b l e .  T h i s  was g round  
f l a t  on both c o n t a c t i n g  s u r f a c e s .  Shims were c u t  from b r a s s  shim s t o c k  t o  t a k e  
up t h e  gaps showing up because o f  i r r e g u l a r i t i e s  o f  t h e  p r e s s  t a b l e .  

i t  was p o s s i b l e  t o  p roduce  
p l a t e s  u n i f o r m l y  w i t h i n  f 0 .003 i n .  i n  s a g i t t a ,  a s  measured from the  s u r f a c e  
p l a t e .  

A f t e r  assembly o f  t h e  d i e  and b o l s t e r  p l a t e ,  

3 1  



TABLE V I  

Dimensional Changes i n  Fuel  Assemblies  R e s u l t i n g  from Thermal Cyc l ing  . 

Note - Quench V e r t i c a l  i n  75"  F w a t e r . -  lTBtr end first 
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BERYLLIUM 

L a b o r a t o r y  M e l t i n g  and C a s t i n g .  The c a s t i n g  o f  4% d i a m e t e r  i n g o t s  o f  
* b e r y l l i u m  i n  t h e  12  i n .  d i a m e t e r  i n d u c t i o n  vacuum f u r n a c e  h a s  been c o n t i n u e d ,  

a t o t a l  of  30 c a s t i n g s  h a v i n g  been made. P r e v i o u s  c o n c l u s i o n s  abou t  t h e  d e s i r -  

c 

a b i l i t y  of  c a s t i n g  t h e  b i l l e t s  i n  an i n e r t  atmosphere r a t h e r  t han  i n  a vacuum, 
have been s u b s t a n t i a t e d .  The u s e  o f  a r g o n  or h e l i u m  a t  a p r e s s u r e  o f  11 p s i  
d u r i n g  c a s t i n g  h a s  e l i m i n a t e d  t h e  blowing o f  t h e  l i q u i d  m e t a l  from t h e  mold. 
Apparen t ly  t h i s  blowing from the  mold i s  t h e  r e s u l t  o f  v a p o r i z a t i o n o f  v o l a t i l e  
c o n d e n s a t e  on t h e  mold w a l l s .  Such c o n d e n s a t e  h a s  been o b s e r v e d  t o  o x i d i z e  
w i t h  e x p l o s i v e  v i o l e n c e  when a f u r n a c e  i n  which a m e l t  has  been f r o z e n  i n  t h e  
c r u c i b l e  r a t h e r  t han  al lowed t o  pour ,  is  opened t o  t h e  atmosphere.  

It has  been found t h a t  t h e  q u a l i t y  o f  t h e  v i r g i n  pebble  b e r y l l i u m  used i n  
m e l t i n g  h a s  a marked e f f e c t  o n m e l t i n g  l o s s  and i n g o t  q u a l i t y .  T a b l e  VI1 l is ts  
r e s u l t s  on t w o  l o t s  o f  b e r y l l i u m  p e b b l e ,  PB-96 and P-96. Melts made from 
PB-96 showed d u l l  s u r f a c e s  on t h e  i n g o t s  and poor metal  r ecove ry ,  c o n s i d e r a b l e  
amounts o f  v o l a t i l e  m a t e r i a l  were e v o l v e d  d u r i n g  m e l t i n g ,  and d i f f i c u l t y  
was e n c o u n t e r e d  i n  p o u r i n g ,  due t o  s t i c k i n g  o f  t h e  s t o p p e r  rods .  - On t h e  o t h e r  
hand, l o t  P-96 produced c l e a n  s u r f a c e s  on the1 i n g o t s ,  good metal  r e c o v e r y ,  and 
no d i f f i c u l t y  i n  p o u r i n g .  A n a l y s i s  o f  t h e s e  l o t s ,  a s  s u p p l i e d  by t h e  B r u s h  
Bery l l i um Co. ,  was a s  f o l l o w s :  

- 
P-96 PB-96 

( p e r  c e n t )  ( p e r  c e n t )  

Assay 
Fe 

' A 1  
S i  

Mg 
G U  

N i  
Mn 

Ag 
Cd 
Zn 
B 
B* 
* Done by N . B . C  

99 .SO 
.06 
e 108 
e 0 2 9  

( PPm) 
a b o u t  7500 

52 
5 1  

140  
-1 
-1 

1 6 0  
6 

2 .9  

3 3  
w e  t method 

98 $29 
.05 
.16 
.028 

t PPm) 
abou t  2300 

72 
53 
90 

1 . 4  
-1 
35 
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I L 

, 127 
~ 136 

117 
130 

i 116 
122 

93 
97 

115 
109 

a 

TABLE VI1 

Labora to ry  Bery l l ium Mel t s  

WEIGHT (kg) MELTING TI  NO. A 
( m i n )  

105 
106 
107  

109 
110 
111 
1 1 3  
1 1 4  

116  
1 2 4  
1 2 5  
175 
179 
192 
194 
1 9 6  
197 
134 

1 3 5  
139 
140 
1 4 1  
145  
1 4 6  
1 4 8  
158 
160 
161 
164  

5395 
4400 
4400 

5 300 
52 80 
3450 
3 420 
3380 

5220 
5275 
5295 
5250 
52 50 
5300 
5300 
4270 
4380 
532 1 

5301 
5213 
52 00 
5 200 
5200 
5200 
5200 
52 00 
5200 
5200 
5200 

145 
118 
132 

135 
168 
178 
118 
103 

. 6 0  
196 
102 
139 
159 
138 
142 
127 

96 
129 
196 

~ 

HOT TOP 
MATER I AL 

A12 0 ,  
11 

W 

11 

11 

- -  
K-20 

11 

A L O 3  
11 

11 

11 

11 

11 

11 

C a s  t o  1 i t e  
11 

A1*0 9 

11 

11 

'1  7 

11 

11 

11 

71 

(1 

11 

11, 

11 

REMELT 
( p e r c e n t )  

68 
9 3  
32 

70 
0 

100 
100 
100 

58 
0 

64 
0 
0 
0 
0 
0 

41 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

~~ 

CASTING 
TEMPgRATURE 

( C) 

1400 
t1 

11 

11 

1415 
1400 

11 

11 

I1 

1440 
1400 

11 

11 

11 

11 

11 

11 

1400 

142 5 

1400 
- -  

11 

11 

11 

11 

11 

11 

11 

11 

CASTING 
PRESSURE 

1 oop 
1 5 0 , ~  

11 .0  p s i  
Argon 11 

t l  

ri 

1 oop 
11 .0  p s i  
Argon 11 

W 

1 . 0  p s i H e  
11 

11 

11 

11 

11 

11 

11 .0  p s i  
Helium 

11 

11 

11 

11 

0 

11 

t? 

11 

11 

11 

11 

MAXIMUM 
PRESSURE 
( m i c r o n s )  

5 00 
309 
100 

50 
140 
140 
2 40 
3 00 

400 
320 
3 00 
600 
230 
300 
2 10 
190 
2 00 
3 00 

460 
1400 
1000 
400 
500 
6 00 
700 
9 00 
40 0 
2 40 
280 

GRADE Be 

PB - 96 
11 

11 

11% 

' 1  I 

1f 

11" 

11 

11 

11 

11 

11 

11 

f l  

P-96 
11 

11 

PB- 96 

11 

11 

11 

11 

11 

V l  

11 

11 

0 

11 

11 

CRUCIBLE 
NUMBER 

16 1 
161  
1 6 1  

161 
1 6 1  

* 1 6 1  
1 6 1  
161  

1 6 1  
1 6 1  
16 1 
2 01 
1 9 2  
191 
1 9 1  
191  
191  
1 6 1  

1 6 1  
2 02 
2 02 
202 
2 01 
201  
2 02 
2 01 
201 
1 6 1  
2 01 

METAL 
RECOVERY 
( p e r c e n t )  

COMPOS ITION 

~ .I) 
-- 
-.. 

- .. 
.... 
- -  
- "  
- _  

- -  
- -  
"e 

-.. 
- ._ 
- -  
- -  
- -  
- -  

0.5% T i  

0.5% T i  
0.25% T i  
0.25% T i  
0.25% Zr 
0.5% Z r  
0.25% T i  
0.75% T i  
1% Zr 
0.1% Zr 
1% T i  
0.1% T i  
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At tempts  were made t o  r e f i n e  t h e  g r a i n  s i z e  o f  b e r y l l i u m  i n g o t s  by a d d i t i o n s  
of T i  and Zr. A l l o y s  C o n t a i n i n g  0.1% t o  1% T i  and 0.1% t o  1% Zr w e r e p r e p a r e d  
a c c o r d i n g  t o  s t a n d a r d  Be m e l t i n g  p r a c t i c e ,  and c a s t  i n t o  c o l d  g r a p h i t e  molds 
o f  4% i n .  d i a m e t e r .  Pho tographs  o f  t r a n s v e r s e  s e c t i o n s  c u t  from t h e  c e n t e r  of 

j 4% i n .  d i a m e t e r  b i l l e t s  a r e  shown i n  F i g .  6 .  The r e s u l t s  a r e  n o t  d e f i n i t e ,  
b u t  i t  a p p e a r s  t h a t  1% T i  may have been e f f e c t i v e  a s  a g r a i n  r e f i n e r .  More 
work w i l l b e n e c e s s a r y  b e f o r e  c o n c l u s i v e  e v i d e n c e  c a n  be shown. Da ta  f o r  t h e s e  
a l l o y s  a r e  l i s t e d  i n  T a b l e  VII. 

P 

I 

e 

E x t r u s i o n .  Dur ing  t h i s  p e r i o d  two b e r y l l i u m  e x t r u s i o n  r u n s  were made a t  
t h e  G e r i t y  M i c h i g a n  Company P l a n t  i n  A d r i a n ,  M i c h i g a n ,  and one  w a s  made a t  
ORNL . 

(1) E x t r u s i o n  a t  A d r i a n .  Twelve b i l l e t s  were e x t r u d e d  on August  10  and 
11, 1949. Seven were r e p o r t e d  a s  b e i n g  sound a f t e r  h a v i n g  been r a d i o g r a p h e d  
i n  s i x  p o s i t i o n s  i n s t e a d  o f  t he  u s u a l  t h r e e ,  and f i v e  b i l l e t s  c o n t a i n e d  i n t e r n a l  
c r a c k s .  Two of  t h e  sound b i l l e t s  c o n t a i n e d  s m a l l  a d d i t i o n s  of aluminum, 0.5% 
i n  one c a s e ,  and 1% i n  t h e  o t h e r .  A l l  b i l l e t s  were h e a t e d  t o  1800" F and ex-  
t r u d e d  w i t h  a ram s p e e d  o f  l e s s  t h a n  o n e - h a l f  i n c h  p e r  s e c o n d .  The g e n e r a l  
method o f  e x t r u s i o n  was t h a t  d e s c r i b e d  i n  ORNL 407. 

A l l  e x t r u d e d  b a r s  were c u t  i n t o  s i x  i n c h  l e n g t h s  t o  p e r m i t  i n v e s t i g a t i o n  
of  i n t e r n a l  c r a c k s .  A f t e r  b e i n g  c h e m i c a l l y  p o l i s h e d  and e t c h e d ,  a l l  t h e  b a r s  
which d i d  n o t  c o n t a i n  aluminum a d d i t i o n s  were found t o  c o n t a i n  i n t e r n a l  c r a c k s .  
The s i x t h  s e c t i o n ,  36 i n c h e s  from t h e  l e a d i n g  e n d ,  was t h e  f i r s t  s e c t i o n  t h a t  
was c o n s i s t e n t l y  s o u n d .  The b a r s  t h a t  came from t h e  r e p o r t e d l y  good b i l l e t s :  
c o n t a i n e d  f ewer  and smal le r  c r a c k s  t h a n  t h o s e  from unsound b i l l e t s ,  b u t  a l l  
showed c r a c k s .  No c r a c k s  were found,  by e i t h e r  f r a c t u r e  or  chemica l  e t c h i n g ,  
i n  any s e c t i o n  from t h e  e x t r u s i o n s  c o n t a i n i n g  aluminum. 

Dur ing  t h e  second  e x t r u s i o n  on August 31,  b i l l e t s  c o n t a i n i n g  0.1%) 025%, 
and 0.50% aluminum r e s p e c t i v e l y ,  and one p l a i n  b i l l e t ,  were  e x t r u d e d .  The 
e x t r u s i o n  c o n d i t i o n s  were i d e n t i c a l  w i t h  t h o s e  of t he  p r e v i o u s  run .  

The b a r s  were s e c t i o n e d  a t  t h e  6, 1 2 ,  and 5 6  i n c h  marks and t h e  s e c t i o n s  
examined. None o f  t h e  b a r s  c o n t a i n e d  i n t e r n a l  c r a c k s .  One d i d  c o n t a i n  f i n e  
l i n e s  caused  by c o n t a m i n a t i o n  by a n o n - m e t a l l i c  i m p u r i t y  ( b e r y l l i u m  c a r b i d e ) ,  
but  t h e r e  were no  c r a c k s .  

C o r r o s i o n  and p h y s i c a l  tes ts  a r e  b e i n g  run on t h e  e n t i r e  ser ies  of a lumi -  
n u m - c o n t a i n i n g  b a r s .  These  t e s t s  i n c l u d e  b o t h  m a t e r i a l  a n n e a l e d  a t  1800" F 
and a s - e x t r u d e d  m a t e r i a l .  
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The Instrument Department at ORNL designed and built an instrument for 

recording instantaneous values of speed and pressure for any position of the 

ram during the working strokes. The instrument was installed at Adrian and 

worked verywellduring these extrusions. The records showed that the operator 

was holding both the pressure and speed much more uniform than was thougpt pro­

bable. Since the work reported in ORNL 407, twenty-five billets have been ex­

truded into 3~ round-corner squares using the technique mentioned previously. 

Of these twenty-five, only one contained a serious defect that could be traced 

to the extrusion. This indicates that a technique has been developed that is 

suitable for extruding the three-inch squares necessary for the MTR. 
The status of the problem of casting 8-inch billets is not definite. A­

luminum, even in low concentrations, seems to help eliminate cracks. However, 

since the last straight beryllium billet extruded was also good, itis possible 

that the improvement was due to some change in melting or casting technique. 

Since the cracks occupy such a small percentage of the bar volume it seems 

possible that even a small amount of a low melting phase such as beryllium-alu­

minum alloy co~ld help alleviate them. 

(2) Extrusion at ORNL. Since the large 8 in. diameter billets are both 

expensive and difficult to make, some work was scheduled at ORNL, using 3 in. 

billets and the same ratio of reduction as employed at Adrian. This work is 

summarized in Table VIII. 

The extrusions made at the higher temperatures were carried out to see if 

a comparison could be made between the results obtained on the two presses, 

and indicated that such a comparison IS reasonable. The major difference In 

technique between the two operations IS that in Oak Ridge a one-piece die IS 

used exclusively, eliminating the need for a cone on every billet. The radius 

on the corners of the die was 3/16 in. instead of the 3/8 in. used on the large 

press dies. Since the supply of cast billets was limited, some billets were 

made by machining a previously extruded bar. 

The results show that copper cans lower the required pressure. At the 

lower temperatures the copper seemed to deform more easily than the beryllium, 

sInce In many cases the bar was cracked, but the jacket had not ruptured. 

Beryllium has a zone of maximum plasticity at about 850 0 F, and, to take full 

advantage of both this zone and the plastic properties of the copper jacket, 

extrusions at still lower temperatures will be attempted. 

The corners of the bars were well filled under all conditions. This indi­

cates that the radius of the corners of the large squares can be safely reduced 

to lessen machining losses. 
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TABLE VIII 

Beryllium Extrusions at ORNL 

EXIlWSION 
TYPE 

BERYLLIUM JACKET 

Steel 
1 Extruded ~opper p1ate( 

2 Cast lI. 

3 Extruded 'II , 

I 
: 

4 Cast lI. 

5 Extruded n. 

I 

6 Cast n. 

7 Extruded copper 

8 Cast n. 

9 Extruded n, 

10 Extruded lI, 

II Extruded n, 

12 Extruded n. 

RUNNINGTEMP~RATURE 
COMMENTSPRESSURE (ps 1 ) ( F) 

13001800 Good bar 
I 

n, n.10001800 

n. n12001600 

<Speed very slow}13001600 
I cracked last ~ 

, 1300 I Cracked en tire length1400 

• n,n. n.1400 1150 

1100 Good bar1400 

1050 Cracked entire length1400 

n, n. n,17001200 

1400 Good bar1100 

Cracked en ti re length14001000 

1600 Cracked entire length1000 
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Testing. During the past quarter, comparative grain S1ze, mechanical 

strength and corrsoion data were obtained on the metal types actually consider­

ed for use in construction of the Materials Testing Reactor reflector. Interest 

has centered on Adrian extruded (4.1 to 1 reduction) and QM and QRM grades of 

sintered powder metal. 

Review of beryllium corrosion work to date indicates that hot-pressed 

metal is at least as corrosion resistant in simulated reactor cooling water as 

1S extruded metal, and emphasizes the importance of completing corrosion tests 

to determine the relative resistance of sintered metals grades QM, QBM, and QMV 

1n simulated reactor cooling water and in autoclave testing. Plans for corro­

sion equipment suitable for testing each beryllium piece prior to final ac­

ceptance for reflec tor use} are being considered. 

(1) Grain Struc!ure Comparison. Typir.al grain structures of sintered 

and extruded metal were examined metallographically to correlate mechanical 

testing and machining results. Transverse and logitudinal specimens were pre­

pared from the center and edge of an Adrian-ext:ruded billet (extrusion temper­

ature, 1700° F). Grain refinement resulting from one-hour anneals at 1700, 

1800, and 1900° F, was also observed. A refined, equi-axed structure resulted 

in each case. The grains from the 1900° C anneal were slightly larger than 

those obtained at the two lower temperatures. Polarized light photomicrographs 

(lOOX) of the as-extruded and the recrystallized grain textures are shown in 

Fig. 7. Included are macrophotographs of the hot-pressed QM grain structure. 

(2) Compressive Tests. Room temperature compressive tests were made to 

obtain information on the effect of extrusion temperature on strength, the 

degree of anistropy found in extruded metal, and the relative mechanical 

strength of hot-pressed and exttuded metal. Compressive testing was selected 

in preference to tensile testing because .of· the large :number ,of samples in­

volved and :the greater conveniences of fabrication. 

:Specimens ,were 0.500 in .. diameter .by .one inch ,long :cylinders, .with .enGs 

,machined parallel :towithin at least D.0011n. Care ,was ,exercised in selecting 

each ,longitudinal ,and ,transverse sample ,so ,that specimens representative of 

metal from the center ·andedge of ·the billet could be prepared. A 120 ,ton 

.Ba ldwin -Sou thwark ' testing .. machine .wasused, for ,loading. ·Deformat ion or.change 

in length measurements were made bya 0.001 in. dial indicator;mounted between 

the platens of the subpress. A constantstrain:rate,of 0.05 ,in./min.was used 

in'all·tests. 
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Compress ion  t e s t  r e s u l t s  on vacuum c a s t  m e t a l  e x t r u d e d  a t  1 4 0 0 ,  1 6 0 0 ,  

1700 and 1800' F w i t h  a r e d u c t i o n  i n  a r e a  of 4 . 1  t o  1 a r e  g i v e n  i n  T a b l e  IX. 
Also  inc luded  a r e  r e s u l t s  on QM and QRM,grades o f  s i n t e r e d  m e t a l ,  and 6.5 t o  1 
r e d u c t i o n  m e t a l  e x t r u d e d  a t  1870" E .  A l l  specimens were r u n  i n  d u p l i c a t e .  

Although t h e  d a t a  revea1,no c l e a r - c u t  c o r r e l a t i o n ,  t h e  compressive s t r e n g t h  
a p p e a r s  t o  i n c r e a s e  i n  t h e  t r a n s v e r s e  d i r e c t i o n  and d e c r e a s e  i n  t h e  l o n g i -  

, t u d i n a l  d i r e c t i o n  w i t h  an i n c r e a s e  i n  e x t r u s i o n  * t e m p e r a t u r e  w i t h i n  t h e  r ange  
. t e s t e d .  A s  e x p e c t e d  from e x a m i n a t i o n  o f  t h e  , g r a i n  s t r u c t u r e s  and f r am work 
p r e v i o u s l y  r e p o r t e d  by MIT, . t h e  e x t r u d e d  s e c t i o n s  t e s t e d  show a h i g h  d e g r e e  
0 :  a n i s t r o p y .  D i f f e r e n c e s  of p r o p e r t i e s  were a l s o  e v i d e n t  between . c e n t e r  and 
edge samples .  These d i f f e r e n c e s  were n o t  observed i n  t h e  s i n t e r e d  m e t a l .  

E x t r u d e d  m e t a l  i s  s u b s t a n t i a l l y  weaker i n  compress ion  i n  t h e  t r a n s v e r s e  
d i r e c t i o n ,  b u t  g e n e r a l l y  s t r o n g e r  i n  t h e  l o n g i t u d i n a l  d i r e c t i o n  t h a n  i n  s i n t e c -  

ed m e t a l .  
S t r e s s - s t r a i n  c u r v e s  are  p l o t t e d  i n  F i g .  8 .  For convenience i n  p l o t t i n g ,  

t h e  c u r v e s  have been grouped i n t o  f o u r  c a t e g o r i e s  w i th  r e s p e c t  t o  l o c a t i o n  and 
d i r e c t i o n  of  e x t r u d e d  samples:  t r a n s v e r s e  c e n t e r ,  t r a n s v e r s e  edge ,  l o n g i t u d i -  
n a l  c e n t e r ,  and l o n g i t u d i n a l  edge.  

The c u r v e  d i p  or bow found o n l y  i n  e x t r u d e d  me ta l  compressed i n  t h e  long-  
i t u d i n a l  d i r e c t i o n  maybe due t o  t h e  f o r m a t i o n  of tw ins .  An analogous t w i n n i n g  
phenomenon i s  found i n  t h e  compression magnesium m e t a l .  

A s i m i l a r  s e t  of  tests is  planned on me ta l  i n  t h e  annealed c o n d i t i o n ,  and 
on e x t r u d e d  m e t a l  t o  which s m a l l  a d d i t i o n s  ( l e s s  t h a n  19, by w e i g h t )  of a lumi -  
num have been made. 

( 3 )  Impact T e s t s .  Because of i t s  b r i t t l e  n a t u r e  b e r y l l i u m  does n o t  l e n d  
i t s e l f  t o  t e s t i n g  on t h e  c o n v e n t i o n a l  impact  machine,  b u t  tes ts  were made on a 
more e a n s i t i v e  machine n o r m a l l y  u s e d  i n . t e s t i n g  p l a s t i c s .  D a t a w e r e  e r r a t i c  
and d i d  n o t  l end  themse lves  t o  i n t e r p r e t a t i o n .  

( 4 )  C o r r o s i o n .  A t  t h e  r e q u e s t  o f  t h e  L a b o r a t o r y ,  B a t t e l l e  Memorial  
I n s t i t u t e  conduc ted  some d i s t i l l e d - w a t e r  , c o r r o s i o n  t es t s  on b e r y l l i u m  m e t a l  
a t  600" F ( 1 5 0 0  p s i )  and 525" F (800 p s i ) .  Samples were s e l e c t e d  from vacuum 
c a s t  m e t a l  e x t r u d e d  a t  1 4 0 0 ,  1600 ,  1700 and 1800" F, and from s i n t e r e d  powder 
m e t a l ,  g r a d e s  QM and QRM. 

R e s u l t s  showed t h a t  a l l  s a m p l e s ,  r e g a r d l e s s  o f . c o n d i t i o n  ( a s - m a c h i n e d ,  
a n n e a l e d ,  or c h e m i c a l l y  p o l i s h e d  f o r  removal o f  c o l d  worked m e t a l ) ,  were re- 
s i s t a n t  t o  525" F w a t e r .  The h o t - p r e s s e d  b e r y l l i u m  was s u p e r i o r  t o t h e  e x t r u d -  
ed metal  i n  i t s  r e s i s t a n c e  o f  600" F w a t e r .  
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I f  

c o o l i n g  i s  p rov ided  by t h e  3/16 i n .  d i a m e t e r  channe l  r u n n i n g  t h e  e n t i r e  l e n g t h .  
Dur ing  t h e  p a s t  q u a r t e r  work h a s  c o n t i n u e d  

on t h e  e f f e c t  o f  phosphorus a d d i t i o v s  t o  b e r y l l i u m .  Phosphorus was i n t r o d u c e d  
a s  t h e  phosph ide  o f  b e r y l l i u m ,  Be3P2.  A l l o y s  were p r e p a r e d  s u c h  t h a t  t h e  
phosphorus c o n t e n t  s h o u l d  be approx ima te ly  2%, l o % ,  and 1.6%. Chemical a n a l y s i s ,  
however, f a i l e d  t o  f i n d  more t h a n  a v e r y s l i g h t  t r a c e  , e v e n  i n  t h e  i n t e n d e d  
109, a l l o y .  X-ray s p e c t r o m e t r y  g i v e s  t h e  p e a k s  of  Be3P2,  b u t  i n  n o  c a s e  a r e  
they e x t r e m e l y  s t r o n g .  

B e r y l  Ziun-Phosphorus S y s t e m ,  

M e t a l l o g r a p h i c  e x a m i n a t i o n  s o  f a r  h a s  r e v e a l e d  n o t h i n g  u s u s u a l  a b o u t  t h e  
m i c r o s t r u c t u r e  of t h e  a s - c a s t  m a t e r i a l .  Hardness  t e s t s  a r e  i n  t h e  same r a n g e  
as t h o s e  f o r  b e r y l l i u m ,  and c h a r a c t e r i s t i c  c r a c k i n g  a b o u t t b e i n d J e R t a t i o n  i s p r e -  
s e n t .  Work is c o n t i n u i n g  w i t h  h e a t  t r e a t i n g  and t e n s i l e  t e s t s .  

1 

A vacuum f u s i o n  u n i t  f o r  t h e  a n a l y s i s  o f  oxygen and o t h e r  g a s e s  i s  b e i n g  
assembled i n  c o o p e r a t i o n  w i t h  t h e  Chemistry D i v i s i o n .  With t h e  a i d  of  t h i s  u n i t ,  
i t  may be p o s s i b l e  t o  d e t e r m i n e  whether or n o t  phosphorus h a s  any e f f e c t  on t h e  
oxygen c o n t e n t  of b e r y l l i u m .  

NEUTRON WINDOW FOR MATERIALS TESTING REACTOR 

A s u r v e y  was made of  b o t h  open and p r o j e c t  l i t e r a t u r e  t o  de t e rmine  a v a i l -  
a b l e  i n f o r m a t i o n  on m e t a l l i c  bismuth.  Bismuth i s  used i n  i n d u s t r y  p r i n c i p a l l y  
a s  low m e l t i n g  a l l o y s ,  b u t  even i n  t h i s  f i e l d  t e c h n i c a l  i n f o r m a t i o n  is  meager. 
The only u s e  o f  t h e  m e t a l  i t s e l f  a p p e a r s  t o  be i n  t h e  form o f  f i l a m e n t s  and 
wire .  No i n f o r m a t i o n  was found on h i g h e r  t e m p e r a t u r e  p h y s i c a l  p r o p e r t i e s  o f  
t h e  metal .  

C a s t i n g  a p p e a r s  t o  be t h e  most f e a s i b l e  method of f a b r i c a t i n g  a b i smuth  
window. A s  ment ioned i n  ORNL 407,  t h e  e x p a n s i o n  of  t h e  me ta l  d u r i n g  f r e e z i n g  
would he a major problem. 

Three b i n a r y  s y s t e m s  were found which  formed h i g h  m e l t i n g  compounds on 
t h e  h i g h  bismuth end o f  t h e  phase d i ag rams .  These were a l l o y s  of  bismuth w i t h  
c a l c i u m ,  magnesium, and po ta s s ium.  None of t h e s e  a l l o y s  i s  used commer ica l ly  
and n o  i n f o r m a t i o n  was found on t h e i r  p r o p e r t i e s .  S i n c e  t h e y  form compounds 
w i t h  much h i g h e r  m e l t i n g  p o i n t s  t han  m e t a l l i c  b i s m u t h i t s e e m s  l i k e l y  t h a t  t h e y  
would have b e t t e r  c r e e p  r e s i s t a n t  q u a l i t i e s .  

I f  l e a d  i s  u s e d  f o r  f a b r i c a t i o n  of t h e  window, t h e  major  q u e s t i o n  t o  be 
answered i s  t h e  c r e e p  t h a t  w i l l  be encoun te red .  A t  t h e  c o n d i t i o n s  t o  which i t  
i s  a n t i c i p a t e d  t h a t  t h e  window w i l l b e s u b j e c t e d  (30 p s i  and 150" C) no inform- 
a t i o n  is a v a i l a b e  on t h e  c r e e p  o f  l e a d  or l e a d  a l l o y s .  A s e t u p  h a s  b e e n  
assembled f o r  d e t e r m i n i n g  t h i s  va lue .  
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Two d r y i n g  o v e n s  h a v e  m u l t i p a n e  g l a s s  windows b u i l t  i n t o  t h e i r  d o o r s .  
The l e a d  s p e c i m e n s a r e s u s p e n d e d  f r o m t h e o v e n  roof  and i n  t u r n  h o l d  t h e  we igh t s  
by means of e y e  hooks s c r e w e d  i n t o  e n l a r g e d  s e c t i o n s  o f  t h e  s p e c i m e n s .  Any 
de fo rma t ion  i s  d e t e r  mined by measu r ing  t h e  change i n  d i s t a n c e  between two l i n e s  
engraved on t h e  l e a d  s p e c i m e n s .  The m e a s u r i n g  i s  done  w i t h  a c a t h e t o m e t e r  
r e a d i n g  t o  0 .001  mm.  

One t e s t  t h a t  h a s  been r u n n i n g  f o r  500  h o u r s  c o n t a i n s  t h r e e  samples of  a n  
a l l o y  c o n t a i n i n g  approx ima te ly  0.1% c a l c i u m ,  and one o f  h i g h  p u r i t y  l e a d .  The 
l o a d  and t empera tu re  a r e  t h o s e  expected i n  o p e r a t i o n .  The o t h e r  t e s t  c o n t a i n s  
two specimens of  h i g h  p u r i t y  l e a d  loaded  t o  30 p s i ,  and t h r e e  t o  60 p s i ,  and 
one specimen of t h e  ca l c ium a l l o y  loaded t o 6 0  p s i .  Data a r e  n o t  y e t  a v a i l a b l e .  

CADMIUM SECTION OF M ? R  SHIM ROD 

To o b t a i n  an aluminum c l a d  sandwich c o n t a i n i n g  cadmium, a 0.020 i n .  s h e e t  
o f  cadmium was covered w i t h  a l a y e r  of  0 ,010  i n .  z i n c  f o i l  and an o u t e r  c o v e r  
of aluminum, Hot r o l l i n g a t 2 5 0 '  C was t r i e d  w i t h  r e d u c t i o n s  of  50% and g r e a t -  
e r .  The z i n c  l a y e r  was i n t e n d e d  t o  p romote  b o n d i n g  o f  t h e  aluminum t o  t h e  
cadmium, b u t  d e s t r u c t i v e  t e s t s  showed t h a t  t h e  bond was n o t  s a t i s f a c t o r y .  
F u r t h e r  t e s t s  a r e  p l anned .  

ANTIMONY AND ANTIMONY-LEAD FOILS 

A t  t h e  r e q u e s t  o f  H .  W. Newson ( c o n s u l t a n t  t o  t h e  P h y s i c s  D i v i s i o n )  t h e  
problem of  p r o d u c i n g  0 . 0 0 5  i n .  f o i l s  of  an t imony  or a n t i m o n y - l e a d  a l l o y  was 
s t u d i e d ,  b u t  o n l y  a l i m i t e d  amount of work was done. Methods c o n s i d e r e d  were: 

Casting. A 0.032 i n .  t h i c k  s e c t i o n  o f  S b  was c a s t  s a t i s f a c t o r i l y ,  b u t  
i t  was found t h a t  m e t a l  f low i n t o  t h i n n e r  molds w a s  poor .  

Rolling. A l l o y s  o f  l e a d  and ant imony c o n t a i n i n g  1 1 . 3  ( e u t e c t i c  composi-  
t i o n ) ,  20 ,  30,  40, 5 0 ,  6 0 ,  7 0 ,  8 0 ,  and 90% an t imony  were c a s t .  F r a c t u r e s  o f  
t h e s e  showed t h e  g r a i n  s i z e  t o  be p r o g r e s s i v e l y  s m a l l e r  a s  t h e  l e a d  c o n t e n t  
i n c r e a s e d .  A l l  e x c e p t  t h e  e u t e c t i c  c o m p o s i t i o n  were v e r y  b r i t t l e .  The 11 .3% 
a l l o y  was co ld  r o l l e d  from % i n .  t o  0 .005  i n .  w i thou t  d i f f i c u l t y .  

Hot-Pressing. A b r i e f  t r i a l  w a s  made of  h o t  p r e s s i n g  S b  a t  500" C, b u t  
t h e  r e s u l t s  were n o t  s a t i s f a c t o r y .  

Sputtering and Electroplating. A f t e r  s e v e r a l  d i s c u s s i o n s  w i t h  members o f  
t h e  Chemist-ry D i v i s i o n  e x p e r i e n c e d  i n  s u c h  t e c h n i q u e s ,  p a r t i c u l a r l y  Mr. T. E.  
Wi l lmar th  and Dr. A .  R .  Erosi, i t  was obse rved  t h a t  d i f f i c u l t y  would be e x p e r -  
i e n c e d  i f  t h i c k n e s s e s  o f  t h e  o r d e r  of s e v e r a l  t housand ths  o f  an i n c h  were d e -  
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. 

s i r e d .  T h i s  r e p r e s e n t s  much g r e a t e r  masses o f  m a t e r i a l  t h a n  a r e  u s u a l l y  p r e -  
pared by t h i s  method.  A l i t e r a t u r e  s u r v e y  i n t o  t h e  e l e c t r o d e p o s i t i o n  of  Sb 
r e s u l t e d  i n  t h e  s e l e c t i o n  of  s e v e r a l  p o s s i b l e  b a t h  compos i t ions .  As an i n i t i a l  
ca thode  i t  w a s  b e l i e v e d  t h a t  a s p u t t e r e d  f i l m  o f  antimony might be u s e d ,  p r e -  
pared upon some p a r t i c u l a r l y  non-adhe r ing  b a s e  m a t e r i a l  such  a s  a p l a s t i c .  A 
p i e c e  o f  l u c i t e  2 i n .  s q u a r e  and 3/16 i n .  t h i c k  was s u b m i t t e d  toMr .  Wi l lmar th  
f o r  antimony s p u t t e r i n g .  

The r e s u l t i n g  f i l m  was n o t  p a r t i c u l a r l y  good for e l e c t r  o - d e p o s i t i o n .  
V a r i a t i o n s  i n  t h i c k n e s s  cou ld  be n o t e d  on v i s u a l  examina t ion .  S e v e r a l  p i n  h o l e  
s p o t s  were found t o  p e r m i t  t h e  p a s s a g e  o f  l i g h t .  S i n c e  t h i s  p r e p a r a t i o n  was 
n o t  s u c c e s s f u l ,  i n v e s t i g a t i o n  w i l l  be made i n t o  t h e  p l a t i n g  o f  an t imony  on 
t h i n  f i l m s  of o t h e r  m e t a l s .  I t  w i l l  p robab ly  be n e c e s s a r y ,  however, t o  p rov ide  
f o r  s u i t a b l e  removal of  such  base m a t e r i a l .  An a d d i t i o n a l  problem p r e s e n t i n g  
i t s e l f  w i t h  t h i s  t e c h n i q u e  i s  t h e  p r e s e n c e  o f  h y d r o g e n  i n  t h e  p l a t e d  f i l m .  
Dr.  Newson a d v i s e s  t h a t  very l i t t l e  hydrogen con tamina t ion  can be t o l e r a t e d  i n  
t h e  p roduc t  r e q u e s t e d .  

5 1  



USE OF ZrO, AS A CRUCIBLE MATERIAL 

One o f  t h e  i n i t i a l  problems i n  t h e  p r e p a r a t i o n  o f  t ho r ium a l l o y s  i s  t h o  
s e l e c t i o n  o f  a c r u c i b l e  m a t e r i a l ,  Be0 h a s  been u s e d  b u t  has  t h e  d i s a d v a n t a g e  
of  b e i n g  reduced by thorium a t  t e m p e r a t u r e s  somewhat over  t h e  m e l t i n g  p o i n t  o f  
thorium. S t a b i l i z e d  ZrO, c r u c i b l e s ,  which a p p e a r e d  t o  have  been s l i p  c a s t ,  
were t e s t e d .  A t  a t e m p e r a t u r e  of 1800' C no  a p p r e c i a b l e  a t t a c k  o c c u r r e d  a f t e r  
a one hour  h o l d i n g  p e r i o d .  However, a t  1900' C ZrO, was a t t a c h e d  by m o l t e n  
Th, and a t  2000' C t h e  c r u c i b l e  was a l m o s t  c o m p l e t e l y  r educed .  T h i s  b e h a v i o r  
i s  approx ima te ly  t h e  same as t h a t  o b t a i n e d  w i t h  BeO, w i t h  ZrO, p r o b a b l y  s l i g h t -  
l y  s u p e r i o r  t o  $00. A f i l m  o f  r e a c t e d  m a t e r i a l  a t  t h e  i n t e r f a c e  between a Th 
i n g o t  and ZrO, c r u c i b l e  was ana lyzed  a f t e r  t h e  Th had been r e p e a t e d l y  r eme l t ed  
and h e a t e d  t o  1800' C.  S p e c t r o s c o p i c  a n a l y s i s  showed a l a r g e  amount of Th and 
a moderate amount o f  Zr. X - r a y  d i f f r a c t i o n  r e s u l t s  i n d i c a t e d  t h e  t h o r i u m  t o  
be p r e s e n t  as Tho, and t h e  Zr i n  t h e  m e t a l l i c  form. A n a l y s i s  o f  t h e  Th i n g o t  
d i d  n o t  show any d e t e c t a b l e  amount of  Zr p r e s e n t .  

The same s o r t  o f  r e a c t i o n  was o b s e r v e d  when Be0 c r u c i b l e s  were u s e d .  A 
l a r g e  amount o f  powdered m a t e r i a l  was c o l l e c t e d  from t h e  s u r f a c e  o f  a n  i n g o t  
mel ted i n  a Be0 c r u c i b l e  and waa found t o  be p r a c t i c a l l y  a l l  Tho,. No Be was 
d e t e c t e d  b u t  t h i s  waB p r o b a b l y  b e c a u s e  o f  t h e  h i g h  vapor  p r e s s u r e  o f  Re a t  
t h e s e  t e m p e r a t u r e s  and i t s  e a s e  of  s o l u t i o n  i n  Th. 

THERMAL ANALYSIS AND ALLOYS WITH Be AND Si 

It h a s  been r e p o r t e d  t h a t  no  the rma l  a r r e s t  can  be obse rved  when c o o l i n g  
a l i q u i d  melt o f  t ho r ium,  due t o  i t s  very low l a t e n t  h e a t  of  f u s i o n .  P r e l i m i -  
n a r y  e x p e r i m e n t s  t o  c h e c k  t h i s  were made by o p t i c a l  py romete r  r e a d i n g s  on a 
thorium melt i n  a 3 i n .  d i a m e t e r  vacuum i n d u c t i o n  f u r n a c e .  

A number of  c u r v e s  were o b t a i n e d  i n  which a d e f i n i t e  change o f  s l o p e  was 
obse rved  a t  about  1625' C. R e p r e s e n t a t i v e  c u r v e s  a r e  shown i n  F i g s .  12 and 13. 
The c o o l i n g  ra te  was t o o  r a p i d  and t h e  h e a t  evo lved  t o o  s m a l l  t o  o b t a i n  a good 
the rma l  a r r e s t  when t h e  power was c o m p l e t e l y \ c u t  o f f  d u r i n g  c o o l i n g .  T h e c u r v e  
i n  F i g .  14 shows t h e  r e s u l t s  o b t a i n e d  when t h e  melt  wa5 c o o l e d  w i t h  a s m a l l  
amount of  power i n p u t  t o  t h e  f u r n a c e .  A d e f i n i t e  c h a n g e  
i n d i c a t i n g  t h e  f r e e z i n g  p o i n t  o f  Th ,  was o b s e r v e d  a t  1626' 
a t t e m p t s  t o  d u p l i c a t e  t h e s e  r e s u l t s  gave c u r v e s  which were 

i n  s l o p e ,  p e r h a p s  
C .  However, h t e r  
somewhat r e r r a t i c .  
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Because o f  t h e  i n h e r e n t  i n a c c u r a c y  of o p t i c a l  pyrometer r e a d i n g s  when used f o r  
d e t e r m i n a t i o n  of  t h i s  s o r t ,  a l l  s u b s e q u e n t  t he rma l  a n a l y s i s  was performed w i t h  
Pt, + Pt-Rh thermocouples. 

The f i r s t  a l l o y  s y s t e m s  i n v e s t i g a t e d  were t h e  Th-Be and T h - S i  s y s t e m s .  

I t  h a s  been r e p o r t e d  t h a t  Be and S i  p roduce  marked r e d u c t i o n s  i n  t h e  m e l t i n g  
p o i n t o f T h  and t h a t  t h e r e  i s  a good p o s s i b i l i t y  t h a t  a t e r n a r y  e u t e c t i c  e x i s t s .  
The e u t e c t i c  c o m p o s i t i o n  i n  t h e  Th.Re s y s t e m  h a s  been r e p o r t e d  a t  1.75% B e .  
A l l o y s  of 1% Be and 2% R e  were p r e p a r e d  and t h e r m a l  a n a l y s i s  was c a r r i e d  o u t  
w i t h  P t  f Pt-Rh c o u p l e s  i n  Be0 p r o t e c t i o n  t u b e s ,  The h e a t i n g  C U F V ~ ,  c o o l i n g  
c u r v e ,  and i n v e r s e  r a t e  c o o l i n g  c u r v e  f o r  t h e  2% Be a l l o y  a r e  shown i n  F i g s e  
15-17.  The i n v e r s e  r a t e  c o o l i n g  cu rve  f o r  t h e  19, Be a l l o y  i s  shown i n  F i g .  1 8 .  
It  would appear  t h a t  t h e  l i q u i d u s  t e m p e r a t u r e s  o f  t h e  1% and 2% Be a l l o y s  a r e  
117SQ C and 1178" C ,  r e s p e c t i v e l y ,  A c o m p l e t e  t a b u l a t i o n  of d a t a  f o r  t h e  Th 
a l l o y s  p repa red  t o  d a t e  a p p e a r s  i n  T a b l e  X ,  

HEAT TREATMENT OF THORIUM 

S e v e r a l  s amples  o f  t h o r i u m  were h e a t  t r e a t e d  t o  d e t e r m i n e  t h e  e f f e c t  of  
t h i s  t r e a t m e n t  on t h e  c a r b i d e s  and o x i d e s ,  T h r e e  d i f f e r e n t  t y p e s  o f  t ho r ium 
were used ,  two g r a d e s  o f  A m e s  produced m e t a l  and one g rade  of  Westinghouse m e t a l ,  
The h e a t  t r e a t m e n t s  a r e  a s  f o l l o w s -  P h r  a t  1425' C and wa te r  quenched,  t h e n  
r e a n n e a l e d  a t  1000" C and 8003 C and w a t e r  quenched, 1 h r  a t  1425" C, t h e n  f u r -  
nace  cooled t o  1000" C and 800" C f o l l o w e d  by w a t e r  quench ing ;  and t h e n  l o n g  
t i m e  a n n e a l s  ( 2 4 - 5 0  h r s )  a t  1000' C and 800" C f o l l o w e d  by w a t e r  q u e n c h i n g ,  
The re  were some changes i n h a r d n e s s  v a l u e s ,  b u t  t h i s  has  n o t  y e t  been c o r r e l a t -  
ed w i t h  the  m i c r o s t r u c t u r e s  

A sample o f  thorium produced by t h e  i o d i d e  decomposi t ion p r o c e s s  had been 
r e c e i v e d .  T h i s  h a s  been p o l i s h e d  and examined and w i l l  be used a s  a r e f e r e n c e  
m a t e r i a l  i n  s t u d y i n g  t h e  i m p u r i t i e s  i n  t h e  o t h e r  g r a d e s  o f  thorium. 

ALUMINUM CLADDING OF THORIUM 

To s t u d y  t h e  p f f e r c t  o f  r e d u c t i o n  r a t e  i n  r o l l i n g  on t h e  p r e f e r e n t i a l  
e l o n g a t i o n  o f  aluminum a t  t h e  c o r e  e n d s ,  s e v e n  s a n d w i c h e s  w e r e  made u p  a s  
f o l l o w s .  

Core - Ames t h o r i u m , -  1 i n ,  x 2% i n ,  x 0.290 i n ,  
Frame - 2s aluminum ~' 3 i n ,  x 6 i n ,  x 0 . 2 1 0  i n .  
Cover  2s aluminum - 3 i n ,  x 1 3  i n ,  x 0 ,120  i n ,  
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These 'iiere ho t  r o l l e d  on t h e  20 i n ,  x 3 0  i n ,  m i l l  a t  600' C t o  0 ,200  i n ,  t h i c k -  
n e s s  a s  f o l l o w s :  

2 c o r e s  - 10% r e d u c t i o n  p e r  p a s s  
1 c o r e  - 20% r e d u c t i o n  p e r  p a s s  
1 c o r e  - 30% r e d u c t i o n  pe r  p a s s  
1 c o r e  - 40% r e d u c t i o n  p e r  pas s  
2 c o r e s  - 50% r e d u c t i o n  p e r  p a s s  

A f t e r  r o l l i n g ,  s amples  were c u t  t h r o u g h  t h e  end of  e a c h  c o r e  and p o l i s h e d  t o  
de t e rmine  t h e  c o r e  s h a p e ,  A l l  showed abou t  t h e  same c o n ~ t m r ~  T y p i c a l  s e c t i o n s  
a r e  shown i n  F i g .  1 9 .  These a r e  t h e  two samples r o l l e d  w i t h  10% r e d u c t i o n  p e r  
p a s s  

ZIRCONIUM CLADDING OF THORIUM 

I n  a p r e l i m i n a r y  c l a d d i n g  t e s t ,  f o u r  t h o r i u m - z i r c o n i u m  sandwiches  were 

p repa red  a s  fo l lows :  

Core Ames tho r ium 0 , 5  i n .  x 0 - 3  i n ,  x 0 ,248  i n .  
Frame Bureau o f  Mines Zirconium 4 i n ,  x 1 - 5  i n ,  x 0 ,244  i n ,  
Cover Bureau o f  Mines Zirconium 4 i n .  x 1 - 5  i n .  x 0.120 i n .  

Each sandwich c o n t a i n e d  t h r e e  c o r e s ,  Edges were s e a l e d  by H e l i - A r c  welding-  
two by merely f u s i n g  t h e  c o v e r  and frame m e t a l ,  two by u s i n g  a f i l l e r  rod of 
Bureau of  Mines Zirconium, A l l  were h e a t e d  i n  a i r  a t  1500" F for one hour and 
r o l l e d  a t  t h e  r a t e  of 10% r e d u c t i o n  pe r  pas s  f o r  t o t a l  r e d u c t i o n s  of  50%) 60%, 
70% and 80%. D u r i n g  r o l l i n g ,  c r a c k s  deve loped  i n  t h e  we lds  of  t h e  two s a n d -  
wiches on which a welding rod had been used The sandwiches w i l l  be s u b j e c t e d  
t o  m e t a l l o g r a p h i c  and d e s t r u c t i v e  t e s t i n g  t o  d e t e r m i n e  s t r e n g t h  and q u a l i t y  
of t h e  bond" 
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. Fig. 19 - L o n g i t u d i n a l  V e r t i c a l  Cross-sect ion  
showing Ends of Aluminum-Clad Thorium 15 X 
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:AL PROPERTIES QF PURE METALS 

c 

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

he program has  been f o r m u l a t e d  i n  a pape r  c o n s i s t i n g  
I t l i n e s  a working h y p o t h e s i s  o f  p l a s t i c  de fo rma t ion ;  

ind o f  expe r imen t s  t h a t  t h e  h y p o t h e s i s  i n d i c a t e s  a r e  
m c e  fo rma l  u n d e r s t a n d i n g  o f  de fo rma t ion  by r a t i o n a l  
le from t e n s i l e  and c r e e p  t e s t i n g .  
e s t s  b o t h  by c r e e p  and by t e n s i l e  t e s t i n g  machines  
L e n d o r f e r l s  e x p e r i m e n t a l  r e s u l t s ,  @.UP Dynamic d e r  

P l a s t i s o h e n  Verformung Kochendor fe r ,  Z e i t s .  F,  Kris t .  , 1937, Vol. 97,  p. 263) 

o b t a i n e d o n n a p h t a l e n e ,  have been checked by c r e e p  t e s t s  on copper and Orowan's 
c o n c l u s i o n  (The C r e e p  of M e t a l s .  E. Orowan, Feb .  1 9 4 7 )  t h a t  K o c h e n d o r f e r ' s  
r e s u l t s  a r e  a p p l i c a b l e  t o  m e t a l s ,  h a s  been v e r i f i e d .  Orowan s t a t e s ,  "There 
e x i s t s  no s i m p l e  r e l a t i o n  between s t r a i n ,  s t r e s s ,  time and t empera tu re . " '  Any 
program f o r  t h e  s t u d y  o f  de fo rma t ion  must b e g i n  by t a k i n g  t h i s  b a s i c  f a c t  i n t o  
c o n s i d e r a t i o n .  

Tens i l e  Testing L a b o r a t o r y .  Work i s  c o n t i n u i n g  on o b t a i n i n g  t r u e  stress- 
s t r a i n  d i a g r a m s  by p h o t o g r a p h i c  means, The DeVry camera mentioned i n  ORNL 407 

h a s  been r e c e i v e d ,  b u t  t h e  s h u t t e r  h a s  n o t  f u n c t i o n e d  p r o p e r l y ,  t h u s  d e l a y i n g  
i t s  use .  T e s t s  have shown t h a t  Eastman s p e c t r o g r a p h i c  p l a t e s  (649-GH emuls ion )  
g i v e  a v e r y  s a t i s f a c t o r y  d e f i n i t i o n  o f  t h e  edges  of  t h e  t e s t  p i e c e s ,  but  a l s o  
t h a t  t h e i r  u s e  r e q u i r e s  much h i g h e r  l i g h t  i n t e n s i t y .  F i l m s  o f  t h i s  m a t e r i a l  

a r e  on o r d e r  for u s e  i n  s p e c i a l  c a s e s .  Methods o f  m e a s u r i n g  t h e  f i l m s  and  
r e c o r d i n g  t h e  d a t a  have been worked o u t ,  

I n  t h e  immediate  f u t u r e  i t  i s  planned t o  o b t a i n  s t r a i n - s t r e s s - r a t e  c u r v e s  
a t  room t e m p e r a t u r e  on OFHC c o p p e r  and on l e a d  o f  99 .99% p u r i t y .  A s p r i n g  
s u p p o r t  f o r  t h e  g r i p s  o f  t h e  t e n s i l e  t e s t i n g  mach ine  i s  b e i n g  made. I t  i s  

hoped t h a t  t h i s  w i l l  make t h e  machine a d a p t a b l e  t o  ve ry  slow r a t e s  o f  t e s t i n g ,  
o f  t h e  o r d e r  o f  t w o  h o u r s  t o t a l  t e s t i n g  t i m e .  

C r e e p  L a b o r a t o r y .  Any c r e e p  t e s t i n g o n p r o j e c t  metals  a t  e l e v a t e d  temper- 

a t u r e s  must be  c a r r i e d  o u t  e i t h e r  i n  vacuum or i n  p u r i f i e d  rare  g a s e s ,  t o  p r e -  
v e n t  undue o x i d a t i o n .  The f u r n a c e s  and e x t e n s o m e t e r s  o f  o u r  commercial  c r e e p  
machines a r e  n o t  s a t i s f a c t o r y  f o r  a l l  t h e  work p l a n n e d .  Redes ign  i s  i n  p r o -  
g r e s s ,  and one method s e l e c t e d  i n v o l v e s  t h e  use o f  a vacuum f u r n a c e  w i t h  re- 
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s i s t a n c e  windings i n  c o n j u n c t i o n  with t h e  t e s t i n g  a p p a r a t u s .  The ex tensomete r  
w i l l  i n c l u d e  a s i m p l e  moveable p l a t i n u m  wire a t t a c h e d  t o  t h e  t e s t  specimen and 
p r o v i d e d  w i t h  a r e f e r e n c e  p o i n t  i n  such  manner t h a t  t h e  e x t e n s i o n  c a n  be mea- 

s u r e d  w i t h  a c a t h e t o m e t e r  t h r o u g h  a window i n  t h e  f u r n a c e  w a l l ,  A more e l e -  
b o r a t e  e x t e n s o m e t e r ,  employ ing  push r o d s ,  SR-4 s t r a i n  g a u g e s ,  and r e c o r d i n g  
equipment i s  b e i n g  s t u d i e d  

Dr, E Orowan and D r o  E ,  C Andrade have shown t h a t  some fundamental  con- 

c e p t s  of c r e e p  c a n  a d v a n t a g e o u s l y  be s t u d i e d  on d a t a  o b t a i n e d  w i t h  c o n s t a n t  
s t ress  c r e e p  mach ines  Such mach ines  a r e  n o t  commerc ia l ly  a v a i l a b l e  and t h e  

o n l y  a v a i l a b l e  d e s i g n s  a r e  t h o s e  i n  t h e  p a p e r s  o f  E C -  Andrade* ["On t h e  
V i s c o u s  Flow i n  M e t a l s  and A l l i e d  Phenomenallo Andrade. P r o c .  Roy, Soc ,  (A) 
1911, v o l  84 ,  p. 1, "The R e s i s t i v i t y  o f  P o l y c r y s t a l l i n e  Wires i n  R e l a t i o n  t o  
P l a s t i c  Deformation and t h e  Mechanism of P l a s t i c  Flow", Andrade and Chalrners, 
Proco Roy, S o c  (A) 1932 ,  v o l  1 3 8 ,  p 3 4 8  "A New D e v i c e  f o r  M a i n t a i n i n g  
C o n s t a n t  S t ress  i n  a Rod Undergoing P l a s t i c  E x t e n s i o n , "  Andrade, P r o c "  Phys ,  
SOC" 1 9 4 8 ,  v o l  6 0 ,  p. 3 0 4 , I  The d e s i g n s  o f  Andrade  u t i l i z e d  s u b m e r s i b l e  
p a r a b o l i c - s h a p e d  w e i g h t s  and a r e  n o t  s u i t e d  t o  o u r  worko C o n s e q u e n t l y ,  i n  
c o o p e r a t i o n  w i t h  Mr- Warren Brand o f  t h e  I n s t r u m e n t  S e c t i o n ,  ORNL, a d e v i c e  
f o r  c o n v e r t i n g  a c o n v e n t i o n a l  c r e e p  machine i n t o  a c o n s t a n t  l oad  c r e e p  machine 
h a s  been d e s i g n e d  on a d i f f e r e n t  principle The we lgh t  w i l l  be moved a l o n g  
t h e  l e v e r  arm i n  r e s p o n s e  t o  motion o f  t h e  e x t e n s o m e t e r ,  Thus,  a s  t h e  s p e c i -  

men e l o n g a t e s  and a;he c r o s s - s e c t i o n a l  a r e a  is d e c r e a s e d  t h e  a p p l i e d  l o a d  w i l l  
be d e c r e a s e d  by d e c r e a s i n g  t h e  l e v e r  arm r a t i o ,  

The o t h e r  p i e c e s  of  equipment f o r  c r e e p  t e s t i n g  were d e v i s e d  i n  coope ra -  
t i o n  wi th  t h e  I n s t r u m e n t  S e c t i o n  which now i s  working o u t  t h e i r  d e s i g n ,  These 

a r e  ( 1 )  a mie ro fo rmer  e x t e n s o m e t e r  c h a t  can f o l l o w  t h e  f a s t  e x t e n s i o n  i n  t h e  
t r a n s i e n t  s t a g e  of  c r e e p  and r e c o r d  t h i s  on a Brown S t r i p  C h a r t  Recorde r  a s  a 

f u n c t i o n  o f  t ime  and ( 2 9  a d e v i c e  f o r  a p p l y i n g  l o a d  a t  a c o n s t a n t  r a t e  t o  t h e  
c r e e p  spec imen  The l a t t e r  w i l l  be a c c o m p l i s h e d  by d r o p p i n g  l e a d  s h o t  a t  a 

c o n s t a n t  r a t e  i n t o  a bucket  a t  t h e  end of  t h e  l e v e r  armo 
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The problem h e r e  i s  t o c o r r e l a t e  q u a n t i t a t i v e l y  t h e  a n i s o t r o p y  i n  mechani- 
c a l  p r o p e r t i e s  w i t h  t h e  t y p e  and d e g r e e o f p r e f e r r e d  o r i e n t a t i o n  i n  uranium and 

o t h e r  m e t a l s .  R e f o r e  p r o c e e d i n g  w i t h  t h e  d e t e r m i n a t i o n  o f  a n i s o t r o p y  i n  
mechan ica l  p r o p e r t i e s ,  i t  h a s  been deemed d e s i r a b l e  t o  s t u d y  t h e  i n f l u e n c e  o f  
some o f  t h e  t e s t i n g  v a r i a b l e s  upon t h e  t e n s i l e  s t r e s s - s t r a i n  cu rve  o f  uranium. 
T h e . e f f e c t  o f  s t r a i n  r a t e  a s  i n v e s t i g a t e d  w i t h  t h e  r e s u l t  t h a t  no s i g n i f i c a n t  
or c o n s i s t e n t  d i f f e r e n c e  was found i n  t h e  t e n s i l e  s t r e s s - s t r a i n  c u r v e s  d e t e r -  
mined on 0.357 i n .  d i a m e t e r  specimens ( 1 . 4  i n .  gauge l e n g t h )  machined from t h e  

same 1% i n ,  d i a m e t e r  a - r o l l e d  b a r  and t e s t e d  a t  c o n s t a n t  s t r a i n  r a t e s  o f  0 .02 ,  
0.10, and 0.20 in . /min.  

It h a s  been r e p o r t e d  p r e v i o u s l y  t h a t  t h e  t e n s i l e  s t r e s s - s t r a i n  c u r v e  o f  

annea led  uranium appeared t o  be a f f e c t e d  by t h e  r a t e  of c o o l i n g  from t h e  a n n e a l -  
i n g  t e m p e r a t u r e .  The comparison was made between 0.357 i n .  d i ame te r  specimens 
( 1 . 4  i n .  gauge  l e n g t h )  machined from 1% i n .  d i a m e t e r  a - r o l l e d  b a r  t h a t  had 
been h e a t e d  8 hour s  a t  600' C and c o o l e d  t o  room t e m p e r a t u r e  i n  s t i l l  a i r ,  or 
f u r n a c e  c o o l e d  t o  room t e m p e r a t u r e  a t  a r a t e  l ess  than  100' C/hr .  T h i s  e f f e c t ,  

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

m a t e r i a l  c o o l e d  a t  t h e  f a s t e r  r a t e ,  a s suming  o f  c o u r s e  t h a t  n e i t h e r  r a t e  o f  
c o o l i n g  i s  s u f f i c i e n t l y  r a p i d  t o  induce  any r e s i d u a l  macroscopic  s t resses .  

The expe r imen t  h a s  been r e p e a t e d  e m p l o y i n g f o r e a c h  c o o l i n g  r a t e  two spec -  
imens from e a c h  of two d i f f e r e n t  b a r s ,  I t  was found t h a t  t h e  spec imens  from 
b a r s  c o o l e d  a t  d i f f e r e n t  r a t e s  e x h i b i t e d  no  c o n s i s t e n t  d i f f e r e n c e  i n  t h e i r  
t e n s i l e  s t r e s s - s t r a i n  c u r v e s  as  shown i n  T a b l e  X I .  Apparen t ly ,  t h e  d i f f e r e n c e  
i n  r e s i d u a l  s t resses  r e s u l t i n g  from d i f f e r e n c e  i n  c o o l i n g  r a t e  i s  n o t  of  a 
t y p e  or magnitude ) t o  i n f l u e n c e  t h e  s t r e s s - s t r a i n  cu rve .  A c t u a l  d e t e r m i n a t i o n  

o f  t h e  r e s i d u a l  s t r e s s e s  a w a i t s  t h e  a c q u i s i t i o n  o f  p r o p e r  X-ray d i f f r a c t i o n  
equipment.  

The h i g h  X-ray a b s o r p t i o n  c o e f f i c i e n t  n e c e s s i t a t e s  t h e  u s e  o f  r e f l e c t i o n  
methods f o r  d e t e r m i n a t i o n  o f  p r e f e r r e d  o r i e n t a t i o n  i n  u ran ium.  R e f l e c t i o n  
methods employing p h o t o g r a p h i c  r e c o r d i n g  have been deve loped  f o r  t h i s  pu rpose  
( A .  S m i g e l s k a s ,  ANL-4212 Report  f o r  J u l y ,  August ,  and September 1 9 4 8 , M e t a l l u r -  
gy D i v i s i o n ) ,  b u t  t h e s e  d o n o t  g i v e  t h e  p r e c i s e  n u m e r i c a l  d a t a o n  d e n s i t y  o f  p o l e s  
o f  t h e  r e f l e c t i n g  p l a n e s  f o r  v a r i o u s  o r i e n t a t i o n s  d e s i r e d  f o r  a c o r r e l a t i o n  o f  
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TMLE XI 

Effect o f  Cool ing  Rate from Annealing Temperature Upon 

S t r e s s - S t r a i n  R e l a t i o n s h i p  f o r  a - R o l l e d  Uranium. 

BAR 

1 

2 

SPEC1 MEN COOLING RATE+ 

Air Cooled 

l? 11 

Furnace c o o l e d  

11 (1 

Air  Cooled 

11 ri 

Furnace coo led  

11 11 

STRESS AT 2 PERCENT STRAIN 

51000 p s i  

5 5000 

51000 

52000 

52 000 

55800 

55000 

55500 

*After  8 h r .  anneal a t  600' C. 
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a n i s o t r o p y  o f  P r o p e r t i e s  w i t h  t y p e  and d e g r e e  o f  p r e f e r r e d  o r i e n t a t i o n .  To 
o b t a i n  such  n u m e r i c a l  d a t a ,  r e f l e c t i o n  methods u s i n g  G e i g e r - c o u n t e r  s p e c t r o -  
m e t r i c  r e c o r d i n g  h a v e  been  d e v i s e d .  (D. H a r k e r  - HW-10476, J u l y  1 5 ,  1948 .  
M. F i e l d  and M. E. Merchant - J n l .  A p p l i e d  P h y s i c s  20 ,  (Aug. 1949, 741) .  I n  

t h e s e  me thods ,  f l a t  or c y l i n d r i c a l  s u r f a c e s  of t h e  specimens t o  be examined 
a r e  e x p o s e d  a t  v a r i o u s  a n g l e s  o f  i n c l i n a t i o n  t o  t h e  i n c i d e n t  X- ray  beam--a 
t e c h n i q u e  by which i n v e s t i g a t i o n  o f  t h e  e n t i r e  90" r a n g e  o f  a z i m u t h a l  and  
r a d i a l  a n g l e s  r e q u i r e d  t o  d e v e l o p  t h e  c o m p l e t e  p o l e  f i g u r e ,  i s  d i f f i c u l t  i f  
n o t  i m p o s s i b l e .  F u r t h e r m o r e ,  t o  o b t a i n  a c c u r a t e  r e f l e c t i o n  i n t e n s i t i e s  t o  

r e l a t e  t o  d e n s i t y  o f  p o l e s  o f  t h e  r e f l e c t i n g  p l a n e s ,  r e q u i r e s  c o r r e c t i o n  f o r  
v a r i a t i o n s  i n  f o c u s i n g ,  i n  area of s u r f a c e  i r r a d i a t e d ,  and i n  r e l a t i v e  d i s t a n c e s  
t r a v e l e d  by i n c i d e n t  and  d i f f r a c t e d  beam a s  t h e  s u r f a c e  i s  t i l t e d  t o w a r d  
or away from t h e  i n c i d e n t  beam. 

To e l i m i n a t e  t h e s e  d i f f i c u l t i e s ,  a method h a s  b e e n  d e v i s e d  whereby a 

s p h e r i c a l  s u r f a c e  i s  exposed t o  t h e  i n c i d e n t  beam. With such an a r r angemen t ,  
i l l u s t r a t e d  i n  Fig.  20, t h e  r e q u i r e d  r ange  o f  a z i m u t h a l  and r a d i a l  a n g l e s  can  
b e  i n v e s t i g a t e d  w i t h  o n e  specimen w i t h  no  change  i n  f o c u s i n g  or d i f f r a c t i n g  
vo lume;  c o n s e q u e n t l y ,  t h e  r e l a t i v e  i n t e n s i t i e s  m e a s u r e d  s h o u l d  be r e l a t e d  
d i r e c t l y  t o  t h e  r e l a t i v e  d e n s i t i e s  o f  p o l e s  o f  t h e  r e f l e c t i n g  p l a n e .  From 
p r e l i m i n a r y  i n v e s t i g a t i o n  t h i s  method a p p e a r s  t o  be q u i t e  p r o m i s i n g .  I t  i s  
r e a d i l y  a p p l i c a b l e t o s h a p e s  from which a s p h e r e  can  be e a s i l y  machined. There 

i s  a p o s s i b i l i t y  t h a t  e v e n  f o r  t h i n  m a t e r i a l ,  a s p h e r i c a l  s p e c i m e n  c a n  be  
machined from a compact made o f  many s e c t i o n s  of  i d e n t i c a l  o r i e n t a t i o n .  

. 
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