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SUMMARY

I

R a u l t i  o f  t k *  t h o r i u a  a l l o y  
f a v t U p M i t  work i i d i c a l t  t h a t  carbon 
i s  •  p o t e a t  h a r d e n i n g  a d d i t i o n .  
A d d i t i o n s  o f  0 . 2 1  c a r k n s  p r o d a c a  
t h r e e f o l d  ioc roaaaa  i s  s t r e n g t h  s i t h s a t  i 
a a v e r e  l a a a  a f  d a c t i l i t y .  B a r y l l i a s  
a a d  e a y g e a  k a v a  o n l y  a i s o r  a f f a c t a  
s k a s  addad  t o  t k s r i s s  i s  a a o u a t s  i s  j 
t h e  ra sga  foaad i s  ssraMi! Asms s a t a r i a l .  
C k r o a i u a  a d d i t i o n s  t o  t k s r i s s  prodncs 
a s k a t a a t i a l  i s c r a a a o s  i s  s t r o s g t k  and 
k a r d a s s s  s a d  o f f a r  s o o n  p r o a i a o  a f  
im prov ing  c o r ro s io n  r a s i a t a a c a .

Marked d i f f a r o a c s o  i n  a a c k a n i c a l  
p r s p o r t i a a  k a v a  k a a a  o b s a r v a d  i a  
l a  t k o r i s a  o a t r a d a d  a t  t a o  d i f f a r a a t  
r o t a s  o f  s p o o d .  M a t o r i a l  o a t r a d a d  
a t  a  loo  r o t a  (1 f t / a i a )  kaa s t r e n g t h  
a h a s t  daaklo  t h a t  a f  a a t e r i a l  oa t radad  
a t  a  f o o t  r a t a  < 0 0 0  f t / a i a ) .  Bod 
o a t r a d a d  a t  t k o  a l s o  r a t a  s k o o a  a 
■ a j a r  (111) t a r t a r s  w i t h  a n i a o r  [110] 
t a s t e r s .  A a i a g l s  [1 1 4 ]  t a r t a r s  i a  
a k o a r r o d  i a  a a t a r i a l  o a t r a d a d  a t  tk s  
f o o t  r a t a .

Tks  o f f s e t  o f  e l a v a t e d - t e o p e r e t u r e  
h a s t  t r o a t a s a t  a a  t k a  i a p a c t  s t r e n g t h  
a f  t k a r i a a  a t  r a a a  t a a p s r a t a r o  kaa 
k a a a  d a t a r a i a a d .  A s h a r p  t r e a a i t i a a  
i a  i a p a c t  a t r o a g t k  h a s  kaaa n o t e d  
k e t o s e s  e a a e e l s  a t  t e a p e r a t u r e a  f r o a  
• 0 0  t o  1100*C s a d  t k a s a  a t  1200 t o  
10M"C; tko  a a t o i r i a l  t r e a t e d  a t  1200*C 
a a d  a k a r a  s k a a e d  v a r y  sack  l o v e r  
i a p a c t  a t r o a g t k .

laatkeraal r e c r y e ta ll ito t ie a  carves 
kava keea d a ta ra ia a d  far  101 co ld -  
oarkad iod id e  aad Amos tkariaa . I t  
appears that the s t a r t  o f  recrvsta l-  
1 i a s t i e a  occara at akoat 520 C far  
tko Aaes th oriaa  aad at event 510 C 
for the iodide tkeriaai.

Sons p r e l im in a r y ,  q u a l i t a t i v e  d a t e  
have keen o k ta iaad  ea  p a a s i k l e  ckaagea 
i a  diaMBsieaa aad k a r d a a a a  o f  t k a r i a a  
a a  a r a s v l t  e f  r a d i a t i o n  d a a e g e .

The a a a a i a a t i a a  e f  a l p k a * e a t r a d e d  
a r a a i a a  r ed s  ky t h e  s p h e r i c a l  a - ray*  
d i f f r a c t i o n  t e c h n i q u e  k a a  kaaa  eon* 
p l a t e d .  The t e s t a r e a  a r e  a a a a a r i a e d  
a a d  c o r r e l a t e d  v i t k  t h e  f a k r i c a t i a g  
c a a d i t i o a a  e f  r e c r y a t a l  l i a a t i e a .  I t  
a p p e a r s  t h a t  t k e  r e c r y s t a l l i s a t i e a  
t e s t a r e  developed i a  e s t r a d e d  a r a a i a a  
r e d  i s  d e p e n d e n t  a p e s  t k e  a e d e  e f  
i a d a c t i o a  e f  tke  r e c r y e t a l l i s a t i e a .

Tke D i v i s i o n  kaa c o n t r i b u t e d  cea* 
s a l t a t i o n  and n e r v i e r  a a s i s t a a c e  t e  
t k e  Hoaegeaeovn  R e a c t o r  P r o j e c t  ea 
c a r r e s i e a  p r o h le a a ,  v e l d i a g  s p e c i f i 
c a t i o n s ,  a a d  f a b r i c a t i o n  o f  HBE 
s a f e t y  p l a t e n .  Tke c o o p e r a t i v e  eork  
v i t k  t k e  Y-12 N o n d e s t r u c t i v e  T e s t  
G r e a p  a n d  t k a  OBNL S o l i d  S t a t e  
D i v i s i o n  on k o a e g a a a e a a  r e a c t o r  
p r e k l e a a .  c o a t i n a a s .  P r e g r a s s  kae  
k e e a  a a d e  i a  t k e  i n i t i a l  s t a g e s  e f  
i a v a s t i g a t i o a a  e f  t i t a a i  a s  aad s i r c a a i a a  
f a k r i c a t i e n  f o r  a p p l i c a t i e a  t e  h e a e - 
geaeova  r e a c t o r s .

T k e  t e a t s  c e a d a c t e d  on t h e s e  
b r a s i a g j  a l l e y s }  i a c l a d a  f l o e *  
a k i l i t y ,  c o r r o s i o n ,  a a d  p h y s i c a l  
p r o p e r t i e s .  I t  van f e a a d  t h a t  t k a  
4 0 1  P d - 4 0 t  Ni a l l e y  van  t k e  h a s t  
k r a t i a g  n o t a r i a l  t e  a i e  i n  c o n t a c t  
v i t k  f l s e r i d e  a i a t a r a a .  A d d i t i o n a l  
e a p e r i a e a t s  have k e e a  c o n d u c t e d  on 
c a a e - a r c  v o id in g  t e c k a s q u e s  te  o b ta in  
a a  a a d e r a t a n d i n g  o f  t k e  v a r i a b l e s  o f  
t h i s  p r o c e s s .  Seae  work has been c o b * 
p l a t e d  ea p r a c t i c a l  a p p l i c a t i o n  o f  tke  
casM -erc  vo id ing  t e c h n i q u e  t o  a c t u a l  
f a k r i c a t i e n  e f  t k e  t u b e * t e * k e a d e r  
j o i n t s  i a  h a s t  e a c h e a g a r s .
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Aa t d i i t  i o r i I a e t h o d  f a r  t k e  
product too a f  so l id  la a l  e le o e a ta  k n  
bees o t a d i o d  t h a t  i a v o l t o t  l e a s e * * 
paodor s i n t e r i n g  o f  a raa iaa >*b o ar iag  
a ix tu re  to  a ootid backlog p la to .  Tko 
fa l lo w in g  variables have booa i n v e s t ! • 
gated:  a i a t o n a g  t e a p e r a t o r e ,  a i a *
t a r i a g  t i a o ,  fool  coaponaat p a r t i c l e  
a i« o ,  c o l d  oork iog and res  in  t a r i n g ,  
a a r fa c o  p r e p a r a t i o n ,  aad w i n t e r i n g  
oador le a d .

Tko c r y s t a l  s t ra c ta ro  a f  NiOON kaa 
booa oorked oat by x - r a y  d i f f r a c t t o a  
aotkods. Tko a a i t  c o l l  is  rbsMbakodral,  | 
a •  7 .1 7  X aad a •  22 .14  degrees ,  aad 
i s  b e l i e v e d  to c o a ta ia  t k r a a  f o r a a la  
• a i g b t a .  V a rk  kaa s t a r t e d  aa tko  
d o to r a ia a t ia a  o f  tka c r y s ta l  o t ra c ta ro  
of  NaNiO,.

Tko a p p a ra ta s  f o r  toa a m p l i f i e d  
' aotkoda a f  atadyiag dyaaaic c o r ta a ia a  

booa dovalapad. Tk ia  a g a ip a a a t  
• • •  aaad aac c o a s fa l ly  i a  p r a l i a i a a r y  
toots f a r  atadyiag tko a n ta l -h y d ro x id e  
aa a e * t ra r  . fo r  pkoaooMaea.

T k a  a a i a  a f f a r t  a f  t k a  C o r a a i c  
Labe r a t a r y  d a r i a g  tko  p e a t  q u a r t e r  
kaa booa tko  dasiga aad i a a t a l l a t i o a
•  f  aqaipaiaat.  A raaoarck p reg raa  oaa 
l a i d  e a t  aad oork coaaoacad aa tko  
ceraaic  caa t iag ,  k a fa ia ,  aad r a d i a t io n *  
daaago pkaaoo. Aa i a v o a t i g a t i a a  a f  a 
1i t k i a a - g l a a s  d i f f a s i o a  b a r r i e r  oaa 
s ta r te d .

T a r  t k a  d a t a r a i a a t i a a  a f  f e r r e *  
a a g a o t i c  a r e a s  i a  a e a f e r r e a a g a e t i c  
a l l a y s ,  t k a  a a g a e t ic - o t e k  ae tk o d  kaa 
booa aa a d .  C a l l a i d a l  i ron  i c  coated  
aa tk a  speciaea aad a a a g a o t ic  f i e l d  
i a  aaa d  t a  a t t r a c t  tko  i  r a a  to  tko 
f e r r e a a g a e t i c  a r e a s .  H i e  r e s c o p i «. 
s a a a i a a t i e a  tkoa revea ls  t k o  a f f e c t *  
ad areas.

R e l i a b l e  t o c k a i q o o a  h a v e  booa 
dovalapad f o r  c la d d ia g  p a r e  a r a a i a a  
o i t k  s i r c e a i a a  by r e l l i a g .  Tko 
i a p e r t a a t  f a c t o r s  o f  b i l l o t  props*

r a t i o s ,  j a c k e t  d e a i g e ,  e o t k o d  o f  
avacaot iaa aad aoaliag,  r e l l i a g  toeiper* 
o t o r a ,  aad  a a a a a t  o f  r o d o c t a o o  re *  
qairod have booa stodied.

U re a to o  caa bo beaded a e t a l l u r g i *  
c o l l y  t o  s i r c e a i a a  by bet r e l l i a g  at  
117S*F o i t k  a r e d a c t i e a  o f  10 to  I .  
Skoor a t r o a g t k s  os bigk as § 0 ,0 0 0  pat 
kava booa aeasured. Cle aaaploa kavo 
s a c c a a o fa l l y  o i tka tood  Poabardaoat ia  
tko Y *1 2  c a l a t r o a  aador  a boa t  load 
o f  1 k o / i o . a for  a 24 -hr  to o t  ported.  
Also ,  q a o a c k ia g  d i r e c t l y  f r e e  720*C  
i a t o  r o o a  t a a p o r a t w r e  o a t o r  ( b e t a  
kaat t r o o t a o a t )  kaa f a i l e d  ta  destroy  
tko boad.

B e c a u s e  o f  i t s  k i g k  c k v a i c a l  
a c t i v i t y  aad a o l t i a g  p o i a t ,  t k o n a a  
i a  a o a e o k o t  aore  d i f f i c u l t  t o  c l a d  
o i t k  a i r c a a i a a  t koa a r a a i a a .  Uo*
f o r t a a a t o l y ,  tke f o r a a * 10a o f  a loo*  
a e l t t a g - p o i n t  pkaao ia  tko a i r c a a ia a *  
iroa d iag raa  1i a i t a t k o  ra l  1 i a g  toaper*  
stare to I6$0*F  or looor.  A tockaiqoa  
of  kot  r e l l i a g  a t l M 0 * P ,  f o l l o o o d b y  
aa 1800*F koat t reataoat  a f t e r  a t r ip p ia g  
tko s t o o l  caa ,  kaa r a a a l t a d  i a  gaad 
baadiog. Thun for,  a loo-carboa grade 
a f  t i  t a n i u a • d e o ■ i d i a o d  s t e a l  kaa  
preved to bo tke boat caaaiag a a t a r i a l  
foaad ta  p r o t e c t  these a c t i v e  a e t a l s  
dariag ka t  working.

A l t k a a g k  a s t a p l e ,  c y l i a d r i c a l  
type o f  b i l l o t  deaiga oaa aaad o i t k  
c o a s td erab lo  aacccas for  tko i a i t i a l  
phase o f  t b i a  i a v o a t i g a t i a a ,  a aoo 
a o a f r a a ia g  typo o f  j a c k e t  deo iga  kaa 
booa adopted for largo*acale production  
o f  d o u b lo *c la d  p l a t e .  Sack a doaiga  
o b v i o t o a  t k o  d i f f i c u l t  p r a b l a a  a f  
a a i a t a i a i a g  p e r fe c t  a l ig o a o a t  d a r ia g  
r e l l i a g  o f  o i t r o  l ong  p l a t e s  sad 
r o o a l t a  i a  a a o r a  u a t f o r a l y  c l a d  
p l a t o .  Oao d i a a d v a a t a g o  i a  t k a  
espesare  a f  tke  care a a t e r i a l  a le a g  
tke oada aad l a t e r a l  edges.

E x p e r i a e a t a l  o e l d i a g  o o r k  i a  i a  
progroaa ta  close tkeae exposed edges

I*. ***
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by • • N i t f .  P r t l i a i « a r y  r x a l t i  
i s d t c a t *  t h a t  tlkt a r thod  i s  d r f i a i t t l y  
f e a s i b l e .  Z t r r o n i e o  f i l l e r  ro d  k n  
bees wood l a c m i f o l l y  i i  tb a  o e l d i s g  
• f  i k o r i a a  c o r a  p l a t e a ;  l  I  a t  I  
a i r k e l  a l l o y  i a  aaad a u k  the  a r a a i a a  
eara  p l a t e s .

D a i e l o p a e s t a l  aork  an tb a  y r a k l a a  
a f  c l a d d i n g  o f  t b a r i a a  a i t k  i l a a i a a a  
t a r  p r o d u c t t a a  a f  I f * "  by i r r a d i a t i e s  
c a a t i a a a s .  T a c t  a a a p l a s .  p r e p a r e d  
by tka d i r e c t  a c t  hod, Kara base r a i l e d  
a t  400, 500, aad  600*C aad e v a l u a t e d .  
A l c l a d  p l a t e s  r a i l e d  a t  400*C a r e  
p r o b a b ly  s u i t a b l e  f a r  s e r v i c e  i a  t b a  
M a t e r i a l s  T e s t i n g  R e a c t o r .  U s -  
f o r t u a a t e l y ,  t b e  a e t a l l u r g i c a l  b e a d  
a b t a i a e d  s a i l  a a t  e i t h a t a s d  t k a  
a l o a m o a - a i  1 i c o n  b r a c i n g  t r e a t s e a t ,  
se  t k i s  a a t k o d  c a a a o t  be u s e d  f o r  
p l a t e  assem bly .

Tba p o s s i b i l i t y  a f  a s i s g  s p e c i a l  
c e r e e i c  c a s t i n g s  t a  p r o t e c t  h i g h l y  
a c t i v e  a a t a l a  l i k e  a i r c a a i u a ,  t b a r i a a ,  
aad a r a a i a a  d a r i a p  ha t*w ork ing  o p e r*  
a t i a a a  i a  b e i a p  i a v a a t i p a t a d .

S i a t y - a i x  a a r i c k a d  f o a l  a a i t s  aad 
e i g h t  c a d a i a a  s k i n - s a f e t y  r a d s  e a r s  
f a b r i c a t e d  f a r  tk a  M a t e r i a l s  T e a t i a g  
R a a a t a r  a a d  s k i p p e d  t a  ARCO. A l l  
s k ip a a a t a  a r r i v e d  a a f a l y .  Ha t r a a b l a  
was e s p e r i e a c e d  i a  load iag  tka  i a i t i a l  
a a t  a f  23 f o o l  aad 4 c o a t r o l  a l a a a a t s  
i a to  tk a  r e a c t o r  for tka s t a r t - o p .

Tka r e n a i s d e r  a f  tka t k i r d  aad  a l l  
a f  t k a  f a o r t k  p i l e  l o a d i a g  a r e  i a  
v a r i e s  a s t a t e s  a f  c e a p l e t i e a .  Maaaoraa

a r e  be iap  t a k e s  t a  s t e p - o p  p r a d o c t i a a  
i s o r a t e  a t c b  the espec ted  i a c r e a e c

D eve lopaen  t o  1 a a r k  a a s  i a i t i a t a d  
aa  t b a  f a b r i c a t i o n  a f  a a o d i f i a d  IfTR 
f o a l  o a i t  f a r  t k a  CP-$  r e a d e r  a t  
Argaaaa  N a t i o n a l  L a b a r a t a r y .  T k r a a  
doaoy e l o a i a o s  a s s a a b l i c s  e a r a  a a d a  
t a  d e t e r n i n e  a p t i a o a  j i g  d f a a a a i a a a  
aad develop a  b r a s i a g  cy c le  t h a t  w i l l
y i e l d  b r a a a d  a s a a a b l i a a  c a l l  o i t h i a  
t k a  CP-5 s p e c i f i e d  t o l e r a a c e s .  l a *  
sp ec t io a  r e s a l t s  aero  eae o a rag iag .  A l l  
o a i t s ,  o i t k  t k a  p a s s i b l e  e a c e p t i e a  

.a f  tk a  f i r s t ,  a a t  a p a c i f i c a t i a a s .  No 
t r o e b l e  i s  a a t i c i p a t e d  i a  f a b r i c a t i a p  
t k a  r e a a i a i a p  14 a c t i v e  a a a e a b l i a a  
t h a t  e a r s  o r d e r e d .

I a  c a o a a c t i a a  a i t k  t k a  p r o p o s e d  
p a a a r  l e v e l  i a c r a a s e  a f  t k a  LITR f r e e  
a p p r e s i a a t e l y  1 t a  l . S  a e g a o a t t a ,  
t o o  r a p l a c a a e a t  aad  f i v e  a d d i t i o n a l  
s a r i  c h a d * f o a l  a a a e a b l i a a  v a r a  f a b r i -  
ca tad .

F ive  f o a l  o a i t a  c a a t a i a l a p  a s o b -  
•  a r e a l  a a a o a t  a f  U, a i  ware p r e p a r e d  
f a r  the  Balk S k i e l d i a p  f a c i l i t y .  I k e  
o a i t s  t a r e  B e a d e d  t a  c a a p l a t a  a  
a a t e k e d  a a t  a f  c o l d  a l a a a a t s  f a r  
a a h i a p  g a a a a - r a y  s p e c t r a  e e a a o r e a e a t s .

f a a r  a f  t k a  2R a a r a a l - a r a a i a a  f e e l  
a a a e a b l i a a  a c r e  c o e x i s t e d  f a r  A a a r i a a a  
Cyaaaeid a t  AROO fo r  aae  i a  c a a d a c t i a p  
tka  i a i t i a l  d i e a e l v i a g  aad a e p a r a t i e a  
roaa a t  tka  c b a a i c a l  p r a c e s s i a p  p l a a t .
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Ti l t  a l lo y  d ev e lo p o ea t  prograa i u  
i a i t i a t e d  p r i a a r i l y  t o  advaace tks  
g e n e r a l  o o t a l l a r g i c a l  knowledge o f  
t h o n u a  and several  o f  i t a  • l l o y » . ( I>  
Tkc o b j e c t i v e  o f  tba p r o g r a o  i a  tba  
developoeat  of  a l lo y a  o f  tb o r ia o  th a t  
have high a t r a a f t b  aad a a t i a f a c t o r y  
c o r r o a i o a  r a a i a t a a c a .  Aaotber  a i o  
i a  tkc d a t a r a ia a t io a  o f  a a l a b i l i t y  o f  
c o r t a i a  a lao aa ta  ia  p a ra  t b o r ia o  aad 
t b o i r  a f f a c t a  aa a c c b a a i c a l  aad 
p b y a ic a l  p ro p o r t iaa .  I t  i a  f a i t  th a t  
t b a  r a a a l t a  o f  t b i a  a t a d y  a i l l  bo 
a a e f a l ,  aiaea tba i a f o r a i a t i o a  gaiaad  
o i l l  f i l l  aaay papa i a  tba  a s i a t i a g  
kaoaledga.

A par t  o f  tba prograai baa baaa tba 
i a r o a t i g a t i o a  o f  t b a  a f f a c t a  o f  
e l e o e a t a  aacb aa c a r b o a ,  osygea, aad 
b o r y l l i a a  oa tba p r o p o r t i a a  o f  para  
t b o r i a o  aa tb a t  tbo a f f a c t a  coaid bo 
e v a la a te d  a a t i a f a c t o r i ) y  abaa prcaaat  
i a  coobiaat ioa  ia  coo aM rc ia l  tbor iao .  
T b o  a f f a c t  o f  e b r o o i a a  aaa  a l a o  
i n v e s t i g a t e d  tacaaaa  o f  i t a  p rao iaa  
aa aa a l l o y i a g  a d d i t i o a  t o  io p re v o  
tba  corroaioa r a a i a t a a c a  aad a traagtb  
p r o p o r t i a a  o f  t b o r i a o .  Tbo r a a a l t a  
o f  tba p a r t l y  cooplotod i a r o a t i g a t i o a  
a ro  p raaaatad  i a  tba  f o l l o a i a g  t o s t  
aador appropriate boadiaga.

B aper to ea ta l  Vorh. Tba aatbed o f  
p r o p a r i a g  tb a  a l l o y a  oaa d a a c r ib a d  
p re v io u s ly . *  C o araa t ioo a l  techaigaes 
aero aaad for tba bardaaaa aad to a a i lo  
t o a t a  -  a c ro a a h e a d  apaad a f  0 . 0 5  
i a . / o i a  aaa aaad ia  tbo t o a a i lo  toata .

^,,f«*«ll»rgJ feertsrlj Prsgrsss
• r o a r *  / » r  f t r i m i  t m d i m g  J m m m a r j  | | ,  f # | f ,  •PPL*IUT.
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S ffa c t  a f Racacbtag Teoperatare aa 
tb a  Bardaaaa a f  tba T b a ria o -C a rb a a  
A lla y s . Nardaaaa r a la a a  ara proaoatod 
i a  T a b l a  1 f o r  a ia a  t b a r ia a - c arbaa  
a l l o y s  oaeacbed f r o o  tb o  i a d i c a t a d  
te o p e rs ta re s .  Froo t h i s  t a b la  i t  aay 
bo obaorrod r a a d i l y  t b a t  aa iaersase  
i a  tba carboa caataat  i a  tboriao*carboa  
a l l o y s  r a a a l t a  i a  a B a r k e d  iac raaa a  
i a  tb o  bardaaaa o f  tb o  a l l o y .  T b ia  
t r e a d  ia  apparaat i a  tb a  a a - a r c - c a s t  
c o n d i t io n ,  aa wal l  as i a  tba gaeacbod 
s t a t e .

Aa a a a o i a a t i o a  o f  t b a  d a t a  i a  
T a b l e  1 aba cs  t b a t  t b o  b a r d a a a a  
e b a a g a d  d e f i n i t e l y  f o r  t b a  0 . 0 7 ,  
0 . 0 9 ,  0 . 11 ,  0 . 20 ,  aad 0.26% carbon  
a l l o y a  beloo tba gaeaebiag teoperatare  
o f  1400*C. Tbosa c b e a g e s  aro sag-  
g a s t i r a  o f  a sol  i d - s o l a t i o a  type of  
b a rd o a ia g  by tbaaa aooaats  o f  carboa 
i s  t b o r i a o ,  ia  tba t e o p e r a t a r e  raaga 
o f  1400 to  1600 *C. Beloo  1400*C, tba  
b a r d a a a a  d e c re a s e s  p r o g r e s s i v e l y ,  
o b i c b  i s  a a o a c b a t  i a d i c a t i v e  o f  
d a c r a a a i a g  s a l a b i l i t y  o f  carboa i a  
t b a  t b o r ia o  c i t b  d a c r a a a ia g  teopera -  
t a r o .  Tbaaa o b a a r v a t i o a a  a i l l  ba 
v e r i f i e d  by x - r a y - d i f f r a c t i o a  s tad ias  
o f  tbaao a l loys .

For  tba a l loys  c o a ta ia ia g  carboa ia  
tbo raaga o f  0 .5  to  2 .5%,  ao d a f i a i t o  
t r e a d  o f  tba r a l a t i o a s b i p  o f  carboa  
c o a t a a t  t a  gaeaebiag t e o p e r a t a r e  :aa 
ba obasrvad .  Tbera a p p ears  to  ba a 
t a a d a a c y ,  bovavar,  f o r  tb a  bardaass  
va laaa  ta  iacraaaa at c o r t a i a  gaeaebiag 
t a o p a r a t a r a s .  T b a s ,  f o r  tbo  0 . S S  
carboa  a l l e y ;  h igher  b ardaaaa  va laaa  
oaro obtaiaed is  tba gaoacbiag teoper
a t a r e  raaga o f  1100 t o  1400*C tbaa  
i a  t b o  raaga 1400 t o  1 6 0 0 *C. T b ie  
o b s o r v a t ia a  i s  a lso  t r e e  f o r  tba 1.0 
aad 2 . 5% a l l o y s ,  o b a r e a s  tba  1.4% 
a l l o y  does aot i a d i c a t o  t b i a  t r e a d .

i  J
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T k u «  o b s e r v e d  c h a n g e *  l a y  b e  t h e  
r e v o l t  o f  p r e c i p i t a t i o n  o f  a s e c o n d  
p h a s e  i s  t h e  t e a p e r a t a r e  r a n g e  e f  
1100 t o  1400 *C, e r  t h e y  a n y  be  e f 
f e c t e d  b y  i a h o a e g e o e i t i e s  i a  t h e  
t e s t  s p e c i a o a s .  The c h e a g e a  w a l l  he 
c h e c h o d  b y  a i c r o s c o p i c  s a d  x - r a y -  
d i f f r a c t i o n  s t a d i a s .

B f f a c t  o f  Ooeaehiag T e a p e r a t a r e  oa  
the  P a r d a e o a  o f  Thor I n o - t a p g a a  A l loys .  
H a r d a o a o  v a l o e s  s r e  p r e e e a t e d  i a  
Tablo  2 f o r  11 t h o r i a a - e a y g o a  a l l e y s  
ooeached f r o a  the g ivea  t e a p e r a t o r e s  . 
S i n c e  a d d i t i e a  o f  oxygen t o  t h o r i a a  
i n c r e a s e s  th e  hardness  on ly  a o d e r a t e l y ,  
oxygea d o e s  no t  appear  t o  be  o p o t e n t  
a l l o y i n g  a d d i t i o n  t o  t h o r i a a  t o  
i a c r e a a o  t h e  h a r d n e s s  s a d ,  p e r h a p s ,  
s t r e n g t h .  Abo a t  2* oxygen i s  r e q u i r e d  
t e  d o a b le  t h e  hvrdm.es o f  p a r e  t h o r i a a .

The  d a t e  i a  T a b l e  2 i n d i c a t e  a 
change i a  h a rd n e ss  below t h e  qaoach iag  
t e a p e r a t a r e  o f  1500*C, which a a y  show 
t h a t  a d e f i n i t e  a a o a a t  o f  o x y g e n  i a  
s a l a b l e  a t  t  a p e r a t a r e s  o f  1500 t o  
1600*C. T h e r e  a p p e a r s  t o  bo  c o n 
s i d e r a b l y  l e s s  s a l a b i l i t y  o f  oxygen  
b e lo w  1 4 0 0 * C ( a s  i n d i c s t o d  by t h a
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l i a i t ;  i t  i n c r e a s e s  t h a t  p r o p e r t y  
a b o a t  f i v e  t i a o s .  The  h a r d n e s s  
v a lae  ( VWI) i s  in c r e a s e d  by 20 p o i n t s  
by th o  o d d i t i o n  o f  t h i s  s a o l l  o a o a n t  
o f  c a r b o n .  A d d i t i o n s  o f  g r a n t o r  
a ao a a t s  o f  c a rb o n  to  th e  p a r e  t h o r i a a  
a p p e a r  t o  i a c r o a a o  t b o  a t r o n g t h  
p r o p e r t i o s  and h a r d n e s s  a p p r e c i a b l y  
o i t h o a t  d o t r i a e n t a l  e f f e c t  a n  t b o  
d a c t i l i t y ,  as  a o a s h r e d  by t o n s i l o  
e l o n g a t i o n  and r e d a c t io n  o f  o r e a .

A l thoagh  th o s e  t r e n d s  were o b t a i n e d  
on s i n g l e  t e s t  s p e c i a e a a ,  i t  i a  f e l t  
t h a t  e n r b o a  i s  a p o t e n t  a l l o y i n g  
a d d i t i o n  t o  t h o r i a a  i n  t h a t  i t  i n 
c r e a s e s  i t s  s t r e n g t h  sad  h a r d n e s s .  
P r e l i a i n a r y  i n d i c a t i o n s  a r e  t h a t  
carbon  i a  a a o a a t s  ap t o  0 .2 S  a a y  a l s o  
i a p r o v o  t h o  c o r r o s i o n  r e a i s t a a c e  i a  
w a t e r  o o l o t i o a s  a n d  t h e  s c a l i n g  
r e s i s t a n c e  i a  a i r .

B f f o a t  a f  Carbon A d d l t l i

.M

be low  t h i s  t e a p e r a t a r e .  T h o s e  ob
s e r v a t i o n s  w i l l  be cheched  by a i c r o -  
s c e p ic  and x - r a y - d i f f r a c t i o n  s t a d i a s .

I f f o c t  o f  Carbon A d d i t i o n s  on tbo  
P r o p o r t i o n  o f  Para  Thor iaa .  A d d i t io n s  
o f  c a r b o n  wore aade  t o  t h e  r e l a t i v e l y  
p u r e  c r y s t a l - b a r  t h o r i a a ,  w h ic h  was 
p ro d u c e d  by th e  d e c o a p o i . * t i o s  o f  i t s  
t e t r a i o d i d e .  The s t r e n g t h  p r o p e r t i e s  
erd h a r d n e s s  v a l a e s  o b t a i n e d  on  sevoa 
each a l l o y s  s re  p re sen te d  i n  T a b l e  3.

The s t r e n g t h  p r o p e r t i e s  and h a rd n ess  
o f  t h o  . e l a t i v e l y  p a ra  t h o r i a a  n a t a l  
s r e  q a i t o  lew. Aa a d d i t i o n  o f  o n ly  
aboat  0.05% carbon to  the  p o r e  t h o r i a a  
a o r e  t h a a  d o o h le s  i t s  y i o l d  s t r e n g t h .  
T h i s  a a o a a t  o f  carbon has  ov o a  a wore 
a a r h o d  o f f s e t  on t h e  p r o p o r t i o n a l

i a n  tb o
P r o p o r t i o n  o f  Anon T h o r i a a .  The 
s t r e n g t h  p r o p e r t i e s  e f  IS t h o r i a a -  
carbeo  a l l o y s  are  p re sen te d  i a  T a b lo  4. 
A l l  t h o  a l l o y s  were  p r e p a r e d  f r e a  
t h o r i a a  t h a t  had  a u a i n a l  a a o a a t s  o f  
i a p a r i t i e s ,  sach  as i r o n ,  b e r y l  l i a a ,  
s i l i c o n ,  a n d  a t o a i a a a .  Tho c a r b o n  
c o n t e n t  r a n g e d  f r o a  s b o a t  0 . 0 3  t o  
0 .  14%.

I t  s , y  be o b s e r v e d  f r o a  T a b l e  4 
t h a t  t h o  a d d i t i o n  o f  c a r b o n  t o  Anas 
t h o r i a a  i a c r e a s e s  i t s  s t r e n g t h  and 
h a r d n e a a .  T h i s  i s  t h e  s a a e  t r e a d  
t h a t  was o b s e r v e d  w i th  t h e  a d d i t i o n  
o f  c a rb o n  t o  pa re  t h o r i a a .

A l t h o a g h  t h e  a l l o y s  l i s t e d  i n  
T a b l e  4 w o r e  p r e p a r e d  i n  t h o  s a a e  
a a n n e r  oa t h o s e  in  T a b le  3 ,  a d i r e c t  
c o a p a r i a o a  e f  t h e  p r o p e r t i e s  i s  n o t  
p o s s i b l e .  The a l l o y s  o f  T a b l e  4 wore 
a a n c a l o d  ( a f t e r  05% c o l d  r e d a c t i o n )  
a t  7 S 0 * C  i a  o r d e r  t o  o b t a i n  w ore  
c o n p l e t a  r o c r y o t s l 1i s o t  i o n  t h e n  i n  
t h e  a l l o y s  l i s t e d  i n  T a b l o  3 ,  w b isb  
were a n n e a l e d  a t  6S0*C.
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P r o a  | M « r « l  o b s e r v a t i o n s ,  b so sv s r ,  
i t  s s y  bo i t i t s i  t b s t  t b s  a d i i t i o i  o f  
o g o i v a l e a t  Moists o f  c s r b o s  to  Anas 
t b o r i a a  r s s s l t s  i s  h i g h e r  s t r s a g t k  
s a g  h a r d n e s s ,  p ro b a b ly  b o c a o s s  o f  t b s  
p r s s s i c s  i s  c o o b i s a t i o a  o f  i r e s ,  
b o r y l l i a o ,  s i l i c o n ,  a n d  a l o n i s s o .  
As o i l l  bo sbosn l a t s r  i n  t b s  p rogran ,  
a l l  t b s s s  s l s o s s t s ,  vbsa added  s i n g l y ,  
to a d  t o  bardoa tb o r i o n .

■ t r e a t  o f  B e r g m a n  A d d i t i o n s  oa

A d d i t i o n s  o f  0 . 0 2  t o  O . T t  b e r y l l i a n  
• s r o  n a d a  t a  t b a  r o l a t i v a l y  p a r s  
t b o r i a a .  T bs  r e s a l t i a g  a t r a a g t b  
p r o p e r t i e s  o f  s ack  a l l o y *  e r a  l i s t e d  
i n  T a b l e  S.

B o r y l l i a a  i s  a o o s a t s  o f  0 . 0 2  t a  
0 . 0 4 *  d o s s  s a t  a p p e a r  t o  s t a r t  say  
s i g a i f i c a a t  a f f e c t  so t b o r i a a .  These 
s n a i l  a o o a a t s  s e e n  t o  p r o d a c e  s a n e  
s o f t e n i n g ,  as  nay be d o dacod  f r a n  tbe  
h a r d n e s s  v a l a e s .  Tbe s n a i l  d e c r e a s e  
i n  t b a  hardness  a f  tbe  0 . 0 2 ,  0 .0 3 ,  sad 
0 . 0 4 *  b e r y l l i a a  a l l o y s  n a y  ba a s 
s o c i a t e d  w i t h  d e o a i d a t i o a  o f  t b e  
t b o r i o n  by the  b e ry l  l i o n .

nay  v e i l  be t h a t  s ack  a d d i t i o n *  o i l l  
i a p a r t  f a i r l y  good c o r r o a i o a - r e a i s t a a c e  
p r o p o r t i a a  t o  t k o r i a n .  F i v e  a l l o y s  
• a r e  p r e p a r e d ,  sad t h a i r  p r o p o r t i a a  
a re  l i s t e d  i a  Table  4.

l a  g a a e r s l ,  tbe  a d d i t i o n  o f  c h ro o ia a  
t o  t b o r i a a  i a c r e a s e a  i t s  a t r a a g t b  
an d  h a r d n e s s  o i t h  a c o r r a a p o a d i a g  
d e c r e a s e  i a  d a c t i l i t y ;  h o w e v e r ,  t h e  
t o o  a l l o y s  o f  1 .4  sad  2 . 9 *  c h r o o i a a  
d o  n o t  s a p p o r t  t h i s  o b a e r v a t i o a  
e a t i r e l y .  The to o  a l l o y s  d e v e lo p e d  
l o e s r  ' . t r e a g t k  aad h a r d n e s s  aad a 
h i g h s '  d a c t i l i t y  t h a n  d i d  t h e  0 . 7 4 ,  
4 . 2 ,  a n d  S . 3* a l l o y s .  I t  o i l l  be 
B a te d ,  booevar ,  t h a t  th e  0 . 7 4 *  c h re a ia o  
a l l o y  bad a r e l a t i v e l y  h i g h  c a r b o a  
c o n t e n t ;  t h e r e f o r e  a d d i t i o n a l  a l l o y s  
w i l l  bo p re p a re d  aad c t a d i e d  i a  o rd e r  
t o  d e v e l o p  c o a c l a a i v e  d a t a .  A l s o ,  
t h e  a i c r o s t r a c t a r e  o f  t h e s e  a l l o y s  
o i l l  bo  a t a d i o d  so t h a t  s a y  f a r t h e r  
d i a c r a p a a c i e a  o f  s t r e n g t h  p r o p e r t i e s  
caa  be e s p l e i a e d .

K  C l AN I CAL P W m T I I I  OP T M t lW  AM 
TPPAILh ALLOYS

e*

A d d i t i o n s  o f  b o r y l l i a a  i n  e a o s s t s  
o f  0 . 1  t o  0 . 7 *  h a v e  a t e a d o a c y  t a  
i a c r e a a a  the  s t r e n g t h  p r o p e r t i e s  only  
n o d e r a t e l y .  D a c t i l i t y  o f  t h e  a l l o y s  
a p p e a r s  t o  be l o o o r a d  s l i g h t l y  o i t h  
tb e  b e r y l l i a n  a d d i t i o n s  i n  t h i s  range.  
H o o e v e r ,  t h e r e  i s  a d e f i n i t e ,  h a t  
s n a i l ,  i a c ro aae  i a  h a r d n e s s .

I a  s e a n a r y ,  the  a d d i  i o n  o f  aboa t  
0 . 7 *  o f  b e r y l l i a n  t o  p a r e  t h o r i a n  
s a e n s  t o  s t r e n g t h e n  t b e  r e s a l t i a g  
a l l o y  o n l y  a i l d l y .  I t s  b a r d a a i a g  
p o o s  r  , a 1 t h a a g h  s n a i l ,  i s  d e f i 
n i t e  -  p r a b a b l y  c e a s e d  b y  c o a p o a a d  
f o m a t i o u  i a  tba  a l l a y  s t r o c t a r e .

C l s e s t  o f  Chreaiao  A d d i t i o n s  an the  
P r o p o r t i o n  o f  P a r s  T b o r i o n .  C h re a ia o  
a d d i t i o n s  s e r a  n a d a  t o  t b e  i a d i d a  
t h o r i a n ,  b ecaase  in t h e  p a s t  to o  sack  
a l l o y s  developed  high  s t r e n g t h  aad i t  

111

B. J .  F re ta g a e

T e n s i l e  a p e c io e a s  o f  As m s  t h o r i a n  
o a r s  p r e p a r e d  t e  d e t e r n i a o  tbe  e f f e c t  
o f  e a t r a s i o a  r a t a  o a  n e c b a a i c a l  
p r o p e r t i e s .  Fa r  t h i s  e s p e r i s n a t  t o o  
a s t r a s i o a a  o f  Anas t b o r i a a  b i l l e t  
A339A e a r s  n a d a .  K s t r a a i o a  A339A1 
oaa  n o d e  a t  t h e  r a t e  o f  400 f t / o i a ,  
aad  e x t r s a i o a  A339A2 e a s  n a d a  a t  the  
r a t a  o f  1 f t / n i a .  T h r e e - i o c b - d i  an* te r  
s e c t i o n s  o f  b i l l o t  A339A e a r s  h e a t e d  
t o  S50*C f o r  2 hr  p r i o r  t e  e s t r a s i o a ,  
aad b o t h  s e c t i o n s  (A339A1 and A339A2) 
e a r s  e a t r a d e d  to  l - i a . - d i a  ro d  ( r e 
d a c t i o n  r a t i o ,  9 : 1).  Snap l e a  o f  bo th  
e i t r a s i o a s  ( i a  th e  a s - e a t r a d e d  c o n 
d i t i o n )  oa re  e s s o in e d  f o r  o r i e n t a t i o n  
t a a t s r o i .  E a t r a s i o a  A339A 1 e a s  
r e p o r t e d  t o  have a [114] t e s t e r s ,  aad 
e a t r a s i o a  A339A2 oaa r e p o r t e d  t o  have 
a n a j o r  ( i l l )  t e s t e r s  a a d  a a i a e r
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METALLURGY D IV ISIO N  QUARTERLY

[ H O ]  t t i t a r i .  D u p l i c a t e  t e a a i l e  
•  p a c i M U  f r a a  e a c h  a x t r u a i a n  v a r a  
p r a p a r a d .  Oaa a p a c i a a a  f r a a  a e e k  
a i t r a a i t a  waa te a  ted  i s  t k a  aa-a* traded  
c o v d i t i a a  a ad the  o t h e r  i a  t h e  aaaealed  
c a a d i t i e a .  The a a a e a l i a g  v a s  d a aa  
i a  v a c a a a ;  t h e  a p a c i a w a a  v a r a  k a a ta d  
a t  TSO^C f a r  SO a i a  aad fu rn ac e -co o le d  
t a  r o a a  t a a p a r a t e r a .  A a a a a l a d  x - r a y  
a p v c i a a a a  f r aa aa c k  a i t r o a i o a  a re  be tap 
p r a p a r a d ,  aad  a r i a a t a t i a a  d a t a r a i -  
a a t i v a a  v i l l  ha a ad a  aa  a a a a  aa t h a  
a p v c i a a a a  a ra  a v a i l a b l e .  I a f o r a a t i o a  
a a  t h a  r e c r y e t a l l i s a t i a a  t e x t u r e s  o f  
t h a  t v v  e x t r a e i e a s  v i l l  ho  v a r y  
h v l p f a l  i a  a a a l y a i a g  t h a  r e a a l t a  of 
t k a  t a a a i l a  t a a t o  o f  t h a  a a a a a l a d  
a p a c i a a a a .  Table 7 l i a t a  th a  aeckaa i -  
c a l  p r o p e r t i e s  o f  tha  a s - e x t r u d e d  aad 
a a a a a l a d  a p e c i a e a a  o f  t h a  t o o  a t *  
t r v a i a a a .  A d e c i d e d  i a p r o v e a e a t  i a  
t a a a i l a  s t r e n g t h  aad y i e l d  a t r a a g t h  
v i t h  a c a r  r e s p o n d i a g  d a c r a a a a  i a  
a l o a g a t i a a  aad r a d a c t i a a  i a  a r a a  oaa 
a v t a d  i a  tha  a a t a r i a l  e x t r u d e d  a t  tka 
v a r y  a l a v  ro ta  (A339A2).

I a p a a t  t a a t a  v a r a  p a r f a r o e d  aa 17 
C k a r p y  V - a o t e k  i a p a c t  a p a c i a a a a  o f  
Aaaa t k o r i a a  t a  d a t a r a i a o  tk a  o f  f a c t  
o f  e l e v a t e d - t e a p e r e t o r o  h e a t  t r a a t a e a t .

i
A 3 - i a . - d i a  a a c t i a a  mi  Aaaa  t k a r i a a  
h i l l a t  ASSIA oaa k a a t a d  a t  9S0*C f a r  | 
2 h r  aad ax trvdad  t a  a S / I * i a . * d i a  rad 
( r a d a c t i a a  r a t i o ,  2 3 : 1 ) .  T h i a  r a d  
o a a  c o l d  d r a o a  t a  0 . 4 1 0 - i a . * a a o a r a  
b a r ,  aad d a p l i c a t a  s p e c i a e a c  2 1/4 i a .  
l e a g  v a r a  h a a t a d  i a  a p a r i f i o d  a rgaa  
a t v o a p h a r a  a t  t a a p a r a t a r a a  h o t o o a a  
• 0 0  a a d  1400*C i a  100*C i a c r a a a a t a  
f a r  SO a i a  aad v o te r  quenched.  Fo l lov-  
i a g  h e a t  t r a a t a a a t a ,  a p a c i a a a a  v a r a  
a a c h i a a d  i a t a  Ckarpy  V - a e t c b  i a p a c t  
apac iuMaa aad t a a t a d  a t  r a a a  t a a p a r a 
t a  r a  a b y  e a i a g  t k a  c a a h i a a t i a a  o f  
p a a d o l a a  o a i g k t  aad  p a a i t i a a  t k a t  
g iv v a  aax iau a  c a p a c i ty  ( O t a  120 f t - l h )  
o f  t k a  i a p a c t  t e a t e r .  T a b l e  i  l i a t a  
t k a  r a e u l t a  o b ta in e d  aa  i a p a c t  t a a t a .  
S p a c i v a a a  quenched f r a a  t a a p a r a t a r a a  
ml  00 0  t k r a u g k  l ! 0 0 aC g i v e  i a p a c t  
v a l v e s  t k a t  a r a  f a i r l y  c o a a i a t a a t .  
F p e c i a e a s  q u aack ad  f r a a  1200*C aad 
a b o v e ,  ko v ev e r ,  kad i a p a c t  a t r a a g t k a  
r a a g i a g  f r a a  a p p r o a i a a t a l y  a a a  k a l f  
t a  a a a  e av a a tk  o f  t k a a a  e x h i b i t e d  by 
t h a  a aa a  a a t a r i a l  quoachad  f r a a  I00^C 
aad b a l a o .  M e ta l lo g r a p h ic  a x a n i a a t i a a  
o f  t h a  f r a c t u r e d  i a p a c t  a p a c i a a a a  i a  
i a  p r a g r a a a  t a  d a t a r a i a o  v h e tb e r  t h a r a  
i a  a  c o r  r e s p o n d i a g  c h a a g a  i a  t k a  
a i c r a a t r u c t u r a  o f  a p a c i a a a a  quaackad 
f r a a  12008C aad k ig k a r .
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m P M tlC IH M  t r  V H U H

f .  J .  P r i t t R i t

B a t r a a l H .  Aaaa t k a r i a a  b i l l e t s  
M XSSI A t , ASSIA, ASSSB, ASStS, and 
AS4SS a c r e  e a t r o d e d  t o  1 by 2 i o .  
c r e a a - a a c t i e a  b o ro .  Tbo bora core  
c o l d  r o l l e d  to  S/S by S i o .  p l a t e a ,  
c o t  t o  a p p r o p r i a t e  l e a g t h a ,  oad 
■oebiaod io t a  t o o a i l a ,  Ckarpy V-notch 
i a y o c t ,  aod toraioo epec iaeae .

Aaioa t b o r i a a  b i l l o t  MXS22AI ooa 
o a t ro d o d  to S / S - i a . - d i a  rod by aaiag 

T a to o  d i e  i o o o r t .  A f t e r  ooa an-  
t r e o i e a  tba  i a a o r t  ooa bad ly  acarod, 
oad tb a  aarfaaa  of  tb a  o a t r a a i o a  oaa 
r e a g b  aad o a t - e f * r o a a d .  A Sapor  
C o b a l t  i a a o r t  oaa p l a c e d  i a  tba  d ia  
b o l d e r ,  aad Aaaa t b o r i a a  b i l l o t  
MXSSSAt oaa oa trodod  t o  S / S - i a . - d i a  
r o d .  Tbo r o a e i t a  wore b e t t o r  than 
tboae  ebta iaod o i t b  tbo  Tatao i a a o r t  
o a  b i l l o t  MXS22AS, b a t  tb o y  ooro 
a t  i l l  poor by coapariaoa o i tb  provioea 
a t a o d a r d a .  Aaaa t b o r i a a  b i l l o t a  
ASSSA, ASSSB, ASStB, oad ASSSB ooro 
oa trodod to S / S - i a . - d i a  roda by aeiag 
t b a  Sap a r  C o b a l t  d i e  i a a o r t .  All 
b i l l o t a  ooro boated t o  SSO*C i a  a o l t  
f o r  S br  p r i o r  to  o a t r a a i o a .  Tbia 
d i e  a a t o r i a l  appeared t o  | i r o  a a t i a -  
fao to ry  aervice.

Aaaa t b o r i a a  b i l l o t  MXS22B8 oaa 
a o c t i o a o d  ( t r a a a v e r a o l y )  p r i o r  to  
o a t r a a i o a ,  aad e r a e b a  ( o r  v o id a )  
w a r e  fo a a d  oa b o t h  f a c o a  o f  tb o  
t r a a a v o r a a  c a t  oad oa  bo th  oada of  
t b o  o r i g i a a l  b i l l o t .  Tbo l a r g e r  
p i o e o  o f  tbo  b i l l o t  o aa  a o c t io a o d  
lo a g i t a d i n a l l y  io tbo Reaearck Sbopa, 
a a d  a l a r g e  a k r i a k o g e  c a v i t y  ( o r  
aoeoadary  pipe)  oaa d iacovorod  aoar  
oaa  oad (aboat  oaa t h i r d  o f  tba oay 
f r e e  tba aad of tbo o r i g i a a l  b i l l o t ) .  
T b i a  d o f o e t  oaa  e a t  o f f ,  aad tbo 
r e a a i a d e r  of tbo b i l l o t  oaa aacbiaed 
i o t a  too 1 by S ia. p i ec ea .  Aa at toapt  
o a a  aado to  co ld  r o l l  tboae  p iac o a ,  
b a t  tboy  c ra c k e d  o a d l y  a f t e r  o a ly

413 019

S.1SS io .  t o t a l  r e d a c t i e a  (0.01S i a .
p a r  p a a a ) .  Tbo e racka  dove loped a t  
r i g h t  aeglea to  tbo r e l l i a g  d i ro c t io a  
oa  t b o  a e r f a c o  t h a t  o a a  o r i g i a a l l y  
aoar  tbo coator of tbo b i l l o t .  Farther 
oorb oa  tb i a  b i l l o t  oaa d iaco a t iao o d .

• l l l a t  t o f a a t a .  A a o a b e r  of  tbo 
Aaaa t b o r ia a  b i l l o t a  t h a t  ooro aoctioaod 
p r i o r  to  oa traaioa  o a b ib i to d  a aaaa or 
v p i d a  ( t y p i c a l  o f  a o l i d i f i c a t i o a  
abriabago do facta) .  Whoa aacb dofoeta 
ora p reeoa t  ia  a b i l l o t  tboy are aot 
a e l f - b o a l i a g  -  t h a t  i a ,  tboy are aot 
ocldod eloaod by tbo o a t r a a io a  procoaa, 
a a d  i f  p r o a o a t  i a  t o o t  a p o c i a o a o  
p r e p a r e d  f ro a  each a d o f o c t i v o  oa
t r a a i o a  tboy toad to  g i r o  orroaoooa 
r o a a l t a  obaa too ted .  Radiography of 
S - i a . - d i a  t b o r i a a  b i l l o t a  t o  d e t e c t  
f l o r a  p r io r  to oa traa ioa  i a  iapoaaiblo 
o i t b  tb o  o a i a t i a g  o q o i p a e a t  o f  tbo 
C i v - a i o a ,  ao o tk o r  a o t b o d a  of  flaw 
d o t o c t i o a  ooro i a v a a t i g a t o d .  Three 
Aaaa t b o r i a a  b i l l o t a  aad 16 oatrodod 
a a d  c o l d - d r a o a  t b o r i a a  b a r a  ooro  
checked a i t b  a Sparry ro f lo c to s c o p a .  
Of tbo tkroa b i l l o t a  t o a t o d ,  oao oaa 
k a e o a  t o  bo c r a c k e d  ( f r o a  v i a a a l  
o s a a i a a t i o a ) , obaroaa t b a  o th e r  too 
o o r o  t b o a g b t  to  be a o a a d .  All  tb a  
o a t ro d o d  aad c o ld - d r a o a  ba ra  aeaaod 
to  bo aoaad. Tba re f lec toacope  worked 
vary  oa l l  oa tba co ld -d ra o a  a a t o r i a l ,  
b a t  th e  i a d i c a t i o a a  o b t a i n e d  oa tbo 
aa-cao t  b i l l o t a  ware r a t b o r  i a d a f ia i t a .  
P a r t  o f  tba d i f f i c a l t y  o i t b  tba aa-caat 
b i l l o t a  coaid bo a t t r i b a t a d  t o  tbo 
roagb-aachiaed aatfaco oa  tba aada of 
the b i l l e t .  Wbaa tba c r y a t a l  intended 
f o r  ai<c o i t b  c o a t  a a t o r i a l s  oaa 
aoployad, fa in t  i a d i c a t io a a  of dafacta  
ooro  obtaiaod ia  tbo b i l l o t  t h a t  oaa 
k a o o a  to  be d e f e c t i v e  (MX32SB9).

BBCBVSTSLLIIAVISN SV TMtlUfl

V.  H. E cker t

Aaaa Tboriaa. Spociaioaa 0.071 ia .  
t h i c k  ooro fabricated front Aaca tboriaa
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b i l l e t  AS49B (0 .040% c a r b o n )  by c o l d  
r o l l i n g  t i o r i a a  p l o t *  t o  SO, 40 ,  6 0 ,  
end 80% r e d a c t i o n .  Tbo t h o r i n n  p l a t e  
• e a  b o a t e d  t o  7S0*C f o r  X b r  a a d  
f o r a a c e * c o o l e d  b e f o r e  f i e a l  c o l d  
• e rk io i i  t o  p r e c i p i t a t e  aey i o p e r i t i e a  
t h a t  n i g h t  b i n d e r  r e c r y a t e l l  i s a t i o a  
a t e d i e a  by a i m i l t a a e o e a  p r e c i p i t a t i o n .  
Tbe a p e c i o o o a  t h a t  e e r e  c o l d  w o rk ed  
•0% e e r e  t b o o  a o a e a l e d  f o r  v a r y i n g  
l e n g t h s  o f  t i o e  a t  c e o a t a e t  t e o p e r a *  
t e r e a  i n  a l e a d  b o th  end quenched  i n  
co ld  e a t e r .

F i g a r o  1 e b e e a  t b e  p r e g r e a a  o f  
r e c r y a t a l l i a e t i e a ,  which e a a  t r a c e d

■ ■ 1

by  V i c k e r a  b a r d n e e a  a e a a a r e a e a t i .  
Tbe change  i n  n i c r e a t r e c t e r e  d a r i n g  
t b e  i a e t k e r a i e l  a n n e a l i n g  i a  a b ee n  i n  
r i g a .  77 and 0C f a r  ISO and 6 0 0 * f .  
Tbe e f f e c t  o f  t e a p e r a t e r e  a n  r e *  
c r y a t a l  1 i a a t i o a  i a  r e v a a l e d  by  t b e  
a i c r o a t r e c t n r e a  i n  F i g .  I S .  ( S e e  
a e c t i o a  on " M e te l lo g r a p k y  L a b o r a t o r y "  
fo r  F iga .  77 , 8 0 ,  end I S . )

A ra p id  d ro p  i a  t b a  hardneaa o f  t b e  
Aaec t k e r i n o  e p e c i n e n a  i a o t h e r a a l l y  
annealed fo r  1 b r  eaa  noted  a t  l e a n e r *  
a t e r e a  v a r y i n g  f r e e  4S0 t o  S*0*C.  
M i c r o e i a o i n e t i o n  ahoeed no ev idence  o f  
r e c r y a t a l l i n a t i o n  i n  t b e  t e n p e r a t n r e

accacT 
»-aee»

MM i m M l

I
30  40

ANNEALING TIME (min)

F ig . I. B e c r y a ta llla n t ie n  Corvee for  Anon Thorinn.

/ 13 °20
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r i a n i ,  m  i t  i s  b e l i e v e d  t h a t  " r*co»«ry"  
a a d /o t p o s s i b l y  s ssm  p r e c i p i t a t i o a  i s  
r o s p o a s i b l a  f o r  i b i s  i s i t i s l  k s r i u s s  
4 r « p .  I a v e s t i p a t i e a  o f  t b s  A o s s  
s a t p l e a  r e l i e d  t o  2 0 ,  4 0 ,  s a d  60% 
r e d a c t i e a  s i l l  bs  r e p o r t e d  s t  s  l o t s r  
d o t e .

loOlOo Tbor loo .  Io d id e  c r y e t a l - b e r  
t b o r i o o  o s s  a e l t e d  i s  a s  i a e r t -  
o t B o s p b s r o  a r c  f o r o s e o  by o s i a p  a 
o o s c o s s s B s b 1o t o a p a t a a  o l a c t r o d s .  
T b s  r o s s i t i s R  t b o r i o o  b a t  t o s s  o a r o  
f l a t  r e l l a d  sod a l s o * c o o l  a s a a a l s d  s t  
7S0*C f o r  K b r  s o d  t b a s  c o l d  r o l l e d  
• i t b  so 10% r o d o c t i o s  t o  0 . 0 6 1 - i a . -

t b i c b  p l a t s  a p e c i B o a s .  Tbasa  apec i>  
a o a a  wars t b a s  i s o t b o r a s l l y  a s s a s l a d  
t b a  s a s a  aa  t b a  A aas  s p e c i a e a s ,  sad  
V i c k e r s  k s r d a a a s  a a o s s r a a a a t s  o a r o  
a a d a  to  t r a c e  t b a  r o c r y s t e l l i s s t i o a  
o f  t b a  p a ra  t b u r i a o .  Tba c a r b e a  aad 
p o a l i t a t i v e  a p a c t ro R ra p b ic  s aa ly a as  o f  
t b a  i o d i d e  t b o r i o o  a r e  R i v e n  i a  
T ab le  9.

l a a t b a r a a l  r o c r y s t e l l i t a t  ion ca rves  
f o r  i o d i d e  t b o r i o o  a r e  p l a t t e d  i a  
F i r . 2. Mi c r e s t  r o c t a r o  cksaRcs d a r i a p  
a a a a a l i s R  are  s h o e s  i a  P ip e .  75,  76,  
7 S ,  79,  81,  sad 82 .  (See  s a c t i a a  oa 
d e t a i l  o r  raphy L a b o r a t o r y . " )

ttCSCT 

owe 14*57*1

20 30 40 90
ANNEALING TIME (m in )

FIr. t .  Isotfceraal R aeryatall l a s t  lea Carves for Iod ide Tkeriaa.
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0 . 0 1 1 *
A laa in aa Very weak
Ckrootan Trace
Calcium Trace
Copper Trace
I r o n Trace

■Si l ieoo Trace
S i l v e r Pa in t trace
Reran P a in t trace
B ery l l iu m P a in t trace
Leathanan P a in t trace
Magnesium
N ic k e l Pa in t trace
T i tan ium P a in t trace

TKa i « f i 4 «  tk o r ia o  l i d  not  e s k ih i t  
a " r t c * » * r y "  aaaa aa a k o t n  i a  t k e  
Ames t h o r i a a .  Hardness aaa aaraaaa ta  
on tke iod ida  tk a r ia a  renam ed coaataat  
b e t w e e n  409 and S 10*C  ( s p e c i m e n s  
i a a t k a r a a l l y  annealed f o r  1 k r ) ,  kat  
tkaa tka  kardaaaa s t a r t e d  t a  draft o f f  
r a p i d l y .  M ic re e n e m in o t io n  re v e a le d  
tk a t  tkaa  kardaaaa drop aaa tka raaa l t  
a f  r a c r y a t a l i i a a t i o a ,  o k i r k  s tar ted  at 
S00*C. I n v e s t i g a t i o n  o f  t k a  a f f a c t  
o f  r a d a c a d  c o l d  a o r k  on t k a  r a *  
c r y s t a l l i s a t i o n  o f  io d id a  t h o r iu a  ia  
aaa i a  progress.

i i b i i i i m  nun m  rwaiua
R. C. Adaaa

A t a a t  program kaa bean  p l a n t e d  
t a  a a a l a a t a  tka a f f a c t a  o f  r a d i a t io n  
damage aa th o r ia a .  Because o f  delaya  
a n c o u n t a r a d  ia  s e c u r i n g  apace fo r  
i r r a d i a t i o n  and the t i a e  re q u i red  for  
c o o l i n g  b e f o r e  t e s t i n g ,  i t  w i l l  be

FOR K R IflP  FJBING APRIL I f ,  IM S

anow t i a e  before reaulta  f r a a  tka taat  
program are ava ilab le .

Some p r a l i a m a r y  l a f a r a a t i a a  aa 
r a d i a t i o a  damage a f  t k a r i a a  kaa keen 
obta ined f roa  taa ta  aada an a i a  slugs 
t h a t  had p re v io e e ly  bean i r r a d i a t e d  
fo r  an o tk a r  purpose. Tka s lag s  ears 
p a r t  o f  a k a te k  of s e v e r a l  kaadrad  
t h a t  a e r o  aac k ia a d  f r a a  f o r g e d  and 
r o l l e d  s ta c k  a o a e t ia a  d a r i n g  1941.  
Tka a la g a  ears reported t a  be 4 .00  t 
0 .0 1 0  i n .  in  len g th ,  e i t k  d i a a e t e r a  
ranging between l .SSSaad 1.140 inches. 
No o t k a r  i n f a r a a t i a a  aa t k a  i n i t i a l  
s i t e  and co n d i t io n  a f  the i n d i v i d a a l  
alaga i a  ava i lab le .  Thus, da ta  on tka  
a f f e c t s  a f  r a d ia t io n  damage on tkaaa  
alaga are  ess e n t ia l ly  q u a l i t a t i v e .

Tka aluminum cans ears renovad by 
d i a s a l a t i o a ,  and d i a a n a i o n a  a f  tka  
alaga ware aeasurad by s p e c ia l  length  
and t k i c h a a s s  g a g a s .  D a p l i c a t e  
a e a a a r e a e a t s  cou ld  ka r e p e a t e d  t a  
w i t h i n  about  0 . 0 0 0 1  i n c h .  L a a g tk  
was a e a s u r a d  at  tka  c a n t e r  o f  tka  
slags*  and d iaaetera  ware aeasurad at  
s e v e r a l  p laces  around and a long tko  
s l a g s .  In  a d d i t i o n ,  two o r  t k r e e  
p r o f i l e  t r a c e s  were aade a lo n g  tka  
length a f  each slag. Hardness measure* 
n e a t s  e a r s  a l s o  ta k e n  by u s in g  a 
convent ional  hardness t a s t e r  operated  
by remote control .

Resu l ts  of dieenaionsl and hardness 
m easurem ents  on the s i s  a l u g a  are  
shown in  Table 10.

The le n g th  aes s a re n e n ts  i n d i c a t e  
that  o n l y  two of the s la g s  were not 
w i t h i n  t h e  g i v e n  t o l e r a n c e  a f t e r  
i r r a d i a t i o n .  S ince  one i a  lo n g e r
and t k e  e t h e r  s h o r t e r *  i t  appears  
t k a t  a l l  slags nay net have keen aada 
* •  i k e  s p e c i f ie d  to le ra n ce .  Tke data  
do i n d ic a t e  tka t  ae ser ious changes in 
length occurred daring i r r a d i a t i o n .

S o « e  v a r i a t i o n  i n  d i s a s t e r  o f  
i n d i v i d a a l  slags was fo u n d ,  bat  tke

*  < 22
ht rt At mk ft* Aan r .  !•• •••:• • •• a o

• a a e o
s e e  a 
e a a a
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■ i i i B M  t a r i i t i w  aaa 0 . 0 0 2  i a .  i t  
•ay  aaa e l a p  u d  c M i i i i t d  e e l y  a f  
t i p « r i a  t t a  slapa. M «u t r« d  d i a w t m  
a t  the  s l a p a  s l i g h t l y  less
tkaa ( I m  B M i r d  u l t r a a c f . S iaca  aaa 
a lag aaa a 1 seat  at i l ia  a a s ia e a  si aa 
a l t a r  i r r a d i a t i a s ,  k a v a i a r ,  i t  i a  
• g a i a  d e a b t f e l  tha t  l b  a I aaa aara  
■ a c k i a a d  t a  e i t h i a  t h a  s p e c i f i e d  
t a l a r a a c a ,  aad i t  appears  t h a t  aa 
• i g s i f i c a a t  d isaster  chaagas eccsrred.

P r a f i l a  t ra c a a  aada ea t  ha s lags  
ahaaad aa  evideace a f  p i t a  ar heaps aa 
greet  aa t . 0 0 1  ia.  ia  he ight .  Although 
aaa t r a c a  aa a a l a *  ahaaad a a l i g h t  
bee, a i t h  tha  caatar a l  tha s lag  haiap 
ahaat 0.001S i a .  ha laa  tha t a a  aada,  
aa i a d i c a t i a a  a l  haaiap aaa faaad  aa 
f a r t h a r  t r a a a a  a r  t r a c a a  a a  a t h a r  
alapa. P raa  thaaa ra a a l ta .  i t  a^paara 
t h a t  i r r a d i a t i a a  a f  t h a r i a a  a a d a r

thaaa c a a d i t i a a a  caaaad vary  l i t t l a ,  
i f  aay, d iaMaaiaaal  chaapaa.

I l a a a l t a  a f  tha hardaaaa t a a t a  aha*  
that tha i r r a d i a t a d  alapa ara a aaa ah at 
harder t h a a  a a ra a l  t h a r ia a ;  haaavar ,  
hardaaaa a f  t h a r i a a  i a  dapaadaa t  aa 
p a r i t y  aad r a r t e a  c a a a i d a r a b l y  f r a a  
haat  t a  h a a t .  Na hardaaaa  d a t a  aa 
tha  a la p a  i a  tha p r a i r r a d i a t a d  caa*  
d i t i a a  i a  a v a i l a b l e .  Aa a raaph  
e e a p a r t a o a ,  hardaaaa r a l a a a  p aa tad  
far  several  ha at a a f  t h a r ia a  (pradacad  
s l i g h t l y  l a t a r  thaa thaaa f r e e  ahich  
t h a  a i i  a l a p a  a a r a  a iada )  r a a p a d  
hataaaa 54 aad SO Rachaall  I  a a - r a i l e d  
aad h a t a a a a  42 aad 11 Rachaa l  1 B i a  
tha aaaa aI  ad cea d i t iea .  Siaca hardaaaa 
a f  tha i r r a d i a t a d  alapa raapad hataaaa 
? i  aad 94 Rachaall  B, i t  appear a tha t  
aaaa i a c r a a a a  i a  h ardaaaa  a a y  haaa 
accarrad aa a raaa l t  a f  i r r a d i a t t o a .
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FOR PERIOD ENDING APRIL 3 9 . 19S2

PREFERRED ORIENTATION OF URANIUM

L. K. J « t t « r

E n a i t i t t O R  o f  I k e  a l p h a - e x t r u d e d  
u r a n t o o  . ">da has boon r oa ip l e t ed .  S e a t  
r a a . U a  o f  t h e  a x a o t u t i o R  . e r a  r e -  
p o r t e d  p r e v i o u s l y , **•  * *• * '  and t e x t u r e s  
a r e  suauBari ted and c o r r e l a t e d  e i t h  t h e  
f a b r i c a t i n g  c o n d i t i o n s  and d e g r e e  o f  
r e c r y a t a l I t a a t i o n  i n  Tab l e  11.

Rode 1 1 / 2 ,  9 / 1 0 .  and S / t  i n ,  i n  
d i a s t e t e r  e a r s  e x t r u d e d  t h r ou g h  2S*deg 
c o n i c a l  d i e s  from i n g o t s  3 1/8  i n .  in 
d i a n e t e r  a t  S00*C b i l l a t  t e n p e r a t u r e  
( e x t r u s i o n  r a t i o s ,  4 - 3 .  12 . 1 .  and 2 5 . 0 .  
r e s p e c t i v e l y ) .  The e x t r u d e d  l e n g t h s  
« e r e  e a t e r - s p r a y  q u e n c h e d  aa  t h e y  
e n e r ge d  from t he  d i e  t o  r e t a i n ,  i n s o f a r  
aa  p o s s i b l e ,  t he  a e * e x t r u d e d  s t r u c t u r e .  
A sample s aa  t a k en  from nea r  the  f r o n t ,  
• i d d l e ,  and back e n d  o f  each e x t r u d e d  
l e n g t h  and examined i n  t he  a x - e x t r u d e d  
c o n d i t i o n .  A n o t h e r  s a n p l e  e a s  t a k e n  
from n e a r  t h e  m i d d l e  o f  each  e x t r u d e d  
l e n g t h ,  a n n e a l e d  1 h r  a t  S50*C,  and  
then  e x a u i ne d .

A s p h e r i c a l  d i f f r a c t i o n  s p e c i m e n  
0 . 5 0 0  i n .  i n  d i a m e t e r  e a s  m a c h i n e d  
f rom e a c h  a a n p l e  a o  t h a t  t h e  c e n t e r  
l i n e  o f  t h e  s p e c i a l s  c o i n c i d e d  e i t h  
t h a t  of  the rod.  The s p h e r i c a l  s u r f a c e  
e a s  l apped  t o  s m o o t h n e s s  and e l e c t r o -  
p o l i a h e d  t o  remove t h e  a u r f a c e  l a y e r s  
d e f o r m e d  by m a c h i n i n g  and l a p p i n g .  
(The specimen eas  r e d u c e d  a p p r o x i m a t e l y  
0 . 0 1 0  i n .  i n  d i a m e t e r  by e l e c t r o -  
p o l i s h i n g .  )

The  p r e f e r r e d  o r i e n t a t i o n  e a a  
d e t e r m i n e d  by t h e  « • r a y - d i f f r a e t i o n

l l t u t M  P e a r l . . I f  p r . f r  .  .  a 
* ♦ ! « •  / • '  f a d t a f  P a l f  I f ,  l » J 0 .  O W l ' I t f .
f .  IS-4V.

( , , e» *al l a . f r  i K i t i M  Qaa. t . r l f  p r . f r * . .  
• apa r t  /•* p . r i . S  f ad . Of  Jaaee . r  I I ,  f t l f .
oxxl- m t . p. i i - t a .

' 1 * V . t a  I I a . f r  I i t i . i . .  9 a . r l . r l .  P r . f r . . .  
S.p*M /ar P.rlad fadiaf /a lp | | .  | f f | ,  0XUL-IIM. 
p. IM4.

s p e c t r o m e t e r  t e c h n i q u e  d e s c r i b e d  i n  
p r e v i o u s  r e p o r t s ,  f * • • • * *  E x am i n a t i on  
e a a  made on a N o r e l c o  T y p e - 1 2 0 2 1  
G o i g e r • c o u n t e r  x - r a y - d i f f r a c t  i o n  
g o n i o m e t e r  e m p l o y i n g  Cu Jfa r a d i a t i o n .  
T h e  s p e c i m e n  e a s  r o t a t e d  a t  200 o r  
360  rpm a b o u t  i t s  l o n g i t u d i n a l  a x i s  
( t h e  e x t r u s i o n  d i r o c t i o n )  d u r i n g  
o x p o a u r e .

P l o t s  o f  t h e  i n t e n s i t y  o f  d i f 
f r a c t i o n  v s .  t h e  a n g l e  6  b e t e e e n  t h e  
e x t r u s i o n  d i r e c t i o n  and  the  normal  t o  
t h a  d i f f r a c t i n g  p l a n e  f o r  v a r i o u s  
p l a n e s  f o r  r e p r e s e n t a t i v e  s p e c i m e n s  
a r e  g iven in  P i g s .  3 t h r o u g h  20.

The degree  o f  r e c r y a t a 11i s a t  ion e a s  
de t e r mi n e d  from t h e  m i c r o a t r u c t u r e  and 
x - r a y - d i f f r a c t i o n  L a u a  p h o t o g r a m a  
s h o e s  in  F i g s .  21 t h r o u g h  26.

In t h e  a s - e x t r u d e d  c o n d i t i o n ,  a l l  
s ampl es  e x h i b i t e d  a d u p l e x  (410)* (010)  
f i b e r  t e x t u r e  e i t h  m i no r  [031] .  (431) ,  
( 0 0 1 ) .  (100)  c o m p o n e n t s .  I n c r e a s i n g  
t h e  e x t r u s i o n  r a t i o  r e s u l t e d  i n  an 
i n c r e a s e  i n  t h e  s t r e n g t h  o f  t h e  (410)  
c o m p o n e n t  r e l a t i v e  t o  t h a t  o f  t h e  
( 01 0 )  c omponen t  e i t h  an i n c r e a s e  i n  
s h a r p n e s s  o f  bo t h .  (Compare spec imens  
3 1 ,  14.  1 7 . )  From t h e  b a c k  t o  t h e  
f r o n t  end o f  t h e  e x t r u d e d  l e n g t h  o f  
r o d  g i v e n  t h e  g r e a t e s t  r e d u c t i o n ,  
t h e r e  e a s  an i n c r a a a o  in t h e  s t r e n g t h  
o f  t he  (410) component  r e l a t i v e  t o  t h a t  
o f  t h e  [ 0 1 0 ]  c o m p o n e n t .  ( C o m p e r e  
spec imens  18, 17, 1 6 . )

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

S . t a l l e . f r  S t . i . i . a  P . e . t . r l j  R r . f r . . .  
• a p a r t  / • »  R . n . l  l . l i . f  J a a e e r p  J f ,  I f  IS,
onm- t s t .  r. it- « t.

* f e l l a . f p  I l M M . a  Q e e . f . r l r  P . a f . . « <  
• a p a r t  / a .  f . r l a t  l . l t . f  / a a e . r p  f | ,  I f l f .
o a U l- I1ST. is  y raa a .
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FOR PERIOD ENDING APRIL 3 0 ,  1 * 5 2

g r e a t e s t  r e d u c t i o n ,  i n c r e a s e d  from the  
b a c k  t o  t he  f r o n t  end  o f  t h e  e x t r u d e d  
l e n g t h .  F r o *  t h i s ,  i t  v o u l d  a p p e a r  
t h a t  t h e  p r e f e r r e d  o r i e n t a t i o n  i s  
r e l a t e d  t o  t he  g r a i n  a t r u c t u r e  i n  t h a t  
t h e  s t r e n g t h  o f  t h e  [ 41 0 ]  c o a p o n e n t  
i n c r e a s e d  r e l a t i v e  t o  t h a t  o f  t he  [010] 
c o a p o n e n t  w i t h  i n c r e a s i n g  d e g r e e  o f  
r e c r v a t a l 1i a a t i o n .

Upon a n n e a l i n g ,  t h e  a a a p l e  i n i t i a l l y  
s h o e i n g  a high d e g r e e  o f  r e c r y s t a l l i *

n a t i o n  and a a a j o r  [410]  t e x t u r e  under* 
« e a t  e s s e n t i a l l y  no c h a n g e ,  as  e i g h t  
be e x p e c t e d .  ( C o a p a r e  s p e c i a e n s  17 
a n d  S 3 . )  The a a a p l e  i n i t i a l l y  e x 
h i b i t i n g  a d e f o r a e d  s t r u c t u r e ,  and a 
a a j o r  [ 4 1 0 ] * [ 0 1 0 ]  t e x t u r e  d e v e l o p e d  a 
s i n g l e  [431]  t e x t u r e  upon  a n n e a l i n g .  
( C o a p a r e  s p e c i a e n s  31 a n d  26>) I t  
a p p e a r s  then t h a t  t h e  r e c r y a t a 11i i s t i o n  
t e x t u r e  d e v e l op e d  in  e x t r u d e d  uranium 
r o d  i s  d e p e n d e n t  upon  t h e  manner  i n  
w h i c h  r e c r y s t a l l i s a t i o n  i a  induced .

4J3 ‘ 2,:
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METALLURGY DIVISION QUARTERLY PROGRESS REPORT
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P i g .  3. P r e f e r r e d  I r l H l t t U a  P l o t  ( l i t )  
U r o a i s a  Rot.  S p e c i a o n  nuubera shown on c u r v e s .
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P i g .  4. P r e f e r r e d  O r l o u t o t l o o  P l o t  ( l i t )  o f  A lp fe o > B a t r a d e d  
I ' r u t M  Rot. S pec im en  noube-rs sbo«in»on c u r v e s .
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FOR PERIOD ENDING APR IL 19, 19S2

i i i i i i i i i i i

F I * .  9 . P r e f e r r e d  I r i H t a t l e e  P l o t  ( 1 1 9 ) o f  A lp feo-R otrodod  
l l r e a l mo  Rod. Spec i wen nuobers shown on corvoe.

F i t .  I .
Uranloo Rod.

P r o f o r r o d  f r l o o t o t l o o  P l o t  ( H I )  o f  AI pfca l a t r o d e d
Spaeioan nuobera shown on corves.
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METALLURGY D IV IS IO N  QUARTERLY PROGRESS REPORT

♦ iM M in i  #

P l « .  7. P r f l a r r H  I r l i a l i t l N  P U I  ( M S )  i f  A I M « * l > t r a 4 « 4  
V r a a l n  1*4. S p a c i M a  numbers eh own on c u r v e s .

P i s .  4. 
tre a tu s  Re*

P r e  f s r r s 4 • r i s e t a t l e s  P i n t  ( M S )  s f  i l » l a * B i l r a 4#4 
Specimen numbers skews mm c a r e s s .
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FOR PERIOD ENDING APRIL 39, 1952

• IC M '

F i g .  I I .  P r e f e r r e d  O r l e a t a t l o a  P i e t  ( 1 9 1 )  o f  A l » f e a > t i t r a d e d  
U r a a l e a  Rad.  Specimen number* shown an cwrvee .
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METALLURGY DIVISION QUARTERLY PROGRESS REPORT
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♦ (MtWUI

P i t .  I t .  
( I r u la a  «od.

P r t f t r r t i  I r i t X i I l H  P l * t  < • « • >  •  f  i l p k a - P i t r a i e i  
Specimen n u a b tn  shown on cwrvww.
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P I * .  IS .  P r e f e r r e d  S r t e a t a t l o a  P i e t  ( 1 4 1 )  o f  A1pba-S i  t r a d e d  
t r a a l a a  Sod. Spaciaoa  aaobera aliooa on c u r v e a .

P IS .  14. 
l l r a a la n  Sod.

* •

P r e f e r r e d  d r l e o t a t l e a  P l o t  (S 4S)  a f  A 1 p b a - t i t r e d e d  
S p c c i o e n  a u o b e r a  ahoen oa c u r v e a .
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METALMRGY D IV ISIO N  QUARTERLY PROGRESS REPORT

M C V f Tr t t n

P i g .  1 ft. Pr e f e r r e d  O r i e n t s t i o a  P l o t  ( t i l )  o f  Alghe*Extraded  
Uranium Mod. Specimen numbers  shown on c u r v e s .
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P i g .  1ft. P r e f e r r e d  f t r i e a t e t i o a  P i e t  (Sftft) o f  A l p h a - E i t r a d e d  
Uras lam Rod. Specimen numbers  shown on c u r v e s .
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FOU P E R  1 0 0  ENDING A P R I L  S t ,  1 9 S2

l g .  IT.  P r c f t r r t l  I r l H i i t l M  M o t  ( I N )  
too I N .  Spec im en  nuobers  shown on c o r v e s .
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Pro f o r  r a t  • r l o a t o t l o a  P l o t  (041)  o f  AI»bs*Bi traOo*
S p t c i u a  nuobers  shown on c u r v e s .
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METALLURGY DIVISION QUARTERLY PROGRESS REPORT

♦ < NMUll

P l « .  IV.
Uranlaa  t o t .

P r s f a r r e t  I r l u l i t l o a  P l a t  ( M l )  o f  l l p k c l i t r a t c l  
S p t c i a t *  a u b t r i  i h m n  on c a r v e s .

M C M T  
> I 'll

4 IB M M IU

P i t .  >v. P r t f a r r t l  V r l s a t s t l o a  P l a t  ( M l )  a f  A l p h a - t i t r a t e *  
t r a a l a a  t o t .  Spociaea nuabera shoes os c a r v e s .
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FOB PERIOD ENDING APRIL 30, 1952

(6)  9 / 1 0 - i n . - d i a  ex t ruded  rod ;  Middle  of  e x t r u d e d  l e n g t h  (U10-X2)

( r )  5 / 8 - i n . - d i e  extruded rod;  Middle o f  extruded l e n g t h  (U12-X2)

L o n g i t u d i n a l  Se c t i o n *  T r i n e r c r a e  S e c t i o n *

r i g .  t l .  P fco ton icrographe  d h e e ta g  t h e  I n c r e a s e  In i e g r e e  nf R e c r y a t a l l l -  
n a t io n  e t t h  I n c r e a s i n g  l i t r u n  lea  R a t io  f a r  A lpha-Extraded  t r a n l a a  Rod la  An
i l  traded C o a d i t lo n .
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METALLURGY D IV IS IO N  QUARTERLY PROGRESS REPORT

( a )  S / 8 - i n . - d i a  e x t r u d e d  rod;  f r o n t  end o f  oxtrudod  l e n g t h  (II12-X1)

(6)  5 / 8 - i n . - d i e  extruded rad; Middle o f  extruded length (U12-X2)

(c)  5 / 8 - i n . - d i a  e x t ru d e d  rod;  beck end  o f  ex t ru d e d  l e n g t h  (U12-X3)

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

Pig .  t t .  P h etea lcregrap h a  •honing the  Increaae In Degree o f  hecryatal  I I -  
x n t l o a  fr e e  Back In P r e n t  Cad e f  Alpha-Bxtraded Uranlua Bed l a  Aa*Bitraded 
Ceadlt loa.
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FOR PERIOD ENDING APRIL J t .  1 9 S 2

(A) 9 / 1 0 - i n .  -d ia  e x t r u d e d  rod ;  M i d d l e  o f  e x t r u d e d  l e n g th  (U10-XS)

( c )  S / l * t R .  >di« e x t r u d e d  ro d ;  midd le  o f  e x t r u d e d  l e n g th  (U12-X6)

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

rig. S 3 .  P h o to m ic r o g r a p h s  s h o e i n g  the  C o m p l e t e l y  B e c r y s t e l l i x e d  C r e t e  
S tru c tu re  e f  A leSa- ta traded  Uranium le d  lu Annealed C o n d i t io n  <1 hr a t  I M ' C ) .

4 1 3  P3S
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METALLURGY D IV IS IO N  QUARTERLY PROGRESS REPORT

( • )  l H - m . - d i n  ex truded red; B i d d l e  
o f  extruded le n g th  (U9-X5); specimen 6

(6) 9 / 1 0 - i n . - d i e  extruded rod; B id d le
o f  extruded le n g th  (U10-X2); spec&aen 14

XS

(c )  S / 8 - i a . - d i a  extruded rod; a i d d l e  
o f  ex truded le n g th  (U12-X2); epeciewn 
17

\

(e )  5 / 8 - i n . - d i e  ex t ruded rod; f r o n t
end o f  e x t r u d e d  l e n g t h  ( U 1 2 - X 1 ) ;  
eoeciaen 16

m

( 6 )  5 / 8 - i n . - d i e  ex t ruded  rod; B i d d l e
o f  extruded le n g th  (U12-X2); a p e c ia e n  
17

( c )  5 / 8 - i n . - d i e  e x t ru d e d  r od ;  back
end o f  e x t r u d e d  l e n g t h  ( U 1 2 - X 3 ) ;
epeciaen 18

P ig . 84. L u *  Phetegraaa S having  
the Increase la  Sagree a f le c r y e te l  11- 
n atlee  e l th  lac reaa lag  Ix tre e lo a  S a t is  
la  A lp h a -B xtrn d ed  tire a ta a  Sad la  Ae- 
Bxtraded C o n d itio n .

413 P39
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P ig . 84. Lana Photograaa M a e  I  eg 
the lacreaaa la  Bagree a f Ae c r y s ta l  11- 
a a tlea  fra a  Sack ta  Praat Bad a f A lpha* 
B xtradad l i r e a la a  Bad la  A a -S x tra d e d  
C oedittea.
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FOR PERIOD ENDING APRIL S t ,  1 9S 2

( • )  i H > i i . * d i i  e x tr u d e d  rod;  Middle 
of  ex tru d ed  length ( IJ9-X4);  spec imen 26

( 6 )  9 / 1 0 - i n . - d i e  e x t r u d e d  r od ;  middle
o f  e x t r u d e d  l e ng t h  (1110-XS); spec imen  $2

( r )  S / 8 - m . - d i s  e x t r u d e d  r o d ;  mi dd l e  
o f  e x t r u d e d  l e ng t h  (U12-X6) ;  specimen 53

t i g .  t * .  Lems Kite t o g  rums t h e e  l e g

S t  r u e  t a r e  e f  A l p h a - t i t r a d e d  
S e d  l a  A a a e e l e d  C e e d l t i m a  (
S»S“C) .

413 C',0
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KCNANICAL re ST INC

R. B. O l i v e r  D. A. Douglas  
J .  V. foods

V r s s i j a .  A l p h a - r o l l e d  u ran iu m  bars  
sad  b a r s  t h a t  w e i a  a l p h a  r o l l e d  sad  
^ • l a  t r e a t e d  are beiag  t e s t e d  i n  vacuum 
a t  $ 0 0 “ C aad a t  s t r e s s e s  from 1700 to  
4500 p a i .  D e a ig a  c u r v e s  w i l l  be con
s t  r a c t e d  f rom t h e s e  aad e a r l i e r  d a t a  
s h e w i n g  t h e  t i m e s  to  s e v e r a l  e lo n g a *  
t i o a a ,  t i n e s  to r u p t u r e ,  and th e  creep  
r a t e s  aa a func t io n  o f  s t r e s s .

T k e  e f f e c t s  o f  s e v e r a l  a t n o s p h e r e s  
oa t h e  c r e e p  p r o p e r t i e s  o f  u r a a i u n  
h a v e  r e c e i v e d  so n e  a t t e n t i o n .  Two 
b e t a *  t r e a t e d  b ars  ire r e  l o a d e d  to 2220  
p a i  a t  $00*C  i n  v a c e a a .  Oae  o f  t h e  
l ' e t a  naa c o n d u c t e d  i a  v n c u u n  o n l y ,  
v h e r e a a  t h e  o t h e r  t e a t  o a a  co n d u c ted  
a l t e r n a t e l y  in  vacuum and in  a hydrogen 
a tm o s p h e re  ( 3 0 0 0  p )  . F i g u r e  * 5  shoes 
t h e  r e a e l t a  o f  t h e  t o o  t e a t s ;  t h e  
h y d r o g e n  caused a m arked  i n c r e a s e  in  
th e  c r e e p  r a t e ,  but upon r e - e v a c u a t i o n  
t h e  c r e e p  r a t e  r e t u r n e d  t o  t h e  sane  
r a t e  aa  f o r  t h e  s p e c i m e n  t e s t e d  i t  
vacuum o n l y .  A s i m i l a r  p a i r  o f  t e s t a  
• a s  co n d u c ted  a t  s t r e s s e s  o f  1720 p a i  
but i n  a n i t r o g e n  ( 3 0 0 0  p )  i n s t e a d  o f  
a h y d r o g e n  a t m o s p h e r e .  T h e  d a ta  a r e  
p r e s e n t e d  ia  F i g  46 ;  t k e  n i t r o g e n  d id  
not  appear  to i n c r e a s e  t h e  c reep  r a t e ,  
but upon r e - e v a c u a t i o n  t h e  c r e e p  r a t e  
vas reduced to  c o n s i d e r s b l y  l e s s  than  
t h a t  o b s e r v e d  f o r  t h e  sp ec im en  t e s t e d  
i n  v a r u u n  o n l y .  When t h e  t e s t  i n  
n i t r o g e n  s a i  d i s c o n t i n u e d ,  a l a r g e  
a n o u n t  o f  s c a l e  oaa  o b s e r v e d  on t h e  
s u r f a c e  o f  t h e  s p e c i n e a ;  x - r a y - d i f -  
f r a c t i o n  a n a l y s i s  i n d i c a t e d  t h a t  eke

a c a l e  oaa p r i n c i p a l l y  U 0 # . I t  i a  f e l t  
t h a t  t h e r e  oaa oxygen i n  t h e  u n t r e a t e d  
tan and tke r e s u l t a n t  o x i d a t i o n  accounts 
fo r  t k e  observed b e h a v io r .  The e x p e r t *
• e a t  m i l l  be r e p e a t e d  o i t k  p u r i f i e d  

n i t r o g e n  gas.

T h e r I e n . A l l  t h o r i u n  t e s t i n g  
d a r i n g  t h e  p a s t  q u a r t e r  o a a  e a  aa  
Anas b i l l e t  h a v i n g  a n o m i n a l  c a rb n a

c o n t e n t  o f  0 . 0 4 0 V  S p e c i m e n s  a r e  
b e i n g  t e s t e d  a t  1 6 , 0 0 0 ,  1 7 , 0 0 0 ,  aad 
1 8 , 0 0 0  p s i  in  va ru u n  a t  3 0 0 * C .  One 
s i  I v e r * p l a t e d  bar  i a  b e i n g  t e s t e d  i n  
an a r g o n  a t a o s p k e r e  a t  3 0 0 * C .  A l l  
e x t e n s i o n s  r e p o r t e d  o e r e  m e a s e r e d  
o p t i c a l l y .  P rev io us  r e p o r t s  have shoos 
t h a t  f o r  s t r e s s e s  up t o  1 6 , 0 0 0  p s i  
t h e  r u p t u r e  l i f e  i a  f a r  i n  e x c e s s  o f  
150<i b r  and t h a t  a very  l o o  c r e e p  r a t e  
i s  e x h i b i t e d ,  but  a t  1 9 , 0 0 0  p s i  very  
f a s t  f l o o  r a t e s  a r e  o b s e r v e d  aad th e  
r u p t u r e  l i f e  i s  t e a a  t h a n  SO h o u r s .  
The s p e e ia e o  aoo i a  t e a t  a t  1 0 , 0 0 0  pai  
h a s  r u n  f o r  4S0  h r  o i t k  a t o t a l  
e l o n g a t i o n  o f  I I I  aad has  m n i a t a i a a d  
a c r e e p  r a t e  o f  0 . 0 0 6 X / h r  f o r  the  past  
2 0 0  h o u r s .  t h e n  t h i s  t e s t  f a i l s ,  
a n o t h e r  o a e  e i l l  be c o n d u c t e d  a t  
18 ,S 00  p s i .

F .xperinenta  o i t h  thorium i n  hydrogen 
and n i t r o g e n  a t n o s p h e r e s .  s i n i l a r  to  
those  r e p o r t e d  f o r  u r a n iu m ,  have been 
co n ducted .  N i t r o g e n  hod no d e t e c t a b l e  
e f f e c t  on the creep p r o p e r t i e s .  Hydro
gen m u s e d  a narked in c r e a s e  ohea f i r s t  
a d m i t t e d  to  the  chamber; however,  t h i s  
e f f e c t  d i a i n i s k e d  o i t h  t i n e  and no 
n a r k e d  c h a n g e  o a a  n o t e d  o h e a  t h e  
c h i a h e r  oaa re -evacua ted .  The  o v e r - a l l  
e f f e c t  o f  t k e  hydrogen  t r e a t m e n t  oaa  
to r e d u c e  th e  c r e e p  r a t e  t o  a v a l u e  
much l o w e r  th an  t h a t  o b s e r v e d  ( o r  a 
t e a t  i n  vacuum o n ly .  F i g u r e  47 presents  
the  r e s u l t s  f o r  severa l  t h o r i u m  t e s t s .  
I t  i a  i n t e r e s t i n g  to  n o t e  t h a t  t h e  
s i l v e r - p l a t e d  t h o r i u n  b a r .  which was 
not evacuated  and o n t - g a s s e d ,  e x n i b i t e d  
a g r e a t e r  c reep  r a t e  th an  t h e  thorium  
bat  f r o n  th e  sane e x t r u s i o n  t h a t  was 
t e s t e d  ia  vacuum

F a t  1 1 1 1 l a s  f o r  • t r a s a - t u p t e r e  
T e s t i n g  l a  L l « a l d  N a t e l a  aad Fused 
R d iA d .  The i n s t a l l a t i o n  o f  f a c i l i t i e s  
f o r  s t r e a s * r u p t u r e  t e n t i n g  i n  l i q u i d  
• • t a l a  and f u s e d  s a l t s  i a  c o m p l e t e  
•■d t h e  t e s t i n g  m a c h i n e s  w e r e  c a l i *  
b r a t e d  w i t h  a s t a n d a r d  s h e e t  t e a t  
s p e c i m e n  on w h ich  S B - 4  s t r a i n  gages  
• • r *  » m u a t e d ;  t k e  s p e c i m e n  was c a l i *

113
• •  • • •  a e a ee  o o  a a a a  •  ear n a o
• • •  a a o  a a a  a p a  e a  e a
• • • • a  a e e o  e a a a  a ee a e
•  •  •  a •  s e e  a a a a  e e  a a
•  • •  a o o  e e  a e e o  e a  o a
• •  n e e  a t o o  e e a t  ea  •  a a e we  e«
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F ig .  47. Creep t a la  o f  t i I r a i H  Tfceriaa T t t U i  i t  SM*C. Curve 1: as-extruded, deformed SI in te n 
s io n  pr ior  to te s t in g  in vacaea (0.0S nicran) a t  16,000 p s i .  Carve 2: as-extruded, t a s t e d  in vseaen
(0 .0 S  a tcron ) at 16,000 p a i .  Carve 3: as-ex tru d ed , te s ted  in a l t e r n a te  vacuea (0.0S a ic r a a )  and kydrogea 
(3000 microns) at 17,010 p s i .  Carve 4: as-axtrad ed , s i lv e r  p la t e d ,  and te s ted  in argon (ataospkeric
p rea sa re )  at 16,000 p s t .
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Til* t * a t i * |  c h « b » r i  » t r e  o r i f i a i l l y  
i s  c o n t a i n  l o d t a n  o r  o t h e r  

l e w - a e l  t  i  o f - p o m  t n o t a r i a l  a.  A feu 
n i n e r  d e s i g n  changes  o ro  b e i n g  a i d e  
becooeo  a l  tho  change in p r o g r a a  and 
tho  aao d  f o r  d a t a  f ron  t e a t s  w i th  the 
h i g h e r  a o l t i a g  fusee  f l u o r i d e s ,  then  
t h o  c h e e h e r e  were  c o n s t r u c t e d  t h e  
n o t o r i a l  a a d e r  c o n s i d e r a t i o n  f o r  the  
r e a c t o r  one  type-316 a t a i n l e s e  s t e a l ;  
h a a o v e r ,  t h o  p r e s e n t  e a p h e a i e  i s  on 
l a e o a o l f  s o  e o v e r s l  n e e  c h e a t e r s  
i n c o r p o r a t i n g  th e  shove a o d i f i c e t i o n a  
o r o  b e i n g  c o a a t r n c t e d  o f  l a c o n e l .  
C o o t a i a e r a  t o  c h a r g e  and o a p t y  t h e  
t e s t i n g  c h a a b e r a  hove been  d e s i g n e d  
an d  o r e  b e i n g  c o n s t r u c t e d ;  t h e s e  
c o o t a i a e r a ,  a l t h o u g h  d e s i g n e d  t o  f i t  
tbo  o r i g i n a l  a p p a r a t u s ,  e i 11 a l s o  f i t  
t h e  a p p o r n t o a  t o  be n e e d  w i t h  t b o  
f i o o r i d o  a i i t n r e a .  T e s t in g  e i t h  n o 1 ton 
f l u e r i d o a  o i l l  be s t a r t e d  a e o a  a f t e r  
t b a  f i r s t  l o t  o f  f l u o r i d e  a i u t u r e  i a  
r e c e i v e d .

Tbo p r i a a r y  purpose  o f  t h e s e  t e s t a  
o i l l  bo t o  s tudy  the e f f e  *. o f  s t r e s s -  
e o r r o e i o n  on  t h e  c r e e p  r a t e  and  
s t r e s s - r a p t u r e  l i f e  of  t h e se  a e t e r i a l s .  
B a th  l a c a o e l  and t y p e - 3 1 6  s t a i o l e s a  
s t o o l  a r c  to  be t e s t e d  in t h e  Modif ied  
a p p a r a t o o  in  an argon a t a e e p h e r e  i a  
t h o  a n a s  e t r o s a  r a n g e s  a s  t h e y  were 
p r e v i o u s l y  t e s t e d  in the o ld  a p p a r a t u s .  
A c o a p e r i e o u  o f  the  two s e t s  o f  d a ta  
o i l l  e s t o h l i a h  t h e  e f f e c t s  o f  t h e  
i n h e r e n t  v a r i a b l e s  o f  the  nee  t e s t i n g  
s y s t e o a ,  and th u s  th e  r e s u l t s  o f  t h i  
c o r r e e i v o  a c t i o n  can be s t u d i e d .

I n o o u o l .  Beth f i n e -  and  c o a r s e 
g ra in e d  apec tnona  o f  Inconel a r e  being 
t e o t o d  n t  e t r o a a o a  f r e n  1500 t o  4548 
p a i  i n  a rg o n -  Tho o s p o c to d  t e a t  
d u r a t i o n  i n  t h i s  a t r o s o  r a n g e  i a 
f r o a  100 t o  3800 h r ;  upon c a a p l o t i o o  
o f  t h e  t e n t s  r a v i n o d  d e s i g n  c u r v e s  
w i l l  he  c o a p i l e d .  A s h o r t  o o r i o o  o f

t e s t a  i n  a i r  a r e  b e i n g  
i n i t i a t e d  t o  o b t a i n  d a t a  f o r  a  c eo -  
p a r i a o n  o f  t h e  e f f e c t s  o f  o n i d a t i e n  
and f i o o r i d o  a t t a c h  on th e  c r e e p  r a t e  
and r u p t u r e  U f a .

T y p o - S i t  S t a i n l e s s  S to o l .  S p e c i a e a s  
a r e  b e in g  t e s t e d  i a  argon in  b o th  the  
e l d  end th o  a o d i f i e d  chaabera  a t  5300, 
5800, 6300. 6800, end 7300 p a i .  Those 
d u p l i c a t o  s o t s  o f  d a t a  o i l l  n e r v e  to  
c o r r e l a t e  t h o  o e r h  i a  t h e  t o o  t y p e s  
o f  t e s t i n g  c h aa b e ra  and o i l l  f u r n i s h  
d a t a  f o r  n d e s i g n  t curve  f o r  t y p e - 3 1 6  
a t a i n l e s e  s t e e l  t e s t e d  in

fASSICATISS

E. S. Boaar ,  J r . ,  J .  H. Caaba,
N. Iaouye

ASS C o n t r o l  nod S a f e t y  S o d a .  The 
d e s ig n  o f  t h o  ABE c o n t r o l  end s a f e t y  
rods hoe bona c a a p la te d ,  aad f a b r i c a t i o n  
o f  t b o  c o a p o n e a t s  has  b e g u n .  A f t e r  
c e a s i d o r i a g  tbo  a v a i l a b i l i t y  o f  a toch  
f o r  t b o  c o n s  aad t h e  t i n e  e c b e d u l e  
t o  bo n o t ,  i t  was decided  t o  aahe  the 
c m s  o f  t h e  typea-316 and -304 s t a i n 
l e s s  s t o o l  tu b e s  on hand. T h e se  ere  
e d n i t t e d l y  no t  the  b e s t  a e t e r i a l s  fo r  
c o a p a t t h i 1 i t y  w i th  boron c a r b i d e  nod 
pe rh ap s  n o t  th e  b e a t  f r e a  t h e  s t a n d 
p o i n t  o f  n o l  f - v e l d i a g ;  h o w e v e r ,  the  
d e l a y  a e e e s a a r y  t o  o b t a i n  t h e  u o r e  
d e s i r a b l e  t y p e - 4 3 0  a t a i n l e s e  s t e e l  
t u b i n g  i n  p r o h i b i t i v e .  The c a n s  a re  
be in g  f a b r i c a t e d  by the  Y-12 Machine 
Shops aad w i l l  be loaded  w i th  bo ro n -  
c o n t a i n i n g  s l u g s  and b r a s e d  w i t h  
V a l 1 - C o l a e n e y  N i c r e b r a a e  by  t h e  
welding g ro u p .

F a b r i c a t i o n  oerh has begun on the  
s a f e t y  r o d  s l u g s ,  which w i l l  b e  b e t  
p r e s s e d  f r o a  an i r o n - b o r o n  c a r b i d e  
a i u t u r e  c o n t e i a i n g  S6% by w e ig h t  ( 80% 
by v o l u a e )  boron c a r b i d e .  The i*on -  
b o ro n  c a r b i d e  u i u t w r e  a s e l e c t e d  
b o c au a e  o f  t h e  s p e c i a l  l a b r i c a t i e n  
p r o b l a a a  a s s o c i a t e d  w i th  p u r e  boron  
c a rb id e .  The a i s t u r e  w i l l  be p re p a red
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by ■ t l l u i  bo ron> c a r b i d e  f o r  lb  br  i t  
■ i t a i l  t i l l  « i t h  i t t t l  b a l l s  « t f  
b l w f i K R i t  f a r  I  b r  a t t b  tba r e e w ie i t e  
aaowat a f  -325 ttaab i r o a  powder. Tbta 
a i a t a r a  a i l l  ba f a b r i c a t o r  by b a t  
p r e s s t w s  a t  1S20*C a t f  2500 p a i  i a  
g r a p h i t e  b i a s .  S e v e r a l  c l a n s  a f  
i a t e r e e d ia t e  a i t a  have baaa f a b r i c a t o r  
a a c c a s s f a l l y  a i t b  d e a s i t i e s  a f  2 .1 0  
l / c c  o r  b a t t a r  ( a b a a t  I 0 t  a f  t h e o 
r e t i c a l )  ea r  a i t b  a c c e p t a b l e  d i -  
aw a t ieaa l  t a l o r a a c a a .  Tba ho t -p roas tap  
f a r a a c a  f a r  t b a  f a l l - s i t e  s l a p s  i s  
beiaf t  c o a s t ra c ts 4 .

Tea a f  t b a  i r e a - b e r o a  c a r b i r e  
s l a p a  baaa baaa c t a a o i  aa r  b r a t a r .  
Oaa ass ca t  apaa t a  cbacb fa r  r a a c t ia a  
b a t a a a a  t b a  b a r a a  c a r b i r e  a a r  t b a  
c e e t a i a e r ,  ear so r a a c t i a a  aaa fewer. 
Tba aacaoT i s  b a ia i r  b a ld  a t  81S*C f a r  
100 boars.

Tba re e v i r e a e a ta  f o r  tba  r e f l a t i o n  
rod (a b ia  rad)  are soawebat d i f f a r a a t .  
Fa r  t b i a  rad a a a a l l  aaoaat o f  ba raa  
( 3  t s  12 . S f t )  a a a t  ba a a i f a r a l y  
d i s p e r s e d  t a  a a a t a r i a l  r e l a t i v e l y  
t r a a a p s r a a t  t a  a a a t r o a s ,  s a c b  as  
A l t Ot . A p r a l i a i a a r y  s l u r  aaa aado 
by b e t - p r e s s i s f t  a a i a t a r a  ceapoeed a f  
99% A 1 , 0 |  ( f t r s d c  3 0 - 5 0 0 )  p l a s  l i f t  
B4C at 17S0*C i s  a f t r a p b i t s  d i e  wader 
a praaawra a f  2500* p a i .  M e ta l la f t r a p b i c  
a s a a i a s t i a a  r a v o a l e e  t h a t  t b a  t e a  
a a t o r i a l s  a re  c a a p a t i b l a  sad t h a t  
t b a a a  c e a d i t i e a a  a i l l  p r o b a b l y  ba 
s a t i s f a c t o r y  f a r  f a b r i c a t i a a  a f  f a l l -  
s i t e  alafts.  A aacaad s la p  c a a t a i a ia f t  
0 . 74ft by a a i f t b t  ( - J 2 5  a a s b )  B4C, 
prepared  by tba a aaa taeba tpa a ,  bad a 
d a a a i t y  a f  3 .4 5  f t / c c  ( l i f t  a f  t h e o 
r e t i c a l )  aad p a s a a a s a d  a a t i a f a c t a r y  
p h y s i c a l  p r a p a r t i a s  aad d i B e a s i e a a l  
ta lo ra a c a a .

d a n a f t  tba  p a s t  f e e  a o a th e  baa baaa 
t a  a r reea  ea t  b r a t t a n  a l l a y s  f a r  h igh 
taa ipa ia ta ra  aia.  F law >081111)1 aad i t a l i c  
c e r ’ o t lea  i s m  la t o d ta a i  kyd ioa lde  aad 
f lwa r ida  ba th i  are b a la g  mad.  After  
tbaaa p r e i i s i a a r y  a a e e s t t g a t i e a a  baaa 
baaa c ow p le ted ,  p r w a i e i a f t  a l l a y s  caa 
ba f a r t h e r  atadaad i a  p h y s i c a l  p r o p e r t y  
t e s t a  sa rb  as b a t t - t e a a i l e  t e a t s  ( a t  
b a th  room aad e l e v a t e d  t a a p a r s t a r e s ) ,  
a l e v a t e d - t e a p e r a t a r a  c r e e p  t e a t s ,  
d y a a a i c  c a r r a a t a a  t a s t e ,  aad r a a a -  
aad a l a v a t a d - t a a p e r a t w r e  d a c t i l i t y  
t e a t s .  Sacb a c r a a a i a f t  p r a c a d a r a a  
seaa a p p ro p r ia te  beceaae a f  tb a  l a r p a  
aaabar  a f  a l l a y s  aaa  wader c a a a id a r -  
a t i a a .

Tbs r a a a l t a  a f  p r a l i a i a a r y  i a -  
v a a t i f t a t i a a a  o f  a i f t b t  b i f t b - ta a p a ra ta ra  
b r a a ia f t  a l l a y s  era r e c o r d e d  ia  T ab le  
27. Tba a e l t i a f t  p a i a t a  Rivaa f a r  tb a

v a r i e e s  a l l a y s  are  e a l y  a p p r o x ta a ta  
sad  w i l l  v a r y  s e a t  a i a c a  c h e a i e a i  
aaa lyaas o f  va r iows  b a s ts  o f  the aaae 
a l l o y  d i f f e r  s l i f t h t l y .

S t a t i c  c a r r a . i o .  f a t a  . a  j a i a t .  
b raaad  w i t h  aaaa a f  tbaaa  a l l a y s  are 
be ia f t  aada. Tba t e a t s  o f  N ic re b raasd  
j a i a t a  aa l a c a a a l  aad type-316 a t a i a -  
l e a s  s t e e l  i a  b a th  s o d iw a  b y d r a x i d a  
aad f l w a r i d a  h a v e  baaa c aa -  
p l a t a d .  F lw a r id a  baa a r e l a 
t i v e l y  a i a a r  c o r r o s i v e  a f f e c t  oa bo th  
t y p e s  a f  i o t a t s ,  aa caa  ba aaaa l a  
F i f to .  52 aad 53; sod iw a  hyd rox ide  was 
• a c h  aara s e v e r e l y  c o r r o s i v e ,  
ba aaaa ia  Fi f ts.  54 aad 55.

c aa

G. M. S law f t the r

Tba p r i a a r y  o b j e c t i v a  a f  tba b i f tb -  
teapera twre  b raa ia f t  a l l a y  i a v e s t i f t a t i e a
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Tba 600 M a-400  N i  a l l a y  i s  a x -  
• s l y  b r i t t l e  aad aaay  b ra ia d  j a i a t a  

w i th  t h i s  a l l a y  c racked  aava ra ly ,  
as i l l w e t r e t e d  by F i « .  56. Siace t b i a  
b r a s i a «  a l l a y  baa l a w  r e a t a t e a c e  t o  
c a r r a a i a a  i a  f l w a r i d a  aad 
a a d ia a  hyd rox ide  aad r e l a t i v e l y  poor  
f l a w  p r . p . r t . . . ,  i t  a p p a . r a  t o  b .  
a a a a i t  ab le  f a r  th e *  *  app  l i c a t i o a a .  
P h o t o a i c r o g r  apba a f  l a c a a a l  j a i a t a  
b raxed  w i th  t h i s  a l l a y  aad t a s t e d  
i a  f l w a r i d a  aad  a a d ta a  b y d r a x i d a  are
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•hoaa &• P i g * .  | 7  h 4 SI- I t  c u  
k« i m i  th a t  tk a  S r a i i M  a l l a y  l a  
a t t a c k # !  r a t k a r  aavaraly ia  botk 
caeca.

Tka STS K1- 6O S P 4 ayo tea  a i t k  3% 
a i l i c o a  a l i a !  f a r  i t a  a f f a e t  open 
■ a 11 i o p - p a t  a t  l a a a r i a n  aaa a l a a  
i a v e a t i p a t e ! .  Tka  a i l i c o a  a d d i t io n  
c a a a a !  p k a a a a o a a l  f l a a ,  aba ck  i a  
a l l a a t r a t c !  ky t k a  l a c o a a l  f l a a -  
a b i l i t y  taa t  apaciaaa akaaa ia  Pip. 60.  
I t  can ka aaaa t k a t  tka kraa iap  a l l a y  
f l a a a !  a l l  t k a  aay  a l a a #  tk a  6 - i a .  
j o i n t  aa! m m  f lowed ep tka acratckaa.  
Haaarar ,  tka room-teoperatare  t a a a i l a  
a t r a a p tk  of  t y p e - 3 1 6  a t a m la a a  a t a a l  
j a i a t a  k a t t - k r a a a !  a i t k  tka a l l a y  aaa 
l a a ,  aa!  tka  k r a a a !  j o i n t  aaa v a r y  
b r i t t l a .  S t a a ! a r !  0 .  SO S - i  a . • !  i a 
b o t t - b r a » e !  ' e n a i l e  bars aara t a a t a !  
to  obta in  aa i a ! i c a t i v e  va laa o f  t k a  
a a a l i ty  of  tka j a i a t a ,  aa! tka r o s a l ta  
akaaa!  a t a a a i l a  a t r a a p t k  a f  4 8 ,5 0 0  
p a i  a i t k  a b r i t t l a  f r a c t a r o .  Tka  
f r a c t a r a  a c e a r r o !  a la a a  tka  c a a t a r -  
l i a a  a f  tka  k r a a a !  j o i n t  -  i t a  ap-  
paaraaca i a  i l l a a t r a t o !  ia  P ip .  61.  
Tka raaiataaca t e  ca r raa ioa  a f  lacoaal  
k r a a a !  j a i a t a  i a  f l a a r i ! a a  aaaaa to  
k ava kaaa l a a a r a !  a a a e a k a t  ky t k a  
a ! ! i t i a a  a f  t k a  a i l i c o a  to tka  STS 
Ni-60% P !  ayataa.

Taa braa.ap al loya a f  tka N i-C r-S i-M a  
type have kaaa t a a a a t i p a t a !  i a  p ro -

l i a i a a r y  a i p a n a a a t a .  Tba 1 6 . S t  
C r -10 .0%  S a - 7 l . t R  N i  a l l a y  aa !  tka  
1 6 . St  C r - l O . O t  S i - 2 . S t  Ma-71.0% N i  
a l l a y  kavo ! a a i r a k l a  f l a a a k i l i t y  
c k a r a c t a r i a t i c a  kac  ara a p p a r a a t l y  
a t ta c k # !  to aaaa a a t a a t  ky tka f l a a -  
r i ! a a  aa!  r a t k a r  a a v a r a l y  ky a a ! i a a  
k y 4 r a a i !a .  A c a a p l a t c  cat a f  pka ta -  
a i c r a p r a p k a  a k a a t a p  t k a  a a t a a t  a f  
c a r r a a i o a  a i l i  ka  p r a a o a t a !  akaa  
avai lab ia .

Taa a i l v e r - b a o e  k ra a ia p  a l lo y a  a f  
tkc coa paa i t iaaa  64S Ap-33t  P4-3S Ha 
aa! 75% Ap-30k P ! - 5 t  Ha. akick a a l t  at  
a p p r a a i a a t a l y  2 1 0 0 * F ,  kavo k a a a  
i a v e a t i p a t a ! ,  a a !  i t  baa kaaa akaaa  
t k a t  tkc f l a a a k i l i t y  a f  tkaaa a l l a y a  
i a  vary paa!.  Tka r a a a l t a  a f  a t a t i c  
carras iaa  tao ta  ara  i a ta a p le te  at tka  
prooaat  t i a a .  Vkaa i a  c c a ta c t  a i t k  
f l a a r i ! #  batb, tka  braaa!  j o i n t  
a f  64% A«-37S P 4 - 3 S  Ma aa t y p a - 3 1 6  
a t a t a l a a a  a t a a l  a a a  a a l y  a l i p k t l y  
a t t a c k # ! ,  a k a raaa  tk c  lacoaa l  j o i n t  
b ra o a !  a i t k  TS t  Ap-20% Pd-5% Ma aaa 
a a v a r a l y  a t t a c h e ! .  T ka aa  b r a a a !  
j a i a t a  ara i l l a a t r a t o !  ia  Fipa. 62 an! 
63 .  Tka a i t r a a a  a t t a c k  o f  a a ! i o a  
k y ! r a a i ! a  aa a k r a a a !  j o i n t  o f  64% 
Ap-33S P4-3S Ma oa t y p e - 316 a ta ta la a a  
ataa l  i a  abaao ia  F tp .  64.

Far tkar  at le a p t  a ara bemp aa !a  to  
l o v e r  tka  a e l t i a p  p o i a t  a f  tba 40% 
N i -6 0 S  P!  a l l o y  ky tka  a ! ! i t i o a  a f  a 
t k i r !  c a a p a a a a t .  A I t  b c r y l l i a a  
a ! ! i t i a a  aa! a 10% aaapaaaaa a ! ! i t i o a  
ara baiap a t a ! i a ! ,  bat aora aork baa 
to ba done before  tka  ! e a i r a k i l t t y  of  
aarb a ! ! i t i o a a  can ba ! e t e r a ia e ! .

•C l.P IN S

r. F at r i  area

C a a a - A r c  V a l M i a p .  I t  a a a  t o t *  
a i d e r e d  d e a l r a b I r  aa a r a a a l t  o f
prav ioaa  pro l i a i a a r y  aapar iaiaata  t a  
I c t a r a i a a  aoaa p r a c t i c a l  aapacta a f  
caao-arc o a l ! ia p  tackaipaaa aa ap p l ia !

Tka 60% P ! - 4 0 %  Ni b r a a ia p  a l l a y  
kaa aac a l laa t  f l o o a b t l i t y  p r a p a r t ta a ,  
• a !  f roa  tka  r a t k a r  l i a i t a !  c a p e r i -  
a a a t a l  d a t a  a k t a i a a !  t o  ! a t a ,  i t  
•  • aaa  t a  kavo b e t t e r - t b a a  * aver ape 
raa ia taaca  ta  c a r r a a i o a  ky tka  f l a a -  
r i ! a a .  Tka i a a i p a i f t c a a t  a t ta c k  a f  
tka f l a a r i ! o  b a tk  aa aa fncoaol 
j o i n t  kraaa!  a i t k  i k i e  a l la y  ia  aboaa 
i a  F i p .  S9. I t  c aa  bo aaaa t k a t  
i a t i a a t a  b a a ! ia p  a i t k  tka baaa a a t a l  
i a  a k t a ia a !  ! a r i a p  k raa iap ,  aiace tka  
• r a i a  k a t a i a r i a a  a f  t b a  l a c o a a l  
pracaa! d i r e c t l y  acrosa tka ia ta r fa c a .
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P it .  M- N Ic r tb r u H  l i t N t l  c « r m l M  iffclan T « a td  I t  ta d lea l y l r a i I t t  
f a t  I t #  t r .  C i t r t M l y  Iw ify  a t t a c k  y r a a c a t .  U a a tc b a l .  2SOX.

P i t .  II. M c r a k r a i H  Ti h * I H  l l a l t l t t t  I t a a l  l a l a t  T t a t a l  l a  t a t l a a  If 
P res id e  f a r  I a t  t r .  The b r a n a «  aM ay a a i  a a n r a l y  a t t a c k e d .  Etched a t t h  a f i a  
r e g ia .  200*. «3  ' 4#
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ri«. M - I k m ( I  J « la l  B r ta H  t i l l  •  I M  «M N HI A llay
l ly  a f  tka Al la y  fa r crack lag. Itc k a A  a itk  aisaC i c i i t .  SO*.

Ia« tka Bali

r i« .  I I .  la c a a c I J a la l  k raxa* a l t k  a M t  l a - « M  Ml A l la y  aa4 VaalaC la  
i f i a a r lA c  Calk ta r  k r  Tka h r a t ia f  a l l a y  aaa aav ara ly  a t ta c k e d .  Uaatclied,
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Pig. ftt. Inconel T a k ft« > a ta i* r  C t m t i n  i M i i M i  I n s t #  t i l l  •  f f t  
A ft HI Allay m 4 Tealed la sodtaa ■ydreatfe  far I f f  hr. Heavy general attach
aa the a l loy  can be soon. Unetched. 100X.

f l a .  i f .  la e a a a l  Jo int f r a a a f  a l t b  a ffft Pd-Aft HI A l la y  ead Teated la  
r l a a r l f a  fa th  f a r  I f f  hr.  E x c e l l e n t  a a r f a c a  bonding i a  e v id en c e d  -  the g r a i n  
boundar ies  e x t e n d  a c r a a s  the b r a t e d  i n t e r f a c e  in  aany p l a c e s .  No c o r ro s iv e  
a t t a c k  can be a e o n .  Etched a i t h  aqua r e g i a .  100X,
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b r i t t l e  nann r r  a t  48.500 p a i ,  tke  e lo n g a t i o n  in  a 2 - in .  -«afa  l e n g t h  van 7*.

r a c t n r n  occorra«l along tk e  can t a r  o f  tke  bra ta i l  j o i n t .  Etek#«* a i t k  aqaa r a « i a .
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a n  • •  a
•  a •
a a a a
•  a a 
a a a 
a a  a a a

: :a a a  a a
a a  a a

a a  a a a a  a  a a a  a a  
a a a • a a a 

a a a  a a a  a t  
a t  a a  a a 
• a a a a t  
a t  a  a a a  a a

4t



.. .............................. .... .....................................................m u  m i

UTlIIff PUIOLt

f !  _

«  *. • •

Pis. ft. fpp**»«• •»•»•«••• irwH t i n  _
All*y Ml Vm I H  I* r i« « r l4 «  l i t b  f* r  I N  i f -  Tk* k r i i t l J * * * 1 *M* * • • * * ?
i « t t t i c k i 4 .  U it te k N . I N * .

M  •;« . Hm
!‘j *

l i

fl«. «S. I•«•*•! !•(■» li«M4 *11* • tit *«-••» N-H N »U*9 «N T**t*«
I t  I  f l* * t t « *  N i l  f*r It* *r. Tk* t r i i i « |  ■11*9 * m  i i t t c k N  U i i w i i l i r i t U  
M u i t  m  i*  *h*w» by «fc« SffVfv v«!4«  i*  th« f i l l e t .  U M tch< 4. 1MX.

413 f*54

............... .... • , »  . * • : :*•:  :•*: ; : * : . V  • ; :• : : s
i.i L  v  :•*



FM PFJtlOO m i n e  t f l l L  I t , 191]

r ig .  •« .  f r H ' l l l  I t * l a l e e e  s t e a l  l a l i t  i r u H  i l t b  i  H I  Ag-SIt  M - t t  k  
Alley  t t i l H  l a  M I m  l y l r n i l i  far  I N  br. Hi* f i l i a l  • (  bretiag
a l l e y  c o n t a i n e d  a nny  l a r g e  v e i d a ,  and i l i a  baaa a a t a l  v aa  a a v e r a l y  attacked .  
U a a U b a d .  100X.

l a  t a b f t a « b a a d a r  k e e l  e a c k a a g a r  
f a k r i c a t i e a .  T b i a  a t a d y  vaa  g i v e n  
precedence  o v e r t k a  l ong - r ange  approach 
o f  d e t e r a i a i a g  t k a  i a d i v i d a a l  and 
combined a f f a c t a  a f  i k a  v a r i a a a  case* 
a r c  veId tag procaaa  v a r i a k l a a  aaek aa 
a r c  t i a i a ,  a rc  e a r r o a t ,  a a t a r i a l  aad 
a a t a r t a l  a i a a ,  aad p h y a i c a l  g a o a a t r y  
o f  kaadar  deaign.

Tka a g a i p a a e t  a a a d  f a r  c o n e - a r c  
v o i d i n g  a a p a r t a a n l a  kaa  keen d a a e n k a d  
p r e v i o a e l y .  * ** A a a r i a a  a f  k a a d a r g  
a a r a  f a b r i c a t ed  t a  c o a f a r a  l a  a c lean ly  
p a c k e d  t a k e - k a l e  a r r a a g a a a a l  i a  a 
c l  r e a l  ad kaadar .  Tka k a a d a r  a a l e r i a l  
van  t y p e - 3 0 4  a t e i n l e a a  a l a a l  a k a a l ,  
1 /8  i a .  i a  t k i a k a a a a .  N i n e t e e n  t ak a

* * *r«f«<larar aiMHH gi«rlirl> IrtiMll l»< 
part /•» t in * /  fadief Jmmmry 91, flit, OMH.- IMf.
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IK T A L L U K T  I IV IS 1 W  Q U O T n i!

M U «  m m  d r i l le d  ta  0. 100-
ia .-O D  ty p e * IM  i t i i a l t M  i i m I  la b ia l 
• i l k  •  n i l  t k i i U m  e f  9 .410 ia c k . 
Tk# k n i c  pet ta r  a mi epa i la te ra l
U i i i l i *  « i l k  a ta k e  k a le  a t  aaak 
a rea ; aaak taka k a le  aaa 9 .199  ia . ,  
o r  aaa k ia e e te r ,  f r e e  i t e  a a a ra a t 
a e ip k k e r .  Taka k a le - te -k e e k e r  a l ia  
9 1 a taaaaa  vara  i a i t i e l l y  ckeaaa aa 
9.999 i a . , kat tkey aara le e re  aaak la  
sekeepeeat eaperiaeeta te  9.199 lack , 
t a l k i e #  e e o k it ie a a  a a ra  akeaaa ky 
e s p e ria e e t ka fa ra  ka ia «  a p p lie d  ta  a 
1 9 -k a le  kaakar aaaeek ly  fe v  a aaa- 
a ia taae y  a ra le e tira .

F ip e re  01 U la a tra ta a  a aeviea a f 
t y p ia a l  ta k a - ta -k a a k a r  ca a a ia ta a a y  
k e te v e ie e t ie a a .  Keck k a a k a r  aaa 

laa tak ky a r ia *  a k i f f a r e a t  ea ikfo# 
l i t  le a  ta  i l l a a t r a t a  tk a  f le e i -  

k i l i t y  e f  tka  caaa-ara preeeaa. Tka 
e e l k ia *  a a a k it la a a  a re  i i a t a k  la  
T a k la  19 aak are ia  r e fa ra a a a  ta  
t i p .  09.

ia a e e tiira t ie a  eay ka a aka eve r a raape 
a f  e e lk ia #  c e e k itie a a . A ltk a a tfk  t ie  
aa lka  i l la a t r a t a k  ia  f i t .  09 ate ea t 
re p re a e e ta tiv e  a f a a y a ta e a tic  ataky, 
t k e i r  aaea iaa tiaa  ra re  a la  tre a k a  tk a t 
a i l l  ka a e r i f ie k  ky fa ta re  ee rk .

—
__ ___  0 # 0 0  /  i V t * *(»>Yl 0 9 9% I ItVlVt
-------- 9 0 0 0  1 9 0 9 9

0 0 0  V 0 9 I
I «* ta

e a t e r  
fakri«

| B |

aalka a t tk ia  tka  l i e i t a  a f 
tka  e a ta r ia l  aak je ia t  ka at pa e f  tk ia

r tp . 00. tppleal 
1 /9 -la . Type*apt tte ie le e e  S teal 
•fceete aak Vypa-9lf t t a le le e a  s te a l 
Vekee. 0 .1 0  la .  90. 0 .0 1 9 - la .  t a l l  
fk le te e e e .

:
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FOR PERIOO ENDING APRIL St. 19SS

I t  a p p e a rs  f r o a  a c e a p a r i s o a  o f  
•a Ida  a,  A. ,C, aad /  w ith  n l d a  4 and 
*  ( F i g .  AS) t h a t  the p r i a a r y  a f f a c t  
a f  s h o r te n in g  tka arc d is t a n c e  i s  t a  
r«cess tka  cone-are weld. Velds a,  h, 
aad c i l l a s t r a t e  tka  c a a p a r a k l a  a a t  
a f f e c t  a f  in c r e a s in g  c a r r a a t  w i t h  a 
c o r r e s p o n d in g  dacraaaa i a  a r c  t i a a  
( w i t k i a  l i a i t a ) .  I t  i s  b e l i e v e d ,  
however, t h a t  a tborevgk a a t a l  lograpkic  
a a a a i a a t i a a  i s  ra « a i ra d  ta  d a t a r a i a a  
tka a f f e c t s  aa var iab les  sack as weld 
p a a a t r a t ia a .

V e l d s  d aad a i l l a s t r a t e  t k a  
coakiaad a f f e c t  of  fu r the r  in c r e a s in g  
arc length ,  arc car raa t ,  and arc t i a a .  
A c o n d i t io a  is  reached tha t  i a d i c a t a a  
seperfleews welding, which is  apparent  
ky o b s e r v i n g  tk a  r e l a t i v e l y  l a r g e  
w e ld s  aad t k a  t a a d a a c y  t a  f o r m  a 
ra a a t ta  p a t t e r s  an tka header edges.  
Tka kaat  f l a w  p a t te rn ,  tka v n i f o r n i t y  
a f  w h ic h  senna t a  ha aa i a p a r t a a t  
v a r ia b le  in  cone-arc welding,  appears 
t a  have keen d i s t o r t e d  on p r o lo n g e d

heating aa a r a s a l t  at  in c re a s in g  are 
t i a a  or  h i g h e r  c a r r a a t a  a a l e s e  ac-  
caapaaiad hy a narked dacraaaa i a  are 
t i a a .  I t  aay  ha sated th a t  the  w ater  
k o l a s  a 1 h e a d e r  a da a a t  c a a t a i a  
voided t a k i n g .  Tka d is taaca  f r o a  the 
take p e r ip h e r y  ta  header edge i a  t h i s  
case was 0 . 0 5 0  ia c k .  T h is  d i s t a a c a  
apsat tka  w a i f e r a i t y  a f  the k a a t  f law  
p a t t e r n ,  and aa w e ld in g  c a a d i t i o a a  
wore foaad t h a t  weald give s a t i s f a c t o r y  
welds .  The a p p l i c a t i a a  o f  w e l d i n g  
c o a d i t i a a  b t a  v o i d  / ,  w h i c h  i s  
i d e n t i c a l  i a  g a o a a t ry  w i th  w e l d  a,  
waa a lee  ana at i a f ac ta ry  ohaa a p p l i e d  
t a  tk a  e a t e r  k a l e s .  M a l t i n g  c o n 
cen t ra te d  toward tka header edge and 
gave e r r a t i c  r a a a i t s ,  aad i  a a a y  
i a a ta a c a a  th e  taka p e r i p h a r i o s  ware 
only p a r t l y  welded.

Tka e a p e r f l a e a s  na ture  o f  w e ld s  
aada und er  w e ld in g  c o a d i t i a a  a i s  
i l l a a t r a t e d  i a  F ig .  66. Th is  photo-  
a i c r e g r a p k  i a  t y p i c a l  a f  c o n e - a r c  
welds with goad f i t - v p .  The a f f e c t  of

Pig. gg. Transverse t a c t  I on o f  a Typ ica l T a k e -to -g a n d e r  ceae-Are t o l d  o f  
l / * - l o .  Type-S«« S ta in le s s  g to o l  te a d s r  ghosts aad Typ e-S Id  S ta ta le a a  g to o l  
Token, S. I t  t a .  t t ,  f . s i t - i n .  t a l l  Thlskasaa. 10X.

413 r 57

r* ; S O #  •  o s  *  1 • a
a s  a  s a c s  • m  » *• •

a a *  a t  e e a  ' a  • e~ •  v * •• • a a a  • •  o l w f  $ f _ f _•O s S  s o  
s s s s  o  o a a  a s  a # a a a a  as

M



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

m o c i a t d  p r o b l a a  appeared apaa ao r io ea  problaaa. Tke presence o f  a
a t a a i a a t i a a  o f  t h e  a a l L  Area t h a t  s i n g l e  p r o n o a a c t d  c r a t e r  aa th e
era tera iaated instantaneously a i t l w a t  c a a a * d Y c  » a ld  p e r i p h e r y  t e a d a  t o
a carreet taper toad, to  leave a c r a t e r .  conf i rm  the b o l i e f  t h a t  the cona arc
Eiaaaieatiea o f  tbe per iphery  e f  cone* any be a atomic ,  r o t  a t  i a * - a r c  been,
a r c  v e l d s  r e v e a l e d  a a n a j l  a p e t
c h a r a c t e r  i  t ed  by a a a a l l  aaoaat  o f  The fa b r ic a t io n  e f  te a t  aaaeabltea e~*
a c a l a .  A crone  a e c t i e a  e f  each a by cone-are v e l d i t *  w i l l  ceat iaae ,  and
a p e t  e i t h  the  B i d d l e  a f  the e a l d  a t a d i e a  to a v a l a a t e  the feadaaoata l
a a r fa c a  aapoaod appeara  i a  P ip .  66 .  e f f a c t a  o f  t h e  c o n e - a r e  v o i d i n g
The a a t a a t  e f  t h e  c r a t e r  i a d k a t e e  v a r i e b l e a  m i l l  r e c e i v e  a t t e n t i o n  f
t h a t  the r e s u l t i n g  p e r e a i t y  ia  net  a ceacarreat ly .

i 13 r 5#



rot r a m i anil it , t t i i
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The s t a f f  f s r  p r o t e s t  o p e r a t i o n *  a f  
i l l s  a o r a a f t *  l a b o r a t o r y  i s  c t a y l t t r ,  
•■A i k t  g ro o p  l ist  boos o r g a n i s e d  i a t a  
t*S a a e t i a a s  -  a re sea rch  aad deve lop-  
■ s a t a l  s s s i i s s  a ad  s s a c i i s a  t h a t  
r a a d s ra  a a s i s t a a c a  to  s t h a r  d i v i s i o n s .

A r e s e a r c h  p«ogres h a t  been adopted  
t h a t  i s  t s  i s c l a d o  as e a t e a s i v o  otady 
a f  C a r n e t s ,  c a r a a i c  c o s t i n g s ,  h o f a i a ,  
aad c h a s g e s  i s  c a r a a i c  a a t a r i a l s  daa 
t a  r a d i a t i o n ,  Tha p ro g reo  a l a a  pro* 
v i d a s  f a r  d e v e l o p i n g  I t h o r a t a r y  
f a c i l i t i s s  f a r  o o a e a r i a g  p h y s i c a l  
p r o p e r t i e s  a f  c a r a a i c  a a t a r i a l s .

I .  a vac a n a  i a d a c t i a a  fu r n a c e ,  which 
s i l l  ha aaad fa r  a i s t a r i a g  c a r a a i c  
a s t a r i a l a  i s  vacaaa a r  c s a t r a l l a d  
a t a a o p h o r a o  ap t a  2S00*C a a i  w i l l  
ba i n s t a l l e d  spaa tho p o rchasa  aad 
d e l i v e r y  a f  a not a r ' t o n e  re  t a r  a a t ;

4. f a t ' f i r e d  f o r e s e e * ,  h a t h  s  h i g h  
t aa p s r a t a r a ,  t i r c a n i t  I i a a <  f i r i a f  
c h e a b e r .  10 hy 10 hy It  i a .  , f a r  
t a a p a r s t a r a a  ap t a  I900*C,  a t d  s 
h i g h  t a a p e r a t a r o ,  MgO a r  ZrO 
l i a o d ,  t a a g e a t i a l l y  f i r e d ,  f i r i a f  
c h a a h a r , 4 i a .  i a  d ia  hy 4 i a .  doop, 
f a r  t e a p e r a t a r e a  ap t a  2000*C;

S# h i f h - t a a p e r a t a r o  a - r t y  e q a i p a a a t  
dot i«med t s  a h t a i a  f r a y  p a t t a r a t  
a f  n o t a r i a l  i a  the  range f r a a  r a s a  
t e a p a r a t a r e  t a  2000*C;

• H I M  4 NO MJI LSI M 00 CgtftFWnrr

Tha f a l l a a i a g  e q o i p o e a t  a s s  c o o 
pt e t e d  a r  a a t  i a  the  p raco o a  a f  t o t -  
o t r a c t i a a  d a r i n g  tha  poe t g e a r t e r :

1. t h a r a a l  expans ion  e q a i p o e a t ,  t a n -  
t i o t i a g  a f  a v a c a a a  d i l s t a a e t a r  
( p l a t i a o o - v o u n d  f a r n a c e )  i n t e n d e d  
f a r  t h a  d a t a r a i a s t i a a  a f  t h a r a a l  
e a p a a s i a n  o f  t a l i d a  i a  t h a  range  
20 0  t a  1S00*C a a d e r  v a c a a a  a r  
c a a t r a l l e d  a t a o t p h e r a  c a a d l t i s a a , 
aad a h i g h - t o a p a r a t a r e  d i l a t o a e t e r  
( a o l y b d a n a a - o o o a d  f u r n a c e )  f a r  
t h e r a a l  o n p a ao ia n  d a t o r a i a a t i o n s  
ap  t a  1400*C a n d e r  c a a t r a l l e d  
a t a a s p h a r a  co n d i t io n s ;

4. t h e r a a l  d i f f a t i v i t y  t p p a r a t a a  t a  
be a t a d  f a r  a a a t a r i a g  t h a r a a l  d i f*  
f a t i v i t y  a f  c a r a a i c  a a t a r i a l s  a t  
t e a p e r a t a r a t  ap t a  2000*C;

7. i c e  c a l a r i a o t e r  e q a i p a a a t  t a  ha 
need f a r  p r e c i s e  e e i i a r r a a n t a  o f  
b e a t  c a p a c i t y  a f  a a t e r i a l a  a t  
t e a p a r a t a r a e  ap t a  1S00*C;

I .  e t r a s . - r s p t . r o  s p p s r . t a s  f a r  
a a a e a r i a g  s t r e s s - r e p t s r e  o f  c a r a a i c  
a a t e r i a l a  a t  t e s p e r a t a r e s  a p  t s  
1300-C;

9. p y r o a e t a r  t a d  t h e r a a c a a p l s  e a l i -  
b r a t i o a  e q a i p a a a t .

IAr«M BfSfABCf

2. r e s i s t o r  f a r a t c e t ,  both a a l y b d e a a a  
•  oand, p r i a a r i  ly f a r  f i r i a g  C o r n e t t  
ap t a  |7 S 0 * C ,  and v a c a a a - a t r i p ,  
f o r  a a l t  i n f - p o i n t  d e t e r a i n a t i o a s  
ap t o  3000*C.»

N afa ia  r e c e i v e d  fron  tha  C h o a i a t r y  
D i v i a i o a  c o n t a i n e d  t h a  f o l l o a i a f  
p r i n c i p a l  i a p a r i i i a t ,  a c c o r d i n g  t o  
a p a c t r o a c o p i c  a n a l y e i a t  Z r ,  0 .S S S ;  
T i .  1 .0 0 1 ; To. 0 .1 0 1 . l a .  0 .04%. I t

.♦. : .** .*•: *••: s*413 '
: :  V : : ‘s i ; *  : :* i ? • •



ICTAIXMWY dlVISIO* QT AdTFJttY

lias iMca 4 t M M l n t t 4  t k a t  t k i a  
t e r i a l  c a t  ka ckaegad f r e a  t k a  a a a a -  
c l i a i c  l a  t k a  e e k i e  c r y s t a l  f a r *  ky 
t k a  i f a l l i t a  a f  I  * a t a  f  * f  c a l c i a *  
oxide aad  f i r i a g  f a r  I kr a t  IM O 'C  ia  
a i r .  T k i a  k a k a v i a r ,  a a t  p e v i e a s l y  
a e t e d  i a  t k a  l i t a r a t a r a .  i a  e i a i t a r  
t a  t k a t  * f  a i r c a a i a *  a i i i a ,  a k i c k  i a  
r  « * # r c i a l l y  a t s k i l i r e d  i a  t k a  aaaa  
a a a a a r  t a  i a c r a a a a  k e a t - e k e c k  r t -  
a a a t a a e a .

I

Tka t k a r a a l  e i p a e s i o e  k a k a v i a r  a f  
k a f a i a  f r a *  raa*  t e a p r r a t e r #  t a  |IOO*C 
a a a  l a t a r a i a a i i  a*  i a v a r a i a a a  v a r a  
foead i a  t k i a  raege.

■

ray

t a e d e t i a *  a f  tka  a a t a l a  d o r t a g  a IOO-kr 
t a a t  a t  000*C.  A a a a ,  k a r e a - f r e e  
a a a t i a g  f a r  a t a i a l a a a  a t a a l  i a  k a i a g
d e v e lo p e d .

MAOIATIM

Aa i a v a a t i g a t i a a  a f  t k a  a f f a a t  a f  
r e d i a t i a a  a a  v a r i a aa  c a r a a i a  a a t a r t  a la  
kaa k a aa  a t a r  t a d .  Taa t  a y a a i a a a a  a f  
10 «li f  f a r a a t  e a r a a i c  a a t a r i a l a  a r a  
k a i a g  p r e p a r e d  i a  t k a  f a r *  a f  t k i a  
d i s k s .  S / 4  i a  d i a  ky S i  t k i a k ,
t k a t  a i l  I ka a a a t  t *  l a a f a r i  f a r  
i r r a d i a t i a a  f a r  p e r i e d a  a f  S a a d  4 
a a a tk a .

. f

K a a i a a t a c a t a r  a i a t a r a a  a f  MfO aad 
? i 9 ,  a a r a  f i r a d  far 1 kr a t  I JO O 't ;  «• 
ray a a a a i a a t i a a  i a d tc e te d  t k a t  k a f a i a a  
a i l i a a t a  a a a  a y a t k a a i a a d  ky t k i a  
p r a e a d a r * .

( I U I K  COAIII

f l a a r l d a - l a a l a l a a t  C e a t l a g a .  f o r k  
a a a  a t a r t a d  aa tk a  d e v e l e p a a a t  a f  a 
pkoapkate -  gl aaa coepee i t  t e a  f a r  a a a t i a g  
a i I d  a t a a l  (10-10) t a  provide r a a i a t a a c a  
t a  a r a a i a a  f l a a r i d a .  a p a c i a a a a  a r a  
ka iag  t a a t a d  at  M i .

t i r a a a i a a  B a a a a l i a g .  A e a r a a i c  
e a a t i a g  a p p l i e d  t a  s i r c o a i a a  akavad 
p r a a i a i a g  k a k a v i a r  i a  r a t a r d i a g  
a a i d a t i a a  a f  t k a  a a t a l  d a r i a g  h o t  
r a l l i a g .

t l l ag .  A e a r a a i c  e a a t i a g  
was a a c e e a e f o l l y  app l ied  t a  tkv  iaa ide
a f  a c ap p e r  taka t a  p rav ida  i a a a l a t t e a  
bat a aa a  a a r c e r y  aad tka taka  w a l l  ia  a 
c a a v a c t t a a  a a a a a r a a a a t  a p p a r a t a a .

i t a i a l a a a  g t a a l  i a  aaa  H a g .  A e a r a a i c  
e a a t i a g  ap p l ie d  t a  t k r a a  a t a a l a  ( typea  
»4T, S i t .  **d 10f |  a a c c a a a f a l I y  r e t a r d e d

Tka f e l l e e i a g  r a p a r t a  k a a a  k a aa  
c a a p l a t a d  a r  a r e  k a i a g  p r a y a r t d :  
( 1 )  " B i b l i o g r a p h y  a f  k a f a i a a  O a i d a ,  
N a fa iaa  C a r b id e ,  aad Mafaiaet S i l i c a t e . ” 
<S) " C r a c i k l e  Haadkeek .” (S I  " C a r a a i c  
M a t e r i a l  a aa d e l a t e d  t a  d o a a t a r  d r a 
f t  a a , " ( 4 )  "Vapor P r e e s a r e s  a f  C a r a a i a  
M a t e r i a l s . "

P a t r a g r a p h l a  l i a a l a a l l a M .  l a 
t e s t  i g a t i a a s  a f  AM f a c i a  a r *  k * i a g  
c a r r i e d  a a t  f a r  t k a  p r a g r a a .  
P a t r a g r a p k i a  a n a l y s e s  o f  UO, g r a t a e  
a r a  k a i a g  aada  p e r i o d i c a l l y  f a r  tk a  
HIC p r a g r a a .

P a i r l a a t i a a  a f  * C a r a a i a  l a i d  f a t  
■ a h l a g  s t o g i e  C r y e t a l e  a f  A I m Aw m . 
Aa a l a a i a a  a a l d  a a a  p r a p a r a d  f a r  
a a k i a g  a i a g l *  e r y a t a l a  a f  a l a a i a a a ;  
k e a a v e r ,  t k a  a a l d  d i d  a a t  p a r f a r a  
a a t i a f a c t a r i t y  a w i a g  t a  a a l a t i a a  
ka teaaa  t k a  a r a e i k l *  aad a a t a l *  Otkar  
a e l d a  a i l l  ka p r a p a r a d  f r a a  a i r c a a
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brick cad a ag ae a i ua  a s i d e .  This eork  
vac  r c q c c c t c d  by t b e  S o l i d  S t a t e  
D i v i a i o a .

P l r l a c  Lava l a a a l a t a r a .  Rout i ne  
beet t r e e t a e a t  wee given tv  parte for  
tbe  c a l a t r a a  ( r e q e e e t e d  by S t a b l e  
I eo tope a D i v i a i o a ) .

F a b r l e a t l e a  a f  Vbarla  C r a c t b l e .  
T ki e  e e r k  f o r  t b a  S t a b l e  l e a te p e a  
Dtviaion vaa completed.

Pabrleat laa  a f  l a a a l a t a r a .  It aaa 
found tkat  k a t - p r e a e e d  b e r y l l i e  i n -  
auletara gave c a c e l l e a t  aarviee ia tbe 
calutron.



HOMOGENEOUS REACTOR PROGRAM

E. C. M i l l e r

The M e t a l l u r g y  D i v i s i o n * *  p a r t i c i -  
p a t i o n  i a  t h e  H o m o g e n e o u s  R e a c t o r  
P r o j e c t  c o n t i n u e s  t o  be  l i o i t e d  
l a r g e l y  t o  o i s c e 1l a n e o u a  c o n s u l t a t i o n  
a n d  s e r v i c e  e o r k  b e c a u s e  o f  t h e  u n 
a v a i l a b i l i t y  of  a a a p o v e r ,  a l t h o u g h  a 
b e g i n n i n g  h a s  b e e n  B a d e  on t h e  t i 
t a n i u m  p h a s e s  o f  t h e  p r o g r a m .

COM OK I t *

P a r t i c i p a t i o n  in the  c o r r o s i o n  t e s t  
p r og r am has  invo l ved  a s s i s t a n c e  t o  the 
dynamic  c o r r o s i o n  group o f  t h e  Re a c t o r  
E x p e r i m e n t a l  E n g i n e e r i n g  D i v i s i o n  in 
t h e  p r o c u r e m e n t  and  p r e p a r a t i o n  o f  
t e a t  s p e c i m e n s  and t h e  aw t a  1 l o g r ap h  ic 
e x a m i n a t i o n  o f  c o r r o d e d  c o m p o n e n t s  
removed from the  s ys t em.

OSLO I NO or STAINLKU ITKKL

An e f f o r t  has  been a i d e  t o  f o l l o w  
t h e  e x t e n s i v e  p r og r ams  b e i n g  c a r r i e d  
on by v a r i o u s  t e c h n i c a l  s o c i e t i e s  and 
c o m m i t t e e s ,  i n d u s t r i a l  g r o u p s ,  and 
coBMaissiom c o n t r a c t o r s  t o w a r d  s o l u t i o n  
o f  t h e  p r ob lems  of w e l d i n g  a u s t e n i t i c  
s t a i n l e a s  s t e e l s  in t h i c k  s e c t i o n s .

NOhOGOTtUCTIVS TK8TINO

The n o n d e s t r u c t i v e  t e s t i n g  program 
b e i n g  c a r r i e d  o u t  in  c o o p e r a t i o n  wi th  
t h e  Y-12 R e s ea r ch  E n g i n e e r i n g  s e c t i o n  
h a s  i n v o l v e d ,  i n  a d d i t i o n  t o  t h e  
r o u t i n e  i n s p e c t i o n  o f  w e l d a  and com
p o n e n t s  by x rays  and d y e  p e n e t r a n t s ,  
t h e  p r o c u r e m e n t  and use  cn an e x p e r i 
m e n t a l  b a s i s  o f  an u l t r a s o n i c  r e 
f i n e  t o s c o p e  and an Audigage  i n s t r u m e n t .  
The A u d i g a g e  i n s t r u m e n t s  a r e  o f  p a r 
t i c u l a r  i n t e r e s t  a s  p o s s i b l e  swans  
f o r  f o l l o w i n g  t h e  p r o g r e s s  o f  c o r 
r o s i o n  a t t a c k .

1ABMTI8N OANAttC ITtIBIKI

S o m e  e a r l i e r  w o r k  by  A r g o n n e  
N a t i o n a l  L a b o r a t o r y ,  i n  c o o p e r a t i o n  
w i t h  t h e  S o l i d  S t a t e  D i v i s i o n  of C1RNL, 
on t h e  impact  a t r e n g t h  of  c a r b o n  s t e e l s  
i n d i c a t e d  a r e d u c t i o n  e f  t h e  i m p a c t  
s t r e n g t h  in  t h e  r a n g e  a b o v e  t h e  
t r a n s i t i o n  t e m p e r a t u r e ,  a a  w e l l  as  a 
p r o n o u n c e d  i n c r e a s e  in t h e  t r a n s i t i o n  
t e m p e r a t u r e  a f t e r  i r r a d i a t i o n .  F u r th e r  
s t u d y  o f  t h i s  e f f e c t  ha s  b e e n  i n i t i a t e d  
by t h e  S o l i d  S t a t e  D i v i s i o n  in c o n 
n e c t i o n  w i t h  m e t a l l u r g i c a l  p rob l ems  of  
t he  HRP. Impar t  spec imena  o f  AISI 104C' 
a t e e l  h a v e  been p r e p a r e d  f o r  i r r a d i a 
t i o n  i n  t h e  X- 10  g r a p h i t e  p i l e  f o r  
p e r i o d s  o f  one t e  two m o n t h s .  Con t r o l  
o f  i r r a d i a t i o n  t e m p e r a t u r e s  end a w t a l -  
l u r g i c a l  h i s t o r y  w i l l  be m a i n t a i n e d  t e  

d e t e r m i n e  p o s s i b l e  e f f e c t s  on t h e  HRE 
p r e s s u r e  v e s s e l .  S i m i l a r  t e s t a  a r e  
p l a n n e d  t o  e v a l u a t e  a u s t e n i t i c  s t a i n 
l e s s  s t e e l s  and t i t a n i u m .

111 con ram. r u m

E.  S.  Bomar J .  N.  Coobs  
H. Inouye

The a t t e m p t  t o  f a b r i c a t e  s t a i n l e s s -  
s t e e l - c l a d  Bore !  l a m i n a t e s  o f  i n t e r -  
a m d i a t e  s u e  met wi th  s o w  d i f f i c u l t y .  
S e v e r a l  l a m i n a t e s  m a d e  by  u s i n g  
a l u m i n u m - c l a d  Moral  c o r e s  a n d  c o p p e r -  
c o a t e d  s t a i n l e a s  a t e e l  c l a d d i n g  were 
r o l l e d  a t  600*C t o  e n a u r e  g c o d  bonding .  
At  t k t a  t e m p e r a t u r e  t h e  B o r a !  was  
r e d u c e d  p r e f e r e n t i a l l y  a n d  b u i l t  up 
s u f f i c i e n t  p r e s s u r e  ahead  o f  t he  r o l l s  
t o  b u r s t  t h e  l a m i n a t e s  a f t e r  f o u r  or  
f i v e  p a s s e a .  Modera t i on  o f  t h e  r o l l i n g  
s c h e d u l e  s e e m e d  m e  f f ee  1 1 ve when t h a  
t o t a l  r e d u c t i o n  exceeded  1 0 * .
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A s u c c e s s f u l  r o l l i n g  s c h e d u l e  e s s  
t h e n  d e v i s e d  in e h i c h  t s o  l a m i n a t e s  of  
i n t e r e e d i s t e  s i t e  (2 by 8 i n . )  were 
p r e p a r e d  by u s i n g  t h r e e  p a s s e s  a t  
600*C t o  o b t e i e  20% r e d a c t i o n  and t e o  
a d d i t i o n a l  p a s s e s  a t  S00*C t o  o b t a i n  
a t o t a l  r e d a c t i o n  of  30%. A p p a r e n t l y  
f u l l - a i a e  p l a t e s  nay be f a b r i c a t e d  by 
t h i s  s c a n s .  However ,  e a c h  l a n i n a t a s  
h a v e  a  d e f i n i t e  d i s a d v a n t a g e  -  t h e  
p l a t a n  a r e  r o l l e d  a t  t e a p e r a t u r e s  in 
t h e  c o l d - w o r k i n g  r a n g e  f o r  s t a i n l e s s  
a t a a l a  a n d  t h e  c l a d d i n g  t h a n  b e c o n e s  
p r o g r e s s i v a  ly  h a r d e r ,  a e r o  d i f f i c u l t  
t o  r e d u c e  a s i f o r n l y  by r o l l i n g ,  and 
n o r a  d i f f i c u l t  t o  bend t o  i t s  f i n a l  
c o n f i g u r a t i o n .

The o r i g i n a l  r e q u e s t  f o r  t h e  s t a i n 
l e s s  -a t ew 1 -c lad boron c a r b i d e  l a m n a t e a  
i n c l u d e d  t h e  s u g g e s t i o n  t h a t  a d a p t a 
t i o n  o f  t h e  t e c h n i q u e  c u r r e n t l y  i n  
use  f o r  f u e l - p l a t e  f a b r i c a t i o n  t a  the  
p r e p a r a t i o n  o f  l a n i n a t a s  w i t h  i r o n  or 
a t a i a l a s s  s t e a l  as  t he  c o r e  n u t r i a  be 
i n v e s t i g a t e d .  In o r d e r  t o  e v a l u a t e  
t h i a  t e c h n i q u e ,  a s e r i e s  o f  c o n p a c t s  
c o n t a i n i n g  37% by v o l u n e  ( - 2 0 0  s e e k )  
b o ro n  c a r b i d e  i n  i r o n ,  n i c k e l ,  t y p e -

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

A n a l y s e s  of  t he  coeipact s  ( Ta b l e  29)  
s ho w  t h a t  i n  a l l  c a s e s  t h e  b o r o n  
c a r b i d e  r e a c t e d  wi t h  t h e  e i a t r i a  o c t a l  
t o  f o r a  e i t h e r  a b r i t t l e ,  i n t e r -  
M e t a l l i c  o r  l o w - n e 1t i n g - a u t e c t i c  
p h a s e .  The r e a c t i o n  was a c c o a p a n i e d  
by g r o w t h  o f  t h e  p r e s s e d  c o m p a c t ,  and 
t h e r e  w a r e  d e t r i m e n t a l  a f f e c t s  on 
p h y s i c a l  p r o p e r t i e s .

L a m i n a t e s  p r e p a r e d  by h o t  r o l l i n g  
g a v o  u n i f o r a l y  p o o r  r e s u l t s .  The 
c l a d d i n g  of  s e v e r a l  l a m i n a t e s  c o n t a i n 
i ng  i r o n  and  t y p e - 3 0 2  s t a i n l e s s  a t e e l  
m a t r i x  c o r e s ,  r o l l e d  a t  1 2 2 S ° C ,  was 
a t t a c h e d  by  t h e  c o r e  m a t e r i a l ,  and 
m o s t  o f  t h e  c e n t e r  p o r t i o n  o f  t h e  
l a m i n a t e  seemed t o  me 11 away.  S e v e r a l  
o t h e r  l a m i n a t e s  c o n t a i n i n g  i r o n ,  t y p e -  
4 10  s t a i n l e s s  s t e e l ,  a n d  c h r o m i u m  
m a t r i x  c o r e s ,  r o l l e d  a t  1050 t o  U25*C,  
b l i s t e r e d  b a d l y  b e c a u s e  o f  r u p t u r e s  
w i t h i n  t h e  c o r e .

TABU SB

A nalysts  e l  tror loee  Compacts C o n ta in in g  Berea Carbide

DENSITY <*>
COMPOSITION GREEN SINTERED PROPERTIES

Ni-B4C N i - B e u t a c t o i d  formed and  f lowed 
o u t  o f  c o n t a c t

Fe«B4C 7 6 . 5 70 . 0 B r i t t l e ,  f a i r l y  s t r o n g ;  l i q u i d  
p h a s e  formed

Ty p e - 30 2  s t a i n l e s s  
a t e e l - B ' C

7 4 . 0 SB.5 Vary b r i t t l e ;  l i q u i d  p h a s e  formed

Ty p e - 41 0  a t a i n l a a s  
a t e a 1 - B #C

Vary b r i t t l e ,  weak

Cr -B4C

\
s e e  a 

a s  a

..::
a s  a  # e  a s  •

•  •  •  s e e
a s  a a s e e  

a t *  a  s e e  
s e e  •  a a 
a a a a  a a  a a

•  •  e we  am
•  a a  a a a 
a a  aw a a
•  a  a a a 
a  a  a  e a r n

a o a  a  a a a  a a
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The h h  o f  c o p p e r  «ii a u g ge a t e d  • •  
t he  M e t a l l i c  in  t h e  c o r e ,  and i n v e a t i -  
g a t i o n  r e v e a l e d  t h a t  i t  doea n o t  r e a c t  
e i t h  or  d i a a o l v e  a p p r e c i a b l e  aa i oua t a  
of  boron or  c a r b o n  a t  t e n p e r a t u r e a  f a r  
above  i t a  M e l t i n g  p o i n t .  A l a n i n a t e  
e i t h  a c o p p e r - b o r o n  c a r b i d e  c o r e  p r e -  
pared by a i n t e n n g  a Mixture  o f  c o p pe r  
poeder  and c o a r a e  bo r on  c a r b i d e ,  c o l d  
p r e a a i n g ,  r e a i n t e r i n g ,  and c o l d  r o l l 
i n g ,  e a a  h o t  r o l l e d  a u c c e a a f u l l y  a t  
1 0 0 0 ' C  e i t h  SOX r e d u c t i o n  in a e v e n  
p a a a e a .  E x a m i n a t i o n  r e v e a l e d  a f a i r  
bond b e t e e e n  c o r e  a n d  c l a d d i n g ,  a i  
a h o e n  in  F i g .  6 7 ,  and  t h e  f i n i a h e d  
l a o m a t e  e a a  e a a i l y  b e e t  t o  a 1 - i n .  
r a d i u a  e i t h o u t  f a i l u r e .  When b e n t  t o  
e a h o r t e r  r a d i u a ,  t h e  l a Mi a e t e  f a i l e d  
by a h ea r  t h r ough  t h e  c o r e  and r e v e a l e d  
the  a t r e n g t h  o f  t h e  bond.

Thie ivethod o f  p r e p a r i n g  l a n i n a t e a  
h a d  t o  be  i M M e d t a t e l y  a d o p t e d  f o r  
p r e p a r a t i o n  o f  t h e  f u l l - a i a e  p l a t e a  
b e c a u a a  o f  a r e v i a e d  H u e  a c h e d u l e  f o r  
c o M p l e t t o n  o f  t h e  p r o j e c t .  The c o r e

M a t e r i a l  e aa  p r e p a r e d  aa a M i x t u r e  o f  
16.  IX by e e i g h t  b o r o n  c a r b i d e ,  c o n 
t a i n i n g  71% b o r o n ,  nnd U . S.  M e t a l a  
R e f i n i n g  C o n p a n y ,  t y p e  "C" e l e c t r o -  
l y t i c - c o p p e r  p o e d e r .  e h i c h  e a a  n i x e d  
w i t h  2ft a t e a r i c  a c i d  ae  a b i n d e r  and 
p r e e a e d  a t  2S t o n e  p e r  a q u a r e  i n c h .  
The b i n d e r  eaa t h e n  r enoved  by b a n t i n g  
i n  a i r  a t  400*C a n d  a i n t e r i n g  i n  a 
h y d r o g e n  a t n o a p h a r e  a t  9S0*C f o r  2 
h o u r a .  The c o a p n c t a  e e r e  t h e n  r e -  
p r e e a e d  a t  SO t o n e  p e r  a q u a r e  i n c h ,  
r e a i n t e r e d  f o r  I S  n i n  t o  p r o n o t e  
d e n a  i f i c a t i o n , a n d  r e p r e a a e d ,  i f  
n e c e a a a r y ,  t o  f u r t h e r  r e d u c e  t h e  
t h i c k n e a a .  P r e p a r a t i o n  e a a  c o a p l o t e d  
by r o l l i n g  t o  t h e  d e a i r e d  t h i c k n e a e ,  
l e a d i n g  i n t o  t h e  f r a a e  o f  t h e  l n a i -  
n a t e s ,  e v a c u a t i n g ,  a e a l i a g ,  and f i n a l l y  
h o t  r o l l i n g  aa  d e a c r i b e d .  I t  o n e  
d i a c o v e r c d  t h a t  t h e  l a r g e  p l a t e a  had 
t o  be e v a c u a t e d  d u r i n g  p r e h e a t i n g  and 
a e a l e d  t o  p r e v e n t  a v a i l i n g  and b l i a t e r -  
i n g ,  wh i ch  w e r e  p r o b a b l y  c a u e e d  by 
v o l a t i l e  c o n p o n e n t a  r e n a i m n g  f r e e  
t h e  b i n d e r .

rm  jar
STAINLESS STEEL

«« 3 *T %  §,C 
SLUS

•3.7 W T %Cv

Fig .  67. I n t e r f a c e  e f  Type-147 S t a i n l e s s  S t e e l  C lodding  s a d  Copper-Berea  
bide  Cere.  200X.  Reduced l i f t .
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The r o l l e d  l a m i n a t e s  v a r a  t h e n  
s h e a r e d  1/1 i n .  ( real  t h e  edge of  the  
c o r e  and s e a l e d  w i t h  t h e  a u t o m a t i c  
h e l t a r c  w e l d e r .  In  t h i s  o p e r a t i o n  
t h e  copper -boron c a r b i d e  e i x t a r a  shoos 
an a d d i t i o n a l  a d v a n t a g e  over  Boral  in 
t h a t  i t s  h i g h e r  s a l t i n g  p o i n t  and 
the rmal  c o n d u c t i v i t y  rcdnca  the  chances  
o f  w a i t i ng  the edge o f  the  core du r i ng  
w e l d i n g ,  which would produce  a f a u l t y  
we Id .

A l l  f i n i s h e d  p l a t a n ,  a nca p t  No. I ,  
were  i  rayed and m e a s u r e d  b e f o r e  d e 
l i v e r y .  The d a t a  on t h e s e  p l a t e s ,  as 
d e l i v e r e d ,  are g i v e n  i n  Table 30.

The boron c a r b i d e  c o n t e n t  o f  the  
p l a t e s  runs s l i g h t l y  below t h a t  n e ce s 
s a r y  t o  supp l y  t h e  mia imua  of 100 eg 
o f  b o ro n  per  s q u a r e  c e n t i a e t e r  r e 
q u e s t e d .  F o r t u n a t e l y ,  the  two l a r g e  
p l a t e s ,  Nos,  12 a n d  14 ,  c o n t a i n e d  e 
l a r g e  f r a c t i o n  o f  t h e  t o t a l  b o r o n  
c a r b i d e  and t h u s  q u i t e  c l o s e  to  the  
r e q u i r e d  minimum o f  h o r o n .  The d e 
f i c i e n c i e s  may, in g e n e r a l ,  be charged 
t o  l a c k  o f  f a m i l i a r i t y  w i t h  t h e  
p r o p e r t i e s  o f  the  m i x t u r e  of  powders 
u s e d .  I f  a d d i t i o n a l  p l a t e s  a r e  r e 
q u e s t e d ,  more a c c u r a t e  c o n t r o l  of the 
component s  w i l l  be

d o m o a a t r a t i o a , p l a t e  No. 14 i s  be ing  
p r e p a r e d  wi t h  a b o u t  10? ag o f  boron  
p e r  square  c e n t i m e t e r .

TITANIUM ■ SLUMS 

A. R. O l s e n

P r e l i a i n a r y  work on t h e  v a r i a b l e s  
i nv o l ve d  in we ld ing  t i t a n i u m  has been 
s t a r t e d .  To d a t e ,  two  g r a d e s  o f  
c o m m e r c i a l l y  purs  a r t e r i a l  have been 
w e l d e d  in  a d r y  box  i n  a p u r i f i e d  
h e l i u a  a tmosphere  by u s i n g  a h e l i a r c  
t o r c h .  The s a a p l e s  w e r e  we l ded  by 
t h e  we ld ing  group and t h e  t e n s i l e  end 
bend t e s t s  were aede  by the  p h y s i c a l  
t e s t i n g  g r o u p .  O r i g i n a l  p l a n s  f o r  
u s e  o f  a c on s  t e n t - a o a e n t  b e n d - t e -  
f a i l u r e  t e s t  evo lved  i n t o  a f r ee  bend 
t e s t  b e c a u s e  o f  t h e  h i g h  d u c t i l i t y  
o f  the  sample welds.

The s c o u t i n g  t e s t  gave  p r e l i a i n a r y  
i n d i c a t i o n s  t h a t  w i t h  p r o p e r  p r e 
c a u t i o n s  a g a i n s t  c o n t a a i n a t i o s  the  
w e l d i n g  of c o a a e r c i a l l y  pure  t i t a n i u a  
r e q u i r e s  no  a c r e  c a r e  t h a n  t h a t  
e x e r c i s e d  in the  p r o d u c t i o n  of  h i gh -  
q u a l i t y  s t a i n l e s s  s t e e l  w e l ds .  There 
i s  no s i g n i f i c a n t  d i f f e r e n c e  betweeni ned .  As a

TABLE SB

Bain an BIB C e n t r a l  P l a t e s

PLATB NO.
TOTAL COME 
WEIGHT («>

BORON
v <•>

C<ni AREA 
f i e . 1)

BORON 
(mg/cm*)

6 S6.3 8 .S 3 10.6 93.0
10 55.? 6 .4 6 10.3 97.3
5 82.8 9 .62 15.6 95.5
9 82 .9 9 .6 2 15.6 95.5
1 108.3 12.56 20.0 97.5
6 108.2 12.56

12 599.3 69 .5 107.9 100.0
14 596.3 69.2 111.0 97 .0
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b u t t  w e l d s  i n  ( k i c k  o n l y  t k «  b u t  
p i n t o  i n  f u s e d  nnd • i d r * n i | l *  V j o i n t s  
i n  ( k i c k  f i l l e r  m e t a l  i s  s d d o d  w i t h  
oa c b  p n r t .  A l s o ,  c u r r e n t  nnd v o l t a g e  
c h a n g e s  i n  t h e  r a n g e  30 n n p  a t  IS * 
t o  64 na p  a t  20  » s e e n  t o  have  l i t t l e  
e f f e c t  on t h e  p h y s i c a l  p r o p e r t i e s  o f  
t he  e e l d s ,  p r o v i d e d  t he  e e l d i n g  s p e e d s  
a r e  s l o e  e n o u g h  t o  g u a r a n t e e  r o a i p l e t e  
f u s i o n .  S o s e  d i f f i c u l t y  i n  t h i s  
r e g a r d  e a a  f o u n d  a t  t h e  l o we r  c u r r e n t  
and  v o l t a g e  s e t t i n g s .  T e s t  s a a p l e a  
w e r e  f o u n d  t o  f a i l  o u t s i d e  o f  t h e  
we l d  a r e a  u n d e r  t e n s i o n  a n d  i n  t h e  
c e n t e r  o f  t h e  f u s i o n  t o n e  i n  b e n d i n g  
when T l -7 5A waa t h e  b a s e  p l a t e  a n d  in  
t h e  h e a t - a f f e e  t e d  t o n e  u n d e r  t e n a i o n  
a nd  t h e  f u s i o n  t o n e  in b e n d i n g  when 
RC - 70 was t h e  b a s e  p l a t e .

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

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

m opm m .h or tit am hr an* zircrniiui

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

F.tpe r i n e n t  a 1 work t o  d e t e r n i n e  t h e  
e f f e c t s  o f  v a r i o u s  t n p u r i t y  e l e m e n t s  
on t h e  i m p a c t  p r o p e r t i e s  o f  t i t a n t u n  
s n d  i i r c o t i u s  wa a  s t a r t e d  i n  l a t e  
March.  I o d i d e  t i t a n i u m  i s  b e i n g  u s e d  
an a s t a r t i n g  m a t e r i a l .  Th r e e  s a m p l e s  
( one  f rom e a c h  e nd  o f  t he  rod a n d  one  
f r o m t h e  c e n t e r )  w e r e  c u t  f r o m  t h e  
a s - d e p o s i t e d  b a r ,  a nd  Tukon h a r d n e s s  
( V i c k e r s  136"  DPH) m e a s u r e me n t s  ( 1 0 - k g  
i o s d ,  16 - mm o b j e c t i v e )  w e r e  m a d e .  
T a b l e  31 l i a t e  t h e  h a r d n e s s  v a l u e s  
o b t s i n e d .  S a m p l e s  o f  t he  a s - d e p o s i t e d  
b a r  were  s u b m i t t e d  f o r  o x y g e n ,  n i t r o 
g e n ,  e nd  h y d r o g e n  a n a l y s i s  by  t h e  
v a c u u m - f u s i o n  me t hod .

TABLE 31

Vlehera Hardness  a f  A s -D e pos i te d  T l t a n l a a

L O C A T I O N  

I N  B A R

V I C K E R S  1 3 4 *  D P H  H A R D N E S S ( 1 0 - k g  l e a d ,  1 6 - a a  o b j e c t i v e )

R E A D I N G S  T A K E N  A T  RA N DO H C E N T E R  D I R E  R E A D I N G S

Lar ge  e n d 6 9 . 4 8 9 . 2
7 1 . 0
77 . 2
7 4 . 5

A v e r a g e  7 3 . 0

C e n t e r 58.  i 8 i .  2

62.7
6 7 . 5
58.1

A v e r a g e  6 1 . 6

Smal l  e nd 5 5 . 9 H i r e  n o t  v i s i b l e ,  r e a d i n g s
69 . 1 t a k e n  i n  c e n t e r  o f  t r a n s -
6 9 . 4

A v e r a g e  6 4 . 8 7 6 . 6 2

O v e r - a l l  A v e r a g e  6 6 . 6
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An u n a l l o y e d  i o d i d e * t i t a n i u m  m o l t  
■ i i  p r e p a r e d  f rom the i o d i d e - t i t a n i u m  
b a r  by a r c  m e l t i n g  i n  t h e  a m a l l ,  
e a t e r - c o o l e d  c o p p a r • h e a r t h  , e a t e r -  
c o o l e d  t u n g a t e n  - e l i c t r c d e ,  J - c  a r c  
f u r na c e .  A a 1 i f h t  e e i g h t  gait* ( 0 . 5 0 2 7  g 
in 42. 0312 g )  e a a  obse rved  on m e l t i n g ,  
and a i a c e  t h e  c a u a e  o f  t h i a  w e i g h t  
i n c r e a a e  e a e  unknown,  s amp l e?  o f  t h e  
aa*mel t ed  m a t e r i a l  f o r  oxygen,  n i t r o g e n  
and h y d r o g e n  vacuum* fua  ion  a n a l y a i a  
were o b t a i n e d .  In a d d i t i o n ,  a m e t a l *  
l e g r a p h i c  e a m p l e  waa s u b m i t t e d  f o r  
m i c r e a t r u c t u r e  and V i c k e r a  h a r d n e s s  
d e t e r m i n a t i o n .  An i n c r e a a e  o f  12 
p o i n t a  in V i c k e r a  ha rdnesa  waa o b t a i n e d  
on m a l t i n g  ( f r o m  6 6 . 6  a v e r a g e  f o r  
a a * d e p o a i t e d  t o  7 8 . 6  a v e r a g e  f o r  a s *  
awl t e d ).

The a a - n e l t e d  i o d i d e " t i t a n i  urn waa 
awaged from a p p r o x i m a t e l y  0 . 5  i n .  in 
d i a m e t e r  by 4 i n .  l ong  t o  0 . 2 4 3 - i n . -  
d i a .  r o d ,  and  a l e n g t h  of  approx tew t«* ly 
10 i n .  waa o b t a i n e d .  S w a g i n g  waa 
a t o p p e d  a t  t k i a  p o i n t  b e c a u a e  t h e  
s u r f a c e  a t a r t e d  t o  roughen  a l i g b t l y .  
A l l  a w a g i n g  waa  done  w i t h o u t  i n t e r 
m i t t e n t  a n n e a l i n g .  A p i e c e  waa c u t  
f rom one  e n d  o f  t h e  awaged  r o d  and  
a v b m i t t e d  t o  t h e  R e s e a r c h  S h o p  f o r  
p r e p a r a t i o n  o f  a s p h e r i c a l  x * r a y  
a p ec i n e n  o f  t h e  type  ueed by t h e  x - r a y  
l a b o r a t o r y  f o r  o r i e n t a t i o n  d e t e r m i n a 
t i o n s .  Enough a d d i t i o n a l  n a t e r i a l  waa 
p rov i ded  f o r  a  m e t a l l o g r a p h i c  a p e c i a w n ,  
and t h e  t u r n i n g s  f r o n  t h e  m a c h i n i n g  
o p e r a t i o n  w i l l  be c o l l e c t e d  and s u b 
m i t t e d  t o  t h e  C h e n i a t r y  D i v i s i o n  f o r  
a d e t e r m i n a t i o n  o f  the t u n g s t e n  c o n t e s t  
o f  t h e  t i t a n i u m  m e l t  by a c t i v a t i o n  
a n a l y s i s .  (A s i m i l a r  d e t e r n i n a t  i on

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

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

The a c t u a l  m a c h i n i n g  o p e r a t i o n s  
were  c l o s e l y  s u p e r v i s e d ;  t h e  S o l i d  
S t a t e  D i v i s i o n  c o n t r i b u t e d  t e c h n i q u e s  
d e v e l o p e d  t h r o u g h  t he  p r e p a r a t i o n  o f  
a number  o f  s p e c i m e n s  o f  t h i a  t y p e  
b u t  n o t  o f  t h e  asms  n a t e r i a l .  I n 
s p e c t i o n  o f  t h e  f i n i s h e d  s p e c i m e n  by 
s h a d o wg r ap h  a n d  a t e r e o a c o p i c  m i c r o 
scope showed t h a t  t he  i o d i d e - t i t a n i u r n  
i n p a c t  s p e c i m e n  p r o d u c e d  b y  t h e  
Re s e a r c h  Shop compared  f a v o r a b l y  w i t h  
t h e  s p e c i m e n s  p r o d u c e d  in  t h e  S o l i d  
S t a t e  D i v i s i o n  Shop.

The a m a l l ,  i m p a c t  t e s t i n g  m a c h i n e  
l o c a t e d  i n  t h e  S o l i d  S t a t e  D i v i s i o n  
Bui Id ing l a  now b e i n g  a l t e r e d  t o  p e r m i t  
t r a n s i t i o n  t e m p e r a t u r e  s t u d i e s  o f  
i r r a d i a t e d  m a t e r i a l s  w i t h i n  t h e  h o t  
c e l l .  The v a r i o u s  c o m p o n e n t  p a r t s  
t h a t  r e q u i r e d  a l t e r a t i o n  a r e  b e i n g  
p r e p a r e d  in t h e  R e s e a r c h  S h o p s ,  and  
the  e s t i m a t e d  c o m p l e t i o n  d a t e  f o r  t h e  
j ob  i s  June 16 ,  1952.  As a r e s u l t ,  no  
impact  t e s t a  a r e  p l a n n e d  b e f o r e  t h i a  
d a t e .
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CRYSTAL STRUCTURE OF NIOOR

I d e a t i M e n t i o n  aad C R a a l c a l  Coapo- 
a i t l o a .  The a pe c ia e n  used  i n  the  de 
t e r m i n a t i o n  o f  t h e  c r y s t a l  s t r u c t u r e  
o f  NiOOH, p r e p a r e d  aad  a u b a i t t e d  by 
l .  D. Dye r ,  c o n s i s t e d  o f  r a t h e r  d u l l ,  
b l a c k  p l a t e l e t s  f r o a  w h ic h  f l a k e a  were 
e e s i l y  removed w i t h  a n e e d l e .  C h e a ic a l  
e a s l y a i a  showed t h e  a p e c i a e n  t o  c o n 
t a i n  61% n i c k e l  and 3% e o d i u a ,  and the 
r e a a i a d e r  wea p r e s u a e b l y  o xyge n  aad 
w a t e r .  I f  the  f o r s n i l s  o f  t . :e  compound 
w e re  NiOOH ( o r  N i t O , ’ HaO ) ,  c h e a i c a l  
a n a l y s i s  a h o u l d  show  6 4 0  n i c k e l .  
The a a a l l  q u a n t i t y  o f  e o d i u a  found  in  
t h e  a p e c ia e n  w i g h t  p o s s i b l y  by due t o  
t h e  p re a e a c e  o f  NaOH, a l t h o u g h  t h e r e  
i s  no d i f f r a c t i o n  e v i d e n c e  f o r  t h i s .  

An x - r a y - s p e c t r o m e t e r  p a t t e r n  o f  the  
m a t e r i e l  i s  c o n s i s t e n t  w i t h  t h e  d i f 
f r a c t i o n  da ta  g iv e n  by C a i  r n s  and O t t ( 1 * 
f o r  N i j O j - H j O .

C e l l  S l u e  aad N u a k e r  a f  F e m a l e  
■ e i g h t s  p e r  U n i t  C e l l .  A a e r i e s  o f  
p r e c e s a i o n  p h o t o g r a p h s  o f  a a a a l l ,  
s i n g l e  c r y s t a l  o f  t h e  s a a p l e  mounted 
w i t h  g r e a a e  on a g l a s s  f i b e r  w e re  
t a k e n .  B o t h  c o p p e r  a n d  a o l y b d e n u a  
r a d i a t i o n  were used .  F r o a  these  da ta  
t h e  u n i t  c e l l  was found  t o  be rhombo- 
h e d r a l ,  e = 7 . 1 7  i  a n d  a  *  2 2 . 8 4  
d e g r e e s .  For conven ie nce  t h e  s t r u c t u r e  
w i l l  be r e f e r r e d  t o  h e x a g o n a l  axes in  
t h e  f o l l o w i n g  d i a c u a a i o n .  I n  t h i s  
s y s t e m  t h e  c e l l  d i m e n s i o n s  a re  a '  * 
2.84 A and c* a 20.95 A.

F i v e  r e f l e c t i o n s ,  n o t  p a r t  o f  t h e  
d i f f r a c t i o n  p a t t e r n  o f  N iOOH,  w e re  
o b s e r v e d  and i d e n t i f i e d  i i  N i ( O H > a 
( h e x a g o n a l ,  a *  3 . 1 1 4  A a n d  c *
4 . 6 1 7  A ) .  A l t h o u g h  t h a  c r y s t a l s  o f

e. » i  i .  o»t, - x -n .T  i t i i i , ,  , i
I k e  l y i l i a  N i c k e l - O a r f r a - t e i e r . I I .  Ce ese eaS e 
C e i l i i i U l  T r i . e l e c t  X i c k e l . * *  J .  Am.  Ck ee .  Nee.  
9 5 . S J 4 ( 1* 111-

t h i s  co m p on e n t  a re  a p p a r e n t l y  b a d l y  
d i s t o r t e d ,  t h e y  a r e  e a a e a t i a l l y  
m o n o c r y s t a l  l i n e  and c o h e r e n t  w i t h  the  
NiOOH l a t t i c e .  Tha c aad •  axaa e f  the 
two  phases  a re  p a r a l l e l .

The d e a a i t y  o f  the  s a m p le ,  measured 
p i  c r o s s t r i c e  11y , i s  3 . 8  g / c c .  F ra n  
t h i s  and  t h e  c e l l  a i s e  g i v e n  a bo ve ,  
t h e  number o f  fo rm u la  w e i g h t s  per  u n i t  
c e l l  i s  3 . 6 .  S i n c e  t h e  p r e a e a c e  e f  
e i t h e r  N i ( O H ) ( o r  NaOH w o u l d  t e n d  i s  
make t h e  a e a e u r e d  d e n s i t y  l a r g e  aad 
s i n c e  t h e  h e x a g o n a l  c e l l  i s  t r i p l y  
p r i n a t i v e ,  i t  n a y  be s e a w e e d  t h a t  
t h e r e  a r e  t h r e e  f o r m u l a  w e i g h t s  p e r  
u n i t  c e l l .

I t  s h o u l d  be noted t h a t  t h e  preaeace 
o f  a l i t t l e  N i ( O H ) ( d o e s  n e t  a f f e c t  
t h e  u s e f u l n e s s  o f  the  c h e m ic a I  a n a l y s i s .  
Tha w e i g h t  p e r  c e n t  e f  t h e  n i c k e l  i n  
t h i s  compound i s  e s s e n t i a l l y  t k a  same 
as t h a t  o f  NiOOH.

• e t e r a l a a t i o e  e f  th e  Space  Rreap  
aad Atomic Parameters.  Of  t k a  rhombs- 
h e d r a  1 • c a n  to  r e d  s p a c e  g r o u p s  o n l y
C \ t , f ) J ,  sn d  D*  w i l l  a c c o m m o d a t e  
s t o m a  i n  s e t a  o f  t h r e e  o r  s e t a  a f  
t h r e e  and s i x .  For s i  I t h r e e  e f  these  
sp ace  g r o u p s  th e  s v a i l s b l e  p e e i t i o a a  
s r e :

( 0 0 0 .  1 /3  2 / 3  1 /3 ,  2 / 3  1 / 3  2 / 3 )  ♦

l a :  0 0 0  

3 6 : 0 0 1 / 2  

6 c : 0 0 Z .  00? .

The o xyge n  stoms o u s t  l i e  i n  p o s i t i o n s  
6c s i n c e  one o f  the  two a v a i l a b l e  a e ts  
o f  t h r e e f o l d  p o s i t i o n s  must  be  occup ie d  
by n i c k e l .  The o r i g i n  wee chosen  as 
t h a t  t h e  n i c k e l  atosM a re  i n  p o s i t i o n s  
3a.

4 1 3  r e s

mm earn •  a
e •  e p e e
a •  aa a « 
u s e  e e • as
s e e  m m e •
e e  s e e  e • e •  e e

e a e^
a s e a  aa 
e i  e a 
s e e  a e 
a t  a s  
e # w e  
e s e e  ea

i
a a *
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F a i r  i | r « e a « n t  b c t t u i i  o b s e r v e d  n o t  a g r e e  v i t k  any o f  t h e  c a l c u l a t e d  
d c a l c u l a t e d  1a t e a a i t l a s . as  ahoen r e f l e c t i o n s  end r e a a i a a  u n e x p l a i n e d .

i n  T a b l e  32.  was a c c o a p l i a b e d  by t b e  
wee a f  an  oxyfen  p a r am e t e r  o f  Z * 0 . 38 .  
O a l y  r e f l e c t i o n s  o f  t b e  t y p e  A01,  a s  
o b s e r v e d  f r o a  a s e r e  l e v e l  p r e c e s s i o n  
p h o t o g r a p h ,  a r e  i n c l a d e d  i n  t b e  t a b l e .  
T h e  a r t i f i c i a l l y  h i g h  t o a p e r a t a r e  
f a c t o r  o f  cap  [ - 5  s i n *  0/K*)  u s ed  f o r  
t h e  c a l c u l a t e d  v a l a e a  i s  j u s t i f i e d  by 
t h e  f a c t  t h a t  t h e  c r y s t a l  e a s  q u i t e  
( ■ p e r f e c t ,  which caused  a l l  r e f l e c t i o n s  
t o  be b r e a d  and t hose  o f  l a r g e  a in b/K 
t o  a p p e a r  weakened.

T a b l e  33 i s  a c o a p a r i s e n  o f  obse rved  
and c a l c u l a t e d  s i n *  6 v a l u e s  f o r  t h e  
D e b y e - S c  h e r  r e r  p a t t e r a .  The  e x p e r t *  
a e n t a l  d a t e  of  t h i s  t a b l e  a r e  t h e s e  of  
C a i r n s  and Ot t . < '  ’ S i nc e  l i n e  p o s i t i e a s  
were  a e s a u r e d  w i t h  a a i l l i a e t e r  r u l e  
a n d  n e t  a e e a p a r a t o r ,  t h e  a g r e e e e n t  
ae e a a  a a t i a f a c t e r y .  One l i n e  ( a t  2b • 
34 d e g ,  i n t e n s i t y  " v e r y  w e e k " )  o f  the  
p a t t e r n  g i v e n  by C a i r n s  a n d  O t t  does

TABLK SS

• b a e r v e d a e d  Cal ca l  a t e d  l e t e a a i t i e a  
f o r  M I N I

M l
INTENSITY

CAIXSlLATm om ritvn)
MS N O ■»*
Me 1*7#
M* MS • .
M. IS ISO •
MS •47 s
MS I J S J s
IM •SS a*

t i l l SI4 ■ •
1«I SIS ■
M* MS *♦
MT SM •  •
M .lo Sit ■
M .T 5 sse • -

•  l a c u n a  I on e f  t b e  ■ f r a c t u r e .  A
d r a w i n g  i l l u s t r a t i n g  t h e  p a c k i n g  o f  
a t o a a  i n  t h e  s t r u c t u r e  i s  shown  i n  
F i g .  6 8 .  f t  i a  c l e a r  f r o a  t h e  i l l u a *  
t r a t i o a  t h a t  the  s t r u c t u r e  e e a a i s t a  o f  
o x y ge n * n i c k e l - o xy g e n  " s a n d w i c h e s , "  vi  th 
t h e  n o r a a l  t o  t he  l a y e r s  b e i n g  t h e  c 
a x i s .  The  two oxygen l a y e r s  w i t h i n  a 
s andwi ch  a r e  e s s e n t i a l l y  c l o s e - p a c k e d ,  
w i t h  t b e  s a v l l  n i c k e l  i o n s  l y i n g  in 
i n t e r s t i c e s .  Each  n i c k e l  h a s  s i x  
oxygen n e a r e s t  n e i g h b o r s ,  and  t he  N i - 0  
s e p a r a t i o n  i a  abou t  1 . 95  A. Thus t het

T4M.K SS

O b s e r ve d  sad C a l c u l a t e d  • l a *  & 
f a r  Ninon
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fig. U. Pack lag af Atoae 
la NIMI.

r a d i u s  o f  t h e  n i r k ,  ] i o n  i s  a b o u t  
0 . 6  A, o b i c h  i s  a p p r o x i m a t e l y  a h a t  
w o u l d  b r  ( i p i c t t d .  T h e  r a d i u s  o f  
t r i v a l e n t  c o b a l t  i s  0 . 6 S  A and t h a t  o f  
i r o n  i a  0 . 6 7  A,

Each oxygen ha s  s i n  oxyge n  n e i g h b o r s  
a t  2 . 8 4  A u i t k i a  i t s  l a y e r  and  t h r e e  
o n y g e n  n e i g h b o r s  a t  a b o u t  2 . 5  A i n  t he  
a d j a c e n t  p l a n e  o f  o n y g e n a .  Th e r e  a r e  
t h r e e  n i c k e l  i o n s  c o o r d i n a t e d  t o  e a c h  
o n y g e n  w i t h i n  a s a n d w i c h .

The a b n o r m a l l y  l a r g e  o n y g e n - o x y g e n  
s e p a r a t i o n  be t ween  s a n d w i c h e s  i a  a bou t  
S A.  The  e x t r e m e l y  w e a k  i n t e r l a y e r  
f o r c e s  r e s u l t i n g  f r o m  t h i s  u n u s u a l  
s t r u c t u r e  s h o u l d  a c c o u n t  f o r  t h e  
g r a p h  i t e  - I i k e  a p p e a r a n c e  o f  t h e  
c r y s t a l s .

The  s t r u c t u r e  i s  n o t  i s o o o r p h o u s  
w i t h  t h e  o n y h y d r o n i d e a  o f  i r o n  a n d  
■ l u a i n u a ,  bo t h  o f  wh i c h  a r e  o r t h o r h o a b i c  
w i t h  a n i o n s  i a  s l o o s t  p e r f e c t  h e x a g o n a l  
c l o a e  p a c k i n g . <*> S t r a n g e l y ,  t h e  
s t r u c t u r e  i s  s i m i l a r  t o  NaFeO,  ( r hombo-  
b e d r a l ,  w i t h  h e x a g o n a l  e x e s  a* * 3 . 0 1 9  
A,  r '  * I S . 934 A) .  I r o n  s t e ms  oc c upy  
p o s i t i o n s  a n a l o g o u s  t o  n i c k e l  i n  
Ni OOH,  s a d  t h e  o x y g e n  p a r a m e t e r  i e  
r e p o r t e d  t o  be 0 . 3 7 8 . * * *  Whe t he r  t h e  
h y d r o g e n  o f  NiOON i e  s t r u c t o r e l l y  
e i m i l e r  t o  s o d i u m  i a  NaFeOt i s  n o t  
k n o w n ,  a n d  a t  t h i s  p o i n t  p e r s o n n e l  
w o r k i n g  on t h e  p r o b l e m a r e  not  w i l l i n g  
t o  h a a a r d  e g u e s s .

F u t u r e  work oa t h e  s t r u c t u r e  s h o u l d  
i n c l u d e  ea  e f f o r t  t o  p r e p a r e  s a m p l e s  
t h a t  a r e  f r e e  o f  n i c k e l  h y d r o x i d e  end 
s o d i u m .  A m o r e  a c c u r a t e  d e n s i t y  
m e a s u r e m e n t  s h o u l d  b e  m a d e ,  a n d  
c a r e f u l l y  m e a s u r e d  i m t e a s i t y  d a t a  
s h o u l d  be o b t a i n e d  t o  e s t a b l i s h  t h e  
o x y g e n  p a r a m e t e r .  A d e t e r m i n a t i o n  o f  
. t h e  a y u c t u r e  o f  NaNiO a p r e l i m i n a r y  
a c c o u n t  o f  wh i c h  i s  i n c l u d e d  i n  t h i s  
r e p o r t ,  w i l l  p r o b a b l y  c o n t r i b u t e  t e

S.  g .  I f t l . l l ,  C r y . t  .  I g l r e r t e r * . ,  
. . .  B e .  J e f l .  I S M-
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■ n u n d o n d n d i l i l  o f  t h e  c o m p o u n j ,  
s i a c o  t h e  s t r u c t u r e s  s p p t a r  t o  bo 
r e l a t e d .  Be c a us e  o f  t h e  u n u s u a l  a n i o n  
e o n f i g u r a t i o n  e x i s t i n g  i n  t h e  s t r u c t u r e ,  
t h e  d a t a  s h o u l d ,  t o  a  g r e a t e r  d e g r e e  
t h a n  u s u a l ,  bo g a t h e r e d  e i t h  c a r e  and 
i n t e r p r e t e d  e i t h  c a u t i o n .

C lf IT I L  m i l C T d l l  OF hah 1 0 j

•  o r k  h a s  s t a r t e d  on t h e  s t r u c t u r e  
o f  a c ompound  i d e n t i f i e d  aa  NaNiO 
e h i c h  e a a  s u b m i t t e d  by t . D. Dyer .  By 
c h e a i i e a l  a n a l y a i a  t h e  s a m p l e  c o n t a i n s  
S I . O S  n i c k e l ,  21 . 2% a o d i u a ,  and  2 7 . 8 *  
o x y g e n .  The  f o r m u l a  Na Nt O^  w o u l d  
p r e d i c t  $ 1 . 6 *  n i c k e l ,  2 0 . 2 %  a o d i u a ,  
a n d  2 9 . I S  oxyge n .

T h e  d i o e n a t o n s  o f  i t s  c - c e n t e r e d  
n o n o c l i n i c  u n i t  c e l l ,  a s  d e t e r m i n e d  by 
V e i e s e n h e r g  p h o t o g r a p h s  a n d  a r o t a t i o n  
p h o t o g r a p h ,  a r e  a * 5 . 3 * 6  4,  6 = 2 . 8 5 5
A, c * 5 . 5 9 6  6 ,  and  0 * 1 1 0 . 4 4  d e g r e e a .  
The  d e n s i t y  o f  t h e  aaai pl c  e a a  a e a a u r e d  
t o  be  4 . 6  f / t C i  i f  t h e r e  a r e  t o o  
f o r m u l a  w e i g h t s  p e r  u a i t  c o l l ,  t h e  
t h e o r e t i c a l  d e n s i t y  i s  4 . 7 4  g / e c .

At o mi c  p o s i t i o n s  i n t h e  b i m o l e c u l a r  
u n i t  c e l l  h a v e  n o t  y e t  b e e n  f o u n d .  
T h e  c o m p o u n d  i s  u n s t a b l e  e n o u g h  t o  
r e a c t  w i t h  c a r b o n  d i o x i d e  and  e a t e r  
f r om t h e  a i r  t o  f o r a  s o d i u m  c a r b o n a t e  
m o a o h y d r a t o  on t h e  s u r f a c e  o f  t h e  
c r y s t a l s .  4 p o w d e r  p a t t e r n  o f  t h e  
c a r b o n a t e  was  f o u n d  s u p e r i m p o s e d  on

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

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

I n i t i a l  i n d i c a t i o n s  a r e  t h a t  t h e  
c ompound  i s  s i m i l a r  t o  NeF«-0 . Al t hough  
t h e  i r o n  compound i s  r h o m b o h e d r a 1, i t  
n a y  be  r e f e r r e d  t o  n o n o c l i n i c  a x e s ,  
f t  i s  t h e n  c - c e n t e r e d  | n d  i t s  c e l l  
d i m e n s i o n s  a r e :  a * 5 . 2 3  A, 6 * 3 . 0 2  A,
c * S . S 9  A,  a n d  3 1 0 8 . 1  d e g r e e s .  
The  s i m i l a r i t y  b e t we e n  t h i s  c e l l  s i t e  
a n d  t h a t  g i v e n  ( o r  NaNiO( i s  s t r i k i n g .  
A p p r o x i m a t e  i n t e n s i t y  o e a a u r e n e n t s  
f r o m  p h o t o g r a p h s  o f  N a N i O a r e  a l s o  
c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  
t h e  s t r u c t u r e s  a r e  c l o a e l y  r e l a t e d .

An i n v e s t i g a t i o n  o f  t h e  s t r u c t u r e  
o l  a c r y s t a l  o f  NaNiO^ a f t a r  a o d i u a  
d e p l e t i o n  by r e a c t i o n  w i t h  a i r  i s  a l a o  
p l a n n e d .  The d a t a  a v a i l a b l e  i n d i c a t e  
t h a t  h y d r o g e n  goes  i n t o  t h e  s t r u c t u r e  
a n d  r e p l a c e s  a o d i u a  a n d  t h a t  t h e  
v a l e n c e  s t a t e  o f  n i c k e l  r e m a i n s  u n 
c h a n g e d .  I t  i s  hoped t h a t  o b s e r v a t i o n  
o f  t h e  m a n n e r  i n  w h i c h  N a N i O  ( o r  
Ni OTNa)  t r a n a f o r a a  t o N i n O H  wi l l  l e a d  
t o  a. b e t t e r  u n d e r s t a n d i n g  o f  t h e  
c r y s t a l  c h e m i s t r y  o f  I t h  c o mp o u n d s .
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^T4ll (M,K\ |»MI(  I.AMMUTOM

R. J .  Gr ey  R. S.  Crou»*
T.  K. Kd< he

Tk«r« k«a U m  C M t i d t r t k l *  u t i r n t  
i »  t k *  o f  M t i l U f r t f k i c

t o  d t t t r a m r  t h e  l o c a t i o n  
o f  f e r r e e ^ g a e t i c  i r o n  i a  n o n f e r r o -  
magnet i c  a l l o y o  o f t o r  t a o t i

A p r o c o d a r c  deve l op e d  p r e v i o u s l y ( 1 ’ 
v i a  a d a p t e d  f o r  a i a a i a a t t o a  o f  t h e  
apoc i oooa .  C o l l o i d a l  i r o a  ia s u s p e n de d  
i a  •  s o a p - e a t e r  t o i o t i o o .  A d r o p  o f  
t h e  e o l a t i o n  i s  p l a c e d  oa a o c t a l  l o -  
f r a p h a c  a p o c i o o a  t h a t  has hoc a po l i n k e d  
and e t c h e d  i o  t h e  c e o v e a t i e a a l  o e e o e r .  
A f t e r  p l a c i n g  a c o v e r  g l a a a  e a  t h e

i<
p l a c e d  oa  t h e  o e t a l l e g r a p h  a n d  an  
e l e c  t  r e o a g a e  t  i n  pea  i n d e e d  oa  t h e  
a p e c i o e a .  T h e  e l e c t r e o a g a e t  a s  con*  
t r o l l e d  hy •  d o u b l e - t h r e e  d o a b l e - p o l e  
s e i t c h  t o  r e v e r s e  t h e  p o l a r i t y  o r  t o  
o b t a i n  a n e u t r a l  p e e i t i o o  ( F i g .  6 9 f .

The  i n t r o d u c t i o n  o f  a m a g n e t i c  
f i e l d  t o  t h e  a p e c i o e a  r e e a l t e  i a  t h e  
i a t e r r a p t i o o  o f  t h e  B r e e a i a a  o o v o o e a t  
o f  t h e  i r o a  c o l l o i d  and an a t t r a c t i o n  
o f  t h e  c o l l o i d  t o  nay  f e r r o o a g a e t i c  
a r e a  p r e a e a t .

,.v _  .. . . . . .  . ■ ■'

A UO, f u e l  p l a t e  o e d e  o f  t y p e - 3 1 0  
s t a t a l e e a  s t e e l  p l a t e n  and a c o r e  o f  
t y p e - 3 1 0  a t a i a l e a a  a t e o l  c o o p o n e a t a  
( n e t  t y p e - 3 1 0  a t a i a l e a a  r t e e l  p o o d e r )  
and  UO j e a a  e a a o t a e d  hy t h e  o e t h o d  
d e t e r  i ke d .  P h o t o o t c r o f r a p h a  e e r e  made 
o f  t h e  a a o e  f i e l d s  b e f o r e  and  a f t e r  
u s i n g  t h e  n a g a e t i c  e t c h  ( F i g .  7 0 ) .

The f e r r o o a g a e t i c  p e t c h e a  a r e  e v t d e a . t  
by t h e  a t t r a c t i o n  o f  t he  i r o a  c o l l o i d .  
A h i g h  c e n c e a t r o t i e a  o f  t h e  c o l l o i d  
i a  aheen a t  t h e  boundary o f  t he  f e r r o -  
u e g a e t i c  p a t c h e s .

An t a r  one  I a p e c i o e a  t a h e a  f r o o  a 
t h e r o a l  c o n v e c t i o n  l o o p  e a a  a l a e  
e a s a i a e d .  end  a a  b e f o r e  p h o t e a i c r o -  
g r a p h s  e e r e  o e d e  b e f o r e  a n d  a f t e r  
u s i n g  t h e  u a g a e t i c  e t c h  ( F i g .  7 1 1 .  
The s u r f a c e  e s p o s e d  t o  t h e  f l u o r i d e  
r e v e a l e d  a f a r r e a e g n e t i c  l a y e r  
a p p r o x i m a t e l y  t h r e e • f e u r t h s  t h a t  o f

***■ • v e B»M>n«>a. t t » . i ,
N a t i . "  e 4ii«r* »  l i t  i i v » i

P i g .  gg .  K l e c t r e o a g a e t  P e e i t l o a e d  
oa  g e o a t e d  a p e c l o e o  f o r  g a g a e t I c - K t c b  
f caea taa t loo

41,3
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PI*. I t .  fa*  I M a l t *  Caa»eiH o f  t i M ' S I l  I U I i Im i  I t a a l  P la ta *  aat  a 
Car* o f  UW, aad t M  Caapaacata af Type-S16  S t a i a l a a a  W taa l .  (a )  W i th o u t
a i R a a t i t  e t c h .  (fc) W i th  m a g n e t i c  e t c h .  A ( « p o l u h a 4 .  2 SOX.

t h a  a p p a r e n t  c a r r a a i o n  d e p t h .  A 
q u a l i t a t i v e  a i c r a a p t c t r o g r a p h i c  exami* 
a a t i o a  o f  t h i a  a a r f a r a  a r e a  showed th e  
c h r o a t u a - t o - n i e h e 1 r a t i o  t o  be l o v e r  
i a  t h i a  g e n e r a l  a r e a  by a f a c t o r  o f  
2 t o  3 aa i o a p a r e d  v i t h  t h e  i n t e r i o r  
a r e a  u n a f f e c t e d  by t h e  f l u o r i d e .  The 
c u r i e  p o i n t  f o r  I n c o n e l  i a  r e p o r t e d  
t o  he a p p r o x im a te ly  W  c h r o a i u a .

<13 073
a t  t e a  e 
e t a  a a
a a e o  a
a a a a
a a a a a

a  a a 
a a a 
a a a  a
a a a

A type-316  a t a i n l a a a  a t e e l  specimen 
expoaad  t o  a f l u o r i d e  a n a  a e c t in a a d  
a t  an ang le  t o  i n c r e a a a  t h e  c o r r o a i o a -  
a f f e c t e d  a r e a .  The a r e a  a d j a c e n t  t o  the  
g r a i n  b o u n d a r i o a  a h o v e d  a t r a n s f e r -  
a a t i o n  v i t h  t h e  c h e a i c a l  e t c h  ( f i g .  
? 2 e ) .  The m a g n e t i c  e t c h  ahoved t h i a  
t r a n a f o r a a t i o n ,  v h i c h  i s  p robab ly  a lpha  
i r o n ,  t o  be f e r r o m a g n e t i c  (F ig .  726).

s o  a e s s
s a e e
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r t « .  71 .  l a c o a t l  T f e t r a t l  C a m c l i u  Lm » Bi m m < ! •  r i a a r t M .
( • )  W i t h o u t  a a g n e t i c  e t c h .  <b) Wi th a a g n e t i c  o t c h .  Depth o f  f t r r « o i | * « t i c  
l o y o r  shown by c o l l e c t i o n  o f  i r o a  c o l l o i d .  E t c h e d  o i t h  aqua r e g i a .  250*.

IKMILHIiniC BXAPINATIWN Wf T M I I U I  
AMP TPM I UP ALL* VP

R. J .  Gray
i

T h e  p r o b l e a  o f  p r e p a r i n g  t h o r i u a  
and t h o r i a a  a l l o y s  f o r  a e t a l ' l o g r a p h i c  
e i a a m a t i o n  has  been g a i t #  d i f f i c u l t .  
M e c h a n i c a l  p o l i s h i n g  r o a a l t o d  i a  
p r e s e r v a t i o n  o f  t h e  i . c i a . i o . a  t h a t  
v a r a  p r e s e n t ;  but  un i ons  g r a i n  bounda
r i e s  e a r s  o u t  l i n e d  by seme p r e c i p i t a t e ,  
g r a i n - b o u n d a r y  d e l i n e a t i o n  e a s  a l a o s t  
i m p o s s i b l e  e i t h o a t  t h e  u s e  o f  s e v e r e  
e t c h a n t s  and then  only  f o r  ma c r os c op i c  
c i a s i n a t i o n .

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

a b o r t  t i a e  u s u a l l y  i n v o l v e d  s a d  t b s  
r e s u l t i n g  u n d i s t u r b e d  a e t e l  s u r f a c e .  
One p a p u l a r  e l e c t r o l y t e ,  t b e  1 0 : 1  
g l a c i a l  a c e t i c  a c i d - » f e r c b l e r i c  a c i d  
a i x t u r e ,  u a a  u s e d  f a r  s o a e  t i a e .  A 
s u i t a b l e  s u r f a c e  e a a  e b t a i a e d  e a c e p t  
f o r  t b e  p o o r l y  r e v e a l e d  g r a i n  bounda 
r i e s  f o r  r e c r y a t a l l i i s t i o n  e n d  g r a i n -  
growth s t u d i e s .  The b e s t  r e s u l t s  have 
been a c h i e v e d  e i t h  as  a l e c t r a l y t a  e f  
IS p a r t s  o f  s b s e l u t a  a t b y l  s l c e b e l  
and 1 p a r t  o f  p e r c h l o r i c  a c i d .

S p o c i a e n s  a r e  g r o u n d  t o  a b o u t  a 
4 0 0 - g r i t  p a p e r  and t h e n  p e l i n b e d  wi t h  
a 4 -  t o  t - H  d i s a o a d  p a s t e  a n  h a r d -  
f i n i s h e d  b r o a d c l o t h .  T h e y  o r e  t h e n  
e l e c t r o l y t t c a l l y  p o l i s h e d  a t  35 v,  
e i t h  t b e  e l e c t r o l y t e  b e i n g  a s i n t e i n e d  
a t  r o o a  t e a p e r a t a r a  and  t e r b u l e n t l y

413 074
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r l | .  f t .  t l H ' l l l  •  ! • ! • « • • •  I tM l  I I H N I  ta  M m M * .  U )  V ilk M t 
i i p i l t «  s ta ll . 1200x. ( I )  V ilh  M |* « tic  sta ll. M W . I n t o  baaaSary tra s s *
f ansa t i e s  t s  a fa r ra a s g a a tia  phase is  t o m  by th e  c o lle c t io n  of t l ia  i r s s  
a s i l s i t .  I t t o e l  e i th  ess* r s f i s .

• l i t s t s l .  A B ahaiite a sa a ta t ap aa issa  
caa ha a s s t  t a  aaha s a a ta a t  w ith  tha 
spasIaaa thraagh tha hash a f  th a  a a a a t. 
Via t i a a  r s g a i r e t  fa r  a l a a t r a l y t i a  
p a lia h ia g  l a  ahaat I t  ta  I I  a a a a a ta .  
A lta r tha a p n t o a  is  raa sa s t f r a a  tha 
a l a a t r a l y t i a  s a i l  i t  i s  r i a a a t  w ith 
a l s s h s l ,  a a t  i t  i s  th a a  r s a t y  f a r  
s s s a i a a t i a a .  A s h a a i a a l  a u k  i a  
s s a a tia s s  a s a t  with a lla y s  t a  ahaa tha 
a tra a ta ra  t a  b a tte r  a taaa tag s.

A t r a s s v e r s a  v isa  a f  tha  W a tta i ls  
i s t i t a  a ry s ta i -h a r  th a riaa  i s  ahaaa ia  
Fig. T l. Tha haaa a i r s  ia  as th a  l e f t ,  
a a t  th a  t a p a a i t a t  th a r ia a  ap p aa ra  as 
r a t i  a l ly  ahapat g raiaa.

Tha a t r a a ta r a  a f  a r e - a a l ta t  c ry s ta l  
bar i a  sh a v a  i a  F ig . 74. W ars aaa  
p rah la s  t h a t  has haaa a a c a t a t a r a t  ia  
tha a l a a t r a l y t i a  p a liah ia g  a f  t h a r i a a  
s a t  a la a  i a  a a a h a a ia s l  p a l i a h ia g  t a  
saaa ts g r a a  i a  th a  "p ap p era t f i a i e h ” 
a f tha sp a c ia a a . This p sa a ta -p ra c ip i*  
ta ts  i s  a la a  p r s s a a t  ia  a th a r  a M ta ls , 
sach as t a a te i a a ,  p reparat hy a la a tra *  
ly tic  p a l i a h ia g .  Tha p a a s i h i l i t y  a f  
th is  b a ia g  a a ly  a p a lia h ia g  t s s t a r s  
ia  a a t  p o s i t i v e ,  h a t iaticatiasM S a ra  
favorab le  f a r  t h i s  a a p la a a t ia a .  Tha 
prasaaaa a f  a sch  a f ia is h  ia  a a t  ta a  
a b ja c t i s a a b ls  aacap t ia  t i l a t a  a l l a y  
a t t i t i a a s  i a  a h ia h  a a a a l l  a aa aa t a f  
p r a s i p i t a t a  i a  t i f f i e a l t  t a  i s o l a t e

.
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rt|. 74. Arc-Balta4 C rys ta l -B ar  Tkarlaa. 2S0x.
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R a c r y i t i l l i u t i o a  i n  i t *  e a r l y  
s t a g e *  i s  d i v u l g e d  by  t h i s  a e th o d  o f  
p o l i s h i n g .  For a s e r i e s  o f  r e c r y s t a l -  
l i g a t i o n  s t u d i e s ,  t h e  c r y s t a l  bar  was 
a r c  a s l t e d  by a n o n c o n s u n a b le  e l s c t r o d s  
a e t b o d  i n  w h i c h  a p o s i t i v e  p r e s s u r e  
o f  p w r i f i e d  a rgon  was u s e d .  The aa -  
c s s t  b u t t o n  was 80% c o l d  w o rh e d  and 
r e c r y a t a l l i t e d  f o r  v a r i o u s  t i n s *  and 
t e a p e r e t u r e s .  E a a a i n a t i o n s  were  aade 
on l o n g i t u d i n a l  s e c t i o n s .

R e c r y a t a l l i a a t i o n  a t  S30*C f o r  5, 
1 0 ,  3 0 ,  4 0 ,  sad 80  a i n  i s  shown i n  
F i g .  75.  The 80% c o l d - w o r k e d  s t r u c t u r e  
w i t h  a OPH o f 76 U O - k g  l o a d )  i s  shown 
a t  t h e  t o p  l e f t  o f  F i g .  75 f o r  c o a -  
p a r i s o n .  On* h o u r  a t  5 3 0 * C  r e s u l t e d  
i a  a DPH o f  51. R e c r y a t a l  l i  r a t i o n  was 
j u s t  v i s i b l e  a t  10 a i a u t e s .  Soae 
t b o r i u a  d i o x i d e  was p r e s e n t ,  as shown 
b y  t h e  s c a t t e r e d  d a r h  p a t c h e s .  Re- 
c r y s t a l l i s a t i o n  a t  550®C f o r  1, 5, 10, 
2 0 ,  and  60 a i n  i s  e h o w n  i n  F i g .  76 
f o r  c o a p a r i s o n  w i t h  r e c r y s t a l i -  
n a t i o n  a t  530*C ( F i g .  7 5 ) .  R - c r y a t a l -  
l i a a t i o n  was a p p a r e n t  a f t e r  5 a i n ,  
aad  60 a i n  a t  550*C gave  a DPH o f  SO.

F o r  c o a p a r i s o n ,  t h e  A a e s  t h o r i u a  
waa r e c r y s t a l l i s e d  a t  550 *C  a f t e r  the  
s a a e  p e r c e n t a g e  o f  c o l d  w o rh  aad f o r  
t h e  saae  p e r i o d s  ( F i g .  7 7 )  as f o r  the  
c r y s t a l - b a r  t h o r i u a  ( F i g .  7 6 ) .  The 
c a l d - w o r k e d  s t r u c t u r e  h a d  a DPH o f  
1 1 0 ,  and  t h e  s p e c i a e n  a n n e a l e d  f o r  
60  s i n  had a DPH o f  9 1 .  R e c r y a t a l *  
l i g a t i o n  was a p p a r e n t  e t  5 a i n ,  and

s a a l l  g r a m a  w e re  p r e s e n t  a f t e r  60 
a i a u t e s .  So b *  g r a i n s  a e r o  v i s i b l e  i n  
t h e  c o l d - u o r k e d  c r y s t a l  b a r  a f t e r  
1 a i n  a t  580#C, as shown i n  F i g .  78 .  
C o a p l s t e  r e c r y a t a l l i x a t i o n  w i t h  a 
h a r d n e s s  o f  DPH 38 was p r e s e n t  a f t e r  
60 a i a u t e s .

T he  c r y s t a l  b a r  a n n e a l e d  a t  600*C 
f o r  t h e  a a a *  p e r i o d s  a s  sh ow n  i n  
F i g .  7 9 ,  had  g r a i n s  v i s i b l e  a f t e r  
1 a i n  aad  a n o n u n i f o r a  g r a i n  a i s e  
a f t e r  60 a i n  w i t h  a DPH o f  39 .

A c o a p a r i s o n  was a g a i n  aade between 
Aaes t h o r i u a  ( F i g .  8 0 )  and  c r y s t a l *  
h e r  t h o r i u a  ( F i g .  7 9 ) .  S a a l l  g r a i n s  
w a r e  v i s i b l e  i n  t h e  A a e s  t h o r i u a  
a n n e a le d  a t  600#C a f t e r  1 a i n ;  however,  
aa w o u l d  be e x p e c t e d ,  t h e  g r a i n  s i t e  
was a u c h  s a a l l e r  a f t e r  60  a i n .  The 
DPH v a l u e  a f t e r  60 a i n  was 71.

An a n n e a l  o f  t h e  c r y a t a l * b a r  
t h o r i u a  a t  650*C, as shown i n  F ig .  81, 
h a d  o n l y  a a l i g h t  d i f f e r e n c e  i n  
u n i f o r a i t y  o f  g r a i n  a i s e  a f t e r  5 a i n  
o r  6 0  a i n u t e a .  The h a r d n e a a  waa DPH 
38 a f t e r  60 a i n u t e a .  T he  d i f f e r e n c e  
i n  g r a i n  s i t e  i s  shown i n  F i g .  82 a f t e r  
a n n e a l i n g  the  80% c o l d * w o r k e d  c r y s t a l -  
b a r  t h o r i u a  f o r  60  a i n  a t  v a r i o u s  
t e a p e r e t u r e s  f r o a  5 0 0  t o  7 4 2 * C .

A c o a p a r i s o n  was a g a i n  aade  w i t h  
Asms t h o r i u a  ( F i g .  8 3 ) .  The  d i f f e r e n c e s  
i n  g r a i n  a ia e  between t h e  c r y s t a l - b a r  
a n d  t h e  A aes  t h o r i u a  a r e  shown i n  
F i g * .  82 and 83.
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( e )  Aaaaalad 10 a ia

( • )  Aaaaalad 40 a ia

FOR PER 10 0  ENDING APRIL SO, l f S S

(4)  Aaaaalad S aia

(d)  Aaaaalad 20 aia

( / )  Aaaaalad 60 aia

rif. 70. t a e r y a t a l l i a a t l a a  a f  C r j r a t a l - B a r  Tfcari 
A aaaa lad  a l  i t t * C .  250X.

a a  SOt Cald  ta r fcad  a a d
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(t) Annealed 20 aia
i f ] Annealed 60 ain# ------------------— wee a c «  VV M i n

9 l f ‘ 1«. Bee r e n t a l  11 a n t  l e a  e f  c r y e t a l - i . r  r a - n —  . . .  „
A aaaa led  a t  »»#*c .  250X. W Tfce r laa  Cal a Borked e a t
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FOR PERIOD ENDING APRIL S t ,  1052

. ~ ___ T M i l

( c )  Annealed S a i n

"-L ' ., L > e r -, * '  ~ V  T 1™

( • )  Annealed 20 a i a

P < « .  77 f e e r y a t a l l I s a t l e a  o f  <■«■ r f e o r l i  
• t  S 3 t ° C .  2 SOX.

( / )  Annealed 60 a i a

t O t  Co l d  f o r k e d  a a d  A a a e a l a d
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roil PER 100 EWING APRIL S t ,  I tS S

( « )  Cold  e o r k e d

V—

' *  <

<c ) Anuta  led  S one

<6 ) A nnea le d  1 a m

(d)  A nnea led  10 a i a

( / )  A nnea led  60 o i a(« )  A n n e a le d  20 a i a

P i g .  76. k e c r y n t a l I I s n t l e n  o f  C r y a t a l l a r  Thor  inn | g t  C o l d  f o r k e d  end 
A n n e a l e d  a t  § t d ° C .  250X.
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METALLURGY D IV IS IO N  QUARTERLY PROGRESS REPORT

( c )  A n n e a le d  $ a in  (d)  Annealed  10 a in

(« )  A n n ea led  20 a ia

r i« .  •§. le ery  a te  11 1 sat ton o f Aaea t e a r  lea  m  
• N ' C .  2 SOX.

( / )  Annea led 60 a in

Id  l a r k e d  aad  Aaa
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FOR PERIOD ENDING APRIL » • .  1 * 5 2

<•)  Cold «orkod

( c )  Annealed S a i l  *

(A) Annealed 1 aua

( • )  Annealed 20 aua ( / )  Aanealed 60 a i a

E tc .  • ! .  B ac r j r a ta l  I l a a t l e a  o f  C r y s t a l - B a r  T h e r l a a  c a l d  ta i  
A aaea led  a t  «M *C.  2S0X.
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METALLURGY D IV IS IO N  QUARTERLY PRO GRESS REPORT

( • )  Annealed at 500*C (6) Annealed a t  S30°C
# r-

V-itOO

(c )  Annealed at 580°C (d) Annealed a t  600°C

( / )  Annealed a t  742°C
P t « .  a t .  ■ • c r y s t a l  I l a n t l o a  s f  C r y s t a l - B a r  Tknr ina c o l d  f o r k e d  and 
ion l e d  «0  M l n s t o s .  2S0X.
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FOR PER 100 ENDING APRIL S t, 19S2

( • )  Annealed et 500°C (A) Annealed a t SSO*C
X  ** V

y . eas t

( e )  Annealed a t  580°C (d )  Annealed a t  600*C

( e )  A nnealed a t  6S0*C ( / )  Annealed a t  742*C

rig. • > .  t e c r y a t a l  l l a a t i e n  o f  Anna Thar Inn Cald tcrfced and Aaaanlad
d» l l n a t e n .  250X.

413 086
s

a a  •  
•  n a  •  

a a a n  e

e a
• a  a a a e  a a a e

•  # a a d
a  • a a  a d a

a a a a a
a a a • •

a a  a a  a a e i



EXPERIMENTAL PLATE-CLADDING PROGRAM

J .  E. Cuaaiaghan R.  B. S n a i l

CLAM INC OF UBANIUI IITV  ZIBCBNIUV 

R. J .  P i f i r  T .  A. O l i o*

l a  r e v i e w i n g  t h a  p r o p t r t i e i  o f  
p r o t e c t i v e  n a t e r i a l s  f o r  r a a c t o r  fue l*  
o p e r a t i n g  a t  e l e v a t e d  t e n p e r a t u r e s ,  i t  
b e c o n e s  a p p a r e n t  t h e t  l o w - h s f n i u a  
l i r c o a i a o  has  aany a d v a n t a g e s  t o  o f f e r .  
F o r a o o a t  aaong the  a d v a n t a g e s  a r e  t h e  
f o l l o e i a g :  i t  c o n b i a e a  a t r e n g t h ,
d u c t i l i t y ,  and c o r r o a i o a  r e a i a t a a c *  
w i t h  a  l o e  n e u t r o n  • a b a o r p t i o n  c r o s s  
a a c t i o a .  In a d d i t i o n ,  t h a r o  i s  no 
a v i d e a c a  o f  an i n t e r o e t a l  1 i c  conpound 
p r a a a a t  t h a t  could  e o b r i t t l o a  u r a a i u n -  
a i r c o a i u a  bond.  Because  o f  t h a  b e n e f i t s  
t o  be g a i ne d  and t h e  f a c t  t h a t  s u c c e s s  
a p p e a r e d  l i k e l y ,  an i n v e s t i g a t i o n  e s s  
i n i t i a t e d  t o  p r o d u c e  u r a a i u o  p l a t e s  
bonded  e i t h  s i r c o n i u n  by r o l  1 c l a d d i n g .

I n a a a u c h  as  no d e s i g n  f i g u r e s  ea r *  
s t i p u l a t e d ,  a nuober  o f  b i l l e t  d e s i g n s  
were  a v a i l a b l e .  T h e  t e c h n i q u e  o f  
p i c t u r e - f r a o i a g  t h e  u r a a i u o  i a  s i r 
c o n i u n  u a s  c o n s i d e r e d  b u t  e l i o i n a t e d  
i a  f a v o r  o f  t he  d e s ig n  s k o v a  i n  F i g .  84.  
The r e a s o n  f o r  i n i t i a l l y  u s i n g  c i r c u l a r  
c y l i n d e r s  was t h a t  t h e y  r e s u l t e d  i n  
c o n s i d e r a b l e  s a v i n g  i a  a M c b i a i a g  c o s t s  
a s  e a l l  as  a 250* s a v i n g  i n  a i r c o a i u n .  
A l s o ,  t h e  p r o b a b i l i t y  o f  c b t a i a i a g  
edge  bonding  uas  i n p r ov e d *  The b i l l e t s  
wa re  s u b s e q u e n t l y  r o l l e d  t o  f l a t  
p l a t e s  in  t h e  B a n n e r  d e p i c t e d  i n  
r i g .  8S* A i p k e - e i t r u d e d  u r a n i u o  b a r  
was u s e d  as  t he  c o r e  wlesMOt and Bureau 
o f  Mines  a r c - a e l t e d  s p o n g e  a i r c o a i u n  
u a a  u s o d  as  t he  c l a d d i n g  n a t e r i a l .

Methods  o f  p r e p a r i n g  a n d  a a a l i a g  
t h e s e  b i l l e t s  were  i n v e s t i g a t e d .  Of  
t h e  21 c i r c u l a r  b i l l e t s  r o l l e d ,  IS had 
c o r e s  t h a t  h a d  j u s t  b e e n  f r e s h l y  
o a c h i n e d .  The r e n a i a i a g  s i n  c o r e s  
we r e  a  l a c t r o p o l i s h e d  p r i o r  t o  a s -
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s o n b l i a g .  T h e r e  s a a n e d  t o  be ao  
a p p a r e n t  d i f f e r e n c e  in b o n d i n g  c h a r a c 
t e r i s t i c s .  P r i o r  t o  a s s e n b l i n g ,  a l l  
c o n p o a e a t s  w e r e  d e g r e a s e d  i a  T r i -  
c l a n s  "D" va po r ,  sad  l a t o r  aa  a c e t o n e  
r i a s a  w a s  a d d e d  t o  t h e  c l e a n i n g  
p r o c e d u r e .

T h e  f i r s t  p r o c e d u r e  u s e d  i a  a s -  
s a n b l i a g  aad s e a l i n g  was t o  p r e s s - f i t  
t h a  a r a n i u n  s a d  s i r c o n i u n  c a p  c a r e  
i n t o  t h e  s i r c o n i u n  f r a m e  a n d  s e a l  by 
h e l i a r c  w e l d i a g  t h e  c a p  t o  t h e  f r a n c  
i n  a d r y  b o x .  U n f o r t u n a t e l y ,  t h e  
h e l i w a  was «*f q u e s t i o n a b l e  p u r i t y  and 
t h e  d r y  box l o a h y .  T h e  f i r s t  t e a  
b i l l o t s  we re  s e a l e d  i a  t h i s  n s a a e r .  
T h a  i n i t i a l  b i l l e t  w a s  r o l l e d  a t  
1 1 S 0 * F  w i t h  ao s h e a t h .  The  r e s u l t s  
r e v e a l e d  t h a t  t h e  s i r c o n i u n  o u s t  be 
p r o t e c t e d  f r o n  t h e  a t n o s p h e r a .  The 
f o l l o w i n g  two b i l l e t s  we r e  s h e a t h e d  i a  
s t o o l  s a d  r o l l e d  a t  11S0*F.  D i f f i c u l t y  
was  i n m e d i a t e l y  e n c o u n t e r e d  b e c a u s e  
t h a  s t e e l  s h e a t h  c r a c k e d  w h i l e  b e i n g  
r o l l e d .  A f t e r  t h e  s e c o n d  r o l l i n g ,  the 
t e n p - r a t u r e  was in< r e a s e d  t o  117S*F.  
C o p p e r  was  t h e n  s u b s t i t u t e d  a s  t h e  
s h e a t h i n g  a s t a r i a l ,  a n d  t h e  b i l l e t s  
r o l l e d  n i c e l y  i n  s u c h  s h e a t h i n g ,  
e x c e p t  t h a t  whea t h e  r e d u c t i o n s  p e r  
p a s s  w o r e  l a s s  t h a n  1SR s e r i o u s  edge 
c r a c k i n g  o f  t h e  u n d e r l y i n g  s i r c o n i u n  
o c c u r r e d .  T h i s  e f f e c t  i s  shown in  
F i g .  Ten b i l l e t s  w a r e  s e a l e d  in 
t h e  d r y  box and r o l l e d  a t  117S*F wi t h  
a u r f a c e - i n c r e a s e  r a t i o s  r a n g i n g  f r o o  
4 : 1  t o  IS:  1. S u r f a c e - i a c r a a s o  r a t i o s  
we re  usod  as  r e d u c t i o n  c r i  t e r  i a  i n s t e a d  
o f  c r o a s - s o c t i o n  r e d u c t i o n  r e t i e s  
b e c a u s e  o f  the  b i l l o t  g e o m e t r y .

C h i s e l ,  b e a d ,  a a d  a h a a r  t e s t s  
i n d i c a t e d  t h a t  a f a i r  b o n d  had been 
o b t a i n e d  a c r o s s  t h e  f l a t  p o r t i o n s  o f  
p l a t e s  f r o n  b i l l e t s  p r e p a r e d  i a  t h i s  
o a n a e r ,  b u t  bond i ng  n e v e r  o c c u r r e d  a t
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rt«. M .  U a lt P a rts  e f  B i l l e t  Assently Uses ts  B e ll-C la d d in g  S lrc e a ln n  te  
O raalaa .

*  *

t

the  e d g e s .  F ig u r e  87 i e  a p h o to -  
a i c r o g r a p h  showing the boad between 
the e r a a i e a  and a i r c e n iu a  e f  e p la t e  
r e l i e d  a t  11S0*F w i t h  a s u r f a c e  i n 
crease r e t i e  e f  7 :1 .  Although a shear 
t e a t  r e v e a l e d  t h a t  the p l a t e  had a 
s t r e n g t h  o f  35 .009  p s i ,  a aaaber  o f  
aaboaded regions sainted a t  the i n t e r 
face.

413  *98
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Resul ts  obtained v i t h  s e e l i n g  nnder 
a he 1 i u *  ataoaphere i n d i c a t e d  t h a t  a 
no re e f f i c i e n t  naans o f  s e a l i n g  vould 
be t h a t  o f  b r a s i a g  the cep  t o  the  
f r a n e  under  vacua* .  The a p p e r a t a s  
developed f o r  t h ia  aethod i a  shewn in  
F ig .  88 .  The vacsea sys te a  c e a e is t s  
of  a Welch Duo Seal vacuea peap capable 
o f  e v a c n a t i n g  to  0 . 1 m . •  DPI  Type
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FOR PERIOO ENDING APRIL I t ,  1952

ow«

F ig .  I I .  C r M B ' l t d l m l  f l e e s  M m I m  N U r a a t i M  a l  g l r c e s l a a - U r s s l a a  
C l r c a l a r  B i l l e t  Bar  lag  Bo l l ing  Seq aeace .

VMB 7 roughing  d i f f u s i o n  puap t h a t  caa  
b« ope ra ted  a t  a f a r e p r e a a a r e  o f  SOO m . 
and a DPI Type VM220A d i f f o a i o n  paap  
t h a t  o p e r e t e a  a t  a f o r a p r a a a a r a  a f  
100 a i c r o a s .  A c o l d  t r a p  ba teo ea  t h e  
VM220A d i f f a a i o a  paap  aad the  2 1 /2*  
i n . - d i a  h e a d e r  p r e v e n t s  v a p o r s  f r a a  
d i f f a a i a g  bach  i a t o  t h e  a y a t a a .  A 
Heat ings  t h e r a o c o u p l e  gaga c a p a b le  a f  
a c c a r a t e l y  a e a s a r i a g  v acauas  in  t h e  
range  above  10 M *• l o c a t e d  b e t e a a a  
t h e  c o ld  t r a p  a a d  t h e  a a i n  v a l v e .  A 
DPI i a n  gaga  f o r  • a a s a r i n g  v a c a a a a  
l o e a r  than  1 /i i i  l o c a t e d  beh ind  t h e  
a a i n  v a l v e  an d  b e t e e e n  t h e  1/2* a a d  
2 1 / 2 - i n . - d i e  v a c a a a  p o r t s .  T h e  
a t t a c h e e n t  t o  t h e  v acaaa  c o n s i s t s  o f  a 
2 - i a . * d i a  pyren g l a s s  j a r ,  th e  b o t t o a  
S 1 /2* in .  l e n g t h  o f  which was radacad  
t o  1 S/8 i n .  i a  d i e  t o  p rov ide  c l o s e r  
l iahage  be teeen t h e  i a d a c t io n  c e i l  aad  
t h e  c y l i n d e r .  A K o v a r  a a t a l  t a b a  
s e a l e d  t o  the  t o p  o f  the  j a r  p r o v i d e s  
a a e a n a  f o r  b r a a i a g  t h e  w a i t  t o  a

copper  d oae . A 1 0 - i n .  long,  1 / 2 - i n . *  
d i e  copper  t a b s  c o n n e c t s  t h e  c o p p e r  
doae to  tho v a c a a a  p o r t .  All  j o i n t s  
o ra  aada look t i g h t  by a o l d a r i a g  w i th  
60 a t  % t i n - l e a d  a l l o y  a o ld a r .

The technique  fo l lo w ed  for e v a c a a t i a g  
aad b ras ing  the  b i l l e t  i a  the  a p p a r a t a e  
i a  to  a a s a a b le  t h e  b i l l e t  by s l i p p i n g  
t h e  a r a a i a a  c o r e  i a t o  th e  s i r c o a i a a  
c y l in d e r  and p l a c i n g  the  s i r c o a i a a  cap 
i a t o  tL* f r a n c  s h o v e  tho  c o r e .  The 
top  e n d o f  the cap i s  apua t e a  s l i g h t l y  
l a r g e r  d i a a e t e r  t h a n  th e  body « f  t h e  
cap  so t h a t  t h e  a b a t a e a t  caa  r o o t  on 
the  r i n g  a f  b r a s s  a a t a l  t h a t  ia  p laced  
on the  s h o a l d e r e f  t h e  s i r c o a i a a  f r s a e .  
The cap f i t s  l o o s e l y  i a t e  t h e  f r s a e  
a a d  p r a v i d a s  aa  i n t e r s t i c e  t h r o n g h  
which the  i n s i d e  a f  the  b i l l e t  can be 
e v e c a a t e d .  A 1 l / g - i n . - d i a  q u a r t s  
t e b e  i s  p l a ce d  s r o a n d  the  c y l i n d e r  t o  
p r o t e c t  th e  p y r s s  d a r i n g  th e  b r a s i n g  
o p e ra t io n  aad th e  w a i t  i a  placed in  t h e
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URANIUM

ZIRCONIUM

P i g .  • ! .  N t * M «  U r t i l M
v i t h  a c e t i c  and p e r c h l o r i c  a c id s .  lOOOx

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

Moaaa f a r  b e a t i n g  t h e  b i l l a t  f o r  
d e g a s s i n g  and b r a c i n g  i a  p r o v i d e d  by 
t b e  L a p e l  s p a r k - g a p  o s c i l l a t o r .  A 
S - t a r a  c o i l  o f  3 / 8 - i n . - d i e  c o p p e r  
t n b i a g  i a  p l a c e d  a r o u n d  t h e  g l a a a  j a r  
n e a r  t h e  bot tom p o r * i o n  o f  t h e  b i l l e t  
a a d  c o n a a c t e d  t o  t h e  l e a d a  o f  t h e  
o a c i l l a t o r .  The  o s c i l l a t o r  i a  t b e a  
s n i t c h e d  on and t h e  b i l l e t  i a  h a s t e d  
by i n d u c t i o a  f rom room t e m p e r a t u r e  t o  
a p p r o x i m a t e l y  600*F a n d  d e g a s s e d  f o r  
1 h o u r .  A f t e r  a l l o w i n g  t h e  b i l l e t  t o  
c o o l  f o r  a p e r i a d  o f  I S  o i a  w h i l e  
a t i l l  u nde r  vacuum, t h e  c o i l  i a  moved 
l a  t h e  t o p  o f  t h e  b i l l e t  a n d  t h e  
o s c i l l a t o r  i s  t uned  t o  i t s  peak o u t p u t .  
Vhca t he  b r a s e  me t a l  i s  me l t ed  the cap 
i s  a a a l e d  t o  t he  f r ame .  S i l v e r ,  a i c k e l ,  
a n d  t i t a n i u m  have  been naed  s u c c e a a f u l  1 y 
a s  t h e  b r a a i a g  n a t a l ;  howeve r ,  s i l v e r  
a a d  t i t a a i u a  canno t  be u s e d  in  c l a d d i a g  
u r a n i e a  because  o f  t b e i r  h i gh  n e u t r o n -  
a b s o r p t i o n  c r o s s  s e c t i o n s .

I on  g e l l e d  a t  1 1 8 8 a P.  E t c h e d

F o u r  b i l l e t a ,  p r e p a r e d  i a  t h e  
manner  d e s c r i b e d  a b o v e ,  were s h e a t h e d  
i n  c o p p e r  aad  r o l l e d  a t  1175*F,  The 
s u r f a c e - i n c r e a s e  r a t i o s  v a r i e d  f rom 
8 : 1  t o  1 4 : 1 .  C h i s e l  t e a t s ,  s h e a r  
t e s t a ,  aad n e t a l l o g r a p h i c  e x a m i n a t i o n  
r e v o a l a d  an i m p r o v e m e n t  i n  t h e  s i r -  
c o n i u m - u r a a i u n  bond.  F i g u r e  89 shows 
t h e  bond i n t e r f a c e  b e t we e n  uranium aad 
a i r c o a i u m  on t h e  f l a t  p o r t i o n  o f  t h e  
c l a d  p l a t s .  F i g u r e  VO i a  a p h o t o 
m i c r o g r a p h  o f  t h e  same  bend t a k e n  a t  
t w i c e  the  a w g n i f i c a t i o n .  and i t  can be 
s e e n  t h a t  a s l i g h t  amount  o f  d i f f u s i o n  
o c c u r r e d ,  b u t  i t  i s  q u i t e  a p p a r e n t  
t h a t  t h i s  method o f  s e a l i n g  r e a u l t e d  
i n  i m p r e v e n e n t .  F i g u r e  91 s h o w s  
b o n d i a g  a t  o a e  e d g e  o f  t h e  p l a t e ;  
h e r e  a g a i n  t h e r e  i s  e v i d e a c e  o f  good 
b o n d i n g .  F i g u r e  92 r ho w a  b o n d i n g  a t  
t h e  o t h e r  edge .  An unbonded  r eg i o n  a t  
t h e  t i p  end l e ada  t o  some u n c e r t a i n t y  
a a  t e  w h e t h e r  e d g e  b o n d i n g  c a n  be 
a c c o m p l i sh e d  by a a i n g  t h i s  p r e p a r a t i o n  
and r o l l i n g  t e c h n i q u e .

A s e c t i o n  f rom t h e  m i d d l e  p o r t i o n  
o f  a  p l a t e  was quenched  from 720*C i n t o  
room t e n p e r a t u r e  w a t e r  w i t h  no ap|

I 091
a n o  o s e e  •  goo 87



METALLURGY D IV IS IO N  QUARTERLY p r o g r e s s  r e p o r t

413  092
... • ... .

• •
•  ^  t

•  M  •
* •  t
» * •

•
• • •

• . . .  ••• • • • •: • : : :  
•  •  •  «  * • ... ••

■XIrcoalaa



FOR PERIOD ENDING APRIL I t ,  I9S2

r t « .  i t .
Clad P l a t a .

B o a t  g e t e e e a  U r a a l a a  and  X l r c a a l a a  aa  t i c  P l a t  P o r t l o a  a t  t h e
E t c h e d  a i t h  a c e t i c  and p e r c h l o r i c  a c i d s .  SOOX.

P ig .  M .  S a a a  aa  P ig .  • •  t h e s e  a t  T a i c a  t h e  Saga i f I c a t i a a .  E t c h e d  a i t h  
a c e t i c  and p e r c h l o r i c  a c i d a .  1000X.
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fa i lu r e .  Another sec t io n  van boaberdei  
by proton s  in  th e  Y*12 c a l u t r o e  for  
24 hr at  1 k e / i n . *  o i th  no i l l  o f f s e t s .

F igure  93 i l l u s t r a t e s  the  s h e a r  
taat  d es ign  t h a t  eaa used to s u p p o r t  
ch iae l  t e s t  and aietal 1 ogre phi c s p e c i -  
n e n s .  As c a n  be a e e a ,  t h e  d e s i g n  
c a l l s  for  a s l i t  to  be nade th rou gh  
the t i r c o n i u n  and uraniun on one s i d e  
and a s l i t  t o  be nade th r o u g h  t h e  
■ i r c o n i u n  o n l y  on the  o t h e r  a i d e ,  
l e a s in g  a s h ea r  area of a p p ro a ia u te ly  
0 . 0 4 S  i n . * .  T a b l e  34 c o r r e l a t e s  
b i l l e t  p r e p a r a t i o n  and a n o u n t s  o f  
to ta l  reduct ion  e i t h  shear s a l a e a .  I t  
can be noted th at  p la tes  produced f r e e  
e s a c u a t e d  b i l l e t s  are c o n s i d e r a b l y  
b et ter  than th o se  aealed in an i n e r t
a t n o s p h e r e .  A l s o  an i n c r e a s e  i a  
reduction  i n p r o s e s  the bond s t r e n g t h
of  the p l a t e s  prepared froe e sa c u a t e d  
b i l l e t s .  H o e e s e r ,  p l a t e s  p r o d u ce d  
fron b i l l e t s  prepared in the  dry bon 
under a h e l i u n  a t n o s p h e r e  a h o e  no 
in p ro se n e n t  by i n c r e a s i n g  the t o t a l  
aeount o f  r ed u c t io n .  It  aeons p o s s i b l e  
that th is  nay be due to heliun entrap*  
nent at  the  i n t e r f a c e ,  which c a u s e s

FOR PER 10 0  ENDING APRIL I I ,  1 9 S S

unwelded reg ion s  th atren a iu  u n a f fe c te d  
by increas in g  t o t a l  reduction.

Because o f  th e  u n ce r ta in ty  o f  t h e  
bonding at the edges of  p la tes  produced 
by the procedures  described ab o se ,  i t  
eaa f a i t  t h a t  r o l l i n g  at  1?S0*F would  
induce s u f f i c i e n t  d i f f u s i o n  to  s e c u r e

F i g .  • > .  S c h e n a t l c  B r a c i n g  o f  
Bhear f e a t  B n n p le  (laud to  B e t e r o i n e  
■ e rh a a iea l  S t r e n g t h  o f  Bead B a to a o o  
Uranian a n d 'S ir e ea lu e .

TABLS >4

B f fo c t  o f  Preparation sod S ea l in g  Tecbaigae ea Bond Strength of  
Zirconiuo-Clnd Urnnino Platan

PLATE
NO.

SHE APING FORCE 
( l b )

m o u rn  w a

( i n . * )
BOND STRENGTH 

( p s i )
SURFACE INCREASE 

PATIO*

1595 a .  B a n 5 5 .0 0 0 f t  1

10* • 17 >5 # . • 4 9 5 » 5 . a a a l l t l

14*** 2540 •  ■ 0 5 7 7 4 # , s a a S i 1

MOO # .  # 4 3 0 4 0 ,5 0 0 M i l

M U  o f  f i a a l  n r i i u  U  s f i f i s a l  s* r fa « «  araa .

SaalaS i s  4 r j  baa aaSar qaaattaaafcla  i a a r t  a taaapbara .

Saalad 4? k r s a i s g  ia  aaasse.

413 095
r, •. .*• : |“ :e a aa e a e a a a e a s  e ee a •#.  t • • : : s 5a a f  a e a a a as a a a  a a na  a a

a a
a s  a

• a a a a ea* an

•1



i

s

METALLURGY DIVISION QUARTERLY PROGRESS REPORT

b o n d i n g  a t  t h e  e d g e s .  A p r t n o m  
•  i p a r i M i t  showed t h a t  r o i l  i n f  coo* 
p l e t e l y  in  iko gaaMna-uranium t e m p e r a 
t u r e  r i n g a  ( a k o t a  1420# F) was n o t  
f e a s i b l e .  A p r o c e d u r e  vaa i n i t i a t e d  
in  which a b i I  l o t ,  aoalod oador v o c a r a ,  
waa rol lad t h ro u g h  approx im ate ly  h a l f  
o f  t h a  r a i l i n g  s e q u e n c e  a t  1 1 7 f * F ,  
ro-dvcad a p p r o x i m a t e l y  a n o th e r  22X a t  
17S0*F, and t k a a  f i n i a h a d  a t  117S*F. 
Tha b i t  l a t a  war# n e c e s s a r i l y  a h a a tk a d  
in  a t a a l ,  and t h a  i a a i d a  o f  tha  a t a o l  
can waa o a i d i t o d  t o  p roven t  f e r v a t i o n  
o f  tha  a a t a c t i c  t h a t  a c c v ra  ba twooa  
a t a a l  and l i r c o n i a a  a t  a p p r o x i m a t e 1y 
1450*F. Fear  b i l l a t a  wara r o l l e d  i a  
t h i a  a aa a a r .

S e r io u s  d i f f i c u l t y  waa a n co a n ta r a d  
aa  a r o a a l t  o f  t h a  h i g h - t a a p a r a t o r o  
t r a a t a a a t .  B a c a a a a  o f  t h a  a x t r e a a  
p l a a t i e i t y  o f  o r a a i o a  i a  c o a p a r i a o a  
w i th  l i r c o n i a a  d a r i n g  tha  r o l l i n g  a t  
17S0*F, n r a n i a a  t a a d a d  to bo i ld  op a t  
t h a  p l a t e  adgaa .  F iga ro  94 ahowa t h a  
c r o a a  a a c t i o n  o f  a  p l a t e  r a i l e d  com
p l e t e l y  a t  1 1 7 5 * F .  I t  can ha a a a a  
t h a t  tha  core  haa a uni fo ra  t h i c k a e a e  
i n  th a  a i d d l a  p o r t i o n  ho t  g r a d u a l l y  
t a p a r a  toward  t h o  a d g a .  Tha b o t to m  
view of  Fig .  95 akooa  th a  croaa a a c t i o n  
b f  a p la t a  in which the U75*F r o l l i n g  
waa i n t e r r u p t e d  by a 22* r e d a c t i o n  a t  
17$0*F. Tha d u m b b e l l  a f f e c t ,  cauaod  
by r o l l i t t g i n t h o  ganaa-uraniaw tem per 
a t u r e  range ,  i a  q u i t e  a p p a r e n t .  How - 
a v e r ,  t h i a  e f f e c t  i a  c a a a i d a r a h l y  
r e l i e v e d  whan t h a  p l a t e  i a  a u b j e c t e d  
t o  20% c o ld  w o r k i n g ,  aa ahowa in  t h o  
u p p e r  v i e w ,  F i g a r o  94 ahowa t h a  
bu lg in g  a f f e c t  a l o n g  tha  p l a t a  l e n g t h  
cauaod by the  h i g h - t a m p e r a t a r o  t r e a t -  
a u n t .  Thia  p r o b l a a  waa never  a o l v a d  
bacaaaa tha b i l l o t  daa ign  waa changed 
a t  t h a  aaaa  t i m e  t h a  a f f e c t  became 
a p p a r e n t .  However, i t  i a  be l ieved  t h a t  
f a r t h e r  i n v e a t i g a t i d n  would r a v a a l  a 
a o lu t io n  to  tha  p r o b l a a .

Tha h i g h * t a a p a r o t u r a  r o l l i n g  r e 
u n i t e d  in  enough d i f f u a i o n  to  o b t a i n

heading  a t  tha  a d g a a .  F igure  97 ahowa 
t h o  hand a t  t h o  a d g a a ,  and F i g .  9S 
ahowa tha bond a t  t h e  f l a t  p o r t i o a a  n f  
each a p l a t a .  F i g a r o  99 in  a a i a i l a r  
p k o t o a i e r a g r a p h  t a k e n  a t  tw ic e  t h o  
o o g n i f i c a t i o n .  Tha lam inar  a t r o c t a r a  
e x i s t i n g  in  tha  l i r c o n i a a  a d j a c e n t  t n  
th e  hand i n t e r f a c e  can ha aaaa .  I t  i a  
p o a a i b l a t h a t  t h i a  a t r o c t a r a  r e p r e a e a to  
tho  o a t a c t o i d  o f  tho  o r a a i o a - s i r c e a i o m  
phone diagram. F l a t e e  have bean p r o 
duced in t h i s  manner  w i th  s i r c o n io m -  
c l a d d i n g  t h i c h a a a a n a  aa loo  aa 0 . 0 0 4  
i n c h .  F ig a r o  100 ahowa a a c t i o n s  o f  
th a a o  p l a t e s  a f t e r  v o r i o u a  p h y s i c a l  
d o f o r a a t i a a a .  I t  i s  a p p a r e n t  from 
a-»nk t a a t a  t h a t  t h a  p l a t a n  are  ab le  t o  
w i th s tan d  c o a a i d a r n b l e  s t r e s s .

Although tha  c i r c u l a r  b i l l e t  daa ign  
s e r v e d  a d e q u a t e l y  f o r  t h a  i n i t i a l  
s t a d i a s ,  i t  becaaMi q u i t e  apparen t  t h a t  
t h a  com p le te  f r a m i n g  type  a f  j a c k e t  
daaign  had s e v e r a l  l i m i t a t i o n s .  F i r s t ,  
tha  method does n o t  land  i t s e l f  r e a d i l y  
t o  p r o d u c t i o n  o f  e x t r a  lo n g  p l a t a n  
because o f  tha  p rob lem  i a  a a i a t a i n i n g  
a lignment du r in g  r a i l i n g .  Second, tho 
r e s u l t i n g  p l a t a  w i d t h  i s  a a c a a a a r i l y  
f i x e d .  F u r t h e r m o r e ,  o b t a i n i n g  adga  
bonding  i s  d i f f i c u l t ,  even under  th a  
moat f avo rab le  c o n d i t i o n s .  For th o s e  
r a a s o n a ,  t h a  m o d i f i e d  r e c t a n g u l a r  
b i l l e t  daaign,  shown in  F ig .  101, was 
adopted to  pe rm i t  p ro d u c t io n  o f  l a r g e -  
s c a l e ,  d o u b l e - c l a d  p l a t e  from which 
p l a t e s  of any d e n i  rod leng th  or w id th  
could be sheared .  However, t h i a  method 
would not be s u i t a b l o  f o r  p r o d u c t i o n  
c l a d d i n g  of e n r i c h e d - o r a n i o n  mata l  o r  
a l l o y s .

No p r o v i s i o n  h a s  boon made f o r  
o b t a i n i n g  edge  b e n d i n g  in  t h a  r e c 
t a n g u l a r  d a a i g n .  C u r r e n t l y  a t t e m p t s  
a re  being made to  c l o s e  those exposed 
e d g es  by w e l d i n g  w i t h  an a u t o m a t i c ,  
s t r a i g h t - l i n e  w e l d i n g  m achine .  Tho 
new d e s i g n  i a  e c o n o m i c a l  in  t h a t  i t  
minimises  tho consumption o f  a ireonium 
and r e s u l t s  in  tha  miniammof machining.
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rot PERIOO ENDING APRIL II, 1912

E l f .  M . Creaa N c I I m  e f  P l a t e  t a l l e *  C o a p l e t a ly  a t  I I T » #P.

P i t .  M . Craaa S e c tle a a  e f  P la ta  t a l l a i  a t  IIT t*P , t e ia e e i  I I I  a t  IT»t*P. 
M l Sa*ae«aeatijr C ali fta ia a a i I N .
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Tkt a c t  hod o f  p repa r ing  and s e a l i n g  3. V o id  top  cover  p l o t #  t o  f r a a e
h i l l o t a  g e n e r a l l y  fo l lows tho  p a t t o r a  o h i l s  p a s s i n g  h o l i a a  th ro a fh  e v a c u a t i n g
d e s c r i b e d  below: t a b s .  (T ho  h o l i a a  b l a n k e t  p r o t e c t s

tho u r a a i a a  f r o a  o x i d a t i o n . )
1. Vo id  b o t t o a  s t o o l  c o v e r  p l a t o

t o  s t o o l  f r a a e .  4. Qooach ia  a s t e r .

2. P l a c e  core  o l o a o a t s  i a  w e l l  o f  S. Look t o s t  oa W o s t i a fk o o so  look
s to o l  f rasM.  d e t e c t o r .

—  « a s

P ig .  t i .  V alglog Along th e  Loagth 
o f  P lo t*  Caasod by to 11lag a t  17M*P.

4. E v a c u a t e  t o  l e a s  thaw 1 m f r r  
16 h o a r s .

T. P a rgo  t a l e s  with  h o l i a a .

I .  E v a c a s to  for 1 hoar.

9.  S e a l  b i l l o t  by f o r g in g  ev acu a t*  
ia g  t a b s .

Tho a r a n i a a  cores  a re  o b t a i n e d  f r o a  
c o s t  s t o c k  s a d  a r e  s l e e t r o p o l i s h o d  
p r i o r  t o  a s s e o b l i a g .  The l i r c o n i a a  
cover  p l a t e s  a rc  o b t s i a o d  f r o a  Bareau 
o f  M iaes  a r e - a e l t e d  spoago  t h a t  has  
beoa s k o a tb o d  i a  s t e a l  sad h o t  r o l l e d  
to  f i n i s h e d  s i t e .

S ix  b i l l o t s  o a r s  sh ea th e d  i a  0.2SV 
carbon f i r e b o x * g r a d e  s t o o l  s a d  r o l l e d  
a t  117S*P. Evary b i l l o t  c racked  d a r i n g  
so n s  s t a g e  o f  tho  r o l l i n g  a e q u e a e e ,  
sad as a r o s a l t  the  p l a t e s  had o i t h o t  
l i t t l e  o r  no b o n d i n g .  f t  b e c a o e  
a p p a r e n t  t h a t  a a e r o  d e t a i l e d  i a *  
v a a t i g a t i o n  a o a ld  be a ec e a a a r y  b e f o r e  
f a r t h e r  b i l l e t s  c o u ld  be r o l l e d  i a  
t h i s  s t e e l  a t  t h i s  t e o p v r a t a r e .  R a th e r  
than  d e l a y  th e  o u tp u t  o f  t h e  p l a t e s ,  
a 0.04V c a r b o n ,  t i t a n i o a - k i 1 l e d  s t e e l  
( T i n a a e l j  e a a  ob ta ined  as a a a b a t i t u t c  
s t e a l .  N in e  b i l l e t s  have been r o l l e d  
s u c c e s s f u l l y  i a  t h i s  t y p e  o f  a t e e l  
shea th .  I n s p e c t i o n  of  the  bond ing  has  
been  U n i t e d  t o  a e t a l  l o g r a p b i c  o b 
s e r v a t i o n s .  The i n t e r f a c e  be tween the  
u r a a iu a  and c i r c o n i u a  does n o t  a p p e a r  
t o  have t h e  o p t i n u a  b o n d in g  c h a r a c 
t e r i s t i c s  e s t a b l i s h e d  ia  p re v io u s  work,  
f i g u r e  102 i s  a pho too ic rograph  o f  the  
p oo res t  bond, and f i g .  103 i s  a  photo* 
a i c r o g ra p h  o f  the  average bond i a  such

<13 09H
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URANIUM

P i t .  • • .  I l i l U r  M  l a  P i c .  M  l i o n  t l  Tale* tbe  BagsI  f l e e t  l ea .
Etc had wi th a c e t i c  aad p e r c h l o r i c  a c i d s .  2000X.

a p l a t e .  S i a c a  t he  a i c u s p t i o n  t h a t  
t he  vacuum i a  t hese  b i l l e t s  *as b e lo w  
1 f i  h a s  been found t o  be e r r o n e o u s ,  
a M e t h o d  o f  a c c u r a t e l y  measuring  
vacuums below 1 f i  has  been  p r o v i d e d .  
I t  a p p e a r s  t h a t  a vacuum i a  the  range 
o f  1 x 10 ' *  to  5 » 10" * am H f  can be 
a t t a i n e d ,  aad  t he  e f f e c t  o f  such  a 
vacuum should r e s u l t  i a  an improvement 
i a  b o a d i a f  c h a r a c t e r i a t i e a .

CLADtINfl §P TRORIUR « |T P  XIBCSNIbM 

J .  J .  Lawless R. J .  Beaver

A p r e l i m i n a r y  i a v e a t i § a t i o n  has  
been  i n  p r o c r e s a  to d e v u l a p  s u i t a b l e  
t e c h n i q u e a  f a r  b o a d i a f  t h o r i u m  t o  
t i r c o a i u a  by r o l l  c l a d d i n g .  The 
c i r c u l a r  b i l l e t  d e s i g n  shown in F i g .  
104 mas  u s e d  i n i t i a l l y .  A f t e r  17 
b i l l e t a  m e r e  r o l l e d  w i t h  l i t t l e  
a u c c e a a ,  the  b i l l e t  d e s i g n  shown in 
F i g .  10$ was r e s o r t e d  t e  a ad  s e n e  
p e r t i n e n t  i n f o r m a t i o n  mas o b t a i n e d *  
Th i s  t ype  of  b i l l e t  r e q u i r e d  t h a t  the 
s t e e l  can be vacuum t i g h t  because  any

l e a h  o r  f a i l u r e  would a u t o m a t i c a l l y  
e s i d i a e  the  core  e l e m e n t s  d u r i n g  t he  
h e a t i n g  sad r o l l i n g  o p e r a t i o n s .  Can*  
a i a g  m a t e r i a l  ia an impor t an t  f a c t o r  in 
t h i s  p r o b l e m  and i s  w o r t h y  o f  con* 
a i d e r a b l e  s tudy.

The t y p e  o f  b i l l e t  shown i a  F i g .  
10$ was p repa red  by f i r s t  w e l d i n g  the 
t u b e s  and  bot tom cover  p l a t e  t e  t he  
s t e e l  f rame.  Af t e r  c o o l i n g  t he  s t e e l  
t o  room t emp e ra t u r e ,  t he  t h o r i u m  cer e  
and a i r c o a i u n  c ov e r  p l a t a a  were  in* 
s o r t e d .  l a  order  t o  m i n i mi s e  h e a t i n g  
o f  t h e  c or e  elements  and p r e v e n t  t h e i r  
o a i d a t i o n  d u r i n g  t he  w e l d i n g  o f  the  
t o p  s t e e l  c ov e r  p l a t e ,  t h e  a s s e m b l y  
was p l a c e d  in a t r a y  o f  e n t e r  1/2 i n .  
deep  and  a g e a t t e  f l o e  o f  h e l i um  was 
passed through the b i l l e t .

P a r t i c u l a r  emphasi s  waa p l a c e d  on 
s t u d y i n g  t h e  e f f e c t s  o f  r e d u c t i o n ,  
r o l l i n g  t e m p e r a t u r e ,  s u r f a c e  p r e p a 
r a t i o n ,  and i n t e r n a l  b i l l e t  a tmosphere .  
In s t u d y i n g  metal  s u r f a c e  p r e p a r a t i o n ,  
i t  was found t h a t  s e v e r a l  t e c h n i q u e s
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FOR PER 100 rJBINC APRIL I f .  I f f !

( c )  F r a c t u r e .  9 .5X.
F i g .  I N .  B e e t  I o n a  a f  F l a t *  I k o v a  

i a  F l e a .  0 7 ,  F t ,  a a l  • •  A f t e r  H a t e r *  
g e l a g  Ta r a  l e a .  B e a t ,  a a t  F r a c t a r e .

e i g h t  ha a c c e p t a b l e .  H o w e v e r ,  t h e  
i a p o r t a n c e  e f  t h i s  v a r i a b l e ,  a l t h o u g h  
a i a o r  i a  c o a p a r i a o a  w i t h  t a a p a r e t e r e ,  
r e d u c t i o n ,  a n d  a t a o a p h e r e ,  na y  be c o m  
o o r e  c r i t i c a l  a t  aooe  l a t e r  d a t a  w h o a  
b e t t e r  c o n t r o l  o f  t h e  o t h e r  v e r i a b l e a  
baa  been  a t t a i n e d .

M a c h i n i n g ,  w i r e  b r e a k i n g ,  e l e c t r o *  
p o l i a h i a g ,  a n d  s h o t  b l a a t i a g  ( t i r c o a i w a  
o n l y )  w e r e  a l l  f o u n d  t o  be p r a c t i c a l  
and  e f f e c t i v e  p r o c e d a r e a  f a r  c l e a n i n g  
a c t i n g  a e r f a c e a  t o  be bonded.  E l e c t r o *  
p o l i s h e d  t b e r i a a  e e e a a  t o  have  a d e g r o e  
o f  p a a a i v i t y  a n d  a o a e o h a t  r a a i o t e  
r e o a i d a t i o n  a t  l o w e r  t e a p e r a t a r e a .

The  d e g r e e  o f  v a c u a a  w i t h i n  t h e  
b i l l e t  waa f o a n d  t o  a f f e c t  b o n d i n g .  
S o a e  p r e l i a i n a r y  t e a t a  w a r e  a a d e  by

ii ii ;i i i  i
d i f f e r e n t  v a c a n a a .  The t a a t a  i n d i c a t e d  
t h a t  t h e  a t a o a p h e r a  w i t h i n  t h e  b i l l o t  
a h o u l d  be i a  t h e  r a n g e  o f  1 p p a  o f  
t o t a l  a c t i v e  g a a o a  i f  c o a t a a i a a t i o a  a t  
t h e  bond i n t e r f a c e  won t o  be a v o i d e d .

T h e  b o n d  a h o w a  i a  F i g .  106  w a a  
o b t a i n e d  by r o l l i n g  a b i l l e t  t h a t  h a d  
been e t a e w a u d  o n l y .  F i g a r o  107 ahowa 
t h e  b o n d  i n  a n o t h e r  p l a t e  t h a t  h a d  
been r o l l e d  f r o e  a  b i l l e t  a a b j e c t e d  t o  
a l t e r n a t e  a v a c a a t i o n  and f l a a k i n g  w i t h  
h e l i n o  and o a t g a a a i n g  a t  1000*P b e f o r e  
a e a l i n g  a t  a p r e a a a r e  below $  a i c r o a a .  
T h e  r e a a l t a  r e p r e a e a t e d  i n  F i g a *  106 
a n d  107 w e r e  c o n f i r a e d  i n  a e v e r a l  
t e a t a .  I n  e a c h  c a a a  t h e  r e d a c t i o n o  
a n d  r o l l i n g  t n a p a r a t a r a a  w a r e  e f *  
f e e t i v e l y  t h e  a a a e .

A t t e a p t a t o  p r o d a c e  bonda by r o l l i n g  
p l a t e s  i a  w h i c h  t h e  b i l l e t  had  b e e n  
c o a l e d  i n  e i t h e r  a i r  o r  h e l i a a  a t a o a *  
p h e r e a  were f a i l a r e a .

T e a p e r a t a r e a  b e t w e e n  400 and 1S00*F 
r e s u l t  i n  r e l e a a e  o f  a d s o r b e d  g e a e e  
t o  a d e g r e e  a u f f i c i e n t  t o  p r o o o t e  r e *  
o a i d a t i o n  o f  t h e  t h o r i a a  i f  t h e  g a a e a  
a r e  n o t  r e a o v e d  i a n s e d i a t e l y .  Above a 
c r i t i c a l  t e a p e r a t n r e ,  i n  t h e  r a n g e  e f  
1800°F,  t h e  o s i d e a  o f  t h o r i a a  a p p a r e n t l y
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ZIRCONIUM
COVER
PLATE

* :W
Pi c .  191. B i l l e t  • • • ! ( ■  f 

U t i l i s i n g  I v a m i i i a i  r « c h a l« i i ,
ti

SCCRCT
T -M S 2

r a i i n o l v a  in i h »  o p p o s i n g  a i r c o n i u m  
and in t ime d i a p e r s *  in the  s u r r o u n d i n g  
m e t a l .  The e f f e c t s  o f  t e a i p e r a t n r *  on 
o u t g a s s i n g  and s o l u t i o n  o f  ox i d e s  aeeai 
t o  b* aa i m p o r t a n t  a s  t b s  e f f e c t  on 
p l a s t i c i t y .

n o t  a v a i l a b l e ;  h o w e v e r ,  b i l l e t s  were  
r e l i e d  a t  t e m p e r a t u r e a  f i t s  1450 t o  
1900°F w i t h o u t  d i f f i c u l t y  r e s u l t i n g  
f r om d i f f e r e n c e *  i n  p l a s t i c i t y  o f  
a i r c on i um and t h o r i u m .

Hot h a r d n e s s  o r  s i m i l a r  d a t a  f o r  
t be  t e mp e r a t u r e  r a n g e  o f  i n t e r e s t  were

Me t a  1 I o g r a p b i c  e x a m i n a t i o n  o f  
r o l l e d  bonds i n d i c a t e d  t h a t  d i f f u s i o n  
l a y e r s  be t ween x i r c o n i u a  and t h o r i u m
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Foil PERIOO EftDIM APRIL I t .  1912

P i t .  l i t .  l l r u i N ' I i r a M l M  l a t e r f a e e  l k n l > i  P e e r  l a a i l a i .  E t c h e d  * i t h  
a c e t i c  t a d  p e r c h l o r i c  a c i d s .  1000X.

P i t .  I N .  U r a a i a a - Z I r c a a  i a a  I n t e r f a c e  S h e e l a t  A t e r a t e  B a a i l a g .  e t c h e d  
v i th  a c e t i c  and p e r c h l o r i c  a c i d s .  1000X.
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assembly

r i« .  1M. C y i lM c r  ?yH  • (  B i l l e t  f t r  t o l l  e i i M i a i .
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FOR PERIOD ENDING APRIL SR, I t 52

U N C C  A M I  F ICO 
OWt (SOM

7* THICK

CONE

flush tube

DIMENSIONS IN INCHES

STEEL COVER

EVAC TUBE

STEEL CAN

P i g .  I t l .  P l a t  I m M I cI  Tea* o f  B l l l a t  f o r  l o l l  C l a d d i n g .  C l o d d i n g  
dooo n o t  e x t end  a round ndgos .

i n c r o a a o d  w i t h  b o t h  t e n p e r a t u r e  and 
t i a i a  a t  t e m p e r a t u r e .  The t h o r i u m *  
t i r e o n i u m  phaaa  a y a t e m  ahooa  no com* 
p o u n d a ,  and i t  i a  i n d i c a t e d  t h a t  t he  
p r o ae n e e  of  d i f f v a i o n  l a y e r a  wo u l d  not  
a i g n i f i c n n t l y  a f f e c t  t h e  d u c t i l i t y  o f  
c l a d  p l a t e e .  S a a p l e a  o f  t h e  b e a t  
p l a t e a  produced  in t h i a  i n v e s t i g a t i o n  
were  bent  around a 1 / 2 - i n .  mandrel  and 
a t r a i g h t a n e d  w i t h o u t  a p p a r e n t  damage 
t o  t h e  bond.  At h i g h e r  t e m p e r a t u r a a , 
i n  t h e  r a n g e  o f  1 7 0 0 ° F  and  h i g h e r ,  
w a r y  t h i c k  d i f f u a i o n  l a y e r a  w e r e

o b t a i n e d  in  c o m p a r a t i v e l y  a b o r t  h e a t 
i n g  t i n e a .  The a h a r p  i n c r e a a a  i a  t he  
r a t e  o f  d i f f u a i o n  waa t h o u g h t  t o  be 
r e l a t e d  t o  t h e  a 1p h a - t o - b e t a  p h a a a  
c h a n g e  in t i r e o n i u m  a t  a b o u t  1650#F.

In  a d d i t i o n  t o  t h e  a f f e c t  of  d i f 
f u a i o n ,  h i g h  t e m p e r a t u r a a  t e n d  t o  
r e a u l t  i n  a o l u t i o n  o f  t h o r i u m  o x i d e  
i n  t h e  t i r e o n i u m ,  and  w i t h  t i m e  t h e  
n x i d e a  d i a p e r s *  t o  auch a d e g r e e  t h a t ,  
upon r e p r e c i p i t a t i n g ,  t h e y  do not  form 
a p l a n e  o f  weakneaa a t  t h e  i n t e r f a c e .
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F ig .  10* .  B ic r o a t r u c t o r e  l a  lk«  Baag Area a t  a P l a t a  B a l lad  t r a a  a B l l l a t  
th a t  Baa B lap l j i  Kvacaatad B a l a r a  Baal  lag. E t r k t d  « u h  a r a t i r  and p a r r h l o r i c  
ac ida .  IOOOX.

F ig .  I I I ? .  B l c r a a t a r c t a r a  l a  tha load Araa a f  a P l a t a  B a l la d  f r a a  a i t  H a t  
t h a t  Baa Kvacaatad .  B a l l a a  P la a b a d .  aad A c -a v a c a a ta d  Bafara  Baal lag .  E tched  
with a c a t i c  aad p e r c h l o r i c  a c i d a .  1000X,

413 ICti
;

a •

a aa  a *
•  a a
a a *  *• I

a a 
aa a

a a  a a a a

•  •  g o  *
a a a a 

a a •  •. :
a a  a

101



(

FOR PERIOD ENDING APRIL 1952

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

i .  1 9 0 0 °  F R o l l i n g .  F i g u r e  108
s h o e s  t h a  bond  p r o d u c e d  i n  a p l a t e  
r o l l e d  p a r t i a l l y  a t  1 9 0 0 ° F .  T a n t a l u m  
e a a  u s e d  aa a b a r r i e r  t o  p r e v e n t  
f o r m a t i o n  o f  a 1o e - me 1 t  i  n g - p o i a t  
a i r c o n i u r n - i r o n  p h a s e .  T a n t a l u m  was 
b o n d e d  t o  t i r t o n i u m  a l s o ;  h o w e v e r ,  
t h e  l a c k  o f  bond l i n e  v o i d s  i s  n o t a b l e .  
The  p l a t e  ahown i n  F i g .  107 v a i  c h a r a c 
t e r i s e d  by t he  o c c u r r e n c e  o f  o x i d e s  a t  
t h e  i n t e r f a c e .  The p h o t o m i c r o g r a p h s  
a h o w n  i n  F i g s .  107 a n d  108  w e r e  o b 
t a i n e d  f r om p l a t e s  made u n d e r  i d e n t i c a l  
c o n d i t i o n s  e x c e p t  f o r  r o l l i n g  t e m p e r a 
t u r e .  R o l l i n g  o f  t i r c o n i u m  i n  s t e e l  
c a n s  a b o v e  1 6 5 0 * F  i s  n o t  p r a c t i c a l  
b e c a u s e  o f  t h e  f o r m a t i o n  o f  a l i q u i d  
i r o n  • t i r c o n i u m  e u t e c t i c  a n d  t h e  
a t t e n d a n t  h a s a r d .

2 .  P r e h e a t  R i I  l e t  a t  1 9 0 0 ° !  B r i e f l y  
( 1 0  m i n  l a n d  Drop T e m p e r a t u r e  t o  1500°F 
f o r  R o l l i n g .  A t t e m p t s  w i t h  t h i s  
t e c h n i q u e  r e s u l t e d  i n  e x c e s s i v e  d i f 
f u s i o n  o f  i r o n  i n t o  t he  s i r c o n i u m ,  and 
aa a r e s u l t  t h e  p l a t e  s u r f a c e s  w e r e  
b a d l y  c r a c k e d  i n  r o l l i n g .

3 .  Heat  T r e a t  t h e  F i n i s h e d  P l a t e  
a t  1 9 0 0 * F .  T h i s  p r o c e d u r e  was a t t e m p t e d  
on p l a t e s  r educ ed  15: 1 and  3 0 : 1 .  F i g u r e  
109 i s  t h e  m a c r o s i r u c t u r e  o f  a s e r i e s  
o f  p l a t e s  r o l l e d  w i t h  a 1 5 : 1  r e d u c t i o n  
a n d  h e a t  t r e a t e d  i n  v a c u u m  a t  t h e  
t i m e s  and t e m p e r a t u r e s  i n d i c a t e d .  The 
o c c u r r e n c e  o f  v o i d s  a n d  i r r e g u l a r  
d i f f u s i o n  i s  n o t e d .  F i g u r e  110 shows 
a s i m i l a r  s e r i e s  o f  t e s t a  made on a 
p l a t e  r e d u c e d  3 0 : 1  i n  r o l l i n g .  The 
d i f f u s i o n  l a y e r  i a  n o t e d  t o  be more 
r e g u l a r  and l e s s  p o r o u s .  The  r e g u l a r i t y  
a n d  p o r o a i t y  o f  t h e  d i f f u s i o n  l a y e r  
seem t o  be r e l a t e d  t o  t i a e  and t e m p e r 
a t u r e  o f  h e a t  t r e a t m e n t  aa w e l l  as t o  
t h e  r e d u c t i o n  h i s t o r y  o f  t h e  p l a t e .  
The s h o r t e r  t i me  end l o w e r  t e m p e r a t u r e  
g i v e  t h e  b e s t  r e s u l t s .

NO MCAT TJKATMCNT

MCAT TftCATIO 

t mm  *♦ *OT5*C

HCAT TNEATCO 
6 m.n ot K)79#C

MEAT TNfATCO 

i  mm o* M *S#C

HEAT TMCATID 

6  mm  c l M?S°C

P i g .  l i t .  ■ t c r o a t r m c t m r e  l a  the  
Road Saae e f  a P la te  R a i l e d  a t  l M t aP.
E t c h e d  w i t h  a c e t i c  a n d  p e r c h l o r i c  
a c i d a .  1000X.

P ig .  l i t .  hacropboto Shoeing E f f e c t  
of  Vacuum Meat T r e a t e o a t a  oa a S er ies  
e f  P l a t e a  R o l l e d  w i t h  a R e d a c t lo a  o f
I t :  I .  U n e t c h e d .  8X.
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N O  HEAT TREATMENT

H EA T TREAT 1 0  
2 min o* <0?5°C

N E A T  TREATED 
•  mm «t <0?5°C

MEAT TREATED 
2 mm at U?5°C

H E A T  TREATED 
6  mtn «t (IJS 'C

P i g .  l i t .  ■ncrophoto  M o t U i  I f f i c t  
o f  Vacuum t o o t  T r n t i M t  on i  a e r i e s  
o f  M a t e s  B e l l e d  w i t h  •  I n d u c t i o n  o f
St:  1.  Li ne t ched .  7X.

T h e  s t r u c t u r e  p r o d u c e d  i n  s 1 5 : 1  
r e d u c e d  p i s t e  f o l l o w e d  by b e e t  t r e a t 
me n t  f o r  2 m m  a t  1 9 6 5 “ F i s  shown in 
F i g .  1 11 .  The o r i g i n a l  s t r u c t u r e  o f  
t h e  p l a t e  r e d u c e d  3 0 : 1  i s  s h o wn  i n  
F i g .  112.  The s t r u c t u r e s  d e v e l o p e d  by 
h e a t  t r e a t m e n t  o f  t h i s  p l a t e  f o r  2 min 
a t  1 9 6 S ° F  a r e  shown i n  F i g .  113,  and 
t h e  e f f e c t  o f  he a t  t r e a t m e n t  f o r  6 min 
a t  2 0 5 5 ° F  i s  a p p a r e n t  i n  F i g .  114.  I t  
i s  f e l t  t h a t  t he  r e s u l t s  o f  t h e s e  t e a t s  
i n d i c a t e  one  f e a s i b l e  m e t h o d  o f  p r o 
d u c i n g  a f a i r l y  s a t i s f a c t o r y  c l a d  
p l a t e .

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

T h e  r e s u l t s  o f  t h i s  p r e l i m i n a r y  
wor k  i n d i c a t e d  t h a t  c l a d d i n g  t h o r i u m  
w i t h  s i r c o n i u m  was a much mo r e  d i f f i 
c u l t  p r o b l e m t h a n  c l a d d i n g  u r a n i u m  
w i t h  s i r c o n i u m .  Bas ed  on t h e  i n f o r 
m a t i o n  g a i n e d ,  an i n t e n s i v e  i n v e s t i 
g a t i o n  i s  i n  p r o g r e a a  t o  p r o d u c e  t h e  
n e c e s s a i y  b o n d i n g .  The i n v e i t i g e t i o n  
hen b e e n  d i v i d e d  i n t o  t wo c a t e g o r i e s :  
( 1 )  r o l l  c l a d d i n g  by s t r a i g h t f o r w a r d  
p r o c e d u r e s  and (2)  c l a d d i n g  by a l t e r n a t e  
p r o c e d u r e s  s u c h  aa  b r a s i n g ,  h i g h -  
t e m p e r a t u r e  r o l l i n g ,  and  h i g h - t e m p e r a 
t u r e  d i f f u s i o n .

I t  i a  o b v i o u s  f rom t h e  p r e l i m i n a r y  
w o r k  t h a t  s ome  s o r t  o f  a b a r r i e r  
a p p e a r i n g  on t h e  t h o r i u m  i n t e r f e r e s  
w i t h  b o n d i n g .  E x p e r i me n t s  h a v e  t h e r e 
f o r e  b e e n  d e s i g n e d  t o  o b s e r v e  t h e  
e f f e c t  o f  h e a t i n g  on o x i d a t i o n  o f  t h e  
c e r e  e l e m e n t s  a t  v a r i o u s  s t a g e s  o f  
b i l l e t  p r e p a r a t i o n .  The b i l l e t  d e s i g n  
c u r r e n t l y  b e i n g  us ed  i s  a i mi  l a r  t o  t h a t  
s hown i n  F i g .  105 w i t h  t h e  e x c e p t i o n  
t h a t  t h e  p u r g i n g  t ube  ha s  b e e n  e l i m i 
n a t e d .

The  me t hod  o f  a s s e m b l i n g  t h e  b i l l e t  
p r i o r  t o  p l a c i n g  u n d e r  v a c u u m  i s  as  
f o i l o w s  :

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

2 .  The  s i r c o n i u m  c o v e r  p l a t e s  a r e  
a a n d - b 1 a s t e d , m a c r o c t c h e d  i n  a 4 8 *  
w a t e r - 5 0 *  n i t r i c - 2 %  h y d r o f l u o r i c  a c i d  
s o l u t i o n ,  r i n s e d  in w a t e r ,  a n d  d r i e d .

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

4.  The  s t e e l  f r ame  c o n t a i n i n g  t h e  
s i r c o n i u m  a n d  t h o r i u m  c o r e  e l e m e n t s  
i a  s a n d w i c h e d  be t ween two s t e e l  p l a t e s .  
The p a r t s  a r e  h e l d  i n  p o s i t i o n  by two 
c l a m p s .
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FOR PERIOD ENDING APRIL S « ,  19S2

F i t .  1I1> B l c r o s t r a c t a r e  o f  t h e  F l a t *  l o l l t f  o l t l i  •  I t f a c i i t i  o f  1 1 : 1  
A f t e r  Moat T r e a t a e n t  f o r  !  a l a  a t  1 I7»*C l a  Vacaaa.  E t c h e d  w i th  a c e t i c  and
p e rc h lo r i c  a c i d a .  1000X.

Fig .  l i t .  ■ l c r e e t r a c t a r e  of  tb o  P l a t o  Bheea l a  P ig .  I l l  B a fa r a  Meat T r e a t *  
a o a t .  Etched w i t h  a c e t ic  and p e r c h lo r i c  acida. 1000X.
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f i g .  11S. ■ ! c r o a t r a c t n r e  ot  t k t  P i a t t  l o l l e d  t l t k  a t e d a c t l o a  a t  31:  1 
A t t a r  Meat T r e a t a e n t  f a r  1 a l a  a t  l t 7 S ° C  la  Vacuua. E t c h e d  w i t h  a c e t i c  and 
p e rch lo r ic  a c i d a .  1000X.

P ig .  114.  N l c r o a t r a e t e r e  a t  t h e  P l a t a  t a i l e d  a l t h  a t e d a c t i o n  o f  S i :  1 
A t t a r  Boat T r a a t a a a t  f o r  4 a la  a t  11SS°C l a  Vaceaa.  E t c h e d  with  a c e t i c  and 
p e r c h lo r ic  a c id a .  1000X.
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5 .  T h e  s t e e l  c o v e r  p i s t e s  a r e  
•  e l d e d  t o  t h e  f rssie w h i l e  a s t r e a m  o i  
h i g h l y  p u r e  h e l i u m  f l o w s  t h r o u g h  t he  
e v a c u a t i n g  ' ube t o  b l a n k e t  t h e  c o r e  
e l e m e n t s  u r d e r  an i n e r t  a t m o s p h e r e .

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

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

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

The  e f f e c t  on t h e  c o r e  e l e m e n t s  o f  
w e l d i n g  t h e  s t e e l  c o v e r  p l a t e s  t o  t he  
s t e e l  f r a m e  was o b s e r v e d  by w e l d i n g  
a l l  b u t  t h e  t o p  c ov er  p l a t e  end  c o o l i n g  
i n  d r y  i c e  t o  room t e m p e r a t u r e  w h i l e  
p e r m i t t i n g  a f l o w  o f  h e l i u m  t o  pass  
t h r o u g h  t h e  e v s c u e t i n g  t u b e .  An i n *  
s p e c t i o n  o f  t he  t h o r i u m  and t i n  o m u a  
r e v e a l e d  t h a t  no a p p r e c i a b l e  o x i d a t i o n  
o f  »he c o r e  e l e m e n t s  o c c u r r e d  d u r i n g  
t h e  w e l d i n g  o p e r a t i o n ,  and i t  i s  f e l t  
t h a t  t h i s  i s  s s a t i s f a c t o r y  p r o c e d u r e  
f o r  e n c l o s i n g  t h o r i u m  and n r r o n i u a  in  
a s t e e l  i h e a t h .

Two t y p e s  o f  a t e e l  a r e  b e i n g  i n 
v e s t i g a t e d .  I t  has been f e l t  t h a t  the  
d . 2 5 %  c a r b o n ,  a e m i k i l l e d ,  f i r e  boa*  
g r a d e  s t e e l  may r e l e a a e  e n o u g h  gaa ea  
d u r i n g  t h e  h e a t i n g  and r o l l i n g  o p e r 
a t i o n s  t o  cause  o x i d a t i o n  o f  t h e  c o r e  
e l e m e n t s .  On t h e  o t h e r  h a n d ,  t h e  
0 . 0 4 *  c a r b o n ,  1 1 t a n i u r n * k i 1 1 e d , e n a me l *  
i » 8 * R r a d e  s t e e l  ( T i n a m r l )  p r o b a b l y  
c o n l a i n a  l e s s  gas.

A b i l l e t  o f  each t y p e  o f  s t e e l  ess  
p r e p a r e d  i n  ths manner  d e s c r i b e d  above ,  
e v a c u a t e d  t o  what  a p p e a r e d  t o  be l e a s  
t h a n  1 pi a s  o b s e r v e d  f r o m a H a s t i n g s  
t h e r m o c o u p l e  g a g e ,  and s l o w l y  h e a t e d  
t o  1 0 0 0 ° F  f o r  r e m o v a l  o f  a d s o r b e d  
g a a e a .  A f t e r  c o o l i n g  t o  room t e m p e r a 
t u r e ,  t h e  b i l l e t s  w e r e  p u r g e d  w i t h  
h e l i u m ,  e v a c u a t e d  a g a i n  t o  wha t  a p p e a r e d
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t o  l e a k  t h a n  1 p ,  and a e a l e d  by hot  
f o r g i n g  t h e  e v a c u a t i n g  t u b e .  The  
b i l l e t s  w e r e  t hen h e a t e d  t o  I S O O I  f or  
1 1 / 2  h r ,  c o o l e d  t o  room ' e m p e r a t u r e ,  
and t he  t o p  c o v e r  p l a t e  t u t  away f r o o  
t h e  b i l l e t .  A c o n s i d e r a b l e  d e g r e e  o f  
o x i d a t i o n  o f  t h e  t h o r i u m  o< t u r r e t !  i n  
b o t h  b i l l e t a ,  w i t h  n o t i c e a b l e  r o n  - 
t ami nat  I nn on t he a i d e  r f  t h e  i i r m n i u a  
c o v e r  p l a t e  a d j a c e n t  t o  t h e  t h o r i u m  
c o r e .  T h e  o x i d a t i o n  w i t h i n  t h e  
t i t a n i u m - k i  1 1 ed a t e e I  was womenhat  l e a s  
t h a n  t h a t  i n  t h e  a e m i k i l l e d  a t e e l ,  
b u t  n o t  t o  an a p p r e c i a b l e  e x t e n t .  
A t h o r o u g h  i n v e s t i g a t i o n  o f  t h e  vat uum  
s y s t e m  r e v e a l e d  t h a t  t h e  a s s u m p t i o n  
t h a t  t h e  vacuum * aa  l e s a  t h a n  1 ^  was 
e r r o n e o u s ,  and  p r o v i s i o n s  h a v e  been  
made f o r  mor e  c a r e f u l  m e a s u r e m e n t  o f  
t h e  a c t u a l  vacuum w i t h i n  t h e  b i l l e t .

A f t e r  o b s e r v i n g  t h e  r e s u l t s  j u s t  
d e s c r i b e d  and knowi ng t h a t  no o x i d a t I  oft 
o c c u r r e d  d u r i n g  t he  w e l d i n g  o p e r a t i o n ,  
i t  was d e s i r e d  t o  d e t e r m i n e  t h e  e f f e c t  
on t h e  c o r e  e l e m e n t s  o f  h e a t i n g  t h e  
b i l l e t  w h i l e  u n d e r  vacuum.  A b i l l e t  
was t h e n  p r e p a r e d  o f  T i n a m e  1 a t e e l ,  
e v a c u a t e d  t o  2 * 1 0 " 4 mm H g ,  a n d
s l o w l y  h e a ’ ed t o  1001) * K . T h e  vacuum
was n e v e r  p e r m i t t e d  t o  e x c e e d  5 w I f ) ' 4 
mm Hg.  H e a t i n g  t o  t he  d e s i r e d  t e m p e r 
a t u r e  consumed 1 h r ,  and t he  d e f l e c t i o n  
i n  v a c u u m  d u r i n g  h e a t i n g  i n d i c a t e d  
t h a t  gaaea  we r e  b e i n g  r e l e a s e d .  A f t e r  
c o o l i n g  t o  room t e m p e r a t u r e ,  t h e  t o p  
c o v e r  p l e t e  was c u t  a w a y  a n d  t h e  
r e s u l t s  o b a e r v e d .  T h e  c o r e  h a d  
o x i d i s e d  t o  s o n *  e x t e n t  b u t  t h e  
o x i d a t i o n  was n o t  n e a r l y  a o  s e v e r e  
a s  t h a t  o b a e r v e d  i n  t h e  p r e v i o u s  
e x p e r i m e n t s .  A a l i g h t  a m o u n t  o f  
c o n t a m i n a t i o n  • « •  a l s o  o b a e r v e d  on t he  
a i d e  o f  t h e  s ? r c o n t u m  r o v e r  p l a t e  
a d j a c e n t  t o  t h e  c o r e .  Th e  r o u t e  o f  
t h i s  e f f e c t  has not  been d e t e r m i n e d ,  
h u t  i t  i s  t h o u g h t  t h a t  t h e  c o n t a m i 
n a t i o n  a r i s e s  f rom t he  t h o r i u m  o r  t h a t  
t h e  vacuum i s  not  q u i t e  low e no u g h  and 
p e r m i t s  e no u g h  a i r  t o  r e ma i n  e n t r a p p e d  
a t  t h e  t h o r  i urn-s i r r  on i um i n t e r f a c e  t o  
s u b s e q u e n t  l y  c a u s e  o x i d a t i o n  o f  t h e
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■ • t i n g  p a r t * . '  F u r t h e r  i n v e s t i g a t i o n s  
• r e  b e i n g  c e n t e r e d  on e l i m i n a t i n g  t h e  
s o u r c e *  o f  c « ■ t • ■ i n a t i o n  o f  c o r e  
e l e m e n t s  p r i o r  t o  r o l l i n g .

I i t t l e  w o r k  h a s  b e e n  d o n e  o n  
a l t e r n a t e  p r o c e d u r e s  f o r  o b t a i n i n g  
bondi ng  be t ween t h o r i u m  and s i r c o n i u m ;  
h o w e v e r ,  i t  i s  f e l t  t h a t  w i t h i n  t h e  
n e i l  t w o  m o n t h s  r e s u l t s  w i l l  b e  
a v a i l a b l e .

E lse CLORtme by veld ins

J .  F.  D e l a n e y

In t h e  c o u r s e  o f  c o n d u c t i n g  e x p e r i *  
e e n t a  on t h e  c l a d d i n g  of  t h o r i u m  a n d  
u r a n i u n  w i t h  t i r r o n i u m  by r o l l i n g ,  i t  
wa s  r a t h e r  d i f f i c u l t  t o  o b t a i n  e d g e  
bond i ng  w i t h  good  h e a t  t r a n s f e r  c h a r a c *  
t e r i a t i c a .  A l s o ,  t h e  p r o d u c t i o n  o f  a 
u n i f o r m l y  c l a d  p l a t e  i n  an e x t r a  l o n g  
l e n g t h  was a c c a a p l i a h e d  more e a s i l y  by 
r o l l i n g  l a r g e * s c a l e  b i l l e t s  i n  a non* 
f r a mi ng  t ype  o f  j a c k e t .  T h i s  r e s u l t e d  
i n  a d o u b l e * e l a d  p r o d u c t  f r om w h i c h  
■any p l a t e s  c o u l d  be s h e a r e d  bu t  w i t h  
c o r e  a a t e r i a l  e x p o s e d  a l o n g  t h e  e n d a  
and l a t e r a l  e d g e s *  The s u c c e s s  o f  s u c h  
•  p r o d u c t i o n  me t h o d  t h e r e f o r e  d e p e n d s  
l a r g e l y  on t h e  d e v e l o p m e n t  o f  r e l i a b l e  
t e c h n i q u e s  f o r  c l o s i n g  t h e  e x p o s e d  
e d g e s .

Work wsa s t a r t e d  t o  d e t e r m i n e  t h e  
f e a s i b i l i t y  o f  c l o s i n g  t h e  e x p o s e d  
e dge s  by w e l d i n g  o r  b r a s i n g .  The mai n  
r e q u i r e m e n t s  o f  s u c h  a we l d  a r e  t h a t  
i t  p o s s e s s  a l ow n e u t r o n - s b s o r p t i o n  
c r o s s  s e c t i o n ,  a d e q u a t e  m e c h a n i c a l  
p r o p e r t i e s ,  g o o d  h e a t  t r a n s f e r ,  a n d  
g o o d  r e s i s t a n c e  t o  w a t e r  c o r r o s i o n .  
From t he  s t a r t  i t  wa s  e v i d e n t  t h a t  t h e  
b e a t  e dge  c o n f i g u r a t i o n  was a g r o o v e  
i n  w h i c h  a t i r c o n i u a  we l d  w o u l d  be  
l a i d .  S e v e r a l  m e t h o d s  of  edge  p r e p s *  
r a t i o n  w e r e  t r i e d ,  a n d  t h e  m o s t  
s u c c e s s f u l  wa s  f o u n d  t o  be an a c i d

e t c h .  The c o r e  m a t e r i a l  i s  d i s s o l v e d  
wi t h  20% HCI f rom b e t we e n  t h e  c l a d d i n g  
t o  t h e  d e s i r e d  d e p t h ,  whi ch i s  a p p r o x i - 
u a t e l y  0 . 0 1 0  i n .  d e e p e r  t h a n  t h e  
d i a m e t e r  o f  t h e  f i l l e r  w i r e .  T h e  
p l a t e s  a r e  t h e n  c l e a n e d  i n  50% HNO, 
p l u s  5% HF f o r  1 m i n u t e .  The g r o o v e  
f o r me d  ha s  a s q u a r e  s h a p e ,  and  t h e r e  
i s  no p r e f e r e n t i a l  a t t a c k  a l o n g  t h e  
bond l i n e  be t we en  t h e  c l a d d i n g  and t h e  
c o r e .  F i l l e r  w i r e  o f  t h e  d e s i r e d  s i t e  
and c o mp o s i t i o n  i s  p l a c e d  i n  t he  g r o o v e  
a n d  t h e  e d g e s  o f  t h e  c l a d d i n g  a r e  
c r i mp e d  t i g h t l y  a r o u n d  i t  a t  s e l e c t e d  
p o i n t s  t o  p r e v e n t  b u c k l i n g  d u r i n g  
we l d i n g .

The  a u t o m a t i c  w e l d i n g  a p p a r a t u s  
u s e d  i n  t h i s  i n v e s t i g a t i o n  i s  s hown  
i n  F i g .  115.  The  e s s e n t i a l  p a r t s  a r e  
t h e  h e l i a r c  w e l d i n g  h e a d ,  a u t o m a t i c  
c a r r i a g e ,  c l a mp ,  f ume s h i e l d ,  w e l d i n g  
g e n e r a t o r ,  and c o n t r o l  e q u i p me n t .  The 
w e l d  i s  made by p a s s i n g  t h e  w e l d i n g  
t o r c h  h o r i t o n t a l l y  a l o n g  t h e  e d g e  o f  
t h e  c l amped p l a t e  w i t h  no o t h e r  f i l l e r  
w i r e  a d d e d .  D i r e c t • c u r  r e n t  s t r a i g h t  
p o l a r i t y  i s  u s e d  w i t h  a 0 . 0  4 0 * i n . 
t h o r i a t e d - t u n g s t e n  e l e c t r o d e .  He l i u m 
g a s  f l ow o f  10 c f h  i s  g e n e r a l l y  u s e d .

R e s u l t s  t o  d a t e  h a v e  d e m o n s t r a t e d  
t h a t  i t  i s  p o s s i b l e  t o  o b t a i n  a 
m e t a l l u r g i c a l  w e l d  on b o t h  t h o r i u m *  
s i r c o n i u m  a n d  u r a n i u ■ - ■ i r c o n i u ■ 
p l a t e s .  Wh e t h e r  s u c h  we l d s  mea t  a l l  
t h e  r e q u i r e m e n t s  w i l l  be d e t e r m i n e d  by 
a t e s t i n g  p r o g r a m  now u n d e r  w a y .  
T h o r i u m * s i r c o n i u m  p l a t e s  s r e  w e l d e d  
by a p u r e - 1 i  r c o n i u m  f i l l e r  w i r e .  A 
h e a t  r a nge  o f  30 t o  55 w a t t * m i n / i n .  i s  
a c c e p t a b l e  f o r  w e l d i n g  p i a t e s  o f  0 . 065-  
i n .  t h i c k n e s s  w i t h  a p p r o x i m a t e l y  0 . 0 1 0 *  
i n .  s i r c o n i u m  c l a d d i n g ,  a n d  u s i n g  
f i l l e r  w i r e  0 . 0 3 2  i n .  i n  d i a m e t e r .  
T h i s  r a n g e  o f  p o w e r  i n p u t  w i l l  be 
n a r r o w e d  when p o r o s i t y  and  d i f f u s i o n  
• r a  t a k e n  i n t o  c o n s i d e r a t i o n .  A 
t r a n s v e r s e  s e c t i o n  o f  a r e p r e s e n t a t i v e  
• e l d  i s  shown i n  F i g .  116.

413 112

108 •  S
• •

o • •  a 
•  • a

e

* *  •  9

a o a
o a  a • a w  • aw 
a  a w #: .

a a  a a a • •  
a a a a  a a
a a o a  a a
•  a a  a a
a a a •  a a

I

I

4

9

t

s

’ I





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

Uranium- 1 xrcon  ium p l a t e s  p r e s e n t  a 
d i f f e r e n t  problea i .  Uranium mel t s  a t  a 
t e m p e r a t u r e  n e a r l y  700*C l o v e r  t h a n  
t h e  m e l t i n g  p o i n t  o f  s i r c o n i u m .  I f  
t i r c o n i u n  i s  u s ed  aa  t h e  f i l l e r  w i r e ,  
t he  s o l i d i f i c a t i o n  a f t e r  the ve l d  pas s  
v i l l  be from t h e  o u t s i d e  i n v a r d ,  w i t h  
t h e  r e s u l t  s h o wn  i n  F i g .  117.  The 
s i r c on i um w e l d - m e t a l  s h e l l  s o l i d i f i e s  
f i r s t  end l e a v e s  a volume o f  l i q u i d  
u r an i u m i n s i d e ,  w h i c h ,  on s o l i d i f i 
c a t i o n ,  s h r i n k s  away  f rom t h e  w e l d  
me ta l  and l e a v e s  a v o i d .  In o r d e r  t o  
a c h i e v e  t h e  i d e a l  s i t u a t i o n  o f  t h e  
m e t a l  s o l i d i f y i n g  f r o m  t b s  i n t e r i o r  
o u t w a r d ,  a w e l d  m e t a l  w i t h  a l o w e r  
s o l i d i f i c a t i o n  t e m p e r a t u r e  than uranium 
i s  needed.  The s i  r c o n i u m - n i c h e  1 sys t em 
has  a e u t e c t i c  p o i n t  a t  IS wt % n i c k e l  
s a d  96l*C;  t h e  s o l i d u s  l i n e  r e a c h e s  
t h e  e u t e c t i c  l i n e  a t  1.9% n i c k e l .  An 
a l l o y  o f  3% n i c k e l  was  t r i e d  in w e l d 
i ng  the edges .  T h r e e  per  cen t  n i c k e l ,  
w h i c h  w o u l d  p l a c e  t h e  a l l o y  i n  a 
l i q u i d  p l u s  t ?wl id  p h a a a  a r e a  a b o v e

1 *  J  • t; 1 H

m

t mapm
Fig.  l l g .  T r a n s v e r s e  S e c t i o n  of  

Thor lua-Zireon.am ? l a t a  Seldad wi t h  
Zirconiua F i l l e r  l i r e .  40X.

961*C, proved t o  be enough  t o  c o n t r o l  
t h e  d i r e c t i o n  o f  t h e  s o l i d i f i c a t i o n  
a n d  t o  f i l l  a n y  s h r i n k a g e  c a v i t y .  
L o n g i t u d i n a l  and t r a n s v e r s e  s e c t i o n s  
o f  t he  n i c k e l  a l l o y  v e l d s  a r e  shown in 
F i g s .  118 and 119.  F o r  t h i s  t ype  o f  
w e l d ,  a p o w e r  i n p u t  o f  13 t o  2S 
w a t t - m i n / m .  was u s e d ,  o r  approx i sMte l y  
h a l f  o f  t h a t  n e e d e d  f o r  good w e l d s  
w i t h  p u r e - s i r c o n i u m  f i l l e r  w i r e .  The 
d i m e n s i o n s  o f  t h e  u r a n i u m - s i r c o n i u r n  
p l a t e s  a r e  t he  same a s  t hos e  given fo r  
t h o r i u m - i i r c o n i u m  p l a t e s .  The we l d s  
w i t h  t he  3% n i c k e l  t i r c o n i u n  f i l l e r  
w i r e  were so p r o m i s i n g  t h a t  they were 
t r i e d  on t h o r i u m - s i r c o n i u m  p l a t e s .  
These  welds ver«  : > s o q u i t e  s u c c e s s f u l ;  
a s e c t i o n  of  one i s  shown in Fig.  120.

The  w e l d i n g  h e a t  i n  a l l  c a s e s  
improves  the  bond be t we e n  t he  c l ad d i n g  
and core  and t h e r e  h a s  been no t r o u b l e  
w i t h  h e a t - a f f e c t e d  t o n e s .  The p l a t e s  
must  be clamped ve ry  t i g h t l y  t o  p r e v en t

Fi g .  117. L o n g i t u d i n a l  S e c t i o n  
Threagh F l a t e  o f  U r a a l m a - Z l r c o a i n n  
Showing Shrinkage C a v i t y  Below Sold.
sx.
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FOR PERIOD ENDING APRIL S t ,  1 9 S 2

F i g .  l i t .  Z 1r c o a  I u a - 3 l  N i c k e l
■ • I t  • •  U r a a t a a - S t r c o a l a a  F l a t * .  40X.

F i g .  l i t .  L a a g l t a t l a a l  t a c t l a a  
Through F l a t *  l i o n  l a  F i g .  l i t .  40X.

F i g .  l i t .  Z l r c e a t a a - t f t  N i c k e l  
• • I t  *a Thor  l e a - X I i c o n l u a  F l a t * .  40X.

b u c k l i n g .  One awthod o f  r e l i e v i n g  t h e  
•  t r e e e e e  i n  t h e  t e U  ia t o  e a p l a y  a 
r e l a t i v e l y  c o l t  peaa  o f  t h e  t o r c h  • •
en e n n o e l .

A a e j o r  p a r t  o f  t h e  f a t a r e  v o r k  
v i l l  he a i a e d  a t  r e t u c i a g  t h e  g a e  
p o r o s i t y  t h a t  c an  be a e e a  i a  M a t  o f  
t h e  e e l t a .  The ) |  n i c k e l  a l l o y  a a e a a  
t o  r e d a c a  t h e  a a o u a t  o f  gaa  p o r o s i t y ,  
b u t  t h i a  h a a  n o t  been  p r o v e d .  Vork  
i a  in p r o g r e a a  t o  d o t e r a i a a  t h e  e x t e a t  
t o  e k i r h  t h e  c o r e  a e t a l  d i f f a a e a  i n t o  
t he  f i l l e r  a e t a l  end t he  f a c t o r a  t h a t  
c o n t r o l  i t .

C L A ttlM  «F TV O tltt VITt ILM IIIU I

V. J .  Leona r d  T. V. F e l t o n

D e v e l o p n e n t a l  vo r k  oa t h e  p r o h l e a  
o f  c l a d d i n g  o f  t h o r i u a  v i t h  a l a e i n u a  
f o r  p r o d a c t i o n  o f  ll, n  by i r r a d i a t i o a
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c o n t i n u e s .  C l a d d i n g  t e s t s  w e r e  c o n 
d uc t ed  t o  e v a l u a t e  s e v e r a l  m e t h o d s  o f  
p r e p a r a t i o n  p r i o r  t o  h o t  w o r k i n g  t o  
o b t a i n  a t a 11 a r g i c a 1 b o n d .  T b a  
a f f e c t  o f  r o l l i n g  t a n p a r a t u r a  a n d  
a a o u n t  o f  t o t a l  r a d n e t i o n  e a r s  i n 
v e s t i g a t e d  a l a s .

T e s t  s a a p l a a  p r ep a r ed  by the  d i r e c t  
awlhod war* h o t  r o l l e d  a t  t a n p o r a t u r a s  
o f  400 .  S 0 0 .  and  6CC*C. The d i r e c t  
a a t h o d  c o n s i s t a  o f  j a c k e t i n g  a r e c 
t a n g u l a r  t h o r i u n  b i l l e t  in an i l v a i n u a  
p i c t u r e  f r a m e  and c o v e r s ,  e v a c u a t i n g ,  
s e a l  inf** and  b o t  r o l l i n g .  The a a o u n t  
o f  t o t a l  T e d u f t i o a  i n  t h i c k n e s s  was 
v a r i e d  f r o m  1 2 : 1  t o  2 0 : 1 .  I n  a l l  
c a s e s  b o n d i n g  was ach i ev e d .

Bend and c h i a a l  t e a t s  a f t e r  r o l l i n g  
i n d i c a t e d  t h a t  t h e  400  a n d  S 0 0 * C  
s a a p l a a  c o u l d  w i t h s t a n d  c o n s i d e r a b l e  
s t r e s s  w i t h  no  a p p a r e n t  daaa ge  t o  t h e  
bond i n t e r f a c e .  The 600*C s a a p l * .  
however ,  f r a c t u r e d  on r e p e a t e d  b e n d i n g  
and  t h e  a l u a i a u a  c l a d d i n g  c o u l d  be 
e a s i l y  s t r i p p e d  f r o n  t h e  t h o r i u n .  
M e t a l l o g r a p h i c  e a a a i n a t i o n  f u r t h e r  
s u p p o r t e d  t h e s e  i n i t i a l  f i n d i n g s .

P h o t o m i c r o g r a p h s  t a k e n  a t  t h e  bond 
i n t e r f a c e s  o f  s a a p l a a  r o l l e d  a t  400 ,  
S00,  and 600*C a r e  shown i n  F i g .  121.  
Both  t h e  S00  and  600*C a a a p l e a  show 
t h e  p r e s e n c e  o f  an  i n t e r n o t a  1 1 i e  
c o n p o u a d .  Work  i s  i n  p r o g r e s s  t o  
i d e n t i f y  t h e  unknown c o a p o u n d ,  At 
l e a s t  two c o a p ou a d s  a r e  kao«n t o  w a i s t  
in t he  t h o r i u a - a l u n i n u a  phasa d i a g r a a .  
B a s a l t s  o f  a e a a u r e a e n t s  a a d e  t o  d a -  
t e r a i n e  t h e  a a o u n t  o f  i n t e r a e t a 11 i c  
compound formed a r e  given in T a b l e  3S.

A1 u n i n u a - e  1 a d d i n g  ' . h i c k n e s s e s  i n  
t h e  r a n g e  1 0  t o  IS a i l s  h a v e  b e e n  
p r o d i t e d .

V i t k i n  t h e  r an g *  $: 1 t o  2 0 : 1  r e 
d u c t i o n ,  t h e  aao u n t  o f  t o t a l  r e d u c t i o n

a p p a r e n t l y  i e  n o t  a c r i t i c a l  f a c t o r  i n  
bonding t h o r i u a  t o  a l u a i a u a .

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

In an a t t e a p t  t o  check  t h a  e f f e c t  
o f  p u r g i n g  j a c k e t e d  t h o r i u a  b i l l e t s  
wi t h  t h e  i n e r t  g a s e s  h s l i u a  and a r g o n  
t o  remove a d s o r b e d  gasaa ,  t h r e e  b i l l e t s  
we r e  p r e p a r  « and  r o l l a d  a t  S 0 0 * C .  
M e t a l l u r g i c a l  r e s u l t s  i n d i c a t e d  l i t t l e ,  
i f  any,  b e n e f i c i a l  e f f e c t  f r o a  p u r g i n g  
wi th i n e r t  g a s e a .

TABLI 31
Thlcheese e f  I a t a r a e t e l  l i e  Ceapoaad 

Formed a t  th e  Bead la t e r f a c e  e f  
Thorlaa Clad u ltb  A lee ia ea*

TEMP^d?URF THICKNESS Or INTOMETALLIC
<*c> OOWOU1D ( a i l s )

400 Nan*

500 Average • 1
Miaiawm • tee small te  r e c e iv e

400 •1•e*i

Average « 3
Minimum • tee small te r e e e l vs
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FOR PERIOD ENDING APRIL JR,

( a )  R o l l ed  a t  AOO*C

Al UMlNUM

v < u u

(c )  Rolled a t  600T.

r i g .  1*1.
Etched with e

Bead Ia te r « * e e a  *1 * !« ••<  T h a rla *
lcohol  and  p e r c h l o r i c  a c i d .  1000X.

B a lled  i t  V arie«a T eap ara taret.
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Work i s  in p r o | r « « *  on t h «  f o l i o * *
i n f :

1. u s i n g  •  t h i n  magnesium o r  a l wu i aua -
s i l i c o n  a l l o y  l n y o r  b o t o o o n  t h o  
n l o o i n u o  and t h o r i u m  t o  a c t  a s  a 
d i f f u s i o n  b a r r i o r .

2 .  a l t a r i n g  t h a  w o r k i n g  o r  f l o w  
c k a r a c t a r i a t i c a  o f  t k a  two o a t a l a  
by a l l o y i n g  -  t h o r i u a  c a n  ba 
a o f t a n a d  by s m a l l  a d d i t i o n s  o f  
t i t a n i w n ,  wbaraas  a l wm i n u n  can ba 
h a r dona d  by a d d i l i o n s  o f  b o r y l l i a a ,  
oagnaa i wo ,  s i l i c o n ,  o t c . ,

3.  i n v a s t i g a t i n g  o t k o r  m a t k o d s  o f  
p l a t s  a a s a n b l y  such  a s  o a c b a n i c a l  
l i a k a g s  o r  usa  o f  t k a  l o w - m e l t i n g  
( 350  t o  4 0 0 * 0  aluminum s o l d e r a .

CKBAIIC fBOTCCTIVC C M T I N U

V. J .  Le o n a r d

C o r a n i c a  c o n t a i n i n g  a n a n o l i n g  
a g o n t s  wars  s t u d i e d  t o  e v a l u a t e  t h e i r  
p r o t a c t i o n  p r o p a r t i o a  a s  C o a t i n g s  on 
o a t a l a .  Tha e s r a n i c a  u s e d  w a r s  o f  
t y p o s  A - 41 7  s a d  A- 418  d e v e l o p e d  by 
t k a  Bureau  o f  S t a n d a r d s ,  o r  wary s i m i l a r  
c o m p o s i t i o n s .  T h e s e  c e r a m i c s  w a r e  
d e v e l o p e d  o r i g i n a l l y  a a  p r o t e c t i v e  
c o a t i n g s  f o r  h i g h - t e u p e r a t u r e - a l  l oy  
c o a t i n g s  and f o r g i n g s  t h a t  ware  used  
f o r  j o t  t u r b i n e  b u c k e t s  o r  b l a d e s .  
T h o y  c o n s i s t  e s s e n t i a l l y  o f  e q u a l  
p a r t s  o f  BaO, C r 10 J , a n d  S i O .  w i t h  
a s m a l l  a d d i t i o n  o f  CdO o r  ZrO and a 
s m a l l  p o r t i o n  o f  a v i t r i f y i n g  a g e n t  
s u c h  a a  P , 0 J o r  P , 0 ,  a n d  BaO. A 1 , 0 S 
o r  Naa0  nay be s u b s t i t u t e d  o r  b l e nded  
i n  t k a  o r i g i n a l  c o m p o a i t i o n s  i f  
d a a i r o d .

Tka c o a t i n g s  ware p u t  on type  25-20 
a t a i n l a s a  s t e a l  by t k a  p r o p e r  p r e 
p a r a t o r y  t e c h n i q u e s ,  a n d  t k a  s a n p l a a  
w a r s  r o l l e d  a t  1 8 0 0 * F .  The  c o a t i n g  
a d h e r e d  e x c e l l e n t l y  t o  t h e  n a t a l ,  
s p r e a d  and f lowed w i t h  t h e  m e t a l ,  and 
s h o w e d  ao  t e n d e n c y  t o  s t i c k  t o  t h e
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r o l l s  o r  f l a k e  o f f .  Z i r c o n i u m  was 
t h a n  s u c c e s s f u l l y  c o a t e d  a n d  r o l l e d  
w i t h  s i m i l a r  r e s u l t s .

S i n c e  t k a  p r e l i m i n a r y  t e a t s  i n d i 
c a t e d  t k a  f a a a i b i l i t y  o f  h o t  r o l l i n g  
• i r c o n i u n ,  s e v e r a l  t e s t  a a m p l a a  9 / 1 6  
i n .  t h i c k ,  2 i n .  wide ,  a n d  4 i n .  l o ng  
were  r o l l e d  t o  s t u d y  t k a  v a r i a b l e s  c f  
r o l l i n g  t e m p e r a t u r e ,  a m o un t  o f  t o t a l  
r a d u c t i o a ,  and t h i c k n e s s  o f  c o a t i n g .  
In a l l  c a s e s ,  t h a  r e d u c t i o n  p e r  pass  was 
m a i n t a i n e d  a t  a p p r o x i m a t e l y  2 0 * .  
M i e r o g r a p h i c  e x a n i n a t i o n  was  a a d ?  o f  
t h e  s a m p l e s  a f t e r  r o l l i n g  t o  d a t a r n i n a  
t h e  amoun t  o f  d i f f u s i o n  b e t w e e n  c o r e  
and c l a d d i n g ,  whether  o x i d e s  formed in 
t h e  a i r c o n i u m ,  and w h e t h e r  c r a c k s  o r  
o t h e r  d i s c o n t i n u i t i e s  o c c u r r e d  in t ha  
c o a t i n g .

*

R e s u l t s  ahowed t h a t  t h e  o p t i n u n  
t h i c k n e s a  o f  c o a t i n g  was a p p r o x i m a t e l y  
2 . 5  t o  3 . 0  n i l s  and t h a t  t k a  c o a t i n g  
was i m p e r v i o u s  t o  a i r  p e n e t r a t i o n  when 
r o l l e d  t o  a r e d u c t i o n  o f  l a s s  t h a n  
5 : 1 .  Th i n  r e d u c t i o n  r a t i o  i s  s l i g h t l y  
d e p e n d e n t  on t e m p e r a t u r e ,  b e i n g  l e a s  
a t  t h e  h i g h  r o l l i n g  t e m p e r a t u r e  and 
s l i g h t l y  n o r a  a t  tha  lower  t e m p e r a t u r e .  
Z i r c o n i u a  may be r o l l e d  a t  tem peratures 
f r o m  1 2 0 0  t o  1 8 0 0 * F .  M i c r o a c o p i c  
s t u d i e s  i n d i c a t e  no d i f f u s i o n  i n t o  
t b s  s i r c o n i u n  by t he  c o a t i n g  e l e m e n t s  
o r  l e a k s  o f  a i r  t h rough  t h e  c o a t i n g  on 
t h e  f l a t  p o r t i o n  o f  r o l l e d  p l a t e .  On 
t h a  e d g e s  t he  c o a t i n g  f l a k e s  o f f  a f t e r  
a few p a s s e s ,  and n i t r o g e n ,  o xy g e n ,  
and p o s s i b l y  o t h e r  g a s e s  p e n e t r a t e  t o  
a d e p t h  o f  a b o u t  0 . 0 3 0  t o  0 . 0 4 0  i n .  
i n t o  t h e  s i r c o n i u n .

T h or i u m  has  a l s o  b een  s u c c e s s f u l l y  
c o a t e d  w i t h  t h a a a  n a t e r i a l s  b u t  no 
q u a l i t y  e v a l u a t i o n s  have been  n ad e .

T w e n t y - f i v e  s a n p l a a  w a r e  r o l l e d  t o  
1 2 : 1  a n d  1 6 : 1  t o t a l  r e d u c t i o n  a t  
v a r i o u s  t e n p a r a t u r e a  w i t h  t h e  u s a  o f  
t h e  f a l l o w i n g  s t a n d a r d i s e d  p r o c e d u r e :  
( 1 )  c o a t  w i t h  2 . 5  t o  3 . 0  n i l s  o f  t he  
c e r a m i c ,  ( 2 )  ' r o l l  t o  t o t a l  r e d u c t i o n
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o f  4 : 1  o r  s l i g h t ! ?  ! • • • ,  ( 3 )  r e c o o t  
sod r o l l  t o  f i n a l  t o t a l  r e d u c t i o n  o f  
1 2 : 1  o r  1 6 : 1 .  T h e  r o l l e d  p l a t e s  
appe a r e d  t o  be e n t i r e l y  a a t i a f e e t o r y . 
B e f o r e  uae  t h e  e d g e s  and e n d s  w o u l d  
r e q u i r e  t r i m m i n g  and  t h e  c o a t i n g  on 
f l a t  f a c e s  wou ld  hove t o  be removed.

FOR PERIOD ENDING APRIL ) • ,  19S2

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

At p r e s e n t ,  m i c r o s c o p i c  s t u d i e s  a r e  
b e i a g  node  o f  t h e  s a m p l e s  by t a h i n g  
hardnes s  t r a n s f e r e e s  i n t o  t h e  c o r e  f rom 
t h e  t i r c o n i w m  s u r f a c e  t o  d e t e c t  a n y  
p o s s i b l e  i m p u r i t y  e f f e c t s  no t  b r o u g h t  
o u t  by e t c h i n g .  A l s o ,  m e t h o d s  o f  
r e m o v i n g  s n d  c l e a n i n g  t h e  r o l l e d  
s i r c on i um p l a t e s  a r e  b e i n g  i n v e s t i g a t e d .

EXPtBHENTAL VELDINC OF UBfthZUM.
TOO!IHO. AMO IIBCONKJB

« .  J .  Leonard

In c o n j u n c t i o n  w i t h  t h e  c l a d d i n g  
program,  i n f o r m a t i o n  was needed on t h e  
w e l d a b i l i t y  o f  c e r t a i n  m e t a l s  i n  com* 
b i n a t i o n  w i t h  t h e m s e l v e s  or  w i t h  o t h e r  
d i s s i m i l a r  m e t a l s .  C u r s o r y  w e l d i n g  
t e s t s  were  p e r f o r m e d  t o  g a t h e r  some  
p r e l i m i n a r y  i n f o r m a t i o n ,  a n d ,  i n  
p a t t i c u l a r ,  t h e  c r a c k  s e n s i t i v i t y  o f  
t h o r i u n  was i n v e s t i g a t e d .  R e a c t o r *  
g r a d s  u r a n i u m ,  Ames t h o r i u m ,  a n d  
Bureau  o f  M i n e s  a r c * m e l t e d  c r y s t a l *  
b a r  t h o r i u n  w e r e  u s ed  t h r o u g h o u t  t h e  
i n v e s t i g a t i o n .

Al l  w e l d i n g  was pe r f o r me d  by u s i n g  
a s h i e l d e d ,  i n e r t * a r c  g s s * w e l d i a g  
t o r c h  wi t h  a 1 / 1 6 - i n .  t u n g s t e n  e l e c t r o d e  
in a dry box u n d e r  a hel ium (Bureau o f  
Mines grede  AA) a t mos phe r e  p u r i f i e d  by 
a g a s  t r a i n .  T h e  m a t e r i a l s  t o  be  
welded were  c h a r g e d  i n t o  t h e  box a n d  
t h e  box e v a c u a t e d  f o r  a p e r i o d  o f  a t  
l e a s t  16 h r  t o  t h a  b e s t  a t t a i n a b l e  
vacuum,  w h i c h  v a r i e d  from 40 t o  1 0 0  
m i c r o n s .  The  s y s t e n  was t h e n  c o n 
t i n u o u s l y  f l u s h e d  w i t h  hel iww t h r o u g h  
a No. 8 gas c a p  a t  a f low r a t e  o f  2 
6 l i t e r / n i n  a s  s e a s u r e d  on a Linde t y p e  
L 14A f l o w m e t e r .  A f t e r  t e a t s  i n s i d e

B u t t ,  f i l l e t ,  end  l a p  w e l d s  w e r e  
made on t h o r i u m  p l a t e s  o f  known compo
s i t i o n  i n  p l a t e  s i s e s  o f  1 / 1 6 ,  1 / 8 ,  
3 / 1 6 ,  and 1 / 4  i n . ;  t h a  r a s u l t s  w e r e  
i r r e g u l a r .  I n  g e n e r a l ,  t h e  s m a l l e r  
t he  p l a t a  s a n e ,  t h e  g r e a t e r  t he  l i k e l i 
hood of  o b t a i n i n g  a c r a c k - f r e e  weld i n  
t h e  t h o r i u m .  L a r g e r  s i s e  t h o r i u m  
w e l d s  r e q u i r e  a g r e a t e r  " t o t a l  h e a t  
i n p u t "  ( g r e a t e r  number  o f  p a s s e s  f o r  
f i l l i n g  and l a r g e r  h e a t  i n p u t  p e r  p a s s  
f o r  p r ope r  p e n e t r a t i o n ) ,  which i n  t u r n  
a p p e a r s  t o  be t h e  i m p o r t a n t  f a c t o r  i a  
p r o d u c i n g  c r a c k s  i n  t h o r i u n  w e l d s .  
M u l t i p a s s  w e l d s  o f  1 / 4 - i n .  t h o r i u n  
p l a t e ,  w i t h  a n d  w i t h o u t  f i l l e r  r o d ,  
were i n v e s t i g a t e d  w i t h  more c o a s i a t e n t  
r e s u l t s .  T h e s e  w e l d s  showed c r a c k  
s e n s i t i v i t y  u n d e r  c e r t a i n  w e l d i n g  
c o n d i t i o n s ,  a n d  t h e  c r a c k s  u s u a l l y  
o c c u r r e d  b e t w e e n  t h e  ba s e  m e t a l  a n d  
t h e  h e a t - a f f e c t e d  s o n e .  The m i c r o -  
s t r u c t u r e s  o f  t h e  w e l d s  s t u d i e d  i a  
d e t a i l  s h o w e d  t h e  u s u a l  n o d e  o f  
f a i l u r e  t o  be i n  t h e  q r a i a  b o u n d a r i e s  
o f  t h e  l a r g e s t  g r a i n s  c l o s e  t o  t h e  
w e l d  o c t a l ,  b u t  n o  d i f f e r e n c e  i a  
g r a i n  s i i e ,  a m o u n t  o f  g r a i n  b o u n d a r y  
c o n s t i t u e n t s ,  o r  p e r c e n t a g e  o f  i m 
p u r i t i e s  c o u l d  be n o t e d  between s o u n d  
and c r ac k e d  w e l d s .  Ia g e n e r a l  i t  may 
be s a i d  t h a t  e i a g l e - p a s s  w e l d s  o f  
t h o r i u n  p r e s e n t  l i t t l e  o r  no p r o b l e m ;  
m u l t i p a s s  we lds  a r e  more 1 i k e l y  t o  c r a c k  
w i t h  each s u c c a e d i n g  p a s s .

Uranium p l a t e s  1 / 8  and 1 / 4  i n .  t h i c k  
w e r e  b u t t  w e l d e d .  M u l t i p a s s  g r o o v e  
welds  on 1 / 4 - i n .  p l a t e  were a l s o  made .  
Argon gas  a t m o s p h e r e s  and a l t e r n a t i n g -  
c u r r e n t  c o m b i n a t i o n s  w e r e  t r i e d  o n
u r a n i u m  b u t  r e s u l t s  were  n o t  s o  g o o d  
as  w i t h t h e  use  o f  d - c  s t r a i g h t  p o l a r i t y  
and a h e l i u a  a t m o s p h e r e .
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M w l t i p i u  g r o o v e  welds  u s i n g  f i l l e r  
r od i n  l / 4 * i n .  p l a t e s  were wsde o f  a l l  
p o s s i b l e  c o o b i n s t i o n s  o f  t U r i v s ,  
u r s n i u o ,  end l i r c o n i u o  e x c e p t  t h a t  no 
s i r c o n i u o  b a s e  p l a t e s  we r e  w e l d e d  
t o g e t h e r  n o r  w e r e  two u r s a i e a  p l a t e s  
w e l d e d  s i t h  t h e r m o  o r  t i r c o n i w o  
f i l l e r  rod.  F i g u r e  122 i s  a ph o t o g r a p h  
o f  a weld o f  t h i s  t y p e .  F i gu r e  123 i s  
a pho t ogr aph  o f  b u t t  we l ds  o f  l / 4 * i a .  
p l a t e s  o f  t h e s e  o e t s l s .  None o f  t h e  
w e l d s  e x h i b i t e d  c r a c k  s e a a i t i v i t y  
a x c e p t  t h o s e  f o r  wh i c h  h i g h  h e a t  i n 
pu t s  were ne c e a s o . ' y  t o  s e c u r e  a n o r a a l  
p e n e t r a t i o n  i n  t h e  we l d .  T h i s  c o n 
d i t i o n  any ha ppe n  i n  we l d i n g  t h o r i u a -  
t o - t h o n u a  o r  t  ho  r  i ua  - t o  - « i r c  on i a n  
p l a t e s  wi t h  e i t h e r  a t h o r i u a  o r  s i r -  
c o n i u a  f i l l e r  r o d  u n l e s s  c a r e f u l  
w e l d i n g  c o n t r o l  i s  e x e r c i s e d .  The  
wel ds  in F i g .  122 t h a t  c r ac ked  had been  
a a d e  w i t h  h i g h  h e a t  i n p u t  t o  s e c u r e  
a a x i a u a  p e n e t r a t i o n .

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

show a e u t e c d i c  p r e a e a t  a t  l o c a t i o n s  
o f  s a l t i n g  add a i x i a g  and a l s o  s e g r e 
g a t i o n  a r e a s  o f  w r a n i u a - r i c h  o r  
t h o r i u a - r i c h  s o l u t i o n s .  T h e s e  o b 
s e r v a t i o n s  a r e  i n  a g r e e a e n t  w i t h  t h e  
p u b l i s h e d  b i n a r y  p h a s e  d i a g r a a .  
T h o r i u o - i i r c o n i u a  w e l d s  s how t h a  
e u t e c t o i d  in t h a t  s y s t a a  ( s i a i l a r  t o  
p e a r l i t e  i a  s t e e l ) .  Ur s . a i ua - s i  r c o n i u a  
we l ds  show a i x t u r e s  o f  a l p h a  u r a a i u a  
i n  an  a 1 p h a • s i r c o n i u a  a a t r i x  a n d  
v i c e  ve r s e .

M i c r n g r a p h i c  s t u d y  showed c o a p l e x  
p h a s e s  i n  w e l d s  i n  w h i c h  u r a n i u a ,  
t h o r i u a ,  and t i r c o n i u a  were a i x e d  i n  
l i q u i d  p h a s e s .  S i n c e  t h e  t e r n a r y  
d i a g r a a  i a  u n k n o w n ,  no  p o s i t i v e  
i d e n t i f i c a t i o n  was  a t t e a p t e d .  C o n 
s i d e r a b l e  h e t e r o g e n e i t y  was p r e s e n t  
i a  t h e  w e l d  d e p o s i t s  s a d  a d j a c e n t  
a e l t e d  a r e a s ,  a n d  a t n y  a e t a s t a b l e  
phases  were o b s e r v e d .  No i n t e r n w t a l l i c  
o r  b r i t t l e  c oapounds  were found i n  any 
o f  t he  welds  a a d e .

/

4 ,

r

Fig,  l t t .  V o id s  o f  Tborlaa,  U raa iua ,  sad Z ir coa iaa  1 / 4 - i a .  Tost F l a t e s .
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FU E L  AND CONTROL ELEM ENT FA BRICA TIO N

J .  E. Cunn i n i t hM

■TB rUKL AND CON1BOL BOD KLBBCNTB
H. J .  Wal l as*  G. E. Cooley 

E. R. T u i n b i l l

P r o d u c t i o n  work oa t h e  f a b r i c a t i o n  
o f  e a r i c k e d - u r a a i w n  f u e l  and c o n t r o l *  
r o d  eleaMOts fo r  t h o  M a t e r i a l s  T e s t i n g  
R e a c t o r  i s  so*  p r o g r e s s i n g  a t  a s a t i s -  
f a c t o r y  and e f f i c i e n t  r a t e .  Maaaares  
a r e  b e i n g  t aken  t o  a t e p  up p r o d u c t i o n  
c o a a e a a n r a t e  e i t k  t b e  e x p e c t e d  i n *  
c r e a a e  in denand.

D u r in g  t ke  q u a r t e r  s e v e r a l  hundred  
g o o d - q u a l i t y  c o a t i n g s  w e r e  r e c e i v e d  
f r o a  t k e  Aluaunun Company o f  A a e n c a .  
T b e s e  e n d - bo x  c a s t i n g s  e e r e  d e l a y i n g  
c o a p l e t i o n  o f  two  p i l e  l o a d i n g s  o f  
f u e l  u n i t s  on hand.  Tke  356 a luaunun  
c a s t i n g s  ware  r e q u i r e d  t o  a d a p t  t he  
f u e l  a s n e a b l y  t o  t h e  u p p e r  and lower  
g r i d  s e c t i o n s  in t he  r e a c t o r .

E x a a i n a t i o n  r e v e a l e d  t h a t  t he  sand 
c a s t i n g s  were sound aad  d m e n s  i ona l  1 y 
c o r r e c t .  As r a p i d l y  a s  p o s s i b l e ,  
c a s t i n g s  were a t t a c h e d  by w e l d i n g  and 
t h e  u n i t s  w e r e  r u s h e d  t h r o u g h  t k e  
f i n a l  n a c h i a i n g  o p e r a t i o n  i n  t he  shop.  
New j i g s  t h a t  were d e s i g n e d  and c o n 
s t r u c t e d  t o  s peed  up i n s p e c t i o n  were 
a l s o  a v a i l a b l e .  A l l  u n i t s  p a s s e d  
d i a MS s i o n a l  i n s p e c t i o n  aad U ' * ' e e n t * n t  
s p e c i f i c a t i o n s .

A t o t a l  o f  66 f u e l  u n i t s  and  6 
s h i n - s a f e t y  c o n t r o l  r o d s  were  c r a t e d  
a n d  s k i p p e d  t o  ARCO. The u n i t s  were 
p a c k a g ed  i n  c a d a i e a - c o a t a i a i n g  c a r r i e r s  
f o r  s k i p o e n t  -  s i x  f u e l  u n i t s  o r  two 
c o n t r o l  r o d s  p e r  c o n t a i n e r .  A l l  
s k i o s M a t s  were a a d e  n o n e y  w a y b i l l  v i a  
R a i l w a y  E x p r e s s ,  h a n d - t o - h a n d  s i g n a t u r e  
r e q u i r e d ,  aad i n  an a a o u n t  l e a s  t h a n  
1 ug  o f  U** ' .

A l l  ah i pawnt s  a r r i v e d  s a f e l y .  Th i s  
i s  i a p o r t a n t  b e c a u s e  t h e  p e r n i a s a b l e  
o u t  - o f - a t r a i g k t n e a s  t o l e r a n c e  on t h e  
s h i n - s a f e t y  rod  i s  a n e a g e r  1 n i l / f t  
o r  14 n i l s  on a 1 4 - f t  r o d .  No t r o u b l e  
was e x p e r i e n c e d  m  l o a d i n g  the i n i t i a l  
a e t  o f  23 f u e l  end  4 c o n t r o l  r o d s  
i n t o  t ke  r e a c t o r  f o r  s t a r t - u p .

The r e n e i n d e r  o f  t h e  t h i r d  and a l l  
t k e  f o u r t h  p i l e  l o a d i n g  a r e  i n  v a r i o u s  
s t a g e s  o f  c o n p l e t t o n .  T h i r t e e n  f u e l  
a a d  s e v e n  u r a n i u n  s e c t i o n s  f o r  a k i n -  
s a f e t y  r o d s  h a v e  b e e n  b r a s e d  and 
f o r w a r d e d  f o r  f i n a l  n a c h i n m g .  The 
p a r t s  f o r  16 n o r e  u n i t s  a r e  i n  t h e  
f e r n  o f  u r a n i u n - a l u m  nun a l l o y  i n g o t s ,  
c o r e s ,  c l a d  p l a t e s ,  e t c .

Minor  a d j u s t a e n t s  on  t h e  conponen t  
p a r t s  and b r a a i n g  c y c l e  h a v e  a a d e  i t  
p o s s i b l e  t o  n a i n t a a n  c l o s e r  t o l e r a n c e  
on t h e  w a t e r -g a p  s p a c i n g .  The n o m n a l  
0 . 1 1 7 - i a .  s p a c i n g  t o l e r a n c e  i s  now 
r u n n i n g  1 0 . 0 0 6  i n . ,  o r  w i t h i n ,  SR 
r a t h e r  t h a n  t he  s p e c i f i e d  t t i . 012  i n . , -  
o r  10*.

An o v e r - a l l  i n v e n t o r y  was r un  on 
t h e  l a a t  7 - kg  l o t  o f  e a r i c h a d - u r a n i u a  
n e t a l  p r o c e s s e d .  The a c c o u n t  showed 
a g a i n  o f  0 . 2 S R ,  w h i c h  i a  s a l i g h t  
d e c r e a s e  ove r  t h e  l a a t  b a t c h  t h a t  r an  
0 . 3 6 R  h i g h .  T h e s e  b a l a n c e s  a r e  o b 
t a i n e d  a f t e r  r e c o v e r y  o f  a l l  t k e  
u r a n i u n  c o n t s i n e d  i n  t h e  d r o s s ,  
g r a p h i t e  c r u c i b l e ,  s t i r r i n g  r o d s ,  and 
s a s p l i a g  t o o l s .  A l t h o u g h  t h e s e
f i g u r e s  a r e  w i t h i n  t h e  a n a l y t i c a l  
a c c u r a c y  of  tO.SR,  r e s u l t s  c o n s i s t e n t l y
r u n  h i g h  a n d  i n d i c a t e  a b i a s  n r  
c o n s t a n t  e r r o r .  E x p e r i n e n t a l  t e s t a  
on  n o r n a l  n e t a l  a r e  i n  p r o g r e s s  t o  
d e t e r m n e  t h e  o r i g i n  o f  t h i s  s l i g h t  
b u t  d i s t u r b i n g  e r r o r .  B o t h  t h e  
a n a l y s e s  by t h e  c h e a i c a l  l a b o r a t o r y
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0 o ô* •  a eo 
a a a

:

on
a ^  a

118



METALLURGY D I V I SI O N  QUARTERLY PROGRESS REPORT

a n d  t h e  a e t h o d  o f  t a k i n g  t  ha d i p  
l a n p l t i  a r c  b e i n g  c a r e f u l l y  c h e c k e d .

A ne *  d r y i n g  o*en  c a p a b l e  o f  d r y i n g  
a t a u l t a a e o u a 1 y a i a  o r  a o r t  u n i t ,  o f  
l e n g t h s  up t o  6 f t  h a s  b e e a  p u r c h a s e d  
a a d  i n s t a l l e d .  An e r g r a v i n g  u n i t  i s  
on o r d e r  f o r  p e r n e n e n t l y  n a r k i n g  t h e  
i d e n t i f i c a t i o n  l e t t e r s  and a u a e r a l s  
o n  e a c h  a a a a n b l y .  S t a r t i n g  n e s t  
n o n t h ,  an a t t e n p t  w i l l  be  n o d e  t o  
p r o c e s s  u n i t s  f r o n  r a e  u r a a i n n  a n d  
a l u n i a u n  n a t a l  i n t o  c o a p l e t e d  a  a  * 
l e a b U r i  r e a d y  f o r  p i l e  o p e r a t i o n  a t  
t h e  r a t e  o f  t o o  e a c h  w o r k i n g  d a y .  
Wi t h a d d i t i o n a l  manpower ,  t h i s  s c h e d u l e  
c o u l d  be f u r t h e r  i mpr ove d .

EXPERIMENTAL CP-5 FUEL UNITS
J .  N. Hex «.  «.  P r o s p s

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

T h r e e  d u n n y  a l u n i n u n  a a s e n b l i e s  
w e r e  n a d e  t o  d o t e r n i n e  o p t i m u m  j i g  
d i m e n s i o n s  a n d  t o  d e v e l o p  a b r e a i n g  
c y c l e  t h a t  w i l l  y i e l d  b r  t i e d  a s 
s e m b l i e s  we l l  w i t h i n  t h e  CP- 5 s p e c i f i e d  
t o l e r a n c e s .  E s p e r i n e n t s l  a s a e n b l y  
No.  1,  d o s i g n a t e d  a s  P -  1 - E.  wa s  r u n  
t h r o u g h  t h e  c o n v e n t i o n a l  MTR c y c l e ,  
a n d  i n s p e c t i o n  r e v e a l e d  t h a t  t h e  
0 . 0 1 0  i n .  o f  f r e e d o m  n o r n a l l y  a l l o w e d  
b e t we e n  c o m p o n e n t  p a r t s  was t o o  n u c h .  
A l s o ,  t h e  w i d e r  p l a t e  s p a c i n g  a n d  
t h i n n e r  s i d e  p l a t e s  r e q u i r e d  a c h a n g e  
i n  t he  b r a s i a g  c y c l e .  U n i t s  P - 2 - E  and 
P - 3 - E  w e r e  r u n  i n  a s i n i l a r  n a n n e r  
b u t  w i t h  a l i g h t  a d j u s t m e n t s  n a d e  i n  
j i g g i n g  and b r a s i a g  t in*,  o r  t e n p e r s -  
t u r n .  F i g u r e  124 i s  a p h o t o g r a p h  o f  
t he  CP-5 f u e l  e l c n e n t .

413 12*

R e s u l t s  o f  t h e  i n s p e c t i o n  a r e  
shown i n  T a b l e  U  The  f i g u r e s  a r e  
b a s e d  on n s a i r e n  r a t h e r  t h a n  a v e r a g e  
d e v i a t i o n  a t  a a y  one  p o i n t  and t e n d  
t o  p r e s e n t  a s o m e w h a t  p e s s i m i s t i c  
p i c t u r e ,  and y e t  a l l  u n i t s ,  w i t h  t h e  
p o s s i b l e  e x c e p t i o n  o f  t he  f i r s t ,  m e e t  
s p e c i f i c a t i o n s .  No t r o u b l e  i s  a n t i c i 
p a t e d  m  f a b r i c a t i n g  t h e  r e n a m i n g   ̂
16 a c t i v e  e l e a e s t a  o r d e r e d .

The  C P - 5 d u n n y  u n i t ,  a s  b r a t e d ,  
w e i g h s  6 . 5 3  l b ,  o f  w h i c h  0 . 2 2  l b  i s  
e u t e c t i c  ( 1 1 . 5 1  S i )  a 1 u n i  n u n - s  I 1 1 c o n  
a l l o y .  T h e r e f o r e  t h e  a s s e mb l y  c o n t a i n s  
a p p r o x i m a t e l y  0 . 0 2  l b  o f  s i l i c o n  
m e t a l .  S i n c e  t h e  d e s i g n  g r o u p  wa s  
c o n c e r n e d  a b o u t  l o s s  i n  r e a c t i v i t y  
d u e  t o  a l u n i n u n ,  i t  wa s  s u g g e s t e d  
t h a t  t h e  s i c  I t d  t h i c k n e s s  o n  t h e  
a c t i v e  p l a t e  be  l o w e r e d  f r o m  20  t o  
15 o r  10 n i l s .  A c c o r d i n g  t o  J .  A.  
L a n e ,  o n l y  a b o u t  2 m i l s  i s  r e q u i r e d  
t o  s t o p  r e c o i l  n e u t r o n s .

Fig. 114. CP - 5 Fuel Eleneat.
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•  • ■ i t  • •  t l io  AWF < l » i 4* 4 » » l i i H  
• ■ f i r i M i t .

D. K.
G. 1. Cooloy 
t .  W. T o ro b ill
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R o iito i • (  uraotoo » • *

Ik *  V t i f i r i i i T  • !  C a lito ra ia  »»ooorc i 
L i b i r i t i r i u  N | » i f «  a p p r o a io a to lf  
300* 11 i f  M U l M  f l #  * • *
■ • t o r i * ! .  aod « b **t W0°  lk  k “  
r» U H  f r «  l i r  o a ta r ia l f m i i N i  *?
UCNL. TIm  r M i i i 4 i t  i f  tba to * » ir o d  
. . t . n o l  * i l l  ba ra lla d  t , m  c o . t i . . .
•  •«  l « i i |  m 4 i  i *  * ! •  • o l t i o g  
cootiof labo ratory .

t l c l H  M i l l  i f l l l M *  W ia « tT  
i l « i i i H - c l « 4  boral p la to o ,
- f l y  1 1/4 by I  b> I  f t .  w w  ™ 1U 4  
la  o o to t io l i»* by ^
by 10 f t  f o r  tb o  CF-0 » M c t «  a t  
A r |M i« i W i t io o a l  U l i f i u r ? .  » •  
i « v m  m i l  p l i t a a  r m i i i M  • •  w 4 «
« i l l  br r o lle d  in tba — r futwro.

p r i f i r i t l i f  • (  l » f i « l t 4  F « l l « .  * 
TV, too lo t *  o f iir ic h a d  f o i l  praparid  
•  ».t s b ip p id  to  a tb a r  1 o k o r o to r io s

__ jp  special n i l  that i *  b*
m H M td  0*11 bo a sod fo r o b to ia io c  
M l *  r o l io b l#  d o t* to c o le o lo to  tba 
boot f a l s e s t  por f io o io o  o f  11 
Tb* ooooably o i l l  bo caaatractad  la  a 
oaaoov to  po ro it raoeral or a o b o tito tio a

•••“ •* “ V ” , Irr ,u l i M l i i ’  o! • I - U . . . .  r i .1 4. t . i  .M
I / * - . .  - 4 4 .  k . l . .  . i l l  k . . . . . 1 4 . 4  » . . . . . « k  L . k . r . 4 . f i . .  « 4  . . W - U .l / « . i e .» o t a  oo*«o * » • •  r -  . . . . . 4 . 1  f i n i i k t i l  to tbo Broobbaroa

to  p o ro it io ao rtioo  of « l*d  or ooclod 
araaioo* a loo iaao  disks proposed fro#  
tb * SMN boot.

T *o  o f  tb s  la a d -c a d e ie o  a l lo y  
( IT . f  # t  % sadoiao) s a fo ty  rods sad 
ooa oootro l rod for tb* Salk S b ia ld iag  
F a c i l i t y * * r *  fabricStod sod foroardod.

o s ts r ia l  foro iabod to tbo Wroebbarea 
Nstioaol Laboratory.

Thor loo P ioso lattoo . A ppro*ioata ly  
S O  b« o f  s a tra d a d  tb o r ia o  ro d  «as 
fa ra isb o d  to  tbo cbao ica l f ro o p  fo r  
d iss o la tio a  osporioeats.
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p r e x i a a t e l y  SO t k o r i u a  i l U y i  m w  
vacua* or arc a e l t e d  for  a l lo y  s tud ios .  
T h o r iu a  p l a t e ,  r o d ,  sad a i r s  o a r *  
f a b r ic a te d  froa  Asaa c a s t  b i l l o t s  by 
o x t r u s i e a ,  r o l l i a g ,  s o a g i a g ,  aad  
d r a v ia f  for v o id in g  aad pbyoical t o s t  
data.

S e v e r a l  b r a s i n g  a l lo y s  oar* aado 
by arc a e l t i a g  ia  tba a a a l l ,  i a e r t -  
a t a o s p h a r a  f u r n a c e .  Chroaiua a l l o y s  
sa re  c a s t  aad f a b r i c a t e d  ia t o  rod.

FOR PERIOD ENDING APRIL S I ,  M S S

• a a a r a l .  I n s t a l l a t i o n  o f  t b *  
100-bo, 3000-cyc le  g en era tor  baa bean 
c o a p l e t a d .  The l a r g o .  D i s t i l l a t i o n  
Products ,  vscuua t i l t i a g  furnace that  
i a  t o  b* operated f r a *  t b i a  generator  
o i l l  bo ready f o r  o p a r a t i o a  ia  tb*  
a o a r  f u t u r e .  Tb* i a a t a l l a t i o a  o f

pooar supply far tb* large  *•* furnace 
o i l l  be s tar ted  sooa.


