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PREFERRED O R I E N T A T I O N  A N D  RECRYSTALLIZATION I N  
FABRICATED Z I R C O N I U M ,  U R A N I U M ,  A N D  T H E I R  ALLOYS. 

A L i t e r a t u r e  S u r v e y  by W. Uhlmann 

P r e f a c e ,  

A s u r v e y  .of c u r r e n t  p u b l i c a t i o n s  c o n c e r n i n g  t h e  
s u b j e c t  m a t t e r  o f  t h e  t i t l e  i s  g i v e n ,  which  c o v e r s  
t h e  t ime  f r o m  1957 t o  t h e  f i r s t  p a r t  o f  1961. 

B e s i d e s  p u b l i c a t i o n s  i n  c u r r e n t  p e r i o d i c a l s  t h e  
f o l l o w i n g  s o u r c e s  h a v e  b e e n  employed ,  

N u c l e a r  ' S c i e n c e  A b s t r a c t s  v o l e  11, 1957 - v o l .  15, 
1961 a 

The Review o f  M e t a l  L i t e r a t u r e ,  v o l .  1 7 ,  1960 and 
v o l ,  18, 1961, 
The Atomic I n d u s t r y  R e p o r t e r .  

The s u r v e y  d o e s  n o t  c l a i , n  t o  be  e x h a u s t i v e .  
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GENERAL 

1. RELATION BETWEEN POLYGONIZATION A N D  RECRYSTALLIZATION A N D  SOME 
PROBLEMS POSED BY THE THEORIES OF RECRYSTALLIZATION. 

Cahn, ROW. 

pp .  33-40 i n  "Symposium on  S p e c i a l  M e t a l l u r g y  h e l d  a t  S a c l a y  
June 27-28, 1957" 130 p. 

The  e x p e r i m e n t a l  methods  u s e d  f o r  t h e  s t u d y  o f  t h e  m o t i v e  f o r c e  
o f  r e c r y s t a l l i z a t i o n  and  o f  t h e  r e l a t i o n  b e t w e e n  r e s t o r a t i o n  
a n d  r e c r y s t a l l i z a t i o n  a r e  g i v e n ,  and  t h e  r e s u l t s  o b t a i n e d  a r e  
d i s c u s s e d ,  The c l a s s i c a l  methods  a r e  t h e  s t u d y  o f  t h e  k i n e t i c s  
o f  r e c r y s t a l l i z a t i o n  and  t h e  measurement  o f  t h e  e n e r g y  s t o r e d  
i n  a co ld-worked  m e t a l  and  t h e  r e l e a s e  o f  t h e  e n e r g y .  The new 
t e c h n i q u e s  o f  s t u d y i n g  r e c r y s t a l l i z a t i o n  u n d e r  a n  a p p l i e d  
s t ress  i s  d e s c r i b e d ,  and  some r e s u l t s  o b t a i n e d  w i t h  it a r e  
compared  w i t h  p r e v i o u s  d a t a .  

2. RELATIONS BETWEEN DEFORMATION STRUCTURE A N D  RECRYSTALLIZATION 
STRUCTURE. 

T iedema ,  T.J. 

pp.  21-32 i n  tlSymposium on  S p e c i a l  M e t a l l u r g y  h e l d  a t  S a c l a y  
J u n e  27-28, 1957." 130 p. 

An a t t e m p t  is made t o  d e f i n e  t h e  e f f e c t  o f  f a c t o r s  s u c h  a s  
m e t a l  p u r i t y ,  n a t u r e  o f  c o l d  d e f o r m a t i o n ,  and  s i z e  o f  m e t a l  
g r a i n s  on  t h e  r e c r y s t a l l i z a t i o n  s t r u c t u r e  b y  e x a m i n a t i o n  o f  
t h e  f a c e - c e n t e r e d  c u b i c  s t r u c t u r e .  The mechanism and  o t h e r s  
wh ich  h a v e  b e e n  p r o p o s e d  a r e  i n a d e q u a t e  for a d e s c r i p t i o n  o f  
t h e  f o r m a t i o n  o f  t h i s  s t r u c t u r e , ,  The model p r o p o s e d  b y  Rowland 
(J. I n s t .  M e t a l s  83, 1 6 2 0 ( 1 9 5 4 )  i s  d e s c r i b e d  i n  d e t a i l ,  a n d  
it i s  shown how it i s  r e s p o n s i b l e  f o r  t h e  f o r m a t i o n  o f  germs 
o f  c u b i c  o r i e n t a t i o n .  S t u d i e s  made w i t h  m o n o c r y s t a l s  o f  c o p p e r  
a r e  d e s c r i b e d .  I 

3. ANALYSIS OF THE AMOUNT OF PREFERRED ORIENTATION BY X-RAY 
DIFFRACTION L I N E  INTENSITIES. 

Vaughan, D.A. I 

BMI-X-156, J u n e  30, 1960, 11 p. 

An a n a l y s i s  o f  x - r ay  d i f f r a c t i o n  t h e o r y  f o r  t h e  p a r a - f o c u s s i n g  
d i f f r a c t o m e t e r  which  i n v o l v e s  a , c o r r e c t i o n  t o  t h e  i n t e n s i t y  
f o r m u l a s  g i v e n  by o t h e r  w o r k e r s  f o r  t h e  c a s e  o f  r e f l e c t i o n  
f r o m  a t h i c k  b l o c k  o f  r andomly  o r i e n t a t e d  powder  i s  p r e s e n t e d .  
E x p e r i m e n t a l  t e s t s  o f  t h e  t h e o r y  were made w i t h  NaCl b o t h  i n  
powder  f o r m  and  a s  a s i n g l e  c r y s ' t a l  and  t h e n  a p p l i e d  t o  r o l l e d  
t u n g s t e n  s p e c i m e n s .  

I 
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Z I R C O N I U M  AND ZIRCALOY. . 

4.  H E A T I N G  OF Z I R C O N I U M  FOR ITS TRANSFORMATION WITH HEAT A N D  
WITH COLD, RECRYSTALLIZATION AND RESTORATION OF THE COLD- 
WORKED METAL. 

Whitwham, D., Boghen, J. e t  a l e  

pp .  7.9-88 i n  "Symposium on S p e c i a l  M e t a l l u r g y  h e l d  a t  S a c l a y  
J u n e  27-28, 1957". 

The  t e c h n o l o g y  o f  t h e  t r a n s f o r m a t i o n  o f  z i r c o n i u m  o f f e r s  many 
d i f f i c u l t i e s ,  T e s t s  w i t h  z i r c o n i u m  and  Z i r c a l o y - 2  were  made 
t o  d e t e r m i n e  a t e c h n i q u e  o f  work ing  w i t h  z i r c o n i u m  and  i t s  
a l l o y s  i n  h e a t  o r  c o l d ,  The work,  d i v i d e d  i n t o  two p a r t s ,  
c o n s i s t e d  o f  f o l l o w i n g  t h e  m e t a l  s t r u c t u r e  d u r i n g  h o t  f o r g i n g  
a n d  r o l l i n g  and  c o l d  r o l l i n g  w i t h  i n t e r m e d i a t e  a n n e a l i n g s .  The 
c o n t a m i n a t i o n  was c l o s e l y  c o n t r o l l e d  d u r i n g  t h e  o p e r a t i o n s .  
H e a t i n g  for t h e  h o t  d e f o r m a t i o n  o f  z i r c o n i u m  was i n v e s t i g a t e d  
i n  s a l t  b a t h s  and  i n  a i r .  The methods  o f  h e a t i n g  u s e d  t o  s o f t e n  
t h e  m e t a l  f o r  c o l d  w o r k i n g  a n d  t h e  p r o p e r t i e s  o f  t h e  m e t a l  
a f t e r  v a r i o u s  t r e a t m e n t s  a r e  d e s c r i b e d .  

5.- MECHANICAL PROPERTIES A N D  RECRYSTALLIZATION OF I O D I D E  Z I R C O N I U M .  

S a v i t s k i i ,  E.M., T e r e k h o v a ,  V.F. T r a n s l a t e d  b y  L y d i a  Wen te r s  
(Argonne  N a t . , L a b , ) f r o m  T r u d y  I n s t .  Met. im.A.A.Balkova, 
NO.  3, 181-90 ( 1 9 5 8 )  1 4 ~ .  JCL o r  LC* 

A E C - t r - 4 0 9 3  . . . 

The  e f f e c t  o f  t e m p e r a t u r e  (-195 t o  12OO0C) on t h e  m e c h a n i c a l  
p r o p e r t i e s  o f  i o d i d e  z i r c o n i u m  r e v e a l e d  t h a t  t h e  h e x a g o n a l  a 
- z i r c o n i u m  h a s  s i g n i f i c a n t  d - i c t i l i t y  a t  -196OC. p -Zi rconium 
w i t h  a b o d y - c e n t e r e d  c u b i c  l a t t i c e  e x h i b i t e d  a h i g h e r  d u c t i l i t y  
t h a n  a -z i r con ium.  The a +  f3 po lymorphous  t r a n s i t i o n  i n  z i r c o n i u m  
was c h a r a c t e r i z e d  b y  a b r e a k  i n  t h e  s h a p e  o f  t h e  t e m p e r a t u r e  
curve for m e c h a n i c a l  p r o p e r t i e s .  The d e p e n d e n c e  o f  g r a i n  s i z e  
a n d  d e g r e e  o f  d e f o r m a t i o n  i n  c o l d  r o l l i n g  on t he  a n n e a l i n g  
t e m p e r a t u r e  were i n v e s t i g a t e d ,  The r e c r y s t a l l i z a t i o n  d i a g r a m  
is p r e s e n t e d .  The optimum t e m p e r a t u r e  r a n g e  f o r  a n n e a l i n g  t h e  
co lg -de fo rmed  i o d i d e  z i r c o n i u m  was d e t e r m i n e d  t o  b2 700 t o  
750 C. 

6 , .  INFLUENCE DES CONDITIONS DE LAMINACE ET DE R E C U I T  SUR LA 
TEXTURE ET LES PROPRIETES MECANIQUES DU ZIRCONIUM, 

O r s s a u d ,  J. 

CEA 1542, June  27, 1958- 72p. 

T h e s i s  s u b m i t t e d  t o  t h e  Univ, o f  P o i t i e r s .  

R o l l i n g  a n d  a n n e a l i n g  t e x t u r e s  o f  z i r c o n i u m  s a m p l e s  a t  s e v e r a l  
r o l l i n g  r a t e s  were s t u d i e d  b y  t r a c i n g  d i a g r a m s  o f  p o l e  f i g u r e s  
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VS. t h e  p o s i t i o n  i n  t h e  s h e e t  t h i c k n e s s  w i t h  a n  a u t o m a t i c  
r e c o r d e r .  T e n s i l e  t e s t s ,  h a r d n e s s  measu remen t s ,  and  micro-  
g r a p h i c  e x a m i n a t i o n s  a l l o w e d  a s t u d y  o f  t h e  e v o l u t i o n  o f  t h e  
r e c r y s t a l l i z a t i o n  and  t h e  v a r i a t i o n  o f  t h e  m e c h a n i c a l  
p r o p e r t i e s  a f t e r  r o l l i n g  and /o r  a n n e a l i n g .  A n n e a l i n g  t e x t u r e s  
v a r a e d  s l i g h t l y  w i t h  t h e  a n n e a l i n g  t e m p e r a t u r e .  A n n e a l i n g  a t  
500 C g a v e  s e v e r a l  p e c u l i a r i t i e s .  T h i s  t e m p e r a t u r e  seemed 
c h a r a c t e r i s t i c  i n  t h e  s t u d y  o f  z i r c o n i u m .  

L4 
- ., 

7 .  PREFERRED ORIENTATION I N  U R A N I U M ,  THORIUM,  Z I R C O N I U M  A N D  
BERYLLIUM. 

McHargue, C.J. ,  J e t t e r ,  L.K. 

pp.  430-459 i n  l l P r o g r e s s  i n  N u c l e a r  Ene rgy ,  S e r .  V.  M e t a l l u r g y  
and  F u e l s .  Vol.  211. 

P r e f e r r e d  o r i e n t a t i o n s  d e v e l o p e d  i n  u ran ium,  t h o r i u m ,  z i r c o n i u m ,  
a n d  b e r y l l i u m  by  a v a r i e t y  o f  f a b r i c a t i o n  p r o c e s s e s  h a v e  
b e e n  r e v i e w e d .  The d e v e l o p m e n t  o f  t h e  t e x t u r e s  was d i s c u s s e d  
i n  terms o f  p r e s e n t  t h e o r i e s  o f  t e x t u r e  f o r m a t i o n  and  d e f o r m a t i o n  
a n d  a n n e a l i n g  mechanisms.  Where p o s s i b l e  t h e  e f f e c t  o f  p r e f e r r e d  
o r i e n t a t i o n  on  p h y s i c a l  and m e c h a n i c a l  p r o p e r t i e s  was p o i n t e d  
o u t  0 

‘w 

8 .  QUARTERLY PROGRESS REPORT OF THE TECHNOLOGY SECTION-SPECIAL 
MATERIALS SECTION FOR THE PERIOD OCTOBER 1 TO DECEMBER 31,1958. 

WAPD-NCE-333-59. J a n .  15, 1959. 30p. OTS. 

A c u r s o r y  s t u d y  o f  c r i t i c a l  g r a i n  g rowth  i n  Z i r c a l o y - 2  showed 
l a r g e s t  g r a i n  g r o w t h  t o  o c c i r  i n  s p e c i m e n s  c o l d  r o l l e d  9% 
a n d  a n n e a l e d  a t  7 5 O o C  f o r  8 h r .  The h e a t  t r e a t m e n t  b e h a v i o r  
o f  t h e  n i c k e l - f r e e  Z i r c a l o y - 2  s p e c i m e n s  was s i m i l a r  t o  t h a t  
o f Z i r c a  1 oy-2. 

9. CRITICAL RECRYSTALLIZATION OF ZIRCONIUM. 

B o k r o s ,  J.C. ( G e n e r a l  Atomic Div., G e n e r a l  Dynamics Corp., 
S a n  Diego ,  C a l i f . )  

T r a n s .  Met. SOC. A I M E  218, pp. 351-353 ( 1 9 6 0 )  Apr. 

A t  t e m p e r a t u r e s  a b o v e  950°F, z i r c o n i u m  which  was s t r a i n e d  a 
c r i t i c a l  amount  w i l l  e x p e r i e n c e  c r i t i c a l  r e c r y s t a l l i z a t i o n o  
The  l a r g e  g r a i n  s i z e  t h u s  fo rmed  c a n  r e s u l t  i n  a r e d u c t i o n  
i n  t h e  f a t i g u e  l i f e  b y  a f a c t o r  o f  2 t o  9 a t  b o t h  h i g h  and  
l o w  t e m p e r a t u r e g .  The c r i t i c a l  s t r a i n 8  for z i r c o n i u m  v a r y  
f r o m  15% a t  900 F t o  a b o u t  2% a t  1825 F, w h i l e  t h o g e  f o r  
Z i r c a l o y  I11 v a r y  f r o m  15% a t  1050 F t o  5% a t  1200 F. 
Z i r c g l o y  I1 e x p e r i e n c e s  no c r i t i c a l  r e c r y s t a l l i z a t i o n  up  t o  
1200 F. 

86 06 



40 

I kd 
i 
I 
! 

- 

10. DEFORMATION MODES OF ZIRCONIUM AT 77', 5 7 5 O ,  A N D  1075'K. 

R a p p e r p o r t ,  E.J . ,  and  Har t ley ,C.S .  

T r a n s e  Met. SOC,  A I M E  218,  pp. 869-876 ( 1 9 6 0 )  

The o n l y  s l i p  s y s t e m  o b s e r v e d  i n  z i r c o n i u m  c r y s t a l s  de fo rmed  

a t  77, 575, and  1075'K was (1010) ( 1 2 1 0 )  w i t h 2 a  c r i t i c a l  
r e s o l v e d  s h e a r  s t g e s s  i n  t e n s i o n  o f 2 1 , 0  kg/mv 
0.2 kg/mm a t  575 K;  and G,02 kg mm a t  1 0 7 5  K ,  The a c t i v e  
t w i n  p l a n e s  were tlOT2) , [ll?lf , f11223 , and flL531 w i t h  
v a r y i n g  t e m p e r a t u r e  d e p e n d e n c e ,  A d e t a i l e d  a n a l y s i s  f o r  t h e  
s l i p  d i r e c t i o n  u s i n g  Laue s p o t  a s t e r i s m  i s  appended .  

a t  77 K j  

ll. PREFERRED ORIENTATIONS I N  EXTRUDED ZIRCALOY-2 T U B I N G .  

L a i d l e r , .  J.J. 

HW-64815, A p r i l  15, 1960. 

T e x t u r e  s t u d i e s  were made on  s e l e c t e d  s p e c i m e n s  o f  e x t r u d e d  
Z i rcaLoy-2  t u b i n g  h a v i n g  d i f f e r e n t  f a b r i c a t i o n  h i s t o r i e s .  

T u b i n g  e x t r u d e d  w i t h  a 14: l  e x t r u s i o n  r a t i o  h a s  a p r i n c i p l e  
t e x t u r e  w i t h  t h e  b a s a l  p l a n e s  p e r p e n d i c u l a r  t o  t h e  s u r f a c e  
o f  t h e  t u b e  and  p a r a l l e l  t o  t h e  t u b e  l e n g t h .  I n  t h e  nomina l  
co ld -work ing  t e z t u r e ,  t h e  < ' l O T O >  d i r e c t i o n  i s  p a r a l l e l  
t o  t h e  t u b e  a x i s .  A n n e a l i n g  or e x t r u d i n g  a t  h i g h  t e m p e r a t u r e  
r e s u l t s  i n  a r o t a t i o n  o f  t h e  b a s a l  p l a n t  a b o u t  i t s  p o l e  so  
t h a t  t h e  (1130) d i r e c t i o n  t e n d s  t o  become a l i g n e d  p a r a l l e l  
t o  t h e  t u b e  a x i s ,  

T u b i n g  e x t r u d e d  a t  37:l e x t r u s i o n  r a t i o  and  s h e a t h  m a t e r i a l  
c o e x t r u d e d  a t  a n  e f f e c t i v e  33:l r a t i o  h a v e  two p r i m a r y  
o r A e n t a t i o n s  o f  t h e  b a s a l  p l a n e s :  ( 1 )  i n c l i n e d  a t  a b o u t  
50 t o  t h e  s u r f a c e  o f  t h e  t u b e  and  p a r a l l e l  t o  t h e  t u b e  a x i s ;  
a n d  (2)  p e r p e n d i c u l a r  t o  t h e  s u r f a c e  o f  t h e  t u b e  and  p a r a l l e l  
t o  t h e  t u b e  a x i s ,  The d i r e c t i o n  o r i e n t a t i o n s  a r e  s i m i l a r  t o  
t h o s e  f o r  t h e  t u b i n g  w i t h  a 14: l  e x t r u s i o n  r a t i o ,  
The  marked d i f f e r e n c e  i n  o r i e n t a t i o n  a s  a f u n c t i o n  o f  ex- 
t r u s i o n  r a t i o  i s  p r o b a b l y  a n  e f f e c t  o f  p r i o r  t e x t u r e a  
S e p a r a t e  work on e x t r u d e d  Z i r c a l o y - 2  s h e a t h s  h a s  shown t h a t  
t h e  t e x t u r e s  p r o d u c e d  w i t h  a 15:l  e x t r u s i o n  r a t i o  a r e  q u i t e  
s i m i l a r  t o  t h o s e  f o r  a 35:l e x t r u s i o n  r a t i o .  

I t  i s  c o n c l u d e d  t h a t  o n l y  [ l O T O i  < l l s O >  s l i p  was o p e r a t i v e  
d u r i n g  e x t r u s i o n  and  co ld -work ing ,  I t  i s  d o u b t f u l  t h z t  b a s a l  
s l i p  o c c u r r e d ,  e v e n  a t  t h e  h i g h e r  e x t r u s i o n  t e m p e r a t u r e s .  
T w i n n i n g  i s  p r e v a l e n t  d u r i n g  co ld -work ing .  
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12, A COMPARATIVE STUDY OF T I T A N I U M  A N D  ZIRCONIUM BY THE 
DILATOMETRIC METHOD. 

* I -- C i z e r o n ,  G., Lacombe, P. 
L A  

M4m. s c i .  r e v .  mQt . ,  Vo1.57, pp.179-193 ( 1 9 6 0 )  ( I n  F r e n c h )  

The m e t a l s  Z r  and  T i  f rom d i f f e r e n t  s o u r c e s  ( w i t h  d i f f e r e n t  
c o n t e n t s  i n  i m p u r i t i e s )  were  compared b y  t h e  * d i l a t o m e t r i c  
method.  T h e i r  b e h a v i o r  was s t u d i e d  d u r i n g  t h e  p a s s a g e  f r o m  
t h e  co ld-worked  s t a t e  t o  t h e  r e c r y s t a l l i z e d  one  by a n n e a l i n g  
i n  t h e  a - f i e l d  or d u r i n g  t h e  'a 2 p t r a n s f o r m a t i o n ,  The 
p r e s e n c e  o f  s m a l l  c o n t e n t c  o f  Fe i n  Z c  2nd S i  i n  T i ,  i f  t h e s e  
c o n t e n t s  a r e  s u p e r i o r  t o  t h e  l i m i t  o f  s o l u b i l i t y ,  c a n  b e  
r e v e a l e d  by  some d i l a t o m e t r i c  anomaly.  T h i s  anomaly  c o r r e s -  
p o n d s  t o  a n  e u t e c t o i d  r e a c t i o n  i n  t h e  p h a s e  d i a g r a m  o f  e a c h  
s y s t e m  Zr-Fe and  T i -S i .  The a l l o t r o p i c  t r a n s f o r m a t i o n  i t s e l f  
o c c u r s  i n  a s m a l l e r  t e m p e r a t u r e  r a n g e  i f  t h e  metal i s  p u r e r .  
I f  d u r i n g  t h e  c o o l i n g  t h e  m e t a l  u n d e r g o e s  a s m a l l  s t r e s s  o f  
c o m p r e s s i o n ,  t h e  s e n s e  o f  t h e  6s a d i l a t o m e t r i c  anomaly  is 
i n v e r s e d .  A c r y s t a l l o g r a p h i c  mechanism, s i m i l a r  t o  t h a t  
wh ich  h a s  b e e n  p r o p o s e d  by  W. B u r g e r s ,  i s  d e s c r i b e d  i n  o r d e r  
t o  e x p l a i n  t h i s  anomalous  b e h a v i o r .  

13. A STUDY OF PREFERRED ORIENTATION I N  EXTRUDED ZIRCALOY-2 
PRESSURE TUBES . 
Tuxwor th ,  R , H .  

CRMet-901,  Nov, 1960.  28p. 

The  p r e f e r r e d  o r i e n t a t i o n s  p r e s e n t  i n  l a r g e - d i a m e t e r  e x t r u d e d  
Z i r c a l o y - 2  p r e s s u r e  t u b e s  a n d ,  f o r  c o m p a r i s o n ,  i n  a r e l a t i v e l y  
t h i c k - w a l l e d  t u b e ,  was i n v 3 s t i g a t e d .  The most  c o n s i s t e n t  
f e a t u r e  o b s e r v e d  f o r  t h e  p r e s s u r e  i s  t h e  o c c u r r e n c e  o f  t h e  
b a s a l  E l a n e s  p a r a l l e l  t o  t h e  w o r k i n g  d i r e c t i o n ,  T e x t u r e s  
o f  ( 1 0 1 0 )  and  ( 1 1 5 0 )  t y p e s ,  a s  w e l l  a s  r andomness  a b o u t  t h e  
t r a n s v e r s e  d i r e c t i o n ,  a r e  found .  The t h i c k - w a l l e d  e x t r u d e d  
t u b e  a l s o  e x h i b i t s  a b a s a l - p l a n e  t e x t u r e .  An a t t e m p t  i s  made 
t o  e x p l a i n  t h e  h i g h e r  t r a n s v e r s e  y i e l d  s t r e n g t h  a s  compared 
w i t h  t h e  l o n g i t u d i n a l  y i e l d  s t r e n g t h  i n  terms o f  t h e  p r e f e r r e d  
o r i e n t a t i o n  p r e s e n t .  This t r e a t m e n t  s u g g e s t  t h a t  t h e  p r e f e r r e d  
s l i p  s y s t e m  a t  room t e m p e r a t u r e s  i s  o f  t h e  f o r m  ( 1 0 7 0 ) ( 1 2 3 0 ) .  

, 14. TEXTURE OF EXTRUDED ZIRCONIUM AND ZIRCALOY-2 T U B I N G .  

Nerses, V. 

NMI-1222, J u l y  11, 1960. 35p*  

The  t e x t u r e s  d e v e l o p e d  i n  e x t r u d e d  t h i n - w a l l  z i r c o n i u m  and 
Z i r c a l o y - 2  t u b e s  were s t u d i e d  for m a t e r i a l s  w i t h  two d i f f e r e n t  
f a b r i c a t i o n  h i s t o r i e s .  The two p r i m a r y  f a b r i c a t i o n  methods  
u s e d  were e x t r u s i o n  c u p p i n g  and  r o l l i n g .  I n  a l l  c a s e s ,  t h e  
t e x t u r e s  were s i m i l a r  w i t h  t h e  (10.0) p o l e s  p a r a l l e l  t o  t h e  
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e x t r u s i o n  d i r e c t i o n .  The r e s u l t s  o f  b u r s t - s t r e n g t h  t e s t s ,  
c o n d u c t e d  on t h e  e x t r u d e d  t h i n  - w a l l  t u b e s ,  and  c o e x t r u s i o n  
e x p e r i m e n t s  were a l s o  i n d e p e n d e n t  o f  t h e  p r i m a r y  f a b r i c a t i o n  
h i s t o r y .  

MONTHLY PROGRESS REPORT FOR APRIL - MAY 1956.  

BRB - 31, J u n e  29 ,  1956, Decl. Mar. 30, 1960. 39p. 

A d i f f e r e n c e  i n  t h e  c u p p i n g  c h a r a c t e r i s t i c s  b e t w e e n  two l o t s  
o f  Z i r c a l o y - 2  d e e p  d r a w i n g  s t r i p  l e d  t o  t h e  i n v e s t i g a t i o n  
o f  s t r i p  o r i e n t a t i o n ,  A y-phase  e x t r u s i o n  was i n i t i a t e d  t o  
i n v e s t i g a t e  t h e  f e a s i b i l i t y  o f  p r o d u c i n g  s o l i d  U f u e l  e l e m e n t  
f o r  H a n f o r d  by  e x t r u s i o n  and swaging .  L a b o r a t o r y  e v a l u a t i o n  
was c o m p l e t e d  on  t h e  e x t r u s i o n  o f  h o l l o w  U f u e l  e l e m e n t  and  
r e s u l t s  a r e  p r e s e n t e d ,  The c g y s t a l  o r i e n t a t i o n  o f  a h o l l o w  
s l u g  t u b e  a - e x t r u d e d  a t  1175 F w i t h  a n  a r e a  r e d u c t i o n  o f  
24:l  was i n v e s t i g a t e d ,  T h r e e  Z i r c a l o y - 2  b i l l e t s  (Z-C s e r i e s )  
o f  8 i n .  O.D. x 20 i n .  l e n g t h  were s u c c e s s f u l l y  e x t r u d e d  a s  
r i b b e d  t u b e ,  ( F o r  p r e c e d i n g  p e r i o d  see BRB-30.) 

METALLURGY OF ZIRCALOY-2- PART I, THE EFFECTS OF FABRICATION 
VARIABLES O N  THE ANISOTROPY OF MECHANICAL PROPERTIES. 

R i t t e n h o u s e ,  P O L , ,  P i c k l e s i m e r ,  M,L. 

ORNL-2944, NOV.  15, 1960, 108 p. 

The a n i s o t r o p y  o f  m e c h a n i c a l  p r o p e r t i e s  o f  Z i r c a l o y - 2  was 
s t u d i e d  a s  a f u n c t i o n  o f  f a b r i c a t i o n  v a r i a b l e s .  The v a r i a t i o n  
i n  t e n s i l e  a n d ' i m p a c t  p r o p e r t i e s  w i t h  s p e c i m e n  o r i e n t a t i o n  
was t a k e n  a s  t h e  measu re  o f  t h e  a n i s o t r o p y  o f  m e c h a n i c a l  
p r o p e r t i e s  f o r  e a c h  m a t e r i a l .  A q u a l i t a t i v e  s e p a r a t i o n  o f  t h e  
e f f e c t s  o f  t h e  f a b r i c a t i o n  v a r i a b l e s  on  t h e  r e s u l t i n g  
a n i s o t r o p y  o f  m e c h a n i c a l  p r o p e r t i e s  i s  made, b u t  it i s  v a l i d  
o n l y  o n  t h e  r o l l i n g  p l a n e  o f  t h e  p l a t e .  A c o n t r a c t i l e  s t r a i n  
r a t i o ,  a r a t i o  o f  t h e  n a t u r a l  c o n t r a c t i l e  s t r a i n  i n  t h e  
r o l l i n g  p l a n e  t o  t h a t  i n  the d i r e c t i o n  no rma l  t o  t h e  r o l l i n g  
p l a n e  ( m e a s u r e d  on  t h e  r o u n d  t e n s i l e  s p e c i m e n  a f t e r  t e s t i n g ) ,  
i s  i n t r o d u c e d  t o  a i d  i n  t h e  i n t e r p r e t a t i o n  of  t h e  t e n s i l e  
d a t a .  A Z i r c a l o y - 2  f a b r i c a t i o n  s c h e d u l e  ( c o n s i s t i n g  o f ,  i n  
s u c c e s s i o n ,  i n g o t  breakdown a t  a t e m p e r a t u r e  of  1800 t o  1900°F, 
m a j o r  r e d u c t i o n  a t  a t e m p e r a t u r e  o f  1800 t g  1900 o r  1350 t o  
145OoF, a fl h e a t  t r e a t m e n t  o f  1800 t o  1850 F f o r  30 min,, 
f o l l o w e d  bX e i t h e r  a wa te r -quench  or a r a p i d  a i r - c o o &  t o  
b e l o w  1200 F, a f i n a l  r e d u c t i o n  o f  25 t o  40% a t  1000 F, and 
a n  a n n e a l  a t  1400 t o  1425'F f o r  30 min)  was f o u n d  t o  p r o d u c e  
a much more n e a r l y  i s o t r o p i c  m a t e r i a l  t h a n  a n y  o f  t h e  
s c h e d u l e s  i n v e s t i g a t e d .  T h i s  m a t e r i a l  i s  a n i s o t r o p i c  i n  
s t r a i n  b e h a v i o r  and  t e n s i l e  p r o p e r t i e s  i n  c o m p a r i s o n  t o  t h e  
common c u b i c  m a t e r i a l s ,  The e l i m i n a t i o n  o f  t h e  i n t e r m e d i a t e  
8 h e a t  t r e a t m e n t  f rom t h e  f a b r i c a t i o n  s c h e d u l e  r e s u l t e d  i n  
t h e  p r o d u c t i o n  o f  a m a t e r i a l  w i t h  t e n s i l e  p r o p e r t i e s  for a l l  
d i r e c t i o n s  i n  t h e  p l a n e  o f  r o l l i n g  e s s e n t i a l l y  t h e  same, b u t  
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which  a l l o w e d  l i t t l e  c o n t r a c t i l e  s t r a i n  t o  o c c u r  i n  t h e  t h i c k -  
n e s s  d i r e c t i o n  o f  t h e  p l a t e ,  T h i s  i n d i c a t e d  t h a t  a h i g h  
d e g r e e  o f  t h r e e - d i m e n s i o n a l  a n i s o t r o p y  e x i s t e d  i n  t h e  m a t e r i a l .  
The e f f e c t  o f  c r o s s  r o l l i n g  o n  t h e  a n i s o t r o p y  o f  m e c h a n i c a l  
p r o p e r t i e s  o f  Z i r c a l o y - 2  was f o u n d  t o  be  a f u n c t i o n  o f  t h e  
t e m p e r a t u r e  and  s t a g e  o f  f a b r i c a t i o n  a t  which  it was p e r f o r m e d ,  
t h e  p o s i t i o n  o f  t h e  i n g o t  a x i s  r e l a t i v e  t o  t h e  f i n a l  
f a b r i c a t i o n  d i r e c t i o n s ,  and t h e  t y p e  o f  c r o s s  r o l l i n g ,  
w h e t h e r  u n i d i r e c t i o n a l  o r  r o t a t i o n a l .  I t  was c o n c l u d e d  t h a t  
t h e  u s e  o f  o t h e r  methods o f  e x a m i n a t i o n  and i n t e r p r e t a t i o n  
was n e c e s s a r y  t o  s a t i s f a c t o r i l y  e v a l u a t e  t h e  e f f e c t s  o f  
v a r i a t i o n  o f  t h e  f a b r i c a t i o n  v a r i a b l e s  on t h e  a n i s o t r o p y  
o f  Z i r c a l o y - 2 .  

17. A STUDY OF THE TENSILE PROPERTIES OF ZIRCALOY-2 AT VARIOUS 
STAGE OF FABRICATION. 

Goodwin, J . G .  

WAPD-BT-20 (p.39-51) 

T h i s  work  was p e r f o r m e d  t o  d e t e r m i n e  c h a n g e s  which  o c c u r  i n  
t h e  t e n s i l e  p r o p e r t i e s  o f  Z i r c a l o y - 2  v a r i o u s  s t a g e s  o f  
f a b r i c a t i o n  f rom i n g o t  t o  c o l d - r o l l e d  s t r i p ,  M a t e r i a l  s i z e ,  
t e s t  d i r e c t i o n ,  and  t h e  e f f e c t  o f  r o u n d  and  f l a t  s p e c i m e n s  
o n  t h e  t e n s i l e  p r o p e r t i e s  were s t u d i e d  a t  b o t h  room 
t e m p e r a t u r e  and  600°F, I t  was found  t h a t  t h e  t y p e  o f  
s p e c i m e n  h a d  l i t t l e  e f f e c t  on t h e  s t r e n g t h  p r o p e r t i e s  b u t  
d i d  i n f l u e n c e  d u c t i l i t y ;  b o t h  s i z e  o f  m a t e r i a l  and  t e s t  
d i r e c t i o n  i n f l u e n c e d  t h e  r e s u l t s  o f  s t r e n g t h  measu remen t s .  
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U R A N I U M  

18, EFFECT OF HEAT TREATMENT OF THE STRUCTURE A N D  HARDNESS OF 
GAMMA EXTRUDED U R A N I U M ,  
F i n a l  R e p o r t ,  P rob lem Ass ignmen t  2-M, 

P a d d e n ,  R.M. 

HW-8358(Reve) Dec. 24 ,  1947 ,  Decl .  Dee, 15, 1959.  13P-  

T e s t s  were c o n d u c t e d  t o  d e t e r m i n e  t h e  optimum t i m e - t e m p e r a t u r e  
t r e a t m e n t  f o r  p r o d u c t i n g  o f  r e c r y s t a l l i z e d  g r a i n  s t r u c t u r e  
ir. gamma e x t r u d e d  u ran ium.  S t u d y  o f  a p p r o x i m a t e l y  160 
s a m p l e s  r e v e a l e d  no d e f i n i t e  t i m e - t e m p e r a t u r e  t r e a t m e n t  
t h a t  would c o n s i s t e n t l y  p %educe a c o m p l 2 t e  or n e a r l y  c o m p l e t e  
r e c r y s t a l l i z e d  s t r u c t u r e ,  and  no d e f i n i t e  c o r r e l a t i o n  be tween  
h a r d n e s s  v a l u e s  and r e c r y s t a l l i z a t i o n  was e s t a b l i s h e d .  

3.9.. INFLLJENCE OF THE MODE OF PLASTIC DEFORMATION O N  THE 
RECRVSTALLIZA'iION, AFTER COLD W O R K I N G ,  OF TAPERFECT SINGLE 
CRYSTALS OF U R A N I U M  PRODUCED BY p - +  a TRANSFORMATION, 

C a l a i s ,  D., Lacombe, P o  e t  a l ,  

Men. s c i .  r e v ,  m c ? t e ,  Vo l .  56, pp .  261-272 ( 1 9 5 9 )  ( I n  F r e n c h )  

A new method f o r  t h e  p r e p a r a t i o n  o f  p e r f e c t  c r y s t a l s  o f  
i l r an ium was d e v e l o p e d .  I t  i s  b a s e d  o n  a s t r e s s  d e f o r m a t i o n  
o f  t h e  i m p e r f e c t  c r y s t a l s  f rom t h e  i3+ a p h a s e  t r a n s f o r m a t i o n ,  
fol l .owed b y  a h i g h  t e m p e r a t u r e  a n n e a l  above  t h e  a p h a s e .  
Depending  on t h e  o r i e n t a t i o n  o f  t h e  o r i g i n a l  c r y s t a l ,  
d e f o r m a t i o n  OCCUI-s by s l i p ,  t w i n n i n g ,  or d e f o r m a t i o n  b a n d s .  
A n n e a l i n g  g i v e s  p e r f e c t  r e c r y s t a l l i z a t i o n  c r y s t a l s ,  whose 
o r i e n t a t i o n  h a s  a d i r e c t  r e l a t i o n s h i p  w i t h  t h a t  o f  t h e  o r i g i n a l  
c r y s t a l s .  Dur ing  t h e  r e c r y s t a l l i z a t i o n  t h e r e  a r e  some 
c r y s t a l l o g r a p h i c  c h a r a c t e r i s t i c s  o f  t h e  d e f o r m a t i o n  mechanism. 
The (0 0 I), which  i s  t h e  r o t a t i o n  a x i s  a l l o w i n g  t h e  
f o r m a t i o n  o f  t h e  d e f o r m a t i o n  b a n d s ,  i s  p r e s e r v e d  d u r i n g  
r e c r y s t a l l i z a t i o n .  I n  t h e  c a s e  o f  d e f o r m a t i o n  by  t w i n n i n g ,  
t h e  r e c r y s t a l l i z e d  g r a i n s  show l e s s  c l e a r l y  m a r k e d - o r i e n t a t i o n  
r e l a t i o n s h i p s ,  b u t  t h e  g rowth  o f  l a r g e r  c r y s t a l s  i s  f a c i l i t a t e d ,  

20 0 SECON3ARY BECRYSTALLIZATION A N D  C R I T I C A L  COLD-WORK 
RECRYSTALTaIZATION OF MIGH-PURITY U R A N I U M ,  

De L i b a n a t i ,  N ,  e t  a l .  

After 1.50 t o  400% co ld -work ing  o f  h i g h - p u r i t y  U ,  a r e h e a t  
t o  650°C c a u s e d  a 
e x a g g e r a t e d  g rowth .  Cold-working o f  2 t o  6% a p p l i e d  t o  t h e  
p r r m a r y  t e x t u r e  c a u s e d  g rowth  o f  l a r g e  c r y s t a l s  o f  a 
d i f f e r e n t  t e x t u r e  f rom t h a t  o f  s e c o n d a r y  c r y s t a l s ,  T h e s e  
e f f e c t s  c o n s t i t u t e  c r i t e r i a  f o r  t h e  p u r i t y  o f  t h e  m e t a l .  

p r i m a r y  r e c r y s t a l l i z a t i o n  f o l l o w e d  by  
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21. PREFERRED O R I E N T A T I O N  I N  ROLLED A N D  I N  RECRYSTALLIZED 
HIGH-PURITY U R A N I U M  ROD. 
F i n a l  R e p o r t  o f  M e t a l l u r g y  P r o g r a m  4.1.17. 

Fw. M u e l l e r ,  M.H., K n o t t ,  H . W .  

A N L - 5 8 8 7 ,  Apr. 1959. 1 6 ~ .  

The  p r e f e r r e d  o r i e n t a t i o n  o f  a r e l a t i v e l y  s m a l l  p i e c e  o f  
h i g h - p u r i t y  u r a n i u m  r o d ,  r o l l e d  t o  a n  85% r e d u c t i o n  a t  
3OO0C, h a s  b e e n  d e t e r m i n e d  i n  t h e  a s - r o l l e d  and  i n  t h e  
r e c r y s t a l l i z e d  c o n d i t i o n s .  The 12 d i f f e r e n t  c h a r t s  o b t a i n e d  
i n d i c a t e d  t h a t  t h e  a s - r o l l e d  t e x t u r e  c o u l d  bo d e s c r i b e d  a s  
a d u p l e x  (041) and  ( 3 5 2 )  w i t h  t h e  ( 0 4 1 )  b e i n g  t h e  m a j o r  
component  and  w i t h  C o n s i d e r a b l e  s p r e a d  a b o u t  e a c h  component.  
The r e c r y s t a l l i z e d  r o d  showed a p p r o x i m a t e  ( 0 4 1 )  and  ( 3 9 2 )  
componen t s  w i t h  c o n s i d e r a b l e  s p r e a d .  T h e s e  t e x t u r e  componen t s  
f o r  b o t h  t h e  a s - r o l l e d  and  t h e  r e c r y s t a l l i z e d  r o d s  a r e  n o t  
t o o  d i f f e r e n t  f r o m  t h o s e  p r e v i o u s l y  r e p o r t e d  f o r  r e a c t o r -  
g r a d e  u r a n i u m  r o d .  However, it was n o t e d  t h a t  t h e  t e x t u r e  
a p p e a r e d  t o  b e  q u i t e  s h a r p  for t h e  r e d u c t i o n  u s e d ,  a n d  t h e  
maximum i n t e n s i t y  o n  a n  i n v e r s e  p o l e  f i g u r e  was c o n s i d e r a b l y  
d i s p l a c e d  f r o m  t h e  p e r i p h e r y  o f  a n  (001) s t a n d a r d  p r o j e c t i o n  
f o r  b o t h  t h e  r o l l e d  and  r e c r y s t a l l i z e d  r o d s .  

22. METALLURGY DIVISION QUARTERLY PROGRESS REPORT FOR PERIOD 
E N D I N G  J U L Y  31, 1951. 

M i l l e r ,  E,C.,  B r i d g e s ,  W.H. 

O R N L - 1 1 0 8 ,  Feb. 6,  1952. Dec l .  Oct. 9 ,  1959. 92p .  

I n  o r d e r  t o  d e t e r m i n e  w h e t h e r  or n o t  t h e  t y p e  o f  
p r e f e r r e d  o r i e n t a t i o n  d e v e l o p e d  i n  a - e x t r u d e d  u r a n i u m  r o d  
was d e p e n d e n t  on  t h o  a c t u a l  e x t r u s i o n  t e m p e r a t u r e ,  x-ray- 
d i f f r a c t i o n  s t u d i e s  were  made o f  c o m p l e t e l y  r e c r y s t a l l i z e d  
a n d  u n r e c r y s t a l l i z e d  e x t r u d e d  u r a n i u m .  The r e s u l t s  show 
t h a t  t h e  t e x t u r e  d e v e l o p e d  upon d e f o r m a t i o n  i s  n o t  a l w a y s  
r e t a i n e d  upon r e c r y s t a l l i z a t i o n .  ..... 

23. EXTRUSION OF U R A N I U M ;  U R A N I U M  ALLOYS, A N D  U R A N I U M  COMPACTS. 

D a v i s ,  T.F. 

TID-3563,  1961 33p  0 

A l i t e r a t u r e  s e a r c h .  

24. RECRYSTALLIZATION I N  ROLLED 

L l o y d ,  L.T., M u e l l e r ,  M.H. 

ANL-6359(p.86-8) 

R A N I  M . SHE ET . 
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An i n v e s t i g a t i o n  o f  t h e  o c c u r r e n c e  o f  r e c r y s t a l l i z a t i o n  
w i t h o u t  a n  a p p a r e n t  p r e f e r r e d  o r i e n t a t i o n  change  was u n d e r -  
t a k e n .  The work was c o n d u c t e d  w i t h  h i g h - p u r i t y  u ran ium.  The 
i n d i v i d u a l  r e s u l t s  a r e  n o t  much d i f f e r e n t  f rom t h o s e  o f  
t h e  e a r l i e r  work.  A p l o t  f o r  t h e  change  i n  mean c o e f f i c i e n t  
o f  e x p a n s i o n  o f  t r a n s v e r s e  s a m p l e s  a s  a f u n c t i o n  o f  volume 
p e r  c e n t  o f  r e c r y s t a l l i z z t i o n  i s  i n c l u d e d .  The s a m p l e s  
a n n e a l e d  a t  l o w e r  t e m p e r a t u r e s  d i d  n o t  show s i g n i f i c a n t  
c h a n g e s  i n  e x p a n s i o n  c o e f f i c i e n t ,  w h e r e a s  t h o s e  a n n e a l e d  a t  
h i g h e r  t e m p e r a t u r e s  d i d .  The m a t e r i a l  f rom t h e  f i r s t  work 
seemed t o  r e c r y s t a l l i z e  a t  a l o w e r  t e m p e r a t u r e  t h a n  t h a t  
u s e d  c u r r e n t l y , ,  T h i s  i s  p r o b a b l y  a s s o c i a t e d  w i t h  t h e  
g r e a t e r  h e t e r o g e n e i t y  o f  ! e f o r m a t i o n  i n  t h e  f o r m e r ,  S t u d i e s  
show t h a t  r e c r y s t a l l i z a t i o n ,  a t  low and  m o d e r a t e  t e m p e r a t u r e s ,  
o f  h i g h - p u r i t y  u r a n i u m  s h e e t  r e d u c e d  a p p r o x i m a t e l y  80% i n  
t h i c k n e s s  a t  room t e m p e r a t u r e  i s  c h a r a c t e r i z e d  b y  t h e  
f o r m a t i o n  o f  e x t r e m e l y  f i n e  r e c r y s t a l l i z e d  g r a i n s  wh ich  a r e  
l a t e r  a b s o r b e d  b y  g rowth  o f  l a r g e r  g r a i n s .  

25. NEUTRON STUDY OF THE CRYSTALLINE TEXTURE OF U R A N I U M  BARS. 

L a n i e s s e ,  J. e t  a l .  

3 .  N u c l e a r  M a t e r i a l s ,  Vo1.2, pp. 69-74 ( 1 9 6 0 )  ( I n  F r e n c h )  

The method o f  s t u d y i n g  t e x t u r e s  b y  n e u t r o n  d i f f r a c t i o n  g a s  
a p p l i e d  t o  a ura.nium b a r  e x t r u d e d  i n  t h e  a r a n g e  a t  600 C, 
By means o f  a s i n g l e  s e r i e s  o f  e x p e r i m e n t s ,  a good 
s t a t i s t i c a l  image o f  t h e  t e x  u r e  was o b t a i n e d .  The s p e c i m e n  
was a c y l i n d e r  o f  a b o u t  5 cm , t h e  a x i s  o f  wh ich ,  no rma l  t o  
t h e  d i r e c t i o n  o f  d r a w i n g ,  c o i n c i d e d  w i t h  t h e  a x i s  o f  a 
beam of  monochromat i c  n e u t r o n s  G\- = 1.143 A),  The n e u t r o n  
d e t e c t o r  was BF3 c o u n t e r  which  d e s c r i b e s  a c i r c l e  i n  a 
h o r i z o n t a l  p l a n e ,  c e n t e r e c !  on t h e  spec imen .  The d i f f r a c t i o n  
s p e c t r u m  o b t a i n e d  f r o m  a p i e c e  o f  u r a n i u m  b a r ,  e x t r u d e d  i n  
t h e  a - r a n g e  and  t r e a t e d  i n  t h e  p- range ,  r e v e a l e d  t h a t  t h i s  
s p e c i m e n  h a s  o n l y  a weak d e g r e e  o f  p r e f e r r e d  o t i e n t a t i o n ,  
w h e r e a s  a n  a s - e x t r u d e d  s p e c i m e n  shows a marked ( 1  1 0 )  t e x t u r e  
i n  t h e  d i r e c t i o n  o f  e x t r u s i o n .  The r e s u l t s  o b t a i n e d  a r e  i n  
a g r e e m e n t  w i t h  t h o s e  d e t e r m i n e d  b y  x- ray  d i f f r a c t i o n  b y  
v a r i o u s  a u t h o r s  w i t h  u r a n i u m  b a r s  e x t r u d e d  o r  r o l l e d  i n  t h e  
a - r a n g e  ,, 

5 

26. PROPERTIES OF COLD DRAWN U R A N I U M  ROD. I. ON THE THERMAL 
EXPANSION COEFFICIENT AND THE THERMAL CYCLING GROWTH OF 
RECRYSTALLIZED SPECIMENS. 

Soeno ,  K. ( H i t a c h i  Ltd . ,  J a p a n )  

J, Atomic E n e r g y  SOC.  J a p a n ,  Vol .  2, pp. 89-95 (1960) 
( I n  J a p a n e s e )  . 
p - t r e a t e d ,  co ld-drawn u r a n i u m  r o d s  were s t u d i e d  t o  d e t e r m i n e  
t h e  r e l a t i o n  be tween  t h e  t h e r m a l  e x p a n s i o n  c o e f f i c i e n t  i n  
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t h e  d r a w i n g  d i r e c t i o n  and  t h e  work ing  d e g r e e  ( 2  t o  30% 
r e d u c t i o n  i n  a r e a ) ;  t h e  change  o f  t h e  c o e f f i c i e n t  due  t o  
g r a i n  g rowth  a f t e r  r e c r y s t a l l i z a t i o n ;  and  t h e  t h e r m a l  
c y c l i n g  g rowth  o f  r e c r y s t a l l i z e d  s p e c i m e n s .  The p r e f e r r e d  
o r i e n t a t i o n  was o b t a i n e d  b y  o n l y  two p e r c e n t  work a n d  t h e  
d i m e n s i o n a l  i n s t a b i l i t y  was a p p a r e n t  on t h e r m a l  c y c l i n g .  
The ( 0 1 0 )  p l a n e  a s  one  component  o f  p r e f e r r e d  o r i e n t a t i o n  
was  a r r a n g e d  p a r a l l e l  t o  t h e  r o d  a x i s  r e g a r d l e s s  o f  t h e  
d e g r e e  of  working .  The g r a i n  g rowth  a f t e r  r e c r y s t a l l i z a t i o n  
was found  t o  a f f e c t  t h e  f o r m a t i o n  o f  t h e  p r e f e r r e d  o r i e n -  
t a t i o n .  

27. TEXTURES I N  E X T R U D E D  U R A N I U M .  

R u s s e l ,  R.B. 

P a p e r  f r o m  "Advances i n  X-Ray A n a l y s i s " ,  V. 3 ,  Plenum P r e s s ,  
I n c , ,  New York, 1960, pp .  315-330. 

E f f e c t  o f  e x t r u s i o n  v a r i a b l e s  s u c h  a s  p r i o r  t e x t u r e ,  b i l l e t  
a n d  l i n e r  t e m p e r a t u r e s ,  r e d u c t i o n  i n  a r e a  and  ram s p e e d  
o n  t h e  t e x t u r e  o f  e x t r u d e d  u r a n i u m  r o d s  and  t u b e s  i s  examined  
b y  c r y s t a l l o g r a p h i c  ( i n v e r s e )  p o l e  f i g u r e s .  2 r e f .  

28 . REKRISTALLISATION KALTGEWALZTEN URANS . 
S e r g e e v ,  G.J. e t  a l a  

K e r n e n e r g i e ,  Vol. 4, pp.  239-243, ( 1 9 6 1 )  
(Atomn. E n e r g ,  9,  104-9(1960)  Aug.) 

E s  werden  U n t e r s u c h u n g s e r g e b n i s s e  u e b e r  d e n  E i n  l u s s  ~ e s  
Walzens  und G l u e h e n s  i m  a - G e b i e t  a u f  S t r u k t u r  und m e c h a n i s c h e  
E i g e n s c h a f t c n  d e s  Urans  b e t r a c h t e t .  A l s  A u s g a n g s m a t e r i a l  
d i e n t e  g e g o s s e n e s ,  i m  y - G e b i e t  g e w a l z t e s  und a u s  dem 8 - G e b i e t  
a b g e s c h r e c k t e s  Uran.  F e i n k o r n i g e s  r e k r i s t a l l i s i e r t e s  Uran 
b e s i t z t  e i n e  b e d e u t e n d  h i jhe re  F e s t i g k e i t  a l s  d a s  u r s p r u e n g -  
l i c h e  g r o b k o r n i g e .  Es werden  d i e  angenk ihe r t en  R e k r i s t a l l i -  
s a t i o n s d i a g r a m m e  f u e r  V e r f o r m u n g s g r a d e  von  5.40% und 
G l u e h e n  b e i  T e m p e r a t u r e n  von 350-65OoC m i t  10 - s tuend igem 
A n l a s s e n  a u f g e s t e l l t .  D i e  R e k r i s t a l l i s a t i o n  i s t  p r a k t i s c h  
n i c h t  von dem u n t e r s u c h t e n  A u s g a n g s z u s t a n t  d e s  M a t e r i a l s  
a b h a n g i g .  E s  werden  D a t e n  ueber d i e  K i n e t i k  d e s  R e k r i s t a l l i -  
s a t i o n s p r o z e s s e s  angegeben .  E i n  Z u s a t z  von 0 , l  Gew.-% 
Molybdzn v e r l a n g s a m t  d e n  Rekristallisationsprozess be- 
t r a c h t l i c h  und e r h i j h t  d i e  F e s t i g k e i t  d e s  f e i n k o r n i g e n  
U r a n s  um 20%5, 

29. THE EFFECT OF THE u - f3 - a PHASE TRANSFORMATION ON THE 
PREFERRED O R I E N T A T I O N  OF A U R A N I U M .  

B u t s c h e r  and  B a v e r s t o c k  
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A E R E - R - 3 2 1 7 ,  J. N u c l e a r  M a t e r i a l s ,  3: 30-40, J a n .  1961. 

D i l a t o m a t r i c ,  m e t a l l o g r a p h i c ,  and  x - ray  o b s e r v a t i o n s  were 
made on s p e c i m e n s  o f  r o l l e d  u r a n i u m  r o d  s u b j e c t e d  t o  
v a r y i n g  amounts  o f  t r a n s f o r m a t i o n  i n t o  t h e  /3 p h a s e  i n  a 
t e m p e r a t u r e  g r a d i e n t .  The r e s u l t s  show t h a t  t h e  p h a s e  change  
i s  a c c o m p l i s h e d  by a t r a n s f o r m a t i o n  band  o f  mixed amount  o f  
t h e  l o s s  o f  p r e f e r r e d  o r i e n t a t i o n  is a f u n c t i o n  o f  t h e  
d e g r e e  o f  t r a n s f o r m a t i o n .  A,mechanism t o  a c c o u n t  f o r  t h i s  
i s  d i s c u s s e d .  
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