
r 

METALLURGY DIVISION 

QUARTERLY PROGRESS REPBlRT FOR 

P E R I O D  ENDING OCTOlBER 311,1950 

#k* - * -  \a- 
# 

OAK RIDGE NATIONAL LABORATORY 

CARBIDE AND CARBON CHEMICALS DlVlSl , 

ma 

OPERATED BY 

U N I O N  CARBIDE A N D  CARBON CORPORATION 

f- $.: POST OFFICE BOX P 

OAK RIDOE, T E N N E S S E E  ?* 



ORNL- 9 10 
This document c o n s i s t s  of 7 2  pages. 
copy 8’ of  102. Series  A. 

c 

Contract No. W-7405, en@; 26 

METALLURGY .QIVISION 

J .  H. Frye, J r . ,  Director 

QUARTERLY PROGRESS REPORT 
for P e r i o d  Ending October 31, 1950 

Edited by 

E. C. Miller and W. 11: Bridges 

DATE ISSUED FEB 8 1959 

\ 

OAK RIDGE N A T I O N A L  LABORATORY 
operated by 

CARBIDE AND CARBON CHEMICALS DIVISION 
Union Carbide and Cgrboo Corporation 

Pos t  Office Box P 
Oak Ridge,  Tennessee 



OWL- 9 10 
P r o g r e s s  R e p o r t  

INTERNAL D I S T R I B U T I O N  

G. T. F e l b e c k  (C&CCD) 

30 A. H. Sne  

t h  P h y s i c s  L i b r a r y  
l l u r g y  L i b r a r y  

. D. Susano  

. W. P a r k i n s o n  

J o  A. S w a r t  B. S. B o r i e  

43 C. D. S m i t h  
44 D. E ,  Hamby 

23 E. H. T a y l o r  45 E ,  E. S t a n s b u r y  
24 F. L. S t e a h l y  46 G. P. Smi th  

D. S, B i l l i n g t o n  

47 J._ E. Cunningham 
48 c. P. K e i m ,  # 

4 9 - 5 0  C e n t r a l  F i l e s  (0. P . )  
51 Anton B r a s u n a s  

52-59 Argonne n a l  L a b o r a t o r y  

N a t i o n a l  L a b o r a t o r y  
m i c  Power L a b o r a t o r y  
e c t r i c  Company, R ich1  

d D i r e c t e d  O p e r a t i o n s  

rk O p e r a t i o n s  O f f i c e  
n t  Branch ,  Washington 
n i c a l  I n f o r m a t i o n  Branch ,  ORE 

B a t t e l l e  Memorial  U n i v e r s i t y  

2 



TABLE OF .CONTEIYTS 

' SUMMARY 

. 

I MTR 2FUEL ELEMENTS 
Introduction 
Melting and Rolling 
Fabrication 
KAPL Disks 

11. #URANIUM BONDING .STUDIES 
Introduction 
Silver-Mercury Bond Strength 
Roll-cladding of Uranium with Copper 

111. ~THORIUM.ALLOY DEVELOPMENT 
Introduction 
Ternary Alloys of Thorium 
Thorium Melting in Vacuum-arc Furnace 
Impact Strength of Thorium 
Yield Point in Thorium 
Work-hardening of  Thorium 
Recrystallization of Thorium 

I V .  ALUMINUM-SILICON-URANIUM PHASE DIAGRAM'WORK 

V .  AIRCRAFT NUCLEAR PROPULSION PROGRAM 
Static Corrosion Testing 

Stainless Steels in Lithium 
Metallic Elements in Sodium 
Materials in NaOH 
Materials in Lead 
Metal in Uranium-Aluminum Alloy 

Dynamic Corrosion Testing 
Forced Convection Loops 
Thermal Convection Loops 
Experimental Procedure 
Chemical Analysis and Metallographic Examination 
Auxiliary Equipment 
Work in Progress 
Procurement of Material and Loops 

'9 

. 9  
9 
10 
10 

12 

12 
12 
12 

14 

14 
14 
14 
18 
22 
2 4  
24 

28 

29 

29 
29 
38 
38 
39 
39 

39 
39 
41 
41 
41 
41 
42 
42 

3 



TABLE OF CONTENTS ( C o n t ' d )  

C o m p a t i b i l i t y  Tes t s  of P o t e n t i a l  F u e l - e l e m e n t  M a t e r i a l s  

D e s c r i p t i o n  of Tes t s  
Molybdenum-316 S t a i n l e s s  S t e e l  

'Molybdenum-309 S t a i n l e s s  S t e e l  
Molybdenum-U02 
Molybdenum-Be0 
Columbium-316 S t a i n l e s s  S tee l  

Powder M e t a l l u r g y  L a b o r a t o r y  

. F o r m a t i o n  of  a P o r o u s  S t r u c t u r e  by  S e l e c t i v e  L e a c h i n g  

Weld ing  L a b o r a t o r y  
Welding  o f  Molybdenum 
Welding  of Columbium 

Creep-  r u p t u r e  L a b o r a t o r y  

Gene r a1 
ANP C r e e p - r u p t u r e  T e s t i n g  
C r e e p  of Uranium 

V I .  MECHANICAL,PROPERTIES.OF PURE METALS 

.'VI I. - I SERVICE WORK 

Aluminum-S i l i con  Coa ted  S l u g s  
P r e p a r a t i o n  of 5% Molybdenum-Uranium A l l o y  S h e e t  and Rod 
F a b r i c a t i o n  of Heater f o r  P i l e  F l u x m e t e r  
Uranium M e l t i n g  
Welding  L a b o r a t o r y  Serv ice  Work 
S e r v i c e  Work o f  t h e  M T R  Group 
M i  sce 11 aneous  

43 

43 
4 5  
45  
45 
4 5  
45  

- 4 6  

46 

47 
47 
47 

48 

48 
48 
48 

50 

65 

6 5  
66  
68 
70 
70 
7 1  
7 1  

METALLURGY DIVISION PERSONNEL 

4 

7 2  



L I S T  $OF ,TABLES 

T a b l e  1 

T a b l e  2 

T a b l e  3 

T a b l e  4 

T a b l e  5 

T a b l e  6 

T a b l e  7 

T a b l e  8 

Y i e l d s  of  B l i s t e r - f r e e  P l a t e s  9 

Data  €or B i n a r y  Thorium A l l o y s  16 

D a t a  f o r  T e r n a r y  Thor ium A l l o y s  17 

Impac t  S t r e n g t h  of Thor ium 19 

Hardness  o f  Cold-worked Thorium 24 

C o r r o s i o n  of  S t a i n l e s s  Steels  i n  1000°C L i t h i u m  35 

R e s u l t s  o f  C o n t a c t  o f  P o t e n t i a l  F u e l - e l e m e n t  M a t e r i a l s  
a t  llOO°C f o r  100 h r  4 4  

Compar ison  o f  Creep  Curves  and  o f  L e v e l  Curves  o f  t h e  
(VJ S u r f  ace 6 3  

. 

5 



LIST OF FIGURES 

. 

F i g .  1 

F i g ,  2 

F i g .  3 

Fig .  4 

F i g .  5 

F i g . .  6 

F i g .  7 

F ig .  8 

F ig .  9 -13  

F ig . .  14 

F i g .  15 

F i g .  16 

F i g .  17 

F i g .  : 18 

F i g . :  19 

F i g .  20 

F i g . :  21 

P h o t o m i c r o g r a p h  o f  2% Be-98% Th A l l o y  a s  C a s t  

P h o t o m i c r o g r a p h  o f  4% A1-96% Th A l l o y  a s  C a s t  

P h o t o m i c r o g r a p h  o f  4% Si-96% Th A l l o y  a s  C a s t  

15 

15 

15 

Specimens  20 

Charpy  Impac t  T e s t s  on Thorium 21 

Impac t  Energy  f o r  P u r e  Thor ium,  S t a n d a r d  V-no tch  Charpy  

Thor ium-Ti t an ium L o a d - e l o n g a t i o n  Diagram 23 

R a t e  of  Work Harden ing  of  Thor ium 25 

I s o t h e r m a l  R e c r y s t a l l i z a t i o n  Curves  f o r  A m e s  Thorium 27 

E f f e c t  o f  Time on L i t h i u m  C o r r o s i o n  o f  S t a i n l e s s  S t e e l  
a t  1000°C 30- 3 4  

C o r r o s i o n  Spec imens  i n  Mol ten  U - A 1  A l l o y  40 

51 S i l h o u e t t e  o f  Copper  Spec imen D u r i n g  S t ress  

T r u e  Stress v s .  N a t u r a l  S t r a i n  Diagram,  OFHC Copper ,  
Room T e m p e r a t u r e  52 

) T r u e  S t r e s s - N a t u r a l  S t r a i n  Diagram,  OFHC C o p p e r ,  Spec imen 
No. 2.292-40, Room T e m p e r a t u r e ,  S t r a i n  R a t e - 0 . 0 0 5  i n .  p e r  
Hour or L e s s ,  G r a i n  S i z e - 0 . 0 3 0  mm 54 

True  S t r e s s - N a t u r a l  S t r a i n  Diagram, OFHC C o p p e r ,  Spec imen 
No. 2.2911, Room T e m p e r a t u r e ,  Beam Load ing  Type C r e e p  
T e s t i n g  Machine,  Loading  R a t e - %  lb. p e r  min. (1500 p s i  p e r  
hour  1 55 

' T r u e  S t r e s s - N a t u r a l  S t r a i n  Diagram,  OFHC Copper ,  SR-4 
S t r a i n  Gages ,  S t r a i n  R a t e - 0 . 0 0 5  i n .  p e r  Hour or L e s s ,  
Room T e m p e r a t u r e ,  G r a i n  S i z e - 0 . 0 3  mm 56 

Room T e m p e r a t u r e  57 

OFHC Copper ,  292 S e r i e s  59 

D e v i a t i o n s  o f  K,6" from Measured S t ress ,  v., OFHC Copper ,  

F i g . :  22 Leve l  C u r v e s  of t h e  (v.)" S u r f a c e s ,  OFHC Copper ,  Room 
Temp e r a t  u r e 6.1 

F i g .  23 . R o l l e d  P l a t e  of  U-Mo A l l o y  

F i g . .  24 , R a t e  of  Work H a r d e n i n g  of  5% Mo-U A l l o y  

6 rl 

69 

6 



SUMMARY 

. 

;The * p r o d u c t i o n  o f  , m o d i f i e d  MlX t y p e  f u e l  e l e m e n t s  f o r  t h e  B u l k r S h i e l d i n g  

F a c i l i t y  h a s  p r o c e e d e d  a t  a good pace .  Minor c h a n g e s  i n  m a t e r i a l s  a n d > m e t h o d s  

have  r e s u l t e d  i n  i n c r e a s e d  y i e l d s .  

A s  y e t s  a t t e m p t s  t o  bond u r a n i u m . t o  a c l a d d i n g  m a t e r i a l  h a v e  n o t  r e -  

s u l t e d  i n  bonds o f  s u f f i c i e n t  s t r e n g t h ,  b u t  work i s  c o n t i n u i n g  i n  an e f f o r t  t o  

d e v e l o p  bonds w i t h  h i g h  t h e r m a l  c o n d u c t i v i t y  and  g r e a t e r  s t r e n g t h .  

High t h o r i u m  a l l o y s  w i t h  2 t o  4% Cb, C r ,  Mn, $ T i ,  Z r ,  Be, A l ,  and S i  h a v e  

been  p r e p a r e d .  T h o s e  c o n t a i n i n g  B e ,  A l ,  or S i  a r e  h a r d  and b r i t t l e  and a r e  

n o t  c o l d - w o c k a b l e .  The  a l l o y s  w i t h  t h e  o t h e r  e l e m e n t s  a r e  c o l d - w o r k a b l e  i n  

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

f o u n d  t o  h a v e  a n  i n s u f f i c i e n t  vacuum s y s t e m  t o  o v e r c o m e  o u t g a s s i n g .  T h e  

a d d i t i o n  o f  a b o o s t e r  pump is  e x p e c t e d  t o  c o r r e c t  t h i s  c o n d i t i o n .  The i m p a c t  

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

shown a t r a n s i t i o n - f r o m  b r i t t l e  t o  t o u g h  b e h a v i o r  i n  t h e  r a n g e  120  t o  200OC. 

The y i e l d  p o i n t  p r e v i o u s l y  r e p o r t e d  i n  t h o r i u m  h a s  been  examined  i n  t h e  l i g h t  

of  t h e  C o t t r e l l  t h e o r y ,  b u t  a s  y e t  t h e  r e s u l t s  a r e  i n c o n c l u s i v e .  

Work h a s  s t a r t e d  on t h e  A 1 - S i - U  d i ag ram.  D a t a  b e i n g  c o l l e c t e d  c o n s i s t  o f  

UA1,: UAl ,  r a t i o s ,  l a t t i c e  p a r a m e t e r s ,  and m i c r o s t r u c t u r e s .  I t  h a s  been  f o u n d  
t h a t  f o r  a 20% uran ium a l l o y  o n l y  0 .8% S i  i s  n e c e s s a r y  t o  c o m p l e t e l y  s u p p r e s s  

t h e  f o r m a t i o n  o f  UA1,. 

The s t a t i c  c o r r o s i o n  t e s t i n g  o f  v a r i o u s  m a t e r i a l s  i n  l i t h i u m ,  sodium,  and 
* l e a d  a t  100OoC c o n t i n u e s .  1 n . g e n e r a l  t h e  f e r r i t i c  i ron-chromium a l l o y s  a p p e a r  
somewhat  more r e s i s t a n t  t o  c o r r o s i o n  by 1000°C l i t h i u m  and l e a d  t h a n  d o  t h e  

a u s t e n i t i c  a l l o y s .  The r e s u l t s  on s t a i n l e s s  s t e e l s  i n  l00OoC sod ium a r e  as 

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

d y n a m i c - c o r r o s i o n - t e s t i n g  d e v i c e s  now r e s t s  w i t h  t h e  A N P ' E n g i n e e r i n g  G r o u p ,  

t h e  M e t a l l u r g y  D i v i s i o n  e x e r c i s i n g  m e t a l l u r g i c a l  c o n t r o l .  A s  r u n s  a r e  f i n i s h e d  

t h e  r i g s  a r e  t o  be  t u r n e d  o v e r  t o  t h e  M e t a l l u r g y  D i v i s i o n  f o r  e x a m i n a t i o n .  

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

m a t e r i a l s  s u i t a b l e  f o r  f u e l - e l e m e n t  f a b r i c a t i o n .  C o m b i n a t i o n s  o f  molybdenum, 
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UO,, BeO, columbium, and s t a i n l e s s  s t e e l s  316  and 309 a r e  i n  p r o c e s s  o f  - b e i n g  
\ t e s t e d .  'The  method c o n s i s t s  i n  e n c l o s i n g  m a t e r i a l s  i n  s t a i n l e s s - s t e e l  c a p -  

s u l e s ,  s e a l i n g ,  h o t - s w a g i n g  t o  40% r e d u c t i o n ,  and hea t in ' g  f o r  100  h r  a t  l l O O o ~ .  

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

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

. f u r n a c e s  a r e  b e i n g  d e s i g n e d  and b u i l t .  

P a r t  I1 of  "A S t u d y  o f  S t r e s s - S t r a i n - T i m e  F u n c t i o n s  o f  M e t a l s , "  c o n t a i a -  

i n g  t h e  a p p l i c a t i o n  o f  t h e  i d e a s  d e v e l o p e d  i n  P a r t  I t o  r e s u l t s  o b t a i n e d  

e x p e r i m e n t a l l y  on c o p p e r ,  is  t o  be i s s u e d  s h o r t l y . .  

V a r i o u s  s e r v i c e  j o b s  have  been  done d u r i n g  t h e  q u a r t e r .  

8 



I .  MTR 'FUEX ELEMENTS 

~ 

NO. OF BLISTERED 
PLATES 

3 
3 
3 
8 
2 
2 
3 
9 
9 
4 
7 

53 

Introduction, D u r i n g  t h i s  p e r i o d  2 8  m o d i f i e d  MTR f u e l  e l e m e n t s  were 

m a n u f a c t u r e d  f o r  u s e  i n  t h e  Bu lk  S h i e l d i n g  R e a c t o r  now u n d e r  c o n s t r u c t i o n  a t  

ORNL. T h e s e  d i f f e r  f rom t h e  s t a n d a r d l M T R  f u e l  u n i t  i n  t h a t . t h e r e  i s  no  t o p  

p o s i t i o n i n g  a d a p t e r  and t h e  b o t t o m  a d a p t e r  h a s  a round  s h a p e .  D e t a i l s  a r e  

c o n t a i n e d  i n  a memorandum. 4 

Melting and Rolling.. Y i e l d s  o f  b l i s t e r - f r e e  p l a t e s  were h i g h ,  a v e r a g i n g  

a b o u t  90%. The i n d i v i d u a l  y i e l d s  f o r  e a c h  r u n  a r e  shown i n  T a b l e  1. 

YIELD 
(%) 

95 
95 
95 
87 
97 
97 

- 95 
87 
87 
93 
87 

92 ( avg . )  

.. . 

. .  

TABLE 1 

Yields of Blister-free Plates 

RUN 

c 3 7  
C38 
c 3  9 
C4 1 
C4 2 
c 4 3  
, c 4 4  
c 4  5 
C46r 
C48 
c 4 9  

T o t a l  

TOTAL, NO. i' OF 
PLATES 

58 
60 
60 
60 
60 
60 
60 
68 
68 
58 
54 

666 

S e v e r a l  b a s i c  c h a n g e s  i n  t e c h n o l o g y  were made d u r i n g  t h i s  p e r i o d .  Pre-  
v i o u s l y  t h e  f e e d  m a t e r i a l  t o  t h e  m e t a l l u r g i c a l  o p e r a t i o n s  was t h e  o x i d e  U,O,. 

- -_ 
(1) Breazeale, W.jM,, "tiel Elements for Bulk Shielding F a c i l i t y ,  CF-50-6-132 (June 23, 199). " 
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I t  was p o i n t e d  o u t  by J. M. Herndon ( 9 2 1 2  A r e a ,  Y-12)  t h a t  m e t a l  is  a l m o s t  , a s  

c h e a p  t o  p r o d u c e  a s  U,O,, a n d ,  i n  a d d i t i o n ,  t h e r e  i s  less  d a n g e r  o f  a i r  c o n -  

. t a m i n a t i o n  when m e t a l  i s  u s e d .  I t  was t h e r e f o r e  d e c i d e d  t o  u s e  t h e  metal  a s  

raw m a t e r i a l :  A d d i t i o n a l  a d v a n t a g e s  o f  t h i s  c h a n g e  a r e  ( 1 )  t h e  m e l t i n g  t i m e  

i s  r e d u c e d  by  a f a c t o r  o f  4 ;  ( 2 )  c r u c i b l e  l i f e  i s  i n c r e a s e d  b y  a f a c t o r  o f  

a b o u t  10 b e c a u s e  of lower  m e l t i n g  t e m p e r a t u r e ;  ( 3 )  t h e r e  i s  a r e d u c t i o n  i n  t h e  

volume o f  w a s t e s ;  and ( 4 )  no  s l a g  is  n e c e s s a r y  when m e t a l  i s  used .  

Fabrication. E x p e r i m e n t s  t o  d e t e r m i n e  t h e  f e a s i b i l i t y  of  e l i m i n a t i n g . t h e  

d r y i n g  or p r e h e a t i n g  s t e p  i n  f u e  1 a s s e m b l y  f a b r i c a t i o n  have  been  d i s c o n t i n u e d  

: b e c a u s e  o f  t h e  p o o r  r e s u l t s  o b t a i n e d .  I t  i s  p o s s i b l e  t o  o b t a i n  good b r a z e d  

j o i n t s  w i t h o u t  t h e  d r y i n g  or p r e h e a t i n g  p a r t  o f  t h e  c y c l e .  However ,  i t  was 

found t h a t  b l i s t e r s  a r e  p roduced  i n  t h e  a c t i v e  p l a t e s  i f  e i t h e r  o f  t h e s e  s t e p s  

i s  o m i t t e d .  F i v e  a s s e m b l i e s  were b r a z e d  u s i n g  t h e  f o l l o w i n g  c y c l e :  

1. Dry 2 h r  a t  302°F. 

32. 'B raze  50 min a t  1110°F. 

J A l l  a s s e m b l i e s  showed b l i s t e r s  a f t e r  b r a z i n g .  Nine a d d i t i o n a l  a s s e m b l i e s  

were t h e n  b r a z e d  w i t h  t h e  a d d i t i o n  of  t h e  p r e h e a t i n g . s t e p ,  as  f o l l o w s :  

1. ,Dry  2 h r  a t  302°F. 

2. P r e h e a t  50 min a t  850°F. 

3. ' B r a z e  38 min a t  1110oF. 

None o f  t h e  a b o v e  showed a n y  b l i s t e r s  a f t e r  b r a z i n g . '  A b s o l u t e  . h u m i d i t ~ y  was 

u n i f o r m l y  h i g h  d u r i n g  t h i s  p e r i o d ,  a b o u t  12 X 10'' l b  o f  H,O p e r  c u b i c  f o o t .  

These  r e s u l t s  i n d i c a t e  t h a t  i t  is  n e c e s s a r y  t o  d r y  t h e  f l u x  t h o r o u g h l y  a t  

a n  e l e v a t e d > t e m p e r a t u r e  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  of  b l i s t e r i n g  d u r i n g  

, b r a z i n g .  

The b l i s t e r e d  a s s e m b l i e s  w e r e  d i s a s s e m b l e d  a f t e r  h e a t i n g  t o  b r a z i n g  tem- 

p e r a t u r e s  s o  t h a t  t h e  p l a t e s  c o u l d  be r e m e l t e d  i n  l a t e r  h e a t s  w i t h  a minimum 

of  b r a z e  m e t a l  and aluminum. 

KAPL Disks. A t  t h e  r e q u e s t ( ' )  o f  t h e  AEC R e a c t o r  Development  D i v i s i o n ,  

17 ;300 .u ran ium-a luminum a l l o y  d i s k s  were m a n u f a c t u r e d  t o  be u s e d  i n  a c r i t i c a l  

( 2 )  Holland, A. ' H . ,  Jr., { F b r i c a t i o n  of Enriched A l l o y  Washers for SIR-PPA, cFG50-6- 175 (June 30; 1950). - -_ 
- " - &  -- .e- 

- 
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e x p e r i m e n t  a t  K n o l l s  Atomic Power L a b o r a t o r y .  The s p e c i f i c a t i o n s  were: 

16 ,000  d i s k s  1 .960  ? 0.004 i n .  i n  d i a m e t e r  

1 , 3 0 0  d i s k s  1 .922 k 0.004 i n .  i n  d i a m e t e r  

B o t h  s i z e s  t o  c o n t a i n  a h o l e  0 . 1 9 4  rt 0 .002  in:in d i a m e t e r ,  t h e  h o l e  
t o  be c e n t e r e d  w i t h i n  0 . 0 0 2  i n .  

Bo th  s i z e s  a p p r o x i m a t e l y  0 .038  i n .  i n  t h i c k n e s s  

u~~~ c o n t e n t  1 2 1  * 4 mg/sq cm 

-35% U-A1 a l l o y  

P e r m i s s i b l e  i m p u r i t i e s  same a s  for MTR 

P l a t e s  o f  2 s  aluminum or b e t t e r , e a c h  t o  b e  s t amped  w i t h  b a t c h  number 
and  i n d i v i d u a l  i d e n t i f y i n g  number 

D e t a i l s  o f  f a b r i c a t i o n  a r e  c o n t a i n e d  i n  a memorandum.(3)  B r i e f l y  t h e  

o p e r a t i o n  was a s  f o l l o w s :  35% U - A 1  a l l o y  was m e l t e d ,  h o t  r o l l e d  (1200'F) t o  

0 . 0 4 2 . i n .  and c o l d  r o l l e d  t o  0 . 0 3 8  i n .  , D i s k s  were t h e n  punched  and we ighed  

and t h e  i d e n t i f y i n g  number was s tamped.  The a v e r a g e  y i e l d  o f  d i s k s  f rom a n y  

one  i n g o t  was a b o u t  55%: S c r a p  was r e c y c l e d  t o  t h e  m e l t i n g  o p e r a t i o n .  

A t  t h e  end of t h e  r u n ,  a r e q u e s t  was 'made for an e x t r a  a l l o t m e n t  o f  d i s k s  

a m o u n t i n g  t o  25% of  t h e  o r i g i n a l  o r d e r .  When t h e s e  a r e  B c o m p l e t e d l  a t o p i c a l  

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

I t  was n o t i c e d  t h a t  a b o u t  t w e n t y  d i s k s  . b l i s t e r e d  a f t e r  s t a n d i n g  a t  room 

t e m p e r a t u r e  f o r  one  t o  two weeks .  The b l i s t e r s  were e l o n g a t e d  i n  t h e  d i r e c t i o n  

o f . r o l l i n g  and  were a s  much a s  f i v e  t imes t h e  o r i g i n a l  . d i s k  i n  . t h i c k n e s s .  

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

b e e n  i d e n t i f i e d .  X - r a y  d i f f r a c t i o n  p a t t e r n s  h a v e  > b e e n  made a n d  a r e  b e i n g  

s t u d i e d .  S p e c t r o g r a p h i c  a n a l y s i s  showed t h e  main c o n s t i t u e n t  t o  b e  aluminum 

w i t h  t r a c e s  o f  c o p p e r ,  u r a n i u m ,  magnes ium,  m a n g a n e s e ,  s i l i c o n ,  # i r o n ,  and  
c a1  cium. 

I, 

(3)  Smithj C:.D:l.Reqaest f o r  Enfiched Vi-aniun for Preparation of U-AI A l l o y  D i scs  for K@L.,CF-50L7-176 
( h g .  31, 1950). 
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110 URANIUM BONDENG iSFUDIES 

Introduction. \Methods  a r e  b e i n g  s o u g h t  whereby t h e  bond be tween  a c l a d -  

d i n g  m a t e r i a l  and u r a n i u m . m e t a 1  c a n  bemade  t o  have  g r e a t e r  s t r e n g t h  and b e t t e r  

h e a t  - t r a n s  f e r  c h a r a c t e r i s t i c s .  

F u r t h e r  t e s t s  o n  s i l v e r - m e r c u r y  b o n d s  show t h a t  t h e y  a r e  q u i t e  weak.  

S h e a r  s t r e n g t h s  o f i t h e  o r d e r  o f  4000 p s i  were o b t a i n e d .  A t t e m p t s  t o  bond 

s i l v e r  and  u ran ium by r o l l - c l a d d i n g  have  been  s u c c e s s f u l .  A s - r o l l e d  s a m p l e s  

have  good bonds ,  a s  shown by c h i s e l  t e s t s  and b e n d - t o - f r a c t u r e  t e s t s .  However, 

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

because  o f  compound f o r m a t i o n .  

Silver-Mercury Bond Strength. E x p e r i m e n t s  w i t h  b o n d i n g  s i l v e r - p l a t e d  

uranium t o  s i l v e r - p l a t e d  c o p p e r  by h e a t  and p r e s s u r e , w i t h  mercury  ama lgamat ion  

o f  t h e  a d j o i n i n g  s u r f a c e s ,  i n d i c a t e  t h a t  bond s t r e n g t h s  o f  a t  l e a s t  4000 p s i  

i n  s h e a r  ,may be  e x p e c t e d .  S p e c i m e n s  c l amped  i n  v i s e s  and h e a t e d  i n  a i r  a t  

t e m p e r a t u r e s  o f  350, 450, and 550°C and f o r  t i m e s  o f  2, 4, and 6 h r  show a n  

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

t e m p e r a t u r e s  a t  a g i v e n  time. Samples  p r e s s e d  i n  a h y d r a u l i c  p r e s s  a t  5000 p s i  

and 300°C f o r  v a r y i n g  t imes  a re  now b e i n g  t e s t e d .  

Roll-cladding of Uranium with Copper. At tempts  were made t o  s e a l  u ran ium 

i n  c o p p e r  j a c k e t s  f o r  . r o l l - c l a d d i n g  t o  a v o i d  e x c e s s i v e  o x i d a t i o n  o f  t h e  

uranium. The f o l l o w i n g  t h r e e  methods werq used:  

1. S i l v e r - p l a t e d  c o p p e r  s u r f a c e s  were bonded w i t h t m e r c u r y  by h o t -  
p r e s s i n g  (25,000 p s i )  f o r  2 h r , a t  350°C. 

2 .  .Same . a s  ( l ) ,  ' f o l l o w e d  by t o r c h - b r a z i n g  w i t h  s i l v e r  s o l d e r . .  

3. Same . a s  ( 1 1 ,  f o l l o w e d  by f u r n a c e - b r a z i n g  w i t h  s i l v e r  s o l d e r .  

I t  was f o u n d  t h a t  t h e  a s - p r e s s e d  s i l v e r - m e r c u r y  bond E w a s  , t o o  weak t o  

w i t h s t a n d  t h e  s h e a r i n g  s t r e s s e s  d e v e l o p e d  d u r i n g  r o l l i n g  or t h e  t h e r m a l  

s t resses  i n v o l v e d  i n  t o r c h - b r a z i n g .  * I t  w a s  s t r o n g  enough t o  m a i n t a i n  s e a l i n g  
d u r i n g  f u r n a c e -  b r a z i n g .  I 

U s i n g  t h i s  t e c h n i q u e ,  t h r e e  u r a n i u m - c o p p e r  s a n d w i c h e s  were s e a l e d  a n d  

h o t - r o l l e d  a t  1000°F w i t h  r e d u c t i o n s  of  8:1, 10: 1, and 16: 1. Samples  c u t  f rom 
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t h e s e  p 
. I n  e a c h  

a t e s  were t e s t e d  b y  b e n d i n g  . b a c k  and f o r t h  u n t i l  . f r a c t u r e  o c c u r r e d .  
c a s e  t h e r e  was no  s e p a r a t i o n  o f  l a y e r s .  As a f u r t h e r  t e s t ,  s a m p l e s  

were c lamped i n  a v i s e ,  and a t t e m p t s  were made t o  s e p a r a t e  t h e  l a y e r s  w i t h  a 

c h i s e l .  A c l e a n  s e p a r a t i o n  o f  t h e  u ran ium and c o p p e r  c o u l d  n o t  be o b t a i n e d ,  

i n d i c a t i n g  t h a t  t h e  bond was a t  l e a s t  a s  s t r o n g  a s  t h e  t w o , j o i n e d  m e t a l s .  

H e a t i n g  s a m p l e s  o f  t h e s e  c l a d  p l a t e s  i n  a i r  and  i n  vacuum a p p a r e n t l y  

c a u s e s  d e t e r i o r a t i o n  o f  t h e  b o n d i n g .  S a m p l e s  were h e a t e d  a t  1 5 0 ,  3 0 0 ,  and 

850°C i n  a i r  and a t  300, 600 ,  and 850°C i n  vacuum. M e t a l l o g r a p h i c  X - r a y  d i f -  

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

a i r  a t  300°C f o r  24  h r  p r o d u c e s  a n o t i c e a b l e  weaken ing .  M i c r o e x a m i n a t i o n  o f  

s a m p l e s  h e a t e d  i n  vacuum f o r  % h r  a t  600°C showed e v i d e n c e  o f  compound forma-  

t i o n  a t  t h e  s i l v e r - u r a n i u m  i n t e r f a c e .  H e a t i n g  s a m p l e s  t o  850°C i n  a i r  and i n  

vacuum r e s u l t e d  i n  c o m p l e t e  f a i l u r e  o f  t h e  bond. 
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111. THORIUM ALLOY DEVELOPMENT . 

Introduction. Thor ium a l l o y  d e v e l o p m e n t  work h a s  b e e n  c o n t i n u e d ,  w i t h  

t h e  m a j o r  e m p h a s i s  b e i n g  p l a c e d  upon t h e  t h o r i u m - r i c h  - alloys c o n t a i n i n g  Cb,  

C r ,  Mn, T i ,  and Zr. These  a l l o y s  may be  co ld -worked  i n  t h e  a s - c a s t  c o n d i t i o n .  

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

are a s  y e t  i n c o m p l e t e .  A l l o y s  c o n t a i n i n g  b e r y l l i u m ,  a l u m i n u r n l a n d  s i l i c o n  

a r e  h a r d  and b r i t t l e  and c a n p o t  b e  c o l d - w o r k e d ,  b u t  i t  was t h o u g h t  t h a t  t h e y  

m i g h t  be  h o t - w o r k e d .  ' T w o  t h o r i u m - b e r y l l i u m  b i l l e t s  were e x t r u d e d  a t  900°C 

i n t o  3 / 8 - i n .  r o d ,  b u t  t h e  e x c e s s i v e  p r e s s u r e s  r e q u i r e d  c a u s e d  b e n d i n g  o f  t h e  

stem of  t h e  e x t r u s i o n  p r e s s  and p r e v e n t e d > f u r t h e r  e x t r u s i o n  work a t  t h i s  time. 

I t  had been  t h o u g h t  t h a t  a f t e r  a p r e l i m i n a r y  h o t - w o r k i n g  t o  b r e a k  up t h e  c a s t  

s t r u c t u r e ,  c o l d - w o r k i n g  c o u l d  be p e r f o r m e d  w i t h o u t  c r a c k i n g .  ,However ,  t h e  

e x t r u d e d  r o d s  were c r a c k e d  w i t h o u t  a p p r e c i a b l e  r e d u c t i o n  when c o l d - r o l l e d .  

T y p i c a l  m i c r o s t r u c t u r e s  o f  a l l o y s  o f  t h o r i u m  w i t h  b e r y l l i u m ,  a luminum,  and  

s i l i c o n  a r e  shown i n  F i g s .  1, 2 ,  and 3 ,  r e s p e c t i v e l y .  S i n c e  t h e s e  a l l o y s  

a p p a r e n t l y  form i n t e r m e t a l l i c  compounds wh ich  a r e  i n h e r e n t l y  b r i t t l e ,  a d d i -  

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

t o  r e d u c e  t h e  amount o f  compound and s t i l l  p e r m i t  p o s s i b l e  d e c a r b u r i z a t i o n  or 

d e o x i d a t i o n .  The  s t o i c h i o m e t r i c  ' amoun t s  o f  a l l o y i n g  e l e m e n t s  n e c e s s a r y  t o  

c o m p l e t e l y  u s e  t h e  oxygen  and c a r b o n  i n  t h e  A m e s  t h o r i u m  i s  o f  t h e  o r d e r  o f  

50.5% by w e i g h t .  T h e r e f o r e  a l l o y s  were p r e p a r e d  c o n t a i n i n g  0 .25% and  0 . 5 0 %  
b e r y l l i u m  and s i l i c o n  f o r  f u r t h e r  s t u d y .  The h a r d n e s s  and approx ima te  m e l t i n g  

p o i n t s  o f  t h e  v a r i o u s  a l l o y s  a r e  shown i n  T a b l e  2. 

Ternary Alloys of Thorium. The t e r n a r y  a l l o y s  T h - S i - Z r  and Th-T i -Zr  were 

p r e p a r e d ,  and t h e  t i t a n i u m  a l l o y  was r o l l e d  i n t o  1 / 8 - i n .  p l a t e  f o r  c o r r o s i o n -  

t e s t  s t u d i e s .  The a l l o y s  c o n t a i n i n g  s i l i c o n  c o u l d  n o t  be c o l d - r o l l e d  w i t h o u t  

e x c e s s i v e  c r a c k i n g ,  The r e s u l t s  a r e  g i v e n  i n  T a b l e  3. 

Thorium Melting in vacuum-arc Furnace. T h e r e  have  b e e n  two s i g n i f i c a n t  

d e v e l o p m e n t s  i n  t h e  o p e r a t i o n  o f  t h e  vacuum-a rc  f u r n a c e  d u r i n g  t h e  q u a r t e r .  

F i r s t ,  t h e  power f e e d e r  was t r i e d  on powdered t h o r i u m .  I t  d i d  n o t  work w e l l  

b e c a u s e  t h e  g a s  c o n t e n t  w a s , t o o  g r e a t  f o r  t h e  c a p a c i t y  o f  t h e  vacuum system, 

and, b e c a u s e  t h e  t h o r i u m  was blown o u t  o f  . t h e  c r u c i b l e ,  t h e r e  was v e r y  l i t t l e  
powder a c t u a l l y  added  t o  t h e  mel t .  A new f e e d e r  h a s  been  b u i l t  which  a l l o w s  

t h e  m a t e r i a l  t o  be h e a t e d  b e f o r e  b e i n g  f e d  i n t o  t h e  f u r n a c e .  
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Not Classified 
Photo NO. Y - 2 7 8 7  

t 

y- 2 097 2% Be-  98% Th Alloy As Cast 500 X 
Fig. I 

, ‘  , ,  - 
8 > -  .’- -.& 

Y-2074  4% AI-96.1. Th Alloy AS Cast . 500 X 
Fig. 2 

. . (  -* 

Y-2088 4% S i - 9 6 %  Th Alloy As Cast 2 0 b X  

Fig. 3 
. -  _ _ .  

R. J. G m y -  R. S.Crouse- E. !? Griggs 
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TABLE 2 

Data for Binary Thorium Alloys 

\ 

I 

' ALLOY 
NO 

A - 6 2 1  

A-624 

A-625 

A-627 

A-628 

A-629 

A - 6 3 0  

A - 6 3 1  

A-632 

A-633 

A-613 

A-614 

COMPOSITION 

4% T i  

6% T i  

4% Cb 

6% Cb 

4% C r  

6% Cr 

0,25% I n  

0.25% Be 

0.25% Ce 

0.25% S i  
4% Z r  

6% Zr 

APPROXIMATE' 
LdELTING POINT 

(OC) 

1405 

1307 

1500 

1450 

1310 

1580 

1590 

1560 

1'56 5 

1540 

HARDNESS 

DPH 

6 4  

60 

76 . 

7 4  

1 3 1  

1 0 8  

1 3 5  

1 3 1  

69 

7 1  

ROCKWELL 

RH 95 

RH 93 

RH 98 

RB 2 4  

RB 7 6  

RB 73 

RB 75 

RB 68 

RB 62 

RB 4 1  

RH 105 

RH 103 

REMARKS 

C o l d - r o l l e d ,  75% r e d u c t i o n  
w i t h o u t  c r a c k i n g  

C o l d - r o l l e d ,  75% r e d u c t i o n  
w i t h o u t  c r a c k i n g  

C o l d - r o l l e d ,  75% r e d u c t i o n  
w i t h o u t  c r a c k i n g  

C o l d - r o l l e d ,  75% r e d u c t i o n  
w i t h o u t  c r a c k i n g  

Co Id - roll ed  , 7 5% r e d u c t i o n  
w i t h o u t  c r a c k i n g  

C o l d - r o l l e d ,  75% r e d u c t i o n  
w i t h o u t  c r a c k i n g  

No r o l l i n g  i n f o r m a t i o n  

No r o l l i n g  i n f o r m a t i o n  

No r o l l i n g  i n f o r m a t i o n  

No r o l l i n g  i n f o r m a t i o n  

C o l d - r o l l e d ,  75% r e d u c  
w i t h o u t  c r a c k i n g  , 

i o n  

Co 1 d - ro 11 ed  7 5% , r e d u c  ti  on 
w i t h o u t  c r a c k i n g  



ALLOY 
NO * 

R B  8 0  

R B  57 

R B  4 1  

RB 7 1  

R B  7 5  

RH 9 1  

RH 9 6  

RH 1 1 0 .  

RH 9 1  

I 

HH 9 4  

A -  543 

A - 5 5 1  

Cracked a f t e r  10% reduct ion  

Cracked a f t e r  10% reduct ion  

Cracked a f t e r  10% reduct ion  

Cracked a f t e r  10% r e d u c t i o n  

Cracked a f t e r  10% r e d u c t i o n  

C o l d - r o l l e d  75% r e d u c t i o n  
without  c r a c k i n g  

C o l d - r o l l e d  75% r e d u c t i o n  
without  c r a c k i n g  

Cracked 

C o l d - r o l l e d  75% r e d u c t i o n  
without  crack ing  

Cold-rolled 75% reduct ion  
without  crack ing  

A- 556 

A - 5 6 1  

A -566 

A-615 

A - 6 1 6  

A-618 

A-619 

A -620 

TABLE 3 

Data for  Ternary Thorium A l l o y s  

COMPOS IT  I O N  

1% S i ,  1% Zr 

1% S i ,  2% Z r  

1% S i ,  4% Zr 

2% S i ,  1% Zr 

4% S i ,  1% Z r  

1% T i ,  1% Zr 

1% T i ,  2% Zr 

1% T i ,  4% Z r  

2% T i ,  1% Zr 

4% T i ,  1% Zr 

APPROX IMAPE 
UELTP&G' P O I N T  

( " C )  

1 2 6 5  

1250 

1225 

1265 

1305 

1300 

1290 

1 4 0 5  

1330 

I 

I 

D PH 

1 3 8  

1 0 6  

'76  

112 

1 1 6  

58 

6 4  

116 

49 

7 0  

ROCKWEEE I REMARKS 

. 
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The s e c o n d  d e v e l o p m e n t  was t h e  u s e  o f  a 1 2 - c h a n n e l  o s c i l l o g r a p h  t o  r e -  
c o r d  t h e  f o l l o w i n g  v a r i a b l e s  d u r i n g  t h e  r u n :  v o l t a g e ,  c u r r e n t ,  f u r n a c e  

p r e s s u r e ,  f o r e - p r e s s u r e ,  and e l e c t r o d e  p o s i t i o n .  I t  was shown t h a t  t h e  vacuum 

s y s t e m  i s  n o t  e n t i r e l y  a d e q u a t e , f o r  m e l t i n g  t h o r i u m  and s t e e l . '  I t  was found  

t h a t  t h e  r a t e  o f  g a s  e v o l u t i o n  i s  a lmos t  c o n s t a n t  d u r i n g  most o f  t h e  run .  The 
p r e s s u r e  i n  t h e  f u r n a c e  s t a y s  a t  a b o u t  1 t o  2 p Hg d u r i n g  t h e  r u n  b u t  may be-  

come much h i g h e r  when t h e  a r c  r e a c h e s  t h e  t o p o f t h e  c r u c i b l e  and g i v e s  g r e a t e r  

o u t g a s s i n g .  A b o o s t e r  pump s h o u l d  b e  u s e d  s o  t h a t  g r e a t e r  c a p a c i t y  u n d e r  

h e a v i e r  g a s  l o a d s  c a n  b e  r e a l i z e d .  S i n c e  t h e  s p e e d  of  t h e  c o n n e c t i o n  be tween  

t h e  pump and f u r n a c e  i s  o n l y  a b o u t  80 l i t e r s  p e r  s e c o n d ,  t h e  r a t e  o f  o u t -  

g a s s i n g  i s  a b o u t  80 t o  160 m i c r o n  l i t e r s  p e r  s e c o n d .  T h i s  c o r r e s p o n d s  t o  

a b o u t  60 t o  125 c c  p e r  m i n u t e  a t  s t a n d a r d  c o n d i t i o n s  and r e p r e s e n t s  a b o u t  1 t o  

2 cc o f  g a s  p e r  c u b i c  c e n t i m e t e r  of m e l t .  
a 

O s c i l l o g r a p h y  h a s  a l s o  shown t h a t  t h e  c u r r e n t  and v o l t a g e  a r e  n o t  f u n c -  

t i o n s  o f  t h e  a r c  g a p ,  e x c e p t  t h a t  i f  t h e  gap  e x c e e d s  a c e r t a i n  l e n g t h  t h e  a r c  

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

u s e d  f o r  hand  c o n t r o l  i s  t h a t  o f  k e e p i n g  t h e  a r c  g a p  s o  s m a l l  t h a t  m e t a l  

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

t e n t h  o f  a s econd .  T h i s  s h o r t i n g  is  most e v i d e n t  by t h e  sound o f  t h e  g e n e r a t o r  

r a t h e r  t h a n  by t h e  a r c  i n t e n s i t y .  The method g i v e s  good r e s u l t s  b u t  i t  i s  n o t  

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

would  h a v e  t o  work on t ,he same p r i n c i p l e  u n l e s s  some o t h e r  method c o u l d  be 

found . 
The  d e s i g n  o f  a new v a c u u m - a r c  f u r n a c e  i s  d e p e n d e n t  upon w h a t  c a n  be 

found o u t  , a b o u t  t h e  o p e r a t i o n  o f t h e  new f e e d e r  and t h e  'wa te r - coo led  e l e c t r o d e ;  

. t h e s e  have  n o t  y e t  been  t r i e d .  

Impact . S t r e n g t h  of  Thorium. P r e v i o u s  work on i m p a c t  s t r e n g t h  o f  t h o r i u m  

h a s  r e s u l t e d  i n  e r r a t i c  r e s u l t s ,  p e r h a p s  due  t o , a  c o m b i n a t i o n  o f  i m p e r f e c t  

s a m p l e s  and imprope r  t e s t i n g  t e y h n i q u e s .  A s i n g l e  p i e c e  of  r o l l e d  t h o r i u m  was 

machined i n t o  s t a n d a r d  V-no tch  Charpy  t y p e  spec imens  f o r  f u r t h e r  t e s t i n g . .  The 

s a m p l e s  were f u l l y  a n n e a l e d  a n d , b r o u g h t  t o  t h e  p r o p e r  t e s t i n g  t e m p e r a t u r e ,  

u s i n g  l i q u i d  n i t r o g e n  f o r  -196"C., d r y  i c e  and a c e t o n e  f o r  -8O"C, i c e  w a t e r  f o r  

O'C, room t e m p e r a t u r e  f o r  20"C, b o i l i n g  w a t e r  f o r  lOO"C, and an  o i l  b a t h  f o r  

h i g h e r  . t e m p e r a t u r e s .  The spec imens  were h a n d l e d  w i t h  t o n g s  wh ich  were a t  t h e  

18 



* same t e m p e r a t u r e  a s  t h e  spec imen and were q u i c k l y  p l a c e d  i n  t h e  machine ,  where 
t h e y  were i m m e d i a t e l y  b r o k e n .  The t e s t i n g  t e m p e r a t u r e  was t h e r e f o r e  e s s e n -  

t i a l l y  t h e  same a s  t h e  b a t h  t e m p e r a t u r e s .  

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

t h e s e  t e m p e r a t u r e s  i s  g i v e n  i n  T a b l e  4. The i m p a c t  e n e r g y  i n  f o o t - p o u n d s  i s  

p l o t t e d  a s  a f u n c t i o n  o f  t e m p e r a t u r e  i n  F i g .  4. The s c a t t e r  found  i n  e a r l i e r  

d a t a  h a s  been  e l i m i n a t e d ,  and a r e l a t i v e l y  smooth  c u r v e  i s  o b t a i n e d ,  s h o w i n g  

t h a t  c o m m e r c i a l l y  p u r e  t h o r i u m  t e s t e d  by n o t c h e d - b a r  i m p a c t  t e s t s  e x h i b i t s  a 

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

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

The  t y p e s  o f  f r a c t u r e  f o u n d  i n  t h e  t e m p e r a t u r e  . r a n g e  s t u d i e d  a r e  shown i n  

F i g .  5. 

I '  

TABLE 4 

1mpact.Strength of Thorium 

- 195 
- 80 
- 60 
- 40. 
- 20 

0 
20 
60 

100 
120 
130 
140 
150 
160 
170 
180 
190 
200 
220 
240 

FOOT-POUNDS TO BREAK SPECIMEN 
- 

11.5; 13.5 
13.5-; 15.0 

15.0 
18.0 
19.0 
20.0 

21.0-; 22.0 
2 2 . 0 ;  23.0 

31.0 
44.0 
50.0 

59.0; 61.0 
66.0 

69.0;  71.0 

78.01 
88.0 
99.0 

108.0; 107.0 
114.0; 114.0 

Specimen n o t  b roken  
a t  l i m i t  o f  machine 
(120 f t - l b )  
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Yield P o i n t - i n  Thorium. An a p p a r e n t  y i e l d  p o i n t  i n  t h o r i u m  h a s  b e e n  
r e p o r t e d  (ORNL 8 2 7 1 ,  and t h i s  phenomenon h a s  been  f u r t h e r  s t u d i e d  by t e n s i l e  

t e s t s  on t h o r i u m  m e l t e d  i n  an  a t m o s p b e r e  o f  n i t r o g e n .  I t  was hoped  t h a t  a 

h i g h  n i t r o g e n  c o n t e n t  m i g h t  a c c e n t u a t e  t h e  y i e l d  p o i n t  s i n c e  i t  h a s  b e e n  

shown t h a t  n i t r o g e n  i s  a c o n t r i b u t i n g  f a c t o r  i n  t h e  a p p e a r a n c e  o f  a y i e l d  

p o i n t  i n  l o w - c a r b o n  s t e e l  and i n  s i n g l e  c r y s t a l s  o f  cadmium and  z i n c . ( ' )  A 
r e c e n t  t h e o r y  ( C o t t r e l l ,  1948)  s u g g e s t s  t h a t  t h e  y i e l d  p o i n t  i s  c a u s e d  by t h e  

s e g r e g a t i o n  o f  s o l u t e  a t o m s  ( n i t r o g e n )  t o  d i s l o c a t i o n s .  The  a t t r a c t i o n  o f  

d i s l o c a t i o n s  t o  t h e  s e g r e g a t e d  atoms p r o v i d e s  a bond which has  t o  be  b roken  by 

a l a r g e r  f o r c e  t h a n  i s  n e c e s s a r y  t o  m a i n t a i n  f r e e d  d i s l o c a t i o n s  i n  m o t i o n ;  

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

p r o d u c i n g  a s h a r p  y i e l d  p o i n t .  The t h e o r y  a l s o  e x p l a i n s  t h e  o b s e r v e d  r emova l  

o f  t h e  y i e l d  p o i n t  by  p l a s t i c  o v e r s t r a i n  and i t s  r e t u r n  on s t r a i n  a g i n g .  A 
f r e s h l y  s t r a i n e d  s p e c i m e n  c o n t a i n s  f r e e d  d i s l o c a t i o n s  and  d o e s  n o t  show a 

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

s o l u t e  a toms t o  them, and t h e  y i e l d  p o i n t  r e t u r n s .  

The  A m e s  t h o r i u m  . u s e d  f o r  t h e s e  t e s t ?  c o n t a i n e d  a p p r o x i m a t e l y  0 . 0 2 %  
n i t r o g e n ,  w h i l e  t h e  t h o r i u m  m e l t e d  i n  an  a tmosphe re  o f  n i t r o g e n  c o n t a i n e d  0.3% 
n i t r o g e n .  A t t e m p t s  t o  f a b r i c a t e  t e n s i l e  s p e c i m e n s  by c o l d - r o l l i n g  f a i l e d  

b e c a u s e  o f  t h e  e m b r i t t l e m e n t  a s s o c i a t e d  w i t h  t h e  h i g h  n i t r o g e n  c o n t e n t .  A 
c a s t  i n g o t  was t h e r e f o r e  machined  i n t o  a s t a n d a r d  round s p e c i m e n  and t e s t e d .  

No y i e l d  p o i n t  was o b s e r v e d  s i n c e  t h e r e  was n o  d e t e c t a b l e  p l a s t i c  f l o w  and t h e  

s a m p l e  f a i l e d  w i t h  a b r i t t l e  b r e a k .  T h o r i u m - t i t a n i u m  and t h o r i u m - z i r c o n i u m  

a l l o y s  were p r e p a r e d  t o  d e t e r m i n e  t h e  e f f e c t  o f  a l l o y i n g  on t h e  y i e l d  p o i n t .  

I n s u f f i c i e n t  s a m p l e s  were a v a i l a b l e  t o  p e r f o r m  c a r e f u l  t e s t s  w i t h  d u p l i c a t e  

s p e c i m e n s ,  but ,  on t h e  b a s i s  o f  t h e  l i m i t e d  number o f  t e s t s ,  i t  a p p e a r s  t h a t  
t i t a n i u m  . m i g h t  p o s s i b l y  remove t h e  y i e l d  p o i n t  . o f  t h o r i u m .  T e s t i n g  w i l l  be 

c o n t i n u e d  a s  a d d i t i o n a l  s a m p l e s  become a v a i l a b l e .  P r e s u m a b l y  t h e  t i t a n i u m  

c o u l d  t i e  up  t h e  n i t r o g e n  or c a r b o n  and p r e v e n t  t h e i r  m i g r a t i o n  t o , t h e , d i s -  
l o c a t i o n s .  The l o a d  e l o n g a t i o n  d i a g r a m  o f  t h o r i u m - t i t a n i u m  i s  shown i n  F i g .  6. 
Thor ium which  had been  co ld -worked  s l i g h t l y  t o  remove t h e  y i e l d  p o i n t  was aged  

a t  room t e m p e r a t u r e  i n  a n  a t t e m p t  t o  c a u s e  t h e  y i e l d  p o i n t  t o  r e t u r n .  T h e '  

s p e c i m e n  which  was aged  f o r  t h e  maximum t i m e  o f  8 4  d a y s , d i d  n o t  show a y i e l d  

p o i n t ,  s o  a n o t h e r  spec imen  which  h a s  been aged  a t  room t e m p e r a t u r e  f o r  84 d a y s  

was h e a t e d  i n  b o i l i n g  w a t e r  f o r  1 h r  and t e s t e d .  S i n c e  t h e  y i e l d  p o i n t  was 

n o t  found i n  t h i s  s a m p l e ,  more t e s t  b a r s  a r e  

t e m p e r a t u r e s  b u t  below t h e  r e c r y s t a l l i z a t i o n  

( 1 )  Wain, R, L . ,  and Cottrel l ,  A. H . ;  " Y i e l d  Points in 
(1950).  . 

2 2  

b e i n g  p r e p a r e d  t o  a g e .  a t  e l e v a t e d  

t e  mpe r a  t u r e  . 
Zinc C r y o t a l s , " P r o c .  P h y s .  SOC ( 8 )  63,  339 
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work-hardening of Thorium. I t  h a s  been  n o t e d  t h a t  t h o r i u m  d o e s  n o t  work- 

h a r d e n  t o  any  g r e a t  e x t e n t  d u r i n g  c o l d - r o l l i n g  s i n c e  i t  may b e  r e d u c e d  a s  
,much a s  99% w i t h o u t  an  i n t e r m e d i a t e  a n n e a l i n g  and w i t h o u t  e x t r e m e  c h a n g e  i n  

h a r d n e s s .  P r e l i m i n a r y  t e s t s  on t h e  r a t e  of  w o r k - h a r d e n i n g  o f  t h o r i u m  showed 

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

T h e r e f o r e ,  a p i e c e  of  t h o r i u m  was c o l d - r o l l e d  t o  99.9% r e d u c t i o n  w i t h  p i e c e s  

b e i n g  c u t  f r o m  t h e  o r i g i n a l  t h o r i u m  a f t e r  e a c h  5% r e d u c t i o n .  Owing t o  t h e  

i n i t i a l  h i g h  r a t e  o f  w o r k - h a r d e n i n g & ,  s m a l l e r  i n c r e m e n t s  of c o l d - w o r k i n g  were 

u s e d ,  up t o  10% c o l d - w o r k i n g .  The h a r d n e s s  d a t a  and  d e g r e e  o f  c o l d - w o r k i n g  

a r e  shown i n  T a b l e  5. Beyond 10% c o l d - w o r k i n g  t h e  r a t e  o f  w o r k - h a r d e n i n g  i s  

v e r y  s m a l l ,  a s  shown g r a p h i c a l l y  i n  F i g .  7. T h e  t o t a l  c h a n g e  i n  h a r d n e s s ,  

e v e n  w i t h  l a r g e  amoun t s  of  c o l d - w o r k i n g ,  i s  c o m p a r a t i v e l y  s m a l l  (DPH 8 5  t o  

1 3 5 ) .  D i f f e r e n t  l o t s  o f  t h o r i u m  a l s o  g i v e  d i f f e r e n t  r e s u l t s  i n  t h a t  t h e  

maximum a t t a i n a b l e  h a r d n e s s  is  somet imes  l e s s  t h a n  t h a t  shown i n  F i g .  7. T h i s  

p re sumab ly  i s  due t o  d i f f e r e n c e s  i n  p u r i t y  o f  t h e  tho r ium.  

TABLE 5 

.Hardness of Cold-worked Thorium 

DEGREE OF COLD-WORKING 
(% Reduction) 

0 t 

2 
4 
6 
8 

10 

15 
20 
25 
30 
35 
40 

DPH I 
87.0 

108.0 
112.0 
113.2 
114.0 
115.0 

i i 6 . 0  
117.0 
118.0 
118.5 
119.0 
119.5 

DPII DEGREE. OF COLD- WORKING 
' ( %  Reduction) 

45 
50 
55 
60 
65 
70 

75 
80 
85 
90 
9 5  
99.9 

120.0 
120.5 
121.0 
121.5 
122.3 
123.5 

124.2 
125.3 
1 2 7 . 1  
129.0 
131.0 
135.0 

Recrystallization of.Thorium. The  s t u d y  of t h e  r e c r y s t a l l i z a t i o n  0 f 

t h o r i u m  h a s  b e e n  c o n t i n u e d  by d e t e r m i n a t i o n  o f  r e c r y s t a l l i z a t i o n  c u r v e s  

o b t a i n e d  by m e a s u r i n g  t h e  c h a n g e s  o f  h a r d n e s s  found a f t e r  h e a t i n g  c o l d - w o r k e d  

24 
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t h o r i u m  a t  c o n s t a n t  t e m p e r a t u r e s  f o r  v a r y i n g  , l e n g t h s  o f  t i m e .  T h e r e  a r e  

c o n s i d e r a b l e  d i f f e r e n c e s  i n  t h e  h a r d n e s s  o f  d i f f e r e n t  l o t s  o f  t h o r i u m  a f t e r  

t h e  same amount o f  d e f o r m a t i o n ;  t h u s  t h e  c u r v e s  d o  n o t  a l w a y s  s t a r t  f rom t h e  

same v a l u e  o f  h a r d n e s s .  T h i s  anomaly w i l l  be more t h o r o u g h l y  i n v e s t i g a t e d  i n  

t h e  f u t u r e .  T y p i c a l  r e c r y s t a l l i z a t i o n  c u r v e s  a r e  shown i n  F ig .  8 ,  which  shows 

t h e  t i m e  d e p e n d e n c e  o f  t h e  r e c r y s t a l l i z a t i o n  a t  d i f f e r e n t  a m o u n t s  o f  c o l d -  

work ing .  T h i s  s t u d y  w i l l  be c o n t i n u e d  t o  d e t e r m i n e  t h e  i s o t h e r m a l  r e c r y s t a l -  

l i z a t i o n  c u r v e s  of  t h o r i u m  a t  v a r i o u s  t e m p e r a t u r e s  and a t  d i f f e r e n t  d e g r e e s  o f  

c o l d -  wor k i n g .  

26 



I . 

'- 

DWG. 10310 

FIG. 8 

I SOTHERMAL RECRYSTALL I ZATION CURVES 
FOR AMES THORIUM 



D u r i n g  t h e  p a s t  q u a r t e r  a l l o y s  h a v e  been  made up t o  s t u d y  t h e  aluminum- 

r i c h  p a r t  o f  t h e  t e r n a r y  A 1 - S i - U  p h a s e  d iagram.  T h i s  is  i m p o r t a n t  s i n c e  i t  i s  

known t h a t  a s m a l l  amount o f  s i l i c o n  w i l l  a l t e r  t h e  u r a n i u m - b e a r i n g  p h a s e  i n  , 

a l l o y s  o f  u r a n i u m  and  a luminum.  I t  s u p p r e s s e s  t h e  f o r m a t i o n  o f  UA1,  and  

p romotes  t h e  f o r m a t i o n  of  U A l , ,  which c a n  e x h i b i t  a s h i f t e d  l a t t i c e  p a r a m e t e r  

owing t o  t h e  s u b s t i t u t i o n  o f  t h e  s i l i c o n  f o r  t h e  aluminum i n  t h i s  p h a s e .  T h i s  

h a s  a number  o f  i m p o r t a n t  e f f e c t s ,  s u c h  a s  i n c r e a s i n g  t h e  d e n s i t y  o f  t h e  

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

t h e  aluminum s i d e .  A l l  t h i s  may be  i m p o r t a n t  i n  r a d i a t i o n  damage s i n c e  i t  i s  

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

wh ich  have  somewhat d i f f e r e n t  p h y s i c a l  p r o p e r t i e s .  

No a t t e m p t s  h a v e  b e e n  made t o  d e t e r m i n e  t h e  d i a g r a m . a b o v e  t h e  t r i p l e  

e u t e c t i c  p o i n t ,  or uranium p e r c e n t a g e  h i g h e r  t h a n  t h a t  i n  USi,. The d a t a  b e i n g  

c o l l e c t e d  c o n s i s t  o f  d e t e r m i n a t i o n s  o f  t h e  r e l a t i v e  amount o f  UA1, t o  U A l , ,  
l a t t i c e  p a r a m e t e r s ,  and m i c r o s t r u c t u r e s  f o r  20% uran ium a l l o y s ,  c o n t a i n i n g  up  

t o  30% s i l i c o n .  

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

known: T h e  p r e s e n c e  o f  t h e  u r a n i u m  d o e s  n o t  l o w e r  t h e  a l u m i n u m - s i l i c o n  

e u t e c t i c  t e m p e r a t u r e  by more  t h a n  o n e  d e g r e e  s i n c e  t h e r e  was no  d e t e c t e d  

change .  U s i n g  20% u r a n i u m ,  o n l y  a b o u t  0 .8% s i l i c o n  i s  r e q u i r e d  f o r  c o m p l e t e  

s u p p r e s s i o n  o f  t h e  UA1,. The b o u n d a r i e s  of  t h e  t h r e e - p h a s e  r e g i o n  a r e  approx-  

i m a t e l y  U(A10 .96  S i o , 0 4 ) 3 ,  S i ,  and  A l o e g g  S i o m o l .  T h e  b o u n d a r y  p o i n t s  o f  

a luminum and s i l i c o n  a r e  b e l i e v e d  t o  be t h e  same a s  t h o s e  f o r  t h e  a luminum-  

s i l i c o n  b i n a r y  s y s t e m  s i n c e  s o l u t i o n  o f  u r a n i u m  h a s  n o t  b e e n  d e t e c t e d  i n  

e i t h e r .  I t  seems t h a t  t h e  p o i n t  U(A1,.,6 S i o a o 4 ) ,  i s  a f u n c t i o n  o f  t empera -  

t u r e  and t h a t  t h i s  is  o n l y  an a v e r a g e  v a l u e .  

I 
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V. AIRCRAFT NUCLEAR PROPULSION PROGRAM 

STATIC COBROSION TESTING 

stainless Steels in Lithium. I n  a n  e f f o r t  t o  s t u d y  t h e  t i m e  dependence  

o f  t h e  c o r r o s i o n  o f  s t a i n l e s s  s t e e l s ,  s e v e r a l  c o m m e r c i a l  a l l o y s  were t e s t e d  

i n  1000°C l i t h i u m  f o r  p e r i o d s  o f  4 ,  40 ,  and 400 h r .  The a l l o y s  t e s t e d  i n c l u d e d  

t h e  chromium s t e e l s  4 0 5 ,  430 ,  and 446 a s  w e l l  a s  t h e  a u s t e n i t i c  g r a d e s  3 0 4 ,  

310 ,  316, and 347. 

T e s t s  were c o n d u c t e d  i n  t h e  u s u a l  manner  o f  s e a l i n g  t h e . t e s t  s p e c i m e n  

p l u s  a c o n t r o l l e d  amount o f  l i t h i u m  i n  an e v a c u a t e d  Armco c a p s u l e ,  h e a t i n g  t o  

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

t h e  s p e c i f i e d  time. The s o u r c e  o f  l i t h i u m  was t h e  low-sodium g r a d e  s u p p l i e d  

by  M e t a l l o y  C o r p o r a t i o n  o f  M i n h e a p o l i s ,  Minn. The  t e s t  s p e c i m e n - t o - l i t h i u m  

v o l u m e  r a t i o  v a r i e d  s l i g h t l y  b e t w e e n  0 . 5  and  0 . 7 .  A l l  t e s t s  were r u n  i n  

t r i p 1  i c  a t e .  

The  4 0 0 - h r  . t e s t  r e s u l t s  a r e  t a b u l a t e d ,  t o g e t h e r  w i t h  t h e  4 -  and  . 4 0 - h r  

r e s u l t s  r e p o r t e d  l a s t  q u a r t e r ,  i n  T a b l e  6 .  Weight -change  d a t a  a r e  r e p o r t e d  a s  

an a v e r a g e  o f  t h e  t h r e e  s p e c i m e n s . t e s t e d .  P e n e t r a t i o n  measu remen t s  were made 

m e t a l l o g r a p h i c a l l y ,  a n d .  t h e  b a t h  m e t a l ,  a f t e r  t h e  t e s t ,  was a n a l y z e d  s p e c t r o -  

g r  ap h i c  a 1  1 y . 
Compar i son  p h o t o m i c r o g r a p h s  showing  t h e  e f f e c t  o f  t i m e  on t h e  c o r r o s i o n  

a r e  p r e s e n t e d  i n  F i g s .  9 t h r o u g h  12 .  F o r  c o n v e n i e n c e ,  t h e  n a t u r e  and d e p t h  

o f  a t t a c k  o f  e a c h  o f  t h e  s e v e n  s t a i n l e s s - s t e e l  a l l o y s  t e s t e d  a r e  shown on t h e  

b a r  * g r a p h  i n  F i g .  13. 

M e t a l l o g r a p h i c  and X - r a y  e x a m i n a t i o n  i n d i c a t e d  t h e  f o l l o w i n g  c o n c e r n i n g  

t h e  c o r r o s i o n  o f  commerc ia l  s t a i n l e s s  s t ee l s  by h i g h - t e m p e r a t u r e  l i t h i u m :  

1. . A t t a c k  i s  l a r g e l y  i n t e r g r a n u l a r  i n  n a t u r e .  T h e r e  is  some s u r f a c e  
removal .  

2. I n  t h e  1 8 - 8  t y p e  s t a i n l e s s - s t e e l  a l l o y ,  a r e a s  a d j a c e n t  t o  
a t t a c k e d  g r a i n  b o u n d a r i e s  and s i m i l a r  e x p o s e d  s u r f a c e s  unde rgo  a 
p h a s e  t r a n s f o r m a t i o n  f r o m  a u s t e n i t i c  t o  f e r r i t i c .  T h i s  i s  
p r e s u m a b l y  due  z t o  s o l u t i o n . o r  d i f f u s i o n  of  an a u s t e n i t e  f o r m e r ,  
s u c h  a s  c a r b o n  o r  n i c k e l ,  i n t o  l i t h i u m .  

2 9  : 
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TABLE 6 

corros ion  o f  S t a i n l e s s  S t e e l s  i n  1000°C Lithium 

NO. OF TEST 

. STEEL NO. TESTED (hf) 
STAINLESS SAMPLES DURATION 

(Specimen S i z e  1 by 3 /4  by 
AVO. WT. 

(Q lg /Cb  ) ( m i l s )  
CHAM5 PENETRATION 

BATH. ANALYSIS 
iAFTER TEST+ 

(Range i n  ppm) 

Fe - 20-  57 
N i -ND - 1 1 0 
C r  -ND- 57 
Mn -ND 

Fe -20 - 9 0  
Ni-90-250 
C r  -ND 
Fe-570 
C r - 4 4  
N i  -ND 
Mn-9 : 3 
No d a t a  

Fe -2 0 -7 0 
N i  -140 -250 
C r  -ND 
Fe-25 ;54 
Ni-310-450 
C r  -ND 
Fe-180 
N i - l l Q  
Cr -41  
Mn-77 

/4 i n e )  

REMARKS 
~ 

Micropho tograph  shows i n t e r c r y s t a l l i n e  a t t a c k  
and e v i d e n c e  o f  p h a s e  t r a n s f o r m a t i o n  a t  g r a i n ,  
b o u n d a r i e s ;  X- ray  e x a m i n a t i b n  s h o w e d a  f e r r i t i c  
s u r f a c e ;  m o d e r a t e  r e s i s t a n c e f o r s h o r t e x p o s u r e s ,  
poor  r e s i s t a n c e  f o r  l o n g  e x p o s u r e s  

~ ~ 

X-ray  d i f f r a c t i o n  e x a m i n a t i o n  showed b o t h  a 
and y i r o n ;  spec imens  had  an e t c h e d  a p p e a r a n c e  
and  a D p a r e n t l y  t h e  a t t a c k  was u n i f o r m  
- ~~~ 

F a i r  r e s i s t a n c e  f o r  P h o r t e x p o s u r e s ,  poor  re-  
s i s  t a n c e  f o r  l o n g  , e x p o s u r e s ;  m i c r o s c o p i c  exami- 

n a t i o n  showed e x c e s s i v e  s o l u t i o n  0.f m a t e r i a l  
i n  g r a i n  bouundaries ; X-ri?y' .exarnination showed 
b o t h  f e r r i t e  and a u s t e n i t e  on t h e  s u r f a c e  

. . .  



. 

4 I Fe-25-45  I 

. . 

Modera te  r e s i s t a n c e  f o r  s h o r t  e x p o s u r e s p  very  
poor  f o r  l o n g  e x p o s u r e s ;  m i c r o s c o p i c  exami.- 
n a t i o n  showed e x c e s s i v e  s o l u t i o n  o f  m a t e r i a l  
i n  g r a i n  b o u n d a r i e s  i n  40-  and  400-h r  e x p o s u r e s ;  

' e v i d e n c e  o f  phase  t r a n s f o r m a t i o n  n e a r  s u r f a c e  
a t  a t t a c k e d  g r a i n  b o u n d a r i e s ;  X-ray examina t ion  
showed a f e r r i t i c  s t r u c t u r e  

TABLE 6 (Cont' d )  

Modera te  r e s i s t a n c e  t o  a t t a c k ;  . m i c r o s c o p i c  
e x a m i n a t i o n  showed some s o l u t i o n  o f  m a t e r i a l  
i n  g r a i n  b o u n d a r i e s  n e a r  t h e  s u r f a c e ;  p o s s i b l e  
phase  t r a n s f o r m a t i o n  n e a r  ' a t t a c k e d  g r a i n  ' 

1 b o u n d a r i e s ;  X-ray  e x a m i n a t i o n  showed a f e r r i t i c  
j s t r u c t u r e  

BATH! ANALYSIS 
PENETRATION ',AFTER TEST* 

Ni-ND-140 
Cr-ND-53 I Mo-ND 

7 

REMARKS . .  

' 22  

Fe-23  '7 1 
Ni-91-270 
Cr-ND 

'Fe-91 
N i  -ND 
Cr  -26 
Mo-ND 

3 Fe -2 5 -90 

C r  -ND-12 

Fe -25  -60 

N i -ND ~ 7 3 0 

Nb-ND 

N i  - 170 -200 

1 5  Fe-420 
N i - 2 5  
Cr-22  

Mn-7 
Nb-270 

1 

1 

7 

Fe -25 -37 

*l ')ND 
C r  - 

, Fe -7 3 - 150  
C r  -ND 
Not  r e p o r t e d  

-. 

Good r e s i s t a n c e ;  m i c r o s c o p i c  e x a m i n a t i o n  showed 
p r a c t i c a l l y  no i n t e r c r y s t a l l i n e  a t t a c k ;  some 
p a r t i a l  s o l u t i o n  a t  s u r f a c e ;  i n d i c a t i o n s  o f  
a t t a c k  o f  some c o n s t i t u e n t  w i t h i n  t h e  g r a i n s  
n e a r  t h e  s u r f a c e ;  X- ray  e x a m i n a t i o n  showed 
f e r r i t e  



..- 

'NO. OF TEST' 
STAINLESS SAMPLES DURATION 
STEEL NO. TESTED . ( hr ) 

AVG.'BT. 
. CHANGE 
(mg/cm2) -0 -1 .26  

TABLE 6 (Cont;'-d) 

PENTRATION 
( m i l s )  

1 3  

:BATH: ANALYSIS 
'AFTER TEST' . 

. ( R a n g e  i n  ppm) 

Fe - 19  - 32 

Fe-23'40 
Cr -ND 
Not  r e p o r t e d  

CR-ND 

Fe-  14 -53  
C r  -ND-37 
Mn-3 a 7 -19  
AI-150 

Fe -34 -  150  
Cr -ND 
Not r e p o r t e d  

REMARES 

Good c o r r o s i o n  r e s i s t a n c e ;  m i c r o s c o p i c  exami-  
n a t i o n s h o w e d  p r a c t i c a l l y  no e v i d e n c e  o f  i n t e r -  
c r y s t a l l i n e  a t t a c k ;  p a r t i a l  s o l u t i o n  on l o n g  
e x p o s u r e ;  X- ray  e x a m i n a t i o n  showed f e r r i t e  

Modera te  r e s i s t a n c e  d u r i n g  s h o r t  e x p o s u r e s ;  
m i c r o s c o p i c  e x a m i n a t i o n  showedheavy s o l u t i o n  
a t  g r a i n  b o u n d a r i e s ;  some d e c a r b u r i z a t i o n  and 
g r a i n  growth  a t  exposed  s u r f a c e ;  X-ray  exami-  
n a t i o n  showed f e r r i t e  

~~ 

* ND = n o t  d e t e c t e d .  

I 



3. ' D e c a r b u r i z a t i o n  o f  t h e  s t r u c t u r e  i n  i m m e d i a t e  c o n t a c t  w i t h  
m o l t e n  l i t h i u m  was o b s e r v e d .  

4. B o t h  t h e  f e r r i t i c  and a u s t e n i t i c  g r a d e s  showed g r a i n  g rowth  w i t h  
i n c r e a s i n g ' t i m e .  The g r a i n  c o a r s e n i n g  was l a r g e l y  c o n f i n e d  t o  
t h e  p a r e n t  m e t a l  w i t h  l i t t l e  or no e f f e c t  o n  t h e  zone  t h a t  was 
d i r e c t l y  a t t a c k e d .  

5. I n  g e n e r a l ,  t h e  f e r r i t i c  i ron-chromium a l l o y s  a p p e a r  t o  b e  more 
r e s i s t a n t  t o  l i t h i u m  a t  1000°C t h a n  d o  t h e  a u s t e n i t i c  g r a d e s .  

R e s u l t s  o f  t h e  c o r r o s i o n  t e s t s  t h a t  were comple t ed  i n d i c a t e  t h a t  o r d i n a r y  

c o m m e r c i a l  s t a i n l e s s - s t e e l  a l l o y s  w i l l  n o t  be  s u i t a b l e  f o r  c o n t a i n i n g  m o l t e n  

l i t h i u m  a t  a s e r v i c e  t e m p e r a t u r e  o f  1000°C. Tes t s  a r e  i n  p r o g r e s s  t o  d e t e r m i n e  

t h e  b e h a v i o r  o f  t h e s e  a l l o y s  a t  t e m p e r a t u r e s  o f  700 and  85OoC. E x t r a - l o w -  

c a r b o n  g r a d e s  i n  a l l  o b t a i n a b l e  s t a i n l e s s - s t e e l  a l l o y s  a r e  a l s o  b e i n g  t e s t e d .  
, 

Metallic Elements in Sodium. T e s t s  were i n i t i a t e d  on s e v e r a l  e l e m e n t s  

and  a l l o y s  t o  d e t e r m i n e  t h e i r  c o r r o s i o n  r e s i s t a n c e  t o  s o d i u m  a t  h i g h  tem- 

p e r a t u r e s .  The sod ium u s e d  f o r  t h e s e  t e s t s  was o f  commerc ia l  p u r i t y  (99 .95%) 

o b t a i n e d  f r o m  Merck and Company. I n  t h e  f i r s t  t e s t s  t h e  s p e c i m e n s  were e n -  

c l o s e d  i n  Armco i r o n  c a p s u l e s .  E x a m i n a t i o n  o f  t h e  c a p s u l e s  showed t h a t  t h e  

sodium had l e a k e d  t h r o u g h  t h e  c a p s u l e  bo t toms  somet ime d u r i n g  t h e  t e s t  p e r i o d ,  

and i t  was c o n c l u d e d  t h a t  Armco would n o t  c o n t a i n  sodium. 

N e x t ,  t e s t s  were made u s i n g  n i c k e l  c a p s u l e s ,  and i t  was found  t h a t  t h i s  

m a t e r i a l ,  i f  p r o p e r l y  we lded ,  would c o n t a i n  sodium. S i n c e  t h i s  t i m e  t h e  sodium 

t e s t s  have  been  i n  e v a c u a t e d  n i c k e l  or s t a i n l e s s - s t e e l  c a p s u l e s .  P r e l i m i n a r y  

i n s p e c t i o n ,  on a b a s i s  of we igh t - change  d a t a  o n l y ,  i n d i c a t e s  t h a t  n i c k e l  shows 

good r e s i s t a n c e ,  and t h a t  c o b a l t ,  molybdenum, t a n t a l u m ,  a l l o y  N-155, i n c o n e l ,  
a n d  i n c o n e l  X show f a i r  r e s i s t a n c e  t o  s o d i u m  f o r  400  h r  a t  1000°C.  T h e  

s t a i n l e s s  s t e e l s  a r e  a l s o  b e i n g  s t u d i e d  e x t e n s i v e l y ,  i n  t h e  form of  b o t h  f l a t  

s t o c k  and t u b i n g ,  i n  h i g h - t e m p e r a t u r e  sodium. When m e t a l l o g r a p h i c  e x a m i n a t i o n  

o f  t h e  spec imen  is  c o m p l e t e d ,  more d e t a i l e d  i n f o r m a t i o n  w i l l  be r e p o r t e d .  

Materials in NaOA. . D u r i n g  t h e  q u a r t e r  work o n  t h i s  c o o l a n t  h a s  b e e n  

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

f r e e  g r a d e  o f  sod ium h y d r o x i d e .  F u r t h e r  e v a l u a t i o n  o f  t h e  p r e l i m i n a r y  t e s t s  

( 4  h r  a t  1OOOoC) showed t h a t  i r o n ,  z i r c o n i u m ,  co lumbium,  a n d . t k n t a l u m  com- 

p l e t e l y  d i s s o l v e d  i n  B a k e r ' s  c h e m i c a l  r e a g e n t  g r a d e ,  98 .9% a s s a y  NaOH. The 



a u s t e n t i c  s t a i n l e s s  s t e e l s  ( g r a d e s  3 0 4 ,  3 1 0 ,  3 1 6 , ) a n d  3 4 7 ) ,  a s  w e l l  a s  t h e  
h i g h - t e m p e r a t u r e  a l l o y s  L-605 and V-36, were c h a r a c t e r i z e d  by a n  e x f o l i a t i o n  

t y p e  o f  a t t a c k .  Of t h e  m e t a l l i c  m a t e r i a l s ' t e s t e d ,  o n l y  t h e  n i c k e l  c a p s u l e s  

showed p r o m i s e  of r e s i s t i n g  NaOH a t  1000°C. 

I n  t h e  c o o r d i n a t e d  ORNL-NEPA m a t e r i a l s  p r o g r a m ,  t h e  p r o b l e m  o f  f i n d i n g  

s u i t a b l e  m a t e r i a l s  f o r  c o n t a i n i n g  m o l t e n  NaOH w i l l  b e  l a r g e l y  t h e  r e s p o n -  

s i b i l i t y  o f  t h e  NEPA C h e m i s t r y  S e c t i o n .  

Materials in Lead. I n t e r e s t  i n  t h e  u s e  o f  m o l t e n  l e a d  a s  a h e a t - t r a n s f e r  

f l u i d  i n  t h e  p roposed  ARE h a s  i n c r e a s e d  r e c e n t l y .  

P r e l i m i n a r y  t e s t s  comple t ed  l a s t  q u a r t e r  on some o f  t h e  m e t a l l i c  e l e m e n t s  

i n d i c a t e d  m o d e r a t e l y  good r e s i s t a n c e  o f  t u n g s t e n ,  z i r c o n i u m ,  i r o n ,  and t a n t a -  

lum; f a i r  r e s i s t a n c e  o f  mo1,ybdenum a n d  b e r y l l i u m ;  and  p o o r  r e s i s t a n c e  of  
t i t a n i u m  and n i c k e l  exposed  t o  l e a d  a t  1000°C f o r  40 h r .  A d d i t i o n a l  t e s t s  a r e  

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

w i t h  l e a d  a t  1000°C.  P a r t i c u l a r  e m p h a s i s  i s  b e i n g  g i v e n  t o  t h e  s t r a i g h t  

chromium f e r r i t i c  s t a i n l e s s - s t e e l  a l l o y s  and e x t r a - l o w - c a r b o n  g r a d e s  o f  t h e s e .  

Metal in Uranium-Aluminum Alloy. Some e x p l o r a t o r y  c o r r o s i o n  t e s t s  were 

made on a few s e l e c t e d  p u r e  m e t a l s  i n  t h e  hope o f  f i n d i n g  m a t e r i a l s  t o  c o n t a i n  

m o l t e n  u ran ium-a luminum a l l o y  ( 2  a tom % u r a n i u m ) .  The t e s t  t e m p e r a t u r e  was 

1000°C (1832'F) and t h e  t i m e  a t  t h i s  t e m p e r a t u r e  w a s  4 h r .  

S a m p l e s  were c o r r o s i o n - t e s t e d  by i m m e r s i o n  i n  a u ran ium-a luminum b a t h  

c o n t a i n e d  i n  a Be0 c r u c i b l e  u n d e r  a b l a n k e t  o f  i n e r t  g a s .  M e t a l s  t e s t e d  

i n c l u d e d  b e r y l l i u m ,  t i t a n i u m ,  i r o n ,  z i r c o n i u m ,  n iob ium,  and ,molybdenum. Re-  
s u l t s  i n d i c a t e  t h a t  t h e  above  meta ls  a r e  n o t  r e s i s t a n t  t o . t h e  u r a n i u m - b e a r i n g  

aluminum a t  100O'C. 

Macro p h o t o g r a p h s  o f  t h e  t e k t  spec imens  a f t e r  t e s t  a r e  shown i n  F ig .  14. 

DYNAMIC*COBBOSION TESTING 

Forced convection Loops. The ANP.Engineer ing  Group h a s  d e s i g n e d  a f o r c e d  

c o n v e c t i o n  l o o p  o f  316 s t a i n l e s s  s t e e l  f o r  o p e r a t i o n  w i t h  sod ium.  The ma jo r  

components  of t h e  l o o p  a r e  n e a r  - c o m p l e t i o n .  U l t i m a t e l y  i t  i s  hoped t h a t  t h i s  

l o o p  w i l l  o p e r a t e  w i t h  a t e m p e r a t u r e  d r o p  o f 1 8 0 0  t o  1250'F and w i t h  a v e l o c i t y  
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i n  t h e  t e s t  s e c t i o n  o f  50 f t / s e c :  T h e , l o o p  h a s  a b u i l t - i n  h e a t  e x c h a n g e r  t o  
r e d u c e  e x t e r n a l  h e a t i n g  and c o o l i n g  r e q u i r e m e n t s .  C o n v e n t i o n a l  t y p e  n i ch rome  

or k a n t h a l  t y p e  h e a t i n g  e l e m e n t s  w i l l  be used  t o  h e a t  t h e  l o o p ,  and f o r c e d  a i r  
c i r c u l a t i o n  w i l l  be  used  f o r  c o o l i n g .  The l o o p  w i l l  b e  e q u i p p e d  w i t h  a dump 

t a n k  i n t o  w h i c h  i t  c a n  b e  e m p t i e d  i n  c a s e  o f  emergency.  The D e s i g n  Group h a s  

o r d e r e d  e i g h t  e l e c t r o m a g n e t i c  pumps f rom G e n e r a l  E l e c t r i c ,  b u t  i n i t i a l l y  t h e y  

p l a n  t o  b e g i n  o p e r a t i o n s  w i t h  an e l e c t r o m a g n e t i c  pump d e s i g n e d  and c o n s t r u c t e d  

a t  Y-12. 

. Thermal Convection.Loops. The t h e r m a l  c o n v e c t i o n  l o o p s  a r e  b e i n g  o p e r a t e d  

by t h e  ANP E n g i n e e r i n g  Group,  w i t h  m e t a l l u r g i c a l  c o n t r o l  and e x a m i n a t i o n  t o  be  

done by t h e  ANP M a t e r i a l s  Group i n  t h e  X-10 M e t a l l u r g y  D i v i s i o n .  

Experimental Procedure. The theFmal  c o n v e c t i o n  l o o p s  a r e  f i r s t  c l e a n e d  

by d e g r e a s i n g  and p i c k l i n g  where n e c e s s a r y .  They a r e  t h e n  f i l l e d  w i t h  f i l t e r e d  

sodium and o p e r a t e d  unde r  a h e l i u m  a tmosphere  a t  t e m p e r a t u r e s  up t o  1500aF f o r  
1000  h r  o r  u n t i l  f a i l u r e  o c c u r s .  N i c h r o m e  h e a t i n g  e l e m e n t s  a r e  u s e d  f o r  

h e a t i n g  t h e  l o o p s ,  a n d . r o c k  wool b l a n k e t  i n s u l a t i o n  i s  u s e d  f o r  i n s u l a t i o n .  

A t  p r e s e n t ,  t e m p e r a t u r e  d i f f e r e n t i a l s  be tween 60 and  100°C a r e  b e i n g  o b t a i n e d  

a round  t h e  loops .  

chemical Analysis and Metallographic Examination. I m m e d i a t e l y  a f t e r  t h e  

l o o p s  a r e  f i l l e d  a s ample  o f  s o d i u m , i s t a k e n  from t h e  loop  f o r  oxygen a n a l y s i s .  

A f t e r  t h e  l o o p  h a s  been  o p e r a t e d ,  a s ample  of sodium is  t a k e n  from t h e  t o p  cup  

f o r  oxygen  a n a l y s i s ,  and s a m p l e s  a r e  t a k e n  f rom t h e  t o p  and b o t t o m  c u p s  f o r  

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

M e t a l l o g r a p h i c  s p e c i m e n s  w i l l  be  t a k e n  from t h e  p i p e  and w e l d s  i n  b o t h  
t h e  h o t  and c o l d  z o n e s  o f  t h e  loop .  T h e s e  s a m p l e s  w i l l  be  examined  f o r  c o r -  

r o s i o n  and f o r  any  e v i d e n c e  of a l o c a l  b u i l d - u p  o f  c o r r o s i o n  p r o d u c t s .  

Auxiliary Equipment. ' Two t h e r m a l -  l o o p  f i l l i n g  d e v i c e s  h a v e  b e e n  c o n -  
s t r u c t e d ,  and one  i s  i n  o p e r a t i o n  w i t h  sodium.  I n  t h e s e  d e v i c e s  t h e  l i q u i d  
m e t a l  i s  f o r c e d  by  i n e r t  g a s  p r e s s u r e  t h r o u g h  a 5-  or l@-p p o r o u s  m e t a l  

f i l t e r  i n t o  t h e  loop. T h r e e  p r e s s u r e  v e s s e l s  t o  b e  u s e d  a s  d r y  b o x e s  h a v e  

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

a tmosphere  a t  t e s t  t e m p e r a t u r e s , a n d  f o r  s p e c i a l  t e s t s  where  any  u n u s u a l  s a f e t y  

h a z a r d  e x i s t s .  



w o r k . i n  P r o g r e s s .  A t  p r e s e n t  1 9  l o o p s  h a v e  b e e n  or a r e  b e i n g  o p e r a t e d  
w i t h  sod ium a t  Y-12. So  f a r  no  l o o p s  h a v e  been  examined  m e t a l i o g r a p h i c a l l y .  

The  a t t a c h e d  s c h e d u l e  shows t h e  h a r p s  now b e i n g  o p e r a t e d  a t  Y - 1 2  or examined  

m e t a l l o g r a p h i c a l l y  a t  X-10. 

NO. OF HARPS 

2 

2 

2 
1 
1 

' 4  

2 
1 

2 

2 

MATERIAL 

316 s t a i n l e s s  s t e e l  

316 s t a i n l e s s  s t e e l  

'304 s t a i n l e s s  s t e e  

304 s t a i n l e s s  s t e e  
L-605 c o b a l t  b a s e  

wrought  a l l o y  

N i c k e l  

3.47 s t a i n l e s s  s t e e  

347 s t a i n l e s s  s t e e l  

Low-carbon i r o n  

3 2 1  s t a i n l e s s  s t e e l  

, 'Procurement . o f  M a t e r i a l  and L O O P S .  , T h e  

M A X  I MUM OPERAXI NG 
TEMPERATURE 7 F) 

1500 

1350 

1350 
1500 

1500  
1500 

1350 

1500 

1200 

1350 

F o l l o w i n g  t h e r m a l  ' c o n v e c t  i o n  

l o o p s  a r e  b e i n g  o r d e r e d  f rom t h e  P h i l a d e l p h i a  P i p e  Bend ing  Company: 

QUANTITY MATERIAL. 
-~ ~ 

310 s t a i n l e s s  s t e e l  

446 s t a i n l e s s  s t e e l  

I n c o n e l  

316 s t a i n l e s s  s t e e l  ELC 
V-36 c o b a l t  b a s e  

wrought  a l l o y  

L- 6 0  c o b a l t  b a s e  
wrought  a l l o y  

310 s t a i n l e s s  s t e e l  
s h r o u d e d  w i t h  1010 
i r o n  

V-36 s h r o u d e d  w i t h  
1010 i r o n  

L-605 sh rouded  w i t h  
1010 i r o n  

STATUS 

One comple t e  

I n c o m p l e t e  
One  c o m p l e t e  

I n c  omp l e  t e  

I n c o m p l e t e  

I n c  omp 1 e t e 

I n c  omple t e  

I n  comp l e  t e  

I n c o m p l e t e  
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S u f f i c i e n t  p i p e - s h e e t  and t u b e  m a t e r i a l  i s  b e i n g  p r o c u r e d  t o  f a b r i c a t e  
s i x  t o  n i n e  h a r p s  o f  e a c h  of  t h e  fo1,lowing m a t e r i a l s :  

310 s t a i n l e s s  s t e e l  

. 405 s t a i n l e s s  s t e e l  

430 s t a i h l e s s  s t e e l  

446 s t a i n l e s s  s t e e l  

N icke l  Grade  A 
I n c o n e l  

316 s t a i n l e s s  s t e e l  ELC 

410 s t a i n l e s s  s t e e l  

430 s t a i n l e s s  s t e e l  ELC 
321 s t a i n l e s s  s t e e l  

N i c k e l  Grade  L 
I n c o n e l  X 

COMPATIBILITY TESTS OF POTENTIAL FUEL-ELEMENT MATERIALS 

Description of  Tests. A s  one s t e p  i n  t h e  s e l e c t i o n  o f  m a t e r i a l s  s u i t -  

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

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

c o n t a c t  a t  t e m p e r a t u r e s  of  t h e  o r d e r  of  llOO°C. 

A p p r o p r i a t e  c o m b i n a t i o n s  o f  m a t e r i a l s  and p h y s i c a l  s h a p e s  were s e l e c t e d  

t o  g i v e  t h e  c o n t a c t  s u r f a c e s  o f  i n t e r e s t .  These  m a t e r i a l s  were t h e n  p l a c e d  i n  

' s t a i n l e s s - s t e e l  c a p s u l e s , t h e  c a p s u l e s  were e v a c u a t e d ,  and t h e  e n d s  were s e a l e d  

by  we ld ing .  The c a p s u l e s  and c o n t e n t s  were t h e n  ho t - swaged  a t  a b o u t  1000°C t o  

o b t a i n ' a  40% r e d u c t i o n  i n  c r o s s  s e c t i o n .  It  was hoped  t h a t  t h i s  s t e p  would  

c r e a t e  i n t i m a t e  c o n t a c t  a t  n e w l y  c r e a t e d  s u r f a c e s ,  t h u s  o f f e r i n g  maximum 

o p p o r t u n i t y  f o r  i n t e r a c t i o n  i f  a t e n d e n c y  t o  t h i s  was p r e s e n t .  

The  c a p s u l e s  w e r e  h e a t e d  f o r  100  h r  a t  1100°C i n  a p r o t e c t i v e  h e l i u m  

a t m o s p h e r e ,  s e c t i o n e d ,  and mounted for metallographic.examination ( T a b l e . 7 ) .  

The  f i r s t  c a p s u l e  t o  be  p r o c e s s e d  o p e n e d  a t  a s eam d u r i n g  t h e  f i n a l  

r e d u c t i o n s  o f  t h e  swag ing  o p e r a t i o n .  The s t a i n l e s s - s t e e l  t u b e  showed s i g n s  o f  

t e a r i n g  i n  t h e  r e g i o n  o f  t h e  p l u g g e d  e n d s  i n  f o u r  of  s e v e n  s u b s e q u e n t  r u n s ,  
c a u s i n g  r e j e c t i o n s  o f  s e v e r a l  o f  t h e  t e s t s .  The c a p s u l e  which  r u p t u r e d  a t  t h e  

seam was s e c t i o n e d  w i t h o u t  f u r t h e r  h e a t - t r e a t m e n t  t o  o b s e r v e  t h e  e f f e c t s  o f  

t h e  swaging  o p e r a t i o n .  No tes  on e x a m i n a t i o n  o f  b o t h  as -swaged and h e a t - t r e a t e d  

s a m p l e s  f o l l o w .  C a p s u l e s  c o n t a i n i n g . t h e  c o n t a c t  s u r f a c e s  U O 2 - 3 1 6 , > B e 0 - 3 1 6 ,  

UO,-Cb, BeO-Cb, Be-316., Be-Cb, Be-UO,, Be-BeO, and Be-Mo a r e  b e i n g  p r o c e s s e d .  
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TABLE 7 

Results of Contact of.Potential.Fue1-element 
Materials at l l O O ° C  for 100 hr 

METAL COMBINATION ' 

MO - 316 

MO - 309 

MO - UO, 

Mo - Be0 

316 - 'Cb 

REACTION 

Trace 

Trace 

None 

None 

Medium 

E 



~Molybdenum-316  S t a i n l e s s  S t e e l .  A s - s w a g e d . ,  I n  t h e  s t r u c t u r e  o f  t h e  
worked  molybdenum a f l o w  p a t t e r n  was  e v i d e n t .  T h e  molybdenum was c r a c k e d  

t h r o u g h  a t  s e v e r a l  p o i n t s .  R e d u c t i o n  i n  c r o s s  s e c t i o n  o f  t h e  components  was 

n o t  u n i f o r m ,  a n d  t h e r e  was no  e v i d e n c e  o f  r e a c t i o n  b e t w e e n  molybdenum a n d  

s t a i n l e s s  s t e e l  even  a t  p o i n t s  where  a p p a r e n t l y  good c o n t a c t  was made. 

, 
H e a t - t r e a t e d .  The  molybdenum p r e s e n t e d  a r e c r y s t a l l i z e d  s t r u c t u r e .  

S m a l l  t e a r s  were p r e s e n t  a t  t h e  i n n e r  p e r i p h e r y  o f  t h e  s t a i n l e s s - s t e e l  l a y e r .  

T h e r e  was e v i d e n c e  o f  f o r m a t i o n  o f  a t h i r d  p h a s e  a t  t h e  Mo-316 i n t e r f a c e ,  

e x t e n d i n g  i n t o  b o t h  m e t a l s .  Laye r  d e p t h s  were o f  t h e  o r d e r  of  1/1000 i n .  

Molybdenum-309 s t a i n l e s s  steel .  T h i s  c o m b i n a t i o n  r e s u l t e d  i n  t h e  same 

g e n e r a l  s t r u c t u r e s  a s  i n  t h e  c a s e  o f  Mo-316 i n  b o t h  t h e  a s - s w a g e d  and h e a t -  

t r e a t e d  p i e c e s .  Here  a g a i n  a r e a c t i o n  o c c u r r e d  be tween t h e  molybdenum and t h e  
s t a i n l e s s  s t e e l  d u r i n g  t h e  h e a t - t r e a t m e n t  p e r i o d .  

Molybdenum-UO,. A s - s w a g e d . ,  There  was r e d u c t i o n  o f  t h e  c r o s s  s e c t i o n  o f  

t h e  molybdenum, b u t  t h e  s u r f a c e  o f  t h e  molybdenum was b a d l y  c r a c k e d .  The UO, 
s i n t e r e d  p a r t i a l l y ,  b u t  t h e r e  were no  i n d i c a t i o n s  o f  t h e  f o r m a t i o n  o f  a new 

phase  a t  t h e  i n t e r f a c e .  

H e a t -  t r e a t e d . ,  A molybdenum . t u b e  e n c l o s e d  i n  a s t a i n l e s s - s t e e l  c a p s u l e  

showed a d e f i n i t e l y  r e c r y s t a l l i z e d  s t r u c t u r e  a t  i t s  o u t e r  p e r i p h e r y . .  ( I n d i c a -  

t i o n s  o f  r e a c t i o n  w i t h  t h e  s t a i n l e s s  s t e e l  'were s t r o n g  h e r e . )  However ,  t h e  

r e c r y s t a l l i z e d  s t r u c t u r e  g r a d u a l l y  g a v e  way t o  an a s -worked  s t r u c t u r e  a t  t h e  

i n n e r  s u r f a c e .  T h e r e  were no p o s i t i v e  s i g n s  o f  r e a c t i o n  between t h e  molybdenum 

and t h e  UO,, b u t  owing  t o  i r r e g u l a r i t y  of  t h e  molybdenum s u r f a c e  i t  was n o t  

p o s s i b l e  t o  g e t  an a b s o l u t e  r e s u l t ' f r o m  t h i s  run .  

Molybdenum-BeO. A s - s w a g e d . ,  A worked s t r u c t u r e  . r e s u l t e d  w i t h  n o  i n d i c a -  

t i o n s  of  a r e a c t i o n . .  

H e a t -  t r e a t e d . ,  A r e c r y s t a l l i z e d  s t r u c t u r e  r e s u l t e d  w i t h  n o  e v i d e n c e  o f  

r e a c t i o n  be tween  molybdenum and BeO. The same d i f f i c u l t i e s  w i t h  i r r e g u l a r i t y  

o f  s u r f a c e  were p r e s e n t  a s  i n j t h e  h e a t - t r e a t e d  molybdenum-U0, sample .  

co lumbium-316  S t a i n l e s s  S t e e l .  H e a t - t r e a t e d . ,  The s w a g i n g  o p e r a t i o n  

r e s u l t e d  i n  c o n s i d e r a b l e  f low o f  t h e  columbium r o d s ?  c o n t a i n e d  i n  t h e  3 1 6 - s t a i n -  

l e s s - s t e e l  j a c k e t .  T h e r e  was d e f i n i t e  e v i d e n c e  o f  i n t e r a c t i o n  b e t w e e n  t h e  

columbium and t h e  s t e e l .  
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POWDER METALLURGY L A B O R A T O B Y  . 
L a b o r a t o r y  s p a c e  h a s  been  made a v a i l a b l e  and t h e  e q u i p m e n t  i s  b e g i n n i n g  

. t o  a r r i v e  f o r  t h e  powder m e t a l l u r g y  l a b o r a t o r y .  The major  p i e c e s  o f  e q u i p m e n t  

t o  be  i n s t a l l e d  and t h e i r  e x p e c t e d  d e l i v e r y  d a t e s  a r e :  

E Q U I P M E N T  

7 5 - t o n  h y d r a u l i c  p r e s s  

5 0 - t o n  h y d r a u l i c  powder p r e s s  

2 0 - t o n  t a b l e  p r e s s  
Molybdenum wound f u r n a c e  

B u r r e l  G l o b a r  t u b e  f u r n a c e  

H i g h - t e m p e r a t u r e  m u f f l e  f u r n a c e  
40-kw s p a r k - g a p  . c o n v e r t e r  

6-kw s p a r k - g a p  c o n v e r t e r  

R o l l e r  a i r , c l a s s i f i e r  

R o l l  r a c k  ( f o r  b a l l  m i l l s )  
Cenco s c r e e n  s h a k e r  w i t h  s c r e e n s  

Atmosphere  box 

MC-275 p a c k a g e  vacuum s y s t e m  

P u l v e r i z e r  

C o n i c a l  mixe r  

Ana 1 y t i c a 1  ba 1 ance  

COMPANY EXPECTED DELIVERY DATE 

K. R. Wilson  On hand 
To be o r d e r e d  

Loomis November 15 
To b e  o r d e r e d  

On hand 

To be  , o r d e r e d  

A j  a x  December 15  
Ajax  December 15 

O c t o b e r  20 

On hand 

On hand 

To be o r d e r e d  

November 1 
December 1 
December 1 
On hand 

FORMATION OF A POROUS STRUCTUBE BY SELECTIVE LEACHI& 

One o f  t h e  p o s s i b i l i t i e s  f o r  c a r r y i n g  t h e  f u e l  c o m p o n e n t  o f  a f u e l  

e l e m e n t  i s  by i m p r e g n a t i o n  o f  a p o r o u s  m e t a l  l a y e r  c r e a t e d  on t h e  s u r f a c e  o f  a 

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

of  i n t i m a t e  c o n t a c t  between s o u r c e  o f  h e a t  i n  t h e  e l e m e n t  and a good c o n d u c t o r  

f o r  removing t h i s  h e a t .  

S e l e c t i v e  l e a c h i n g  o f  p r e c i p i t a t e d  c a r b i d e s  f r o m  a c a r b u r i z e d  s u r f a c e  

l a y e r  o f  s t a i n l e s s - s t e e l  t u b i n g  was t r i e d  a s  a means o f  f a b r i c a t i n g  t h e  d e s i r e d  

p o r o u s  l a y e r .  P r e l i m i n a r y  a t t e m p t s  t o  remove  t h e s e  c a r b i d e s  w i t h  S t r a u s s  
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r e a g e n t  p r o v e d  somewha t  d i s a p p o i n t i n g .  However ,  f u r t h e r  e x p e r i m e n t s  a r e  
p l a n n e d  on b o t h  t h e  h e a t r t r e a t m e n t  o f  t h e  s t a i n l e s s  s t e e l  t o  o b t a i n  a more  

d e s i r a b l e  c a r b i d e  d i s t r i b u t i o n  and on media f o r  removal  o f  t h e  c a r b i d e s .  

, O r d e r s  have  been p l a c e d  

s e t  f o r  u s e  a s  an i n e r t - a r c  

i s  e x p e c t e d  on t h e s e  w e l d e r s  

WELDING LABORATORY 
I 
I 

f o r  an a - c  i n e r t - a r c  w e l d e r ,  a * d - c  moto r  g e n e r a t o r  

w e l d e r ,  and an  a t o m i c - h y d r o g e n  w e l d e r .  D e l i v e r y  

w i t h i n  t h e  n e x t  two months.  

N e g o t i a t i o n s  f o r  t h e  p u r c h a s e  o f  a vacuum d r y  box a r e  i n  progress:  

C o n s t r u c t i o n  o f  two p u r i f i c a t i o n  t r a i n s  f o r  h e l i u m  .and  a r g o n  i s  con tem-  

p l a t e d .  

A 35-kw L e p e l  h i g h - f r e q u e n c y  i n d u c t i o n  u n i t  h a s  been  o b t a i n e d  f o r  u s e  i n  

i n e r t - a t m o s p h e r e  and vacuum-braz ing  r e s e a r c h .  

C o n s t r u c t i o n  of  a 6 0 0 - v o l t  3 0 0 - p f  c o n d e n s e r - d i s c h a r g e  w e l d e r  f o r  b u t t -  

w e l d i n g  of  wires and t h i n - w a l l e d  t u b i n g  i s  i n  p r o g r e s s .  

Welding.of Molybdenum. P r e l i m i n a r y  e x p e r i m e n t s  on w e l d i n g  of  molybdenum, 

i n  which  t h e  f a c i l i t i e s  o f  t h e  R e s e a r c h  Shops  were u s e d ,  have  been  u n s u c c e s s -  

fu l :  F a n s t e e l  molybdenum s h e e t  and  r o d  h a v e  b e e n  w e l d e d  w i t h  a - c  and  d - c  

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

s t r a i g h t , p o l a r i t y  w i t h  a r g o n  or h e l i u m  w a s  f o u n d  t o  b e  s u p e r i o r  t o  u s e  o f  

a - c .  A l l  w e l d s  were b r i t t l e ,  a c o n d i t i o n  w h i c h  i s  f r e q u e n t l y  s u g g e s t e d  a s  

b e i n g  due  t o  a p r e c i p i t a t e d  o x i d e  or o t h e r  p h a s e  a t  t h e  g r a i n  b o u n d a r i e s  o f  

t h e  r e c r y s t a l l i z e d  molybdenum. 

A t o m i c - h y d r o g e n  w e l d s  o f  F a n s t e e l  molybdenum s h e e t  were a l s o  b r i t t l e .  

E x a m i n a t i o n  o f  t h e  s h e e t  u s e d  i n  t h e s e  e x p e r i m e n t s  showed t h a t  t h e  m a t e r i a l  

was l a m i n a t e d .  These  l a m i n a t e s  s e p a r a t e d  upon r e p e a t e d  bend ing .  

Expe r imen t s  u s i n g  C l imax  a r c  c a s t  molybdenum a r e  t o  b e  made. 

Welding of Columbium. P r e l i m i n a r y  e x p e r i m e n t s  w i t h 0 . 0 2 0 - i n . F a n s t e e 1  ' 

s h e e t  columbium i n d i c a t e d  t h a t  t h i s  m a t e r i a l  c a n  be welded .  J o i n t s  made 

a d - c  i n e r t  a r c  u s i n g  h e l i u m  and  a r g o n  and a n  a - c  i n e r t  a r c  d i n g  a r g o n  

r e l a t i v e l y  s t r o n g  and showed some d u c t i l i t y  a s  i n d i c a t e d , b y  r e p e a t e d  

t e s t s .  
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CBEEP-BUPTUBE LABOBATOBY 

. _- General. E i g h t  B a l d w i n  l e v e r - a r m  m a c h i n e s  and  two s c r e w  t y p e  s t r e s s -  

r u p t u r e  m a c h i n e s  h a v e  been  r e c e i v e d  and e r e c t e d .  Twe lve  L e e d s  and  N o r t h r u p  

Speedomax-D.A.T. r e c o r d e r  c o n t r o l l e r s ,  one  Speedomax 1 2 - p o i n t  r e c o r d e r ,  and 

o n e  5 6 - p o i n t  p r e c i s i o n  i n d i c a t o r  u n i t  h a v e  b e e n  r e c e i v e d  and i n s t a l l e d .  A t  
p r e s e n t  t h e  o p e r a t i n g  and c o n t r o l  c i r c u i t s  a r e  on t e m p o r a r y  w i r i n g  p e n d i n g  t h e  

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

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

i n s t a l l a t i o n s .  I t  i s  d e f i n i t e l y  i n d i c a t e d  t h a t  t h e s e  s y s t e m s  w i l l  m a i n t a i n  

t h e  t e m p e r a t u r e  w i t h i n  +1"C f o r  a t  l e a s t  400 h r , t h e  l o n g e s t  o p e r a t i o n  t o  d a t e .  

ANP Creep-rupture Testing. H i g h - t e m p e r a t u r e  s t r e n g t h  d a t a  a r e  v e r y  

s c a r c e  f o r  a l l o y s  i n  s h e e t  o r  t u b e  form and  n o n e x i s t e n t  f o r  t h e  t e m p e r a t u r e s  

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

w i l l  be  made on s h e e t  spec imens  i n  i n e r t - g a s  and l i q u i d - m e t a l  e n v i r o n m e n t s  and 

a t  t e m p e r a t u r e s  f r o m  600 t o  a b o u t  1000°C.  S i n c e  s u i t a b l e  e q u i p m e n t  i s  n o t  

a v a i l a b l e  c o m m e r c i a l l y ,  i t  is  n e c e s s a r y  t o  d e v e l o p  and b u i l d  t h i s  equ ipmen t  i n  

t h e  a r e a .  

S p e c i a l  l e v e r - a r m  t y p e  mach ines  a r e  now u n d e r  c o n s t r u c t i o n .  Vacuum and 

i n e r t - g a s  chambers  a r e  i n  t h e  f i n a l  d e s i g n  s t a g e ,  and t h e  chambers  f o r  t e s t i n g  

i n  l i q u i d  m e t a l  a r e  i n  t h e  p r e l i m i n a r y  d e s i g n  s t a g e .  I f  s c h e d u l e s  c a n  be m e t ,  

s e v e r a l  t e s t s  i n  e a c h  env i ronmen t  s h o u l d  be  s t a r t e d  d u r i n g  J a n u a r y ,  1951. 

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

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

d e s i g n  must p r o v i d e  f o r  s a f e l y  h o l d i n g  t h e  l i q u i d  m e t a l  u n d e r  p r e s s u r e  e i t h e r  

i n s i d e  or o u t s i d e  t h e  t e s t  spec imen  a t  e l e v a t e d  t e m p e r a t u r e s  f o r  l o n g  p e r i o d s  
o f  t i m e .  A l s o ,  i t  would be  d e s i r a b l e  t o  p r o v i d e  means t o  gauge  t h e  d i m e n s i o n a l  

. change  o f  b o t h  t h e  d i a m e t e r  and t h e  l e n g t h  of  t h e  spec imen  d u r i n g  t h e  t e s t .  

Creep of Uranium. As p a r t  o f  t h e  g e n e r a l  r e s e a r c h  on m e t a l l i c  u r a n i u m  

and a s  an  a i d  t o  r e a c t o r  d e s i g n  i t  h a s  b e e n  d e e m e d . n e c e s s a r y  t o  s t u d y  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  uran ium a t  e l e v a t e d  t e m p e r a t u r e s .  The Baldwin  l e v e r -  

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

f o r  t h i s  pu rpose .  
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Two u r a n i u m  s p e c i m e n s  h a v e  b e e n  u n d e r  s t r e s s  i n  h o t  o i l  b a t h s  f o r  a b o u t  
700 h r .  One sample  is  s t r e s s e d  t o  2 6 , 0 0 0  p s i  a t  100°C and t h e  o t h e r  t o  21 ,000  
p s i  a t  150OC. The e l o n g a t i o n  t o  d a t e  i s  a b o u t  2%. Vacuum c h a m b e r s ,  pumps,  

and s p e c i a l  f u r n a c e s  a r e  b e i n g  p r o c u r e d  f o r  t h e  s t u d y  o f  t h e  c r e e p  o f  u ran ium 

a t  t e m p e r a t u r e s  up  t o  a b o u t  800°C. 

‘ 1  

A G a e r t n e r  c a t h e t o m e t e r  w i t h  a s e n s i t i v i t y  o f  0 .00001  i n . a n d  1 2  p l a t i n u m -  

s t r i p  e x t e n s i o n  g a u g e s  have  b e e n  p r o c u r e d .  P l a n s  a r e  b e i n g  c o n s i d e r e d  f o r  
o b t a i n i n g  s e v e r a l  s t r i p  e x t e n s i o n  g a u g e s  o f  molybdenum f o r  s p e c i a l  p u r p o s e s .  

A 20-kw g a s o l i n e - d r i v e n  s t a n d - b y  e l e c t r i c a l - p o w e r  u n i t  h a s  b e e n  p r o c u r e d .  A 
s y s t e m  f o r  t h e  p u r i f i c a t i o n  o f  t h e  i n e r t  g a s e s  i s  b e i n g  d e v e l o p e d  i n  t h e  ANP 
Group o f  t h e  M e t a l l u r g y  D i v i s i o n .  

Uranium w i l l  b e  t e s t e d  i n  a vacuum and a t  t e m p e r a t u r e s  a s  h i g h  a s  8OOOC. 
I n  e v e n t  o f  f a i l u r e  o f  t h e  vacuum s y s t e m  w i t h  t h e  p r e s e n t  v e n t i l a t i n g  i n s t a l -  

l a t i o n  t h e  e n t i r e  b u i l d i n g  ,would be c o n t a m i n a t e d ;  h e n c e  t h e  p o r t i o n  o f  t h e  

v e n t i l a t i n g  s y s t e m  s e r v i n g  t h e  c r e e p  l a b o r a t o r y  w i l l  b e  m o d i f i e d .  
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VI. MECHANICAL PROPERTIES OF PURE METALS 

. 

The s e c o n d  p a r t  o f  "A S t u d y  o f  S t r e s s - S t r a i n - T i m e  F u n c t i o n s  o f  M e t a l s "  

i s  now i n  t h e  r e p r o d u c t i o n  s t a g e  and  w i l l  be  i s s u e d  a s  a memorandum. I t  con-  
t a i n s v t h e  r e s u l t s  of  e x p e r i m e n t a l  work on c o p p e r  a t  room t e m p e r a t u r e .  S t ress -  

s t r a i n - t i m e  c u r v e s  were o b t a i n e d  by  v a r i o u s  means ,  s u i t a b l e  t o  t h e  v a r y i n g  

s t r a i n  r a t e s  u s e d .  A t  low s t r a i n i n g  r a t e s  mic ro fo rmer  e x t e n s o m e t e r s  were used  

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

k n i f e  e d g e s ,  was used  f o r  m e a s u r i n g  t h e  d i a m e t e r s  of  t h e  t e s t  spec imens .  Time 
' r e a d i n g s  were r e c o r d e d  t h r o u g h o u t  t h e  t e s t s .  

A t  h i g h e r  s t r a i n i n g  r a t e s  mic ro fo rmer  e x t e n s o m e t e r s  were used  €or s t r a i n s  
u p  t o  0 . 2 5 ,  b u t  a t  s t r a i n s  h i g h e r  t h a n  0 . 2 5  and  a t  t h e  f a s t e s t  s t r a i n  r a t e s  

a p h o t o g r a p h i c  method f o r  r e c o r d i n g  and  m e a s u r i n g  l o a d ,  s t r a i n ,  and t ime was 

used .  A 3 5 - m m  m o t i o n - p i c t u r e  camera was s e t  up t o  p h o t o g r a p h  t h e  t e s t  s p e c i -  

men, a t ime p i e c e ,  and a l o a d  gauge  s i m u l t a n e o u s l y .  T h i s  i s  shown i n  F i g .  15. 
T h i s  a u x i l i a r y  l o a d  g a u g e ,  d r i v e n  by s e l s y n  m o t o r s ,  a c c u r a t e l y  r e p r o d u c e d  t h e  

r e a d i n g s  o f  t h e  main l o a d  i n d i c a t o r .  

T h e  l o a d - s t r a i n - t i m e  d a t a  o b t a i n e d  were worked  up  i n t o  t r u e  s t r e s s -  

n a t u r a l  s t r a i n - t i m e  d i a g r a m s .  The  s t r a i n i n g  r a t e s  c o u l d  b e  c o n s i d e r e d  a s  

a p p r o x i m a t e l y  c o n s t a n t  up t o  n a t u r a l  s t r a i n s  o f  0 . 5  t o  0.6.' S e c t i o n s  p e r p e n -  

d i c u l a r  t o  t h e  t ime  c o o r d i n a t e  of  t h e  t h r e e - d i m e n s i o n a l  d i a g r a m  t h e n y i e l d  t h e  

r a t e  o f  c h a n g e  i n  t r u e  s t r e s s  w i t h  n a t u r a l  s t r a i n  a l o n e  ( au /a8 ) .  O t h e r  

s e c t i o n s  p e r p e n d i c u l a r  t o  t h e  s t r a i n  c o o r d i n a t e  c o r r e s p o n d i n g l y  y i e l d  t h e  

r a t e  o f  c h a n g e  o f  s t r e s s  w i t h  t i m e  a l o n e  ( a r / a t ) .  T h e  t r u e s t : r e s s - n a t u r a l  

s t r a i n - t i m e  d i a g r a m s  a f t e r  l o n g  i n t e r v a l s  y i e l d  s u r f a c e s  whose  t a n g e n t s  

& / a t  a p p r o a c h  zero a s  a l i m i t .  The  s t r e s s - s t r a i n  c u r v e  a f t e r  v e r y  l o n g  
i n t e r v a l s  y i e l d s  a c u r v e ,  ~ ~ ( 8 ) ~  whose t a n g e n t s  a r e  a n n o t a t e d  ( 2 ~ & 3 8 ) ~ .  C o r r e -  

s p o n d i n g  s t ress  v a l u e s  a r e  c a l l e d  ( w , ) ~ .  6 c u r v e  i s  p r a c t i c a l l y  

i d e n t i c a l  w i t h  t h e  t r u e  s t r e s s - n a t u r a l  s t r a i n  c u r v e  o b t a i n e d  a t  e x c e e d i n g l y  
slow s t r a i n i n g  r a t e s .  I n I F i g .  16 i s  a l o g - l o g  p l o t  o f  s u c h  c u r v e s .  I t  may be 

n o t e d  t h a t  t h e  c u r v e  c o n t a i n s  f o u r  f l e x u r e s .  I t  i s  t h o u g h t  t h a t  s t u d y  o f  
t h e  c u r v e  u p  t o  a s t ' r a i n  o f  0.01 w i t h  t h e  f i r s t  two f i e x u r e s  may show c o r -  

The (IT.), v s .  

r e l a t i o n s  w i t h  m i n u t e  s t r u c t u r a l  changes .  I f  t h i s  i s  s o ,  t h e  t e l a t i o n s h i p  may 

t h r o w  l i g h t  on t h e  f o r m a t i o n  and  p r o p a g a t i o n  o f  d i s l o c a t i o n s .  T h a t  t h e s e  

f l e x u r e s  a r e  n o t  a c c i d e n t a l  h a s  b e e n  a s c e r t a i n e d  by  r e p e a t e d  t e s t s  u s i n g  

9 
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d i f f e r e n t  t y p e s  o f  t e s t i n g  m a c h i n e s ,  two d i f f e r e n t  t y p e s  of  e x t e n s o m e t e r s , a n d  
SR-4 s t r a i n  g a u g e s .  T h i s  i s  d e m o n s t r a t e d  by  t h r e e  i l l u s t r a t i o n s .  The  d a t a  

o f  F i g .  17 were  o b t a i n e d  on t h e  1 2 0 , 0 0 0 - l b .  . h y d r a u l i c  t e n s i l e  t e s t i n g  machine 

and m i c r o f o r m e r  e x t e n s o m e t e r . , T h o s e  o f  F i g .  18 were o b t a i n e d  by a b e a m - l o a d i n g  
t y p e  c r e e p - t e s t i n g  machine  a r r a n g e d  f o r  t e n s i l e  t e s t i n g ,  and F i g .  19  was ob -  

t a i n e d  f rom t h e  h y d r a u l i c  mach ine ,  u s i n g  SR-4 s t r a i n  g a u g e s .  The  p o r t i o n  o f  

t h e  c u r v e  be tween s t r a i n s  o f  0 . 0 1  and 0 . 1 5  i s  o f  u n u s u a l  i n t e r e s t .  F i g u r e  16  

shows c h a t  two p a r a l l e l  s t r a i g h t  l i n e s  confo rm a p p r o x i m a t e l y  t o  t h e  p o r t i o n s  

o f  t h e  c u r v e  wh ich  l i e  o u t s i d e  t h e s e  l i m i t s .  P l o t t i n g  t h e  v a l u e s  o f  u d e -  

s c r i b e d  by t h e  uppe r  s t r a i g h t  l i n e  l ess  t h e  a c t u a l  u v a l u e s  g i v e n  b y t h e  e x p e r -  

i m e n t a l  c u r v e ,  a g a i n s t  s t r a i n  6 ,  w e  o b t a i n  t h e  c u r v e  shown i n  F i g .  20.  T h i s  

t y p i c a l l y  sk'ewed p r o b a b i l i t y  c u r v e  i n d i c a t e s  v e r y  s t r o n g l y  a n  i n c r e a s e  i n  

s t r e s s  i n v e r s e l y  p r o p o r t i o n a l  t o  some p r o c e s s  o f  d e p l e t i o n  and i s  t h o u g h t  t o  

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

me ta l .  The p r o c e s s  a p p e a r s  t o s t a r t  w i t h  100% u n p r o c e s s e d  metal  ( w i t h  r e f e r e n c e  

t o  t h e  s u p p o s e d  s e c o n d  g r o u p  o f  c h a n g e s )  a t  a s t r a i n  o f  a b o u t  0 . 0 0 5  and  a 

r a p i d l y  i n c r e a s i n g  s t r e s s ' d i f f e r e n t i a l .  T h i s  r e a c h e s  a maximum a t  a s t r a i n  

o f  0 .03  and t h e n  s l o w l y  d e c r e a s e s  a s d e p l e t i o n  o f  u n p r o c e s s e d  metal  p r o g r e s s e s .  

T h e r e  i s  r e a s o n  t o  b e l i e v e  t h a t  a b o v e  a s t r a i n  o f  0 . 1 5  t h e  p r o c e s s  i s  n o t  
c o m p l e t e d  b u t  c o n t i n u e s  a t  an i n c r e a s i n g l y  s l o w  r a t e  t o  a s a t u r a t i o n  p o i n t  a t  

a b o u t  0 .37 where  no more u n p r o c e s s e d  m a t e r i a l  i s  a v a i l a b l e .  A t h i r d  s t a g e  o f  

d e f o r m a t i o n ,  , c h a r a c t e r i z e d  by  n e c k i n g ,  b e g i n s  a t  t h i s  p o i n t  and  p r o b a b l y  
c o n t i n u e s  l i n e a r l y  ( o n  t h e  l o g - l o g  p l o t )  u n t i l  f r a c t u r e  o c c u r s .  The l a s t  

f l e x u r e  a t  a s t r a i n  o f  a b o u t  1 . 0  i s  i n  a l l  p r o b a b i l i t y  due  t o  t h e  r a p i d  i n -  

c r e a s e  i n  s t r a i n  r a t e s  wh ich  r e a c h e s  t r emendous  m a g n i t u d e s  a b o v e  a s t r a i n  o f  

a b o u t  1 . 0 .  T h i s  l a s t  i n c r e a s e  i n  s t r e s s  a b o v e  t h e  l i n e a r  r e l a t i o n s h i p  i s  a 

g r a t i f y i n g ,  t h o u g h  n o t  by  i t s e l f  , a d e q u a t e ,  c o n f i r m a t i o n  o f  t h e  h y p o t h e s i s  
wh ich  prompted t h e  p r e s e n t  e x p e r i m e n t s  t o  b e  u n d e r t a k e n .  I t  is  s u g g e s t e d  t h a t  

t h e  s l o p e s  of  t h e  ( u ) ~  c u r v e  and p a r t i c u l a r l y  t h e  l o c a t i o n s  of  i t s  f i r s t  t h r e e  
f l e x u r e s  may change  w i t h  n e u t r o n  e x p o s u r e  and may t h u s  th row l i g h t  o n r a d i a t i o n  

damage p rob lems .  

An approx ima te  e x p r e s s i o n  f o r . t h e  (=,Ic c u r v e  i s  

F o r  v a l u e s  of  s t r a i n  below 0 . 0 1  t h i s  e x p r e s s i o n  r e d u c e s  t o K 1 6 '  and above 0 . 1 5  

t o K 3 S 1 ,  wh ich  a r e  i d e n t i c a l  i n  fo rm w i t h  t h e  commonly u s e d  e x p r e s s i o n  f o r  
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s t r a i n - s t r e s s  c u r v e s .  I t , m a y  be  n o t e d  t h a t  whenever  p o s s i b l e  t h e  c u r v e  i t s e l f  

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

S e c t i o n s  g i v i n g  c u r v e s  o f  s t r e s s  v s . t i m e  f o r  a number o f  v a l u e s  o f  s t r a i n  

a r e  shown i n  F i g .  21.  From t h e s e  t h e  t ime ' f u n c t i o n s  o f  t h e  s t r e s s  a r e  o b t a i n e d ,  
_. . - . 

/ 

cr, - cr = BSut:b ( 2 )  
, \ 

N u m e r i c a l l y ,  t h e  v a r i a t i o n  i n  s t r e s s  w i t h  s t r a i n  and t i m e  i s  g i v e n  b y  

w h e r e  

. 

. 

, f o r  c o p p e r  a t . r o o m  t e m p e r a t u r e .  
p r o x i m a t e l y  by t h e  e x p r e s s i o n  

roc i s  g i v e n  by  t h e  c u r v e  i n  F i g  16 o r  a p -  

( .1. :1) 

* B y  p a r t i a l  d i f f e r e n t i a t i o n  o f  Eq. ( 2 )  t h e  e x p r e s s i o n s  f 6  a n d  f ,  a r e  o b -  
t a i n e d .  ' T h e  c h a n g e  i n  s t r e s s  w i t h  s t r a i n  a n d  . t i m e '  s i m u l t a n e o u s l y  t h e n  i s  

L e v e l  c u r v e s  o f  t h e  s t r e s s - s t r a i n - t i m e  f u n c t i o n s  o b t a i n e d  a t  e s s e n t i a l l y  u n i -  

- f o r m  s t r a i n s r a t e s  a r e  g i v e n  by 

m 
- (5  - 5, ) t - g, 

6 C  6 
+ r  f 6  

( 3 )  

T h e s e  a r e  c a l l e d  (wJ,, l e v e l  c u r v e s  i n  o r d e r  t o  d e n o t e  t h e  r e s t r i c t i o n  o f  u n i -  

f o r m  s t r a i n  r a t e .  The n u m e r i c a l  v a l u e  o f  ( m / 8 ) m h  +11 c a n '  be  o b t a i n e d  f r o m  t h e  
c u r v e  i n  Fig: 1 6 .  We t h e r e f o r e  c a n  w r i t e  
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where  A i s  o b t a i n e d  f rom t h e  s l o p e  o f  t h e  c u r v e  i n  F i g .  16,. By h y p o t h e s i s ,  
t h e s e  c u r v e s  a r e  r e l a t e d  t o  t h e  c r e e p  c u r v e s  w i t h  d e v i a t i o n s  which  depend upon 

s u c c e s s i v e  t i m e  d e r i v a t i v e s  o f  t h e  s t r a i n  r a t e s .  The c r e e p  r a t e s  a r e  d e r i v e d  
f rom t h e  g e n e r a l  e x p r e s s i o n  f o r  change  i n  s t r e s s  w i t h  s t r a i n  and t ime when no  
r e s t r i c t i o n  i s  p l a c e d  on  t h e  s t r a i n i n g  r a t e .  T h i s  more g e n e r a l  e x p r e s s i o n  

I 

\ 

which  g i v e s  t h e  c r e e p  c u r v e s  a t  c o n s t a n t  s t r e s s  when W ,  i s  k e p t  c o n s t a n t .  

s e t t i n g  do- = 0 ,  we o b t a i n  

f s  f s  

where 

f s  

T h e , r e l a t i o n , b e t w e e n  t h e  (w), l e v e l  c u r v e s  a n d  t h e  c r e e p  c u r v e s ,  d e n o t e d  

( v ) "  i n  o r d e r  t o  i n d i c a t e  a c o n s t a n t  s t r e s s  c o n d i t i o n , i s  a p p a r e n t  f rom E q . ( 5 ) .  
The f u n c t i o n  h a s  s o  f a r  n o t  b e e n  d e t e r m i n e d ,  b u t  t h e  c o r r e s p o n d e n c e  be tween 

t h e  two s e t s  of  s t r a i n  r a t e s  i s -  i n d i c a t e d  i n  T a b l e  8 and F i g .  2 2 .  T a b l e  8 
g i v e s  c o r r e s p o n d i n g  . v a l u e s  o f  n a t u r a l  s t r a i n  r a t e  and time f o r  a p a r t i c u l a r  

e x p e r i m e n t a l  c r e e p  c u r v e  a t  a s l o w l y  i n c r e a s i n g  s t r e s s  t o  a b o u t  21 .7 .  The  

s t r a i n  r a t e s  o f  t h e  (w.), l e v e l  c u r v e s  i n  t h i s  6 , t  n e i g h b o r h o o d  a r e  g i v e n  b y  

t h e  f i r s t  term o f  t h e  crreep e q u a t i o n  

6 0 . 3 8  
t 

( v ) "  = - (1 + 5.) 
0.7  + A/(21 .7  - wnc) 

V a l u e s  o f  ,A and . v . ~  f o r  a s e r i e s  o f  s t r a i n s  a r e  o b t a i n e d  f r o m  F i g .  16. T h e  

r a t e s  v f o r  t h e  a n n o t a t e d  t i m e  v a l u e s  a r e  c a l c u l a t e d  and* e n t e r e d  a l o n g s i d e  

 the c r e e p  r a t e s ,  I t  i s  s e e n  t h a t  i n i t i a l l y ,  t h a t  i s ,  on t h e  t r a n s i e n t ,  t h e  

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

by t h e  l e v e l  c u r v e s ,  which  i s  e x p e c t e d  f rom t h e  h y p o t h e s i s ,  D u r i n g  t h e  p e r i o d  

of  s e c o n d a r y  c r e e p  t h e  r a t e s  a r e  o f  t h e  same o r d e r  o f  magn i tude ,  b u t  t h e  c r e e p  

r a t e s  a r e  d e c r e a s i n g  more s l o w l y  t h a n  t h e  r a t e s  o f  t h e  (u-)" l e v e l  c u r v e s .  
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T h i s  i s  e n t i r e l y  t o  b e  e x p e c t e d ,  f o r .  s i n c e  t h e  r a t e s  a r e  a l w a y s  s l o w i n g  u p ,  
t h e  e f f e c t  o f  t h e  a c c e l e r a t i o n  term m u s t  t e n d  t o  v a n i s h  a f t e r  v e r y  l o n g  

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

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

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

n e c k i n g  or i n t e r n a l  g r a i n  s e p a r a t i o n .  

A f a c t  t h a t  mus t  a l s o  b e  c o n s i d e r e d i s  t h a t  t h e  c r e e p  c u x v e s  were o b t a i n e d  

a t  c o n s t a n t  l o a d ,  T h i s  h a s  t h e  e f f e c t  of i n c r e a s i n g  t h e  v a l u e  o f  t h e  f i r s t  

term o f  E q ,  ( 6 )  a b o v e  t h a t  o f  t h e  l e v e l  c u r v e  a n d  h e n c e  o f  i n c r e a s i n g  t h e  

c r e e p  r a t e .  C o n s t a n t - s t r e s s  c r e e p  r a t e s  would b e  s m a l l e r  t h a n  t h e  c o n s t a n t -  

l o a d  c r e e p  r a t e s  g i v e n  i n  t h e  t h i r d  column o f  T a b l e  8, 

. 

F u r t h e r  s t u d i e s  h a v e  b e e n  p l a n n e d ,  b u t  e x p e r i m e n t a l  work w i l l  b e  r e s u m e d  

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

work t o  t h e  g e n e r a l  ORNL r e s e a r c h  o b j e c t s ,  

6 2  



TABBE : 8 

Comparison of Creep Curves and of.Leve1 curves of the.(c)v surface 

XEEP TES' 
NO. II 

10 - 

19 

LOAD. 
( P s i )  

20,609 

.29,100 

TIME' 
(min)  

3 

6 

10 

30 

60 

90 

180 

50 0 

1,000 

2,000 

3,000 

4,000 

6,000 

12,000 

30,000 

50,000 

180 

1,000 

3,000 

6,, 000 

12  000 

30,000 

50,000 

0.0730 

0.07443 

0,07463 

0,07481 

0.07471 

0.07497 

0.07508 

0.07533 

0.07575 

0.076 

0.1454 

0.1495 

0 1527 

0.1553 

0.159 

0 e 1639 

0.1675 

SLOPE',OF.CREEP.. I SLOPE.OF.LEVEL'CURV 
CURVE, EXPERIMENTAL 1 CAtCWTED _FROM TEN 

SILE-TEST DATA 

2,400 

2,000 

1,600 

900 

500 

40 0 

257 

68 

29 

11 

9 

7,5 

4.7 

3.6. 

1.5 

e 

10,000 

3,000 

100 

65  

45 

20 

16, 

120,000 

42,000 

21,100 

5,000' 

2,000 

1,050 

40 5 

98 

39 

15 

9 

6, 

3.4 

1.3 * 

0 . 4  

c. = 29.0 

900 

10 0 

20 

9 

3.5 

1 

0 - 5  
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TABLE 8 (Cont' d )  

XEEP TESl 
NO 

16 

15  

LOAD 
( P s i )  

24,982 

35,000 

TIME 
(min) 

10 0 

50 0 

1,000 

2,000 

3,000 

4,000 

6 , 000 

12,000 

30,000 

1,800 

2,300 

STRAIN 
(8) 

0.1045 

0.1068 

0 .292 

0.304 

~ 

SLOPE OF CREEP.' 
ZURVE, EXPERIMENTAL 

5,500 

19 3 

86, 

46 

30 

23 

16 

8 

3 

5,600 

4,000 

SLOPE'OF' LEVEL.CURVE, 
3ALCULATED' FROM TEN- 
SILE-TEST DATA [+. 108 ] 

u, = 25 

1,300 

140' 

6 -5 

22  

13 

9 

5 

2 

0.6 

880; 

670 
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VII. 'SERVICE !WAIRK . 
Aluminum-Silicon,Coated Slugs. The C h e m i c a l  T e c h n o l o g y  D i v i s i o n  o f  Oak 

R idge  N a t i o n a l  L a b o r a t o r y  a s k e d  t h e  M e t a l l u r g y  D i v i s i o n  t o p r e p a r e  100 uranium-  

aluminum s l u g s  1 . 4  i n ,  i n  d i a m e t e r  and 8 i n .  l o n g  f o r  u s e  i n  deve lopmen t  o f  a 

p r o c e s s  f o r  d i s s o l v i n g  P-10 s l u g s .  T h e s e  s l . ugs  were p r e p a r e d  by  c a s t i n g  a & i n . -  

d i a m e t e r  i n g o t  o f  7%% uranium c o n t e n t  .and e x t r u d i n g  i n t o  1 . 4 - i n .  - d i a m e t e r  rod: 

The  r o d  was m a c h i n e d  i n t o  s l u g s  o f  t h e  p r o p e r  l e n g t h ,  50 o f  w h i c h  were r e -  

t u r n e d  t o  b e  d i p p e d  i n  A1-Si e u t e c t i c  f o r  c o a t i n g  w i t h  a p p r o x i m a t e l y  16 g o f  

AI-Si. I t  was f o u n d  t h a t  t h e  s l u g s  c o u l d  b e  c o a t e d  s a t i s f a c t o r i l y  i f  t h e y  

were t h o r o u g h l y  c l e a n e d  by e t c h i n g  i n  NaOH s o l u t i o n  and p r e h e a t e d  t o  a p p r o x i -  

m a t e l y  600°C b e f o r e  b e i n g  d i p p e d  i n  t h e  m o l t e n  A1-Si b a t h .  

S i n c e  t h e  P-&O s l u g s  t h u s  f a r  l o a d e d  i n t o  t h e  Hanfo rd  R e a c t o r  have  been  c a s , t  

s l u g s ,  an  a d d i t i o n a l  7 2  s l u g s  were p r e p a r e d  and c o a t e d  w i t h  A 1 - S i  f o r  com- 

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

t h a t  t h e  e x t r u d e d  s l u g s  d i s s o l v e d  i n  4 N HNO, a t  a much f a s t e r  r a t e  t h a n  t h e  

c a s t  s l u g s .  I n  o r d e r  t o  d e t e r m i n e  t h e  e f f e c t  o f  w o r k i n g  upon t h e  d i s s o l u t i o n  

r a t e ,  i t  was r e q u e s t e d  t h a t  c a s t  s l u g s  be worked  s l i g h t l y  by  c o l d - r o l l i n g . *  

A c c o r d i n g l y ,  two s l u g s  o f  c a s t  7%% U - A 1  were c o l d - r o l l e d  f rom 1 . 2 5  t o  1 i n z -  

d i a m e t e r  ( 6 6 %  r e d u c t i o n  i n  a r e a ) .  I n  o r d e r  t o  h a v e q c o m p a r a b l e  s a m p l e s ,  two 

I e x t r u d e d  s l u g s  were t r e a t e d  i n  t h e  same way a s  t h e  c a s t  s l u g s .  One s l u g  o f  
e a c h  t y p e  was f u l l y  a n n e a l e d  w h i l e  t h e  o t h e r  was l e f t  i n  t h e  s t r a i n e d  s t a t e .  

I I t  was found t h a t  t h e  e x t r u d e d  r o d s  a g a i n  d i s s o l v e d  a t  a f a s t e r  r a t e  t h a n  t h e  

c a s t  s l u g s ,  b u t t t h e  worked  c a s t  s l u g  d i s s o l v e d  f a s t e r  t h a n . t h e  o n e  i n  t h e  

c a s t  c o n d i t i o n .  

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

s i b l e  e x p l a n a t i o n  f o r  t h e  d i f f e r e n t  r a t e s  of d i s s o l u t i o n .  I n ,  t h e  c a s t  s l u g s ,  

b o t h  b e f o r e  and a f t e r  w o r k i n g ,  t h e  e u t e c t i c  was d i s t r i b u t e d  a r o u n d  t h e  l a r g e  

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

was b roken  up and u n i f o r m l y  d i s t r i b u t e d  i n  a m a t r i x  o f  aluminum. I t  i s  known 

t h a t  t h e  compound UA1,  i s  much more  r e a d i l y  a t t a c k e d  by  a c i d  t h a n  i s  p u r e  

aluminum. Thus  w i t h  a more random d i s t r i b u t i o n  o f  compound p a r t i c l e s  i n  t h e  

e x t r u d e d  m a t e r i a l  a f a s t e r  and  more  u n i f o r m  a t t a c k  by t h e  HNO, m i g h t  b e  

e x p e c  t e d  
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Preparation of 5% Molybdenum--Uranium Alloy Sheet and Rod, The M e t a l l u r g y  

D i v i s i o n  was r e q u e s t e d  t o  f u r n i s h  15 p i e c e s  o f  5% Mo-U a l l o y  t o  be  u s e d  i n  

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

R a d i a t i o n  L a b o r a t o r y .  The m a t e r i a l  f u r n i s h e d  was a s  f o l l o w s :  

6 p i e c e s  

6 p i e c e s  

3 p i e c e s  1 / 2  i n ,  d i a ,  by 36 i n .  l o n g  

3/16 $ b y  4 by 24 i n .  

1 /8  by 4 by 24  i n .  

The f l a t  p l a t e s  were h o t - r o l l e d  from 1- by 4- . by  6 - i n 0  c a s t i n g s ,  and t h e  

r o d s  were e x t r u d e d  t o  0 .860 i n .  d i a m e t e r  f rom a 3 - i n . - d i a m e t e r  b y 6 - i n .  b i l l e t ,  

t h e n  h o t - r o l l e d  t o  s i z e .  

I n  t h e  i n i t i a l  p h a s e  o f  t h e  work i t  was  f o u n d  t h a t  t h e  a l l o y  c o u l d  b e  

r o l l e d  s a t i s f a c t o r i l y  i n  t h e  gamma p h a s e ,  b u t  when t h e  gamma-quenched m a t e r i a l  

was g i v e n  a p p r o x i m a t e l y  25% r e d u c t i o n  i n  t h e  c o l d - f i n i s h i n g  p a s s e s ,  one  o f  t h e  

3 / 1 6 - i n ,  p l a t e s  c r a c k e d  d u r i n g  r o l l i n g ,  and t h r e e  of  t h e  r e m a i n i n g  3 / 1 6 - i n .  

p l a t e s  f a i l e d  f i v e  d a y s  l a t e r .  A t y p i c a l  f a i l u r e  i s  shown i n  F i g .  23. A l l  
. t h e  3 / 1 6 - , i n .  p l a t e s ,  c o l d - r o l l e d  a p p r o x i m a t e l y  fi%, and t h r e e  o f  t h e  1 / 8 - i n .  

p l a t e s ,  c o l d - r o l l e d  a p p r o x i m a t e l y  15%, had s p l i t  l e n g t h w i s e  w i t h i n  10 d a y s .  

C o l d - r o l l i n g  o f  t h e  e x t r u d e d  r o d  g a v e  s i m i l a r  r e s u l t s  e x c e p t  t h a t  t h e  r o d s  

c r a c k e d  r a d i a l l y  i n t o  p i e c e s  a s  s h o r t  a s  1 / 2  i n .  i n  l e n g t h .  

The f i n a l  p r o c e d u r e  used  i n  t h e  p r e p a r a t i o n  o f  t h e  r e q u i r e i  m a t e r i a l  w a s  

a s  f o l l o w s :  

1. S h e e t  i n g o t s  o f  uran ium c o n t a i n i n g  5% molybdenum were m e l t e d  and 
c a s t  i n  vacuum i n  a n  i n d u c t i o n  f u r n a c e .  The i n g o t s  were c a s t  
i n t o  v e r t i c a l  g r a p h i t e  molds.  

2. A f t e r  c r o p p i n g  t h e  s h r i n k  h e a d ,  t h e  p l a t e s  were h e a t e d  t o  850°C 
i n  a s a l t  b a t h  o f  H o u g h t o n ’ s  L i q u i d  H e a t  N.D.  and  h e l d  f o r  30 
min. 

3. The p l a t e s  were t h e n  r o l l e d  i n  a 6-  by 1 0 - i n .  t w o - h i g h  m i l l  t o  
w i t h i n  0 . 0 1 0 l i n .  o f  t h e  f i n a l  s i z e  w i t h  r e d u c t i o n s  o f  a b o u t  
0 . 0 5 0  i n .  p e r  p a s s .  The m e t a l  was r e h e a t e d  a f t e r  a b o u t  f o u r  
p a s s e s  t o  m a i n t a i n  t h e  r e q u i r e d  t e m p e r a t u r e .  The p l a t e s  were 
w a t e r - q u e n c h e d  a f t e r  t h e  f i n a l  p a s s .  

4. The p l a t e s  were f i n i s h - r o l l e d  c o l d  i n  a 20- by  3 0 - i n O  t w o - h i g h  
m i l l ,  
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5. The c o l d - f i n i s h e d  p l a t e s  were a n n e a l e d  a t  85OoC f o r  30 min i n  
an a r g o n  a tmosphe re  and w a t e r -  quenched ,  

6. The a n n e a l e d  p l a t e s  r e q u i r e d  an a d d i t i o n a l  s t r a i g h t e n i n g  i n  t h e  
20- by 3 0 - i n .  m i l l .  

The 1 / 2 - i n . - d i a m e t e r  r o d  was p r e p a r e d  by e x t r u d i n g  a c a s t  b i l l e t ,  3 - 1 / 1 6  

i n .  i n  d i a m e t e r  by 6 i n . ,  t o  0 .860  i n .  d i a m e t e r  a t  90OoC. The r e s u l t i n g  r o d  

was r e h e a t e d  t o  850°C,  r o l l e d  t o  s i z e ,  and w a t e r - q u e n c h e d .  The  e x t r u s i o n  was 

somewhat  s i m i l a r . t o  t h a t  o f  p u r e  u r a n i u m  e x c e p t  t h a t  h i g h e r  p r e s s u r e s  were 

r e q u i r e d .  The s u r f a c e  o f  t h e  e x t r u d e d  r o d  had e s s e n t i a l l y  t h e  same a p p e a r a n c e  

a s  uran ium p r e v i o u s l y  e x t r u d e d  i n  t h e  gamma p h a s e  and w i t h  t h e  same d i e .  The 

p r e s s u r e  r e q u i r e d  f o r  e x t r u s i o n  was o f  t h e  o r d e r  o f  125 ,000  p s i  a s  compared t o  

6 4 , 0 0 0  p s i  r e q u i r e d  f o r  t h e  same s i z e  uran ium b i l l e t  a t  850'C. 

The f a i l u r e s  e n c o u n t e r e d  i n  t h e  r o l l i n g  o p e r a t i o n s  a p p e a r e d  t o  b e  due  t o  

a p h a s e  t r a n s f o r m a t i o n ,  i. e . ,  t h e  t r a n s f o r m a t i o n  o f  t h e  r e t a i n e d  gamma p h a s e  

t o  t h e  s t a b l e  a l p h a  p h a s e  p l u s  an unknown p h a s e  i n d u c e d  by t h e  c o l d - r o l l i n g .  

T h e  a n n e a l e d  m a t e r i a l  was q u i t e  s o f t  ( V i c k e r s  h a r d n e s s  number 1 4 0 1 ,  b u t . i t  

h a r d e n e d  r a p i d l y  upon w o r k i n g ,  a s  sliown i n  F i g .  24.  T h e r e  i s  a l s o  e v i d e n c e  

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

work ing .  The c o l d - w o r k e d  m a t e r i a l  w a s  shown by  means o f  an X - r a y  d i f f r a c t i o n  

p a t t e r n  t o  c o n s i s t  o f  a l p h a  uranium.  

Fabrication of Heater for Pile Fluxmeter. T h e  P h y s i c s  D i v i s i o n  of t h e  

Oak R idge  N a t i o n a l  L a b o r a t o r y  r e q u e s t e d  t h e  M e t a l l u r g y  D i v i s i o n  t o  e x p l o r e  t h e  
p o s s i b i l i t y  o f  f a b r i c a t i n g  an e n r i c h e d  uranium h e a t e r  o f t h e  aluminum-aluminum- 

u ran ium a l l o y  sandwich  t y p e  t o  b e  used  i n  a s m a l l  p i l e  f l u x m e t e r .  The r e q u i r e d  

h e a t e r  c o r e ,  made from a 1% uran ium-a luminum a l l o y ,  would be 2 m i l s  t h i c k  by  

9 / 1 6  i n .  b y  1 -3 /8  i n .  The  c o r e  wou ld  b e  e n c l o s e d  i n  a 5 - m i l  2 s - a l u m i n u m  

e n v e l o p e .  

1 

I t  i s  n e c e s s a r y  t o  d e v e l o p  a method t o  d e t e r m i n e  t h e  l o c a t i o n  and p h y s i -  

c a l  o u t l i n e  o f  t h e  u r a n i u m  c o r e  w i t h i n  t h e  s a n d w i c h .  The  p r e s e n t z w o r k  h a s  

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

r e c t a n g u l a r  c o r e  o f  t h e  r e q u i r e d  d i m e n s i o n s .  A 7%% u r a n i u m - a l u m i n u m  a l l o y  

h a s  been  u s e d  f o r  t h i s  work s i n c e  t h e  boundary  be tween t h e  f rame and t h e  c o r e  

c a n  e a s i l y  be  d i s t i n g u i s h e d  by u s e  o f  a r a d i o g r a p h  o f  t h i s  m a t e r i a l .  
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The method o f  f a b r i c a t i o n  d e v e l o p e d  i s  a s  f o l l o w s :  

1. A 3 / 1 6 - i n . - s q u a r e  window i s  punched  i n  a 0 . 0 4 4 - i n .  p i e c e  o f  2 s  
a l u m i n u m ,  and  t h e  window i s  f i l l e d  w i t h  a 3 / 1 6 - i n 0 - s q u a r e  by 
0 , 0 4 4 - i n .  p i e c e  o f  a l l o y  punched  w i t h  t h e  same d i e .  

2 ,  The  f r a m e  w i t h  t h e  a l l o y  i n s e r t  i s  c r o s s - r o l l e d  and  t h e n  e n d -  
r o l l e d  t o  g i v e  a 9 /16-  by l l / 3 2 - i n .  core .  

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

4. ,The  t o p  and bo t tom s h e e t s  o f  2 s  aluminum a r e  b r u s h e d  w i t h  a w i r e  
b r u s h ,  a p p l i e d  t o  t h e  c e n t e r  f rame by n o t c h i n g ,  s p o t - w e l d i n g ,  or 
s t a p l i n g ,  and t h e n  l i n e d  t o  a g r e e  w i t h  t h e  l i n e s  o n  t h e  f rame.  

5.: The sandwich  i s  t h e n  h o t - r o l l e d  t o  t h e  d e s i r e d  t h i c k n e s s .  

T h i s  l i n i n g  method h a s  b e e n  s a t i s f a c t o r y  i n  l o c a t i n g  t h e  a l l o y  c o r e  i n  

o n l y  one  o f  s i x  s a n d w i c h e s  f a b r i c a t e d .  The w i d t h  o f  t h e  c o r e  a p p e a r s  e a s y  t o  

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

d i d  n o t  a g r e e  w i t h  t h e  l i n e s  on  t h e  c o v e r  s h e e t  h a s  been  e x p e r i e n c e d .  F u r t h e r  

work i s  i n  p r o g r e s s  i n t h e  d i r e c t i o n  o f  r e d u c i n g  t h e  amount o f r o l l i n g  n e c e s s a r y  

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

t h e  l e n g t h  o f  t h e  c o r e .  

Uranium Melting. Uranium . m e t a l  i s  r a t h e r  d i f f i c u l t  t o  r o l l ,  e s p e c i a l l y  

when l a r g e  r e d u c t i o n s  a r e  needed ,  I t  would be  d e s i r a b l e  when r o l l i n g  f o i l  or 

t h i n  s h e e t  t o  s t a r t  w i t h  a r e l a t i v e l y  t h i n  i n g o t .  To p r o v e  t h e  f e a s i b i l i t y  o f  
c a s t i n g  t h i n - s h e e t  i n g o t s  o f  u r a n i u m ,  a number  o f  c a s t i n g s  were made i n  

g r a p h i t e  molds  1/8 by 4-1 /2  by 8 i n .  The c a s t i n g  was done  i n  a vacuum f u r n a c e ,  

u s i n g  a g r a p h i t e - b o t t o m  p o u r i n g  c r u c i b l e  w h i c h  d r a i n e d  i n t o  a s t a t i o n a r y  

v , e r t i c a l  mo ld .  A g o o d ’ s u r f a c e  was o b t a i n e d  and  t h e  i n g o t  was  c o n s i d e r e d  
s a t i s  f a c t o r y .  

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

6. i n . -  l o n g  w i t h  a w a l l  t h i c k n e s s  o f  0 .20  i n .  a n d  h a v i n g  o u t s i d e  d i m e n s i o n s  

o f  2 .025 ,  2 . 5 7 5 ,  and  3 . 1 2 5  i n . ,  r e s p e c t i v e l y ,  were c a s t  i n  g r a p h i t e  molds .  

T h e s e  s i z e s  w i l l  p e r m i t  a c o n c e n t r i c  a r r a n g e m e n t  of  t h e  t u b e s ,  

Welding Labora to ry  Service work. C l o s i n g  t h e  e n d s  o f  t h e  C h a l k  R i v e r  

aluminum f u e l  rod  was a c c o m p l i s h e d  by a - c  a r g o n - a r c  w e l d i n g ,  and t h e  r e q u i r e -  

ment o f  a l e a k - t i g h t  j o i n t  was m e t ,  The l e a k  t e s t  was p e r f o r m e d  by p r e s s u r e -  

t e s t i n g  w i t h  d r y  n i t r o g e n . .  
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A p r e l i m i n a r y  s t u d y  o f  v a c u u m - f u r n a c e  b r a z i n g  o f  c o p p e r  t o  c o p p e r  and  
c o p p e r  t o  u r a n i u m  was p e r f o r m e d  f o r  t h e  MTR g r o u p ,  u s i n g  a 2 - i n .  r e s i s t a n c e -  
h e a t e d  t u b e  f u r n a c e .  C o p p e r - t o - c o p p e r  vacuum-fu rnace  b r a z i n g w a s  found f e a s i b l e  

w i t h  t e s t  s p e c i m e n s  u s i n g  c o p p e r - s i l v e r  e u t e c t i c  b r a z i n g  a l l o y .  When t r i e d  

w i t h  u r a n i u m ,  f o r m a t i o n  o f  a b r i t t l e  i n t e r m e t a l l i c  p h a s e  and l a c k  o f  f l o w  o f  

t h e  b r a z i n g  a l l o y  were o b s e r v e d .  Vacuum b r a z i n g  o f  a c o p p e r - u r a n i u m  p i c t u r e -  

f rame as sembly  w i l l  be a t t e m p t e d  i n  a l a r g e r  f u r n a c e .  

Service Work of the MTR Group. The f o l l o w i n g  s e r v i c e  work was p e r f o r m e d  

b y  t h e  M T R  Group: 

1. . F o u r  l a r g e  p i e c e s  o f  347 s t a i n l e s s  s t e e l  were s t r e s s - r e l i e v e d  f o r  
t h e  C e n t r a l  Shops .  

2. F i v e  1 / 8 - i n .  s i l v e r  p l a t e s  were r o l l e d  f o r  Y-12. 

3. 

4 .  Two s m a l l  s h e e t s  o f  p l a t i n u m  were r o l l e d  t o  0 . 0 1 5  i n .  f o r  Y-12. 

T h r e e  cgdmium s h e e t s  were r o l l e d  t o  0 . 0 1 5  i n .  f o r  Y-12. 

5 .  Two p l a t e s  o f  1 / 4 - i n .  E o r a l  were r o l l e d  t o  1/8  i n .  f o r  t h e  
R e a c t o r  Techno logy  D i v i s i o n .  

Miscellaneous. A d d i t i o n a l  s e r v i c e  work p e r f o r m e d  f o r  v a r i o u s  d i v i s i o n s  

a t  ORNL and g r o u p s  w i t h i n  t h e  M e t a l l u r g y  D i v i s i o n  i n c l u d e s  t h e  f o l l o w i n g :  

1. , P r e p a r a t i o n  o f  two  m e l t s  o f  5% S i - 9 5 %  Fe  t o  b e  u s e d  b y  t h e  
P h y s i c s  D i v i s i o n - f o r  g rowing  s i n g l e  c r y s t a l s .  

2. P r e p a r a t i o n  o f  an i n g o t  o f  50% Fe-Co f o r  t h e  P h y s i c s  D i v i s i o n . .  

3. P r e p a r a t i o n  o f  U-Zn, P b - B i ,  and U - A 1  a l l o y s  f o r  l i q u i d - m e t a l s  
work. 

4.  * P r e p a r a t i o n  o f  a l l o y s  o f  s i l v e r  w i t h  C d ,  I n ,  S n ,  and S b  f o r  
i n t e r n a l  f r i c t i o n  measurements .  

5 .  P r e p a r a t i o n  o f  s a m p l e s  o f  Armco i r o n  w i t h  random o r i e n t a t i o n  
a n d  w i t h  a g r a i n  s i z e  o f  10 t o  20 m i c r o n s  f o r  t h e  P h y s i c s  
D i v i s i o n .  

6: F a b r i c a t i o n  o f  a number o f  c o p p e r  t u b e s  w i t h  an  i n t e r n a l  l a y e r  
o f  b i s m u t h  t o  b e  u s e d  a s  c o u n t e r  t u b e s  by t h e  H e a l t h  P h y s i c s  
D i v i s i o n . .  

7 .  F a b r i c a t i o n  o f  bne Cha lk  R i v e r  f u e l  a s sembly .  
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