
3 4 4 5 6  0 0 2 2 8 4 3  3 

METALLURGY D I V I S I O N  

QUARTERLY PROGRESS REPORT 

FOR PERIOD E N D I N G  JULY 31, 1 9 5 1  .. 

O A K  RIDGE NATIONAL LABORATORY 

CARBIDE A N D  CARBON CHEMICALS COMPANY 
OPERATED BY 

A DIVISION OF UNION CARBIDE AND CARBON CORPORATION '*\ , 

m 
4 Posr OFFICE BOX P 

OAK RIDGE. TENNESSEE 

i. 



7- 

ORNL- 1 1  08 
This  document c o n s i s t s  of  94 pages .  

Copy 7 of 140 c o p i e s .  S e r i e s  A. 

Contract  No. W-7405, eng  26 

METALLURGY DIVISION 

J. H. Frye,  J r . ,  D i r e c t o r  

QUARTERLY PROGRESS REPORT 

for Period Ending July31 ,1951  

E d i t e d  by: 

E. C. Mil ler  and W. H. B r i d g e s  

' Je\N 2 3 1952 Date  I s s u e d  

I 

OAK RIDGE NATIONAL LABORATORY i 
CARBIDE AND CARBON CHEMICALS COMPANY 

A D i v i s i o n  o f  Union Carbide and Carbon Corporation 
P o s t  Off ice Box P 

Oak Ridge ,  Tennessee 

3 4 4 5 6  0 0 2 2 8 4 3  3 
~~ 

ope r a t e d  by I 
~ 

I 

t ion  a f f e c t i n  



1 
2 - 3  

G. T. 
Chemis 

I 

-.J 

__ - -  ~ ' 1 
1 

4 P h y s i c s  Library 
5 B io logy  Librar  

i r a i n i  
Centra 
C. E. Center  
C. E. Larson 
W .  B. Humes I (  

w n I - - . - - -  
1 1 .  'U. 

t r y  Library 

S 
e r s  

47 
48  
49  

ng  3cnooi L i D r a r y  
1 F i l e s  

[K-2 5 

ORNL 1108 
Pro gres s 

en 
u - Y  

10713 
1 4  
15  
16 
17  
1 
1 
2 
2 
2 
2 
2 

r 2  
2 
2 
2 
2 ,  I . .  .."A UI . .U I  L 

30 M. T. Kel ley  
31 K .  Z .  Morgan 
32 LJ. S .  F e l t o n  
33 r A .  S.  Householder 
34 $C. S .  H a r r i l l  
35 C. E .  Winters  
36 D. S.  B i l l i n g t o n  68  R .  B. O l i v e r  
37 D. W .  Cardwell 6 9  P .  PatrGarca 

d e f i n e d  i n  t h e  A t o m i c  Enargy 

on 

'Y 



ORNL 1108 
Progress  

70 J. T. Howe 
71  T. H .  Blew' 

- -  
EXTERNAL DISTR-IBUTION 

80-82  A i r c r a f t :  Nuc2ear P r o p u l s i o n  

83-90  Argonne N a t i q n a l  Laboratory  
P r o j e c t ,  0'ak.Z R i d g e  

1 0  
104-7-07 Carbide and Carbon Chemicals  

108-109 Knol l sAtomic  Power Laboratory 
110-111 G e n e r a l  E l e c t r i c  Company,  

Company (Y-12)  

R i c h l a n d  

. "  . 
\* 

137-140 U n i v e r s i t y  o f  C a l i f o r n i a  
Rad i a  t i o n  Labor a tory  

i -  

F 
I 
f 

c 

a i n s i r e s t r l c t e d  data  a s  
Energy Act of 1946. 

-- x 

CAUT I ON 
T 's-document contalns lnformation a f f e c t i n g  
t kl e Nat iona l f f e - f errse -o fhe -Uni ted  S t a t e s .  
I t s  transmlsslon --or the d i s c l o s u r F - o Y C ~ - - -  
contents  i n  any manner t o  any unauthorized 
person is prohibited and may r e s u l t  in  severe 
criminal  penal t ies  under applicable Federal 

. . .  
111 



vs : 



1. 

2. 

3. 

3 1  

T A B L E  OF C O N T E N T S  

SUMMARY 

THORIUM RESEARCH PROGRAM 
Mechanica l  T e s t i n g  
P h y s i c a l  P r o p e r t i e s  

D e n s i t y  
C r y s t a l  S t r u c t u r e  

F a b r i c  a t i o n  
Swaging, r o l l i n g ,  and d rawing  
E x t r u s i o n  c l a d d i n g  o f  uranium and thor ium 

Thorium Al loy  Development 

PREFERRED ORIEBTATION AND ANISOTROPY I N  PROPERTIES OF METALS 

ANP PROGRAM 

C o r r o s i o n  T e s t i n g  
L i q u i d  m e t a l  c o r r o s i o n  
F lu0  r i  de  c o r r o s i o n  
Hydro x i  de  c o rr o s i  on 

F a b r i c a t i o n  group 
Hot r o l l i n g  
M e c h a n i c a l l y  formed m a t r i x  
Loose -powder bond i n  g 
Ru b be r s t a ti c p res s i n  g 
C o n t r o l  r o d s  
C l a d d i n g  b e r y l l i u m  o x i d e  
Comp a t i  b i  1 i t y 
R e f r a c t o r y  m e t a l s  

Stress  - r e l  a x a t  i on t e s t i n g  

Welding o f  i n c o n e l  
Mechanica l  p r o p e r t i e s  o f  we lds  
A1 1 - w e 1  d-m e t a1 t e n  s i  1 e t e  s t s 
I n s p e c t i o n  
C o r r o s i o n  o f  welds  
S p e c i a l  t e s t s  

Powder Met a1 l u  r gy L abo r a  t o  r y  

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

We1 d i  ng  Labo r a t o  ry 

Ceramics  La bo r a t o  r y  
P h y s i c a l  Chemis t ry  o f  L i q u i d  M e t a l s  

I n t e r a c t i o n  o f  s o l i d  and l i q u i d  m e t a l s  

T E C  

PAGE 
NO. 

1 

3 
3 
4 
4 
7 
7 
8 
8 

1 0  

1 2  

20 

20 
20 
27 
2 9  
33 
3 3  
33 
36 
37 
38  
47 
47 
48  
48 
48 
55 
55 
55 
55 
57 
58 
58 
58 
59 
6 1  
6 1  

V 



4. 

5. 

6 .  

7. 

8. 

9. 

v i  

X-RAY-DIFFRACTION LABORATORY 
R e c o v e r y  from C o l d  Work i n  C o p p e r  
Low-Tempera ture  X-Ray D i f f r a c t i o n  

TENSILE PROPERTIES OF PURE METALS 
The St ress -St ra in-Time C u r v e  a t  I n f i n i t e  Time 
E m p i r i c a l  S t ress ,  S t r a i n ,  S t r a i n  R a t e ,  Time R e l a t i o n s  i n  

Pure  Metals  

FUNDAMENTAL S’IUDIES OF ALLOYING 

METALLOGRAPHY OF ZIRCONIUM AND ITS ALLOYS 

FUEL ELEMENT FABRICATION 
I d a h o  U n i t s  
B u l k  S h i e l d i n g  F a c i l i t y  U n i t s  
LIlR U n i t  
RaLa U n i t s  

SERVICE WORK 
Mel t ing ,  C a s t i n g ,  a n d  F a b r i c a t i o n  F a c i l i t y  
R o l l i n g  M i l l  
X-Ray-Di f f  r a c  t i o n  L a b o r  a t  or y 
C r e e p  - Ru t u  re L a bo r a t o r y  

64  
64  
64 

66 
66 

67 

72 

77  

82 
82 
82 
82 
82 

83 
83 
83 
8 4  
84  



TABLE 
NO. 

1.1 

1.2 

1.3 

1.4 

1.5 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

7.1 

7.2 

L I S T  OF TABLES 

TITLE 

Effect of Strain Rate on Yield and Tensile Strength of  
Ames Thorium 

PAGE 
NO. 

3 

Tensile-Test Data for Ames Extruded Thorium 4 

Results of Torsion Tests on Various Materials 4 

Extrusion Cladding of Thorium 

Extrusion Cladding of Uranium 

9 

10 

Corrosion and Operational Data on Lead- and Lithium-Containing 
Thermal Convection Loops 22 

Summary of Fluoride Corrosion Data Obtained in 100 hr at 
1000°C (1830°F) 32 

Summary of Hydroxide Corrosion Data Obtained in 100-hr Tests 
at 815°C (1500°F) and 1000°C (1830°F) 40 

Summary of Results of Investigation on ZrOz  48 

Room-Temperature Tensile Properties of Inconel Tube-to-Header 
"Pairs" 57 

Inconel All-Weld-Metal Tensile Values 60 

Analyses for Gases in Crystal-Bar Zirconium 77 

Diamond Pyramid Hardness Values of Zirconium Alloys, 10 k g  Load 77 

vii 



GURES 

PAGE NO. 

wded Ames Thorium 

uded Ames Thorium 

lr P r e p a r a t i o n  o f  Small 

5 

6 

11 

!d G r a i n  S t r u c t u r e  i n  t h e  
-Diameter a - E x t r u d e d  Rod 

1 3  

; e l y  R e c r y s t a l l i z e d  G r a i n  
; L e n g t h  o f  %in .  -Diameter 

1 h r  a t  55OOC 

.10 ) - 1%-in .  -Diameter 

121) - W i n .  -Diameter 

102) - 1%- in .  -Diameter 

111) - 1%-in.  -Diameter 

112) - I%-in.  -D iame te r  

131) - 1%-in .  -Diameter 

140) - & - i n .  -Diameter 

1 0 0 )  - 1%- in .  -D iame te r  

141) - % i n .  -Diameter 

Steel  A f t e r  400 hr o f  

e t a 1  C r y s t a l s  A d j a c e n t  t o  
-Convect ion  Loop C o n t a i n i n g  

1 4  

1 5  

15 

16 

1 6  

1 7  

17 

18 

18 

1 9  

2 1  

24 

ET 



3.3 

3 .4  

3 .5  

3 . 6  

3 . 7  

3 . 8  

3 . 9  

3 . 1 0  

3 . 1 1  

3.12 

3 .13  

3.14 

3 . 1 5  

3 .16  

3 .17  

3 .18  

3 . 1 9  

3 .20  

Hot-Leg F a i l u r e  A f t e r  7 h r  o f  O p e r a t i o n  a t  1500°F o f  316 
S t a i n  1 ess Stee 1 Thermal -Convect ion  Loop C o n t a i n i n g  Le ad 25 

H i g h l y  Magn i f i ed  V i e w  o f  I n t e r n a l  S u r f a c e  o f  446 S t a i n l e s s  
S t e e l  Cold  L e g  from Thermal -Convect ion  Loop O p e r a t e d  
With Lead (Area  a t  Approximate ly  1300°F) 26 

V i e w  o f  Cold Zone o f  446 S t a i n l e s s  S t e e l  Loop Showing 
A t t a c k e d  S u r f a c e  and Metal C r y s t a l s  Which Form i n  Lead 
(Dark Areas) ,  Thereby  R e s t r i c t i n g  C o n v e c t i v e  Flow 27 

V i e w  o f  Cold-Zone Weld i n  1010 S tee l  Loop Showing Metal 
C r y s t a l  Format ion  A d j a c e n t  t o  P i p e  Wall Covered wi th  
I r o n  Oxide ,  Presumably  Formed Dur ing  Loop F a b r i c a t i o n  28 

a Na-Be-U T e r n a r y  F l u o r i d e  Mix tu re  a t  1000°C 29  
S u r f a c e  o f  N i c k e l  A Specimen A f t e r  100 h r  o f  Exposure  To 

S u r f a c e  o f  310 S t a i n l e s s  Steel  Specimen A f t e r  100 h r  o f  
Exposure  t o  a Na-Be-U F l u o r i d e  Mix tu re  a t  1000°C 30  

S u r f a c e  o f  H a s t e l l o y  B Specimen A f t e r  100 h r  o f  Exposure  
t o  a Na-Be-U F l u o r i d e  M i x t u r e  a t  1000°C 3 1  

S u r f a c e  o f  I n c o n e l  A f t e r  100  h r  o f  Exposure  a t  1000°C 
t o  3NaF*UF4 33 

a t  1000°C t o  3NaF*UF4 34 

S t r o n t i u m  Hydroxide  a t  1000°C 35  

S u r f a c e  o f  347 S t a i n l e s s  S t ee l  A f t e r  100  h r  o f  Exposure  

S u r f a c e  o f  I n c o n e l  Specimen A f t e r  100 h r  o f  Exposure  t o  

S u r f a c e  o f  I n c o n e l  Specimen S e v e r e l y  O x i d i z e d  A f t e r  100 h r  
o f  Exposure  t o  Sodium Hydroxide  a t  815°C (1500O) 36 

3 7  
S u r f a c e  o f  I n c o n e l  Specimen A f t e r  100 h r  o f  Exposure  t o  

Sodium Hydroxide  + 3% Sodium H y d r i d e  a t  815°C (1500°F) 

S u r f a c e  o f  N i c k e l  A A p p a r e n t l y  U n a t t a c k e d  A f t e r  1 0 0  h r  o f  
Exposure  t o  Sodium Hydroxide  a t  815OC (1500°F) 38  

S u r f a c e  o f  304 S t a i n l e s s  Steel  A f t e r  100 h r  o f  Exposure  
t o  Bar ium Hydroxide  a t  1000°C 39  

E f f e c t  o f  C o l d - R o l l i n g  30% U0,-70% 302 S t a i n l e s s  S tee l  
( -325  Mesh) 42 

43 

44 

E f f e c t  o f  C o l d - R o l l i n g  30% U0,--70% I r o n  ( 1 0  p)  

E f f e c t  o f  UO, P a r t i c l e  S i z e  

E f f e c t  o f  S u r f a c e  P r e p a r a t i o n  on t h e  Bonding o f  Loose 
Powders C o n t a i n i n g  UO, t o  a 316 S t a i n l e s s  S tee l  P l a t e  45 



3 . 2 1  

3.22 

3.23 

3.24 

3 . 2 5  

3.26 

3 .27  

3 .28  
3 .29  

3 .30  

3 . 3 1  

4.1 

5 . 1  

5.2 

5.3 

7 . 1  

7 .2  

7 . 3  

7 . 4  

D i f f e r e n c e  i n  S i n t e r i n g  i n  S t a c k  o f  E leven  316 S t a i n l e s s  
Steel  P l a t e s  w i t h  Bonded Powder 46 

R u b b e r s t a t i c  Die Assembly 47 

Four o f  t h e  E i g h t  I n s t a l l a t i o n s  f o r  Creep  T e s t i n g  i n  
Vacuum 4 9  

U n i t s  50 

C e n t r a l i z e d  I n s t r u m e n t  P a n e l  i n  Creep  L a b o r a t o r y  51 

Furnace  f o r  Creep-Rupture  T e s t i n g  i n  Vacuum or I n e r t  

f o r  Creep  T e s t i n g  i n  P u r i f i e d  Argon 

Atmosphere 52 

53 E u t e c t i c  M e l t i n g  o f  Uranium i n  C o n t a c t  w i th  Fe-Ni-Cr A l l o y s  

S t r a i n - T i m e  Curves  f o r  N a t u r a l  Uranium 54 
R e l a x a t i o n  Curves  o f  316 S t a i n l e s s  S t ee l  a t  1500'F 56 

F a t  i que - Te s t i n  g App a r  a t u  s 58 

E f f e c t  o f  P e n e t r a t i o n  on F a t i g u e  L i f e  o f  I n c o n e l  Tube - to -  
Header  J o i n t s  59 

Root-Mean-Square Change i n  Length  vs .  Length  f o r  Cold-  
Worked Copper F i l i n g s  Dur ing  Recovery 64 

T r u e  S t r e s s - N a t u r a l  S t r a i n  Diagram, L o g a r i t h m i c  66 

Creep  Curves  o f  OFHC Copper 6 9  

R e l a t i o n s  Between Creep  C u r v e s  and Leve l  Curves  o f  t h e  
( Q ) ~  S u r f a c e  7 0  

1 - i n .  West inghouse  C r y s t a l  B a r  a s  Rece ived  7 8  

Z i rcon ium C r y s t a l  Bar 7 9  

Z i rcon ium-Nicke l  A l l o y ,  2.07 w t  % N i c k e l  80 

Zi rconium-Nickel  A l l o y ,  4.08% N i c k e l  8 1  

X 



. .  

SUMMARY 

The  e f f e c t  o f  s t r a i n  r a t e  on t h e  
t e n s i l e  p r o p e r t i e s  of  t ho r ium is  b e i n g  
i n v e s t i g a t e d .  I t  h a s  been found t h a t  
t h e  y i e l d  s t r e n g t h  i n c r e a s e s  s l i g h t l y  
w i t h  i n c r e a s i n g  s t r a i n  r a t e ,  and  t h a t  
t e n s i l e  s t r e n g t h  i n c r e a s e s  b u t  t o  a 
l e s s  e x t e n t .  The  s h e a r  m o d u l u s  h a s  
been d e t e r m i n e d  t o  be 4 . 2 6  x l o 6  p s i .  
A p r e c i s i o n  measurement o f  t h e  l a t t i c e  
p a r a m e t e r o f  i o d i d e - p r o c e s s  tho r ium h a s  
been  made, g i v i n g  a v a l u e  o f  5 .0871 -I 
0 . 0 0 0 2  A .  S t u d i e s  on t h e  f a b r i c a t i o n  
o f  t h o r i u m  by e x t r u s i o n  a n d  d r a w i n g  
have c o n t i n u e d ,  a s  have s t u d i e s  on t h e  
e x t r u s i o n  c l a d d i n g  o f  t h ' o r i u m  a n d  
uranium w i t h  z i r con ium.  

I n  o r d e r  t o d e t e r m i n e  whe the r  o r  n o t  
t h e  t y p e  o f  p r e f e r r e d  o r i e n t a t i o n  
deve loped  i n  a - e x t r u d e d  u r a n i u m r o d w a s  
d e p e n d e n t ,  o n  t h e  a c t u a l  e x t r u s i o n  
t e m p e r a t u r e ,  X - r a y - d i f f r a c t i o n  s t u d i e s  
were made of  comple t e ly  r e c r y s t a l l i z e d  
and u n r e c r y s t a l l i z e d  e x t r u d e d  uranium. 
T h e  r e s u l t s  show t h a t  t h e  t e x t u r e  
d e v e l o p e d  u p o n  d e f o r m a t i o n  i s  n o t  
a lways  r e t a i n e d  upon r e c r y s t a l l i z a t i o n .  

The 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 e t a l s  and  a l l o y s  i n  l i q u i d  s o d i u m ,  
l e a d ,  a n d  l i t h i u m  a n d  i n  m o l t e n  
f l u o r i d e s  a n d  h y d r o x i d e s  h a s  b e e n  
c o n t i n u e d .  The i n t e r a c t i o n  o f  sodium 
w i t h  3 1 6  s t a i n l e s s  s t e e l  a p p e a r s  
n e g l i g i b l e  d u r i n g  s t a t i c  t e s t i n g .  
T h e  t e s t i n g  o f  t h e  m o l t e n  m e d i a  i n  
t h e r m a l  c o n v e c t i o n  l o o p s  c o n t i n u e s  t o  
b e  p l a g u e d  b y  f a i l u r e s  o t h e r  t h a n  
c o r r o s i o n .  

T h e  i n v e s t i g a t i o n  o f  m e a n s  o f  
f a b r i c a t i o n  o f  s o l i d  f u e l  e l e m e n t s  by 
p o w d e r  m e t a l l u r g y  t e c h n i q u e s  h a s  
p r o g r e s s e d .  Only minor  s e g r e g a t i o n  o f  
UO, i n  an  i r o n  matr ' ix was n o t e d  a f t e r  

h o t  r o l l i n g .  S t a i n l e s s  s t e e l  m a t r i c e s ,  
on  t h e  o t h e r  h a n d ,  d i s p l a y e d  c o n -  
s i d e r a b l e  s e g r e g a t i o n .  R u b b e r s t a t i c  
p r e s s i n g  h a s  been added as  a t e c h n i q u e  
f o r  t h e  f a b r i c a t i o n  o f  f u e l  e l e m e n t s  
and c o n t r o l  r o d s .  

The Creep  L a b o r a t o r y  i s  e s s e n t i a l l y  
c o m p l e t e .  The  s t u d y  o f  t h e r m o c o u p l e  
s t a b i l i t y  i n  vacuum h a s  shown t h a t  
chromel-a lumel  c o u p l e s  g i v e  c o n s i s t e n t  
c h e c k s  w i t h  c o n t r o l  a n d  r e f e r e n c e  
t e m p e r a t u r e s ,  whereas  i r o n - c o n s t a n t a n  
and platinum-lO% rhodium c o u p l e s  gave 
e r r a t i c  r e s u l t s .  Some p r e l i m i n a r y  
r e s u l t s  have been o b t a i n e d  on u ran ium,  
tho r ium,  316 s t a i n l e s s  s t e e l ,  i n c o n e l ,  
and columbium. 

The e v a l u a t i o n  o f  we lded  t u b e - t o -  
h e a d e r  j o i n t s  o f  i n c o n e l  h a s  r e c e i v e d  
c o n s i d e r a b l e  a t t e n t i o n .  T e s t s  i n  
t e n s i o n  h a v e  shown t h a t  t h e  j o i n t  i s  
o f  t h e  same o r d e r  o f  magn i tude  a s  t h e  
o r i g i n a l  m a t e r i a  1,  t h e  f a i l u r e s  
o c c u r r i n g  i n  t h e  zone a d j a c e n t  t o  t h e  
weld.  A r o t a t i n g  t u b u l a r  beam f a t i g u e  
t e s t  a p p a r a t u s  h a s  been d e v e l o p e d ,  and 
p r e l i m i n a r y  t es t s  show t h a t  j o i n t s  w i t h  
c o m p l e t e  p e n e t r a t i o n  h a v e  b e t t e r  
f a t i g u e  l i f e  t h a n  j o i n t s  w i t h  70% 
pene t r a  t i o n .  

T h e  e s t a b l i s h m e n t  o f  a c e r a m i c s  
l a b o r a t o r y  h a s  p r o c e e d e d  s a t i s -  
f a c t o r i l y .  B a s i c  r e s e a r c h ,  e n g i n e e r i n g  
d e v e l o p m e n t ,  and s e r v i c e  work w i l l  be 
done.  

I n  t h e  r e s e a r c h  on t h e  f u n d a m e n t a l s  
o f  l i q u i d  m e t a l - - s o l i d  m e t a l  i n t e r -  
a c t i o n ,  t h e  i m m e r s i o n  o f  c o p p e r  i n  
l i q u i d  b i s m u t h  h a s  r e s u l t e d  i n  t h e  
d e p o s i t i o n  o f  c o p p e r  c r y s t a l s  removed 

_ f rom t h e  spec imen .  T h i s  m i g h t  be t h e  

1 



ORT 

1 be s t u d i e d  i n  t h e  p u r e  
e l l  a s  i n  t h e  form o f  t h e i r  
h o t h e r  e l e m e n t s .  

t a l l o g r a p h y  l a b o r a t o r y  h a s  
s e v e r a l  o t h e r  i n s t a l l a t i o n s  

e m e t a l l o g r a p h y  o f  z i rcon ium 
l o y s .  Zirconium a l l o y e d  w i t h  
d w i t h  t u n g s t e n  i s  b e i n g  
e r e .  Thus  f a r  t h e  n i c k e l  
o 4 . 0 8 %  by w e i g h t  o f  n i c k e l  
i n  v a r i o u s  w a y s  h a s  b e e n  



FOR P E R I O D  ENDING JULY 3 1 ,  1 9 5 1  

SPECIMEN NO. 

1. THORIUM RESEARCH PROGRAM 

STRAIN RATE YIELD STRENGTH, 0 .2% OFFSET TENSILE STRENGTH 
( i n .  /min)  ( p s i )  ( p s i )  

MECHANICAL TESTING 

A m e s  t h o r i u m  was t e s t e d  a t  v a r i o u s  
r a t e s  o f  l o a d i n g  t o  d e t e r m i n e  t h e  
e f f e c t  o f  s t r a i n  r a t e  upon t h e -  t e n s i l e  
p r o p e r t i e s  o f  t h e  metal .  The a n a l y s i s  
o f  t h e  p a r t i c u l a r  l o t  o f  m e t a l  u s e d  
f o r  t h e s e  t e s t s  w a s  a s  f o l l o w s :  
c a r b o n  0.15%, b e r y l l i u m  0 .3%,  s i l i c o n  
0.4%, thor ium 98.7%. S h e e t - m e t a l  t ype  
spec imens  0.226 i n .  t h i c k  and 0 .500  i n .  
w i d e  were  m a c h i n e d  f r o m  c o l d - r o l l e d  
s h e e t  and f u l l y  a n n e a l e d  by h e a t i n g  a t  
a t e m p e r a t u r e  of  750°C f o r  % h r .  T e s t s  
were  made a t  s t r a i n  r a t e s  o f  0 . 0 1 ,  
0 . 0 5 ,  and  0 . 2 0  i n . / m i n .  None o f  t h e  
s p e c i m e n s  s h o w e d  a d e f i n i t e  y i e l d  
p o i n t .  The y i e l d  s t r e n g t h ,  c a l c u l a t e d  
a t  0 .2% o f f s e t ,  w a s  found t o  i n c r e a s e  
s l i g h t l y  w i t h  i n c r e a s i n g  s t r a i n  r a t e .  
The  t e n s i l e  s t r e n g t h  w a s  a f f e c t e d  t o  
an  even  less  e x t e n t  by t h e  s t r a i n  r a t e ,  
t h e  g r e a t e r  s t r a i n  r a t e s  r e s u l t i n g  i n  
h i g h e r  v a l u e s  o f  t e n s i l e  s t r e n g t h .  
T h e  d a t a  a r e  g i v e n  i n  T a b l e  1.1. 

D u r i n g  t h e  i n v e s t i g a t i o n  o f  f a b r i -  
c a t i o n  t e c h n i q u e s  f o r t h o r i u m ,  t e n s i l e -  
t e s t  spec imens  were p r e p a r e d  from e a c h  
e x t r u s i o n  of  t h o r i u m  r o d  by m a c h i n i n g  

t h e  e x t r u d e d  rod  and a n n e a l i n g  a t  75OoC 
f o r  X h r .  T h e  r e s u l t s  o f  t e s t s  on  
t h e s e  spec imens  were i n t e n d e d  t o  p r o -  
v i d e  one means of  e v a l u a t i n g  e x t r u s i o n  
c o n d i t i o n s .  

The spec imens  were t e s t e d  a t  a con-  
s t a n t  c r o s s - h e a d  s p e e d  o f  0 . 1  in . /min .  
No c o r r e l a t i o n  between t e n s i l e  p r o p e r -  
t i e s  a n d  e x t r u s i o n  c o n d i t i o n s  w a s  
f o u n d ,  b u t  t h e  t e n s i l e  p r o p e r t i e s  of  
t h e  e x t r u d e d  m a t e r i a l  showed a d e f i n i t e  
r e l a t i o n  t o  t h e  o r i g i n a l  i n g o t s  f rom 
which t h e  e x t r u s i o n s  were made. Analy-  
ses o f  t h e  v a r i o u s  l o t s  o f  m a t e r i a l  
a r e  b e i n g  made t o  d e t e r m i n e  t h e  c a u s e  
o f  t h e  w i d e  v a r i a t i o n  o f  s t r e n g t h  
found i n  t h e  d i f f e r e n t  spec imens .  The 
t e n s i l e  d a t a  f o r  t h e s e  s p e c i m e n s  a r e  
shown i n  T a b l e  1 . 2 .  The  f r a c t u r e d  
s p e c i m e n s  a r e  shown i n  F i g s .  1.1 a n d  
1 . 2 .  

T h e  t o r s i o n  m a c h i n e  u s e d  i n  d e -  
t e r m i n i n g  s h e a r  m o d u l u s  h a s  b e e n  
m o d i f i e d  t o  p e r m i t  m o r e  a c c u r a t e  
m e a s u r e m e n t  o f  t w i s t .  An a v e r a g e  
v a l u e  o f  4 .26  x 10'  w a s  o b t a i n e d  f o r  
t h e  s h e a r  m o d u l u s  o f  A m e s  t h o r i u m .  
T h e  d a t a  a r e  shown i n  T a b l e  1 . 3 .  

TABLE 1 . 1  

Effect  o f  S t r a i n  Rate on Y i e l d  and T e n s i l e  S t r e n g t h  of A m e s  Thorium 

I I 
I 

0.20 
0 .05  
0 .05  
0 .01  

2 5 , 4 0 0  
23 , 000 
21  , 600 
20 , 900 

I 
3 6 , 5 0 0  
34 ,600  
34 , 600 
3 3  , 200 

I I I 
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EXPERIMENTAL 
VALUE 

11,540,000 
11,300,000 
11,250,000 
11,360,000 

3 , 860 , 000 
3 ,8  50,000 
3,855,000 

4,210,000 
4,270,000 
4,300,000 
4,260,000 

SPECIMEN 
NO. 

HANDBOOK 
VALUE 

11,700,000 

3,850,000 

223A 
222c 
227A 
234.4 
231A 
231B 
231c1 
2 3 1C2 
239C1 
239D2 
239D 
239B 
239A 

TABLE 1 . 2  

T e n s i l e - T e s t  Data f o r  A m e s  Extruded Thorium 

ELONGATION 
( X) 

50 
52 
51 
52 
54 
48 
50 
52 
48 
46 
49 
48 
49 

REDUCTION 
I N  AREA 

( %) 

7 5  
7 1  
7 4  
7 4  
74  
7 4  
7 1  
7 3  
70 
70 
72  
65 
69 

YIELD POINT 
( p s i )  

22,100 
20,750 
21,100 
22,700 
28,000 
27,500 
27 ,600  
27,400 
33,100 
31,900 
31 ,400  
32,100 
31,300 

TABLE 1 . 3  

R e s u l t s  of Tors ion Tests on 
Various Materials 

SHEAR MODULUS ( p s i )  

MATERIAL 

Stee l  
S t ee l  
Steel 

Average 

AI uminum 
AI uminum 

Average 

Ames thorium 
Ames thorium 
Ames thorium 

Average 

TENSILE STRENGTH 
( p s i )  

30 ,500  
30,300 
29,800 
31, 100 
34,200 
34 ,800  
34,300 
34,500 
38,200 
38 ,900  
37,800 
38,800 
39,000 

AVERAGE TRUE BREAKING 
STRENGTH 

( p s i )  

58,000 
60 ,300  
52 ,000  
58,000 
72 ,500  
7 5 ,000  
64 ,300  
72 ,300  
77 ,500  
79 ,400  
73 ,300  
70 ,500  
78 ,500  

S t e e l  and  aluminum s p e c i m e n s  were 
t e s t e d  t o  c h e c k  t h e  known v a l u e s  o f  
s h e a r  m o d u l u s  f o r  t h e s e  m a t e r i a l s .  
T h e  a v e r a g e  e x p e r i m e n t a l  v a l u e  o f  
s h e a r  modulus  f o r  s t e e l  w a s  a b o u t  37% 
be low t h e  ASM M e t a l s  Handbook ( 1 9 4 8 )  
v a l u e ,  w h i l e  t h e e x p e r i m e n t a l  v a l u e  f o r  
a luminum a g r e e s  a l m o s t  e x a c t l y  w i t h  
t h e  handbook  v a l u e .  

PHYSICAL PROPERTIES 

D e n s i t y .  T h e  d e n s i t y  o f  v a r i o u s  
t y p e s o f  tho r ium a f t e r  d i f f e r e n t  t r e a t -  
m e n t s  w a s  d e t e r m i n e d  by i m m e r s i o n .  
T h e  s a m p l e s  w e r e  w e i g h e d  i n  c a r b o n  
t e t r a c h l o r i d e  or d i s t i l l e d  w a t e r  and  
t h e n  weighed i n  a i r ,  t h e  d i f f e r e n c e  i n  
w e i g h t  b e i n g  t h e  w e i g h t  o f  a n  e q u a l  
vo lume  o f  t h e  l i q u i d .  I f  M a  i s  t h e  

4 i 
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Fig. 1.1 - Broken Tensile Specimens of Extruded Ames Thorium. 
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Fig. 1.2 - Broken Tensile Specimens of Extruded Ames Thorium. 

UNCLAS-SIFIED 



FOR PERIOD ENDING JULY 3 1 ,  1951 

w e i g h t  i n  a i r  a n d  M t h e  w e i g h t  i n  
f l u i d ,  t h e n  Ma - M f  = M, where  M, i s  
t h e  w e i g h t  o f  a n  e q u a l  v o l u m e  o f  
l i q u i d .  Thus t h e  r e l a t i v e  d e n s i t y  i s  

f 

M , / ( M ,  - M f ) .  

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

DENSITY 
(g /cc)  

A m e s  c a s t  thorium 1 1 . 6 3 2  
Ames c o l  d-1-01 1 ed thorium 11.638 
A m e s  extruded thorium 1 1 . 6 4 4  
I o d i d e - p r o c e s s  d e p o s i t e d  

thorium 11.490 
I o d i d e - p r o c e s s  arc-me1 t e d  

thorium 1 1 . 6 6 4  
Iodide-  r o c e s s  arc-me1 t e d  

and royl ed thorium 11.750 
Westinghouse s i n t e r e d  

t h o  r i um ' 10.354 

A p r e c i s i o n  l a t t i c e  p a r a m e t e r  
measurement  of  i o d i d e - p r o c e s s  t h o r i u m  
was  made by B. S. B o r i e  who r e p o r t e d  
a v a l u e  o f  5 . 0 8 7 1  rf: 0 . 0 0 0 2  A a t  a 
t e m p e r a t u r e  o f  26.2'C. The t h e o r e t i -  
c a l  d e n s i t y ,  c a l c u l a t e d  u s i n g  t h i s  
v a l u e  for A,,  w a s  found  t o  be 1 1 . 7 1 0  
g / c c  - 

Crystal S t r u c t u r e .  T h o r i u m i s  f a c e -  
c e n t e r e d - c u b i c  w i t h  l a t t i c e  p a r a m e t e r  
o f  5 .0871  f 0.0002 A a t  a t e m p e r a t u r e  
o f  2 6 . 2 " C .  A p r e c i s i o n  l a t t i c e  
p a r a m e t e r  measu remen t  w a s  made u s i n g  
i o d i d e - p r o c e s s  t h o r i u m  which had been 
a r c - m e l t e d  and r o l l e d  i n t o  s h e e t .  The 
s h e e t  was vacuum-annea led ,  and powder 
was p r e p a r e d  by f i l i n g .  The f i l i n g s  
were p a s s e d  t h r o u g h  a 100-mesh s c r e e n  
a n d  t h e n  a n n e a l e d  f o r  $4 h r  a t  750°C 
and  f u r n a c e - c o o l e d .  A D e b y e - S c h e r r e r  

n e e d l e  was p r e p a r e d  w i t h  Duco cement ,  
a n d  t h e  d i f f r a c t i o n  p a t t e r n  was r e -  
c o r d e d  w i t h  a N o r t h  Amer ican  P h i l i p s  
114.6-mm c a m e r a .  Room t e m p e r a t u r e  
d u r i n g  t h e  e x p o s u r e w a s  r e c o r d e d  a t  t h e  
c a m e r a  w i t h  a m e r c u r y  t h e r m o m e t e r .  
Copper K a  r a d i a t i o n  (Aa = 1 .54050  A ,  
A = 1 . 5 4 4 3 4  A )  f i l t e r e d  t h r o u g h  
n i c k e l  f o i l  was used .  

1 

a 2  

The a d o u b l e t  w a s  o b s e r v e d  t o  be 
r e s o l v e d  f o r  t h e  440 ,  531 ,  6 0 0 ,  6 2 0 ,  
and  533  l i n e s .  

The v a l u e s  f o r  28  f o r  t h e s e  l i n e s  
were measured  w i t h  a t r a v e l i n g  m i c r o -  
s cope  and c o r r e c t e d f o r  f i l m  s h r i n k a g e .  
These  d a t a  were used  t o  make a g r a p h i -  
c a l  e x t r a p o l a t i o n  by t h e  m e t h o d  o f  
B r a d l e y  and Joy. The l a t t i c e  p a r a m e t e r  
was d e t e r m i n e d  a s  5.0871 rf: 0 . 0 0 0 2  A 
a t  26.2'C. 

FABRICATION 

An i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  
p r e w o r k i n g  upon t h e  e x t r u s i o n  o f  A m e s  
thor ium w a s  begun by e x t r u d i n g  b i l l e t s  
w h i c h  h a d  been  f o r g e d  or p r e v i o u s l y  
e x t r u d e d .  B o t h  r o d  a n d  t u b i n g  w e r e  
e x t r u d e d  f r o m  f o r g e d  a n d  e x t r u d e d  
b i l l e t s  w i t h  no n o t i c e a b l e  improvement 
i n  t h e  s u r f a c e  q u a l i t y  of t h e  e x t r u d e d  
m a t e r i a l .  Four c a s t  Ames i n g o t s  4 i n .  
i n  d i a m e t e r  were f o r g e d  i n t o  3 - i n . -  
d i a m e t e r  b i l l e t s  a t  B a t t e l l e  Memorial  
I n s t i t u t e .  The f o r g e d  b i l l e t s  w e r e  
e x t r u d e d  i n t o  r o d  X I  7 / 8 ,  and  1 i n .  
i n  d i a m e t e r  and  i n t o  t u b i n g  7 / 8  i n .  
0 . d .  by 5 / 8  i n .  i . d .  T h e r e  a p p e a r e d  
t o  be l i t t l e  i f  any improvement i n  t h e  
e x t r u s i o n  produced  f r o m a  f o r g e d  b i l l e t  
a s  compared  t o  a c a s t  b i l l e t .  A m e s  
c a s t  b i l l e t s  4 i n .  i n  d i a m e t e r  were 
e x t r u d e d  i n t o  2 % - i n . - d i a m e t e r  b a r s .  
T h e s e  b a r s  were c u t  i n t o  a b o u t  4 - i n .  
l e n g t h s  f o r  f u r t h e r  e x t r u s i o n .  These  

7 
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r u d e d  i n t o  
i b i n g ,  a n d  
i n .  0 . d .  by 

made unde r  
w i t h  t h o s e  

. r u s i o n s  o f  
A 1  t h o u g h  

t e d  i n  t h e  
11t o f  t h e  
' u c t u r e ,  no  
, ed .  

s were e x -  
3 c t angu  1 a r  
ck .  T h e s e  
p a r t i c u l a r  

. - i e n c e d  i n  
ty d e s i r e d  

rawing.  A 
s t a l l e d  on 
l a t i o n  p r o -  
2 . 5  t o  4 0  

t i ned  which 
ima te ly  25% 
r t o  0 . 0 0 5  
i d i e s  w i l l  
i t u r e .  No 
t i o n  w i t h  

ranium and 
ng u ran ium 
c o n n e c t  i o n  

o r k .  How- 
: t o  c h e c k  
e d  be tween 
l a d d i n g  o f  
c h a n g e  i n  
s o l i d  r o d s .  

r l y  P r o g r e s s  
951, mL-1033 

D a t a  f r o m  t h e  e x t r u s i o n  o f  f i v e  
z i r c o n i u m - l i n e d  t h o r i u m  t u b e s  a r e  
p r e s e n t e d  i n  T a b l e  1 . 4 .  Good t u b e  
s u r f a c e s  were o b t a i n e d  by e x t r u s i o n  o f  
t h e  tho r ium-z i r con ium b i l l e t s  a t  850°C. 
A l t h o u g h  good s u r f a c e s  w e r e  o b t a i n e d  
on t h e  t h o r i u m  a t  l ower  t empera  t u r e s ,  
t h e  z i r c o n i u m  appea red  t o  have  more o f  
a t e n d e n c y  t o  s e i z e  t h e  m a n d r e l .  No 
t e s t s  o f  t h e  bond be tween t h e  t h o r i u m  
a n d  z i r c o n i u m  h a v e  b e e n  c a r r i e d  o u t  
e x c e p t  t o  c o n d u c t  a b a c k - b e n d  on one  
s a m p l e .  T h i s  s a m p l e  w a s  r e v e r s e d  
t h r o u g h  a p p r o x i m a t e l y  120" b e f o r e  t h e  
s a m p l e  b r o k e ,  b u t  t h e  t r e a t m e n t  d i d  
n o t  s t r i p  t h e  z i r c o n i u m  f r o m  t h e  
t h o r i u m .  

T h e  t h o r i u m - z i r c o n i u m  e x t r u s i o n  
b i l l e t s  c o n s i s t e d  o f  a s t a n d a r d  3 - i n .  
c a s t  t h o r i u m  b i l l e t  w i t h  a 1 - i n . -  
d i a m e t e r  z i r c o n i u m  c o r e .  The  p a r t s  
were c l e a n e d  i n d i v i d u a l l y  i n  a d e -  
g r e a s e r ,  d r i e d ,  and  t h e n  f o r c e d  t o -  
g e t h e r  and  we lded  i n  a d r y  box u n d e r  
a n  a r g o n  a t m o s p h e r e .  T h i s  a s s e m b l y  
p r o c e d u r e  p r o v i d e s  a r e l a t i v e l y  c l e a n  
i n t e r f a c e  b e t w e e n  t h e  z i r c o n i u m  a n d  
t h o r i u m  a n d  p r e s e n t s  t h e  p o s s i -  
b i l i t y  o f  s a l t  a d m i s s i o n  d u r i n g  t h e  
s a l t - b a t h  h e a t i n g  p e r i o d .  

D a t a  f r o m  t h e  e x t r u s i o n  o f  f o u r  
z i r c o n i u m - l i n e d  u ran ium t u b e s  and one  
z i r c o n i u m - c l a d  u r a n i u m  r o d  a r e  p r e -  
s e n t e d  i n  T a b l e  1 . 5 .  The  e x t r u s i o n  
b i l l e t s  w e r e  p r e p a r e d  i n  t h e  s a m e  
manner a s  t h e  tho r ium-z i r con ium b i l l e t s .  
However ,  t h e  u r a n i u m - z i r c o n i u m  bond 
a p p e a r s  t o  be more d i f f i c u l t  t o  make 
t h a n  t h e  t h o r i u m - z i r c o n i u m  bond ,  and  
i t  r e q u i r e s  more c a r e  i n  t h e  p r e p a r a -  
t i o n  o f  t h e  b i l l e t .  T h i s  i s  p r o b a b l y  
due  t o  t h e  lower  e x t r u s i o n  t e m p e r a t u r e  
a n d  t h e  i n c r e a s e d  o x i d a t i o n  o f  t h e  
u r a n i u m .  E l e c t r o p o l i s h i n g  o f  t h e  
u r a n i u m  a p p e a r s  t o  have  improved  t h e  
bond o b t a i n e d  from one e x t r u s i o n ,  and  



BILLET 
NO. 

241-3 

241-A4 

234-32 

228-A2 

228-A3 

BILLET 
SIZE 
( i n . )  

3 x 3-9/16 

3 X 3-1/2 

3 x 4-7/16 

2-1/2 x 4 

2-1/2 x 4 

TEMPERAIURE 
("C) 

725 

725 

800 

850 

8 50 

HEATING 
TIME 

3 hr 70 min 

1 hr 30 min 

3 hr  35 min 

1 hr 40 min 

1 hr  44 min 

TABLE 1.4 

Extrusion Cladding of Thorium 

EX'IRUSION 
SIZE 
( i n . )  

7/8 x 5/8 

7/8 x 1/2 

v a  x 318 

7/8 x 3/8 

1/8 x 3/8 

REDUCTION 
RATIO 

22.7/1 

l6 .8/1 

13.9/1 

9.3/1 

9.3/1 

SPEED 
( f t /min) 

72 

31 

38 

33 

35 

_ 

DIE TYPE 

No Bell 

30' Bell 

30' Bell 

15' Bell 

15' Bell 

EXTERIOP 
SURFACE 
QUALITY 

Excel 1 en 

Good 

Gmd 

G o d  

Good 

INTERIOR 
SURFACE 
QUALJTY 

Fair  

Fair  

Fair  

Good 

Good 

REMARKS 

Sample taken from center of  
rod took 120° back-bending be- 
fo re  breaking; zirconium did 
no t  s t r i p  from thorium 

B i l l e t  was heated i n  Ex-0-Gas 
atmosphere a f t e r  being coated 
with sodium s i l i c a t e  and 
graphite: thorium surface 
appeared about same a s  usual 
from s a l t  bath 

lhis zirconium core was d r i l l e d  
9/16 in.  diameter fo r  X in. 
diameter bore but was extruded 
3/13 in. bore owing t o  f a i l u r e  
of S i n .  mandrel i n  previous 
extrusion; the r e l a t ive  flow 
of zirconium and thorium was 
e r r a t i c ;  bend appears f a i r  

Bend between thorium and z i r -  
conium appears t o  be good, but 
zirconium cladding was thick on 
both ends even though zirconium 
core was 1 in. shorter  than 
thorium b i l l e t  

Extrusion good except fo r  uneven 
thickness of zirconium cladding 

rrl 
0 a 
a m 
15 
H 
0 
b 

2 
6, 
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TABLE 1.5 

Extrusion Cladding of Uranium 

- 
BILLET 
NO. 

704-1 

704-2 

704-3 

105-4 

None 

- 

BILLET 
SIZE 
( i n . )  

3x4 

3x4 

3X 2-3/4 

3x 3-118 

3 x 3-3/4 

575 

515 

600 

600 

620 

- 

HWTIK TIME 

3 hr 10 min 

3 hr 15 m i n  

25 min 

2 hr 45 min 

2 hr 23 min 

EXlRUSIoN 
SIZE 
( i n .  1 

1/0 X 5/0 

718 x 112 

3/4 x 1/2 

3/4 X 3/0 

3/4 

3ELIUTION 
RATIO 

22.1/1 

16.0/1 

zi.a/i 

20.6/1 

16/1 

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

N o  a t t e m p t  h a s  been made t o  c o n t r o l  
t h e  t h i c k n e s s  o f t h e  z i r c o n i u m c l a d d i n g .  
The t h i c k n e s s  o f  c l a d d i n g  on b o t h  t h e  
u r a n i u m  and t h o r i u m  h a s  v a r i e d  c o n -  
s i d e r a b l y  from l e a d i n g  t o  l a g g i n g  end 
o f  t h e  e x t r u s i o n  p roduced .  C o n t r o l  of 
t h i s  v a r i a b l e  t h i c k n e s s  w i l l  be  a t -  
t e m p t e d  when s a t i s f a c t o r y  b o n d s  a r e  
p r o d u c e d .  

THOR IUM ALLOY D EVE LOP ME NT 

I n  o r d e r  t o  b e c o m e  t h o r o u g h l y  
f a m i l i a r  w i t h  t h e  m e t a l  thor ium and i t s  
e x i s t i n g  a l l o y s ,  a s e a r c h  was made o f  
t h e  a v a i l a b l e  t e c h n i c a l  l i t e r a t u r e  
d e a l i n g  w i t h  t h e  p r o p e r t i e s a n d  c h a r a c -  
t e r i s t i c s  o f t h i s  m e t a l  and i t s  a l l o y s .  
P a r t i c u l a r  emphas i s  was p l a c e d  on t h e  
sys t ems  carbon- thor ium,  oxygen- thor ium,  

SPEED 
ft/min) 

20 

DIE TYPE 

Shear 

Shear 

100 Bell 

100 Be11 

450 Bell 

Good 

Good 

Good 

Fair 

- 

INT. 

Poor 

Poor 

Fair 

- 

REMARKS 

Zirconium cladding was 
too thin after flaving 
out a t  both ends 

Band between uranium and 
zirconiun appears ex- 
tremely weak 

Would not extrude 

Bond appears t o  h good 
between uraniun and z i r -  
cmium inner cladding 

Bond appears to be p o d  
htween uranium and zir-  
cmiun; uranium core 
evacuated; zirconium 
thin on lead end 

and  n i t r o g e n - t h o r i u m .  A l l  t h e  d a t a  
found r e l a t i n g  t o  t h e s e  s y s t e m s  a p p e a r  
t o  be i n f l u e n c e d  by t h e  i m p u r i t i e s  or 
c o n t a m i n a n t s  o r i g i n a l l y  p r e s e n t  i n  t h e  
t h o r i u m  m e t a l  or i n t r o d u c e d  i n  t h e  
p r o c e s s  o f  p r e p a r i n g  t h e  a l l o y s .  No 
d a t a  were found ,  f o r  i n s t a n c e ,  o f  t h e  
e x t e n t  o f  s o l u b i l i t y  o f  c a r b o n  i n  
t h o r i u m  i n  t h e  a b s e n c e  o f  oxygen  and 
n i t r o g e n .  T h e r e f o r e ,  i t  a p p e a r e d  
h i g h l y  d e s i r a b l e  t o  p r e p a r e  a l l o y s  o f  
c a r b o n  a n d  r e l a t i v e l y  p u r e  t h o r i u m  
( i o d i d e - p r o c e s s )  i n  an  a r c  f u r n a c e ,  
u n d e r  c o n d i t i o n s  t h a t  w o u l d  e x c l u d e  
c o n t a m i n a n t s .  When such  a l l o y s  become 
a v a i l a b l e ,  a s t u d y  w i l l  be made of t h e  
s o l u b i l i t y  o f  c a r b o n  a s  a f u n c t i o n  o f  
t e m p e r a t u r e .  The r e l a t i o n  o f  c a r b o n  
c o n t e n t  t o  c o l d  d e f o r m a t i o n  a n d  t o  
r e c r y s t a l l i z a t i o n  w i l l  a l s o  be s t u d i e d .  

P r e l i m i n a r y  m e l t s  o f  c a r b o n  a n d  
t h o r i u m  i n  a vacuum a r c  f u r n a c e  were  
n o t  s u c c e s s f u l  b e c a u s e  a s t a b l e  a r c  
c o u l d  n o t b e  m a i n t a i n e d .  L a t e r  a t t e m p t s  
n e c e s s i t a t e d  t h e  i n t r o d u c t i o n  o f  a rgon  

- *  A* 

10 



. : . 
,-$, 
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g a s  ( o x y g e n  a n d  n i t r o g e n  f r e e )  t o  i n t r o d u c t i o n  o f  c a r b o n  i n t o  t h o r i u m  
s t a b i l i z e  and m a i n t a i n  t h e  a r c .  A f t e r  ( i o d i d e - p r o c e s s ) .  
f u r t h e r  t r i a l s ,  i t  w a s  f o u n d  t h a t  
ca rbon  can  b e s t  be i n t r o d u c e d  i n t o  t h e  
t h o r i u m  by m e l t i n g  t h e  l a t t e r  i n  a The e x p e r i m e n t a l  a r c  f u r n a c e  u s e d  
r e l a t i v e l y  p u r e  g r a p h i t e  c r u c i b l e .  f o r  t h e  p r e p a r a t i o n  o f  s m a l l  amoun t s  
T h r e e  s u c h  m e l t s  were  p r e p a r e d  w h i c h  o f  t h e  h i g h - p u r i t y  a l l o y s  i s  shown i n  
w i l l  s e r v e  a s  t h e  m a s t e r  a l l o y  f o r  t h e  F i g .  1.3. 

UNCLASSIFIED 

Fig. 1.3 - Experimental Arc Furnace 
Used for  Preparation of Small Amounts 
of High-Purity Alloys. 

. . . . .  
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2. PREFERRED O R I E N T A T I O N  A N D  A N I S O T R O P Y  
IN PROPERTIES O F  M E T A L S  

I t  w a s  s h o w n  i n  a p r e v i o u s  r e -  
p o r t ( ' )  t h a t  t h e  t y p e  o f  p r e f e r r e d  
o r i e n t a t i o n  d e v e l o p e d  i n  some h i g h -  
a - e x t r u d e d  u r a n i u m  r o d  i n  t h e  a s -  
e x t r u d e d  c o n d i t i o n  v a r i e d  w i t h  e x -  
t r u s i o n  r a t i o  and  f rom t h e  f r o n t  end  
t o  t h e  b a c k  e n d  o f  a g i v e n  e x t r u d e d  
l e n g t h .  The t e x t u r e  was p redominan t ly  
a d u p l e x  [ O l O ]  - [410]f i b e  r t e x t u r e  w i t h  
minor  components  [ 0 3 1 I ,  [ 3 2 1 I ,  [ O O l I ,  
a n d  [ l o o ] ,  b u t  t h e  i n t e n s i t y  o f  t h e  
[410]  r e l a t i v e  t o  t h a t  o f  t h e  [ O l O I  
component  i n c r e a s e d  w i t h  i n c r e a s e  i n  
e x t r u s i o n  r a t i o  and d e c r e a s e d  from t h e  
f r o n t  e n d  t o  t h e  back  e n d  o f  t h e  e x -  
t r u d e d  l e n g t h .  S i n c e ' t h e  d e g r e e  o f  
r e c r y s t a l l i z a t i o n  c h a n g e d  c o r r e -  
s p o n d i n g l y  w i t h  t h e s e  v a r i a b l e s ,  i t  
w a s  s u g g e s t e d  t h a t  t h e  t e x t u r e  d e -  
pended  upon t h e  d e g r e e  o f  r e c r y s t a l -  
l i z a t i o n  i n  t h a t  t h e  i n t e n s i t y  of  t h e  
[410]  r e l a t i v e  t o  t h a t  o f  t h e  [ O l O I  
componen t  i n c r e a s e d  w i t h  i n c r e a s e  i n  
d e g r e e  o f  r e c r y s  t a l  1 i za t i o n .  

I t  was  p o i n t e d  o u t ,  however ,  t h a t  
t h e  t e x t u r e s  m i g h t  be d e p e n d e n t  upon 
t h e  a c t u a l  e x t r u s i o n  t e m p e r a t u r e ,  t h e  
i n t e n s i t y  o f  t h e  [41OI r e l a t i v e  t o  
t h a t  o f  t h e  [ O l O ]  c o m p o n e n t  i n -  
c r e a s i n g  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 ,  
a s s u m i n g  t h a t  t h e  t e x t u r e  d e v e l o p e d  
upon  d e f o r m a t i o n  w a s  n o t  a l t e r e d  by 
r e c r y s t a l l i z a t i o n .  T h e  t e x t u r e s  
d e v e l o p e d  i n  u r a n i u m  r o d  s w a g e d  a t  
v a r i o u s  t e m p e r a t u r e s  have been r a t i o n -  
a l i z e d  o n  t h i s  b a s i s . ( 2 )  

To c h e c k  t h e  a s sumpt ion  t h a t  uranium 
rod  upon r e c r y s t a l l i z a t i o n  r e t a i n s  t h e  

( ')Met a l 1 urgy Di v i s ion Ouar t e r l y Progress 
Report for P e r i o d  Ending January 31, 1951, 
OINL-987, p. 17 (June 7, 1951). 

(2)A. M. Turkalo, J .  E. Burke, and A. N. Holden, 
F i b e r  Textures in Uranium, KAPL-428 (Aug. 31, 
1950). 

t e x t u r e  d e v e l o p e d  upon  d e f o r m a t i o n ,  
t h e  p r e f e r r e d  o r i e n t a t i o n  i n  a s ample  
t h a t  w a s  u n r e c r y s t a l l i z e d  i n  t h e  a s -  
e x t r u d e d  c o n d i t i o n  was compared w i t h  
t h a t  i n  a s i m i l a r  s a m p l e  t h a t  w a s  
d e l i b e r a t e l y  a n n e a l e d  t o  b r i n g  a b o u t  
comple t e  rec r y s  t a l  1 i z a  t i  on. 

A l K - i n . - d i a m e t e r  rod  w a s  e x t r u d e d  
t h r o u g h  a 2 5 "  c o n i c a l  d i e  f r o m  a 
3 - 1 / 8 - i n . - d i a m e t e r  i n g o t  a t  5 0 0 ° C  
b i l l e t  t e m p e r a t u r e  ( e x t r u s i o n  r a t i o  
4 . 3 ) .  The e x t r u d e d  l e n g t h  was w a t e r -  
s p r a y - q u e n c h e d  a s  i t  emerged from t h e  
d i e  t o  r e t a i n  t h e  a s - e x t r u d e d  s t r u c -  
t u r e .  A s a m p l e  was  t a k e n  f r o m  n e a r  
t h e  m i d d l e  o f  t h e  e x t r u d e d  l e n g t h  and 
e x a m i n e d ,  and  an  a d j a c e n t  s a m p l e  w a s  
a n n e a l e d  1 h r  a t  550°C a n d  t h e n  e x -  
amined .  The  f o r m e r  was u n r e c r y s t a l -  
l i z e d ,  w h e r e a s  t h e  l a t t e r  was  com- 
p l e t e l y  r e c r y s t a l l i z e d ,  a s  shown i n  
F i g s .  2 . 1  a n d  2 . 2 .  

A s p h e r i c a l  d i f f r a c t i o n  s p e c i m e n  
0 . 5 0 0  i n .  i n  d i a m e t e r  w a s  m a c h i n e d  
f r o m  e a c h  s a m p l e  s o  t h a t  t h e  c e n t e r  
l i n e  o f  t h e  s p e c i m e n  c o i n c i d e d  w i t h  
t h a t  o f  t h e  rod .  The s p h e r i c a l  s u r f a c e  
was l a p p e d  t o  smoo thness  and e l e c t r o -  
p o l i s h e d  t o  remove t h e  s u r f a c e  l a y e r s  
deformed by mach in ing  and l a p p i n g  ( t h e  
s p e c i m e n  was  r e d u c e d  a p p r o x i m a t e l y  
0.010 i n .  by e l e c t r o p o l i s h i n g ) .  

The p r e f e r r e d  o r i e n t a t i o n  was d e -  
t e  r m i n e d  by t h e  X - r a y  - d i  f f r a c  t i o n  
s p e c t r o m e t e r  t e c h n i q u e  d e s c r i b e d  i n  
p r e v i o u s  E x a m i n a t i o n  

(3)MetalZurgy Division Quarterly Progress 
R e p o r t  for P e r i o d  Ending January 31, 1950, 
O m - 5 8 3 ,  p. 37 (March 10, 1950). 

(4)Metallurgy Division Quarterly Progress 
Report for Period Ending July 31, 1950, OWL-827, 
p. 35 (Jkc. 4, 1950). 
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SECRET 

F i g .  2 . 1  - Photomicrographs Showing Deformed Grain S t r u c t u r e  i n  t h e  Middle 
o f  t h e  Length of l $ - i n . - D i a m e t e r  a-Extruded Rod i n  t h e  As-Extruded Condi t ion .  
150X. Sample U 9 - 3 1 ;  e t c h e d ;  obse rved  u n d e r  p o l a r i z e d  l i g h t .  ( a )  T r a n s v e r s e .  
( b )  L o n g i t u d i n a l .  

was made o n a N o r e l c o  Type 12021 G e i g e r  
c o u n t e r  X - r a y - d i f f r a c t i o n  g o n i o m e t e r  
e m p l o y i n g  Cu Ka r a d i a t i o n .  T h e  
spec imen  w a s  r o t a t e d  a t  200  rpm a b o u t  
i t s  l o n g i t u d i n a l  a x i s  ( t h e  e x t r u s i o n  
d i  r e  c t i o n  ) d u r i n g  exposure .  

P l o t s  o f  t h e  i n t e n s i t y  o f  d i f -  
f r a c t i o n  v s .  t h e  a n g l e  ( @ )  b e t w e e n  
t h e  e x t r u s i o n  d i r e c t i o n  a n d  t h e  
n o r m a l  t o  t h e  d i f f r a c t i n g  p l a n e  f o r  
v a r i o u s  p l a n e s  f o r  e a c h  s p e c i m e n  
a r e  g i v e n  i n  F i g s .  2 . 3  t h r o u g h  2 . 1 1 .  

A n a l y s i s  o f  t h e  d a t a  r e v e a l e d  t h a t  
t h e  u n r e c r y s t a l l i z e d  s a m p l e  ( U 9 - 3 1 )  
had a d u p l e x  [010]-[410]  f i b e r  t e x t u r e  
w i t h  m i n o r  [ 0 3 1 ] ,  [ O O l l ,  a n d  [ 4 3 1 I  
c o m p o n e n t s ,  b u t  t h e  r e c r y s t a l l i z e d  
sample  (U9-26)  had e s s e n t i a l l y  a p u r e  
[431] f i b e r  t e x t u r e .  On t h e  g raphs  i n  
F i g s .  2 . 3  t h r o u g h  2 . 1 1  a r e  i n d i c a t e d  
t h e  p o s i t i o n s  o f  t h e  i n t e n s i t y  maxima 
t o  be e x p e c t e d  f o r  t h e  v a r i o u s  d i f -  
f r a c t i n g  p l a n e s  f o r  t h e s e  p r e f e r r e d  
d i r e c t i o n s  a n d  t h e  s h i f t s  i n  t h e  
i n t e n s i t y  maxima b r o u g h t  a b o u t  by a n  
i n c l i n a t i o n  o f  10' o f  t h e  f i b e r  a x i s  

. 13 
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FOR P E R I O D  ENDING JULY 3 1 ,  1951 

SECRET 
DWG. 12721 

8 

7 
!z 
x 6  

* 

t- 

2 5  

4 

3 

2 

1 

0 

#I (DEGREES) 

F i g .  2 . 3  - Preferred  Or ienta t ion  P l o t  - ( 1 1 0 )  - lH- in . -Diameter  a-Extruded 
Uranium Rod. 

SECRET 
DWG. 12731 

-10 0 10 30 40 50 70 80 90 1W 

4 (DEGREES) 
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F i g .  2 . 5  - P r e f e r r e d  O r i e n t a t i o n  P l o t  -- (002) - lH-in.-Diameter a-Extruded 
Uranium Rod. 
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F i g .  2 . 6  - P r e f e r r e d  O r i e n t a t i o n  P l o t  - (111)  -- l $ - i n . - D i a m e t e r  a-Extruded 
Uranium Rod. 
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FOR PERIOD ENDING JULY 31, 1951 

Fig. 2.7 - Preferred Orientation Plot - (112) -- 1%-in.-Diameter a-Extruded 
Uranium Rod. 
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3. ANP PROGRAM 

CORROSION TESTING 

C o n s i d e r a b l e  i n t e r e s t  h a s  a r i s e n  
r e c e n t l y  i n  t h e  c o r r o s i o n  b e h a v i o r  o f  
v a r i o u s  m e t a l s  a n d  a l l o y s  i n  n o n -  
m e t a l l i c  media ,  namely mol t en  f l u o r i d e s  
and  h y d r o x i d e s .  A l t h o u g h  s t a t i c  and  
d y n a m i c  t e s t s  a r e  s t i l l  b e i n g  made 
u s i n g  l i q u i d  m e t a l s ,  t h e  major p o r t i o n  
o f  o u r  s t a t i c  c o r r o s i o n  p r o g r a m  h a s  
s h i f t e d  t o  t h e s e  f l u i d  media. 

The h y d r o x i d e s  b e i n g  c o n s i d e r e d  a t  
p r e s e n t  i n c l u d e  sodium, s t r o n t i u m ,  and 
barium h y d r o x i d e s ,  whereas  t h e  f l u o r i d e  
m i x t u r e  c u r r e n t l y  b e i n g  emphas ized  i s  
a t e r n a r y  m i x t u r e  c o n t a i n i n g  s o d i u m ,  
p o t a s s i u m ,  a n d  u r a n i u m  f l u o r i d e s .  

L i q u i d  Metal C o r r o s i o n .  S t a t i c  
T e s t s .  L i q u i d  m e t a l  c o r r o s i o n  t es t s  
now a r e  c o n f i n e d  m a i n l y  t o  s o d i u m  
a t t a c k .  I n  an e f f o r t  t o  d e t e r m i n e  t h e  
e f f e c t  o f  t i m e  on t h e  i n t e r a c t i o n  o f  
s o d i u m  w i t h  3 1 6  s t a i n l e s s  s t e e l  a t  
1000°C, t e s t s  were  made f o r  1, 5 ,  1 0 ,  
25,  50, 100 ,  400, and 1000 h r .  G r a v i -  
m e t r i c  d e t e r m i n a t i o n s  i n d i c a t e d  n o  
s i g n i f i c a n t  w e i g h t  c h a n g e  i n  a n y  o f  
t h e s e  t e s t s .  M e t a l l o g r a p h i c  e x a m i -  
n a t i o n  of s e c t i o n e d  spec imens  r e v e a l e d  
n o  s u b s u r f a c e  r e a c t i o n .  V i s u a l  e x -  
a m i n a t i o n  r e v e a l e d  a v e l v e t - l i k e  
f r o s t e d  a p p e a r a n c e  a f t e r  t h e  t e s t  
( t h e s e  w e r e  h i g h l y  p o l i s h e d  p r i o r  t o  
t e s t i n g ) ,  which on h i g h  m a g n i f i c a t i o n  
i n d i c a t e d  t h i s  t o  have  been  c a u s e d  by 
a r e o r g a n i z a t i o n  o f  s u r f a c e  m e t a l .  
G r a i n  b o u n d a r i e s ,  t w i n  l i n e s ,  a n d  
c r y s t a l  f a c e s  were  p r o m i n e n t l y  d i s -  
p l a y e d ,  a s  shown i n  F i g .  3 . 1 .  T h i s  
s u r f a c e  c o n d i t i o n  i s  p r o b a b l y  more  
s t a b l e  t h a n  t h e  o r i g i n a l  p o l i s h e d  
s u r f a c e ,  m e r e l y  r e a d j u s t i n g  i t s e l f  
e i t h e r  by s u r f a c e  d i f f u s i o n  or by t h e  

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

T e s t s  a r e  now i n  p r o g r e s s  t o  
e v a l u a t e  t h e  b e h a v i o r  o f  Timken a l l o y s  
1 6 - 2 5 - 6  a n d  1 6 - 1 3 - 3  ( C r ,  N i ,  Mo, 
r e s p e c t i v e l y )  i n  s o d i u m  a t  8 1 5 ° C  
( 1 5 0 0 ° F )  a n d  1 0 0 0 ° C  ( 1 8 3 0 O F ) .  The  
p o s s i b i l i t y  o f  s u r f a c e  c a r b u r i z a t i o n  
o f  i n c o n e l ,  310 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 ,  a n d  i r o n  i s  b e i n g  
d e t e r m i n e d  by u s i n g  sodium t o  which  a 
s m a l l  a m o u n t  o f  c h a r c o a l  h a s  b e e n  
added. 

T h e  c o r r o s i o n  r e s i s t a n c e  o f  mo- 
l y b d e n u m - c o a t e d  s t e e l s  w i l l  a l s o  be 
e v a l u a t e d  u s i n g  a s u i t a b l e  l i q u i d  
m e t a l .  These  m a t e r i a l s  a r e  now b e i n g  
p r o c u r e d  f rom t h e  L i n d e  A i r  P r o d u c t s  
Co. a t  Tonawanda, N.  Y. 

Dynamic Tests .  A number of t h e r m a l  
c o n v e c t i o n  l o o p s  wh ich  were o p e r a t e d  
w i t h  l e a d  and  l i t h i u m  were e x a m i n e d  
a f t e r  f a i l u r e .  The h o t  l e g  t e m p e r a -  
t u r e  w a s  i n t e n d e d  t o  b e  1 5 0 0 ° F .  
a l t h o u g h  much h i g h e r  t e m p e r a t u r e s  were 
o b t a i n e d  w h e n  i n t e r n a l  p l u g g i n g  
o b s t r u c t e d  t h e  n a t u r a l  c o n v e c t i v e  
f l o w .  F a i l u r e  r e s u l t e d  a t  t h e s e  
h i g h e r  t e m p e r a t u r e s ,  n o t  from i n t e r n a l  
c o r r o s i o n  by t h e  m o l t e n  m e t a l ,  b u t  
r a t h e r  from c a u s e s  such  a s  a r c i n g  from 
t h e  h e a t e r  w i n d i n g s ,  h i g h - t e m p e r a t u r e  
a i r  o x i d a t i o n ,  or i n t e r n a l  p l u g g i n g .  
S t r i c t l y  s p e a k i n g ,  t h e r e f o r e ,  t h e  term 
“ l i q u i d - m e t a l  c o r r o s i o n ”  s h o u l d  n o t  be 
a s s o c i a t e d  w i t h  t h e s e  t e s t  f a i l u r e s .  

T h e  l i v e s  o f  t h e  v a r i o u s  l o o p s  
t e s t e d ,  t h e i r  c o m p o s i t i o n s ,  a n d  
m e t a l l o g r a p h i c  o b s e r v a t i o n s  a r e  g i v e n  
i n  T a b l e  3 . 1 .  T h e  m e t a l l o g r a p h i c  
n o t e s  were made a f t e r  examin ing  random 
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FOR PERIOD ENDING JULY 3 1 ,  1 9 5 1  

UNCLASSIFIED 

F i g .  3.1 - Outer Surface of 316 Stainless Steel After 400 hr of Exposure to 
Sodium at 1000°C. 500X. Note  deve lopment  of c r y s t a l  f a c e s  on c e r t a i n  g r a i n s  
and g r a i n  boundary a t t a c k .  

s amples  o f  t h e  h o t  l e g ,  c o l d  l e g ,  and  
w e l d e d  s e c t i o n s .  T h e  e x t e n t  of 
c o r r o s i o n  w a s  d e p e n d e n t  u p o n  t h e  
m a t e r i a l s  i n v o l v e d ,  t h e  t e m p e r a t u r e ,  
a n d  t h e  t i m e  o f  i n t e r a c t i o n .  I t  
s h o u l d  b e  k e p t  i n  m i n d  t h a t  t h e  
t e m p e r a t u r e  w a s  n o t  a c t u a l l y  c o n -  
t r o l l e d ,  b u t  was m e r e l y  a t t a i n e d  by 
i n i t i a l l y  s e l e c t i n g  a c e r t a i n  power  
i n p u t  t o  o b t a i n  a p p r o x i m a t e l y  1500'F 

When p a r t i a l  or  c o m p l e t e  p l u g g i n g  
deve loped  a s  a r e s u l t  o f  m e t a l  c r y s t a l  
f o r m a t i o n  i n  t h e  c o l d  l e g ,  a s  shown i n  
F i g .  3 . 2 ,  h e a t  l o s s e s  were r e d u c e d ,  
and t h e  h o t  l e g  t e m p e r a t u r e  i n c r e a s e d .  
T h i s  i n c r e a s e  was t h e n  compensa ted  by 
d e c r e a s i n g  t h e  power i n p u t  s o  t h a t  t h e  
h o t  l e g  t e m p e r a t u r e  was a g a i n  1500°F. 
The  c o l d  l e g  t e m p e r a t u r e  c o n t i n u a l l y  
d e c r e a s e d ,  i n d i c a t i n g p a r t i a l  p l u g g i n g ;  

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



TABLE 3.1 

Corrosion and Operational Data on Lead- and Lithium-Containing Thermal Convec 
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TEMPERATURE 

REMARKS I METALLOGRAPHIC EXAMINATION I CUP 

Loops C o n t a i n i n g  Lead  

y during 

y dur ine  

Hot and co ld  zone tube wa l l s  
showed very  l i t t l e  evidence  of 
a t t a c k ;  metal c r y s t a l s  formed 
i n  co ld  zones 

Tube w a l l s  showed very  l i t t l e  
evidence of a t t a c k ;  metal 
c r y s t a l s  formed i n  co ld  zones 

In t e rg ranu la r  a t t a c k  t o  depth  of 
20 mil s  noted  i n  h o t  zone; 
none noted  i n  c o l d  zone; metal 
c r y s t a l s  observed i n  co ld  zone 

Hot zone much more seve re ly  
a t tacked  than co ld  zone; metal 
c r y s t a l s  observed i n  co ld  zone 

0.003-in. i n t e r g r a n u l a r  a t t a c k  
observed i n  h o t  zone, 0.002 
i n .  i n  co ld ;  metal c r y s t a l s  
observed i n  p o r t i o n s  of co ld  
1 eg  

Fe 0.0049 

Fe 0.39 
Cr 0.071 

Fe 0.15 
N i  0.05 
Cr 0.001 
Mo 0.012 

Fe 0.03 
Cr 6.001 

S OF LOAD 
HOT ZONE 

Fe 0.013 

Fe 0.017 

Fe 0.057 
N i  0.064 
Cr 0.022 
Mo 0.020 
hh 0.01 

Fe 0.04 
N i  0.03 
Cr 0.001 
Mo 0.004 

Fe 0.045 
Cr 6 . 0 0  

Fe 6 
V i  0.6 
C r  1.39 
Wo 0.005 
O2 0.048 

Fe 1.8 
Cr 2.92 

.w  Fe 11.2 
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TABLE 3.1 ( c o n t i n u e d )  
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ac ross  hot zone p i p e  

Haynes a l l o !  
No. 25 
( loop 35) 

I n t e r g r a n u l a r  a t t a c k  note! 
depth o f  0.008 i n .  i n  h, 
p ipe ,  and t o  0.016 i n .  
zone weld; on ly  0.005 
a t t a c k  ev iden t  in t h e  C I  
zone p ipe ,  none i n  cold 
we1 d 

V-36 a l l o y  
( loop 38) 
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1500 
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Loops Conta in ing  Lithium 

I 
Loop plugged(?) d u r i n  

operat ion,  then f a iked  i n  
h o t  zone 
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h o t  and c o l d  zones t o  d 
0.020 i n .  ; ho t  we1 d r e g  
a t t acked  to depth of 0.1 
no metal c r y s t a l s  obser 
co ld  zone 
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UNCLASSIFI ED 

Fig. 3.2 - Sections Showing Formation of Metal Crystals Adjacent to Cold- 
Leg Wall of V-36 Thermal-Convection Loop Containing Lead After 84 h r  of 
Operation. ( a )  L o n g i t u d i n a l .  ( b )  T r a n s v e r s e .  The s m a l l e s t  d i v i s i o n  on  e a c h  
s c a l e  shown i s  1/100 i n .  

O c c a s i o n a l l y  a f a i l u r e  r e s u l t e d  
f r o m  o v e r h e a t i n g  i n  t h e  h o t  l e g ,  
p e r m i t t i n g  t h e  h e a t i n g  e l e m e n t s  t o  
s h o r t - c i r c u i t  t o  t h e  loop .  F i g u r e  3 . 3  
i l l u s t r a t e s  such  a f a i l u r e .  

A l t h o u g h  i t  i s  a c c e p t e d  t h a t  t h e  
c o r r o s i v e  a t t a c k  i n  t h e  h o t  z o n e  i s  
a p p r e c i a b l e ,  i t  i s  g e n e r a l l y  b e l i e v e d  
t h a t  a t t a c k  i n  t h e  c o l d  z o n e  i s  
n e g l i g i b l e ,  o r  e v e n  n o n e x i s t e n t .  
F i g u r e  3 . 4  i l l u s t r a t e s  a n  a t t a c k  i n  
t h e  c o l d  zone of  a 446 s t a i n l e s s  s t e e l  
l o o p  b y  l e a d  w h i c h  a p p e a r s  t o  b e  
i n t e r d e n d r i t i c  i n  n a t u r e .  Such a t t a c k  
r e l e a s e s  s o l i d  p a r t i c l e s  t o  t h e  c i r c u -  

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

A mass o f  m e t a l  c r y s t a l s  which  were 
o b s e r v e d  i n  t h e  c o l d  l e g  o f  a 316  
s t a i n l e s s  s t e e l  l o o p  i s  shown i n  F i g .  
3.5.  T h e s e  c r y s t a l s  n e e d  n o t  n e c e s -  
s a r i l y  be bonded d i r e c t l y  t o  t h e  t u b e  
w a l l s ,  bu t  may mere ly  be t r a p p e d  t h e r e .  
T h e  o x i d e  l a y e r  shown  i n  F i g .  3 . 6  
s e p a r a t e s  t h e  m e t a l  c r y s t a l s  f rom t h e  
l o o p  m a t e r i a l ,  m a k i n g  b o n d i n g  i m -  
P O  s s i  b l e .  

An a t t e m p t  was .made  t o  d e t e r m i n e  
t h e  c o m p o s i t i o n  o f  t h e  m e t a l  c r y s t a l s  
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UNCLASSI FI ED 

Fig. 3.4 - Highly Magnified View of Internal Surface of 446 Stainless Steel 
Cold Leg from Thermal-Convection Loop Operated with Lead (Area at Approximately 
1300OF). 1OOOX.  Note  t h a t  i n t e r d e n d r i t i c  a t t a c k  r e l e a s e s  s o l i d  p a r t i c l e s  t o  
l e a d  s t r e a m .  

l o s s  d e t e c t e d .  W e i g h t  c h a n g e s  f o r  
o t h e r  s a m p l e s ,  p o s i t i v e  and  n e g a t i v e ,  
were ve ry  low. 

W e i g h t  l o s s e s  a r e  u n d o u b t e d l y  
caused  by s o l u t i o n  of  t h e  m e t a l  sample  
i n  t h e  f l u o r i d e  b a t h ,  a s  i n d i c a t e d  by 
b a t h  a n a l y s e s ,  which a r e  a l s o  r e p o r t e d  
i n  T a b l e  3 . 2 .  Weight  g a i n s ,  i n  s p i t e  
o f  some l o s s  by s o l u t i o n ,  m u s t  be  
i n t e r p r e t e d  a s  a b s o r p t i o n  o f  one  o r  
more  b a t h  c o n s t i t u e n t s  ( f l u o r i d e  o r  

m e t a l )  by t h e  m e t a l  spec imen.  A n a l y s e s  
o f  t h e  f l u o r i d e  b a t h  a t  v a r i o u s  l e v e l s  
o f  t h e  t u b e  a f t e r  t e s t ,  when compared 
t o  t h e  o r i g i n a l  f l u o r i d e  a n a l y s e s  , 
i n d i c a t e  a d e f i n i t e  d e c r e a s e  i n  
b e r y l l i u m ,  a s l i g h t  d e c r e a s e  i n  sodium,  
and  v e r y  l i t t l e ,  i f  a n y ,  d e c r e a s e  i n  
t h e  u r a n i u m  c o n c e n t r a t i o n .  T h e s e  
c h a n g e s  i n  b a t h  a n a l y s e s  may b e  
d i r e c t l y  a s s o c i a t e d  w i t h  t h e  w e i g h t  
g a i n s  wh ich  w e r e  o b s e r v e d  on s e v e r a l  
t e  s t spec imens .  
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FOR PERIOD ENDING JULY 31, 1951 

UNCLASSIFIED 
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Fig.  3 . 5  - V i e w  of Cold Zone of 446 S t a i n l e s s  S t e e l  Loop Showing Attacked 
Surface and Metal Crystals  Which Form i n  Lead (Dark Areas), Thereby Restr ic t ing  
Convective Flow. 150X. 

Fluoride Corrosion. S e v e r a l  p r e -  F i g .  3 . 1 1 , w h e r e  t h e  s u b s u r f a c e  a t t a c k  
l i m i n a r y  c o r r o s i o n  t e s t s  h a v e  b e e n  w a s  l i m i t e d  t o  0 . 0 0 2  i n .  The n a t u r e  
made i n  mol ten  f l u o r i d e s .  I n c o n e l  and o f  t h e  c o r r o s i o n  p r o d u c t  h a s  n o t  y e t  
347 s t a i n l e s s  s t e e l  have  been exposed  been d e t e r m i n e d .  
f o r  1 0 0  h r  a t  1 8 3 0 ° F  ( 1 0 0 0 ° C )  to 
3NaF*UF4 w h i c h  h a d  p r e v i o u s l y  b e e n  An a n a l y s i s  o f  t h e  f l u o r i d e  b a t h  
h e i t e d  i n  c o n t a c t  w i t h  m e t a l s  of t h e s e  a f t e r  t e s t i n g  g a v e  t h e  f o l l o w i n g  
c o m p , o s i t i o n s  f o r  1 5 0  h r  a t  650°C. r e s u l t s :  

Fe (Sa) N i  (%) Cr (36) 
With inconel 0.25 Not detected 0.03 
With 34 7 

s t e e l  

The a t t a c k  on i n c o n e l ,  i n  t h e  form 
o f  s u b s u r f a c e  v o i d s ,  was n o t e d  t o  a 
d e p t h  o f  0 . 0 0 4  i n . ,  a s  shown i n  F i g .  
3.10. The 347 s t a i n l e s s  s t e e l  was less  s t a i n l e s s  
s e v e r e l y  attacked, a s  may be s e e n  i n  

1 
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-Zone Weld in 1010 Steel Loop 
le Wall Covered with Iron Oxi 

175X.  

ire composed 
l e  % B e F 4 ,  
s o  u s e d  i n  
LS t e s t  w i t h  
0°F (815OC)  
e v i d e n c e  o f  
rs is  o f  t h e  
!% F e ,  0.02% 
he p r e s e n t .  

a b s e n c e  o f  
;he f i n d i n g s  
ry f l u o r i d e  
d i  f f e r  en  c e  s 

may n o t  be r e a l  
below i n d i c a t e  t 
may e x i s t  i n  t 
c o m p o s i t i o n  of 
w i l l  depend on 
t h e  t e s t  sample  

A n u m b e r  o 
t e s t s  were mad4 
u s i n g  a m i x t u r l  
68.0 mole % N a F  
T h e  m a t e r i a l s  
T a b l e  3 . 2  t o g e  



FOR PERIOD ENDING JULY 3 1 ,  1951 
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F i g .  3 . 7  - S u r f a c e  o f  N i c k e l  A Specimen A f t e r  100 hr  o f  Exposure  t o  a 
Na-Be-U Ternary F luor ide  Mixture a t  1000°C. 2 5 0 X .  Note  absence  o f  s u b s u r f a c e  
v o i d s  and p r e s e n c e  o f  t i n y  p r e c i p i t a t e s  n e a r  s u r f a c e .  

w h i l e  t h e  exposed  spec imens  were b e i n g  
s t u d i e d  on t h e  m e t a l l o g r a p h  and r e s u l t s  
from f l u o r i d e  b a t h  a n a l y s e s .  

P r e l i m i n a r y  r e s u l t s  from a p l a t i n u m -  
i n c o n e l  s ample  exposed  t o  t h e  t e r n a r y  
f l u o r i d e  m i x t u r e  of 4 7 . 5  mole  % NaF, 
26 mole%KF,  27 .5  mole % UF, a t  1500°F 
(815°C) for 1 0 0 h r s h o w e d  some e v i d e n c e  
o f  i n t e r a c t i o n .  I n  a s i m i l a r  t e s t  
u s i n g  sodium i n s t e a d  of  f l u o r i d e ,  t h e  
p l a t i n u m  m e t a l  was comple ted  consumed. 
T h e s e  t e s t  d a t a  w i l l  be r e p o r t e d  i n  
d e t a i l  a t  a l a t e r  t ime.  

C o r r o s i o n  t e s t s  i n  m o l t e n  f l u o r i d e  
w i l l  be u n d e r t a k e n  on a l a r g e r  s c a l e  
when t h e  a p p a r a t u s  f o r  m e l t i n g  a n d  
and p u r i f i c a t i o n  is  comple t ed .  C l o s e  
c o n t a c t  i s  b e i n g  m a i n t a i n e d  w i t h  t h e  
Y-12 C o r r o s i o n  Group who have  u n d e r -  
t aken  a s i m i l a r  program. 

H y d r o x i d e  C o r r o s i o n .  C o r r o s i o n  
t es t s  by h y d r o x i d e s  have  been made a t  
1500°F, u s i n g  NaOH, S r ( O H ) *  , a n d  
Ba (OH) 2 .  U n f o r t u n a t e  l y  , t h e s e  ma- 
t e r i a l s  a r e  n o t  a v a i l a b l e  commerc ia l ly  
i n  a v e r y  p u r e  form, and i n i t i a l  t e s t s  
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Fig. 3 . 8  - S u r f a c e  of 310 S t a i n l e s s  Stee.1 Specimen A f t e r  100 h r  of Exposure 
t o  a Na-Be-U F l u o r i d e  Mixture a t  1000°C. 2 5 0 X .  N o t e  s u r f a c e  d e c a r b u r i z a t i o n  
and v o i d  f o r m a t i o n  t o  d e p t h  o f  0.002 i n .  

were made u s i n g  a s - r e c e i v e d  m a t e r i a l s .  
More r e c e n t  t e s t s  h a v e  u s e d  t h e s e  
h y d r o x i d e s  i n  v a r i o u s  s t a g e s  o f  d e -  
h y d r a t i o n ,  a n d ,  i n  some c a s e s ,  s u b -  
s t a n c e s  were a d d e d  t o  remove  e x c e s s  
m o i s t u r e ,  e . g . ,  a d d i t i o n  o f  Na o r  NaH 
t o  NaOH. 

C o r r o s i o n  by h y d r o x i d e s  i s  q u i t e  
d i f f e r e n t  f rom c o r r o s i o n  by f l u o r i d e s  
o r  l i q u i d  m e t a l s  i n  t h a t  t h e  c o r -  
r o s i o n  p r o d u c t  i s  a n  o x i d e .  T h e  
h y d r o x i d e - a f f e c t e d  z o n e  on  a m e t a l  
s u r f a c e ,  however ,  w a s  g e n e r a l l y  found  

t o  be q u i t e  complex. F i g u r e  3.12 shows 
t h e  s u r f a c e  r e g i o n  o f  a n  i n c o n e l  
sample which w a s  exposed  t o  Sr(OH), a t  
1 0 0 0 ° C  f o r  1 0 0  h r .  A p p a r e n t l y  t h e  
o x i d i z i n g  p o t e n t i a l  o f  t h e  h y d r o x i d e  
b a t h  i s  n o t  s u f f i c i e n t l y  g r e a t  t o  
o x i d i z e  a l l  t h e  components  o f  i n c o n e l  
( F e ,  N i ,  Cr). S i n c e  t h e r m o d y n a m i c  
d a t a  i n d i c a t e  t h a t  n i c k e l  is  more n o b l e  
t h a n  e i t h e r  i r o n  o r  c h r o m i u m ,  i t  i s  
q u i t e  p r o b a b l e  t h a t  t h e  m e t a l l i c  a r e a  
i n  t h e  a f f e c t e d  l a y e r  i s  n i c k e l - r i c h .  
C h e m i c a l  a n a l y s e s  w i l l  be made i n  an  
e f f o r t  t o  v e r i f y  t h i s  b e l i e f .  

30 m 1 



FOR P E R I O D  E N D I N G  JULY 3 1 ,  1 9 5 1  

F i g .  3 . 9  - S u r f a c e  o f  H a s t e l l o y  B Specimen A f t e r  100 hr  o f  Exposure t o  a 
Na-Be-U F l u o r i d e  Mixture a t  1000°C. 250X. N o t e  d e c a r b u r i z a t i o n  t o  d e p t h  o f  
0.005 i n .  and r e t e n t i o n  o f  t h i r d  phase .  

Pho tomic rographs  p r e s e n t e d  i n  F i g s .  
3.13 and 3.14  show a s i m i l a r  b u t  more  
s e v e r e  a t t a c k  on i n c o n e l  i n  NaOH a n d  
NaOH -t NaH. The  r e s i d u a l  m e t a l l i c  
a r e a  i s  much g r e a t e r  on t h e  i n c o n e l  
s p e c i m e n  e x p o s e d  t o  t h e  h y d r o x i d e -  
h y d r i d e  m i x t u r e ,  w h i c h  wou ld  b e  e x -  
p e c t e d  s i n c e  a d d i t i o n  of  NaH would be 
e x p e c t e d  t o  l o w e r  t h e  o x i d i z i n g  
p o t e n t i a l .  N i c k e l ,  however ,  showed no  
e v i d e n c e  of  s u r f a c e  a t t a c k  by NaOH, a s  
i s  q u i t e  e v i d e n t  i n  F i g .  3.15 .  T h i s  
i s  t o  be e x p e c t e d  f rom the rmodynamic  
c o n s i d e r a t i o n s .  T h e  s p e c i m e n  d i d ,  

h o w e v e r ,  show a v e r y  s l i g h t  w e i g h t  
1 o s s .  

The a t t a c k  by Ba(OH)2 was found t o  
be  s i m i l a r  t o  t h a t  o b s e r v e d  w i t h  
s t r o n t i u m  a n d  s o d i u m  h y d r o x i d e s .  
F i g u r e  3.16  i l l u s t r a t e s  t h e  a p p e a r a n c e  
o f  a 316 s t a i n l e s s  s t e e l  s u r f a c e  a f t e r  
a 1 0 0 - h r  e x p o s u r e  t o  ba r ium h y d r o x i d e  
a t  1OOO"C. 

A s u m m a r y o f t h e  hydrox ide  c o r r o s i o n  
d a t a  o b t a i n e d  t h u s  f a r  i s  p r e s e n t e d  i n  
T a b l e  3.3.  Many o f  t h e s e  d a t a  w i l l  be 
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TABLE 3.2 

Summary of  Fluoride  Corrosion Data Obtained i n  100 hr a t  1000°C (1830'F) 

BATH ANALYSIS 
TOP MATERIAL 

Nickel A 

(ppm) 
BO'ITOM 

304 s t a i n l e s s  s t e e l  

316 s t a i n l e s s  steel 

347 s t a i n l e s s  steel 

310 s t a i n l e s s  steel 

330 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  

Hastel loy B 

Inconel 
( a s  received)  

In  con el 
( decar bu r i  zed) 

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

METALLOGRAPHIC EXAMINATICN 

On1 evidence of a t tack  was p r e c i p i t a t i o n  o f  f i n e  p a r t i c l e s  
arong sur face  to depth o f  0.002 i n .  (Fig. 3.7) 

Shallow surface voids observed t o  depth o f  6 . 0 0 1  in .  

Very  few shallow sur face  voids observed t o  depth of 6 . 0 0 1  in .  

Surface voids observed t o  depth of 0.001 i n . ;  no o t h e r  v i s i b l e  
a t t a c k  

Decarburized t o  depth of  0.002 in . ;  few s c a t t e r e d  voids  i n  
t h i s  area (Fig. 3 . 8 )  

Sur face  contains  voids t o  depth of 0.001 i n .  

0.002-in.-deep sigma-like p r e c i p i t a t e  throughout f e r r i t i c  
matr ix  except a t  surface zone; few voids observed t o  
depth of  0.001 in .  

Decarburized t o  depth of 0.005 i n . ;  l i g h t l y  e tched phase 
p e r s i s t e n t  throughout (Fig. 3.9 ) 

Surface  voids observed t o  depth of  approximately 0.002 in .  

Sur face  voids observed to  depth of 0.003 i n .  

Surface roughened; voids observed t o  depth o f  0.006 i n .  

N i  350 

Fe 5,500 
N i  420 
Cr 560 

Fe 10,900 
Cr 2,400 

Fe 4,500 
N i  20 
Cr 520 

Fe 1,440 cr 50 

Fe 5,800 
N i  310 
Mo <10 

Fe <lo 
N i  300 
Cr <lo 

N i  40 

Fe 1,500 
N i  40 
Cr 390 

Fe 9,800 
Cr 1,300 

Fe 7,200 
N i  800 
Cr 320 

Fe 7,410 
Cr 190 

Fe 1,200 
N i  70 
Mo <10 

Fe 1,810 
N i  20 
Cr 350 

NEIGHT CHANGE 
( d i n .  ) 

+o. 002 

-0.005 

0.000 

-0.003 

-0.003 

-0.003 

-0.008 

+O. 003 

+O. 003 

-0.120 
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Fig. 3.11 - Surface of 347 Stainless Steel After 100 h r  of Exposure at 
1000°C to 3NaF*UF,. 250X. Note f o r m a t i o n  o f  v o i d s  t o  d e p t h  o f  0.002 i n .  

s u f f e r e d  c o n s i d e r a b l e  s e g r e g a t i o n  and 
s t r i a t i n g  o f  t h e  UO,. I n  n e i t h e r  c a s e  
was  t h e  b o n d  b e t w e e n  t h e  c o r e  a n d  
c l a d d i n g  m a t e r i a l  a l t e r e d .  F i g u r e s  
3.17 and  3.18 a r e  r e p r e s e n t a t i v e  o f  
t h i s  work. 

n o t  a v a i l a b l e ,  c o l d - r o l l i n g  was s u b -  
s t i t u t e d .  A s e t  o f  p l a t e s  was f a b r i -  
c a t e d  b y  t h e  p r o c e d u r e  o u t l i n e d  i n  
ORNL-987. T h e y  w e r e  h o t - r o l l e d  a t  
1100°C t o  a r e d u c t i o n  o f  75%. S i x  
p l a t e s ,  e a c h  c o n t a i n i n g  30% UO,, were 
made; t h r e e  had  m a t r i c e s  o f  i r o n  and 
t h r e e  o f  302 s t a i n l e s s  s t e e l .  P l a t e s  
from e a c h  s e twere  t h e n  g i v e n  a d d i t i o n a l  
c o l d  r e d u c t i o n s  o f  10, 25, and 50% by 
h a n d - r o l l i n g .  The  p l a t e s  w i t h  i r o n  
m a t r i c e s  r o l l e d  v e r y  w e l l ,  s h o w i n g  
o n l y  minor  e v i d e n c e  o f  s e g r e g a t i o n  o f  
t h e  UO,.  H o w e v e r ,  t h e  u n i t s  c o n -  
t a i n i n g  a s t a i n l e s s  s t e e l  m a t r i x  

34 

To d e t e r m i n e  t h e  e f f e c t  o f  u s i n g  
c o a r s e  UO, i n  t h e  f a b r i c a t i o n  of  c o r e s ,  
a h i g h - t e m p e r a t u r e  i n d u c t i o n  f u r n a c e  
was a s s e m b l e d .  A t o t a l  o f  330 g o f  a 
s p e c i a l  h i g h - p u r i  t y  UO, was s i n t e r e d  
a t  2100°C i n  a h y d r o g e n  a t m o s p h e r e .  
The  a v e r a g e  w e i g h t  change  amounted t o  
a l o s s  o f  0.5%. A f t e r  s i n t e r i n g ,  t h e  
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F i g .  3 .13  - S u r f a c e  of I n c o n e l  Specimen S e v e r e l y  O x i d i z e d  After 100 hr  of 
Exposure t o  Sodium Hydroxide a t  815OC (1500°F) .  2 5 0 ~ .  

r o l l e d  a t  1100°C b u t  w e r e  h e a v i l y  
o x i d i z e d  b e f o r e  r e c e i v i n g  t h e  f i r s t  
p a s s  t h r o u g h  t h e  m i l l .  On 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  i t  w a s  e v i d e n t  
t h a t  t h e  o x i d i z i n g  c o n d i t i o n s  h a d  
p e n e t r a t e d  t o  t h e  c o m p a c t  a n d  p r e -  
v e n t e d  a d e q u a t e  bonding. F u r t h e r  t es t s  
w i l l  be made, and  i t  i s  hoped  t h a t  a 
s a t i s f a c t o r y  a tmosphere  may be o b t a i n e d  
by a d j u s t m e n t  o f  t h e  g a s  d i s s o c i a t o r .  

M e c h a n i c a l l y  Formed Matrix.  The  
work i n  t h e  X-10 s h o p  on d e v e l o p i n g  a 

method f o r  p u n c h i n g  molybdenum p l a t e s  
and o b t a i n i n g  a h i g h  p e r c e n t a g e  o f  open 
a r e a  ( s e e  OWL-1033) h a s  been h e l d  up 
w a i t i n g  t h e  d e l i v e r y  o f  c a r b i d e  
p u n c h e s .  O t h e r  me thods  o f  f o r m i n g  a 
s u i t a b l e  m e c h a n i c a l  m a t r i x  a r e  b e i n g  
p l a c e d  on an  i n a c t i v e  b a s i s  u n t i l  t h e  
a c  company i n  g b o n d i n g  p r  o b  1 e m s  h a v e  
b e e n  s o l v e d .  A l o w - t e m p e r a t u r e  i n -  
d u c t i o n  f u r n a c e  i s  b e i n g  a s s e m b l e d  
f o r  t h e s e  s o l i d - p h a s e  b o n d i n g  s t u d i e s  
i n  w h i c h  b o n d i n g  w i l l  b e  t r i e d  b o t h  
w i t h  and w i t h o u t  l o a d .  The f u r n a c e  i s  
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Fig. 3.14 - Surface of Inconel Specimen After 100 hr of Exposure to Sodium 
Hydroxide + 3% Sodium Hydride at 815'C (1500'F). 250X. Note  d e p t h  o f  o x i d e  
f o r m a t i o n  and p r e s e n c e  o f  u n a t t a c k e d  m e t a l  i n  s u r f a c e  l a y e r .  

n e a r l y  comple ted  and i s  e x p e c t e d  t o  be 
p l a c e d  i n  o p e r a t i o n  a s  s o o n  a s  t h e  
i n d u c t i o n  f u r n a c e s  a r e  r eady .  

Loose-Powder Bonding. The m i c r o -  
s c o p i c  e x a m i n a t i o n  of t h e  s a m p l e s  
d i s c u s s e d  i n  OWL-1033 h a s  been  com- 
p l e t e d .  Whi l e  t h e  p h y s i c a l  t e s t s  d i d  
n o t  show a n y  d i f f e r e n c e s  i n  b o n d i n g  
w i t h  v a r i o u s  s u r f a c e  p r e p a r a t i o n s  o f  
t h e  b a s e  p l a t e ,  F i g .  3 .20  shows t h a t  
u n d e r  t h e  m i c r o s c o p e  some a p p a r e n t  
d i f f e r e n c e s  do e x i s t .  The a s - d e g r e a s e d  

a n d  t h e  s l i g h t l y  r o u g h e d  p l a t e s  a r e  
more c o m p l e t e l y  bonded t h a n  t h e  o t h e r s .  
M i c r o s c o p i c  r e s u l t s  on t h e  r e m a i n i n g  
s a m p l e s  c o n f i r m  t h o s e  p r e v i o u s l y  re- 
p o r t e d  f r o m  t h e  p h y s i c a l  t e s t s .  
F i g u r e  3 . 2 1  shows t h a t  a d e q u a t e  bond- 
i n g  may be a c h i e v e d  by l o o s e  s i n t e r i n g  
and i n  a d d i t i o n  shows how c r i t i c a l  t h e  
v a r i a b l e s  a r e .  The f o u r  p l a t e s  i n  t h i s  
p a n e l  w e r e  a l l  s i n t e r e d  a t  t h e  same 
t i m e  i n  a s i n g l e  s t a c k  o f  11 p l a t e s .  
S t e e l  s p a c e r s  w e r e  u s e d  b e t w e e n  t h e  
p l a t e s ,  making an o v e r a l l  s t a c k  h e i g h t  
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UNCLASSIFIED 

F i g .  3 .15  - S u r f a c e  o f  N i c k e l  A Apparent ly  Unattacked After 100 h r  of Ex- 
posure t o  Sodium Hydroxide a t  8 1 5 O C  (1500OF). 250X. 

o f  s l i g h t l y  o v e r  1 i n .  W h e t h e r  t h e  
l i g h t  l o a d  c a u s e d  by w e i g h t  o f  t h e  
p l a t e s  a n d  s p a c e r s  or a s l i g h t l y  
h i g h e r  t e m p e r a t u r e  ( e s t i m a t e d  25°F)  or 
both  caused  t h e  improvement i n  bonding  
w i t h  l o w e r  s t a c k  p o s i t i o n  r e m a i n s  t o  
be shown. 

Work on  t h e  s i n t e r i n g  o f  l o o s e  
p o w d e r s  i s  now b e i n g  c a r r i e d  o u t  i n  
o u r  own f u r n a c e s .  The f i r s t  r u n  was 
t o  be  o n e  o f  a s e r i e s  t o  d e t e r m i n e  
optimum s i n t e r i n g  t e m p e r a t u r e ,  and was 
t o  be r u n  a t  1250°C. I n s t e a d  o f  t h e  
i n t e n d e d  a s - r e c e i v e d u o ,  a s i z e  f r a c t i o n  

( - 1 0 0 ,  +325 mesh) of  t h e  h i g h - d e n s i t y ,  
s i n t e r e d  UO, w a s  u s e d  by  m i s t a k e .  
Wi th  30% c o a r s e  UO, i n  302 s t a i n l e s s  
s t e e l  a f a i r  bond w a s  found a t  1250°C. 
I n c r e a s i n g  t h e  t e m p e r a t u r e  t o  1280°C 
d i d  n o t  g i v e  a d e f i n i t e  improvement i n  
t h e  bond. Ano the r  sample  u s i n g  r e g u l a r  
UO, w a s  p r e p a r e d  and s i n t e r e d  a s  above ;  
however ,  v e r y  l i t t l e  bondwas o b t a i n e d .  

R u b b e r s t a t i c  P r e s s i n g .  R u b b e r s t a t i c  
p r e s s i n g  h a s  b e e n  u s e d  d u r i n g  t h i s  
q u a r t e r  a s  a n  a d d i t i o n a l  f a b r i c a t i o n  
t e c h n i q u e .  F i g u r e  3 .22  shows how t h i s  
p r o c e d u r e  m a y b e u s e d  t o  p r e s s  a powder 
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UNCLASSI FI ED 

F i g .  3 . 1 6  - S u r f a c e  o f  304 S t a i n l e s s  S t e e l  A f t e r  100 hr o f  Exposure t o  
Barium Hydroxide a t  1000°C. 250X. N o t e  0 .003- in .  l a y e r  of meta l  + ox ide .  

l a y e r  o n t o  t h e  i n n e r  s u r f a c e  o f  a t u b e .  
P r e s s u r e  a p p l i e d  t o  t h e  s t e e l  punches  
i s  t r a n s m i t t e d  t h r o u g h  t h e  r u b b e r  and  
p r e s s e s  t h e  powder  t i g h t l y  o n t o  t h e  
i n s i d e  of  t h e  t u b e .  T h i s  i s  f o l l o w e d  
by a s i n t e r i n g  o p e r a t i o n .  T h i s  
t e c h n i q u e  i s  b e i n g  u s e d  a s  a f a b r i -  
c a t i o n  m e t h o d  on b o t h  s o l i d - f u e l  
e l e m e n t s  and c o n t r o l  r o d s .  

I n  t h e  f i r s t  spec imen  t r i e d  i n  t h e  
f u e l - e l e m e n t  work t h e  lower  h a l f  o f t h e  
powder l a y e r  was 302 s t a i n l e s s  s t e e l  

w h i l e  t h e  u p p e r  h a l f  was e l e c t r o l y t i c  
i r o n .  A f t e r  b e i n g  p r e s s e d  under  40 t s i  
and  s i n t e r e d  a t  1250°C, t h e  s t a i n l e s s  
s t e e l  was w e l l  bonded b u t  t h e  i r o n  had 
p u l l e d  away d u r i n g  s i n t e r i n g .  A s e r i e s  
of samples  was then  p r e p a r e d  u s i n g  30% 
by volume o f  h i g h - d e n s i t y  c o a r s e  UO, 
w i t h  v a r i o u s  p a r t i c l e  s i z e s  i n  - 3 2 5  
mesh 302 s t a i n l e s s  s t e e l  m a t r i c e s .  A l l  
t h e  compacts  were p r e s s e d  a t 3 0  t s i  and 
s i n t e r e d  a t  1250OC. The  s a m p l e  w i t h  
-325  mesh UO, was n o t  b o n d e d ,  w h i l e  
a n o t h e r  w i t h  - 2 0 0 ,  +325  mesh UO, was 
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304 s t a i n l e s s  steel 

316 s t a i n l e s s  steel 

Nickel A 

Nickel A 

304 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 l  

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  steel 

Inconel 

Inconel 

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

TABLE 3.3 

Summary of Hydroxide Corrosion Data Obtr 
815'C (1500°F) and 1000°C 

~ 

HYDROXIDE 

As-received 
W O W 2  

As-received 
&(m)2 

As-received 

De assed 
Sr(OH)2 

&m), 
As-received 

Wrn) 2 

De assed 

As- received 
ha) 
Sr(OH)2 

h~~ 
W O W  

De assed  OH)^ 
4s-received 

NaOH 

De assed 

As-received 

TEMPERA'IURE 
("C) 

1000 

10 00 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

815 

-0.027 

-0.015 

-0.002 

-0.002 

-0.020 

to.010 

to.010 

to. 034 

-0.030 

to. 105 

t0.047 

REMARKS 

Container t i  
f a i l  ed du. 
test; spe' 
not  embri 

Container t i  
f a i l e d  

Container I 
f a i l e d  di 
t e s t  



MATERIAL 
- ~~ ~~~ 

316 s t a i n l e s s  steel 

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  

316 s t a i n l e s s  steel 

Nickel A 

Nickel A 

Nickel A 

I n  cone1 

Inconel 

Inconel 

Inconel 

Inconel X 

Nichrome V 

Has t e l  I oy B 

HYDROXI DE 

Degassed NaCH 

NaOH + 3% NaH 

NaOH + 30% Na 

NaOH+ 5 drops 
H2O 

As- received 

Degassed NaOH 

NaOH + Na 

Degassed NaOH 

NaOH 

NaOH + NaH 

NaOH + H,O 
NaOH t Na 

Degassed NaCH 

Degassed NaOH 

Degassed Nam 

EMPERATURE 
(OC) 

8 15 

815 

815 

8 15 

815 

815 
8 15 

815 

815 

815 

815 
815 

815 

815 

TABLE 3.3 (continued) 

WEIGHT 
CHANGE 

( g/ i n .  

t o .  080 

+0.011 

to. 033 

Data n o t  
ava i l  - 
ab1 e 

-0.005 

+0.003 

-0.014 

+O. 15 

+o. 10 

+o. 12 

+0.08 

Data n o t  
avai l  - 
a b l e  

Data n o t  
a v a i l  - 
ab1 e 

Data n o t  
ava i l  - 
ab1 e 

REMARKS 

Tube b u r s t  from 
i n t e r n a l  
p r e s s u r e  

Tube f a i l  ed 
during test 

Tube f a i l e d  

Tube f a i l e d  
dur ing  tes t  

Tube f a i l e d  
during tes t  

METALLOGRAPHIC NOTES 

0.005-in. oxide l a y e r ;  0.002-in. i n t e r g r a n u l a r  

0.003-in. oxide I ayer; 0.001-in. i n t e r g r a n u l a r  

0.003-in. oxide l a y e r ;  0.002-in. i n t e r g r a n u l a r  

0.003-in. oxide layer ;  0.002-in. i n t e r g r a n u l a r  

a t t a c k  beneath 

a t t a c k  beneath 

a t t a c k  beneath 

a t t a c k  beneath 

No evidence o f  a t t a c k  

No evidence of a t t a c k  

No evidence of  a t t a c k  

Severe a t t a c k  to  depth of 0.016 in .  (Fig. 3.13) 

Sample severel  

0.015-in. oxidized layer 

0.012-in. oxidized layer 

Completely oxidized (>0.018 i n . )  

oxidized t o  depth o f  0.013 i n . ;  
conta iner  tu6e completely a t tacked  (Fig. 3.14) 

Completely oxidized (>0.018 i n . )  

0 . 0 U - i n .  severe  i n t e r g r a n u l a r  a t t a c k  
(Fig. 3.15) 

M 
Z 
U 
Z 
c, 

U 

b 
C 
e r 
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Ip h3 Longi t i  

f x Y.4104 Y - 4 1 0 3  
23 ’. m 

Cold-Rol led  2 5 %  A f t e r  H o t - R o l l i n g  

F i g .  3 . 1 7  - E f f e c t  o f  C o l d - R o l l i n g  30% U0,-70% 302  S t a i n l e s s  S t e e l  ( - 3 2 5  
Mesh). Photographed  a t  1 7 5 X ;  r educed  50% i n  r e p r o d u c t i o n ,  
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II \ 
.II 

. 

D -  . 
F i g .  3 . 1 9  - E f f e c t  of  U O ,  P a r t i c l e  S i z e .  ( a )  C o a r s e ;  3 0 %  U O ,  ( - 1 0 0 ,  

+200 mesh)--70% 302 S t a i n l e s s  S t e e l  ( - 3 2 5  mesh) .  1 7 5 X .  
r e c e i v e d ) - 7 0 %  302 s t a i n l e s s  s t e e l  ( - 3 2 5 ’ m e s h ) .  2 5 0 ~ .  

( b )  F i n e ;  30% UO, ( a s  

44 ‘A 
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E R I O D  ENDING JULY 3 1 ,  1 9 5 1  

i g a t i o n  i s  b e i n g  e x p a n d e d  t o  
e d e v e l o p m e n t  o f  r e f r a c t o r y  
ha fn ium,  or  cadmium compounds. 

p r e l i m i n a r y  i n v e s t i g a t i o n  ZrO, 
d a s  a s u b s t i t u t e  f o r  HfO, , and 
L a t e s  w e r e  p r e p a r e d  w i t h  t h e  
d h o t - r o l l i n g  t e c h n i q u e .  A l -  
t h e s e  two compounds a r e  s i m i l a r  
i l l y ,  t h e r e  i s  a c o n s i d e r a b l e  
n c e  i n  t h e i r  d e n s i t y ,  b u t  t h i s  

l i k e l y  t o  a f f e c t  t h e  p r e -  
r y  work. C o r e s  w i t h  30% by 
o f  Z r O ,  i n  n i c k e l ,  i r o n ,  a n d  
i n l e s s  s t e e l  were  f a b r i c a t e d .  
e r e  c l a d  w i t h  n i c k e l  o r  3 1 6  
e s s  s t e e l  by h o t - r o l l i n g  a t  

T a b l e  3 .4  is a summary of t h e  
o f  t h i s  i n v e s t i g a t i o n .  

d d i n g  B e r y l l i u m  O x i d e .  T h e  
Michigan Co. o f A d r i a n ,  Michigan  
e n  a t t e m p t i n g  t o  d e v e l o p  a 

p r o c e d u r e  f o r  c l a d d i n g  b e r y l l i -  
d e .  T h e  o n l y  o x i d e  r e a d i l y  
b l e  a t  t h e  b e g i n n i n g  o f  t h i s  
i g a t i o n  w a s  some  h i g h - f i r e d  
1 l e f t  from t h e  D a n i e l s  r e a c t o r  
‘ e r a 1  c r u c i b l e s  o f  l o w - d e n s i t y  

m a t e r i a  1. . e d  
1 had  a d a r k  u r  - 
i c h  p r e v e n t e d  The 
? a t e r i a l  i n t r o d  b l e  
l t y  from g a s e s  ariu/ur s u i u ~ i o n s  
i g  e n t r a p p e d  i n  t h e  p o r e s  a n d  
rming  b l i s t e r s  d u r i n g  s u b s e q u e n t  
g .  I f  t h i s  p r o b l e m  c a n  b e  

G e r i t y  i s  q u i t e  o p t i m i s t i c  t h a t  
s s f u l  c l a d d i n g  may be p l a t e d  on. 
a ,  t w o  s a m p l e s  wh ich  t h e y  g a v e  
w h i c h  a p p e a r e d  t o  b e  s a t i s -  
d i d  n o t  have enough mechan ica l  

) a l l o w  m o u n t i n g  f o r  a m e t a l -  
l i c  s t u d y .  They  have  now been  
.o  g i v e  t h i s  p h a s e  o f  t h e  work 
p r i o r i t y  a n d  t o  p u s h  t h e i r  
i g a t i o n  o f  e l e c t r o f o r m i n g  

u e s  f o r  s p e c i a l  s h a p e s .  
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BOND OF 
CLADDING 
To CORE 

Very good 
Very good 

TABLE 3.4 

Summary of Results of Investigation on ZrO, 

REMARKS 

Distribution of Zr02 good 
Distribution of ZrO, good 

ZrO, 30, N i  70 

Zd, 30, Fe 7 0  

316 s t a i n l e s s  steel 

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

56 
80 

92 

53 
74-  

92 

77 

Fair 
Fair 

Di  s tr i bu ti on good 
S l i g h t  tendency toward clumping 

Good 

ZrO, 30, Fe 70  

ZrOz 30,302 stain-  
l e s s  s t e e l  70 

Tendency toward clumping of oxide 
par tic1 es 

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  

Good Extreme c luster ing  of Zr02 p a r t i -  
c les;  some penetration of ZrO, 
i n t o  cladding 

Very good Distribution very good 

Compatibility. To d e t e r m i n e  t h e  
c o m p a t i b i l i t y  o f  U02-Fe or U0,--302 
s t a i n l e s s  s t e e l  c o r e s  i n  c o n t a c t  w i t h  
316 s t a i n l e s s  s t e e l  c l a d d i n g  s e c t i o n s  
o f  h o t - r o l l e d  p l a t e s  were s e a l e d  i n  
e v a c u a t e d  t u b e s .  The  t u b e  and  i t s  
c o n t e n t s  were h e l d  a t  1000°C for 100 h r .  
M e t a l l o g r a p h i c  e x a m i n a t i o n  d i s c l o s e d  
a d i f f u s i o n  o f  l e s s  t h a n  0 . 0 0 1  i n .  
b e t w e e n  t h e  i r o n  c o r e s  a n d  t h e  3 1 6  
c l a d d i n g  a n d  n o n e  b e t w e e n  t h e  3 1 6  
c l a d d i n g  and t h e  302 c o r e s .  Both t h e s e  
r e s u l t s  were i n  agreement  w i t h  e a r l i e r  
tes ts .  

Refractory Metals. A s u r v e y  o f  t h e  
l i t e r a t u r e  on molybdenum and columbium 
h a s  been u n d e r t a k e n  i n  p r e p a r a t i o n  f o r  
f u t u r e  work w i t h  t h o s e  m e t a l s .  S imple  
t e s t s  a r e  b e i n g  r u n  upon  a v a i l a b l e  
s p e c i m e n s  t o  c o n f i r m  or d i s p r o v e  some 
o f  t h e  q u e s t i o n a b l e  r e p o r t s .  

CREEP-RUPTURE LABORATORY 

The i n s t a l l a t i o n o f  equipment  in t h e  
l a b o r a t o r y  ( F i g s .  3 . 2 3  a n d  3 . 2 4 )  
l o c a t e d  i s  B u i l d i n g  2 0 0 0 i s  e s s e n t i a l l y  
c o m p l e t e .  The i n s t a l l a t i o n  o f  e q u i p -  
m e n t i n t h e  l a b o r a t o r y  i n  B u i l d i n g  2019 
for t e s t i n g  i n  l i q u i d  m e t a l  i s  a b o u t  
70% c o m p l e t e  a n d  i t  i s  h o p e d  t h a t  
t e s t i n g  c a n  be s t a r t e d  by S e p t e m b e r .  

The c o n t r o l  i n s t r u m e n t s  ( F i g .  3 .25 )  
now h a v e  had  a b o u t  6000 h r  o f  n e a r l y  
c o n t i n u o u s  o p e r a t i o n ,  d u r i n g  w h i c h  
t i m e  a l l  t h e  6N7 and 6SQ7 t u b e s  h a v e  
had t o  be r e p l a c e d .  About 70% o f  t h e  
mercu ry  r e l a y s  have  r e q u i r e d  r e p l a c e -  
m e n t ,  h a v i n g  had  a n  a v e r a g e  l i f e  o f  
a b o u t  two m i l l i o n  c y c l e s .  A m e c h a n i c a l  
t y p e  r e l a y  h a s  b e e n  p l a c e d  i n  o n e  
c o n t r o l  c i r c u i t  f o r  a l i f e  t e s t .  
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FOR P E R I O D  ENDING JULY 3 1 ,  1951 

UNCLASSIFIED 

Fig. 3.23 - Four of the Eight Installations for Creep Testing in Vacuum. 
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UNCLASSIFIED 

F i g .  3 .24  - Units for Creep T e s t i n g  i n  P u r i f i e d  Argon. 

N i n e  t e c h n i c i a n s  w e r e  h i r e d  a n d  
r e p o r t e d  f o r  d u t y  d u r i n g  May. T h e s e  
men h a v e  now had s u f f i c i e n t  t r a i n i n g  
and  a r e  e x p e c t e d  t o  s t a r t  s h i f t  work 
J u l y  3 0 ,  p l a c i n g  t h e  l a b o r a t o r y  on  a 
24-hr  b a s i s .  The p r i n c i p a l  aim o f  t h e  
t e s t i n g  d u r i n g  t h e  p a s t  q u a r t e r  h a s  
b e e n  t o  t r a i n  >these t e c h n i c i a n s ,  
t h o u g h  a c c e p t a b l e  t e s t  r e s u l t s  h a v e  
been o b t a i n e d .  

The 25-kw emergency  g e n e r a t o r  h a s  
been i n s t a l l e d  and t e s t e d ,  t h e  a v e r a g e  
t o t a l  changeover  t i m e  b e i n g  5 s e c .  The 

g e n e r a t o r  h o l d s  a n  e s s e n t i a l l y  c o n s t a n t  
v o l t a g e  e v e n  w i t h  100% l o a d  c h a n g e s .  

I n  t h e  e a r l y  r u n s  t o  s t u d y  t h e  
o p e r a t i o n  o f  t h e  v a c u u m  f u r n a c e s  
( F i g .  3 . 2 6 ) ,  v a p o r - d e p o s i t e d  aluminum 
w a s  o b s e r v e d  on t h e  s p e c i m e n s  a n d  
p u l l  r o d s .  T h i s  o b s e r v a t i o n  r a i s e d  
t h e  q u e s t i o n  o f  t he rmocoup le  s t a b i l i t y  
i n  vacuums  o f  0 . 0 5  p Hg or l e s s  a t  
e l e v a t e d  t e m p e r a t u r e .  F u r t h e r  t e s t i n g  
s h o w e d  by v i s u a l  o b s e r v a t i o n  t h a t  
a luminum and manganese  w i l l  v a p o r i z e  
f r o m  t h e  a l u m e l  w i r e a t  t e m p e r a t u r e s  
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UNCLASSI FI ED 

Fig. 3.25 - Centralized Instrument Panel in Creep Laboratory. 

a b o v e  1 5 0 ° C  a n d  t h a t  c h r o m i u m  w i l l  
v a p o r i z e  f r o m  a l l  s o u r c e s  i n  t h e  
f u r n a c e  a t  t e m p e r a t u r e s  above  850°C. 

To s t u d y  t h e  e f f e c t  o f  c o m p o s i t i o n  
c h a n g e s  on  t h e r m o c o u p l e  s t a b i l i t y ,  
c h r o m e l - a l u m e l ,  i r o n - c o n s t a n t a n ,  and  
p l a t i n u m - 1 0 %  r h o d i u m  c o u p l e s  w e r e  
w i r e d  t o  a u ran ium b a r .  Two ch romel -  
a lume l  c o u p l e s  were a l s o  b r o u g h t  i n t o  
t h e  s y s t e m  i n  s t a i n l e s s  s t e e l  p r o -  
t e c t i o n  t u b e s ;  one c o u p l e  c o n t r o l l e d  
t h e  f u r n a c e  and t h e  o t h e r  s e r v e d  a s  a 
check  on t h e  t e m p e r a t u r e  s t a b i l i t y  o f  
t h e  s y s t e m .  The t e m p e r a t u r e  was h e l d  

a t  7 0 0 ° C  f o r  1 0 0 0  h r .  The  p l a t i n u m  
a n d  i r o n - c o n s t a n t a n  c o u p l e s  g a v e  
e r r a t i c  t e m p e r a t u r e s  w h i l e  t h e  ch romel -  
a lumel  c o u p l e  i n  vacuum gave c o n s i s t e n t  
c h e c k s  w i t h  t h e  c o n t r o l  and r e f e r e n c e  
t e m p e r a t u r e s .  R e c a l i b r a t i o n  a f t e r  such  
a r u n  i s  u n s u c c e s s f u l  u n l e s s  t h e  
t e m p e r a t u r e  g r a d i e n t  a l o n g  t h e  c o u p l e  
i s  e x a c t l y  r ep roduced .  

I n  an  e a r l i e r  a t t e m p t  t o  check  t h e  
s t a b i l i t y  o f  t h e  t h e r m o c o u p l e s  , 
chromel -a lume l ,  platinum-lO% rhodium, 
and i r o n - c o n s t a n t a n  c o u p l e s  were w i r e d  
t o  t h e  s u r f a c e  o f  a u r a n i u m  b a r .  A 
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NOMINAL 
STRESS 
( p s i )  

12,000 
6,000 
4,000 

F i g .  3.26 - F u r n a c e  f o r  C r e e p -  2,000 
R u p t u r e  T e s t i n g  i n  Vacuum o r  I n e r t  
Atmosphere. 

METALLURGY DIVISION QUARTERLY PROGRESS REPORT 

UNCLASSIFIED 

RUPTURE TIME 

20 min 95% t o t a l  e longat ion 
3 t o  4 h r  65% t o t a l  e l  ongation 
90 t o  110 hr 75% t o t a l  e longat ion 
S t i l l  on a t 2 0 0  Creep r a t e  “0.02% 

and 330 h r ,  per  hour 
respect ive1 y 
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FOR PERIOD ENDING JULY 3 1 ,  1951 

- -  
19,000 

16,000 

f o l l o w i n g  s t r e s s  l e v e l s :  2 2 , 0 0 0 ,  
1 9 , 0 0 0 ,  1 6 , 0 0 0 ,  8 , 0 0 0 ,  and 2 , 0 0 0  p s i .  
T h e  s a m p l e s ,  f rom d i f f e r e n t  l o t s  o f  

Y. 3996 

In test 120 hr Creep rate ‘“0.0110% 

In test 500 hr  Geep rate ~0.0009% 
per hour 

per hour 

F i g .  3 . 2 7  - E u t e c t i c  Mel t ing  o f  Uranium i n  Contact  with F e - N i - C r  A l l o y s .  

STRESS 
Thori u m .  One o f  f i v e  0 . 5 0 5 - i n .  

A d d i t i o n a l  t e s t  s a m p l e s  h a v e  b 
loaded  t o  3500 and 4500 p s i .  

b a r s  h a s  b e e n  l o a d e d  a t  3 0 0 ° C  a n d  

a t  1000 h r  

Arnes t h o r i u m ,  h a d  r o o m - t e m p e r a t u r e  
t e n s i l e  s t r e n g t h s  r a n g i n g  from 30 ,000  
t o  3 9 , 0 0 0  p s i .  T h e  r e s u l t s  o f  t h e  
t es t s  were a s  follows: 
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FOR PERIOD ENDING JULY 3 1 ,  1 9 5 1  

i i n l e s s  S t e e l .  D u p l i c a t e  
s ( 0 . 5 0 0 -  by 0 . 0 6 5 - i n .  
n )  have  been  l o a d e d  t o  
d 8000  p s i  a t  8 1 5 " C . i n  
j p h e r e .  T h e r e  i s  c o n -  
t e r  i n  t h e  r e s u l t s ,  and 
tng r e p e a t e d .  

S h e e t  s p e c i m e n s  i n  t h e  
iper (0 .500-  by 0 . 0 6 5 - i n .  
n )  have  been l o a d e d  t o  
d 8 0 0 0  p s i  a t  815°C i n  
p h e r e .  D u p l i c a t e  t e s t s  
1 and a r e  c l o s e  t o  t h e  
a .  S i m i l a r  s p e c i m e n s  
) 1120°C i n  vacuum f o r  
: c o o l e d  and  l o a d e d  t o  
i°C i n  a r g o n .  The re  was 
a g r e e m e n t  b e t w e e n  t h e  
. c a t e  t e s t s  a l t h o u g h  t h e  
p u b l i s h e d  d a t a w a s  poor .  
N i c k e l  Co. r e p o r t s  a n  

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

o b s e r v e d  i n  t h e  s h e e t  
, a s s u m i n g  t h a t  I n t e r -  
. used  b a r s ,  t h i s  c r a c k -  
Int for t h e  d i s c r e p a n c y .  
i c  s t u d i e s  h a v e  b e e n  
I a t t e m p t  t o  a c c o u n t  f o r  
c e .  L o a d i n g s  a t  3 0 0 0  
-e i n  t e s t .  

Two s p e c i m e n s  were 
u r e  a t  815°C i n  a r g o n .  
- e d  a t  2 6 , 0 0 0  p s i  w i t h  
i g a t i o n .  One s p e c i m e n  
1 p s i  h a s  b e e n  i n  t e s t  
h a s  a t o t a l  e l o n g a t i o n  

x a t i o n  T e s t i n g .  E i g h t  
s s - r e l a x a t i o n  t e s t s  f o r  
n l e s s  s t e e l  w e r e  c o n -  
c e s s  l e v e l s  o f  5 0 0 0 ,  
2 0 , 0 0 0  p s i  u s i n g  t h e  
- r u p t u r e  m a c h i n e .  A l l  

t e s t s  were made a t  a t e m p e r a t u r e  o f  
1 5 0 0 ° F .  A f t e r  1 6  h r  t h e  s t r e s s  was 
a b o u t  4 6 0 0  t o  4 8 0 0  p s i  r e g a r d l e s s  
o f  t h e  i n i t i a l  s t r e s s  ( F i g .  3 . 2 9 )  
l e v e l .  S t r e s s - r e l a x a t i o n  c u r v e s  a r e  
a l s o  t o  be o b t a i n e d  f o r  i n c o n e l  a n d  
n i c k e l  A. 

D e s i g n  work for s t r e s s - r e l a x a t i o n  
t e s t s  on i n c o n e l  b o l t s  i n  s o d i u m  a t  
1 5 0 0 ° F  h a s  b e e n  c o m p l e t e d ,  b u t  c o n -  
s t r u c t i o n  o f  t h e  e q u i p m e n t  h a s  n o t  
b e e n  f i n i s h e d .  

WELDING LABORATORY 

W e l d i n g  of I n c o n e l .  The g r e a t e r  
p a r t  o f  t h e  w o r k  t o  d a t e  h a s  b e e n  
c o n f i n e d  t o  b a s i c  e v a l u a t i o n  o f  t h e  
q u a l i t y  o f  i n c o n e l  t u b e - t o - h e a d e r  
w e l d e d  j o i n t s .  A l i m i t e d  amount  of  
f a b r i c a t i o n  o f  t y p i c a l  t u b e - t o - h e a d e r  
a s s e m b l i e s  h a s  b e e n  u n d e r t a k e n  a n d  
w i l l  r e c e i v e  emphas i s  d u r i n g  t h e  n e x t  
q u a r t e r .  

M e c h a n i c a l  P r o p e r t i e s  of Welds .  
T e n s i l e  T e s t s .  The r e s u l t s  o f  room 
t e m p e r a t u r e  t e s t s  o f  i n c o n e l  t u b e - t o -  
heade r  t e n s i l e  p a i r s  made u s i n g  manual 
i n e r t  a r c ,  c o n e  a r c ,  a n d  b r a z i n g  
t e c h n i q u e s  a r e  s u m m a r i z e d i n  T a b l e  3.5. 
I t  may b e  n o t e d  t h a t  s t r e n g t h s  a n d  
d u c t i l i t y  o f  m a n u a l l y  and  c o n e - a r c -  
welded p a i r s  were o f  t h e  same o r d e r  o f  
m a g n i t u d e  a n d  f a v o r a b l y  c o m p a r a b l e  
t o  t h e  s t r e n g t h  o f  t h e  a s - r e c e i v e d  
i n c o n e l  t u b i n g  used  i n  t h e  f a b r i c a t i o n .  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  
welded j o i n t s  w i t h  a v e r a g e  p e n e t r a t i o n  
o f  7 0 % o f t h e  heade r  t h i c k n e s s  o f  0.062 
i n .  e x h i b i t e d  s t r e n g t h  and  d u c t i l i t y  
c o m p a r a b l e  t o  w e l d s  w i t h  c o m p l e t e  
p e n e t r a t i o n .  F a i l u r e s  i n  b o t h  t y p e s  
of j o i n t s  o c c u r r e d  i n  t h e  h e a t - a f f e c t e d  
zone immedia t e ly  a d j a c e n t  t o  t h e  weld ,  
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Fig. 3.29 - Relaxation Curves of 316 Stainless Steel at 1500°F. 

as wou ldbe  e x p e c t e d  s i n c e  t h i s  a r e a  i s  
t h a t  o f  minimum c r o s s - s e c t i o n .  P a r t i a l  
p e n e t r a t i o n  r e q u i r e s  c o n s i d e r a b l y  l e s s  
c r i t i c a l  c o n t r o l  o f  t h e  v a r i a b l e s  o f  
t h e  c o n e - a r c  method.  Comple t e  pene -  
t r a t i o n  i s  more d i f f i c u l t  t o  a c h i e v e  
w i t h  c o n s i s t e n c y ,  and  i t  i s  e x p e c t e d  
t h a t  e v e n  m o r e  d i f f i c u l t y  w i l l  be  
e n c o u n t e r e d  when e x p e r i m e n t s  w i t h  
t h i n n e r  h e a d e r  s h e e t s  a n d  s m a l l e r  
t u b i n g  a r e  a t t e m p t e d .  

S t r e n g t h  v a l u e s  for j o i n t s  b r a z e d  
w i t h  N i c r o b r a z  i n  p r e l i m i n a r y  e x p e r i -  
ments  a r e  i n c l u d e d  i n  T a b l e  3 . 5 .  The 
l o w e r  t e n s i l e  s t r e n g t h  and  somewhat  
h i g h e r  e l o n g a t i o n  i n  3 i n .  o f  t h e s e  
s p e c i m e n s  may b e  a t t r i b u t e d  t o  t h e  
a n n e a l i n g  r e c e i v e d  i n  t h e  b r a z i n g  
o p e r a t i o n .  B r a z i n g  o f  b a s i c  j o i n t s  
f o r  e v a l u a t i o n  and  c o m p a r i s o n  w i t h  

w e l d e d  j o i n t s  w i l l  r e c e i v e  m a j o r  
c o n s i d e r a t i o n  i n  f u t u r e  work. 

Two m a n u a l l y  i n e r t - a r c - w e l d e d  
i n c o n e l  t u b e - t o - h e a d e r  p a i r s  w e r e  
t e s t e d  i n  l i q u i d  sodium a t  1000°C f o r  
1 0 0  h r  b e f o r e  t e n s i l e  t e s t i n g  t o  
d e t e r m i n e  t h e  e f f e c t  o n  t h e  r o o m -  
t e m p e r a t u r e  t e n s i l e  s t r e n g t h .  I t  may 
be n o t e d  t h a t  t h e  o n l y  e f f e c t  i n d i c a t e d  
by t h i s  e x p e r i m e n t  was a s l i g h t  l ower -  
i n g  o f  t h e  t e n s i l e  s t r e n g t h  a n d  a n  
a p p r e c i a b l e  i n c r e a s e  i n  e l o n g a t i o n  due 
t o  a n n e a l i n g .  

F a t i g u e  Tests. I n  o r d e r  t o  f u r t h e r  
e v a l u a t e  the  q u a l i t y  o f  t u b e - t o - h e a d e r  
j o i n t s ,  a r o t a t i n g  tubu la r -beam f a t i g u e  
t e s t  was d e v e l o p e d .  A p h o t o g r a p h  o f  
t h e  t e s t  a p p a r a t u s  i s  shown i n  F i g .  
3 . 3 0  a l o n g  w i t h  a s c h e m a t i c  p r e s e n -  
t a t i o n  o f  t h e  f a t i g u i n g  m o t i o n .  The 
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TABLE 3. 5 

-Temperature Tensile Properties of Inconel Tube- to-Header 6dPairs** 

~ 

DESCRIPTION 

Manual . i n e r t  a rc  weld with complete pene- 
t r a t i o n ;  t e s t e d  as  welded 

Cone arc weld with conplete  pene t ra t ion ;  
t e s t e d  a s  welded 

Cone arc weld with average penet ra t ion  of 70% 
of 0.062-in. header sheet ;  t e s t e d  as  welded 

As-received inconel tubing 

Nicrobrazed 

Manual i n e r t  arc weld with complete pene- 
t r a t i o n ;  t e s t e d  a f t e r  t reatment  i n  l i q u i d  
sodium a t  1000 C for 100 h r  

NO. OF 
TESTS 

AVERAGE TENSILE* 
STRENGTH ( p s i )  

93,000 

96,500 

95,500 

105,000 

82,200 

89,500 

AVERAGE ELONGATION** 
(% i n  3 i n . )  

23.8 

21.5 

26.9 

30.8 

28.9 

36.9 

*Tensi le  s t rength  based on tube dimensions of 0.187 in .  i n  0.d. and 0.025 in .  i n  wall thickness  
except for “ a i r s”  t r e a t e d  i n  l i q u i d  sodium. Tubing used w a s  0.188 in .  i n  0.d. and 0.030 in.  
i n  w a l  I thickness. 

Final “ p a i r ”  length - I n i t i a l  “ p a i r ”  length 
I n i t i a l  “ p a i r ”  length  

**Percent elongation = 

t e s t  i s  e f f e c t i v e l y  t o r s i o n l e s s  s i n c e  
t h e  e c c e n t r i c  cam w i t h i n  w h i c h  t h e  
t u b e  end r i d e s  i s  equ ipped  w i t h  r o l l e r  
b e a r i n g s .  Spec imen  l e n g t h s  were  5.8 
i n .  l o n g  and  were r o t a t e d  a t  1125  rpm 
a t  a p r e s e t  d e f l e c t i o n .  

A l i m i t e d  number o f  d a t a  a r e  p r e -  
s e n t e d  a s  an  S - N  s c a t t e r  band c u r v e  i n  
F i g .  3.31. F u r t h e r  t e s t s  a r e  n e c e s s a r y  
f o r  c o n c l u s i v e  e v a l u a t i o n .  It  may be 
n o t e d ,  however,  t h a t  we lds  i n c o r p o r a t -  
i n g  c o m p l e t e  p e n e t r a t i o n ,  w h e t h e r  
manual i n e r t  a r c ,  cone  a r c ,  or b r a z e d  
e x h i b i t e d  s u p e r i o r  f a t i g u e  l i f e  t o  
t h o s e  j o i n t s  w i t h  p a r t i a l  p e n e t r a t i o n .  
T h i s  c o n d i t i o n  w a s  n o t  e v i d e n t  on 
e x a m i n a t i o n  o f  t e n s i l e  d a t a .  T h e  

lower  f a t i g u e  l i f e  o f  t h e s e  w e l d s  may 
b e  a t t r i b u t e d  t o  t h e  l a c k  o f  p e n e -  
t r a t i o n ,  and,  as  a r e s u l t ,  t h e  p r e s e n c e  
o f  a “ n o t c h . ”  T h e  e v a l u a t i o n  o f  
f a t i g u e ,  t e n s i l e ,  a n d  c o r r o s i o n  
p r o p e r t i e s  o f  p a r t i a l l y  we lded  c o n e -  
a r c  j o i n t s ,  w i t h  t h e  n o t c h  e l i m i n a t e d  
by  b r a z i n g ,  w i l l  b e  t h e  s u b j e c t  o f  
f u t u r e  work. 

All-Weld-Metal Tensile Tests. The 
p r o p e r t i e s  o f  weld d e p o s i t s  i n  i n c o n e l  
p l a t e  a r e  o f  i n t e r e s t  s i n c e  t h e  ARE 
r e a c t o r  s h e l l  a n d  o t h e r  c o m p o n e n t s  
w i l l  be f a b r i c a t e d  f rom t h i c k  p l a t e .  
A l i m i t e d  number  o f  t e s t s  h a v e  b e e n  
c o n d u c t e d  u s i n g  % - i n .  i n c o n e l  p l a t e  
and v a r i o u s  f i l l e r  m e t a l s  t o  p r o v i d e  
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Header Fixed In Chuck 

Del lrcted Potition 

Fig. 3.30 - Fat igue-Testing Apparatus. 

a l l - w e l d - m e t a l  0 . 3 5 7 - i n .  t e n s i l e  
spec imens .  The r e m a i n i n g  weld d e p o s i t s  
were r e s e r v e d  f o r  q u a n t i t a t i v e  a n a l y s i s  
and  s t a t i c  c o r r o s i o n  t e s t s  i n  l i q u i d  
sodium and a f l u o r i d e .  

The r e s u l t s  o f  t h e  room- tempera tu re  
t e n s i l e  t e s t s  a r e  p r e s e n t e d  i n  T a b l e  
3 .6 .  I t  may be n o t e d  t h a t  t h e  i n e r t -  
a r c - w e l d  d e p o s i t s  e x h i b i t e d  s u p e r i o r  
p h y s i c a l  p r o p e r t i e s  t o  t h o s e  o f  t h e  
m e t a l - a r c  d e p o s i t .  The  u s e  o f  t h e  
manual i n e r t  a r c ,  however,  t o  f a b r i c a t e  
t h e  r e a c t o r  s h e l l  i s  i m p r a c t i c a l .  
F u r t h e r  t e s t s  u s i n g  I n c o  No. 1 3 2  
m e t a l - a r c  r o d  w i l l  be c o n d u c t e d  t o  
compare  w i t h  t h e  p r o p e r t i e s  o f  w e l d  
d e p o s i t s  f r o m  a n  A i r c o m a t i c  w e l d e r  

w h i c h  s h o u l d  b e  i n  o p e r a t i o n  i n  t h e  
n e x t  q u a r t e r .  

Inspection. I n s p e c t i o n  o f  we lds  o f  
t h e  t u b e - t o - h e a d e r  t y p e  i n v o l v i n g  a 
r e l a t i v e l y  i n t r i c a t e  g e o m e t r y  a n d  
numerous s m a l l  components i s  d i f f i c u l t .  
R a d i o g r a p h y  h a s  been  a t t e m p t e d  w i t h  
s i n g l e  spec imens ,  and d e l i b e r a t e  f l a w s  
which were l o c a t e d  on t h e  r a d i o g r a p h s  
were much more e v i d e n t  w i t h  t h e  naked  
e y e .  It  i s  e x p e c t e d  t h a t  t h e  u s e  o f  a 
s y s t e m  s u c h  a s  Dye-Chek, f o l l o w e d  by 
m i c r o s c o p i c  e x a m i n a t i o n  o f  w e l d  sur- 
f a c e s  , h y d r a u l i c  p r e s s u r e  t e s t i n g  o f  
a s s e m b l i e s ,  and  h e l i u m  l e a k  t e s t i n g  
w i l l  p r o v e  u s e f u l  i n  d e t e c t i n g  m a j o r  
f l a w s .  T h i s  s y s t e m  w i l l  be  s e t  up  a s  
p a r t  o f  f u t u r e  work a s  a p r e l i m i n a r y  
approach  t o  t h e  problem. 

Corrosion of Welds. The e f f e c t  on 
t h e  t e n s i l e  s t r e n g t h  o f  welded i n c o n e l  
t u b e - t o - h e a d e r  s p e c i m e n s  h a s  b e e n  
i n d i c a t e d  i n  an  e a r l i e r  s e c t i o n .  

S a m p l e s  o f  t h e  w e l d  d e p o s i t  f rom 
s p e c i m e n s  1 and  2 o f  T a b l e  3 . 6  w e r e  
t r e a t e d  i n  l i q u i d  sodium a t  1000°C for 
100 h r  and  i n  a l i q u i d  s o d i u m - p o t a s -  
s ium-uranium f l u o r i d e  m i x t u r e  a t  816°C 
f o r  100  h r .  T h e r e  w a s  no  s i g n i f i c a n t  
l o s s  or g a i n  i n  w e i g h t  o f  any  o f  t h e  
s a m p l e s .  M e t a l l o g r a p h i c  e x a m i n a t i o n  
i n d i c a t e d  a w e l d  m e t a l  i m m u n i t y  t o  
a t t a c k  by t h e s e  l i q u i d  me ta l s  d u r i n g  
t h e  i n t e r v a l  o f  t e s t .  

Special Tests. A r e c e n t  p r o b l e m  
w h i c h  h a s  a r i s e n  d u e  t o  a f i n i t e  
d e p a r t u r e  from t h e  t u b e -  t o - h e a d e r  t y p e  
o f  r e a c t o r  i n v o l v e s  s e a l i n g  o f f  o f  t h e  
i n c o n e l  t u b i n g  unde r  a p o s i t i v e  h e l i u m  
p r e s s u r e .  P r e l i m i n a r y  e x p e r i m e n t s  have 
b e e n  p e r f o r m e d  w h i c h  i n d i c a t e  t h a t  
p r e s s u r e s  o f  2 5  p s i g  o f  h e l i u m  c a n  be 
e n c l o s e d  w i t h i n  i n c o n e l  t u b i n g  by 
a p p l i c a t i o n  o f  m e c h a n i c a l  p r e s s u r e  t o  
c r i m p  t h e  t u b i n g .  W h i l e  s t i l l  u n d e r  
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end f o r  
: t e d  t o  
empt t o  
d r i c a l  

n e w l y  

m i l l w r i g h t s  s h o u l d  c o m p l e t e  t h e  
i n s t a l l a t i o n  by A u g u s t  1 0 .  A number 
o f  o t h e r  p i e c e s  of e q u i p m e n t  a r e  on 
o r d e r ,  t h e  p r i n c i p a l  i t e m s  o f  w h i c h  
a r e  a Loomis p r e s s ,  s u r f a c e  g r i n d e r ,  
t u b u l a r  "Globa r"  f u r n a c e ,  and a band 
s a w .  P a r t s  have  been o r d e r e d  f o r  t h e  
c o n s t r u c t i o n  of a vacuum d i l a t o m e t e r ,  
b e r y l l i u m  o x i d e  t u b e  f u r n a c e  and f o r  a 
s m a l l  "Globar" f u r n a c e .  

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

m e n t  h a v e  b e e n  r e c e i v e d  a n d  t h e  E n g i n e e r i n g  D e p a r t m e n t  i s  m a k i n g  
A l a r g e  number of p i e c e s  of e q u i p -  
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TABLE 3.6 

Inconel All-Weld-Metal Tensile Values 

(0 .357-in.  - d i a m e t e r  T e s t  Specimens;  2 i n .  Gage Length)  

SPECIMEN 
NO. DESCNPTION 

I n e r t  a r c  welded; 1 / 8 - i n .  

Metal arc welded;  I n c o  No. 132 
1 / 8 - i n .  rod  f i l l e r  metal  

I n e r t  a r c  welded; I n c o  No. 62  
1 / 8 - i n .  w i r e  f i l l e r  metal  

i n c o n e l  w i r e  f i l l e r  metal  

TENSILE STRENGTH 
( p s i )  

100,000 

85,500 

98,000 

e s t  ima t e s  f o r  p l a c i n g  t h i s  i n  a work- 
a b l e  c o n d i t i o n .  

An a g r e e m e n t  i s  b e i n g  n e g o t i a t e d  
w i t h  t h e  E l e c t r o t e c h n i c a l  L a b o r a t o r y  
o f  t h e  B u r e a u  o f  M i n e s ,  N o r r i s ,  
T e n n e s s e e ,  w h e r e b y  t h e  l a t t e r  w i l l  
c o o p e r a t e  w i t h  t h e  l a b o r a t o r y  i n  t h e  
f a b r i c a t i o n  o f  c r u c i b l e s  a n d  o t h e r  
r e f r a c t o r y  p a r t s ,  and c a r r y  on s p e c i a l  
i n v e s t i g a t i o n s  o f  i n t e r e s t  t o  t h e  
l a b o r a t o r y .  A l l  work wh ich  i n v o l v e s  
t h e  use  o f b e r y l l i a  and o t h e r  b e r y l l i u m  
c o m p o u n d s  w i l l  b e  d o n e  a t  N o r r i s .  

The  work  o f  t h e  l a b o r a t o r y  i s  t o  
c o n s i s t  o f  t h r e e  p a r t s ,  namely: b a s i c  
or l o n g -  t e rm r e s e a r c h ,  e n g i n e e r i n g  
d e v e l o p m e n t ,  and  s e r v i c e  work .  The 
f o r m e r  w i l l  be  c o n c e r n e d  m a i n l y  w i t h  
t h e  w e t t i n g  o f  m e t a l s  by o x i d e s ,  phase  
s t u d i e s  o f  s y s t e m s  i n v o l v i n g  u r a n i u m  
o x i d e  or c a r b i d e ,  and  a s t u d y  o f  t h e  
p r o p e r t i e s  o f  h a f n i a .  D e v e l o p m e n t  
p r o b l e m s  w i l l  be  c o n c e r n e d  w i t h  s u c h  
p r o j e c t s  a s  t h e  f a b r i c a t i o n  o f  f u e l  
r o d s  f o r  h i g h - t e m p e r a t u r e  r e a c t o r s ,  
v a l v e  s e a t s  t o  r e s i s t  l i q u i d  s o d i u m ,  

ELONGATION 
(% i n  2 in . )  

40 .5  

31 

44 

YIELD STRENGTH 
0.275 OFFSET 

( p s i )  

55,000 

47 I 200 

55,500 

a n d  c e r m e t s  f o r  u s e  a s  s t r u c t u r a l  
m a t e r i a  1 s a t  e l e v a  t e d  t e m p e r a t u r e s  . 
S e r v i c e  work w i l l  c o n s i s t  i n  t h e  f a b r i -  
c a t i o n  o f  c r u c i b l e s  a n d  o t h e r  r e -  
f r a c t o r y  p a r t s  f o r  t h e  M e t a l l u r g y  
D i v i s i o n .  A l s o ,  a l i m i t e d  a m o u n t  
o f  w o r k  w i l l  b e  d o n e  f o r  o t h e r  d i -  
v i s i o n s .  The  l a b o r a t o r y  h a s  a l r e a d y  
r e n d e r e d  s e r v i c e  i n  t h e  d e s i g n  o f  
s p e c i a l  r e f r a c t o r i e s  f o r  v a c u u m  i n -  
d u c t i o n  f u r n a c e s  f o r  m e l t i n g  u ran ium,  
t h e  making o f  s p e c i a l  l i t h i u m  f l u o r i d e  
i n s u l a t o r s  f o r  t h e  c a l u t r o n ,  enameled  
i r o n  g a s k e t s  t o  r e s i s t  h i g h  t e m p e r a -  
t u r e s ,  and i n  t h e  d e s i g n  o f  a g r i n d i n g  
s y s t e m  f o r  r e f r a c t o r i e s  i m p r e g n a t e d  
w i t h  p lu ton ium.  

An e x c e l l e n t  c e r a m i c  l i b r a r y  h a s  
been  a s s e m b l e d  a t  Y-12 w i t h  c o m p l e t e  
f i l e s  o f  t h e  more  i m p o r t a n t  c e r a m i c  
t e c h n i c a l  j o u r n a l s .  

F i v e  p o u n d s  o f  h a f n i u m  m e t a l  h a s  
b e e n  p r o d u c e d  f rom h a f n i u m  f l u o r i d e  
a n d  w i l l  b e  s e n t  t o  t h e  B a t t e l l e  
Memorial I n s t i t u t e  f o r  f u r t h e r  p u r i f i -  
c a t  i o n .  
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.on of Solid and Liquid 
;udy i s  b e i n g  made o f  t h e  
f s o l i d  and l i q u i d  m e t a l s  
or e m p h a s i s  i s  p l a c e d  on 
led i n  t h e s e  i n t e r a c t i o n s  
l l o g r a p h i c  o r i e n t a t i o n  o f  
, a 1  s u r f a c e .  P r e l i m i n a r y  
made  o f  t h e  a c t i o n  o f  
y on c o p p e r  s i n g l e  c r y s t a l  
is  s y s t e m  was c h o s e n  be -  
: g r e a t  s i m p l i c i t y  w i t h  
i e n t s  c o u l d  be c o n d u c t e d .  
r r e p o r t e d  (ORNL-1033) i t  
h a t  t h e  c o p p e r - m e r c u r y  

w a s  a f u n c t i o n  o f  t h e  
p h i c  o r i e n t a t i o n  o f  t h e  
e.  

s s  o f  t h e  e x p e r i m e n t s  on 
m e r c u r y  s y s t e m  h a s  e n -  
: i n v e s t i g a t o r s  t o  p l a n  
t s i v e  p r o g r a m  o f  s t u d y .  
i s  d e s i g n e d  n o t  o n l y  t o  
e x t e n t  t o  which c r y s t a l -  

r i e n  t a  t i o n  i n f l u e n c e s  
L - l i q u i d  m e t a l  i n t e r -  
a l s o  t o  s t u d y  t h e  mecha- 
i c h  t h i s  i n f l u e n c e  i s  
le f i r s t  t y p e  o f  i n t e r -  
e s t u d i e d  i s  t h e  s o l u -  
o l i d  m e t a l  i n  a l i q u i d  
e i n v e r s e  p r o c e s s  o f  t h e  
) f  a s o l i d  m e t a l  f r o m  a 

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

! p o s i t i o n "  i n t e r a c t i o n .  

n f o r  c h o o s i n g  s o l u t i o n -  
l n t e r a c t i o n  f o r  i n i t i a l  

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

w i t h  i n t e r a c t i o n s  i n -  
mnd f o r m a t i o n .  However, 

r e a  1 i z  ed t h a t  s o l u t i o n -  
i n t e r a c t i o n  i s  o f  c o n -  

FOR PERIOD ENDING JULY 31, 1951 

s i d e r a b l e  a p p l i e d  i m p o r t a n c e .  F o r  
example,  t h e r m a l  g r a d i e n t  mass t r a n s f e r  
i n  s e v e r a l  i m p o r t a n t  l i q u i d  m e t a l  h e a t  
t r a n s f e r  s y s t e m s  t a k e s  p l a c e  by s o l u -  
t i o n  o f  t h e  c o n t a i n e r  w a l l s  i n  a h o t  
zone  f o l l o w e d  by d e p o s i t i o n  i n  a c o l d  
z o n e .  T h i s  p r o c e s s  i s  s o m e t i m e s  t h e  
s o u r c e  o f  a d e v a s t a t i n g  f o r m  o f  
c o r r  os i o n .  

The s y s t e m  w h i c h  w i l l  be i n v e s t i -  
g a t e d  f i r s t  i s  c o p p e r - b i s m u t h .  T h i s  
s y s t e m  s h o u l d  be s u i t a b l e  f o r  s t u d y  
b e c a u s e  i t  f u l f i l l s  t h e  f o l l o w i n g  
c r i t e r i a :  (1) The two m e t a l s  do  n o t  
f o r m  c o m p o u n d s ,  and  ( 2 )  t h e  l i q u i d  
m e t a l  ( b i s m u t h )  i s  r e l a t i v e l y  i n -  
s o l u b l e  i n  t h e  s o l i d  m e t a l  ( c o p p e r ) .  
S u b s e q u e n t  s t u d i e s  a r e  p l a n n e d  f o r  
o t h e r  s y s t e m s  f u l f i l l i n g  t h e s e  c r i t e r i a .  

The f i r s t  e x p e r i m e n t s  on t h e  i n t e r -  
a c t i o n  o f  s o l i d  c o p p e r  a n d  l i q u i d  
b i s m u t h  c o n s i s t e d  s i m p l y  i n  h e a t i n g  
coppe r  s i n g l e  c r y s t a l  s p h e r e s  i n l i q u i d  
b ismuth  a t  400°C. The b ismuth  and t h e  
s u r f a c e  o f  t h e  c o p p e r  s p h e r e s  w e r e  
f i r s t  d e o x i d i z e d  by s u i t a b l e  h e a t i n g  
w i t h  h y d r o g e n .  Then a c o p p e r  s p h e r e  
was immersed i n  l i q u i d  b ismuth  a t  400°C 
under  an  a tmosphe re  o f  hydrogen .  A f t e r  
h e a t i n g  f o r  a s p e c i f i e d  t i m e  a t  400°C 
t h e  c o p p e r  w a s  r e m o v e d  f r o m  t h e  
b i s m u t h  a t  t e m p e r a t u r e .  I n  t h e s e  
e x p e r i m e n t s  t h e  b i s m u t h  w a s  h e a t e d  
i n  a c o n v e n t i o n a l  t u b e  f u r n a c e  w i t h  a 
s i m p l e  o n - o f f  t e m p e r a t u r e  c o n t r o l l e r .  
T h e r e f o r e ,  t h e  l i q u i d s w a s  s u b j e c t  t o  
t h e r m a l  g r a d i e n t s  a n d  t o  a t h e r m a l  
c y c l i n g  o f  +3"C. I n i t i a l l y  i t  w a s  
f e l t  t h a t  t h e  e f f e c t s  i n t r o d u c e d  by 
t h e s e  t h e r m a l  v a r i a t i o n s  w o u l d  b e  
s m a l l  enough t o  be i g n o r e d  i n  q u a l i -  
t a t i v e  measurements .  

Two s t r i k i n g  r e s u l t s  were  o b t a i n e d  
when s p h e r i c a l  c o p p e r  c r y s t a l s  w e r e  
immersed  i n  l i q u i d  b i s m u t h  a t  4OO0C 
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f o r  36 t o  48 h r .  F i r s t ,  t h e  c o p p e r  
c r y s t a l s  were  s e v e r e l y  a n d  f a i r l y  
u n i f o r m l y  a t t a c k e d .  I n  o n e  i n s t a n c e  
t h e  c r y s t a l  r e m a i n e d  s p h e r i c a l  a l -  
t h o u g h  c o n s i d e r a b l e  c o p p e r  h a d  been  
removed. I n  o t h e r  i n s t a n c e s  one  s i d e  
o f  t h e  s p h e r e  w a s  m o r e  s t r o n g l y  
a t t a c k e d  than  t h e  o t h e r .  On a s m a l l e r  
s c a l e  t h e  s u r f a c e s  o f  t h e  s p h e r e s  were 
s l i g h t l y  r o u g h e n e d .  I n  no  i n s t a n c e  
c o u l d  a n y  r e l a t i o n  b e  f o u n d  b e t w e e n  
t h e  c r y s t a l l o g r a p h i c  o r i e n t a t i o n  and  
t h e  a t t a c k  o n  t h e  c r y s t a l s .  T h e  
s e c o n d  r e s u l t  was t h a t  a q u a n t i t y  o f  
s m a l l  c o p p e r  c r y s t a l s  was d e p o s i t e d  i n  
o n e  p a r t  o f  t h e  c a p s u l e .  T h e s e  
c r y s t a l s  were a b o u t  1 mm i n  d i ame te r .  
P a r t  o f  t h e s e  c r y s t a l s  were  w e l l  
formed o c t a h e d r a  of e x c e l l e n t  symmetry 
w i t h  v e r y  smooth f a c e s  and s h a r p ,  w e l l -  
d e f i n e d  e d g e s .  Some o c t a h e d r a  h a d  
s m a l l  s e c o n d a r y  f a c e s  s y m m e t r i c a l l y  
a r r a n g e d .  The  o n l y  s e c o n d a r y  f a c e s  
which were i d e n t i f i e d  were cube f a c e s .  
I n  a few i n s t a n c e s  t h e  cube f a c e s  were 
l a r g e ,  b u t  t h e y  d i s p l a y e d  an i r r e g u l a r  
h o p p e r  s t r u c t u r e .  I n  n o  i n s t a n c e s  
w e r e  c u r v e d  s u r f a c e s  f o u n d  on t h e  
d e p o s i t e d  p a r t i c l e s .  

T h e s e  e x p e r i m e n t s  w e r e  r e p e a t e d  
t w i c e  w i t h  p o l y c r y s t a l l i n e  c o p p e r  
c y l i n d e r s  w h i c h  h a d  b e e n  e l e c t r o -  
l y t i c a l l y  p o l i s h e d .  I n  b o t h  e x p e r i -  
ments t h e  r e s u l t s  were s i m i l a r  t o  t h o s e  
o b t a i n e d  w i t h  t h e  s p h e r i c a l  c r y s t a l s .  
I n  o n e  e x p e r i m e n t ,  h o w e v e r ,  t h e  
d e p o s i t e d  c o p p e r  c o n s i s t e d  a l m o s t  
e n t i r e l y  o f  d e n d r i t i c  c r y s t a l s .  

F i n a l l y ,  an  e x p e r i m e n t  was per formed 
i n  which a c o p p e r  s i n g l e  c r y s t a l  s p h e r e  
was h e a t e d  i n  l i q u i d  b i smuth  a t  4OO0C 
f o r  10 min. The c r y s t a l  was a p p r e c i a b l y  
a t t a c k e d ,  b u t  n o  c r y s t a l l i t e s  w e r e  
d e p o s i t e d .  

The  f o r m a t i o n  o f  c r y s t a l l i t e s  o f  
c o p p e r  i n  t h e  a b o v e  e x p e r i m e n t s  may 
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have been c a u s e d  by one or more o f  t h e  
f o l l o w i n g  mechanisms: 

1. Thermal Gradients. Assume t h a t  
t h e r e  e x i s t e d  a t h e r m a l  g r a d i e n t  i n  t h e  
l i q u i d  b i s m u t h  a n d  t h a t  t h e  i n i t i a l  
c o p p e r  s p e c i m e n  w a s  n o t  i n  t h e  
c o l d e s t  r e g i o n  o f  t h e  l i q u i d .  The  
s o l u b i l i t y  of coppe r  i n  l i q u i d  b ismuth  
d e c r e a s e s  w i t h  d e c r e a s i n g  t e m p e r a t u r e .  
Hence ,  a s  s o o n  a s  t h e  b i s m u t h  became 
s a t u r a t e d  w i t h  d i s s o l v e d  c o p p e r  t h e r e  
would be a c o n c e n t r a t i o n  g r a d i e n t  w i t h  
a maximum v a l u e  a t  t h e  s u r f a c e  o f  t h e  
i n i t i a l  c o p p e r  spec imen  and a minimum 
v a l u e  i n  t h e  c o l d e s t  r e g i o n  o f  t h e  
b i s m u t h .  T h i s  g r a d i e n t  would c a u s e  a 
d i f f u s i o n  o f  d i s s o l v e d  coppe r  from t h e  
i n i t i a l  s p e c i m e n  i n t o  t h e  c o l d e r  
r e g i o n s  o f  t h e  b i s m u t h .  H o w e v e r ,  
s i n c e  t h e  b ismuth  was a l r e a d y  s a t u r a t e d ,  
coppe r  would have t o  p r e c i p i t a t e  a t  t h e  
same r a t e  a s  t h e  r a t e  o f  d i f f u s i o n .  
T h i s  w o u l d  l e a d  t o  a s t e a d y  s t a t e  
c o n d i t i o n  w h i c h  w o u l d  be m a i n t a i n e d  
u n t i l  a l l  t h e  o r i g i n a l  coppe r  spec imen 
had d i s s o l v e d a n d  r e d e p o s i t e d  i n  c o l d e r  
p o r t i o n s  o f  t h e  b i smuth .  

I t  i s  i m p o s s i b l e  t o  g i v e  an  e x a c t  
s o l u t i o n  i n  t e rms  o f  t h e  d i f f u s i o n  
e q u a t i o n s  f o r  t h e  mechanism d i s c u s s e d  
above  b e c a u s e  n o t h i n g  i s  known a t  t h e  
p r e s e n t  t ime a b o u t  t h e  s u p e r s a t u r a t i o n  
r e q u i r e d  f o r  n u c l e a t i o n  or t h e  r a t e  o f  
growth  o f  c o p p e r  c r y s t a l s  f o r  a g i v e n  
d e g r e e  o f  s u p e r s a t u r a t i o n .  T h a t  t h e s e  
f a c t o r s  may b e  o f  c o n s i d e r a b l e  i m -  
p o r t a n c e  i s  shown by t h e  f a c t  t h a t  
u n d e r  c e r t a i n  c o n d i t i o n s  d e n d r i t i c  
growth may be o b t a i n e d .  

2 .  T h e r m a l  C y c l i n g .  T h e r m a l  
c y c l i n g  i n  w h i c h  t h e  t e m p e r a t u r e  o f  
t h e  s a t u r a t e d  s o l u t i o n  o f  c o p p e r  i n  
b i smuth  p e r i o d i c a l l y  f l u c t u a t e d  a few 
d e g r e e s  owing t o  i m p r o p e r  t e m p e r a t u r e  
c o n t r o l  c o u l d  l e a d  t o  t h e  d e p o s i t i o n  
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a l l i t e s  i n  t h e  f o l l o w -  
s t h e  t e m p e r a t u r e  o f  
c r e a s e d ,  p a r t  o f  t h e  
i m e n  w o u l d  g o  i n t o  
t e m p e r a t u r e  d e c r e a s e d ,  

1 become s u p e r s a t u r a t e d  
d i s s o l v e d  copper  would 
Cf t h e  s u p e r s a t u r a t i o n  
u c l e a t i o n  w i t h i n  t h e  
Ha l l s  o f  t h e  c o n t a i n e r  
Lan t h e  s u p e r s a t u r a t i o n  
: o o l i n g  p o r t i o n  o f  t h e  

t h e  r e d e p o s i t i o n  of 
c c u r  a t  p o i n t s  o t h e r  
i g i n a l  s p e c i m e n ,  a n d  
. e s  would form. As t h e  
c r e a s e d  o n  t h e  n e x t  
; t a l l i t e s  wou ld  s t a r t  
i n  b u t  t h e y  would n o t  
: t e l y  b e c a u s e  p a r t  o f  
g i n t o  s o l u t i o n  would  
3y t h e  o r i g i n a l  c o p p e r  
i s  manner t h e  c r y s t a l -  
l o w l y  g r o w  d u r i n g  a 
es. 

~ r g y  Changes. I t  i s  
e c r y s t a l l i t e s  p o s s e s s  
e ene rgy  which i s  less  
le o r i g i n a l  s p e c i m e n .  

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

t h e  c r y s t a l l i t e s .  

)n o f  c r y s t a l l i t e s  h a s  
i n  a n u m b e r  o f  t h e  
t es t s  which have  been 

made on l i q u i d - m e t a l  s y s t e m s  a t  t h e  
Oak R i d g e  N a t i o n a l  L a b o r a t o r y .  T h i s  
phenomenon r e s e m b l e s  a t  l e a s t  s u p e r -  
f i c i a l l y  t h e  r e s u l t s  r e p o r t e d  a b o v e  
f o r  t h e  coppe r -b i smuth  sys t em.  It h a s  
b e e n  p r e v i o u s l y  s u g g e s t e d  by o t h e r s  
t h a t  t h e  d e p o s i t s  o b t a i n e d  i n  t h e  
s t a t i c  c o r r o s i o n  t e s t s  may be a t t r i -  
b u t e d  t o  a f r e e  e n e r g y  d i f f e r e n c e  
between t h e  o r i g i n a l  spec imens  and t h e  
d e p o s i t e d  c r y s t a l l i t e s .  

I t  is  c l e a r  t h a t  b e f o r e  m e a n i n g f u l  
measurements can be made on t h e  c o p p e r -  
b i s m u t h  s y s t e m ,  i t  w i l l  be n e c e s s a r y  
t o  l e a r n  someth ing  more c o n c e r n i n g  t h e  
o r i g i n  o f  t h e  c r y s t a l l i n e  d e p o s i t s .  
A s a l t  b a t h  h a s  t h e r e f o r e  b e e n  c o n -  
s t r u c t e d  w i t h  which i t  w i l l  be p o s s i b l e  
t o  c o n d u c t  e x p e r i m e n t s  i n  w h i c h  t h e  
t h e r m a l  g r a d i e n t s  and t h e r m a l  c y c l i n g  
have been r educed  t o  ve ry  s m a l l  v a l u e s  
or i n  wh ich  t h e r m a l  c y c l i n g  o f  a p r e -  
d e  t e r m i n e d  m a g n i t u d e  may b e  e s -  
t a b l i s h e d .  Expe r imen t s  u s i n g  t h i s  s a l t  
b a t h  a r e  now b e i n g  conducted .  

A l thoagh  i t  i s  n o t  known why t h e  
d e p o s i t s  w e r e  fo rmed  i n  t h e  e x p e r i -  
m e n t s  d i s c u s s e d  a b o v e ,  t h e  r e s u l t s  
have an impor t a n  t f undamen t a  1 s i g n i  f i - 
c a n c e .  The d e p o s i t i o n  o f  c o p p e r  from 
a s o l u t i o n  o f  c o p p e r  i n  b i s m u t h  i s ,  
a t  l e a s t  u n d e r  c e r t a i n  c o n d i t i o n s ,  a 
f u n c t i o n  o f  c r y s t a l l o g r a p h i c  o r i e n -  
t a t i o n .  T h i s  i s  shown by t h e  c h a r a c -  
t e r i s t i c  h a b i t  s h a p e s  w h i c h  t h e  
d e p o s i t s  assumed. 

. .  . .  

63 



ORY 

I 

+- 
angstroms) 

Mean-, 
,h fo1 
u r i n  
t i m e  

x i m a  t 
r i e r  

ons w 
t h e  n 
o f  t l  

- R A Y  I 

i n v e  
1 i q u  

en d e :  
? d .  * 

e w i  
:h- ani 
s i s t  or an i n n e r  
1 be f i l l e d  w i t h  



l i q u i d  n i t r o g e n  and  w i l l  s u p p o r t  t h e  
s p e c i m e n  and  a n  o u t e r  chamber  w h i c h  
w i l l  be e v a c u a t e d ,  t h u s  p r e v e n t i n g  i c e  
f o r m a t i o n  on t h e  spec imen and p r o v i d -  
i n g  h i g h  t h e r m a l  e f f i c i e n c y .  I n  
a d d i t i o n  t o  t h e  e v a c u a t e d  r e g i o n  
be t w e e n  t h e  t w o  c h a m b e r s ,  n i c k e l  
r a d i a t i o n  s h i e l d s  w i l l  be  employed t o  

FOR PERIOD ENDING JULY 3 1 ,  1 9 5 1  

f u r t h e r  i n c r e a s e  t h e  e f f e c t i v e n e s s  o f  
t h e  i n s u l a t i o n .  A s m a l l  h e a t e r  w i l l  be 
b u i l t  i n t o  t h e  s a m p l e  s u p p o r t  t o  
o b t a i n  t e m p e r a t u r e s  i n t e r m e d i a t e  t o  
room t e m p e r a t u r e  and  l i q u i d  n i t r o g e n .  
A b e r y l l i u m  window w i l l  be b u i l t  i n t o  
t h e  o u t e r  c h a m b e r  t o  p r o v i d e  a n  
e n t r a n c e  and e x i t  f o r  t h e  X-ray  beam. 

. . . . .  
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5. TENSILE PROPERTIES OF PURE Me 

THE STRESS-STRAIN-TIME CURVE AT 
INFINITE TIME 

An a p p r o x i m a t i o n  t o  t h i s  c u r v e ,  
c a l l e d  t h e  uC s t r e s s - s t r a i n  c u r v e  
r a t h e r  t h a n  (+t+oD s t r e s s - s t r a i n  c u r v e ,  
h a s  been  o b t a i n e d  by t e n s i l e  t e s t i n g  
a t  e x c e e d i n g l y  s low s t r a i n  r a t e s .  The 
e x p e r i m e n t a l  d a t a  f o r  t h e  uc c u r v e s  
have  been  shown i n  a p r e v i o u s  r e p o r t  
(ORNL-910, p .  5 0 f f ) .  The  c o u r s e  o f  
t h i s  c u r v e  h a s  been c o n f i r m e d  by f i v e  
a d d i t i o n a l  t e s t s  c a r r i e d  o u t  by Argonne 

100.0 

- :: 
i3 
$ 10.0 
K I- v) 
W 
3 
(L I- 

1.0 

N a t i o n a l  Labor a t o r y  
L a b o r a t o r y .  

A l o g a r i t h m i c  p l  
i s  r e p r o d u c e d  i n  F i  
o f  t h e  c u r v e  d u , / c  
e r r o r  o f  +0.2%. He 
known w i t h i n  +0.2(6, 
On t h e  o t h e r  h a n d ,  
any  t e s t  p i e c e  may 
t h e  uc c u r v e .  Thus  
t h e  s t r e s s - s t r a i n  c t  
t h e  w h o l e  c u r v e  i s  
p r o b a b l e  l i m i t s  fO.; 

lo-' 10-2 

NATURALSTRAIN, 8 
lo-' 

Fig. 5.1 - True Stress-Natural Strain Diagram, Logarithm 
by h y d r a u l i c  t y p e  Baldwin Southwark  1 2 0 , 0 0 0 - l b  t e n s i l e - t e s t ]  
Emery l o a d - i n d i c a t i n g  sys tem;  s t r a i n  measured by 3 3 - 4  gages  
P e t e r s  m i c r o f o r m e r s  above s t r a i n  r a t e s ,  0 . 0 0 5  in . /min  
coppe r  0.357 i n .  i n  d i a m e t e r ;  g r a i n  s i z e ,  0.03 m m .  
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R A I N  RATE, 
ETALS 

s o t  h e  rma 1 
a s e  m e t a l s  

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

l a n d  u ( t )  
o f  t i m e ,  
I g u r a  t i o n  

t i o n s  a r e  

o f  s t ress  
: i m e ,  a n d  
and v ,  a,  

v a r i a t i o n s  
I p o i n t  i n  
:s one  and 
v a t i v e s  of 

.. 
6 ( t ) ,  a = 

j J  f t J  f v J  

s t e n s i l e  
i n g  s t r a i n  
[ u a t i o n  o f  
, o r d e r  i n  
e x c e p t  i n  
s a r e  i n -  
. n a t e s  a n d  
. c i e n t s  i n  

d t  - d6 
1 v 

- - -  

FOR PERIOD ENDING JULY 31, 1951 

dcr ft  + v f 8  + ofv + if, ... 
d s  4 1  + v 2  + a2 + a2 + ... 
- -  - 

where dS2 = d s 2  + d t 2  + d $  + da2 + . .. . 
The c o e f f i c i e n t s  may be o b t a i n e d  from 
a 6 - t  p l o t  w i t h  l i t t l e  t r o u b l e .  When 
t h e  s t r a i n  r a t e s  v d o  n o t  v a r y ,  a = 
d v / d t  = 0 and a l l  h i g h e r  d e r i v a t i v e s  
a r e  z e r o ,  and w e  o b t a i n  t h e  e q u a t i o n  
f o r  t e n s i l e  t e s t i n g  a t  c o n s t a n t  s t r a i n  
r a t e s .  

w h e r e  v = a c o n s t a n t .  E q u a t i o n  ( 2 )  
r e p r e s e n t s  a c o n s t a n t  v s e c t i o n  o f  
Eq .  ( l ) ,  c a l l e d  t h e  ( o ) ~  s u r f a c e .  
When t h e  s t r a i n  6 i s  m a i n t a i n e d  c o n -  
s t a n t ,  v = 0 a n d  we o b t a i n  c o n s t a n t  
6 s e c t i o n s  o f  t h e  (a), s u r f a c e .  

where 6, = a c o n s t a n t  and 6 o e  s p e c i f i e s  
t h e  c o u r s e  o f t h e  s t r a i n s  from 0 t o  6,. 
When t h e  l o a d  i s  r e l i e v e d ,  a = 0 b u t  
i n t e r n a l  s t r e s s e s  $J r e m a i n .  T h i s  
c o n d i t i o n  i s  r e p r e s e n t e d  by 

where L,LJ i s  t h e  a v e r a g e  i n t e r n a l  stress 
and  u,, i s  t h e  e x t e r n a l  s t r e s s  a t  t h e  
t i m e  o f  s t r e s s  r e l e a s e ,  w h i l e  u o e  
d e n o t e s  t h e  s t r e s s - s t r a i n - t i m e  c u r v e  
from t = 0 t o  t = 8 ,  t h e  t i m e  when t h e  
s t r e s s  i s  r e l i e v e d .  I n  o r d e r  f o r  
Eq. ( 4 )  t o  be i n f e r r e d  f rom Eq. (11, 
r e l a t i o n s  between $J, 6 ,  and  0 must  be 
found. 
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may b e  o b t a i n e  
d a  = 0 and  Eq. (1) becomes p i r i c a l l y  d e t e r m i n e d  r w v 

When t h e  stress u i s  k e p t  c o n s t a n t  6 

where t h e  s u b s c r i p t  5,' r e p r e s e n t s  t h e  
s t r e s s  u s e d  as  w e l l  a s  t h e  l o a d i n g  
r a t e  a t  which t h i s  s t ress  i s  o b t a i n e d .  
E q u a t i o n  ( 5 )  i s  a c o n s t a n t  5 s e c t i o n  
o f  Eq. ( 1 )  and r e p r e s e n t s  l e v e l  c u r v e s  
o f  t h e  n - d i m e n s i o n a l  s u r f a c e  d e s c r i b e d  
by Eq. (1). The c o e f f i c i e n t s  v ,  a, 6, 
e t c .  now c a n n o t  be v a r i e d  i n d e p e n d e n t l y  
o f  U. They now a r e  unknown f u n c t i o n s  
and t h e  e q u a t i o n  i s  of h i g h e r  o r d e r  i n  
v :  

+ u t i; + ... = 0. 
f t  V f 6  f v  f a  

E q u a t i o n  ( 5 )  may be w r i t t e n  

f ,  af, + afa i- ... 

0 
f 6  

and r e p r e s e n t s  t h e  c r e e p  r a t e  e q u a t i o n  
a t  c o n s t a n t  s t r e s s ;  - ( f t / f 6 ) v  a r e  t h e  
t a n g e n t s  t o  t h e  l e v e l  c u r v e s  o f  t h e  
f u n c t i o n s  c ( t )  o f  Eq. ( 2 ) .  E q u a t i o n  
( 6 )  may be i n t e g r a t e d  and  w i l l  t h e n  
g i v e  

w h e r e  ac i s  t h e  asymp 
a n y  s t r a i n  6 a f t e r  t - 
and b have  been d e t e r n  
a t  22"C, g r a i n  s i z e  0 .  

0 - 5  l/U , 

(">, =(*. P) - 1: 

E q u a t i o n  ( 7 )  i n d i c a  
c u r v e s  d e p e n d  u p o n  1( 
w e l l  a s  upon s t r e s s .  
t r a t e d  i n  F i g .  5 . 2 ,  \ 

r e s u l t s  o f  p a i r e d  c r e  
a p a i r  o f  c u r v e s  w a  
a p p r o x i m a t e l y  t h e  s 
t h i s  s t r e s s  was a r r i v  
d i f f e r i n g  s t r a i n  r a  
l o a d i n g  p e r i o d .  T h r e e  
a t  t h r e e  d i f f e r e n t  s t  
shown, S i n c e  w e  h a v e  
c u r v e  a s  a c o n s t a n t  s t  
t h e  n - d i m e n s i o n a l  s u r j  
(l), i t  i s  r e a d i l y  s e  
s t a n t  s t r e s s  t h e r e  i 
c r e e p  c u r v e  f o r  e v e r !  
b u t  a t  a g i v e n  s t r e s :  
one l e v e l  c u r v e  o f  t h r  
s e n t i n g  s t r e s s  a s  func 
and t i m e  a t  c o n s t a n t  s 
were c a l l e d  s u r f 2  
F i g u r e s  5 . 2  a n d  5 . 3  
j e c t i o n s  on a s t r a i n -  
p l a n e ,  of  b o t h  t y p e s  < 
The c r e e p  c u r v e s  ( l e v e  
n - d i m e n s i o n a l  s u r f a c e  
c o i n c i d e n t  w i t h  t h e  l e  
(u),, s u r f a c e  a t  t h e  i n  
which  i n  l o a d i n g  i n c r  
t o  5 ,  becomes c o n s t a n t  
t h e y  i m m e d i a t e l y  d e  
l a t t e r .  T h i s  r e l a t i o n  
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c u r v e s  a r e  n o t  q u i t e  t h e  s a m e ;  b u t  
t h e s e  v a r i a t i o n s  a r e  v e r y  s m a l l  
compared  t o  t h e  l a r g e  d i f f e r e n c e s  i n  
s t r a i n s  on  a n y  p a i r  o f  c u r v e s .  T h e  
c r e e p  c o n d i t i o n s  may be  summar ized  a s  
f o l l o w s :  

1. There i s  a n  i n f i n i t e  number  o f  
c r e e p  s u r f a c e s ,  o n e  f o r  e a c h  
s t r a i n  r a t e  i n  l o a d i n g ,  be tween 
t h e  s h o c k  w a v e  t i m e  r a t e  a n d  
z e r o  s t r a i n  r a t e .  

2 .  T h e r e  i s  an  i n f i n i t y  o f  c r e e p  
c u r v e s  on each  s t r e s s  l e v e l ,  one 
f o r  e a c h  s t r a i n  r a t e  i n  l o a d i n g .  

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

E q u a t i o n  ( 5 )  t h u s  may be w r i t t e n ,  when 
t h e  c r e e p  r a t e  i s  d e n o t e d  by ( v ) ~ ,  

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

F i g .  5 . 2  - Creep C u r v e s  o f  OFHC 
Copper .  Room t e m p e r a t u r e ;  e f f e c t  o f  
l o a d i n g  r a t e s  and magni tude  o f  s t r a i n .  
The f i g u r e s  a t  t h e  c u r v e s  a r e  i n  pounds 
p e r  s q u a r e  inch .  

Eq. ( 7 ) ;  t h e  f i r s t  term o f  t h e  r i g h t -  
hand  s i d e  i s  t h e  s t r a i n - t i m e  e q u a t i o n  
of  t h e  l e v e l  cu rve  o f  t h e  (o),, s u r f a c e  
a t  a d e f i n i t e  s t r e s s ,  and  t h e  sum o f  
t h e  r i g h t - h a n d  terms g i v e s  t h e  t o t a l  
s t r a i n s  o n  t h e  c r e e p  c u r v e  a t  t h e  
s a m e  s t r e s s .  A c t u a l l y ,  t h e  c r e e p  
c u r 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  
a n d  t h e  s t r e s s e s  o f  a n y  two p a i r e d  

and i n t e g r a t i o n  y i e l d s  

which i s  a n o t h e r  form of  Eq. ( 7 )  which 
f o r  a g i v e n  s t r e s s  c a n  b e  w r i t t e n  

s i n c e  F ( t ,  6 ,  i s  d e p e n d e n t  upon 
t h e  s t r a i n  a c c r u e d  i n  l o a d i n g  f r o m  
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UNCLASSIFIED 

a 

z 
a a 
I- 
</: 

DWG. 12720  

P i g .  5 .3  - R e l a t i o n s  Between Creep Curves and Leve l  Curves of  t h e  (a)" S u r f a c e .  

0 0 t o  u = a* i n  t h e  p e r i o d  t = 0 
t o  t = 6' and  upon  t h e  s t r a i n s  a f t e r  
t = 8 ,  i . e . ,  d u r i n g  t h e  p e r i o d  a f t e r  
comple t ion  o f  l o a d i n g  ( t  - 0 ) .  

I f  t h i s  e x p r e s s i o n  e p b o d i e s  a 
h e r e d i t y  f u n c t i o n ,  a n a l o g o u s  t o  t h a t  
of Vol t e r r a ' s (  ) e q u a t i o n  f o r  e 1 a s t i  c 
t o r q u e ,  

(l)Vol terra, L e c t u r e s ,  Clark U n i v e r s i t y ,  
Worcester, Mass., 1912. 

and i f  w e  make 

U - uc 
K 8 ( 7 )  =( 
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t h e  e q u a t i o n ( ' )  t h e n  

1DJ 
which d i f f e r s  from V o l t e r r a ' s  h e r e d i t y  
i n t e g r a l  by i n c l u d i n g  two v a r i a b l e s  
t and 0 i n s t e a d  o f  t h e  s i n g l e  v a r i a b l e  
t o f  V o l t e r r a .  T h i s  s e e m s  n o t  u n -  
r e a s o n a b l e  c o n s i d e r i n g  t h e  d i f f e r e n c e s  

I, Eq. ( 2 ) ,  p. 58. i n  p l a s t i c  a n d  e l a s t i c  p h e n o m e n a .  

5 t t )  
- g[e,  ( t  - 011 

3 

. . . . .  
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6. FUNDAMENTAL STUDIES OF ALLOYING 

I n  t h e  a l l o y  s y s t e m s  o f  c o p p e r ,  
s i l v e r ,  and  g o l d  w i t h  e l e m e n t s  f rom 
t h e  B s u b g r o u p s ,  t h e  e q u i l i b r i u m  
d i a g r a m s  a r e  o f t e n  c h a r a c t e r i z e d  by 
t h e  same s e q u e n c e  o f  p h a s e s .  T h e s e  
p h a s e s  h a v e  t h e  c r y s t a l  s t r u c t u r e s  
f a c e - c e n t e r e d - c u b i c ,  b o d y - c e n t e r e d -  
c u b i c ,  y b r a s s ,  a n d  c l o s e - p a c k e d  
h e x a g o n a l ,  i n  t h e  o r d e r  of  i n c r e a s i n g  
s o l u t e .  When t h e  c o m p o s i t i o n s  o f  
t h e s e  phase  d i a g r a m s  a r e  e x p r e s s e d  i n  
t e rms  o f  e l e c t r o n  c o n c e n t r a t i o n  i n  
a c c o r d a n c e  w i t h  t h e  we l l -known Hume- 
R o t h e r y  r u l e s ,  t h e  p h a s e  b o u n d a r i e s  
of  many o f  t h e  diagrams-  w i l l  be found  
t o  be s u p e r i m p o s e d .  A t h e o r e t i c a l  
i n  t e r p r e  t a t i  on o f  t h i s  p h e n o m e n o n  
h a s  been  g i v e n  by H .  J o n e s ( ’ )  on t h e  
b a s i s  o f  t h e  e n e r g i e s  o f  t h e  s - p  
v a l e n c y  e l e c t r o n s  i n  t h e  v i c i n i t y  o f  
t h e  B r i l l o u i n  z o n e s  o f  t h e  c r y s t a l  
s t r u c t u r e s .  

T h i s  t h e o r y  h a s  e x p l a i n e d  many 
a l l o y i n g  e f f e c t s  o f  t h e  B - s u b g r o u p  
e l e m e n t s ,  s u c h  a s  t h e  o c c u r r e n c e  o f  
d e f e c t  l a t t i c e s  and  t h e  v a r i a t i o n  o f  
l a t t i c e  s p a c i n g s  i n v o l v i n g  B r i l l o u i n  
z o n e  e f f e c t s .  I t  w o u l d  b e  v e r y  
d e s  i r a b 1  e t o  e x  t e n d  t h e s e  c o n c e p t s  
t o  t h e  t r a n s i t i o n  e l e m e n t s .  One  
d i f f i c u l t y ,  h o w e v e r  , i s  t h a t  t h e  
number o f  v a l e n c y  e l e c t r o n s  p e r  atom 
i n  t h e s e  m e t a l s  i s  n o t  known p r e c i s e l y .  
The r e a s o n  f o r  t h i s  may be u n d e r s t o o d  
i n  t h e  f o l l o w i n g  d i s c u s s i o n  o f  t h e  
t r a n s i t i o n  m e t a l  t h e o r i e s .  

I n  p a s s i n g  f r o m  l e f t  t o  r i g h t  
a c r o s s  t h e  Long P e r i o d s  o f  t h e  P e r i o d i c  
T a b l e ,  t h e  m e l t i n g  p o i n t s  o f  t h e  
e l e m e n t s  r i s e  t o  a maximum a n d  t h e  

( l ) H .  Jones,  “The Theory of A l l o y s  i n  the y 
Phase,” Proc. Roy. SOC. London 144A, 225 (1934) .  
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i n t e r a t o m i c  d i s t a n c e s  d e c r e a s e  t o  a 
minimum i n  t h e  v i c i n i t y  o f  Groups  V-A 
t o  VI I I .  T h e  m a g n e t i c  s u s c e p t i -  
b i l i t y ,  on t h e  o t h e r  h a n d ,  r e m a i n s  
d i a m a g n e t i c ,  o r  o n l y  w e a k l y  p a r a -  
m a g n e t i c ,  f o r  t h e  e l e m e n t s  from Groups 
1 1 - A  t o  V I - A  and then  becomes s t r o n g l y  
p a r a m a g n e t i c  o r  f e r r o m a g n e t i c  i n  
G r o u p s  V I I - A  t o  V I I I - A .  T h e  e x -  
p l a n a t i o n  o f  t h e s e  phenomena h a s  been 
t h e  s u b j e c t  of  two d i f f e r e n t  t h e o r i e s .  

I n  t h e  M o t t  and  J o n e s ( * )  t h e o r y ,  
t h e  d e l e c t r o n s  a r e  r e g a r d e d  a s  i n t e r -  
a c t i n g  o n l y  weak ly  be tween  d i f f e r e n t  
a toms .  The d i f f e r e n c e s  i n  numbers  of  
t h e s e  d e l e c t r o n s  o f  e a c h  t y p e  o f  
s p i n  a r e  t h e n  a d j u s t e d  t o  a c c o u n t  f o r  
t h e  magne t i c  p r o p e r t i e s .  The c o h e s i o n  
of  t h e  c r y s t a l  i s  c o n s i d e r e d  t o  be due  
t o  s m a l l  numbers  o f  t h e  s e l e c t r o n s ,  
w h i c h  a r e  t h e  v a l e n c y  t y p e .  An 
i m p r o v e m e n t  t o  t h i s  t h e o r y  was made 
by S e i t z  and  J o h n s o n , ( 3 )  who s u g g e s t  
t h a t  t h e  l o w e r i n g  o f  mean e n e r g y  o f  
t h e  d e l e c t r o n s ,  a s  f r e e  a t o m s  o f  
t r a n s i t i o n  m e t a l s  a r e  b r o u g h t  t o -  
g e t h e r  i n  a m e t a l  c r y s t a l ,  a c c o u n t s  
f o r  t h e  a d d i t i o n a l  b i n d i n g  f o r c e s .  
T h i s  i d e a  i s  s u p p o r t e d  by t h e  b a n d  
s t r u c t u r e  c a l c u l a t i o n s  of  Manning and  
Chodorow.  The  c e n t e r  o f  t h e  f i l l e d  
r e g i o n  o f  t h e  5d band  o f  w o l f r a m  was 
f o u n d  by t h e s e  i n v e s t i g a t o r s  t o  be 
a b o u t  8 e v  be low t h e  mean e n e r g y  o f  
t h e s e  l e v e l s  i n  t h e  gaseous  e l e m e n t J 4 )  
A l t h o u g h  t h i s  t h e o r y  e x p l a i n s  t h e  
i n c r e a s e d  c o h e s i o n  o f  t h e  t r a n s i t i o n  

( 2 ) N .  F. Mott and H. J o n e s ,  Theory of the 
Properties of Metals and Alloys, p .  189, Oxford 
University Press ,  London, 1934. 

(3)F.  S e i t z  and R. P .  Johnson, “Modern lhe0r.y 
o f  S o l i d s .  11,” J .  Applied Phys. 8 ,  186 (1937) .  

(4)F. S e i t z ,  Modern Theory of Solids, p .  431, 
McGraw-Hi I I , New York, 1940. 
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m e t a l s  and can  be u s e d  t o  e x p l a i n  t h e  
m a g n e t i c ,  e l e c t r i c a l ,  a n d  s p e c i f i c  
h e a t  p r o p e r t i e s  o f  G r o u p  V I I I - A  
e l e m e n t s  and  t h e i r  a l l o y s  w i t h  Group 
I -B ,  i t s  weakness  i s  t h a t  i t  f a i l s  t o  
e x p l a i n  i n  a n a t u r a l  way why t h e  
G r o u p s  V - A  a n d  V I - A  e l e m e n t s  a r e  
d i a m a g n e t i c  or w e a k l y  p a r a m a g n e t i c .  

The second t h e o r y  of t h e  t r a n s i t i o n  
e l e m e n t s  i s  t h a t  o f  P a u l i n g . ( 5 )  I n  
t h i s  t h e o r y  t h e  d e l e c t r o n s  a r e  r e -  
g a r d e d  a s  d i v i d i n g  i n t o  two b a n d s ,  o f  
w h i c h  o n e  b a n d  e n t e r s  t h e  v a l e n c y  
c loud  by mixing  w i t h  s and p e l e c t r o n s ,  
and t h e  o t h e r  band r ema ins  a s s o c i a t e d  
w i t h  t h e  i o n i c  c o r e s .  The number o f  
" a t o m i c "  t y p e  d e l e c t r o n s  i s  c h o s e n  
t o  a g r e e  w i t h  t h e  m a g n e t i c  p r o p e r t i e s  
o f  t h e  F i r s t  Long P e r i o d .  T h i s  t h e o r y  
t h e n  g i v e s  a s a t i s f a c t o r y  e x p l a n a t i o n  
f o r  t h e  i n c r e a s e  i n  t h e  c o h e s i v e  
s t r e n g t h  of t h e  e l e m e n t s  from Group I 
t o  Group V I - A  by means o f  a s t e a d i l y  
i n c r e a s i n g  number o f v a l e n c y  e l e c t r o n s .  
S i n c e  t h e  d e l e c t r o n s  i n  Groups  1 1 1 - A  
t o  V I - A  a r e  a l l  va l ency  e l e c t r o n s ,  t h e  
a b s e n c e  o f  f e r r o m a g n e t i s m  or s t r o n g  
p a r a m a g n e t i s m  i n  t h e s e  e l e m e n t s  i s  
a d e q u a t e l y  e x p l a i n e d .  The number o f  
s-p-d v a l e n c y  e l e c t r o n s  i n  chromium i s  
5 . 7 8 ,  and t h i s  v a l u e  r e m a i n s  c o n s t a n t  
t h r o u g h o u t  t h e  r e m a i n d e r  o f  t h e  t r a n -  
s i t i o n  e l e m e n t s ,  i . e . ,  manganese,  i r o n ,  
c o b a l t ,  a n d  n i c k e l ,  t h e  a d d i t i o n a l  
e l e c t r o n s  a s  one  p a s s e s  t o  t h e  r i g h t  
a l o n g  t h i s  s e r i e s  b e i n g  r e g a r d e d  a s  
e n t e r i n g  t h e  a t o m i c  t y p e  d b a n d .  
The  w e a k n e s s  o f  t h e  t h e o r y  i s  t h a t  
i t s  l o g i c a l  e x t e n s i o n  t o t h e  B-subgroup 
e l e m e n t s  g i v e s  t h e  f o l l o w i n g  v a l e n c i e s :  
c o p p e r  5 . 4 4 ,  z i n c  4 . 4 4 ,  a n d  g a l l i u m  
3 . 4 4 .  T h e s e  v a l u e s  a r e  d i f f i c u l t  t o  
r e c o n c i l e  w i t h  c e r t a i n  e x p e r i m e n t a l  
o b s e r v a t i o n s , s u c h  a s  t h e  low e l e c t r o n i c  

con  t r i  bu t 
c o p p e r  ax 
obs  e r v a  t i c 
z i n c ,  and 
o f  t h e s e  m 

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

The o b j  
o f  r e s e a r c  
Group IV-I 
conium, a n  
which  have 
e l e c t r o n s  
f ewer  d e l  
e l e m e n t s  1 

i n v e s  t i  ga t 
t h e y  a r e  i 
T a b l e  i n  i 
i n  c o h e s i v  
s t u d y  of t 
f o r e ,  b e  
t r a n s  i t i on 

The s t u  
e l e m e n t s  
s p e c i a l  c 
r e l a t e d  h 
tho r ium.  I 
S t a t e  Univ  
s o f t - X - r a y  
T h e  d i s t r :  
v a l e n c y  e 
e l e c t r o n  
a p p r o x i m a t  

( 5 ) L .  Pauling, '''Ihe Nature of the Interatomic 
Forces i n  Metals," P h y s .  R e v .  54, 899 (1938). 

* I t  i s  ri 
metal c r y s t a  
a s  in  the fret 
fo l lowing d i s  
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c u s t o m a r y  t o  d e n o t e  t h e  n u m b e r  o f  
e l e c t r o n  s t a t e s  w i t h  e n e r g y  b e t w e e n  
E and  E + d E  by t h e  symbol  N(E) d E .  
When N ( E )  i s  p l o t t e d  a s  a f u n c t i o n  o f  
e l e c t r o n  e n e r g y ,  t h e  r e s u l t i n g  c u r v e  
i s  c a l l e d  a n  N ( E )  c u r v e .  T h i s  c u r v e  
w i l l  t h e n  be s u p p l e m e n t e d  by measu re -  
m e n t s  o f  t h e  e l e c t r o n i c  c o n t r i b u t i o n  
t o  s p e c i f i c  h e a t  a t  low t e m p e r a t u r e s ,  
which i s  d i r e c t l y  p r o p o r t i o n a l  t o  N ( E )  
f o r  e l e c t r o n s  o f  maximum e n e r g y .  The 
l a t t e r  measurements  w i l l  be made u n d e r  
t h e  s u p e r v i s i o n  o f  D r .  J .  E .  Goldman 
a t  C a r n e g i e  I n s t i t u t e  o f  T e c h n o l o g y .  
These  r e s u l t s  w i l l  t h e n  be c o n s i d e r e d  
i n  r e l a t i o n  t o  t h e  number o f  v a l e n c y  
e l e c t r o n s  i n  t h e  metal  c r y s t a l s  and i n  
r e l a t i o n  t o  t h e i r  c l o s e - p a c k e d  h e x -  
a g o n a l  c r y s t a l  s t r u c t u r e s .  I t  i s  o f  
i n t e r e s t  t h a t  many o t h e r  e l e m e n t s  w i t h  
t w o  s e l e c t r o n s ,  s u c h  a s  b e r y l l i u m ,  
magnesium, c a l c i u m ,  cadmium, and z i n c ,  
a l s o  h a v e  c l o s e - p a c k e d  h e x a g o n a l  
c r y s t a l  s t r u c t u r e s .  The  s u g g e s t i o n  
i s  t h a t  t h e  d e l e c t r o n s  i n  t i t a n i u m ,  
z i r c o n i u m ,  and  h a f n i w n  a r e  n o t  a c t i v e  
i n  a f f e c t i n g  t h e  c h o i c e  o f  s t r u c t u r e ,  
b u t  i t  m u s t  be  f r e e l y  a d m i t t e d  t h a t  
many e x c e p t i o n s  may b e  f o u n d  i n  a 
g e n e r a l  e x t e n s i o n  o f  t h e  same i d e a  t o  
o t h e r  e l e m e n t s  i n  t h e  P e r i o d i c  T a b l e .  

The e x p e r i m e n t a l  r e s e a r c h  on t h e s e  
p u r e  m e t a l s  a t  t h e  Oak R idge  N a t i o n a l  
L a b o r a t o r y  w i l l  i n c l u d e  a new d e -  
t e r m i n a t i o n  o f  t h e  m e l t i n g  p o i n t s  o f  
t i t a n i u m ,  z i r c o n i u m ,  a n d  h a f n i u m .  
S e c o n d l y ,  t h e  c r y s t a l  s t r u c t u r e  o f  
t h e  h i g h - t e m p e r a t u r e  a l l o t r o p e  o f  
h a f n i u m  w i l l  b e  i n v e s t i g a t e d  by  
means o f  a h i g h -  t e m p e r a t u r e  c a m e r a .  
F i n a l l y ,  i n  t h e  c o u r s e  o f  t h e  Group  
I V - A  i n v e s t i g a t i o n s ,  a s t u d y  o f  t h e  
a l . l o t r o p i c  m o d i f i c a t i o n s  o f  c e r t a i n  
o t h e r  p u r e  m e t a l s  w i l l  be  made. T h i s  
p rogram w i l l  b e g i n  w i t h  m e a s u r e m e n t s  
o f  t h e  l a t t i c e  s p a c i n g s  o f  t h o r i u m  a t  
l o w  t e m p e r a t u r e s .  E v i d e n c e  w i l l  be  

s o u g h t  f o r  a n  e l e c t r o n i c  t r a n s i t i o n  
b e t w e e n  d a n d  f s t a t e s  i n  t h o r i u m  
w h i c h  w o u l d  b e  s i m i l a r  t o  t h a t  h y -  
p o t h e s i z e d  f o r  c e r i u m  by Lawson a n d  
T a n g  . ( 6 )  B o t h  c e r i u m  a n d  t h o r i u m  
h a v e  f a c e - c e n t e r e d - c u b i c  c r y s t a l  
s t r u c t u r e s  a t  room t e m p e r a t u r e s ,  and  
B r i d g m a n c ’ )  h a s  r e p o r t e d  a h i g h -  
p r e s s u r e  m o d i f i c a t i o n  i n  t h o r i u m ,  a s  
w e l l  a s  i n  c e r i u m .  I n  c o n s i d e r a t i o n  
o f  t h e  r e l a t e d  e l e c t r o n i c  s t r u c t u r e s  
of  t h e s e  two e l e m e n t s ,  which i n v o l v e  d 
and f e l e c t r o n i c  s t a t e s  o f  n e a r l y  t h e  
same e n e r g i e s ,  a l o w - t e m p e r a t u r e  
a l l o t r o p i c  t r a n s i t i o n  i n  t h o r i u m  may 
e x i s t .  An e x a m i n a t i o n  of  t h e  l a t t i c e  
s p a c i n g s  o f  t h o r i u m  w i l l  show i f  t h i s  
i s  t r u e .  

T h e  a b o v e  w o r k  w i t h  t h e s e  p u r e  
m e t a l s  w i l l  be  e x t e n d e d  by i n v e s t i -  
g a t i o n s  o f  a l l o y s  i n v o l v i n g  t h e s e  
e l e m e n t s .  When two metals  of  d i f f e r e n t  
v a l e n c y  a r e  m i x e d , a l l o y s  w i l l  r e s u l t  
w i t h  e l e c t r o n  c o n c e n t r a t i o n s  i n t e r -  
med ia t e  t o  t h e  e l e c t r o n  c o n c e n t r a t i o n s  
o f  t h e  p u r e  e l e m e n t s .  The  a l l o y s  o f  
t h e  G r o u p  I V - A  e l e m e n t s  w i l l  be  i n -  
v e s t i g a t e d  by means of  l o w -  t e m p e r a t u r e  
s p e c i f i c  h e a t  m e a s u r e m e n t s  a n d  b y  
s o f t - X - r a y  measu remen t s .  The s o f t - X -  
r a y  m e a s u r e m e n t s  w i l l  b e  u s e f u l  i n  
d e t e r m i n i n g  t h e  e f f e c t s  o f  a l l o y i n g  on  
t h e  e m i s s i o n  a n d  a b s o r p t i o n  b a n d s ,  
w h e r e a s  t h e  v a r i a t i o n  o f  e l e c t r o n  
c o n c e n t r a t i o n b y  means o f  a l l o y i n g  w i l l  
p e r m i t  i n  c e r t a i n  c a s e s  t h e  s p e c i f i c  
h e a t  m e a s u r e m e n t s  t o  be u s e d  t o  d e -  
t e r m i n e  a more  d e t a i l e d  N ( E )  c u r v e .  
The r e s u l t s  w i l l  t hen  be u s e f u l  i n  t h e  
i n t e r p r e t a t i o n  o f  t h e  s o l i d  s o l u -  
b i l i t i e s ,  t h e  l a t t i c e  s p a c i n g ‘ v a r i -  
a t i o n s ,  a n d  t h e  c r y s t a l  s t r u c t u r e s  

( 6 ) A .  W .  Lawson and Ting-Yuan Tang, “Con- 
cerning the H i  h Pressure A I  I otropic Modification 
of Cerium, ” Pays. Rev.  76,  301 (1949).  

( 7 ) P .  W .  Bridgman, “Effects of High Shearing 
S t r e s s  Combined with High Hydrostat ic  Pressure,” 
Phys. Rev. 48, 825 (1935).  
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1 p h a s e - d i a g r a m  
e made  a t  t h e  
l o r  a t o r y .  The  
n t s  t o  be i n -  

' t h r e e  t y p e s ,  

SOLUTE 

Elements with 
s e lectrons  

Elements with 
s t p electrons 

s + d electrons 
Elements with 

rium- z i r c o n i u m  
s t u d y i n g  t h e  
e l e m e n t  h a v i n g  
t h e  Group  I V - A  
5 two s and two 
id s o l u t i o n  o f  
n i s  s t a t e d  by 
lohrnheim( ' )  t o  
i g n e s i u m .  The  
men t s  a r e  v e r y  
id  t h e  e l e c  t r o -  
ies ium and z i n c  
f e  r e n t .  

a l l o y  s y s t e m s  
ie B - s u b g r o u p  
1 Long P e r i o d ,  
i u m ,  t i n ,  a n d  
s t i g a t e d  n e x t .  
s e  d i a g r a m  i s  
? f u l l y  a t  t h e  
' e chno logy .  I t  
. g a t e  h e r e  t h e  
z i r c o n i u m - r i c h  

jns o f  t h e  r e -  
, s t u d y  s h o u l d  

and A. Mohmheim, 
A I  uminum-Cal cium, 

esium-Zirconium," 

show t h e  e f f e c t s o f a l l o y i n g  B-subgroup 
s o l u t e  e l e m e n t s  h a v i n g  s or s + p 
v a l e n c y  e l e c t r o n s  w i t h  z i r c o n i u m  whose 
v a l e n c y  e l e c t r o n s  a r e  e i t h e r  i n  s + d 
s t a t e s  o r  i n  s s t a t e s  o n l y .  T h e  
p h a s e  b o u n d a r i e s  w i l l  be  p l o t t e d  i n  
t e r m s  o f  e l e c t r o n  c o n c e n t r a t i o n ,  
a s s u m i n g  v a r i o u s  v a l u e s  f o r  t h e  
v a l e n c y  of z i r con ium.  New f a c t o r s  may 
b e  f o u n d  i n  a l l o y i n g  A - s u b g r o u p  
e l e m e n t s  w i t h  t h o s e  f rom t h e  B s u b -  
g r o u p s  w h i c h  w e r e  n o t  c o n s i d e r e d  i n  
t h e  t h e o r i e s  o f  t h e  a l l o y s  i n v o l v i n g  
e l e m e n t s  o f  B s u b g r o u p s  and t h e  s h o r t  
p e r i o d s  o n l y .  One of  t h e  o b j e c t s  o f  
t h e s e  e x p e r i m e n t s  i s  t o  i d e n t i f y  t h o s e  
f a c t o r s .  

Type 3. F i n a l l y ,  i n  o r d e r  t o  t e s t  
t h e  e f f e c t s  o f  a l l o y i n g  G r o u p  I V - A  
e l e m e n t s  w i t h  o t h e r  e l e m e n t s  w h i c h  
have s and d v a l e n c y  e l e c t r o n s ,  s o l u t e  
e l e m e n t s  w i l l  b e  t a k e n  f r o m  G r o u p s  
1 1 1 - A ,  I V - A ,  V - A ,  a n d  V I - A .  S i n c e  
e l e m e n t s  f r o m  a l l  t h e s e  g r o u p s  a p -  
p a r e n t l y  h a v e  t h e  same n u m b e r  o f  s 
e l e c t r o n s  p e r  a tom,  t h e  v a r i a t i o n  o f  
t h e  p r o p o r t i o n  o f  e a c h  i n  a n  a l l o y  
w i t h  a Group IV-A e l e m e n t  s h o u l d  show 
t h e  e f f e c t  o f  v a r y i n g  t h e  c o n c e n -  
t r a t i o n  o f  d e l e c t r o n s .  I n  t h i s  
r e g a r d  t h e  p r e s e n t  p r o g r a m  w i l l  be  
c o n c e r n e d  i n  t h e  f u t u r e  f o r  t h e  mos t  
p a r t  w i t h  h a f n i u m  s y s t e m s ,  s i n c e  
t i t a n i u m  a n d  z i r c o n i u m  s y s t e m s  a r e  
b e i n g  i n v e s t i g a t e d  i n  o t h e r  l a b o -  
r a t o r i e s .  Among t h e  e l e m e n t s  o f  
Group 1 1 1 - A  - scand ium,  y t t r i u m ,  and 
l a n t h a n u m  - t h e  a t o m i c  d i a m e t e r  o f  
s c a n d i u m  i s  t h e  m o s t  f a v o r a b l e  f o r  
a l l o y i n g  w i t h  z i r c o n i u m  or h a f n i u m .  
E i t h e r  t h e  s y s t e m  h a f n i u m - s c a n d i u m  
or t h e  s y s  tern z i r con ium-scand ium would 
be a f a v o r a b l e  one f o r  f u t u r e  r e s e a r c h  
on a m i c r o  s c a l e  w h e n e v e r  a s m a l l  
q u a n t i t y  o f  p u r i f i e d  s c a n d i u m  i s  
a v a i l a b l e .  However,  f o r  t h e  p r e s e n t  
t h e  s o l u t e  e l e m e n t s  f rom Group 1 1 1 - A  
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w i l l  be n e g l e c t e d ,  and a l l o y i n g  w i l l  
be done w i t h  s o l u t e s  from Groups IV-A,  
V-A,  and V I - A .  The e l e m e n t s  t a n t a l u m  
and  w o l f r a m ,  i n  G r o u p s  V-A and V I - A ,  
r e s p e c t i v e l y ,  f o l l o w  h a f n i u m  i n  t h e  
same row o f  t h e  P e r i o d i c  T a b l e .  The  
s y s t e m s  h a f n i u m - t a n t a l u m  and ha fn ium-  
wol f ram w i l l  be i n v e s t i g a t e d  f i r s t  i n  
t h e  p r e s e n t  p r o g r a m ,  and t h e  r e s u l t s  
w i l l  be compared  w i t h  t h o s e  f rom t h e  
z i r c o n i u m  and t i t a n i u m  s y s t e m s  w h i c h  
are b e i n g  i n v e s t i g a t e d  e l s e w h e r e .  

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

ha fn ium-z i r con ium w i l l  be i n v e s t i g a t e d  
t o  d e t e r m i n e  t h e  e f f e c t s  o f  a l l o y i n g  
Group I V - A  e l e m e n t s  w i t h  o t h e r  Group  
I V - A  e l e m e n t s .  P r e l i m i n a r y  i n v e s t i -  
g a t i o n s  o f  b o t h  s y s t e m s  h a v e  shown 
t h a t  c o n t i n u o u s  s o l i d  s o l u t i o n s  a r e  
f o r m e d .  T h e s e  a l l o y  s y s t e m s  w i l l  
p r o v i d e  r e f e r e n c e  d i a g r a m s  f o r  com- 
p a r i s o n  w i t h  t h e  o t h e r  s y s t e m s  i n  
which a s o l u t e  from a d i f f e r e n t  g r o u p  
i s  i n v o l v e d .  A m o r e  c o m p l e t e  e x -  
a m i n a t i o n  of bo th  sys t ems  i s  i n t e n d e d ,  
w h i c h  w o u l d  i n c l u d e  m e a s u r e m e n t  o f  
l a t t i c e  s p a c i n g s  and  e x a m i n a t i o n  €or 
p o s s i b l e  s u p e r l a t t i c e s .  

. . . . .  
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UNCLASS I FI ED 

Fig. 7.1 - I-in. Westinghouse C r y s t a l  Bar as Received. 1 o o X .  E l e c t r o -  
l y t i c a  1 l y  p o l i s h e d  ; p o l a r i z e d  l i g h t .  

o f  h e a t - t r e a t e d  z i r c o n i u m ,  a n d  o f  
z i r c o n i u m - n i c k e l  a l l o y s .  S p e c i m e n s  
w e r e  e l e c t r o l y t i c a l l y  p o l i s h e d  i n  a 
m i x t u r e  o f  1 p a r t  o f  p e r c h l o r i c  a c i d  
p l u s  10  p a r t s  o f  g l a c i a l  a c e t i c  a c i d .  

A l l  h e a t  t r e a t m e n t s  r e s u l t e d  i n  
a - p h a s e  z i r c o n i u m .  T h e r e  w a s  i n -  
s u f f i c i e n t  second p h a s e  p r e s e n t  i n  t h e  
2 . 0 7  w t  % a l l o y  t o  show on t h e  X- ray  
s p e c t r o m e t e r ,  b u t  t h e  s e c o n d  p h a s e  

( p r o b a b l y  Z r N i 3 )  w a s  s h o w n  i n  t h e  
4.08 w t  % a l l o y .  

T h e  c o n s u m a b l e - e l e c t r o d e  m e t h o d  
c o u l d  n o t  be u s e d  f o r  t h e  z i r c o n i u m -  
t u n g s t e n  a l l o y s  s i n c e  t h e  h e a t  o f  t h e  
a r c  would n o t  m e l t  t h e  t u n g s t e n  w i r e .  
Consequen t ly ,  a nonconsumable e l e c t r o d e  
was u s e d ,  and t u n g s t e n  powder w a s  added  
t o  t h e  z i r c o n i u m .  T h i s  a l l o y  i s  u n d e r  
examina t ion  and w i l l  be r e p o r t e d  l a t e r .  
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UNCLASSI FI ED 

Fig. 7 . 2  - Zirconium Crystal Bar. 1OOX.  E l e c t r o l y t i c a l l y  p o l i s h e d ;  
( b )  A r c - m e l t e d ,  1 hr a t  800°C, and s l o w -  

( d )  Arc-mel ted ,  1 h r  
p o l a r i z e d  l i g h t .  (a) Arc-mel ted .  
c o o l e d .  
a t  900°C, and water-quenched. 

( c )  A r c - m e l t e d ,  1 hr a t  900°C, and s l o w - c o o l e d .  
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UNCLASSIFIED 

Fig. 7.3 - Zirconium-Nickel Alloy, 2.07 wt % Nickel. 250X. 
( a )  Arc-melted. ( b )  Arc-melted, 1 

( c )  Arc-melted, 1 hr at 900°C, and slow-cooled. 
polished; polarized light. 
slow-cooled. 
1 hr at 900°C, and water-quenched, 

Electroly tica 1 ly 
hr at %OO"C, and 

( d )  Arc-melted, 
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UNCLASSIFIED 

um-Nickel Alloy, 4.08% Nickel, 250X.  Electrolytically 
ight. ( a )  Arc-melted. ( b )  Arc-melted, 1 hr at 8OO0C, 
Arc-melted, 1 hr at 900°C, and slow-cooled. ( c l )  A r c -  

,, and water-quenched. 
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8. FUEL ELEMENT F A B R I C A T I O N  

I D A H O  U N I T S  i n t e n d e d  1 4 . 2 %  u r a n i u m  ( 8 0 0  g o f  
uran ium)  h e a t .  

L a t e  a r r i v a l  o f t h e  e n r i c h e d  uranium 
m e t a l  d e l a y e d  s t a r t - u p  on t h e  c o n -  B U L K  S H I E L D I N G  F A C I L I T Y  U N I T S  
s t r u c t i o n  o f  t h e  i n i t i a l  1 3 8  f u e l  

T h r e e  m o d i f i e d  MTR e n r i c h e d  f u e l  u n i t s  s c h e d u l e d  f o r  ID00 ( I d a h o  
O p e r a t i o n s  O f f i c e )  f r o m  t o  u n i t s  were p r e p a r e d  and t r a n s f e r r e d  t o  

O f  the  month ,  however ,  s ix  uni t s  were making gamma-ray s p e c t r a l  measurements  
on t h e  ANP d i v i d e d  s h i e l d .  b razed  and t h e  a l c l a d  uranium-aluminum 

a l l o y  p l a t e s  f o r  n i n e  a d d i t i o n a l  

J u l y  1 5 ,  1 9 5 1 -  Dur ing  the  remainder  t h e  B u l k  S h i e l d i n g  G r o u p  f o r  u s e  in  

a s s e m b l i e s  were p r e p a r e d .  

I t  now a p p e a r s  t h a t  t h e  i m p u r i t y  
c o p p e r ,  i n  an  amount l e s s  t h a n  n o m i n a l l y  
p r e s e n t  i n  t h e  99.8% aluminum p u r i t y  
g r a d e ,  i s  l a r g e l y  r e s p o n s i b l e  f o r  t h e  
c o n s i s t e n t l y  h i g h  u r a n i u m  r e s u l t s  
o b t a i n e d  on  a n a l y s i s  o f  u r a n i u m -  
aluminum a l l o y  m e l t s .  I n  working  w i t h  
t h e  A n a l y t i c a l  C h e m i s t r y  D i v i s i o n  on 
t h i s  smal l  b u t  s e r i o u s  d i s c r e p a n c y ,  i t  
was  f o u n d  t h a t  r e m o v a l  o f  c o p p e r  by 
e l e c t r o p l a t i n g  p r i o r  t o  m a k i n g  t h e  
u r a n i u m  d e t e r m i n a t i o n  r e s u l t s  i n  
l o w e r i n g  t h e  u r a n i u m  c o n t e n t  o f  t h e  
a l l o y  a p p r o x i m a t e l y  0 . 5  w t  % on a n  

L I T R  U N I T  

A s p e c i a l  n i n e - p l a t e  e n r i c h e d - f u e l  
u n i t ,  d e s i g n e d  t o  p e r m i t  e x p o s u r e  o f  
r a d i a t i o n  s t u d y  s a m p l e s  t o  a f a s t  or 
v i r g i n  f l u x  i n  t h e  LITR, was f a b r i c a t e d  
f o r  t h e  P h y s i c s  o f  S o l i d s  I n s t i t u t e .  

RaLa U N I T S  

T w e n t y - f i v e  n a t u r a l  u r a n i u m  f u e l  
u n i t s  were f a b r i c a t e d  and t r a n s f e r r e d  
t o  t h e  Chemical  Technology D i v i s i o n  f o r  
t h e i r  d i s s o l v i n g  a n d  s e p a r a t i o n  
s t u d i e s  on t h e  RaLa program. 

. . . . .  

82 



FOR PERIOD ENDING JULY 31, 1951 

9. SERVICE WORK 

M E L T I N G ,  C A S T I N G ,  A N D  F A B R I C A T I O N  
F A C  I L  I TY 

S p e c i m e n s  o f  a - r o l l e d  a n d  d r a w n  
uranium were c y c l e d  500  t imes  be tween 
100 and 500°C. The a - r o l l e d  and drawn 
m a t e r i a l  showed  n o r m a l  d e f o r m a t i o n  
( a p p r o x i m a t e l y  1 3 %  e l o n g a t i o n )  o f  
a - r o l l e d  m a t e r i a l  a f t e r  c y c l i n g .  The 
a - r o l l e d  and  drawn m a t e r i a l  t h a t  w a s  
g i v e n  a f a s t  ,L3 h e a t  t r e a t m e n t  showed 
n o  e l o n g a t i o n  o r  o t h e r  d e f o r m a t i o n .  

- S e v e r a l  h u n d r e d  f e e t  o f  1 / 8 - i n .  
d i a m e t e r  z i r c o n i u m  r o d  w a s  p r e p a r e d  
f o r  t h e  R e a c t o r  Exper imen ta l  E n g i n e e r -  
i n g  D i v i s i o n  f o r  u s e  a s  w e l d i n g  r o d .  
T h e  r o d  w a s  m a d e  by c o l d - s w a g i n g  
W e s t i n g h o u s e  c r y s t a l - b a r  z i r c o n i u m  
f r o m  a p p r o x i m a t e l y  3 / 4  t o  1 / 8  i n .  
d i a m e t e r .  The MTA program r e q u i r e s  a 
q u a n t i t y  o f  z i r c o n i u m ,  t h o r i u m ,  a n d  
3 4 7  s t a i n l e s s  s t e e l  w i r e  i n  s i z e s  o f  
0 .010- ,  0 .015- ,  and 0 .020- in .  d i a m e t e r .  
S e v e r a l  f e e t  o f  z i r c o n i u m  w i r e  0 . 0 1 8  
i n .  i n  d i a m e t e r  have  been s u c c e s s f u l l y  
drawn f rom W e s t i n g h o u s e  c r y s t a l - b a r  
z i r c o n i u m .  A l a c q u e r  d i p  on a p h o s -  
p h a t e  c o a t i n g  a p p e a r s  t o  p r o v i d e  good 
l u b r i c a t i o n  f o r  d r a w i n g  t o  t h i s  s i z e .  
However, s i z e s  s m a l l e r  t h a n  0 .018  i n .  
d i a m e t e r  a r e  o f f e r i n g  c o n s i d e r a b l e  
t r o u b l e  owing t o  b reakage  of  t h e  w i r e .  

Uranium d i s k s  1 / 8  i n .  t h i c k  were 
c u t  f r o m  H a n f o r d  s i z e  y - e x t r u d e d  
u ran ium s l u g s .  S i n c e  t h e  s l u g s  were 
canned ,  i t  was n e c e s s a r y  t o  s t r i p  t h e  
c a n  f rom t h e  s l u g  and  e t c h  t h e  s l u g  
p r i o r  t o  c u t t i n g .  

B r a s s  b a r s  were c o l d - s w a g e d t o ? 4  i n .  
a n d  0 . 1 2 8  i n .  d i a m e t e r  f o r  G .  T .  
Mur ray ,  P h y s i c s  o f  S o l i d s  I n s t i t u t e .  
A t t e m p t s  were made to swage a cadmium 

b a r  f o r  D r .  T a y l o r ,  P h y s i c s  o f  S o l i d s  
I n s t i t u t e ,  b u t  t h e  b a r  c r a c k e d  a f t e r  
t h e  t h i r d  p a s s .  

S e v e r a l  u ran ium mel t s  were p r e p a r e d  
and vacuum-cas t  f o r  e x t r u s i o n  work i n  
c o n n e c t i o n  w i t h  t h e  MTA p r o g r a m .  
Uran ium r o d  w a s  e x t r u d e d  t o  f u r n i s h  
m a t e r i a l  t o  t h e  MTA Group f o r  f u r t h e r  
work .  A p p r o x i m a t e l y  1 2  f t  o f  % - i n . -  
d i a m e t e r  r o d  and  s e v e r a l  f e e t  o f  5/8- 
i n .  - d i a m e t e r  r o d  were  p r e p a r e d .  Two 
d u p l e x  e x t r u s i o n s  o f  u ran ium and z i r -  
con ium were made t o  f u r n i s h  u r a n i u m  
r o d  w i t h  an  o u t s i d e  c l a d d i n g  o f  z i r -  
conium. The r o d s  were r e t u r n e d  t o  t h e  
MTA Group f o r  e x a m i n a t i o n .  

Manganese  a n d  n i c k e l  s t e e l s  w e r e  
p r e p a r e d  f o r  u s e  i n  t h e  g r a d u a t e  s t u d y  
p r o g r a m  u n d e r  t h e  d i r e c t i o n  o f  D r .  
E. E. S t a n s b u r y .  

'A number o f  z i r c o n i u m  a l l o y s  were 
p r e p a r e d  f o r  D r .  Jess'e B e t t e r t o n ,  J r .  
f o r  u s e  i n  t h e  F u n d a m e n t a l  R e s e a r c h  
Group. 

A 2% gold-98% b e r y l l i u m  a l l o y  w a s  
p r e p a r e d  f o r  B. S. B o r i e  fo.r s t u d y  of  
a p o s s i b l e  h i g h - t e m p e r a t u r e  p h a s e  o f  
b e r y l l i u m  which  i s  s u p p o s e d l y  s t a b i -  
l i z e d  a t  room t e m p e r a t u r e  by t h e  g o l d  
a d d i t i o n .  

R O L L I N G  M I L L  

D u r i n g  t h e  p a s t  q u a r t e r  t h e  f o l l o w -  
i n g  s e r v i c e  work was comple ted :  

S e v e r a l  z i r c o n i u m  t a r g e t  s a m p l e s ,  
3 i n .  t h i c k ,  were p r e p a r e d  f o r  c y c l o -  
t r o n  bombardment s t u d i e s  by t h e  Group 
a t  Y-12. 



C o l d - r o l l e d  z i r c o n i u m  p l a t e s ,  2 by 
1 2  i n .  i n  a r e a  by 1 0 ,  2 0 ,  and 30 m i l s  
t h i c k ,  were p r e p a r e d  f o r  t h e  Savannah  
R i v e r  O p e r a t i o n s  O f f i c e .  

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

S e v e r a l  h i g h - p u r i t y  (99.99%minimum) 
aluminum t a r g e t  p l a t e s  were p r e p a r e d  
f o r  c y c l o t r o n  t e s t i n g  a t  Y-12. 

B e r y l l i u m  f o i l ,  3 b y  12  i n .  i n  a r e a ,  
4 . 5  t o  5 .0  m i l s  t h i c k ,  was p r e p a r e d  from 
B r u s h  s i n t e r e d  m e t a l  by h o t - r o l l i n g  
f o r  X - r a y - d i f f r a c t i o n  w o r k  i n  t h e  
Chemis t ry  D i v i s i o n .  

Componen t  p a r t s  o f  w a t e r - c o o l e d  
t a r g e t  a s s e m b l i e s  were f a b r i c a t e d  f o r  
c y c l o t r o n  b o m b a r d m e n t  s t u d i e s  o n  
b i smuth  a t  Y-12. 

S e v e r a l  l i t h i u m - a l u m i n u m  a l l o y  
b i l l e t s  p r e p a r e d  a t  Argonne  N a t i o n a l  
L a b o r a t o r y  were vacuum a n n e a l e d  i n  a n  
a t t e m p t  t o  o u t g a s  or remove  t h e  un-’ 
d e s i r a b l e  hydrogen gas  i m p u r i t y  p r e s e n t  
i n  t h e  a l l o y .  

X-RAY-DIFFRACTION LABORATORY 

D u r i n g  t h i s  q u a r t e r  423 d i f f r a c t i o n  
p a t t e r n s  were m e a s u r e d  a s  a s e r v i c e  
a c t i v i t y  f o r  o t h e r  r e s e a r c h  g r o u p s  by 
t h e  X - r a y  l a b o r a t o r y .  T h i s  i s  a n  
i n c r e a s e  o f  m o r e  t h a n  40% o v e r  t h e  
f i r s t  q u a r t e r  of  1951.  P a t t e r n s  t aken  
f o r  m e t a l l u r g y  r e s e a r c h  a c c o u n t  f o r  
65% o f  t h e  s e r v i c e  work; f o r  c h e m i s t r y ,  
32%; and f o r  p h y s i c s ,  3%. 

A s  i n  t h e  p r e v i o u s  q u a r t e r ,  most of  
t h e  s e r v i c e  work was i d e n t i f i c a t i o n .  
Some p r e c i s i o n  l a t t i c e  p a r a m e t e r  
m e a s u r e m e n t s  a n d  a f e w  p r e f e r r e d  
o r i e n t a t i o n  s t u d i e s  were made. 

CREEP-RUPTURE LABORATORY 

Twenty t h o r i u m  s a m p l e s  were p u l l e d  
i n  t e n s i o n  f o r  t h e  T h o r i u m  R e s e a r c h  
G r o u p .  S t r e s s - s t r a i n  c u r v e s  w e r e  
o b t a i n e d  o n  a l l  t e s t s .  The  t e n s i l e  
s t r e n g t h  o f  f i v e  i n c o n e l  w e l d  s p e c i -  
mens a n d  t e n  i n c o n e l  t u b e - t o - h e a d e r  
s p e c i m e n s  w a s  d e t e r m i n e d  f o r  t h e  
W e l d i n g  S e c t i o n .  T w e n t y - t w o  p i p e  
s e c t i o n s ,  t y p e s  316,  304 ,  347 s t a i n l e s s  
s t e e l ,  and i n c o n e l ,  f rom sodium h a r p s  
i n  t h e  L i q u i d  M e t a l s  C o r r o s i o n  S e c t i o n  
were p u l l e d  i n  t e n s i o n .  N i n e  t h i n -  
w a l l e d  t u b e  s e c t i o n s ,  t y p e s  3 4 7  and  
3 1 0  s t a i n l e s s  s t e e l ,  f r o m  s o d i u m  
h a r p s  were a l s o  p u l l e d  i n  t e n s i o n .  
The t e n s i l e  s t r e n g t h  o f  f i v e  t u b e - t o -  
h e a d e r i n c o n e l s p e c i m e n s ,  b r a z e d j o i n t s ,  
a n d  s e v e n  t h i n - w a l l e d  i n c o n e l  t u b e s  
was d e t e r m i n e d  f o r  t h e  Weld ing  Group.  

C a l i b r a t i o n  o f  t h e  Baldwin  t e n s i l e  
t e s t i n g  machine w a s  made w i t h  t h e  a i d  
o f  t h e  I n s t r u m e n t  D e p a r t m e n t .  F o r  
t h i s  w o r k ,  Morehouse  p r o v i n g  r i n g s ,  
c a l i b r a t e d  by t h e  Bureau of  S t a n d a r d s ,  
were used .  The a c c u r a c y  o f  t h e  machine 
w a s  found t o  be w i t h i n  0.5%. 

S e v e r  a 1 h i g h -  d e n s  i t y  r a n d  o m  l y  
o r i e n t e d  s a m p l e s  o f  b o t h  c o p p e r  and  
b i s m u t h  were p r e s s e d  f o r  t h e  F u n d a -  
men ta l  R e s e a r c h  S e c t i o n .  With b i smuth  
a d e n s i t y  of  99% w a s  o b t a i n e d  i n  t h e  
p r e s s e d  c o n d i t i o n .  A c o m p a c t  c o n -  
s i s t i n g  o f  55% c o p p e r  and  45% n i c k e l  
w a s  a l s o  p r e s s e d  f o r  t h i s  g r o u p .  

S a m p l e s  o f  t y p e s  3 0 4 ,  3 1 0 ,  3 1 6 ,  
and  347  s t a i n l e s s  s t e e l  a n d  i n c o n e l  
were d e c a r b u r i z e d  by a w e t  h y d r o g e n  
t r e a t m e n t  s i m i l a r  t o  t h a t  d i s c u s s e d  i n  
t h e  l a s t  r e p o r t  (ORNL-1033). Twenty  
l e n g t h s  o f  i n c o n e l  t u b i n g  were  g i v e n  
v a r i o u s  h e a t  t r e a  tmen ts  i n  n o n o x i d i z i n g  
a t m o s p h e r e s  f o r  u s e  i n  l i q u i d - m e t a l  
c o r r o s i o n  and w e l d i n g  work. 
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