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. A b s t r a c t  , 
.. . 

. . 
. . . . . , !  

The measurement o f s t h e  s e l f - d i f f u s i o n  c o e f f i c i e n t  '. 

o f  niobium as a '  f u n c t i o n ' o f  t e m p e r a t u r e  h a s  been . 
under taken .  I t  i s  p lanned  t o  p r e p a r e  t h e  d i f f u s i o n  

. coup leszby  t h e  d e p o s i t i o n  o f  Nbg5 o n t o  t h e  s . u r f a c e s ,  
o f n i o b i u i  d i a c s  from t h e  Nbg5clg vapor  phase  a n d  
t o  a n n e a l  t h e  c o u p l e e  i n  t h e  t e m p e r a t u r e  r a n g e  1600° 
t o  2.0000K. D e t a i l s  a r e  g i v e n  o f  t h e  c o n s t r u c t i o n  
o f  t h e  vapor  d e p o s i t i o n  a p p a r a t u s  and o f  t h e  p repa- ' .  . . 

r a t i o n  o f  Nbg5c15 from t h e  o x a l a t e  form i n w h i c h  
t h e  i s o t o p e  i s  r e c e i v e d .  P r e l i m i n a r y  measur~ements  . 
o f  t h e  d i f f u s i o n  c o e f f i c i e n t  i n  a Nb-8 -wio T i  a l l o y  
and i n  a Nb-1.4 w/o V a l l o y  i n d i c a t e  t h a t  t h e  d i f -  
f u s i o n  ' c o e f f i c i e n t  i n  t h e  former i s  a p p r o x i m a t e l y .  

. l ~ - ~ c r n ~ / S e c  a t  1600°C and i s  approx imate ly  8  r 1 0  -11 
cm2/8ec i n  ' t h e  l a t t e r  a t  1400°C. 



THE SELF-DIFFUSION OF N I O B I U M  

I .  I n t r o d u c t i o n  

I n  v i ew o f  t h e  r a p i d l y  g r 0 w i n g : i n t e r e s t  i n  t h e  p o s s i b l e  
u s e  o f  n iob ium as a h i g h  t e m p e r a t u r e  s t r u c t u r a l  material ,  
t h e r e  i s  need  f o r  more b a s i c  d a t a  o n  i t s  , p r o p e r t i e . s .  
S e l f  - d i f  f  u s i o n  c o e f f i c i e n t s  are ..importan%r:~~as~.:they . bea r  
o n  c r e e p ,  , s i n t e r i n g  rates,  homogeniza%.,io.n o f .  a l . l o y s ,  
b o n d i n g  o f  c l a d s ,  and s i m i l a r  phenomena. The:refore. ,  
measurement  o f  t h e  d i f f u s i o n .  c o n s t a n t s : o v e r  .a r a n g e  o f  
t e m p e r a t u r e  and  . o f  t h e  a c t i v a t i o n  e n e r g y  f o r  t h e .  p r o c e . s s  , 

h a s  b e e n  u n d e r t a k e n .  . 

. . . .  . 

11. Met.hod 

A. P r e l i m i n a r y  . C o n s i d e r a t i o n s  - . , 

The s t a n d a r d . m e t h o d  f o r  d e t e r m i n i n g  s e l f - d i f f u s i o n  
c o e f f i c i e n t s  i s  t h e  t r a c i n g  o f  t h e  d i f f u s i o n  o f  a 
r a d i o a c t i v e  i s o t o p e  i n t o  a n o n - r a d i o a c t i v e  mass o f  
t h e  same m e t a l .  F o r t u n a t e l y ,  n iob ium h a s  a n  i s o t o p e ,  
~ b ' ~ ,  which ie s u i t a b l e  f o r  t h i s  p u r p o s e ,  which  h a s  
a 37-day h a l f - l i f e ,  and which e m i t s  0 . 745  mev gamma 
r a y s .  T h i s  i s o t o p e  i s  s u p p l i e d  by t h e  Oak R idge  
N a t i o n a l  L a b o r a t o r y  i n  t h e  form o f  a n  o x a l a t e  
o o l u t i o n .  I n i t i a l l y ,  oonefderation w a s  g i v e n  t o  
t h e  form o f  t h o  d i f f u s i o n  o o u p l e .  I f  a aandwich-  
t y p e  c o u p l e  were t o  be p r e p a r e d  by t h e  p r e s s u r e  
w e l d i n g  o f  two n iob ium d i s c s ,  one  c o n t a i n i n g  ~ b ' ~ ,  
i t  would be n e c e s s a r y  f o r  one  t o  r e d u c e  t h e  r a d i o -  . 
a c t i v e  o x a l a t e  t o  metal a n d  t o  i n t r o d u c e  t h i s  m e t a l  
i n t o  a m e l t  o f  no rma l  n iob ium i n  o r d e r  t o  p r e p a r e  
t h e  r a d i o a c t i v e  d i a c .  B c t h  r e d u c t i o n  o f  t h e  o x a l a t e  
t o  m e t a l  and  p r e p a r a t i o n  o f  a m e l t  c o n t a i n i n g  Nb 9 5  

i n v o l v e  h i g h  t e m p e r a t u r e  f u s i o n  p r o c e s s e s  which 
would have  n e c e s s i t a t e d  t h e  proekremcnt o f  vaouum 
a r c - m e l t  i n g  equipment  f o r  t h e  r a d i o - c h e m i s t r y  
l a b o r a t o r y .  The problem o f  c a r r y i n g  o u t  t h e  
f u s i o n  s t e p s  w i t h  r a d i o a c t i v e  n iob ium a l s o  seemed 
r a t h e r  f o r m i d a b l e  and ,  t h e r e f o r e ,  t h i s  method w a s  



e l i m i n a t e d .  I t  w a s  d e c i d e d  t h a t  t h e  p o s s i b i l i t y  
o f  a t h i n  f i l m  o f  t r a c e . r  b e i n g  d e p o s i t e d  on'  a .  . , 

s t a n d a r d  n iob ium d i s c  b y  a s u i t a b l e  p l a t i n g  o p e r a - ,  
t i o n  would be i n v e s t i g a t e d .  

The ' h igh  m e l t i n g  p o i n t  o f  n iob ium i n d i c a t e d  t h a t  
u n u s u a l l y  h i g h  t e m p e r a t u r e s  would have  t o  be 
r e a c h e d  f o r  t h e  d i f f u s i o n  r u n s ,  and  i t  w a s  a n t i ' c i -  
p a t e d  t h a t  a s p e c i a l  vacuum f u r n a c e  wou ld .  be  n e c -  
e s s a r y  t o '  p r e v e n t  o x i d a t i o n  o f  t h e  n iob ium.  Long 
t i m e  r u n s  a t  low t e m p e r a t u r e s  were  c o n s i d e r e d  t o  be 
u n d e s i r a b l e  becaus .e  o f  th .e  p o s s i b i l i t y  o f  a p p r e ' c i -  
a b l e  boundar?  d i f f u s i o n .  

I n  o r d e r  t o  g a i n  a n  a p p r o x i m a t i o n  o f  t h e  r a t e s  o f  
s e l f - d i f f u s i o n  o f  n iob ium,  which would be u s e f u l  
i n  t h e  e s t a b l i s h m e n t  o f  t h e  t i m e s  and t e m p e r a t u r e s  
f o r  t h e  d i f f u s i o n  a n n e a l s ,  a number o f  s a p  e  ' 

c a l c u l a t i o n s  were made. Eage r  and  Langmuir  1 1 )  have  

r e p o r t e d  t h a t  s e l f - d i f f u s i o n  i n  t a n t a l u m  m.ay be 
d e s c r i b e d  b y  t h e  r e l a t i o n  D=2 exp .  (-110,00O/RT). 
S i n c e  t a n t a l u m  h a s  a m e l t i n g  p o i n t  o f  a b o u t  3000°C, 
as compared t o  2400°C f o r  n iob ium,  one  would e x p e c t  
as a f i r s t  o r d e r  a p p r o x i m a t i o n  t h a t  $he  a c t i v a t i o n  
e n e r g y  f o r  volume d i f f u s i o n  i n .  n iob ium i s  of t h e  
o r d e r  o f  90 ,000  c a l / m o l .  I f  i t  i s  assumed t h a t  
D o . e q u a l s  1, c a l c u l a t e d  v a l ' u e s  o f  D r a n g e  f rom 
9 x  1 0  -I5 cm2 p e r  s e c o n d  a t  1400°K t o  1 x  1 0  -11 2  cm 
pe'r se 'cond a t  1800°K. On t h i s  b a s i s ,  t h e  t i m e  a t  
t e m p e r a t u r e  r e q u i r e d  f o r  a r e a s o n a b l e  d i f f u s i o n  
p e n e t r a t i o n  ( a p p r o x i m a t e l y  0.050 cm.) w i l l  b e  
r o u g h l y  58 d a y s  a t  1800°K. 

B. D e p o s i t i o n  o f  ~ b ~ ~  o n  Non-Rad ioac t ive  Niobium 

, S i n c e  ~ b "  w i l l  ,be o b t a i n e d  i n  t h e  form of  a n iob ium 
complex i n  o x a l i c  a c i d ,  i t  w a s  c o n s i d e r e d  a d v i s a b l e  
t o  l o o k  i n t o  t h e  p o s s i b i l i t y  o f  e l e c t r o p l a t i n g  t h e  
i s o t o p e  o u t  o f  a n  a q u e o u s  s o ' l u t i o n .  A s u r v e y  o f  t h e  ' 

l i t e r a t u r e  on  t h e  e l e c t r o p l a t i n g  p r o c e s s  i n d i c a t e d  
t h a t  c o n s i d e r a b l e  d i s a g r e e m e n t  e x i s t e d  a b o u t  t h e  
f e a s i b i l i t y  o f  e l e c t r o p l a t i n g  n iob ium from a q u e o u s  
s o l u t i o n s .  ( 2 )  S e v e r a l  R u s s i a n  i n v e s t i g a t o r s  r e p o r t  



t h e  d e p o s i t i o n  o f  n iob ium from s o l u t i o n s  o f  Nb205 
i n  KOH c o n t a i n i n g  o r g a n i c  a c i d s .  A l s o ,  some 
J a p a n e s e  p a t e n t s  c l a i m  d e p o s i t i o n  f rom u n s p e c i f i e d  
complex s a l t s .  U n f o r t u n a t e l y ,  a t t e m p t s  t o  v e r i f y  
s u c h  c l a i m s  have  f a i l e d .  F u r t h e r ,  e x p e r i e n c e  a t  
t h i s  l a b o r a t o r y  i n  a t t e m p t s  t o  e l e c t r o p l a t e  uranium,  
a s i m i l a r l y  r e a c t i v e  m e t a l ,  i n d i c a t e d  t h a t  t h e  
p r o b a b i l i t y  o f  e l e c t r o p l a t i n g  n iob ium as a uni form,  
t h i n  p l a t e  i s  n o t  v e r y  h i g h .  I n  s p i t e  o f  t h i s ,  a 
few e x p l o r a t o r y  t e s t s  were  made b e c a u s e  d t h e  g r e a t  
a d v a n t a g e s  t h a t  e l e c t r o p l a t i n g  h o l d s  o v e r  o t h e r  
d e p o s i t i o n  t e c h n i q u e s  i n  s i m p l i c i t y  o f  equ ipmen t  
and  p r o c e d u r e s  f o r  t h e  h a n d l i n g  o f  r a d i o a c t i v e  
i s o t o p e s .  A number o f  s o l u t i o n s  were p r e p a r e d  by 
t h e  d i s s o l u t i o n  o f  Nb205 i n  h y d r o f l u o r i c  a c i d , i n  
s u l f u r i c  a c i d ,  and  i n  h y d r o c h l o r i c  a c i d .  Niobium 
a n o d e s  and  c a t h o d e s  were  i n s e r t e d ,  and s u f f i c i e n t  
v o l t a g e  w a s  a p p l i e d  t o  p r o d u c e  a d i r e c t  c u r r e n t  
d e n s i t y  o f  50 t o  180  amperes  p e r  s q .  f t .  I n  t h e  
c a s e  o f  t h e  s u l f u r i c  and  t h e  h y d r o c h l o r i c  a c i d  
s o l u t i o n ,  a g r a y  f i l m  ( p r e s u m a b l y  o x i d e )  formed on  
t h e  anode ,  and t h e  c u r r e n t  d ropped  t o  z e r o .  Wi th  
t h e  h y d r o f l u o r i c  a c i d  s o l u t i o n ,  b o t h  anode  and  
c a t h o d e  were  e t c h e d  by t h e  e l e c t r o l y t e ,  b u t  no 
p l a t i n g  w a s  o b s e r v e d .  A few o t h e r  s o l u t i o n s  were  
t r i e d  (KOH i n  o x a l i c  a c i d  and NH4F i n  m e t h y l  a l c o h o l )  
w i t h  s i m i l a r  l a c k  o f  s u c c e s s .  

I n  v i ew  o f  t h e  n e g a t i v e  r e s u l t s ,  o t h e r  p o s s i b l e  methods  
o f  sample  p r e p a r a t i o n  w e r e  i n v e s t i g a t e d .  I t  h a s  
been  r e p o r t e d  (3) t h a t  n iob ium w i l l  p r o d u c e  a n  
a d h e r e n t  d e p o s i t  o n  t h e  h e a t e d  s u r f a c e s  o f  v a r i o u s  
m e t a l l i c  and  n o n - m e t a l l i c  s h a p e s  by t h e  hyd rogen  
d e c o m p o s i t i o n  o f  n iob ium p e n t a c h l o r i d e  v a p o r .  The 
a p p a r a t u s  r e q u i r e d  f o r  t h i s  t e c h n i q u e  and shown 
d i a g r a m m a t i c a l l y  i n  F i g .  1 i s  somewhat complex,  b u t  
equ ipmen t  whiuh c o u l d  be converted f o r  t h i s  p u r p o s e  
w a s  a v a i l a b l e  i n  t h e  l a b o r a t o r y ,  and t h e r e f o r e ,  i t  
w a s  d e c i d e d  t o  a d o p t  t h i s  method.  A d e s c r i p t i o n  o f  
t h e  method f o l l o w s :  

1. The r e a c t i o n  chamber ' i s  comple t ' e ly  e v a c u a t e d  s o  
t h a t  a l l  t r a c e s  o f  oxygen  a r e  removed. 



2. The f l a s k  c o n t a i n . i n g  the .  n iob ium p e n t a c h l o r i d e  i s  
c . racked  open  a t  t h e  t o p  by a m a g n e t i c  hammer and 

, hea t e ,d  t o  a b o u t  150°C. 

3. The v a p o r i z e d  p e n t a c h l o r i d e  i s  c a r r i e d  i n  d r y  
hyd rogen  g a s  and  c o n d e n s e s  i n  g l a s s  c o i l s  which 
a r e  immersed i n  a t h e r m o s t a t i c a l l y  c o n t r o l l e d  
o i l  b a t h  a t  100°C.. The p a r t i a l  p r e s s u r e  o f  , . 

n iob ium . p e n t a c h l o r i d e  e n t e r i n g  t h e  r e a c t i o n .  
chamber i s  c o n t r o l l e d  by. t h e  t e m p e r a t u r e  o f  
t h e  o i l  b a t h .  

4. The spec imen  i s  . h e a t e d  i n d u c t i v e l y  t o  900°C. 

5. A s  t h e  n iob ium p e n t a c h l o r i d e - h y d r o g e n  m i x t u r e  
p a s s e s  o v e r  t h e  h o t  spec imen ,  t h e  p e n t a c h l o r i d e  
i s  deoomposed t o  m e t a l l i c  n iob ium i n  t h e  form 
o f  a n  a d h e r e n t  l a y e r  on  t h e  spec imen.  

6 .  E x c e s s .  p e n t a c h l o r i d e  c o n d e n s e s  i n  t h e  c o l d  t r a p s ,  
and  t h e  h y d r 0 g e n . i ~  e x h a u s t e d  t h r o u g h  t h e  vacuum 
pumps i n t o  a n  e x h a u s t  hood. 

S i n c e  t h e  p e n t a c h l o r i d e  v a p o r  i s  r a d i o a c t i v e ,  and . 

s i n c e  c o n s i d e r a b l e  q u a n t i t i e s  o f  hyd rogen  p a s s  
t h r o u g h  t h e  sys t em,  i t  w a s .  deemed n e c e s s a r y  . t o  - 

e n c l o s e  t h e  e n t i r e  a p p a r a t u s  i n  a l a r g e  hood.  The 
e-qu,ipm,ent i s  i l l u s t r a t e d  i n  F i g .  2. 

Much t i m e  h a s  b e e n  s p e n t  i n  t h e  s e t t i n g  up o f  t h e  
p l a t i n g  o y s t e m  and in t h e  e s t a b l i s h i n g  o f  t h e  
c o r r e c t  c o n d i t i o n s .  f o r  p l a t i n g .  For  ex.ample, t h e  
spec imen  t e m p e r a t u r e  and t h e  p a r t i a l  p r e s s u r e  o f  
NbC15 as i t  p a s s e s  o v e r  t h e  specim'en a r e  f a i r l y  
c r i t i c a l '  f o r  un i fo rm p l a t i n g .  A s  t h e  spec imen  i s  
h e a t e d  i n d u c t i v e l y ,  t h e r e  i s  a t e n d e n c y  f o r  t h e  
g a s e s  i n .  t h e  r e a c t i o n  chamber t o  i o n i z e  s o  t h a t  a n  
a c c u r a t e  t e m p e r a t u r e  r e a d i n g  c a n n o t .  be  o b t a i n e d  w i t h  
.an o p t i c a l  p y r o m e t e r .  T h e r e f o r e ,  t h e  spec imen  h a s  
b e e n  h e a t e d  unde r  h i g h  vacuum,. and  a c a l i b r a t i o n  o f  
t e m p e r a t u r e  as. a f u n c t i o n  o f  power i n p u t  t o  t h e  
i n d u c - t i o n  c o i l s  o b t a i n e d .  S i n c e  i t  i s  n o t  e x p e c t e d  
t h a t  t h e  s a m e  power s e t t i n g  w i l l  a c h i e v e  t h e  same 

- 



t e m p e r a t u r e  w i t h  a g a s  f l o w  t h r o u g h  t h e  s y s t e m  as 
w i t h  vacuum, t h e  b e s t  s e t t i n g  f o r  p l a t i n g  must  be  
o b t a i n e d  by t r i a l  and e r r o r .  Up t o  t h i s  t i m e , ' n o  
c o m p l e t e l y  s u c c e s s f u l  r u n s  have  been  made. The 
c h i e f  d i f f i c u l t y  i s  t h e  p r e v e n t i o n  o f  o x i d a t i o n  
o f  t h e  spec imen  d u r i n g  t h e  p l a t i n g .  A few m o d i f i -  
c a t i o n s  a r e  b e i n g  made i n  t h e  s y s t e m  i n  a n  a t t e m p t  
t o  e l i m i n a t e  a l l  s o u r c e s  o f  oxygen.  These  m o d i f i -  
c a t i o n s  c o n s i s t  m a i n l y  o f  t h e  r emova l  o f  s e v e r a l  
s t o p c o c k s  which  were  c l o s e  t o  t h c  r e a c t i o n  chamber 
and had  t o  be  h e a t e d  by h e a t i n g  t a p e s ;  t h e  vacuum 
g r e a s e  decomposed under  h e a t  and p e r m i t t e d  a i r  
l e a k a g e  i n t o  t h e  sys t em.  

C. P r e p a r a t i o n  o f  NbC15 

S i n c e  i t  i s  p l a n n e d  t o  d e p o s i t  t h e  n iob ium i s o t o p e  
by d e c o m p o s i t i o n  o f  t h e  p e n t a c h l o r i d e ,  i t  w a s  n e c -  
e s s a r y  t o  d e v e l o p  a c h e m i c a l  p r o c e s s  f o r  t h e  
c o n v e r s i o n  o f  n iob ium o x a l a t e  t o  n iob ium p e n t a c h l o r i d e .  
I t  w a s  i n i t i a l l y  i n t e n d e d  t h a t  t h e  r a d i o a c t i v e  
p e n t a c h l o r i d e  would be p r e p a r e d  by a commerc i a l  
s u p p l i e r  who had  e x p r e s s e d  a n  i n t e r e s t  i n  d o i n g  
s o ;  however ,  a f t e r  c o n s i d e r i n g  t h e  prob lem c a r e f u l l y ,  
t h e  s u p p l i e r  f e l t  t h a t  h e  w a s  n o t  s u f f i c i e n t l y  w e l l  
e q u i p p e d  t o  h a n d l e  t h i s  t y p o  o f  m a t e r i a l .  I t  t h u s  
became n e c e s s a r y  t o  d e v e l o p  a method o f  p r e p a r i n g  
MbC15 from t h e  o x a l a t e  s o l u t i o n  a t  o u r  own l a b o r a t o r y .  
The c h i e f  d i f f i c u l t y  which had  t o  be  overcome w a s  
t h e  e l i m i n a t i o n  o f  a l l  s o u r c e s  o f  oxygen d u r i n g  t h e  
p r o c e s s ,  s i n c e  NbC15 r e a d i l y  c o n v e r t s  t o  NbOClgr 
The f o l l o w i n g  p r o o e d u r e  was f i n a l l y  a d o p t e d  a f t e r  
a number o f  d e v e l o p m e n t a l  t r i a l  r u n s  had b e e n  made 
w i t h  n o n - r a d i o a c t i v e  n iob ium:  

1. The d i l u t e  s o l u t i o n  o f  r a d i o a c t i v e  o x a l a t e  1~ 
d i l u t e d  w i t h  n s n - r a d i o a c t i v e  o x a l a t e  c a r r i e r  
and  e v a p o r a t e d  t o  d r y n e s s .  

2.  The r e s i d u e  i s  i g n i t e d  i n  a  p l a t i n u m  c r u c i b l e  
and c o n v e r t e d  t o  Nb205. 



3. The Nb205 i s  r e d u c e d  by c a l c i u m .  A r e d u c t i o n  
c a k e  c o n s i s t i n g  o f  c a l c i u m  m e t a l ,  n iob ium m e t a l ,  
c a l c i u m  o x i d e ,  c a l c i u m  c h l o r i d e ,  f l u x  and o t h e r  
i m p u r i t i e s  r e s u l t s .  

4. The r e d u c t i o n  cake  i s  c h l o r i n a t e d ,  and N b C 1 5  
and NbOC13 s u b l i m e .  A r a t h e r  c o m p l e t e  s e p a r a -  
t i o n  o f  t h e  two t a k e s  p l a c e  by t h e i r  c o n d e n s i n g  
i n  d i f f e r e n t  z o n e s  o f  t h e  r e a c t i o n  t u b e .  

The r a d i o a c t i v e  NbC15 w i l l  be d i l u t e d  w i t h  non- 
r a d i o a c t i v e  c h l o r i d e  b e f o r e  b e i n g  p l a c e d  i n  t h e  

d 

v a p o r  p l a t i n g  sys t em.  

111. The D i f f u s i o n  o f  T i t a n i u m  and Vanadium i n  .Niobium 

I n  v i ew  o f  t h e  d i f f i c u l t y  e x p e r i e n c e d  i n  t h e  p r e p a r a t i o n  
o f  a s e l f - d i f f u s i o n  c o u p l e  o f  n iob ium,  i t  seemed wor th -  
w h i l e  t o  o b t a i n  a n  a p p r o x i m a t i o n  o f  t h e  s e l f - d i f f u s i o n  
r a t e  by measurement  o f  t h e  d i f f u s i o n  o f  s o l u t e  e l e m e n t s  
i n  a  d i l u t e  s o l u t i o n  o f  n iob ium.  S e v e r a l  s andwich - type  

, d i f f u s i o n  c o u p l e s  were p r e p a r e d  by t h e  p r e s s u r e  w e l d i n g  
o f  d i s c s  o f  n iob ium t o  d i s c s  o f  a n iob ium-8  w/o T i  a l l o y  
and  a niobium-1.4 w/o V a l l o y .  Vanadium, b e i n g  i n  t h e  

, same g r o u p  o f  t h e  p e r i o d i c  t a b l e  as n iob ium,  i t s  r a t e  
o f  d i f f u s i o n  i n  n iob ium s h o u l d  more c l o s e l y  a p p r o x i m a t e  
s e l f - d i f f u s i o n  i n  n iob ium t h a n  t h e  r a t e  o f  d i f f u s i o n  o f  
t i t a n i u m  i n  n iob ium.  However, a s u p p l y  o f  t h e  n iob ium-  
t i t a n i u m  a l l o y  w a s  o n  hand,  and t h e  f i r s t  c o u p l e  w a s  
p r e p a r e d  f rom i t .  

The o n l y  f u r n a c c  a v a i l a b l e  i n  t h e  1 a b o r a S n r y  which w a s  
c a p a b l e  o f  r e a c h i n g  1600°C under  vacuum was a c a r b o n  
r e s i s t a n c e  f u r n a c e .  The n i o b i u m - t i t a n i u m  c o u p l e  w a s  
a n n e a l e d  f o r  t e n  h o u r s  a t  16000C, and i t  w a s  found  t h a t  
t h e  f u r n a c e  w a s  i n c a p a b l e  of  m a i n t a i n i n g  t h e  t e m p e r a t u r e ,  
c o n s t a n t  t o  b e t t e r  t h a n  * 500C. S i n c e  i t  i s  p o s s i b l e  
t o  make a n  a p p r o x i m a t e  c o r r e c t i o n  f o r  t h e  t e m p e r a t u r e  
f l u c t u a t i o n s ,  one -mi l  s e c t i o n s  were  machined  p a r a l l e l  
t o  t h e  d i f f u s i o n  d i r e c t i o n ,  and  c h e m i c a l l y  a n a l y s e d  
f o r  t h e  p e r c e n t  t i t a n i u m  p r e s e n t .  D w a s  c a l  u a t e d  
f rom t h e  r e l a t i o n  g i v e n  by d a  S i l v a  and Mehl P 4 t  



t o  be o f  t h e  o r d e r  o f  1 0 - ~ c m ~ / s e c .  
I 

Only one n g o b i u m - t i t a n i u m  c o u p l e  w a s  r u n ,  s i n c e  a 
s u p p l y  o f  vanad ium w a s  s u b s e q u e n t l y  a c q u i r e d  a n d  s a n d -  
wich d i f f u s i o n  c o u p l e s  c o n t a i n i n g  vanadium c o u l d  be 
made. The f i r s t  o f  t h e s e  c o u p l e s  w a s  h e a t e d  a t  1400°C 
f o r  e i g h t  d a y s  i n  a g l o b a r - h e a t e d  vacuum f u r n a c e  i n  
whioh t h e  t e m p e r a t u r e  was c u n e t a n t  w i t h i n  5 O C .  Yig. 3 
i s  a p l o t  o f  t h e  d i f f u s i o n  c u r v e  o b t a i n e d  f o r  t h i s  
spec imen.  A n a l y s i s  f o r  t h e  d i f f u s i o n  c o e f f i c i e n t  
y i e l d e d  a v a l u e  o f  8  x  1 0 - ~ ~ b m ~ / s e c .  I t  i s  a p p a r e n t  
f rom t h e  s c a t t e r  o f  t h e  e x p e r i m e n t a l  p o i n t s ,  t h a t  t h i s  
v a l u e  i s  o n l y  a n  a p p r o x i m a t i o n .  

A s  a f u r t h e r  a i d  i n  t h e  e s t a b l i s h m e n t  o f  t h e  p r o p e r  
d i f f u s i o n  p e r i o d s  f o r  g i v e n  t e m p e r a t u r e s ,  t h e  two 
d i f f u s i o n  c o e f f i c i e n t s  were u sed  t o  compute  a n  a c t i v a -  
t i o n  e n e r g y  wh ich  w a s  a b o u t  80 ,000  c a l / m o l .  T h i s  v a l u e  
i s ,  o f  c o u r s e ,  o n l y  a r o u g h  a p p r o x i m a t i o n ,  b u t  i t  i s  
u s e f u l  as a g u i d e .  I f  t h e  a c t i v a t i o n  e n e r g y  f o r  
s e l f - d i f f u s i o n  i n  n iob ium i s  a b o u t  80 ,000  c a l / m o l ,  and 
Do i s  assumed t o  be e q u a l  t o  1, as b e f o r e ,  D s h o u l d  
v a r y  f rom 2.5 x 1 0  -12 cm2/sec a t  1400°K t o  4.5 x 1 0 ' ~  
cm2/sec a t  1800°K. The t i m e  r e q u i r e d  t o  o b t a i n  a 0.050 
cm p e n e t r a t i o n  a t  1800°K w i l l  be r e d u c e d  t o  a b o u t  
20 m i n u t e s .  I f  t h e s e  e s t i m a t e s  a r e  r e a s o n a b l y  a c c u r a t e ,  
a more p r e c i s e  measurement  o f  t h e  s e l f - d i f f u s i o n  o f  
n iob ium c a n  be made t h a n  had h i t h e r t o  been  c o n s i d e r e d  
f e a s i b l e .  

A s  soon  as t h e  v a p o r  p l a t i n g ' a p p a r a t u s  i s  f u n c t i o n i n g  
p r o p e r l y ,  t .ha. t  i s  when a uniform, a d h e r e n t  m e t a . l . l i c  
d e p o s i t  ' can  be made, a n  o r d e r  w i l l  be p l a c e d ' w i t h  
Oak Hidge f o r  a s u p p l y  o f  ~ b ' ~ ,  and  s e l f - d i f f u s i o n  
c o u p l e s  w i l l  be  p r e p a r e d .  Once t h i s  i s  done ,  t h e  
d i f f u s i o n  c o e f f i c i e n t s  s h o u l d  be o b t a i n e d  w i t h i n  a 
few months.. 



A l s o ,  s e v e r a l  .m'ore n iobium-vanad, ium d i f f u s i o n  c o u p l e s  
w i l l  b e  a n n e a l e d  at  a s er i e s  o f  t e m p e r a t u r e s  r a n g i n g  
f rom 1 4 0 0 ~ ~  t o  a b o u t  1 8 0 0 ~ C  i n  vacuum i n  o r d e r  t o  
e s t a b l i . s h  . t h e  a p p r o x i m a t e .  s e l f  - d i f f  u s i o n  r a t e . s  o.f  .>, 

n i o b i u m  as a . f u n . c t i 0 . n  o f  t e m p e r a t u r e  pr.ompt1.y:. . . , .  . . 2  
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Fig. 1. Schematic representation of vapor plating process* 



Fig .  2. Photograph of the niobium pqntachlaride 
vapor dwpadltion equipment. 






