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T h i s  r e p o r t  i s  d i s t p i b u t e d  a c c o r d i n g  t o  Meta l lurgy  and 
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METALLURGY 

Under t h e  d i r e c t i o n  o f  F. H .  Spedding, H, A. Wilhelm, 
B,  A .  Rogers,  0 ,  N.  Car l son ,  P.  C h i o t t i ,  

D ,  P e t e r s o n ,  and J ,  F. Smith 

1. P u r i f i c a t i o n  and S e p a r a t i o n  S t u d i e s  

1.1 Treatment o f  Ores and S e p a r a t i o n  of Niobium and 
Tantalum (1)" 

The s t u d y  of methods f o r  t h e  opening  o f  o r e s  c o n t a i n i n g  
niobium and t a n t a l u m  has been c o n c e n t r a t e d  on a method employing 
aqueous h y d r o f l u o r i c  a c i d  and a method employing f u s e d  sodium 
hydroxide .  The l a t t e r  method has pe rhaps  a l i t t l e  b r o a d e r  
a p p l i c a t i o n  i n  t h a t  i t  i s  q u i t e  s a t i s f a c t o r y  f o r  most o r e s  
c o n t a i n i n g  niobium and t an ta lum,  w h i l e  t h e  h y d r o f l u o r i c  ac id  i s  
best  s u i t e d  t o  t h e  c o l u m b i t e - t a n t a l i t e  c o n c e n t r a t e  t y p e  ores 
t h a t  do n o t  c o n t a i n  q u a n t i t i e s  of y t t r i u m  and  r a re  e a r t h s  t o  be 
r e c o v e r e d ,  

A number of co lumbi t e  o r e  c o n c e n t r a t e s  have responded 
s a t i s f a c t o r i l y  to t r e a t m e n t s  by '70% commercial  h y d r o f l u o r i c ,  a c i d  
a l o n e  and t o  treatments by m i x t u r e s  o f  t h i s  h y d r o f l u o r i c  a c i d  
and c o n c e n t r a t e d  s u l f u a f c  a c i d .  I n  g e n e r a l  150 m l  o f  t h e  70s 
h y d r o f l u o r i c  a c i d  i s  a d e q u a t e  t o  open 100 grams of a co lumbi t e  
o r e  c o n c e n t r a t e  c o n t a i n i n g  rough ly  60% Nb2O5 and 10% Ta2O5. 
h a s  a l s o  been found t h a t  100 m l  (sf t h e  70s h y d r o f l u o r i c  a c i d  
combined w i t h  50 m l  of c o n c e n t r a t e d  s u l f u r i c  a c i d  i s  e q u a l l y  
e f f e c t i v e  i n  treating a 100 gram b a t c h  of t h e  same t y p e  of o re .  

It 

7 

I n  t h e  procedure ,  t h e  HF i s  c o n t a c t e d  w i t h  t h e  o r e  i n  a 
p o l y e t h y l e n e  c o n t a i n e r .  The r e a c t i o n  i s  slowed down a t  f i rs t  by 
means of  a wa te r - coo led  copper  c o i l  t h a t  i s  i n  t h e  r e a c t i o n  
c o n t a i n e r .  T h i s  p r e v e n t s  b o i l i n g  of t h e  s o l u t i o n  which would 
t e n d  t o  l o s e  H F  b e f o r e  it had a chance t o  r eac t  w i t h  t h e  o r e .  
If H F  and  H2SO4 a r e  used  to open t h e  OPE?, t h e  H F  i s  f i rs t  added 
t o  t h e  o r e  and t h e n  t h e  H2S04 i s  added s lowly .  The c o o l i n g  c o i l  

comple te  r e a c t i o n  of t h e  o r e  depends on t h e  t e m p e r a t u r e  ma in ta ined  
- i s  employed here a l s o ,  The time n e c e s s a r y  t o  ge t  e s s e n t i a l l y  

Numbers i n d i c a t e  group leaders :in cha rge  o f  work. See Appendix 111. .n 



i n  t h e  mixture ,  t h e  amount of a g i t a t i o n  o r  mixing d u r i n g  t h e  
r e a c t i o n  time and t h e  f i n e n e s s  of g r i n d  of t h e  o r e .  For o r e  t h a t  
passed  a seven ty  mesh sc reen ,  t h e  r e a c t i o n  was e s s e n t i a l l y  complete 
i n  less t h a n  e i g h t  hour s  w i t h  a g i t a t i o n  a t  room tempera ture .  
I n c r e a s i n g  t h e  tempera ture  s h o r t e n s  t h e  time necessa ry  f o r  t h e  
r e a c t i o n  

The  niobium and tan ta lum a r e  e x t r a c t e d  from t h e  r e a c t i o n  
product  by means of an o r g a n i c  s o l v e n t  such a s  hexone. The 
r e s u l t  i s  a n  o r g a n i c  s o l u t i o n  of t h e  niobium and tan ta lum and 
minor amounts of i m p u r i t i e s g  most o f  t h e  iron,manganese, t i t a n i u m ,  
e t c . ,  from t h e  o r e  t r e a t m e n t  remains i n  t h e  non-organic phases .  
The small amounts of  these i m p u r i t i e s  t h a t  do fo l low t h e  niobium 
and t an ta lum can be back-ex t r ac t ed  i n t o  a s m a l l  amount of an  
aqueous phase, An aqueous s c r u b  6-molar i n  s u l f u r i c  a c i d  i s  
q u i t e  e f f i c i e n t  i n  removing these i m p u r i t i e s  w i thou t  removing 
o b j e c t i o n a b l e  amounts of niobium and tan ta lum from t h e  o r g a n i c .  

The r e s u l t i n g  o r g a n i c  phase can t h e n  be employed i n  coun te r -  
c u r r e n t  o r  b a t c h  type  l i q u i d - l i q u i d  e x t r a c t i o n  for s e p a r a t i o n  
of  t h e  niobium from the  t an ta lum,  The aqueous phase employed 
i n  these l i q u i d - l i q u i d  s e p a r a t i o n  s t u d i e s  has  con ta ined  e i t h e r  
H 2 S O 4  o r  EC1, 

b By simple ba t ch  system employing hexone a s  t h e  o r g a n i c  
e x t r a c t i o n s ,  a good f r a c t i o n  of t h e  n i o  ium from a sample has bean 
r ecove red  s p e c t r o g r a p h i c a l l y  f ree  of tan ta lum and most of t h e  
tan ta lum recove red  s p e c t r o g r a p h i c a l l y  f ree  of niobium. 

sodium hydroxide i n v o l v e s  h e a t i n g  t h e  mixture ,  which c o n s i s t s  of 
roughly  e q u a l  weights of t h e  o r e  and NaOH, f o r  about  a ha l f -hour  
a t  a t empera tu re  of roughly  650°C. The p roduc t  of t h i s  t r e a t m e n t  
i s  leached  s p a r i n g l y  w i t h  water t o  remove excess  NaOH w i t h  some 
of t he  s i l i c o n ,  t i n ,  aluminum and o t h e r  i m p u r i t i e s .  The r e s i d u e  
i s  t h e n  leached by h e a t i n g  w i t h  d i l u t e  (181) s u l f u r i c  a c i d  and 
t h e n  add ing  a l i t t l e  i r o n  powder, After  t h e  r e a c t i o n  has  
subs ided ,  water i s  added and t h e  w h i t e  a c i d  ox ides  a r e  recovered  
by d e c a n t a t i o n  and f i l t r a t i o n .  

TO$ aqueous H F  t o  g i v e  a s o l u t i o n  from which t h e  niobium and 
tan ta lum are  e x t r a c t e d  by means of  an  o r g a n i c  s o l v e n t .  From 
t h i s  p o i n t  on, t h e  p u r i f i c a t i o n  and subsequent  s e p a r a t i o n  of t h e  
niobium from t h e  t an t a lum i s  c a r r i e d  o u t  by a J i q u i d - l i q u i d  
e x t r a c t i o n  p r o c e s s  a s  descr ibed above, f ,o l lowing  opening t h e  
o r e  w i t h  aqueous HF, 

The d i l u t e  H 2 S O 4  has been found to s e r v e  wel l  i n  a 

ghase 

Opening of niobium and t an ta lum ore  c o n c e n t r a t e s  w i t h  

These a c i d  ox ides  are  d r i e d  a t  200°C and t h e n  t rea ted  w i t h  

There appear  t o  be p o s s i b l e  advantages  i n  t h e  c a u s t i c  f u s i o n  
p r o c e s s  i n  t h a t  t h e  hydrogen f l u o r i d e - a c i d  oxide  c o n c e n t r a t i o n  

, 
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r a t i o  can be r e a d i l y  c o n t r o l l e d  i n  t h e  sgstem f o r  t h e  subse-  
quent  s e p a r a t i o n .  The c a u s t i c  f 'us ion has  g iven  a lmost  q u a n t i -  
t a t i v e  r e a c t i o n  w i t h  t h e  ore i n  a very s h o r t  time. The amount 
of h y d r o f l u o r i c  a c i d  r e q u i r e d  i r  p r e p a r i n g  t h e  s o l u t i o n  of t h e  
a c i d  ox ides  i s  g e n e r a l l y  l e s s  i n  t h e  c a u s t i c  p rocess ,  which 
t e n d s  t o  offEiet p a r t  of t h e  c o s t  of t h e  c a u s t i c .  

1,2 S t u d i e s  on t h e  S e p a r a t i o n  of Hafnium and Zirconium (1) 

Exp lo ra to ry  work on t h e  seplarat ion of hafnium from zirconium 
was cont inued  w i t h  no new systetr  f o r  s e p a r a t i o n  be ing  evolved 
t h a t  appeared promising a t  t h e  time, T h i s  phase of t h e  work i s  
c o n t i n u i n g ,  Experiments  were made t o  de t e rmine  t h e  e f f e c t s  of 
z i r c o n y l  c h l o r i d d  c o n c e n t r a t i o n  on l i q u i d - l i q u i d  e x t r a c t i o n  i n  
t h e  Primene-thiocyanic  a c i d  system, The amount of  material  
transferred t o  t h e  o rgan ic  s o l v e n t  phase was n o t  p r o p o r t i o n a l  
t o  t h e  amount of z i rconium i n  th,e aqueous phasep  a s  r educ ing  t h e  
c o n c e n t r a t i o n  of z i r c o n y l  c h l o r i d e  t o  o n e - s i x t e e n t h  of t h e  
o r i g i n a l  on ly  c u t  t h e  t r ans fe r  I n  h a l f , ,  Th i s  i n d i c a t e d  a l a c k  
of e q u i l i b r i u m  between t h e  aqueous and o rgan ic  which would 
probably make t h e  system i n e f f e c t i v e  f o r  a cont inuous  coun te r -  
c u r r e n t  p r o c e s s a  

It has been r e p o r t e d  t h a t  hafnium hydroxide i s  more s o l u b l e  
than  zirconium hydroxide i n  s t r o n g l y  b a s i c  s o l u t i o n s .  To t e s t  
t h i s  a q u a n t i t y  of z i r c o n y l  c h l c r i d e  s o l u t i o n  was t rea ted  w i t h  a 
l a r g e  e x c e s s  of  5-molar potassium hydroxide,  The f i l t r a t e  
y i e l d e d  a second p r e c i p i t a t e  when a c i d i f i e d  w i t h  hydroch lo r i c  
a c i d  and made b a s i c  a g a i n  w i t h  ammonium hydroxide.  T h i s  p r e c i p i -  
t a t e  con ta ined  11% hafnium compared w i t h  2% i n  t h e  s t a r t i n g  
m a t e r i a l .  However, a s  there  was only about  0,035 g o  of oxide 
d i s s o l v e d  i n  100 m l  of f i l t r a t e ,  t h i s  d i d  n o t  m a t e r i a l l y  lower 
t h e  hafnium c o n t e n t  of the main p r e c i p f t a t e ,  

It i s  known t h a t  a c t i v a t e d  s i l i c a  gel  w i l l  p r e f e r e n t i a l l y  
a d s o r b  hafnium froom s o l u t i o n s  of z i rconium t e t e rach lo r i . de  in .  
methanol,  It was thought  t h a t  t h e  a d s o r p t i o n  might be more 
s e l e c t i v e  from mixtures  of methanol. w i t h  a n o t h e r  o r g a n i c  s e r v i n g  
a s  s o l v e n t ,  It was found, however, ? t h a t  t h e  a d s o r p t i o n  from 
s o l u t i o n s  of zirconium t e t r a c h l o r i d e  i n  hexone o r  mix tu res  of 
hexone and  methanol '  wa's-.less s e l e c t i v e  t h a n  t h e  a d s o r p t i o n  from 
u n d i l u t e d  methanol,  

molar z i rconium t e t r a -  
f l u o r i d e  d i s s o l v e d  i n ' 2 , O  m o l a r ' h y d r o f l u o r i c  a c i d .  There was t h e  
p o s s i b i l i t y  that '  some o r g a n i c  s o l v e n t  could  be found which would 
p r e f e r e n t f a l l y  t r a n s f e r  hafnium from such a so lu t ion , ,  O f  t h e  
v a r i o u s  t y p e s  of s o l v e n t s  t r i e d  only amines were found t o  g i v e  

Some experiment-s were mad-e. w i t h  1 

http://teterachlori.de
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fe r  when shaken w i t h  t h e  f l l o r i d e  s o l u t i o n .  A 25 
volume % s o l u t i o n  o f  Primene 8 1 ~  i n  hexone gave c o n s i d e r a b l e  
t r a n s f e r ,  b u t  w i t h  on ly  a s l i g h t  enr ichment  o f  hafnium i n  t h e  
o r g a n i c  phase .  

A few expe r imen t s  were made w i t h  t h e  r e c r y s t a l l i z a t i o n  o f  
po tass ium f l u o z i r c o n a t e ,  It h a s  been r e p o r t e d  t h a t  t h i s  s a l t  i s  
much more s o l u b l e  i n  h o t  water t h a n  i n  co ld  and  a l s o  t h a t  t h e  
hafnium s a l t  i s  more s o l u b l e  t h a n  t h e  z i rconium s a l t .  By c o o l i n g  
a s o l u t i o n  o f  po tass ium f l u o z i r c o n a t e  s a t u r a t e d  a t  100°C t o  room 
t e m p e r a t u r e , t h e  hafnium c o n t e n t  o f  t h e  mother l i q u o r  was i n c r e a s e d  
from 1% t o  5%. However, due t o  t h e  s l i g h t  s o l u b i l i t y  o f  t h e  s a l t  
a t  room t empera tu re ,  on ly  a b o u t  15% of  t h e  hafnium was removed 
from t h e  c r y s t a l s .  

1.3 P y r o m e t a l l u r g i c a l  S e p a r a t i o n  of  Uranium From Thorium 
and From Thorium-Magnesium E u t e c t i c  (6) 

Thorium a s  we l l  a s  thorium-magnesium e u t e c t i c  (35.0 + 1 w/o Th)  
have been sugges t ed  a s  b l a n k e t  m a t e r i a l s  f o r  power r e a c t o r s .  
c a p t u r e  of n e u t r o n s  by thoyium r e s u l t s  i n  t h e  p r o d u c t i o n  o f  t h e .  
f i s s i o n a b l e  i s o t o p e  uranium-233. Consequent ly  t h e  s e p a r a t i o n  of  
uranium from t h e  b l a n k e t  mater ia l  i s  of i n t e r e s t .  

The 

P r e v i o u s  work has  shown t h a t  uranium i s  only  s p a r i n g l y  
s o l u b l e  i n  magnesium, Chio t t t i ,  G .  A .  Tracy,  and H. A. Wilhelm, 
Uranium-Magnesium System," J, Metals, T rans , ,  8, No. 5, 562-67, 

(195617. 
a t  1135°C and d r o p s  t o  0.05 + 0.03 w/o a t  675"C, and t o  a b o u t  
0,005 w/o a t  650°C. The solcbilfty of magnesium i n  uranium i s  o f  
t h e  o r d e r  of  0,004 w/o a t  l . 1 3 ' j ° C .  It has a l s o  been observed  t h a t  
uranium-chromium e u t e c t i c ,  (5.2 w/o Cr, mop. 860°C) forms a n  
immisc ib l e  l i q u i d  w i t h  magnesium a t  900,"C, D e p o r t  IsC-607, (1955)7 ,  
w i t h  l i t t l e  o r  no uranium o r  chromium go ing  i n t o  t h e  magnesium 
l a y e r ,  These o b s e r v a t i o n s  a l o n g  w i t h  t h e  known a l l o y i n g  b e h a v i o r  
o f  t h e  o t h e r  components i n v o l v e d  sugges t ed  t h e  p o s s i b l i t y  of  
s e p a r a t i n g  uranium from a thorium-magnesium b l a n k e t  s imply by 
m e l t i n g  t h e  b l a n k e t  m a t e r i a l  c o n t a i n i n g  uranium and l e t t i n g  t h e  
uranium s e t t l e  t o  t h e  bottom of t h e  melt, o r  p o s s i b l y  by h e a t i n g  
t h e  b l a n k e t  mater ia l  t o  t h e  m e l t i n g  p o i n t  of  uranium and s e p a r a t i n g  
t h e  uranium a s  a s e p a r a t e  l i q u i d  l a y e r .  S i n c e  a t  h i g h e r  tempera- 
t u r e s  t h e  s o l u b i l i t y  o f  uranium i n  t h e  magnesium-rich l a y e r  might  
be t o o  h igh ,  t h e  a d d i t i o n  o f  enough chromium t o  form uranium- 
chromium e u t e c t i c  m i g h t  p e r m i t  s e p a r a t i o n  o f  uranium a s  t h e  l i q u i d  
e u t e c t i c  a t  t e m p e r a t u r e s  n e a r  t h e  mel t ing  p o i n t  o f  t h i s  e u t e c t i c ,  
namely 860°C. S i m i l a r  p r o c e d u r e s  migh t  a l s o  be a p p l i e d  t o  thor ium 
c o n t a i n i n g  uranium., 

I f  

The s o l u b i l i t y  o f  uranium i n  magnesiEm i s  0.14 + 0.05 w/o 
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The p r e s e n t  i n v e s t i g a t i o n  h a s  been p r i m a r i l y  concerned w i t h  
t h e  s t u d y  o f  e q u i l i b r i a  i n v o l v i n g  thorium-magnesium-uranium, and 
thorium-magnesium-uranium-chromium, i n  which magnesium i s  t h e  major 
c o n s t i t u e n t .  

I n  g e n e r a l  t h e  components t o  b e  s t u d i e d  were hea ted  i n  
t an ta lum c r u c i b l e s .  P r e v i o u s  e x p e r i e n c e  h a s  shown t an ta lum t o  be 
a s u i t a b l e  c r u c i b l e  m a t e r i a l ,  

Two p rocedures  were employed i n  s t u d y i n g  the  s o l u b i l i t y  of 
uranium i n  thorium-magnesium e u t e c t i c .  The f i r s t  c o n s i s t e d  o f  
c h a r g i n g  a small t an ta lum c r u c i b l e ,  1" i n  diameter and 3 l/2li long,  
w i t h  a few c l e a n  uranium shav ings  and massive magnesium and thorium 
i n  approx ima te ly  t h e  c o r r e c t  r a t i o  t o  form t h e  e u t e c t i c .  A t an t a lum 
cap  was w e l d e d  on t h e  open end o f  t h e  c r u c i b l e  under  an argon 
atmosphere.  The t an ta lum c r u c i b l e  was t h e n  encased  i n  a welded 
s t a i n l e s s  s t e e l  bomb. T h i s  assembly was heated t o  above t h e  e u t e c t i c  
m e l t i n g  t empera tu re  f o r  s e v e r a l  hour s  i n  a r o t a t i n g  r e s i s t a n c e  
f u r n a c e  t o  i n s u r e  thorough mixfng o f  t h e  cha rge .  The mixed charge  
was t h e n  h e l d  a t  t h e  same t empera tu re  w i t h  t h e  c r u c i b l e  i n  a 
v e r t i c a l  p o s i t i o n  f o r  s e v e r a l  hours  t o  pe rmi t  s e p a r a t i o n  o f  any 
und i s so lved  uranium. The charge  was t h e n  f u r n a c e  cooled  t o  room 
t empera tu re  ,, 

A second p rocedure  c o n s i s t e d  o f  c h a r g i n g  a t an ta lum c r u c i b l e  
w i t h  a d i l u t e  thorium-uranium a lPoy p repa red  by a r c - m e l t i n g .  
S u f f i c i e n t  magnesium was added t o  form t h e  35 w/o thorium-magnesium 
e u t e c t i c .  T h i s  %harge was t h e n  p rocessed  i n  t h e  manner d e s c r i b e d  
above ,, 

Samples c o n t a i n i n g  i n  a d d i t i o n  enough chromfum t o  form uranium- 
5.18 w/o chromium e u t e c t i c  were p repa red  i n  a s imi la r  manner. 

The  r e s u l t s  of chemica l  a n a l y s e s  of a number of Th-Pig-U 
mix tu res  heated a t  v a r i o u s  t e m p e r a t u r e s  a re  g i v e n  i n  Table  I. 
The charge was mixed a t  t empera tu re  by r o t a t i n g  t h e  f u r n a c e  end- 
wise back  and f o r t h  th rough  a n  a r c  of approx ima te ly  180". 
complete  cyc le  r e q u i r e d  1 2 / 3  minutes .  After  mixing, t h e  cha rge  
was p e r m i t t e d  t o  s e t t l e  w i t h  t h e  f u r n a c e  i n  a n  u p r i g h t  p o s i t i o n .  
After s e t t l i n g  t h e  samples were f u r n a c e  coo led .  The cha rge  was 
removedp c u t  i n  two l eng thwise ,  and one o f  these p i e c e s  was t h e n  
c u t  i n t o  th ree  s e c t i o n s , ,  The top ,  m i d d l e  and bottom s e c t i o n s  were 
ana lyzed  f o r  uraniumo The a n a l y s e s  o f  these  th ree  s e c t i o n s  f o r  
t h e  f irst  ser ies  of  t h i r t e e n  a l l o y s  showed t h a t  most o f  t h e  uranium 
was c o n c e n t r a t e d  i n  t h e  bottom s e c t i o n  o r  bottom t h i r d  of  t h e  a l l o y .  
The s c a t t e r  i n  t h e  a n a l y t i c a l  r e s u l t s  was t o o  g r e a t  t o  i n d i c a t e  any 
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  c o n c e n t r a t i o n  o f  uranium i n  t h e  
m i d d l e  and t o p  s e c t i o n s ,  

One 
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Table  I 

S o l u b i l i t y  of Uranium i n  Magnesium-Rich 

Liquid  Magnesium-Thorium Al loys  

No. of Mixing 

Processed Temp. 
T y p i c a l  Chargels Time and Charge 

S e t t l i n g  Average 
Time and Chemical 
Temp. Analyses 

U shav ings  
1.3 g *  

Th (Massive) 
;- 26.0 Q. 
Mg (Massive) 

46.0 g. 

Th-2.25 W/O U 
(Arc-Melted 
Al loy )  24 g. 

Mg (Massive) 
44 g. 

U (Massive) 
26.3 g. 

Th (Massive) 
19.6 g. 

Mg (Massive) 
44.6 g. 

1 1/2 t o  2 h r s .  1 t o  2 h r s ,  13 
1000" c 800 O C 

Furnace 
cooled  

w/o u (Top 
S e c t i o n )  
0.005 - + 0.002 

w/o U (Middle 
S e c t  i o n )  
0.008 + 0.004 

1 t o  1 1/2 h r s .  1 t o  -1 1/2 
h r s .  

5 

1000" c 800°C 

Furnace 
cooled 

2 2 h r s .  

goo" c 

10 min. 

1200 O c 

1 h r .  

8 0 0 " ~  

Furnace ~ 

cooled  

w/o U (Top 
and Middle 
S e c t i o n s )  
0.009 + 0.007 

w/o Th (Top 
and Middle 
S e c t i o n s )  
34.3 2 1 . 2  

- 

w/o Th 
(Bottom 
U-Rich Layer )  

w/o Th 
(Mg-Rich 

0.28 + 0.08 - 

Lager) 
29.2 - + 0.4 
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I n  t h e  second se r i e s  of  a l l c y s  t h e  uranium and thor ium were 
added a s  a n  arc-melted a l l o y .  After p r o c e s s i n g ,  chemica l  a n a l y s e s  
showed a f a i r l y  uniform d i s t r i b u t i o n  o f  thor ium th roughou t  t h e  
cha rge  w h i l e  t h e  uranium was c o n c e n t r a t e d  a t  t h e  bottom o f  t h e  
charge .  These r e s u l t s  were confirmed by m e t a l l o g r a p h i c  examinat ion .  
The m i c r o s t r u c t u r e s  showed p r i m a r i l y  Th-Mg e u t e c t i c  w i t h  f i n e  p a r t i c l e s  
of uranium a t  t h e  bottom o f  t h e  charge .  

r e s u l t e d  i n  t h e  f o r m a t i o n  o f  two l i q u i d  l a y e r s  g i v i n g  a s h a r p  
boundary between t h e  magnesium-rich l a y e r  and t h e  uranium-r ich  
l a y e r .  Two samples p rocessed  i n  t h i s  manner, see Table I, showed 
t h a t  t h e  thor ium remains  p r i m a r i l y  i n  t h e  magnesium-rich l a y e r  and 
only  a small amount goes i n t o  t h e  uran ium-r ich  l a y e r .  A g r a v i m e t r i c  
method was used  i n  a n a l y z i n g  f o r  thorium i n  t h e  uranium l a y e r  and 
t h e  v a l u e  of 0.28 w/o Th i s  b e l i e v e d  t o  r e p r e s e n t  a n  upper  l i m i t .  
However, o t h e r  samples  have been prepared and these r e s u l t s  w i l l  
be checked f u r t h e r .  

H e a t i n g  a t  t e m p e r a t u r e s  J u s t  above t h e  m e l t i n g  p o i n t  of uranium 

The a d d i t i o n  o f  chromium i n  t h e  c o r r e c t  p r o p o r t i o n  t o  t i e  
up t h e  uranium p r e s e n t  a s  U-5.18 w/o Cr e u t e c t i c  i s  a l s o  b e i n g  
i n v e s t i g a t e d ,  Microscopic  examina t ion  shows a c l e a n - c u t  s e p a r a t i o n  
of t h e  l i q u i d  e u t e c t i c  from t h e  r e s t  o f  t h e  cha rge .  Chemical 
a n a l y s e s  o f  t h e  two l i q u i d  phases  a re  i n  p r o g r e s s .  T h i s  p rocedure  
has  t h e  advantage  t h a t  p r o c e s s i n g  t e m p e r a t u r e s  need n o t  exceed 
gOO"C, b u t  h a s  t h e  d i s a d v a n t a g e  of y i e l d i n g  a uranium-chromium 
a l l o y  i n s t e a d  of e s s e n t i a l l y  pu re  uranium, No p y r o m e t a l l u r g i c a l  
method i s  known whereby t h e  chromium can be r e a d i l y  s e p a r a t e d  from 
t h e  uranium. 

The e x p e r i m e n t a l  data o b t a i n e d  show t h a t  uranium i s  on ly  v e r y  
s p a r i n g l y  s o l u b l e  i n  l i q u i d  thorium-magnesium e u t e c t i c ,  50 t o  90 ppm, 
a t  t e m p e r a t u r e s  n e a r  t h e  m e l t i n g  p o i n t  of t h e  e u t e c t i c .  Conse- 
q u e n t l y  it shou ld  be p o s s i b l e  t o  r educe  t h e  c o n c e n t r a t i o n  of U-233 
i n  a thorium-magnesium e u t e c t i c  b l a n k e t  by h e a t i n g  t o  above t h e  
m e l t i n g  p o i n t  of t h e  e u t e c t i c  and  p e r m i t t i n g  t h e  uranium t o  
c o n c e n t r a t e  ' a t  t h e  bottom o f - t h e  melt, T h i s  c o n c e n t r a t e  can be 
f u r t h e r  separated i n t o  a uran ium-r ich  l i q u i d  l a y e r  by h e a t i n g  t o  
above t h e  m e l t i n g  p o i n t  o f  uranium o r  t o  a b o u t  1200°C. An 
a l t e r n a t i v e  would be t o  add a n  a p p r o p r i a t e  amount o f  chromium and 
separa te  t h e  uranium a s  t h e  uranium-chromium e u t e c t i c  i n  the  same 
manner by h e a t i n g  t o  t h e  m e l t i n g  p o i n t  o f  t h e  uranium-chromium 
e u t e c t i c  . 
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1,4 S e p a r a t i o n  o f  Thorium  fro^ Thorium-Magnesium E u t e c t i c  
by P r e c i p i t a t i o n  a s  Thorium-Hydride (6) 

The s e p a r a t i o n  of thorium from magnesium-rich a l l o y s  i s  of 
i n t e r e s t  for s e v e r a l  r e a s o n s ,  Thorium may be used a s  a b l a n k e t  
m a t e r i a l  f o r  power r e a c t o r s ,  
uranium-233 from t h e  tlaor2u.m i n v o l v e s  d f s s o l u t i o n  of t h e  thorium 
i n  magnesium and t h e  p r e c i p i t a t i o n  of t h e  uranium from t h e  melt. 
Likewise if thorium-magnesium e u t e c t i c  i s  used a s  a b l a n k e t  
mater ia l ,uraniurn-233 can be p r e c i p i t a t e d  s imply by m e l t i n g  t h e  
b l a n k e t  m a t e r i a l ,  It might  f u r t h e r  be necessa ry  t o  r e c l a i m  t h e  
thorium from t h e  magnesium due t o  t h e  b u i l d  up o f  r a d i o a c t i v e  
i m p u r i t i e s  i n  t h e  magneSium, o r  s imply to r e c l a i m  t h e  thorium SO 
t h a t  i t  can be r eused  a s  a b l a n k e t  m a t e r i a l  i n  pure form. 

A proposed method f o r  s e p a r a t i n g  

Althoxgh t h e  msgnesium can be removed by d i s t i l l a t i o n ,  i t  
would be advantageous t o  c o n c e n t r a t e  t h e  thorium and reduce  t h e  
amount of magnesium t o  be d i s t i l l e d ,  Consequently t h e  p o s s i b l i t y  
of p r e c i p i t a t i n g  thorium f rom 8 magnesium melt w i t h  hydrogen i s  
being i n v e s t i g a t e d .  

of thorium, p a r t f c u X a r l y  i n  zlleductisn p r o c e s s e s  y i e l d i n g  a 
magnesium-rich a l l a y ,  

Such a s e p a r a t i o n  na1gh-b alB;io be of i n t e r e s t  i n  t h e  p roduc t ion  

The dilaydri.de of t h h ~ ~ l u m  has a d i s s o c i a t i o n  p r e s s u r e  of  less 
t h a n  one atmosDhere a t  700°C. Thoreurn-magnesium e u t e c t i c  
(35 + 1 W/Q Th) contal.uaed Tn a magnesia c r u c i b l e  i n s i d e  o f  a 
s t a i n l e s s  s t e e l  chamSer has been bsought  i n t o  c o n t a c t  w i t h  
hydrogen a t  one t o  t h r w  atmosphekes ppessu re  a t  700°C, 
t h e s e  c o n d i t i o n s  much of t h e  thorium was p r e c i p i t a t e d  a s  t h e  
hydr ide ;  howeverS t h e  p r e c i p i t a t i o n  was n o t  complete.  Chemical 
a n a l y s e s  of t h e  t o p  portion of" s e v e r a l  melts r e a c t e d  i n  t h i s  manner 
show t h e  r e s i d u a l  thorium t s  be i n  the range  of  10 t o  20 w/o. 
The amount of thorium remaining in t h e  melt was found t o  d e c r e a s e  
a s  t h e  time i n  c o n t a c t  w i t h  hydrogen was i n c r e a s e d a  The r e s u l t s  
o b t a i n e d  i n d i c a t e  t h a t  s t i w i n g  of t h e  melt w i l l  be necessa ry  i n  
o r d e r  t o  a t t a i n  e q u i l i b r i u m  in a r e a s o n a b l e  p e r i o d  of time. 

Attempts  have a l s o  been made t o  determine t h e  s o l u b i l i t y  of 
t h e  hydr ide  i n  magnesium by b r i n g i n g  magnesium i n  c o n t a c t  w i t h  
t h e  h y d r i d e  a t  675"C,  
magnesium was found t o  be mush less t h a n  20 w/o. 
ments  and a n a l y s e s  a r e  i n  p r o g r e s s ,  

A l t e r a t i o n s  Sn t h e  a p p a r a t u s  are b e i n g  made so  t h a t  t h e  charge  
may be a g i t a t e d  i n  o r d e r  t o  speed up t h e  a t ta inment  of e q u i l i b r i u m ,  

Under 

The amount of  thorium d i s s o l v e d  i n  t h e  
F u r t h e r  e x p e r i -  

http://dilaydri.de
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2 .  P r e p a r a t i o n  of  Pure Compounds - 
2 . 1  P r e p a r a t i o n  of  Thorium T e t r a c h l o r i d e  (5)  

The h o r i z o n t a l  t u b e  c h l o r i n a t i o n  r e a c t o r  was completed and 
s e v e r a l  t r i a l  r u n s  were made, The  r e a c t o r  worked s a t i s f a c t o r i l y  
and produced thorium t e t r a c h l o r i d e  of 68.8 p e r  c e n t  thorium 
a s s a y  a t  a r a t e  of abou t  5 pound:; of p roduc t  p e r  hour .  The only 
t r o u b l e  encountered  i n  these tes.l;s was p lugg ing  o f  t h e  charge  
feeding  mechanism, T h i s  p a r t  of t h e  r e a c t o r  w i l l  have t o  be 
r edes igned  t o  remedy t h e  p lugg ing  problem. After  t h i s  change 
has  been made, more c h l o r i n a t i o n  r u n s  w i l l  be made t o  e v a l u a t e  t h e  
a p p a r a t u s  and c g l l e c t  necessa ry  o p e r a t i n g  d a t a  , 

/’ 

The cont inuous  vacuum sub l ima t ion  s t i l l  f o r  p u r i f i c a t i o n  
of thorium t e t r a c h l o r i d e  was impiioved by b u i l d i n g  a cyc lone  
s e p a r a t o r  i n t o  t h e  system. The thorium ox ide  and carbon were 
removed from t h e  thorium t e t r a c h l o r i d e  g a s  b e f o r e  i t  was 
condensed, t h u s  producing  a pure]:, p roduc t ,  The r a t e  of  s u b l i m a t i o n  
could  be increas ,ed by a f a c t o r  of 2 to 3 w h i l e  m a i n t a i n i n g  t h e  
same p roduc t  puTi ty  $ 9  was o b t a i n e d  wi thou t  t h e  s e p a r a t o r .  
Development w i l l  be cont inued  t o  ach ieve  even h ighe r  p u r i f i c a t i o n  
i n  t h i s  appaFat  

,2.2 F r e p a r a t i o n  of Yt t r ium . u I _ ,  T p i f l u o r i d e  

Yt t r ium f l u o r i d e  was p repa red  by h e a t i n g  t h e  ox ide  t o  595°C 
f o r  8 t o  16 hours  f n  a s t ream of  anhydrous hydrogen f l u o r i d e .  
The ox ide  was p l ace3  i n  Sticonel t r a y s  i n  a s t a t i o n a r y  bed f u r n a c e  
and t h e  HE’ was passed O V ~ P  it, Conversions of  97 t o  99b5$ of 
t h e o r e t i c a l  were ob ta ined  as estt imated from t h e  weight  change 
observed a f t e r  h y d r o f l u o r i n a t i o n , ,  Examination of  t h e  f l u o r i d e  
by means of a p e t m g r a p h h c  ml.c?io:;cope a l s o  gave q u a l i t a t i v e  
c o r r e l a t i o n  between t h e  p o o r e r  arid b e t t e r  grades of f l u o r i d e ,  
b u t  t h e  method d i d  n o t  appea r  t o  be s u f f i c i e n t l y  s e n s i t i v e  t o  
give a q u a n t i t a t i v e  estimate of  t h e  p u r i t y  of t h e  f l u o r i d e .  At 
t h e  p r e s e n t  time there  i s  no comple te ly  s a t i s f a c t o r y  method of 
d e t e r m i n i n g  t h e  amounts of  unconver ted  ox ide  or o x y f l u o r i d e  
remain ing  i n  t h e  f l u o r i d e .  The method employed has  been t o  r educe  
t h e  f l u o r i d e , t o  the metal and t o  d e t e r m i n e  t h e  p u r i t y  of  t h e  f i n a l  
p roduct .  By keeping  o t h e r  v a r i a b l e s  i n  t h e  r e d u c t i o n  s t e p  
c o n s t a n t  a comparison of b a t c h e s  of f l u o r i d e  can be made. 

Recent expeyimehts I n d i c a t e  t h a t  p e r i o d i c  r o t a t i o n  of t h e  
bed improves t h e  q u a l i t y  of t h e  f l u o r i d e  p r e p a r e d ,  Also h igher  
t e m p e r a t u r e s  d u r i n g  hydrof l u o r i n a t i o ?  show some i n d i c a t i o n s  of 
h i g h e r  f l u o r i d e  conve r s ion .  
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Some y t t r i u m  t r f f l u o r i d e  was prepa red  by dl.sso'aving y t t r i u m  
oxide  i n  6 N  HCB and f i l t e r i n g  off i n s o i u b l e s ,  The a c i d  s o l u t i o n  
was n e u t r a l i z e d  w i t h  HH4OH and t h e  p r e c i p i t a t e  of Y(0H) 
s e v e r a l  times w i t h  d i s t i l l e d  water. 
700°C o v e r n i g h t  i n  o r d e r  t o  c a l o i n e  t o  t h e  ox ide  and a l s o  t o  remove 
any N H q C l  p r e s e n t ,  
575°C i n  a s t a t i o n a r y  bed fu rn8ce .  The r e s u l t i n g  f l u o r i d e  was 
reduced w i t h  ca lc ium,  Chemical anaPgsis and microscopic  examinat ion 
of  t h e  P-Mg a l l o y  and of  t h e  ffria1 metal r e v e a l e d  t h e  p re sence  
o f  t h e  usual amounts of ox ide  i n c l u s i o n s ,  

was prepared  $7 condensfng HF gas and 
d r i p p i n g  i t  i n t o  a ho? solut ion,  of" Y C I s ,  The p r e c i p i t a t e  was 
f i l t e r ed  and d r i e d  a t  150°C and then dehydra ted  i n  an HF 
atmosphere a t  250 t o  400"C, 
comparable t o  t h a t  ob ta ined  from dry  p r o c e s s  f l u o r i d e ,  

Formation by Bomb Go-reduction _1_1 (1) 

s tudy  was one c o n s i s t i n g  of PO weight  p e s  c e n t  niobium i n  uranium. 
The s imple h a l i d e  compounds of" rilobitam appeared t o  be t o o  
v o l a t i l e  f o r  use  I n  t h e  charge  while t h e  oxide  of niobium would 
probably  i n t r o d u c e  ob jec  & i o n a b l e  amounts sf oxygen I n  t h e  charge  . 
The p o s s i b i l i t y  of forming a double flu.oa*i.de of  a n  a l k a l i  me ta l  
and niobium, i t  was hoped, migkt g i v e  a compound of niobium s u i t a b l e  
f o r  use  i n  bomb co-reduct2on.  

washed 
The hydroxide was 2 e a t e d  t o  

T h i s  ox ide  wa8 h y d r o f l u o r i n a t e d  f o r  6 hours  a t  

About 2 kg  of WF 

Metal  ob ta fned  from t h i s  f l u o r i d e  was 

203 Preparation of a Compound of? Niobium S u i t a b l e  fo r  Alloy 

The p a r t i c u l a r  a l l , ~ y  of interest; i n  c o m e c t i o n  w i t h  t h i s  

A s e r i e s  of s m a l l  s c a l e  pmqai*atlonx ~f t h e  potassium f l u o r i d e  
complexes of Riobiurn were effected by bo th  t h e  w e t  (aqueous HF) 
method and the d r y  (bIflu.orii':?e f"u.siori) method , 
by t h e  wet method, t h e  a c t u a l  s to lch ls rne t ry  Pelat."ive t o  weight  
r e l a t i o n s  i n d i c a t e d  a compoundi in te rmedia te  t o  t h e  formulas  

700°C i n  a i r ,  e x c e s s i v e  w1.1.9-te fumes were evolved i n d i c a t i n g  some 
i n s t a b i l f t y  u n d e r  t h e  concXt icns ,  T h i s  p robably  accoun t s  f o r  t h e  
v a r i a t i o n  i n  f l u o r i n e  conten% ., SLzff"fc2en.t KzNbOF was prepared  

up t o  3 pounds of uranium. I n  a11 cases t h e  r e s u l t s  were poor 
w i t h  on ly  p a r t i a l  m e t a l  and slag separa t fon .  However, t h e  s a l t  ' 
prepared  by t h e  ammonium bif1u.ori.de f u s i o n  appeared t o  y i e l d  a 
g r e a t e r  pe rcen tage  of massive alloy than t h e  w e t  p r o c e s s ,  The 
potassium-niobium s a l t  appeared wnsa+>isfactory f o r  t h i s  co- reduct ion  
problem 

In t e n  exper iments  

by bo th  methods t o  supply charges fop  bomb r e d u c t  2 on8 I n v o l v i n g  

I 

http://flu.oa*i.de
http://bif1u.ori.de
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The p o s s i b i l i t y  of p r e p a r i n g  E L  d e s i r a b l e  sodfum f l u o r i d e  
complex o f  niobium was I n v e s t f g a t e d ,  The sodium s a l t  
(Na2NbOF5) was p repa red  by reac t ing ;  a mix tu re  o f  NaF, N b 2 O 5  and 
NH4HF2 and  by r e a c t i n g  a mix tu re  of' NaF, Nb205 and HF.  

were e f f e c t e d ,  and these gave v e r y  s a t i s f a c t o r y  r e d u c t i o n s ,  For  
t h e  d r y  (NHqHF2 f u s i o n )  method, 20 p r e p a r a t i o n s  c a r r i e d  o u t  v a r i e d  
from 1-2s d i f f e r e n c e  from t h e  s t o i c h i o m e t r i c  weight  o b t a i n e d ,  
based  on t h e  formula Ma2NbOF5, 
50% WH4HFa was s u f f i c i e n t  t o  g i v e  EL maximum s a l t  conve r s ion  f o r  
t h e  p a r t i c u l a r  c o n d i t i o n s  and rpeact;ion v e s s e l  employed. Larger 
s c a l e  p r e p a r a t i o n s  were made i n  a p l a t inum Pined n i c k e l  b o a t  w i t h  
a c a p a c i t y  t o  p r e p a r e  5000 grams ofb Ma2NbOF5 ba tchwise .  T h r e e  of 
these la rger  s c a l e  p r e p a r a t f o n s  were c a r r i e d  o u t  and t h e  ave rage  
v a r i a t i o n  i n  composi t ion  from t h e  t h e o r e t i c a l  weight  based on t h e  
formula Na2NbOF5 was 1051%, Ten  e x p e r i m e n t a l  e o - r e d u c t i o n s  were 
made w i t h  t h i s  s a l t  and a l l  r e s u l t e d  i n  good s lag  and metal 
s e p a r a t i o n  w i t h  above 95% yPelbd of massive a l l o y ,  

Bomb r e d u c t i o n s  on samples  of t h e  s a l t  prepared by bo th  methods 

It was found t h a t  a n  excess o f  

I n  t h e  wet method o f  p repa ra t i . on  f o r  Ma2NbOF5 t h e  r e s u l t s  o f  u s i n g  
70% and 48% HF were compared, 
y i e l d e d  a somewhat t s a n s p a r e n t  o r  Nrlaite s o l i d  hav ing  a m e l t i n g  
p o i n t  o f  abou t  7OO"C, I n  c o n t r a s t  t h e  48% HF t r e a t m e n t  gave r i se  
t o  a f u s e d  compound similar i n  appearance  t o  t h e  b i f l u o r i d e  f u s i o n  
p r o d u c t ,  I n  a l l  t h e  a t t e m p t e d  p r e p a r a t i o n s  on a s m a l l  s c a l e ,  t h e  
d e v i a t i o n s  i n  w e i g h t  of p rodne t  based on t h e  formula Na2NbOF5 
v a r i e d  from 0.6 - 1 gram in 25 grants of t o t a l .  compound. 

The 70% HF t r e a t m e n t  c o n s i s t e n t l y  

T h a t  the compounds forPmed o r  t h e  comple teness  of conve r s ion  
by t h e  w e t  and d r y  method wepe n o t  i d e n t i c a l  was tes ted  by 
a l l o w i n g  t h e  p roduc t  o b t a i n e d  from t h e  d r y  f u s i o n  method t o  s t a n d  
f o r  24 hour s  i n  a 70% HF so lu t f ion .  The r e s u l t i n g  s a l t  was t h e n  
reheated and f u s e d  a t  750°C, 
r e s u l t e d .  Bomb r e d u c t i o n s  effected1 w i t h  s a l t  by e i t h e r  method 
were v e r y  s a t i s f a c t o r y  and no d i f fes rence  i n  y i e l d  o r  p u r i t y  of 
a l l o y  was n o t e d ,  Howeverg t h e  w e t  p r o c e s s  i s  advantageous  from 
t h e  s t a n d p o i n t  of c o s t  and ease of e f f e c t i n g  a p r e p a r a t i o n  of the  
supposed compound Na2NbOF5, 

s a l t  Na2NbOF 
v a r i e d  from 2-3s of  t h e  amount of Na2NbOF r e q u i r e d  t h e o r e t i c a l l y  

o f  niobium p r e s e n t  i n  each  s a l t  p r e p a r a t i o n ,  which would g i v e  
r i s e  t o  some p o s s i b l e  e r r o r  i n  t h e  composi t ion  o f  t h e  10% niobium 
b i n a r y  w i t h  uranium i f  c a l c u l a t i o n s  a r e  based on t h a t  formula.  

A g a i n  i n  weight  of 4% i n  t h e  s a l t  

The major  d i f f i c u l t y  encounterled i n  t h e  p r e p a r a t i o n  o f  t h e  
was t h a t  t h e  p r o d u c t  weight  o f  t h e  f i n a l  s a l t  

by t h e  r e a c t a n t s ,  T h i s  l e d  t o  u n c e r t a i i l t  ? es i n  t h e  a c t u a l  amount 
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The v a r i a t i o n  may be a t t r i b u t e d  t o  t h e  f o u r  f o l l o w i n g  p o i n t s :  

(1) . P y r o h y d r o l y s i s  o f  t h e  compound d u r i n g  p r e p a r a t i o n .  

( 2 )  . P o s s i b l e  v o l a t i l i t y  o f  compounds formed by s i d e  r e a c t i o n s  
such  a s  NbF5 and NbOF3. 

(3 ) .  I m p u r i t i e s  or occluded  and hydra t ed  w a t e r  p r e s e n t  i n  the 
b a s i c  c o n s t i t u e n k s  o f  NaF, N b ~ 0 5 ~  and HF u t i l i z e d  i n  
p r e p a r a t i o n  of t he  s a l t ,  

The compound p r e p a r e d  i s  n o t  o f t h e ~ f o r m u l a  Na2NbOF5. 

i n d i c a t e d  no water or s i g n i f i c a n t  i m p u r i t i e s  p r e s e n t .  

( 4 ) .  

Drying  r a t e  c u r v e s  and a n a i y t i c a l  r e s u l t s  o b t a i n e d  on t h e  NaF 
and  N b 2 O  

r e s i d u e  p r e s e n t ,  
Evapora t  ? on o f  t h e  HF (70%) to d r y n e s s  showed on ly  a v e r y  small 

D i f f e r e n t  r a t l o s  o f  moles of NaF p e r  mole N b 2 O 5  were u t i l i z e d  
i n  a s t u d y  on t h e  p r e p a r a t i o n  o f  a d e s i r a b l e  s a l t ,  From a n a l y s i s  
o f  p r o d u c t s  fopmed it  was concluded t h a t  a t  a n d  above  a r a t i o  of 
2 moles NaF p e r  Nb205 a homogeneous f u s e d  s o l u t i o n  e x i s t s .  
A n a l y s i s  o f  t h e  s t o i c h i o m e t r y  i n d i c a t e d  t h a t  one compound c l o s e l y  
approx ima tes  t h e  formula  NaNbOF4, Bomb r e d u c t i o n s  of  t h i s  s a l t  
gave s a t i s f a c t o r y  r e s u l t s  with a 97.5% y i e l d ,  
ca r r ied  o u t  w i t h  t h e  3NaF r a t i o  c l o s e l y  approximated  t h e  formula  
Na3Nb2F 39 which  a l s o  pwduced  a 97.5% y i e l d  i n  t h e  subsequen t  

i n c r e a s e d  a d d i t i o n  of NaF decreases t h e  v o l a t i l i t y  o f  t h e  niobium 
from t h e  f l u o r i d e .  

P r e p a r a t i o n s  

bomb r e  i u c t i o n s .  R e s u l t s  f m m  o t h e r  expe r imen t s  showed t h a t  

Conc lus ions  drawn from d a t a  gathered i n d i c a t e  t h a t  t h e  
major  d e v i a t i o n s  i n  t h e  s t o i c h i o m e t r y  i s  p y r o h y d r o l y s i s  w i t h o u t  
l o s s  o f  niobium a t  elevated? t e m p e r a t u r e s  i n  a i r ,  T h i s  d i f f i c u l t y  
was removed s a t i s f a c t o r i l y  by n o t  f u s i n g  t h e  s a l t  a t  700°C. 
a t  500°C was faund s a t i s f a c t o r y  i n  t h e  p r e p a r a t i o n  o f  t h e  s a l t  by 
t h e  wet p r o c e s s .  

Drying  

2 , 4  

Some work has been done i n  a n  a t tempt  t o  prepare h igh  p u r i t y  
V2O5 from t h e  impure red-cake by-product  from uranium p roduc t ion .  
It a p p e a r s  t h a t  p u r i f i c a t i o n  i s  best e f f e c t e d  by f i rs t  p u t t i n g  
t h e  V20 i n  aqueous s o l u t i o n ,  

o x a l i c  a c i d .  

P r e p a r a t i o n  of  p u r e  V2O5 (1) 

Some o f  t h e  compounds t h a t  f a c i l i t a t e  
t h e  s o l  2 t i o n  f o r m a t i o n  a r e  NH4OH, Na2CO3, NaOH, Na202, H2SO4 and 

When t h e  p e n t o x i d e  i s  d i s s o l v e d  i n  o x a l i c  ac id ,  t h e  vanadium 
i s  reduced  t o  a v a l a n c e  of f o u r .  The a d d i t i o n  o f  ammonium 
hydroxide  w i l l  p r e c i p i t a t e  a compound, When t h i s  i s  r o a s t e d ,  V204 
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i s  o b t a i n e d ,  No c l e a r - c u t  p u r i f i c a t i o n  i s  o b t a i n e d ,  however, by 
t h d s  t r e a t m e n t  and, fu r the rmore ,  t o  make t h e  p r o c e s s  economical  
some o f  t h e  o x a l i c  a c i d  should be r ecove red .  

When a sodium-vanadium s o l u t i o n  i s  a c i d i f i e d  w i t h  a m i n e r a l  
a c i d  t o  a pH o f  2-3 a r e d  cake p r e c i p i t a t e  i s  o b t a i n e d .  T h i s  
has  n o t  g iven  s u f f i c i e n t  p u r i f i c a t i o n  ove r  t h e  o r i g i n a l  t e c h n i c a l  
grade vanadium pen tox ide  t o  be a t t r a c t i v e .  The p u r e s t ' q r o d u c t  
by any method y e t  found,  i s  t o  add a s a t u r a t e d  ammonium c h l o r i d e  
s o l u t i o n  to a bas i c  vanadium s o l u t i o n .  T h i s  p r e c i p i t a t e s  
ammonium vanada te  and when t h i s  p r e c i p i t a t e  i s  r o a s t e d  h igh  
p u r i t y  V2O5 can be o b t a i n e d .  

3 *  Metal P r e p a r a t i o n  S t u d i e s  

3*1 P r e p a r a t i o n  o f  Vanadium Metal 

Work has  been con t inued  on t h e  p r e p a r a t i o n  o f  vanadium metal 
by t h e  thermal decomposi t ion  o f  t h e  i o d i d e  on a h o t  t u n g s t e n  
f i l a m e n t .  S e v e r a l  small c r y s t a l  b a r s  have been grown d u r i n g  t h i s  
r e p o r t  p e r i o d ,  
we igh t ,  b u t  c o n t a i n e d  u n d e s i r a b l e  amounts o f  Fe, C r  and S i  i m p u r i t i e s .  
The equipment used i n  these  e x p e r i m e n t s  imposed s e v e r e  l i m i t a t i o n s  
on t h e  maximum s i z e  and u l t i m a t e  p u r i t y  o f  t h e  f i n a l  ppoduct .  
T h e r e f o r e  a new a p p a r a t u s  was c o n s t r u c t e d  which was des igned  to 
e l i m i n a t e  problems encountered  i n  m a i n t a i n i n g  a vacuum on t h e  
chamber and t o  i n c r e a s e  t h e  s i z e  of t h e  bar  which  can  be grown. 
Recent ly  ba r s  o f  1/8" i n  diameter have been grown i n  t h i s  a p p a r a t u s .  
E v a l u a t i o n  of  t h e  p u r i t y  has no t  been completed a l t h o u g h  t h e  
m i c r o s t r u c t u r e  of some of this m a t e r i a l  a p p e a r s  t o  be a l m o s t  f r e e  
f rom inclusions, 

These  bars  were g e n e r a l l y  20 t o  30 grams i n  

Cont inued s t u d i e s  on t h e  bomb r e d u c t i o n  of  VF w i t h  ca lc ium 

Chemical a n a l y s i s  o f  t h i s  metal showed t h e  f o l l o w i n g  major i m p u r i t i e s  
t o  be p r e s e n t :  O = l $  C ,  0,05 t o  0,15$ N 2 ,  and O * l %  S i .  
was ex t r eme ly  b r i t t l e  p o s s e s s i n g  a h a r d n e s s  o f  RA 57. 
t h e  poor  q u a l i t y  of  t h e  metal o b t a i n e d ,  work on t h e  r e d u c t i o n  o f  
VF3 h a s  been d i s c o n t i n u e d ,  

have shown t h a t  a massive vanadium b i s c u i t  can  be 2 b t a i n e d .  

T h i s  metal 
Because of 

3 * 2  

The carbon r e d u c t i o n  of  N b 2 O  h a s  been s t u d i e d  f u r t h e r .  The 

P r e p a r a t i o n  of Niobium Metal P (1) 

e x p e r i m e n t a l  se t  up has been ove r  2 a u l e d  t o  p r e v e n t  carbon from t h e  k'- 
i n s u l a t i o n  g e t t i n g  i n t o  t h e  charge. Hr:, some expe r imen t s  i t  was 
shown t h a t  small amounts of t h i s  m a t e r i a l  had c o n t a c t e d  t h e  charge  
and g i v e n  i n c o n s i s t e n t  r + e s u l t s .  Furthermore,  t e c h n i q u e s  f o r  
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thorough mixing o f  t h e  r eac t an t s ,wh ic l a  i s  ve ry  des i rab le  f o r  t h e  
s o l i d - s o l i d  r e a c t i o n ,  have been employed. 
s o l i d s  a re  c o n v e r t e d  i n t o  a p a s t e  by a d d i t i o n  of  a s u i t a b l e  l i q u i d ,  
S t i r r i n g  t h e  p a s t e  r a t h e r  t h a n  t h e  d r y  powders seems t o  be mucb more 
e f f e c t i v e  i n  t h e  p r e p a r a t i s n  of a d e s i r a b l e  b l e n d ,  The l i q u i d  i s  
t h e n  d r i e d  o u t  and t h e  cha rge  heated f o r  t he  r e a c t i o n ,  

The  mixed powdered 

3.3 P r e p a r a t i o n  o f  'Thorium Metal ( 5 )  

S t u d i e s  on t h e  p r e p a r a t i o n  of thor ium metal were suspended 
d u r i n g  t h i s  p e r i o d  because  of a l ack  of s u f f i c i e n t  p u r e  thor ium 
t e t r a c h l o r i d e  and o f  peysonnel .  

3.4 P r e p a r a t i o n  o f  Y t t r i u m  Metal (2,") 

A s  p r e v i o u s l y  r e p o r t e b , E n  yttrium-magnesium a l l o y  can  be 
p r e p a r e d  by h e a t i n g  y t t r i u m  f l u o r i d e ,  calcium, magnesium and 
ca lc ium c h l o r i d e  i n  a MgO, z i rconium o r  t i t a n i u m  metal c r u c i b l e  
t o  1000°C i n  a hel ium o r  a rgon  atmosphere. The Y-Mg alloy 
o b t a i n e d  from t h e  r e a c t i o n  i s  i n  a massive form a t  t h e  bottom of 
t h e  r e a c t i o n  c r u c i b l e  w i t h  a s l a g  l a y e r  above. 

The magnesium and c a l c i m  a r e  removed from t h e  a l l o y  
(demagging) by b r e a k l n g  the b r i t t l e  a l l o y  i n t o  1/2 i n c h  diameter 
p i e c e s  and h e a t i n g  slowly 3-n a z i rconium metal c r u c i b l e  i n  vacuo 
t o  t e m p e r a t u r e s  o f  1 1 c ' Q " C  o r  h i g h e r .  T h i s  y i e l d s  a b r i g h t  
m e t a l l i c  sponge which 1s r e a d i l y  a rc -me l t ed  i n t o  b u t t o n  o r  i n g o t  
form., T h i s  work has been d e s c r i b e d  i n  ISC-744. 

S e v e r a l  i n v e s t i g a t i o n s  r e l e v a n t  t o  t h e  r e d u c t i o n  and demagging 
o p e r a t i o n s  have been camfed  o u t  d u r i n g  t h i s  p e r i o d .  The e f f e c t  
o f  v a r y i n g  t h e  amount of magnesiun; and t h e  excess ca lc ium upon t h e  
n a t u r e  o f  t h e  a l l o y  was s t u d i e d ,  Reduct ions  were performed i n  
which magnesium a d d i t i o n s  of 15, 17 and 20% were used and i n  which 
t h e  ca lc ium e x c e s s  was v a r i e d  by 5, 10 arid 20% of  t h e  s t o i c h i o m e t r i c  
amount e X-ray powder pa%.i;ej?r,s of Y-Mg a l l o y s  i d e n t i f l e d  y t t r i u m  a s  
one of t h e  phases  i n  t h e  slby. L i n e s  from a n  u n i d e n t i f i e d  phase 
presumed t o  be a n  i n t e r m e t a l l i c  compound were a l s o  p r e s e n t  i n  t h e  
p a t t e r n s ,  

Back r e f l e c t i o n  x-ray photographs  were a l s o  t a k e n  of t h r e e  
y t t r i u m  samples  which were o b t a i n e d  from y t t r i u m  metal p repa red  i n  
z i rconium,  t i t a n i u m  and magnesia r e a c t i o n  c r u c i b l e s .  The f o l l o w i n g  
v a l u e s  were ob ta ined :  y t t r i u m  prepared i n  z i rconium,  a - 659, 
c = 5.747 W J  Y prepared i n  tf taniurrj  a = 3.657, c = 5.76c 2; and Y 
prepared i n  MgO, a = 3,6559 c = 507&6 A ,  
h a s  been g i v e n  t o  these  v a r i a t i o n s .  

The  m e l t l n g  p o i n t  o f  y t t r i u m  which was p repa red  i n  a z i rconium 
c r u c i b l e  and c o n t a i n e d  a b o u t  1% Z r  was de te rmined .  It was found t o  

No p a r t i c u l a r  i n t e r p r e t a t i o n  
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Some work has been done on t h e  i d e n t i f i c a t i o n  o f  i n c l u s i o n s  
g e n e r a l l y  observed i n  t h e  m i c r o s t r u c t u r e  o f  y t t r i u m  metal. 
I n c l u s i o n s  were removed from t h e  s u r f a c e  o f  a p o l i s h e d  metal 
sample by means of a probe  and examined by means d f  powder x- ray  
d i f f r a c t i o n  t e c h n i q u e s .  The major  c o n s t i t u e n t  was i d e n t i f i e d  a s  
Y203. 
T h i s  phase  i s  presumed t o  be YOF. 

L i n e s  from a n o t h e r  u n i d e n t i f i e d  phase were a l s o  p r e s e n t .  

3.5 P r e p a r a t i o n  o f  U-10 w/o Nb Al loy  (1,2) 

A s t u d y  was made o f  t h e  p r e p a r a t i o n  o f  a U - 1 0  w/o N b  a l l o y  
by t h e  bomb r e d u c t i o n  of a s u i t a b l e  form o f  niobium and uranium 
t e t r a f l u o r i d e  w i t h  ca lc ium.  A series o f  r e d u c t i o n s  were t r ied  i n  
which N b ~ 0 5 ~  Nb metal powder, N b C 1 5 ,  QNbOF 
t o  t h e  r e d u c t i o n  charge,  A compound w i t h  t 2 e p r o b a b l e  formula of 
Na2NbOF 
Chemica? a n a l y s i s  and d e n s i t y  d e t e r m i n a t i o n s  showed t h e  composi t ion  
of t h e  co-reduced a l l o y  t o  be 10 + 0.5 w/o N b .  F i f t e e n  pounds 
of a l l o y  were m e l t e d  i n  Be0 and cask  i n t o  a g raph i t e  mold. T h i s  
work has been desc r ibed  i n  r e p o r t  ISC-743. 

and Ma2NbOF5 were added 

proved t o  be most s a t i s f a c t o r y  a s  t h e  s o u r c e  o f  N b .  

4. A l loy  Systems 

4 .1  Thorium-Zirconium System (2) 

Examinat ion o f  t h e  Tla-Zr a l l o y  system by h igh  t e m p e r a t u r e  x-ray 
t e c h n i q u e s  was con t inued  d u r i n g  t h i s  p e r i o d .  A d e t e r m i n a t i o n  of t h e  
boundary i n  t h e  Th-Zr system between t h e  F . C . C .  + B.C.C. r e g i o n  and 
t h e  B.C.C. s o l i d  s o l u t i o n  was made u s i n g  a v a n i s h i n g  phase  t e c h n i q u e  
w i t h  t h e  (113.) F , C , C .  x-ray ref1ect:Lon a s  a n  i n d i c a t i o n  o f  phase  
d i sappea rance .  The t empera tu re  was s lowly  ra i sed  and  lowered th rough  
the transformation, The a l l o y s  which have been r u n  to date and 
t h e i r  t r a n s f o r m a t i o n  t e m p e r a t u r e  arc? a s  f o l l o w s t  

Tab le  I1 

Upper + 4 Boundary i n  Thorlum-Zirconium Al loys  

Al loy  Compositon w/o Zr Trans fo rma t ion  Temperature " C  

12 
25 
30 
40 
50 
75 
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4.2 Thor ium-Haf nium System 

The i n v e s t i g a t i o n  of  t h e  thorium-hafnium system was completed 
d u r i n g  t h i s  p e r i o d  and a phase diagram was proposed. The thorium- 
hafnium system was i h v e s t i g a t e d  by e l e c t r i c a l  r e s i s t a n c e ,  thermal3 
microscopic ,  and x-ray methods. 
these i n v e s t i g a t i o n s , e u t e c t i c ,  e u t e c t o i d ,  and i n v e r s e  p e r i t e c t i c  
r e a c t i o n s  are  p o s t u l a t e d  i n  t h i s  a l l o y  system, The e u t e c t i c  
r e a c t i o n  occur s  a t  1450" + 15°C and 25.74% hafnium, t h e  e u t e c t o i d  
r e a c t i o n  a t  1295" + 15°C Znd 8.95$ hafnium, and t h e  i n v e r s e  
p e r i t e c t i c  r e a c t i o n  at approximate ly  1600°C and about  96% hafnium. 
The s o l i d  s o l u b i l i t y  l i m i t  of hafnium i n  a l p h a  thorium a t  room 
tempera tu re  i s  4,9$. 
thorium i n  a l p h a  hafnium a t  ambient t empera tu res .  

On t h e  basis  of da ta  o b t a i n e d  from 

There i s  l i t t l e  i f  any s o l u b i l i t y  of 

4,3 Uranium-Niobium System (3 )  

The i n v e s t i g a t i o n  of t h i s  system i s  approaching  complet ion.  
A t  t h e  c l o s e  o f  t h e  r e p o r t i n g  p e r i o d ,  a few d e t a i l s  o f  t h e  phase 
diagram a r e  b e i n g  checked f o r  accuracy ,  

A procedure  has been found f o r  e l i m i n a t f n g  t h e  inhomogeneity 
of t h e  c a s t  a l l o y s  of i n t e r m e d i a t e  composi t ion.  Although these 
a l l o y s  cannot  be r o l l e d  o r  swaged, t h e y  can be pressed  h o t  t o  a 
r e d u c t i o n  i n  t h i c k n e s s  of 30 p e r  c e n t ,  Then, subsequent  h e a t i n g  
a t  50" t o  100°C below t h e  m e l t i n g  p o i n t  produces a m i c r o s c o p i c a l l y  
homogeneous a l l o y .  Specimens t r e a t e d  i n  t h i s  manner have been 
used i n  a r e d e t e r m i n a t i o n  of t h e  s o l i d u s  l i n e  and also i n  a 
r e v i s i o n  of t h e  l a t t i c e  parameter-composi t ion curve  of a l l o y s  
quenched from t h e  gamma c o n d i t i o n s ,  P o i n t s  ob ta ined  w i t h  f i l i n g s  
from t h e  homogenized a l l o y s  d i f f e r  less t h a n  a n t i c i p a t e d  from t h e  
co r re spond ing  p o i n t s  determined from unhomogenized a l l o y s .  

P o s i t i o n s  of t h e  s o l v u s  l i n e s  bounding t h e  a lpha-uranium-r ich  
and niobium-rich s o l i d  s o l u t i o n s ,  r e s p e c t i v e l y ,  a r e  being examined 
by x-ray and me ta l log raph ic  methods, The s o l u b i l i t y  of  niobium i n  
a l p h a  uranium may be less t h a n  has  been e s t i m a t e d ,  

4.4 Tantalum-Zirconium System (3) 

Because of t h e  extended h o r i z o n t a l ,  o r  n e a r l y  h o r i z o n t a l ,  
p o r t i o n  of t h e  s o l i d u s  l i n e  i n  t h i s  system, t h e  diagram was 
assumed, a t  f i r s t ,  t o  c o n t a f n  a e u t e c t i c ,  A d d i t i o n a l  s tudy  has  
shown t h a t  diagram-wide s o l i d  s o l u b i l i t y  a c t u a l l y  e x i s t s  
immediately below t h e  s o l i d u s ,  b u t  t h a t  t h i s  s o l i d  s o l u t i o n  
decomposes upon c o o l i n g ,  The e x i s t e n c e  of a decomposi t ion loop  
a t  i n t e r m e d i a t e  composi t ions  i s  i n  agreement w i t h  t h e  unexpectedly 
h igh  s o l u b i l i t i e s  a t  e l e v a t e d  t empera tu res  d e s c r i b e d  i n  t h e  p rev ious  
r e p o r t .  
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The boundary of  t k e  1009 i s  b e i n g  de termined  by x - ray  and 
m e t a l l o g r a p h i c  a n a l y s i s  . Alloys i n  t h e  form of small  d i a m e t e r  
wi res  a re  quenched i n  hel ium from a s e r i e s  of  t e m p e r a t u r e s  and 
t h e  l a t t i c e  pa rame te r  of each  phase  de te rmined .  Comparison o f  :k 
t hese  pa rame te r s  w i t h  a l a t t i c e  parameter -composi t ion  cu rve  f o r  
t h e  s o l i d  s o l u t i o n  of t an t a lum and b e t a  z i rconium g i v e s  t h e  
composi t ion  of t h e  two phases  i n  t h e  a l l o y .  Meta l logFaphic  
r e s u l t s ,  a l t h o u g h  limitec?, agree w i t h  t h e  x- ray  f i n d i n g s .  

4.5 Zinc-Zirconium System (6)  

The  existence of f i v e  i n t e r m e t a l l i c  phases  have been observed  
i n  t h e  z inc-z i rconium system. Vapor p r e s s u r e  measurements i n d i -  
ca t e  t h a t  a l l o y s  c o n t a i n i n g  up to 4 1  w/o z i rconium have a z i n c  
Vapor p r e s s u r e  of oae  atmosphere %t 920°C. However, some r e c e n t  
da ta  have c a s t  doubt  on t h e  vapor  p r e s s u r e  measurements on 
a l l o y s  i n  t h e  composft ion r ange  bstween 31 and  4 1  w/o z i rconium.  
The x- ray  powder p a t t e r n s  of  a l l  excep t  one of these  phases 
( z r z n )  a r e  complex. 

w i t h  a, = 3.336 A .  

a, = 7.396 A .  
Pietrokowsky,  L;i'. Metals, Trans .  s e c t i o n  - 6, 219 ( 1 9 5 4 ) l .  

31.7 W/o z i rconium (ZrZn,) s t i o ~ ~  a twinned s i n g l e  phase  struCtuI?e.  
The x- ray  powder p a t t e r n s  o f  t h i s  phase a re  v e r y  complex and 
a t t e m p t s  to i ndex  t h e  nuineroix r e f l e c t l o n s  have been u n s u c c e s s f u l .  
T h i s  compound when hea ted  under3 i t s  own vapor  p r e s s u r e ,  i s  b e l i e v e d  
t o  melt incongruently at llOO"C, 

The  compound Z r Z n  (58.25 w/o z r )  h a s  a simple c u b i c  l a t t i c e  
T h i s  compound melts i n c o n g r u e n t l y  a t  1050°C. 

T h e  compound ZrZn2 (41.1 w/o z r )  i s  f a c e  c e n t e r e d  c u b i c  w i t h  
T h i s  compoun6 h a s  been p r e v i o u s l y  i d e n t i f i e d  by 

The m i c r o s t r u c $ u r e  o f  a l l o y s  i n  t h e  composi t ion  r ange  n e a r  

T h e r e  i s  some doubt whether 3ne o r  two com ounds e x i s t  i n  
t h e  compos l t ion  r ange  18,g VJ/O z i r con ium (ZrZn6 P and 12.24 W/O 
z i r con ium (ZrZnlO). 
a n  i n t e r m e d i a t e  composi t fon showed hexagonal  symmetry w i t h  
a, = 8.02 a and e o  = 7*31 8 ,  
show a d e f i n i t e  p e i 6 t e c t i . c  ho r i zo ln t a l  a t  750°C and a l e s s  
d e f i n i t e  p e r i t e c t l c  h o r i z o n t a l  a t  850°C. 
compounds i n  t h e  composf t ion  r a n g e  i n  q u e s t i o n  c o u l d  e x p l a i n  these  
r e s u l t s .  

c u b i c  w i t h  a 
its compositPon co r re sponds  t o  Zr'Znl4 (9.06 w/o Z r )  i n s t e a d  of 
ZrZn15 (8.51 w/o Z r )  a s  previous1;y r e p o r t e d .  
decomposes p e r i t e c t i c a l l y  a t  5 5 O " i Z .  

A s i n g l e  c r y s t a l .  o b t a i n e d  from a n  a l l o y  Of 

M e t a l l o g r a p h i c  and  thermal d a t a  

The e x i s t e n c e  of two 

Another  compound of still h i g h e r  z i n c  c o n t e n t  i s  face c e n t e r  
1 14.11- 8 .  Space @;:roup c o n s i d e r a t i o n s  i n d i c a t e  t h a t  

T h i s  compound 
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4.6 Tantalum-Vanadium Alloy System ( 2 )  

The i n v e s t i g a t i o n  of t h e  tantalum-vanadium system h a s  
cont inued .  
a re  now cons ide red  t o  be more a c c u r a t e  t h a n  v a l u e s  r e p o r t e d  f o r  
t h e  same a l l o y s  i n  t h e  p rev ious  r e p o r t  (rsc-708). 

The s o l i d u s  was rede termined  f o r  s e v e r a l  a l l o y s  and %hey 

Table  I11 

S o l i d u s  P o i n t s  f o r  Ta-V Al loys  

Composition 
w/o v 

S o l i d u s  Temp. 
"C 

100 
79 
70 
60 
40 
30 
20 

Pure  Ta 

1885 + 15 
1830 T 15 
1815 15 
1855 T 15 
1880 ?: 15 
2010 15 
2190 T 20 
2995 50 

The s t r u c t u r e  of the i n t e r m e d i a t e  phase h a s  n o t  been s a t i s -  
Due t o  d i f f i c u l t i e s  i n  a t t a i n i n g  complete  f a c t o r i l y  d e t e r m i n e d .  

e q u i l i b r i u m  i n  a l l o y s  n e a r  t h e  composi t ion  of t h e  compound it has  
been imposs ib l e  t o  e s t i m a t e  t h e  composi t ion  p r e c i s e l y  e i t h e r  from 
m i c r o s t r u c t u r e  o r  from x-ray d i f f r a c t i o n  d a t a ,  
s e a r c h  f o r  a s u i t a b l e  e t c h a n t  f o r  a l l o y s  i n  t h e  i n t e r m e d i a t e  
r e g i o n  of t h i s  sys tem,an  e l e c t r o l y t i c  e t c h  of 60 g. €320, 180 g. 
a c e t i c  a c i d  and  50 g. C r O  
r e g i o n s  of compound from ? h a t  of t h e  body c e n t e r e d  c u b i c  s o l i d  
s o l u t i o n ,  
composi t ion  of t h e  i n t e r m e d i a t e  phase a t  60 w/o Ta + 5%. T h i s  
co r re sponds  most s imply t o  t h e  formula,  .TaV2, a t  64p Ta. 

After c o n s i d e r a b l e  

was found which s u c c e s s f u l l y  d i f f e r e n t i a t e d  

P r e s e n t  e s t i m a t e s  from microscopic  ev idence  p l a c e  t h e  

The i d e n t i f i c a t i o n  of t h e  s t r u c t u r e  of t h e  i n t e r m e d i a t e  phase 
was h inde red  by t h e  f a i l u r e  t o  o b t a i n  a s i n g l e  c r y s t a l  f o r  use  
i n  x- ray  s t u d i e s .  
s e l e c t  a s i n g l e  c r y s t a l  of t h e  compound by f r a g m e n t a t i o n  of t h e  
a l l o y  . 
due p r i n c i p a l l y  t o  t h e  tendency f o r  t h e  compound phase t o  ddsso lve  
l e a v i n g  c r y s t a l s  of t h e  s o l i d  s o l u t i o n  m a t r i x  b e h i n d .  

S e v e r a l  u n s u c c e s s f u l  a t t e m p t s  were made t o  

P r e f e r e n t i a l  chemica l  d i s s o l u t i o n  methods a l s o  f a i l e d  
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4.7 Thorium-Hydrogen Phase System (5) 

A s t u d y  has  been s t a r t e d  of t,he e f f e c t  o f  hydrogen on t h e  
p r o p e r t i e s  o f  thor ium metal, The f irst  phase  of t h i s  work was , 
d e t e r m i n a t i o n  o f  t h e  s o l u b i l i t y  of’ hydrogen i n  thor ium metal a t  
v a r i o u s  t e m p e r a t u r e s ,  An a p p a r a t u s  f o r  i n t r o d u c i n g  hydrogen 
i n t o  thor ium samples  and measuring t h e  e q u i l i b r i u m  hydrogen 
pressure h a s  been:bui l t ,  
hydrogen c o n t e n t  of thorium samples  can be de te rmined .  
s o l u b i l i t y  of hydrogen i n  thorium has been e s t ab l i shed ,  t h e  
e f f e c t  o f  v a r i o u s  hydrogen c o n t e n t s  on t h e  p r i n c i p a l  mechanica l  
p r o p e r t i e s  o f  thor ium w i l l  be de te rmined .  

/ 
A systeni has  been b u i l t  i n  which t h e  

After  t h e  

5. Metal Coa t ings  and Cor ros i cn  

5.1 Cor ros ion  of B ina ry  A l l o y s  o f  Some R e f r a c t o r y  Metals (2) 

A su rvey  o f  t h e  phase  r e l a t i o n s h i p s  and c o r r o s i o n  p r o p e r t i e s  
o f  b i n a r y  a l l o y s  p repa red  from t h e  r e f r a c t o r y  metals i n  Groups Va 
and V l a  is  now underway, Arc-meltfed a l l o y s  hav ing  compos i t ions  
40 and 60 w/o were prepared of each o f  t h e  f o l l o w i n g  b i n a r y  
combinat ionsx Ta-W, Ta-Mo, W-Mo, Nb-W, V-Mo, Nb-Mo, V-Cr ,  
Mo-Cr and V-W. 
8 hours ,  t h e  t e m p e r a t u r e s  selected depending upon t h e  p a r t i c u l a r  
a l l o y  b e i n g  homogenized. These a r e  c u r r e n t l y  b e i n g  annea led  a t  
900°C f o r  a 15-day p e r i o d  t o  de t e rmine  whether any o f  these  a l l o y s  
form a n  i n t e r m e d i a t e  phase  such  as, o c c u r s  i n  t h e  Ta-V system 
descr ibed  i n  a n  e a r l i e r  s e c t f o n  of’ t h i s  r e p o r t .  Microscopic  
examinat ion  o f  t h e  annea led  sample’s and c o r r o s i o n  tests i n  h i g h  
t empera tu re  a i r  and water a re  now planned .  

These were homogenized a t  1300°C t o  18oo0c f o r  v, 

6. S o l i d  S t a t e  I n v e s t i g a t i o n s  

6.1 S t r u c t u r e  of  Aluminum-Vanadium I n t e r m e t a l l i c  Compounds ( 4 )  

The  s t r u c t u r e  of t h e  /-phase1 compound, V4Alg2, has been 
p?.eVfously r e p o r t e d  (ISC-708) C u r r e n t  work has e n  d i r e c t e d  
toward e l u c i d a t i n g  t h e  s t r u c t u r e  cif t h e  4 - p h a s e  compound. 
Symmetries o f  t h e  x - ray  d i f f r a c t i c n  a t t e r n s  of s i n g l e  c r y s t a l s  
i n d i c a t e  t h e  space  group symmetry 0 ? - Fd3m. 

Weissenberg  camera- was used t o  o b t a i n  a p r e c i s i o n  l a t t i c e  pa rame te r  
of a. = 14,5 0 

The d e n s i t  a11 s i n g l e  c r y s t a l s  of t h e  4 - p h a s e  was 
measured by t h e  a t - s i n k  method i n  methylene c h l o r i d e  d i l u t e d  
w i t h  carbon t e t r a c h l o r i d e .  The d e n s i t y  de te rmined  i n  t h i s  way 

A b a c k - r e f l e c t i o n  
h 



was 2.950 gm/cm3. 
formulae  are: 
2.902 g/cm3. 
p r e c l u d e  o t h e r  formulae .  The measured d e n s i t y  i s  a lmos t  c e r t a i n  
t o  be less t h a n  t h e  t h e o r 2 t i c a . l  d e n s i t y ,  hence t h e  formula 
V2A121 i s  u n l i k e l y ,  

Mic rospec t ropho tomet r i c  anal.gsls of a r e p r e s e n t a t i v e  sample 
showed t h e  -(-phase t o  c o n t a i n  14.06 + 0.09 w/o vanadium. 
a n a l y s i s  f a v o r s  the formula V z A i 2 3  while t h e  d e n s i t y  measurement 
f a v o r s  t h e  formLlla vALll. It, remains f o r  t h e  s t r u c t u r e  determi- 
n a t i o n  to d i f f e r e n t i a t e  between these formulae .  C u r r e n t l y  a 
t r i a l  s t r u c t u r e  based on 'the formula  VAlll h a s  been c o n s t r u c t e d  
and a r e a s o n a b l e  ?,greemen%; w i t h  t h e  P a t t e r s o n  p r o j e c t i o n ,  P f x , y j ,  
has been found.  A Fou.i.ier p p o j e c t l o n  of the  e l e c t r o n  d e n s i t y  
map, P ( x , y )  i s  now b e i n g  run .  

The t h e o r e t i c a l  d e n s i t i e s  of  t h ree  t e n t a t i v e  
V2Alg3, 3.136 g/cm3; VA111, 3.019 g/cm3; V2A121, 

The s i z e  of t h e  u n i t  c e l l  and symmetry r e s t r i c t i o n s  

The 

6.2 S tudy  of t h e  A.lloti.opic Trans fo rma t ions  i n  Uranium (6)  

T h i s  i n v e s t f g a k i o n  i n c l u d e s  a s t u d y  o f  t h e  k i n e t i c s  and 
mechanism of t h e  al-gtaa-beta ace beta-gamma transformations i n  ,, uranium, The tempera-tuiqe dependence of t h e  l a t t i c e  p a r a m e t e r s  Of 

,/ t h e  t h ree  c rys t aLLine  forms of  uraaium and t h e  o r i e n t a t i o n  
r e l a t i o n s h i p  f o r  tke alpha to beta t r a n s f o r m a t i o n  a re  b e i n g  
measured, The k i n e t i c s  or" the t m n s f o r m a t i o n  are  b e i n g  s t u d i e d  
employing r e s i s t i v i t y  mea~uren ien t s .  From these  o b s e r v a t i o n s  a n  
a t tempt  w i l l  be made t 3  detei-mrne w h e t h e r  t h e  t r a n s f o r m a t i o n s  i n  
p u r e  uranium a r e  of' t h e  c l a s s i c a l  n u c l e a t i o n  and growth o r  of t h e  
" m a r t e n s i t i c "  t y p e .  

6 .2 .1  Temperature  Dependence of t h e  L a t t i c e  Parameters 
of' Uxavliurn (5) 

The t e m p e r a t u r e  ckperzdence of t h e  l a t t i c e  parameters o f  
or thorhombic  uranium a s  repo:Lq,?ted i n  t h e  p r e v l o u s  r e p o r t  (ISC-709) 
t s >  i n  good a &eernerLt with t h e  x-ray data  r e p o r t e d  by Schwartz  
and  Vaughan fw C .  M.  Schwartz  a r d  I?. A .  Vaughan, B a t t e l l e  Memorial 
I n s t i t u t e 7  and t h e  d i l a t o m e t r i c  da ta  r e p o r t e d  by Lehr and 
Langeron p i e r a r e  Lehr and Jean-Paul  Langeron, Comptes Rendus, - 241, 
NO. 7, 1130, (1955)J. The temperatuZae dependence of t h e  l a t t i c e  
parameter f o r  t h e  c u b l c  gtimma phase  p r e v i o u s l y  r e p o r t e d  (ISC-641) 
i s  though t  to be r e l i a b l e  and  has n o t  been rechecked d u r i n g  t h i s  
r e p o r t  p e r i o d ,  The da ta  f o r  t h e  b e t a  phase  have proved somewhat 
d i f f i c u l t  to o b t a i n ,  and %he thoiqrnal expans ion  and a tomic  volume 
f o r  t h i s  phase  have n o t  been d e f i n i t e i y  e s t a b l i s h e d .  Index ing  
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t h e  b e t a  peaks  i s  d f f f i c g l - t  due t o  t h e  l a r g e  number o f  p o s s i b l e  
r e f l e c t i o n s .  I n  p a s t  work this problem has been f u r t h e r  
compl i ca t ed  by c a r b i d e  con tamina t ion .  S e v e r a l  m o d i f i c a t i o n s  a r e  
b e i n g  mad,e i n  our  a p p a r a t u s  i n  a n  a t t e m p t  t o  e l i m i n a t e  o r  r educe  
t h e  ca rbon  con tamina t ion  and t o  i np rove  t h e  a l ignmen t  of  t h e  
specimens i n  t h e  h i g h  t empera tu re  x- ray  d i f f r a c t i o n  a p p a r a t u s ,  

Vacuum Corporq t ion ,  !ma been I m t a l l e d  a s  p a r t  o f  t h e  h i g h  
t e m p e r a t u r e  x-ray d i f f r a c t o m e t e r  a p p a r a t u s .  -I ts  pumping a c t i o n  
i s  due t o  e l e c t r o n i c  i o n  en t rapment  and t h e  g e t t e r i n g  a c t i o n  of 
e v a p o r a t e d  t i t a n i u m ,  This pump hi2S no o i l  pumping flurCB,and metal 
gasket s ea l s  a r e  emgloyecl, I n s t a l l a t i o n  o f  t h e  pump has a l lowed  
h i g h  tempera$ure $-ray P U ~ S  t o  be made a t  a b e t t e r  vacuum, by a n  
o r d e r  of magnitude, tha,n i t  was p x s i b l e  t o  o b t a i n  w i t h  t h e  
p r e v i o u s  system, T r i a l  tes ts  were made w i t h  p u r e  thor ium,  
P r e s s u r e s  below 8,5 x LO-7 mm of IJg cou ld  be ma in ta ined  a t  
t e m p e r a t u r e s  up t? 14OO”C, 2nd no carb ide  con tamina t ion  was 

ed  some capb ide  d i f f r a c t i o n  peaks .  T h i s  
d s  up inather sLowly and i s  n o t  expec ted  t o  

A h i g h  veaoyqm “Evapo:Qion“ purnp developed  by Conso l ida t ed  

v4’rg 9P”Ler s e v e r a l  hour s  i n  t h e  beta range, uranium 

t ~ ~ i ?  b e t a  l a t t  Ice pa rame te r  d e t e r m i n a t i o n s .  

% “ i q a t f o n s  a m  b e i n g  made on t h e  d i f f r a c t o m e t e r  
$e t h e  ease i n  sample a l ignmen t  and a l l o w  

r o t a t i o n  o f  t h e  sample about a n  a x i s  p a r a l l e l  t o  t h e  x:-ray beam, 
The  b e t a  phage pa reme te r  s%;nd”ies w i l l  c o n t i n u e  upon comple t ion  o f  
these  mod i f i ca t$ona  , 

6,2,2 Ti+ansto.?mztion __L- K i n e t i c s  and O r i e n t a t i o n  
-.__- R e h t i o f i s h i l s  - (6)  
-_I 

Elec t ro ly t icaLXg depos i t ed  uiianiurn c r y s t a l s  (50  t o  100 ppm 
t o t a l  i m p u r i t y )  ob ta ined  fiQom t h e  Argotme N a t i o n a l  Labora@or ie s  
show by t h e i r  Uuc  x-ray p a t t e r n s  t o  be b i c r y s t a l s  o f  a d e f i n i t e  
o r i e n t a t i o n ,  At tempts  w e  b e i n g  rnade - to  de te rmine  t h e  r e l a t i v e  
o r i e n t a t i o n  of  t h e  a l p h a  and be% phases on t r a n s f o r m a t i o n  i n  
these c r y s t a l s  u s f n g  h i g h  temperacure  Laue x - ray  t e c h n i q u e s ,  Back- v‘ 
r e f l e c t i o n  and c y h n h r i c a l  Iaue p a t t e r n s  o f  these b i c r y s t a l s  have 
been o b t a i n e d  ‘ a t  t e m p e r a t u r e s  up t o  700°C. The e x p e r i m e n t a l  
t e c h n i q u e s  a r e  beicg improved and. t h e  I n t e r p r e t a t i o n  of t h e  p a t t e r n s  
i s  b e i n g  s t u d i e d :  

i s  b e i n g  o b t a i n e d  by following t h e  changes  i n  t h e  e l e c t r i c a l  
r e s i s t i v i t y  a8 a Func t ion  of time a t  v p r i o u s  t e m p e r a t u r e s  i n  t h e  
t r a n s f o r m a t i o n  r e g i o n .  The shape  of  t h e  r e s i s t i v i t y  breaks 
and t h e  l e n g t h  o f  t h e  i n c u b a t i o n  a n d  t r a n s f o r m a t i o n  p e r i o d s  a t  

Some i n f o r m a t i o n  on t h e  a l p h a - b e t a  t r a n s f o r m a t i o n  c h a r a c t e r i s t i c s  



28 ISC-759 

v a r i o u s  t e m p e r a t u r e s  -S'ERmld g i v e  i n f o r m a t i o n  abou t  t h e  n a t u r e  o f  
t h e  t r a n s f o r m a t i o n  p rocess .  T r i a l  expe r imen t s  have been made 
w i t h  small s i n g l e  c r y s t a l s .  
t o  p e r m i t  any c o n c l u s i o n s  to be drawn, F u r t h e r  exper iments  w i l l  
be car r ied  o u t  w i t h  s i n g l e  c r y s t a l s  and p o l y c r y s t a l l i n e  wire. 
Var ious  h e a t i n g  programs w i l l  be employed. 

The da ta  o b t a i n e d  a re  i n s u f f i c i e n t  

6.3 S t r u c t u r e  of Delta Uranium-Zirconium (5)  

The d e t e r m i n a t i o n  o f  t h e  s t r u c t u r e  o f  t h i s  compound, 
p r e v i o u s l y  c a l l e d  e p s i l o n  uranium-zirconium, has n o t  been 
s u c c e s s f u l .  A number of  methods of r e f i n i n g  t h e  pa rame te r s  i n  
t h e  t r i a l  s t r u c t u r e  have been used, b u t  have n o t  r e s u l t e d  i n  
be t te r  agreement  between t h e  c a l c u l a t e d  and observed  d i f f r a c t i o n  
i n t e n s i t i e s .  Microscopic  examinat ion  of  one-phase d e l t a  a l l o y s  
a f t e r  chemica l  e t c h i n g  and a f t e r  c a t h o d i c  e t c h i n g  d i d  not show t h e  
o p t i c a l  a n i s o t r o p y  r e p o r t e d  f o r  t h i s  phase. 
work and mic roscop ic  examinat ion  w i l l  be done. 

F u r t h e r  s t r u c t u r e  

6 , 4  E l e c t r o n i c  S p e c i f i c  Heats o f  t h e  Sodium Tungsten 
Bronzes (4)  

A c a l o r i m e t e r  f o r  measur ing  s p e c i f i c  heats i n  t h e  r ange  1 " - 4 " K  
h a s  been c o n s t r u c t e d ,  Low t empera tu re  s p e c i f i c  heats  of metals 
a re  normal ly  f i t  t o  t h e  formula,  c = Y T  + 4 T3, where i s  
t h e  e l e c t r o n i c  s p e c i f i c  hea t .  A c a l i b r a t i o n  r u n  on t h e  e l e c t r o n i c  
s p e c i f i c  heat  of Cuprovac copper  ( 9.99% p u r i t y )  h a s  been made. 
The p l o t  o f  v a l u e s  of C/T v e r s u s  TZ i s  shown i n  t h e  accompanying 
f i g u r e ,  The r e c e n t  da ta  o f  Corak, e t .  a l ,  a r e  a 1  o pl-ot ted 
comparison. The d a t a  y i e l d  a v a l u e  of  1.67 x 10-$ c a l  mole' 
f o r  t h e  e l e c t r o n i c  s p e c i f i c  heat  of  copper .  T h i s  v a l u e  i s  
compared w i t h  t h a t  o f  o t h e r  i n v e s t i g a t o r s  i n  Tab le  IV. (See Fig.  L) 

Tab le  IV 

Reference  

1.67 x 10-4 
1.64 10-4 

1.73 x 10-4 

1.78 

1.80 10-4 

t h i s  i n v e s t i g a t i o n  
Corak e t .  a l .  
(Phys,  Rev. 98, 1699 (1955) 

~ Rayne 
(Phys,  Rev. 95, 1428 (1954) 
Kok and Keesom 
(Phys ica  3, 1035 (1936) 
Estermann e t .  a l .  
(Phys, Rev. - 81, 582 (1952) 
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The agreement  of  v a l u e s  i n d i c a t e s  t h e  r e l i a b i l i t y  o f  t h e  
c a l o r i m e t e r  des ign .  
s p e c i f i c  hea t  of  the sodium t u n g s t e n  bronze,  Na0.81 WOy are  now 
i n  p r o g r e s s ,  

I n i t i a l  measurements o f  t h e  e l e c t r o n i c  

6.5 Measurement o f  E l a s t i c  C o n s t a n t s  of Metal  S i n g l e  C r y s t a l s  (2) 

The problem o f  d e t e r m i n i n g  e l a s t i c  c o n s t a n t s  of  s m a l l  metal 
s i n g l e  c r y s t a l s  has  been p u m u e d  by c o n s t r u c t i o n  o f  a p p a r a t u s  t o  
perform t h e  measurements,  S u l t a b l e  c r y s t a l s  were grown, t h e i r  
o r i e n t a t i o n  de te rmined ,  s e c t i o n e d  a s  des i red  and s e v e r a l  trial 
d e t e r m i n a t i o n s  o f  sound v e l o c i t i e s  were performed on these  
c r y s t a l s  e 

After some expe r imen ta t ion ,  a s u i t a b l e  r a d i o  f r equency  
g e n e r a t o r  has been c o n s t r w t e d  which w i l l  produce o u t  ut v o l t a g e s  
of,between 20 and 100 volts a t  f r e q u e n c i e s  between 1. 
megacycles.  
barium t i t a n a t e  c r y s t a l s  i n  l o n g i t u d i n a l  o r  shear modes o f  
vibratfon. These  d r i v e r  cTysta1.s a r e  t h e n  coupled  t o  a sample, 
w i t h  r e s u l t i n g  r e sonances  o c c u m i n g  a s  t h e  f r equency  i s  v a r i e d .  
These r e s o n a n c e s  a r e  a f u n c t i o n  of t h e  impressed f r equency ,  
sample t h i c k n e s s ,  and sample d e n s i t y .  

Debye-Sears method of p a s s i n g  a sound beam th rough  a l i q u i d ,  and 
o b s e r v i n g  t h e  r e s u l t i n g  d e n s i t y  v a r i a t i o n s  by a n  o p t i c a l  d i f f r a c t i o n  
t e c h n i q u e .  The sample was sus2ended on t h e  l i q u i d  s u r f a c e ,  w i t h  
t h e  d r i v e r  c r y s t a l  p l a c e d  a n  t h e  sample. 
sound wave passed t h r m g h  the l i q u i d  and cou ld  be de tec ted  
o p t i c a l l y ,  

D e t e c t i o n  OP shear  mode r e s o n a n c e s  by o b s e r v i n g  t h e  o u t p u t  
o f  t h e  g e n e r a t o r  has been unsucCessfu1, a s  have expe r imen t s  i n  
p a s s i n g  t h e  shear v i b r a t i o w  'clxmugh an  o p t i c a l l y  t r a n s p a r e n t  
s o l i d  and detect l iag them by t h e  Debye-Sears method. Tes t s  a r e  
to be made u s i n g  two c q s t a l s  and e l e c t r o n i c  d e t e c t i o n  f o r  
shear measurements, a s  well. a s  to see how small  a sample w i l l  work 
u s i n g  t h e  pulse-echo  t e c h n i q u e ,  

F3 and 13 
T h i s  g e n e r a t o r  i s  used to d r i v e  small q u a r t z  o r  

D e t e c t i o n  o f  l o n g i t u d i n a , l  mode r e s o n a n c e s  was done u s i n g  t h e  

A t  resonance ,  a s t r o n g e r  

S i n g l e  c r y s t a l  growth expe r imen t s  have been t r i e d  on n i c k e l ,  
copper ,  n i c k e l - c o p p e r  a l - loys ,  and thor ium metal, u s i n g  a vacuum 
f u r n a c e  and t h e  Bridgmen t e c h n i q u e  of growth from t h e  l i q u i d .  
Reac t ion  o f  thorium w i t h  t h e  c r u c i b l e  m a t e r i a l s  seemed t o  p r e v e n t  
l a rge  g r a i n  fo rma t ion ,  but s i n g l e  c r y s t a l s  were o b t a i n e d  o f  t h e  
o t h e r  m e t a l s ,  A t t e m p t s  were made to grow z i rconium c r y s t a l s  by 
t h e  phase  change and s t r a i n  a n n e a l  methods. 
c o u l d  be produced, but these changed to o r i e n t e d  a l p h a  f i n e  
g r a i n s  d u r i n g  slow c o o l i n g ,  

Large beta  g r a i n s  
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Techniques were developed f o r  c u t t i n g  and p o l i s h i n g  t h e  
n i cke l - coppe r  c r y s t a l s  and severa:L Fly o r i e n t e d  s i n g l e  c r y s t a l  
n i c k e l  samples were prepared.  T h e s e  samples  were used  i n  
e v l u a t i n g  t h e  e f f e c t  of method and sample s i z e  on t h e  l o n g i t u d i n a l  
v e l o c i t y  measurementgo The  f o l l o w i n g  data  were ob ta ined :  

Table  71 

Sound V e l o c i t i e s  i n  p1g Orien ted  Nicke l  S i n g l e  C r y s t a l  P l a t e s  

Sample Dimensions 

Diameter  Th ickness  Mea s u r i  ng Met hod Room Temperature 
I n c h e s  I n c h e s  Sound V e l o c i t y  

inches/second 

1.0 0.3094 Debye-Seam Resonance 2,476 x lo5 

Ref lec toscope  
100 0,0615 Debye-Sears Resonance 2,474 X lo5 
1.0 0.3094 P u l s e  echo- S p e r r y  2.46 x 105 

Same, remounted sample 2.476 x lo5 

Debye-Sears Resonance 2,473 x lo5 
100 0.0303 Debye-Sears Resonance 2 ,473  105 

These data seem t o  show t h a t  f o r  l o n g i t u d i n a l  measurements, 
samples  a s  small a s  0.4 i n c h  i n  diameter and 0.03 inch(  Tri - 
t h i c k n e s s  w i l l  g ive s u b s t a n t i a l l y  t h e  same answers  a s  t h e  much 
la rger  samples r e q u i r e d  f o r  the pu l se  echo t echn iques  , 

6.6 S t r u c t u r e  of Thorium-Magnesium I n t e r m e t a l l i c  Compounds 

The s t r u c t u r e .  of two i n t e r m e t a l l i c  compounds o f  t h e  composi t ion  
Th-Mg has been e s t a b l i s h e d .  The r e s u l t s  o f  t h i s  d e t e r m i n a t i o n  
have geen submi t t ed  t o  Acta C r y s t a l l o g r a p h i c a  a s  a s h o r t  Communi- 
c a t i o n ,  

7 . Other  I n v e s t i g a t i o n s  

7.1 Vacuum Fus ion  A n a l y s i s  o f  Metals (5)  

Development of vacuum f u s i o n  a n a l y t i c a l  methods f o r  d e t e r m i n i n g  
oxygen, n i t r o g e n  and hydrogen was con t inued .  A n a l y s i s  of d u p l i c a t e  
samples of lanthanum i n  a n i c k e l  b a t h  and i n  a p la t inum b a t h  



i n d i c a t e d  t h a t  t h e  e x t r a c t i o n  o f  t h e  gaseous  e l emen t s  was more 
comple te  w i t h  t h e  p l a t inum b a t h ,  The a n a l y t i c a l  r e s u l t s  on 
oxygen and  n i t r o g e n  r ecove ry  were less  a c c u r a t e  t h a n  expec ted  
because  o f  t h e  h i g h  hydrogen c o n t e n t  o f  t h e  samples. A few 
p r e l i m i n a r y  a n a l y s e s  of s t a n d a r d  neodymium samples i n  a n i c k e l  
ba th  gave e x t r a c t i o n s  a n d  r e c o v e r i e s  ve ry  s imi la r  to t h o s e  
o b t a i n e d  w i t h  lanthanum samples .  P r e l i m i n a r y  r e s u l t s  on 
y t t r i u m  metal showed t h a t  a t e m p e r a t u r e  o f  1950°C was n e c e s s a r y  
for r a p i d  e x t r a c t i o n  sf t h e  gas u s i n g  a n i c k e l  b a t h ,  
of s t a n d a r d  samples  o f  y t t r i u m  metal i s  underway t o  p e r m i t  
q u a n t i t a t i v e  s t u d y  o f  t h e  e x t r a c t i o n  o f  gas from y t t r i u m  u s i n g  
a n i c k e l  ba th .  

P r e p a r a t i o n  

Lox M e l t i n g  Alloy S t u d i e s  (1) 

Work is b e i n g  con t inued  on a s t u d y  o f  aluminum-rich aluminum- 
thorium-uranium a l l o y s ,  The s t u d y  i s  b e i n g  conducted t o  de t e rmine  
t h e  l i q u i d u s  s u r f a c e  i n  t h e  aluminum c o r n e r  of t h e  t e r n a r y  system 
t o  a i d  i n  t h e  development o f  these a l l o y s  f o r  p o s s i b l e  u s e  a s  
l i q u i d  f u e l s  i n  n u c l e a r  r e a c t o r s ,  

a n a l y s i s  o f  t e r n a r y  alloys of v a r i o u s  composi t ions ,  a n d  (2) mic roscop ic  
examina t ion  o f  p o l i s h e d  s u r f a c e s  o f  t h e  t e r n a r y  a l l o y s  a f t e r  
thermal  a n a l y s i s .  

s e g r e g a t i o n  i n  t h e  specimen undergoing  thermal a n a l y s i s  , A 
specimen weighing  approx ima te ly  15 grams was used, w i t h  a 
r e s l s t a n c e  f u r n a c e  provl6in.g heat t o  t h e  specimen, At p r e s e n t  
a 100-gram specimen I s  h e r n g  used w i t h  s e l f - i n d u c t i o n  h e a t i n g ,  
S e g r e g a t i o n  due ‘Go t h e  s e t t l i n g  o u t  o f  t h e  h e a v i e r  components d u r i n g  
s o l i d i f i c a t i o n  o f  t h e  therna’k a n a l y s i s  specimen is l a r g e l y  overcome 
by u s i n g  s e l f - i n d u c t i o n  h e a t i n g .  

A l l o y s  a r e  p r e p a r e d  by co -me l t ing  the  metals i n  a r e f r a c t o r y  
c r u c i b l e  i n  a n  i n d u c t i o n  fumiace .  A m e s  thor ium, p r o d u c t i o n  grade 
uranium and 99.99% p u r e  A l c o a  a.luminum are  used  t o  make t h e  a l l o y s .  

The  methods b e i n g  used i n  this s t u d y  are:  (1) thermal 

Dur ing  t h e  p r e v i o u s  p e r i o d ,  some d i f f i c u l t y  was met due to 

Composi t ions a r e  chosen  f o r  thermal a n a l y s i s  specimens t o  g i v e  
data  t h a t  w i l l  h e l p  t o  l o c a t e  b i n a r y  e u t e c t i c  v a l l e y s  o r i g i n a t i n g  
a t  t h e  b i n a r y  e u t e c t i c s  i n  t h e  two sys tems,  aluminum-thorium and 
aluminum-uranium, It i s  assumed t h a t  a b i n a r y  r e l a t i o n s h i p  e x i s t s  
between t h e  p e r i t e c t i c  compounds U ~ l 4  and ThA13, and t h a t  a b i n a r y  
e u t e c t i c  e x i s t s  i n  this b i n a r y  system, A b i n a r y  e u t e c t i c  v a l l e y  i s  
assumed to o r i g i n a t e  from t h i s  assumed e u t e c t i c  and j o i n  t h e  two 
b i n a r y  v a l l e y s  o r i g i n a t i n g  from t h e  two known b i n a r y  e u t e c t i c s ,  
forming  a t e r n a r y  e u t e c t i c  of aluminum, ThA13 and UAl4. 
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APPENDIX 11: LIST OF SHIPMENTS 

Destination 

University of California 
Los Alamos Scfenttf ic Eabora ,ory 
Los  Alamos, New Mexico 

Mr. H. A. Boorse 
Pupin Prlysica Bldg. 
New York, New York 

Atomics International 
North Airi; Aviation, Inc.  
Domeyo Califomfg 

Genera9 Electric Company 
General Engfneerfne; Laboratory 
Schenec tady, New York 

Dr. Franz R e  Metzger 
Bartol Research Foundation 
Swarthmore, Pennsylvania 

Carbide & Carbon Chemical Company 
Union Carbide & Carbon Corp. 
Oak Ridge, Tennessee 

Dr. Richard A. Ogg, Jr. 
Stanford University 
Stanford, California 

Item 

20 gm erbium metal 
20 gm yttrium metal 
20 g m  lanthanum metal 
66 g m  neodymium metal 
69 gm samarium metal 
72 gm gadolinium metal 
77 g m  erbium metal 

1 cylinder lanthanum metal 

250 gm thorium metal 

100 mg dysprosium oxide 
100 mg terbium oxide 
100 mg holmium oxide 
100 mg erbium oxide 
100 mg ytterbium oxide 
100 mg thulium oxide 
100 rng lutetium oxide 
J. gm lanthanum oxide 
f g m  cerium oxide 
1 gm praseodymium oxide 
P g m  neodymium oxide 
1 gm samarfum oxide 
1 gm gadolinium oxide 
1 grn yttrium oxide' 

10 gm special N14 

50 gm pure cerium metal 

15 1 gm N 



Destination 

General Electric Company 
ANP Department 
Cincinnati, Ohio 

General Elec trio Company 
Richland, Washington I 

, 

Dow C h e m i c  a1 Company 
Midland, Michigan , 

Dr. J. F. McClendon 
Albert Einstein Medical Center 
Philadelphia, nnsylvania 

Brookhaven Na n i l  Laboratory 
Upton, Long Isl.and, New York' 

Dr. Thomas C. Hoering 
Department qf-Chemistry 
University of.Arkansas 
Fayetteville, Arkansas 

Battelle Memorial Institute 
Columbus, Ohio 

i . t  

. I . .  I 

Item 

1 gm cerium oxide 
1 gm Santhanum oxide 
1 gm praseodymium oxide 
1 gm neodymium oxide 
1 gm samarium oxide 
1 gm gadolinium oxide 
1 gm yttrium oxide 
100 mg terbium oxide 
100 mg dysprosium oxide 
100 mg .holmium oxide 
100 mg erbium oxide 
100 mg ytterbium oxide 
100 mg thulium oxide 
100 rng lutetium oxide 

1 gm lanthanum oxide 
1 gm cerium oxide 
1 gm praseodymium oxide 
1 gm neodymium oxide 
1 grn samarium oxide 
1 gm gadolinium oxide 
P gm yttrium oxide 
100 mg terbium oxide 
100 mg dysprosium oxide 
100 mg holmium oxide 
100 mg erbium oxide 
100 mg ytterbium oxide 
100 mg thulium oxide 
100 mg lutetium oxide 

20 lbs. anhydrous thorium 

1 gm spec ia l  hafnium oxide 

,-a - I 

20 mg holmium oxide 

15 2 samples N 

2 gm terbium metal 
2 gm erbium metal 
2 gm ytterbium metal 
2 Em holmium metal 
2 gm praseodymium metal 

I 
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I Destination 

Research Laboratories of Colorado, Inc 
Newtown, Ohio 

Dr, T. J. Bond 
Department of Chemistry 
Baylor University 
Waco, Texas 

Dr. Surnner Davis 
Massachusetts InsftitUte df  Technology 
Cambridge, Massachusetts 

Yale University 
New Haven, Connecticut 

I I I '  

, .  

I 

The Eagle- Pic her Research ' Laboratories 
Joplin, Missouri 

I 

I 

Item 

1 gm lanthanum oxide 
1 gm cerium oxide 
1 gm praseodymium oxide 
1 gm neodymium oxide 
1 gm samarium oxide 
1 gm gadolinium oxide 
1 gm yttrium oxide 
100 mg terbium oxide 
100 mg dysprosium oxide 
100 mg holmium oxide 
100 mg erbium oxide 
100 mg ytterbium oxide 
100 mg lutetium oxide 

1 gm neodymium oxide 
1 gm dysprosium oxide 1 

1 gm yttrium oxide 
1 gm erbium oxide 

1 gm terbium oxide 
1 gm holmium oxide 
1 gm dysprosium oxide 

40 gm gadolinium oxide 
10 gm terbium oxide 
20 gm holmium oxide 
5 gm thulium oxide 
20 gm dysprosium oxide 
20 gm erbium oxide 

1 gm lanthanum oxide 
1 gm cerium oxide 
1 gm praseodymium oxide 
1 gm neodymium oxide 
1 gm samarium oxide 
1 gm gadolinium o)ride 
1 gm yttrium oxide 
100 mg terbium oxide 
100 mg dysprosium oxide 
100 mg holmium oxide 
100 mg erbium oxide 
100 mg ytterbium oxide 
100 mg thulium oxide 
100 mg lutetium oxide 
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Destination 

University of California 
Scripps Institution of Oceanography 
La Jolla, California 

Florida State Un,versity 
Tallahassee, Florida 

Professor Tarhen Huus 
Institute for Teoretish Fysik 
Copenhagen, Denmark 

Dr. Allen J, VanderWeyden, U.S,,A,E.C. 
Liaison Officer 
Atomic Energy of Canada, Ltd. 
Chalk River, Ontario, Canada 

Dr. Jagdish Shanker i 

Chemistry Division Department of 

Government of India 
Bombay, India 

Atomic Energy 

U,S.A,E.C, 
C/O Mallinckrodt Chem, Works 
U>anfum Division 
St. Louis, Missouri 

Argonne National Laboratory 
Eemont, Illinois 

University of Saskatchewan 
Betatron Department 
Saskatoon, Saskatchewan, Canada 

Item 

1 gm lanthanum oxide 
1 gm cerium oxide 
1 gm praseodymium oxide 
1 gm neodymium oxide 
1 gm samarium oxide 
1 gm gadolinium oxide 
1 gm yttrium oxide 
100 mg terbium oxide 
100 gm dysprosium oxide 
100 mg holmium oxide 
100 mg erbium oxide 
100 mg ytterbium oxide 
100 mg thulium oxide 
100 mg lutetium oxide 

10 gm praseodymium oxide 
10 gm neodymium oxide 

100 mg terbium oxide . 

2 gm yttrium oxide 
2 gm dysprosium oxide 
2 gm ytterbium oxide 

1 gm gadolinium oxide 
1 gm dyaprosium oxide 

100 mg holmium oxide 
100 mg terbium oxide 
100 mg dysprosium oxide 
100 mg erbium oxide 
100 mg thulium oxide 

1 sample gadolinium metal 
1 sample erbium metal 

25.6394 gm yttrium oxide 
50 gm lutetium oxide 
50 gm thulium oxide 
50 gm terbium oxide 
50 gm yttrium oxide 
50 gm holmium oxide 
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Item D e s t i n a t i o n  - 
D r .  Fisher 
c / o  A i r  Fqance Cargo Department 
N e w  York I n t e r n a t i o n a l  A i r p o r t \  
Jamaica,  Lorig Islanil,'-Ni?w-YcX%- 

Anaconda Aluminum Company 
Columbia F a l l s ,  Montana 

25 gm neodymium oxide 

1 gm hafnium oxide 
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