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BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   o f  

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

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

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

a  g r e a t   v a r i e t y   of   c o n f i g u r a t i o n s .  

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

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

A  p r i n c i p a l   u s e   i s   in   t h e   t a r g e t s   of  X - r a y   m a c h i n e s   whe re   a n  

i n c i d e n t   beam  or  b u r s t   of  h i g h   v e l o c i t y   e l e c t r o n s   a r e   m a d e  

to  i m p i n g e   to   i n d u c e   e m i s s i o n   of  X - r a y s .   The  r h e n i u m   h a s  

b e e n   a  b e n e f i c i a l   a d d i t i v e   to   t he   t u n g s t e n   in   l i m i t i n g  

t h e r m a l   damage   f rom  t h e   i m p i n g i n g   h i g h   e n e r g y   e l e c t r o n s .   T o  

l i m i t   t h e r m a l   d a m a g e   to   such   t a r g e t s   t h e y   a r e   r o t a t e d   a t  

a b o u t   1 0 , 0 0 0   rpm  in   c o n v e n t i o n a l   X - r a y   a p p a r a t u s   to  s p r e a d  

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

T h e s e   m a t e r i a l s   h a v e   been   f o r m e d   i n t o   a r t i c l e s  

such   as  t h e   t a r g e t s   f rom  t h e   p o w d e r   by  s i n t e r i n g   t h e   c o l d  

p r e s s e d   p o w d e r s   a t   e l e v a t e d   t e m p e r a t u r e s .   For   e x a m p l e ,   i t  

has   b e e n   f o u n d   p o s s i b l e   to   fo rm  s u c h   a r t i c l e s   by  c o l d  

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

s i n t e r i n g   them  a t   a b o u t   2 4 0 0 ° C   f o r   a b o u t   5  h o u r s .   A r t i c l e s  

h a v i n g   d e n s i t i e s   of  a b o u t   91-93%  a r e   f o r m e d   by  t h i s   p r o c e s s .  
I t   ha s   l o n g   b e e n   d e s i r e d   to   make  a r t i c l e s   w h i c h  

h a v e   h i g h e r   d e n s i t i e s   and  to   do  so  w i t h o u t   e x c e s s i v e   h e a t i n g  
of  t h e   a r t i c l e s   to   be  f o r m e d .  

S u r p r i s i n g l y   i t   ha s   now  b e e n   f o u n d   p o s s i b l e   t o  

fo rm  s u c h   a r t i c l e s   and  to   r a i s e   t h e i r   d e n s i t y   f rom  a b o u t   9 0  

to  a b o u t   100%  of  t h e   t h e o r e t i c a l   by  r e l a t i v e l y   s h o r t   t i m e  



h e a t   t r e a t m e n t s   a t   t e m p e r a t u r e s   in   t h e   r a n g e   of  1800  t o  

2 1 0 0 ° C .  

BRIEF  SUMMARY  OF  THE  INVENTION 

I t   i s   a c c o r d i n g l y   one  o b j e c t   of  t h e   p r e s e n t  

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

t u n g s t e n - r h e n i u m   a l l o y s   in   a  w i d e   v a r i e t y   of  c o n f i g u r a t i o n s  

and  at   h i g h   d e n s i t y .  

A n o t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s   t o  

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

t u n g s t e n - r h e n i u m   a l l o y s   to  be  f o r m e d   a t   a p p r o x i m a t e l y   100% 

of  t h e o r e t i c a l   d e n s i t y   f rom  a  p o w d e r e d   f o r m .  

A n o t h e r   o b j e c t   i s   to   p r o v i d e   a  m e t h o d   f o r   r a p i d  

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

f o r m e d   f rom  t h e   p o w d e r .  

O t h e r   o b j e c t s   and  a d v a n t a g e s   of  t h e   i n v e n t i o n   w i l l  

be  in   p a r t   a p p a r e n t   and  in  p a r t   p o i n t e d   o u t   in   t h e  

d e s c r i p t i o n   w h i c h   f o l l o w s .  

In  one  of  i t s   b r o a d e r   a s p e c t s   t h e   o b j e c t   of  t h e  

p r e s e n t   i n v e n t i o n   may  be  a c h i e v e d   by  p l a s m a   s p r a y i n g   a  

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

a b o u t   1800  and  2100°C  f o r   1  h o u r .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

E x a m p l e   1.  A  f i n e   p o w d e r   of  an  a l l o y   of   t u n g s t e n  
and   r h e n i u m   p r e f e r a b l y   one  c o n t a i n i n g   90%  t u n g s t e n   and  10% 
r h e n i u m   i s   p r o v i d e d .   T h i s   p o w d e r   i s   e m p l o y e d   in   a  l o w  

p r e s s u r e   p l a s m a   d e p o s i t i o n   a p p a r a t u s   to  d e p o s i t   a  body   o f  

t h e   a l l o y   on  a  r e c e i v i n g   s u r f a c e .   The  g r a i n   s i z e   of  t h e  

m a t e r i a l   as  i t   i s   d e p o s i t e d   on  t h e   r e c e i v i n g   s u r f a c e   i s   o f  
t h e   o r d e r   of  1  to  2  m i c r o n s .  



E x a m p l e   2.  The  d e p o s i t   of  E x a m p l e   1  was  s u b j e c t e d  

to  a  h e a t   t r e a t m e n t   a t   1500°C  f o r   1  h o u r   and  i t   was  o b s e r v e d  

t h a t   t h e r e   was  no  i n c r e a s e   in   t h e   g r a i n   s i z e   n o r   was  t h e r e  

any  i n c r e a s e   in   t h e   d e n s i t y   of   t h e   s p r a y   d e p o s i t e d   b o d y .  

E x a m p l e   3.  A  body   as  p r e p a r e d   in  E x a m p l e   1  w a s  

d e p o s i t e d   as  d e s c r i b e d   above   and  was  s u b j e c t e d   t o   a  h e a t  

t r e a t m e n t   a t   1800°C  f o r   1  h o u r .   I t   was  f o u n d   t h a t   t h e  

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

E x a m p l e   4.  A  s a m p l e   of  p l a s m a   s p r a y   d e p o s i t e d  

b o d y   p r e p a r e d   as  d e s c r i b e d   a b o v e   in   E x a m p l e   1  was  s u b j e c t e d  

to   a  h e a t   t r e a t m e n t   a t   2 1 0 0 ° C   f o r   1  h o u r   and  i t   was  o b s e r v e d  

t h a t   t h e   d e n s i t y   of  t h e   d e p o s i t   was  r a i s e d   f rom  a  v a l u e   o f  

a b o u t   90%  to   t h e   v a l u e   of  a b o u t   100%  of  t h e   t h e o r e t i c a l  

d e n s i t y .  

W i t h   r e g a r d   to  t h e   1800°C  t r e a t m e n t   and  t h e   2 1 0 0 ° C  

t r e a t m e n t   i t   was  o b s e r v e d   t h a t   t h e   g r a i n   s i z e   of   t h e  

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

g r a i n   s i z e   of   a b o u t   1  to  2  m i c r o n s   to   a  g r a i n   s i z e   of  a b o u t  

15  m i c r o n s   f o l l o w i n g   t h e   h e a t   t r e a t m e n t .  

The  f i n d i n g   of  t h e   d e n s i f i c a t i o n   of  t h e  

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

t e m p e r a t u r e   of   1800°C  and  2 1 0 0 ° C   f o r   t h e   s h o r t   p e r i o d   of  1 

h o u r   i s   q u i t e   s u r p r i s i n g   and  u n e x p e c t e d .   T h i s   o b s e r v a t i o n  

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

p r e s s e d   t u n g s t e n - r h e n i u m   p o w d e r   a t   2 4 0 0 ° C   f o r   5  h o u r s   d i d  

n o t   r e s u l t   i n   a  d e n s i f i c a t i o n   to   t he   100%  f i g u r e   and   i n   f a c t  

t h e   p r o d u c t   had   r e l a t i v e l y   low  d e n s i t y   in   t h e   r a n g e   of   91  t o  

93%  of   t h e o r e t i c a l   d e n s i t y .  

The  p e r c e n t a g e   of  r h e n i u m   i n c l u d e d   in   t h e  

t u n g s t e n - r h e n i u m   s a m p l e s   of  t h e   above   e x a m p l e s   was  a b o u t  

10%.  H o w e v e r   v a l u e s   of  b e t w e e n   2%  and  37%  r h e n i u m   may  b e  

i n c l u d e d   i n   s a m p l e s   w h i c h   may  be  s u c c e s s f u l l y   d e n s i f i e d   b y  
t h e   m e t h o d   of  t h i s   i n v e n t i o n .  



A  r h e n i u m   c o n c e n t r a t i o n   of  b e t w e e n   2  and  25%  i s  

p r e f e r r e d .  

I t   ha s   b e e n   d e t e r m i n e d   t h a t   t h e   d e n s i f i e d  

c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   may  be  e m p l o y e d   s u c c e s s f u l l y  

f o r   t a r g e t s   of   X - r a y   m a c h i n e s   b a s e d   on  p r o d u c t i o n   of  X - r a y s  

w i t h   t he   a l l o y s   in   a  s i m u l a t o r   a p p a r a t u s .  



1.  A  m e t h o d   f o r   f o r m i n g   f u l l y   d e n s e  

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

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

t u n g s t e n   and  r h e n i u m ,   s u b j e c t i n g   t h e   p o w d e r   to   low  p r e s s u r e  

p l a s m a   d e p o s i t i o n   to  form  a  body   on  a  r e c e i v i n g   s u r f a c e ,  

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

l e a s t   1800°C  f o r   a p p r o x i m a t e l y   1  h o u r .  

2.  The  m e t h o d   of  c l a i m   1  in   w h i c h   t h e   t e m p e r a t u r e  

of  d e n s i f i c a t i o n   i s   b e t w e e n   1800  and  2 4 0 0 ° C .  

3.  The  m e t h o d   of  c l a i m   1  w h e r e i n   t h e   r h e n i u m  

c o n c e n t r a t i o n   i s   g r e a t e r   t h a n   2%. 

4.  The  m e t h o d   of  c l a i m   1  w h e r e i n   t h e   s h o w n  

c o n c e n t r a t i o n   i s   b e t w e e n   2  and  37%.  

5.  The  m e t h o d   of  c l a i m   1  w h e r e i n   t h e   r h e n i u m  

c o n c e n t r a t i o n   i s   b e t w e e n   2  and  25%.  
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