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54)  Method  of  producing  a  rotary  anode  for  X-ray  tubes  and  anode  thus  produced. 
A  layer  (2)  of W  or  a W-alloy is  provided  on  a support  (1) of 

a  rotary  anode  for  X-ray  tubes  by  plasma  spraying.  A  dense 
layer  is  obtained  by  carrying  out  the  plasma  spraying  opera- 
tion  at  a  pressure  of  2 -  55  kPa  in  an  oxygen-free  medium. 



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

a  r o t a r y   a n o d e   f o r   an  X - r a y   t u b e ,   w h e r e i n   a  t u n g s t e n   or  a  

t u n g s t e n   a l l o y   t a r g e t   l a y e r   i s   p r o v i d e d   on  a  s u p p o r t   b y  

p l a s m a   s p r a y i n g .  

The  i n v e n t i o n   a l s o   r e l a t e s   to  an  a n o d e   t h u s  

p r o d u c e d .  

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

t h e   i n v e n t i o n   a r e   p a r t i c u l a r l y   s u i t a b l e   f o r   X - r a y   t u b e s  

to  w h i c h   a  h i g h   l o a d   i s   a p p l i e d   d u r i n g   u s e ,   s u c h   as  X - r a y  

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

German   P a t e n t   A p p l i c a t i o n   2 3 4 6 9 2 5   d i s c l o s e s  

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

w h e r e i n   a  t u n g s t e n   or  a  t u n g s t e n - r h e n i u m   a l l o y   t a r g e t  

l a y e r ,   t h a t   i s   to  say   t h e   l a y e r   w h i c h   is   b o m b a r d e d   by  t h e  

e l e c t r o n s   when  the   r o t a r y   a n o d e   i s   u s e d   in   an  X - r a y   t u b e ,  

i s   p r o v i d e d   on  a  m o l y b d e n u m   or  a  m o l y b d e n u m   a l l o y   s u p p o r t  

b y  p l a s m a   s p r a y i n g .   A  s i m i l a r   m e t h o d   in  w h i c h   a  g r a p h i t e  

s u p p o r t   is   u s e d   is   d e s c r i b e d   in   Ge rman   A u s l e g e s c h r i f t  

2 2 5 1 6 5 6 .  

W i t h   p l a s m a   s p r a y i n g   of  t u n g s t e n   or  t u n g s t e n  

a l l o y s   in  a t m o s p h e r i c   c o n d i t i o n s ,   i t   is   g e n e r a l l y   n o t  

p o s s i b l e   to  o b t a i n   a  d e n s i t y   of  more  t h a n   9 2 - 9 4  %   of  t h e  

t h e o r e t i c a l   d e n s i t y   (R.  G l a t z l e   e t   a l ,   M e t a l l   24,  page   8 2 3  

et   s e q . ,   1 9 7 0 ) .   Such   a  d e n s i t y   i s   i n s u f f i c i e n t   f o r   r o t a r y  

a n o d e s ;   i t   i s   n o t   p o s s i b l e   to  o b t a i n   or  m a i n t a i n   a  p r o p e r  

v a c u u m   i n  t he   X - r a y   t u b e   a t   s u c h   a  d e n s i t y .  

E x p e r i m e n t s   h a v e   b e e n   made  to  t r y   and  i n c r e a s e  

t he   d e n s i t y   by  d e n s e l y   s i n t e r i n g   t h e   t u n g s t e n   l a y e r .  
A  maximum  d e n s i t y   of  97 %  i s   t h e n   o b t a i n e d   ( R . G l a t z l e   et   a l ,  
i b i d . ) .   The  p r e s c r i b e d   s i n t e r i n g   t r e a t m e n t   (up  to  15  h o u r s  

a t   2600  °C)  c a u s e s   u n a c c e p t a b l e   l o s s   of  s t r e n g t h   in   m a n y  
m o l y b d e n u m   a l l o y s .  

A c c o r d i n g   to  t he   i n v e n t i o n ,   a  m e t h o d   o f  

p r o d u c i n g   a  r o t a r y   a n o d e   f o r   an  X - r a y   t u b e   w h e r e i n   a  



t a r g e t   l a y e r   c o n s i s t i n g   of  t u n g s t e n   or  a  t u n g s t e n   a l l o y  

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

i z e d   in   t h a t   t h e   t a r g e t   l a y e r   i s   p r o v i d e d   by  p l a s m a  

s p r a y i n g   in   an  o x y g e n - f r e e   med ium  a t   a  p r e s s u r e   o f  

2  -   55  k P a .  

W i t h   a  m e t h o d   e m b o d y i n g   t h e   i n v e n t i o n ,   a  t a r g e t  

l a y e r   h a v i n g   a  d e n s i t y  o f   o v e r   97  %  c a n   be  o b t a i n e d .  

P l a s m a   s p r a y i n g   W  a t   a  r e d u c e d   p r e s s u r e   i s   known  p e r   s e  

f rom  Moses   A.  L e v i n s t e i n ,   C i e n c a  Y   t e c h n i c a   de  l a  

S o l d a d u r a   ( M a d r i d )   12,  No.  66,  p a g e s  1 - 9   ( 1 9 6 2 )  ( s e e   a l s o  

C h e m i c a l   A b s t r a c t s ,   58,   4 2 4 3 f   1 9 6 3 ) ,   b u t   in   c o n t r a s t  

w i t h   the   r e s u l t s   o b t a i n e d   by  the   A p p l i c a n t s ,   a  d e n s i t y  

of  n o t   more  t h a n   9 2 . 7   % was   t h e n   o b t a i n e d .   I t   was  a l s o  

r e p o r t e d   t h a t   a  r e d u c t i o n   in   p r e s s u r e   r e s u l t e d  i n   l o w e r  

d e n s i t i e s .  

E.  M u e h l b e r g e r ,   in  "A  h i g h   e n e r g y   p l a s m a   c o a t i n g  

p r o c e s s " ,   P r o c .   7 t h   I n t e r n a t i o n a l   M e t a l   S p r a y i n g   C o n f . ,  

1973 ,   L o n d o n ,   d i s c l o s e s   a  m e t h o d   f o r   p l a s m a   s p r a y i n g  

of  m a t e r i a l s   s u c h   as  t a n t a l u m   and  t u n g s t e n   c a r b i d e   w h e r e i n  

p l a s m a   c u r r e n t s   w i t h   v e l o c i t i e s   of  M a c h  3  c a n   be  u s e d .  

To  o b t a i n   s u c h   v e l o c i t i e s ,   s p r a y i n g   i s   e f f e c t e d   in   a  
c h a m b e r   a t   a  p r e s s u r e   of  a p p r o x i m a t e l y   10  k P a .  

In   a  m e t h o d   e m b o d y i n g   t h e   i n v e n t i o n ,  t h e   s u p p o r t  
i s   p r e f e r a b l y   p r e h e a t e d   to  a  t e m p e r a t u r e  a b o v e  1 0 0 0 ° C  

p r i o r   to  t he   p r o v i s i o n   of  t h e   t a r g e t   l a y e r .   T h i s  r e s u l t s  

in   an  i m p r o v e d   a d h e s i o n   a n d  d e n s i t y   of   t h e  t a r g e t   l a y e r  

on  the   s u p p o r t .  

P l a s m a   s p r a y i n g   w i t h   a  p o w e r   o f  m o r e   t h a n   30  kW 

g e n e r a l l y   r e s u l t s   i n   a  h i g h e r   d e n s i t y   of  t he   t a r g e t   l a y e r .  
To  i m p r o v e   t h e  d e n s i t y ,   t he   t u n g s t e n   or  t u n g s t e n  

a l l o y   to  be  s p r a y e d   i s   p r e f e r a b l y  u s e d   in   t he   f o r m  o f   a  

p o w d e r   h a v i n g   a  p a r t i c l e   s i z e  o f   n o t   more   t h a n   4 5 / u m .  
To  e n s u r e   t h a t   t he   p a r t i c l e s   of  m a t e r i a l   to  b e  

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

b o n d i n g ,   a  s p r a y i n g   d i s t a n c e ,   ( i . e .   t h e  d i s t a n c e   b e t w e e n  

t h e   s p r a y   gun  n o z z l e   and  the   s u p p o r t )   o f  n o t   l e s s   t h a n  

150  m m  i s   p r e f e r r e d .  



An  e m b o d i m e n t   of  t he   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d ,   by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e   to  t h e  

a c c o m p a n y i n g   d i a g r a m m a t i c   d r a w i n g ,   t he   s o l e   F i g u r e   of  w h i c h  

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

by  a  m e t h o d   e m b o d y i n g   the   i n v e n t i o n .  

The  d r a w i n g   shows  a  r o t a r y   a n o d e   c o m p r i s i n g  

a  s u p p o r t   1  and  a  t a r g e t   l a y e r   2.  The  p o r t i o n   of  t h e   t a r g e t  

l a y e r   d e n o t e d   by  3  i s   t he   p l a c e   o n t o   w h i c h   t he   e l e c t r o n  

beam  in  the   X - r a y   t u b e   i s   f o c u s e d   ( i . e .   t he   f o c a l   p a t h ) .  

The  s u p p o r t   1  may  c o n s i s t   of  m o l y b d e n u m   or  o f  

a  m o l y b d e n u m   a l l o y   known  to  be  s u i t a b l e   f o r   X - r a y   r o t a r y  

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

0 . 4 0 - 0 . 5 5   %  by  w e i g h t   of  T i ,   0 . 0 6  -   0 . 1 2   %  by  w e i g h t   of  Z r  

and  0 . 0 1  -   0 . 0 3   %  by  w e i g h t   of  C.  The  s u p p o r t   may  a l t e r -  

n a t i v e l y   c o n s i s t   of  g r a p h i t e .   In  t h a t   c a s e   a  c a r b o n   t r a n s -  

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

be  p r o v i d e d   b e t w e e n   the   s u p p o r t   and  t h e   t a r g e t   l a y e r .  

One  or  more  f u r t h e r   l a y e r s   may  be  p r e s e n t   b e t w e e n  

t h e   t a r g e t   l a y e r   and  t he   s u p p o r t ,   f o r   e x a m p l e   a  l a y e r   o f  

p u r e   t u n g s t e n .  

The  t a r g e t   l a y e r   2  c o n s i s t s   of  t u n g s t e n   or  a  

t u n g s t e n   a l l o y .   A l l   a l l o y s   known  to  be  s u i t a b l e   f o r   t h i s  

p u r p o s e   a re   v e r y   s a t i s f a c t o r y .   P a r t i c u l a r l y   good  r e s u l t s  

( h i g h   d e n s i t y )   have   b e e n   o b t a i n e d   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   ( 0 . 7  %   by  w e i g h t   or  r h e n i u m )   and  w i t h   t u n g s t e n -  

r h e n i u m - t a n t a l u m   a l l o y s   ( 0 - 7  %   by  w e i g h t   of  r h e n i u m ,  
0 - 4   %  by  w e i g h t   of  t a n t a l u m ) .  

To  i m p r o v e   h e a t   r a d i a t i o n   f rom  t he   a n o d e ,  

t he   s u r f a c e   of  t he   t a r g e t   l a y e r   ( e x c e p t   t he   f o c a l   p a t h   3 )  

a n d / o r   the   s u r f a c e   of  t he   s u p p o r t   may  be  r o u g h e n e d ,   o r  

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

m a t e r i a l   ( f o r   e x a m p l e   r o u g h   t u n g s t e n ) .  

I t   i s   p o s s i b l e   f o r   the   t a r g e t   l a y e r   to  h a v e  

a  c o m p o s i t i o n   w h i c h   v a r i e s   f rom  the   i n s i d e   to  t he   o u t s i d e  

( f o r   e x a m p l e   in  r e s p e c t   of  the   r h e n i u m   c o n t e n t ) .  

The  r o t a r y   a n o d e   i s   p r o d u c e d   in  t he   f o l l o w i n g  

m a n n e r .   A  s u p p o r t   1  i s   p r o d u c e d   in  a  m a n n e r   w h i c h   i s   k n o w n  

p e r   se ,   f o r   e x a m p l e   by  c a s t i n g ,   f o r g i n g   and  p r e s s i n g .  



The  s u r f a c e   of  t he   s u p p o r t   i s   p r o p e r l y   c l e a n e d .  

The  s u p p o r t   i s   t h e n  p l a c e d   in   a  s p e c i a l ,   h e r m e t i c a l l y  

s e a l a b l e   c h a m b e r   of  t he   t y p e   d e s c r i b e d   in   t h e - a b o v e -  

m e n t i o n e d   a r t i c l e   by  E.  M u e h l b e r g e r .   The  c h a m b e r   i s  

e v a c u a t e d   and   f i l l e d   w i t h   Ar .   H e  o r  N 2   may  a l t e r n a t i v e l y  

be  u s e d .   T h e s e   g a s e s   may  b e  m i x e d   t o g e t h e r   a n d / o r   be  m i x e d  

w i t h   H2  ( 0  -   10 %  by  v o l u m e ) .   T h i s   c y c l e   i s  p r e f e r a b l y  

r e p e a t e d   a  few  t i m e s   t o  r e m o v e   a n y  r e s i d u a l   o x y g e n .  

F i n a l l y ,   t h e   c h a m b e r   i s   f i l l e d   w i t h   one  of  t h e   a b o v e -  

m e n t i o n e d   g a s e s  o r   gas   m i x t u r e s   to  t h e  d e s i r e d   p r e s s u r e  

( 2  -   50  k P a ) .  A   p r e s s u r e   of  2  -  2 5   kPa   i s   p r e f e r a b l y   u s e d .  

T h e r e a f t e r   t h e   m a t e r i a l   f o r   t h e   t a r g e t   l a y e r   i s   s p r a y e d  

o n t o   t h e   s u p p o r t   w i t h   a  p l a s m a   gun .   ( A p p r o x i m a t e l y   35  kW 

of  p o w e r   i s   s u p p l i e d   to  t h e   p l a s m a   g u n ) .   P r e f e r a b l y  t h e  

s u p p o r t   i s   p r e h e a t e d   w i t h   t h e   p l a s m a   gun  to  a  t e m p e r a t u r e  

a b o v e   10000C  b e f o r e   t he   m a t e r i a l  o f   t h e   t a r g e t   l a y e r  

i s   s p r a y e d .   I t   i s   p o s s i b l e   to   v a r y   t h e   c o m p o s i t i o n   of  t h e  

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

to  o b t a i n   a  g r a d i e n t   in   t he   c o m p o s i t i o n   of  t h e   t a r g e t   l a y e r .  

A  t a r g e t   l a y e r   of  a  t h i c k n e s s   of  1 . 5  -   2 . 0   m m  i s  p r e f e r a b l y  

a p p l i e d .   I t   i s   p o s s i b l e   t o  p r o v i d e   the   t a r g e t   l a y e r   o n l y  

in   t h e   r e g i o n   of  t h e  f o c a l  p a t h   3  by  u s i n g   a  m a s k .  

At  t he   end  o f  t h e   p l a s m a   s p r a y i n g   o p e r a t i o n ,  

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

to  c o o l   i n   t h e   c h a m b e r .   F i n a l l y ,   t h e   p r o d u c t   o b t a i n e d  

i s   r e m o v e d   f r o m   t h e   c h a m b e r   and  w o r k e d  f u r t h e r ,   t h e   f o c a l  

p a t h   3  t h e n   b e i n g   g r o u n d .  

W i t h   a  m e t h o d   e m b o d y i n g   the   i n v e n t i o n   a  d e n s i t y  

of   more   t h a n   97 %  was  o b t a i n e d  w i t h   a l l   t h e  a b o v e -  

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

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



1.  A  m e t h o d   of  p r o d u c i n g   a  r o t a r y   a n o d e   f o r   a n  

X - r a y   t u b e ,   w h e r e i n   a  t u n g s t e n   or  a  t u n g s t e n   a l l o y   t a r g e t  

l a y e r   i s   p r o v i d e d   on  a  s u p p o r t   by  p l a s m a   s p r a y i n g ,  

c h a r a c t e r i z e d   in  t h a t   t he   t a r g e t   l a y e r   i s   a p p l i e d   by  m e a n s  

of  p l a s m a   s p r a y i n g   in  an  o x y g e n - f r e e   medium  at   a  p r e s s u r e  

of   2  -   55  k P a .  

2.  A  m e t h o d   as  c l a i m e d   in   C l a i m   1,  c h a r a c t e r i z e d  

in   t h a t   the   s u p p o r t   i s   p r e h e a t e d   to  a  t e m p e r a t u r e   a b o v e  
1 0 0 0  C   b e f o r e   t he   t a r g e t   l a y e r   i s   a p p l i e d .  

3.  A  m e t h o d   as  c l a i m e d   in   C l a i m   1  or  2 ,  

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

w i t h   a  p o w e r   of  o v e r   30  kW. 

4.  A  m e t h o d   as  c l a i m e d   in   any  of  C l a i m s   1  -  3 ,  

c h a r a c t e r i z e d   in  t h a t   t he   t u n g s t e n   or  the   t u n g s t e n   a l l o y  

to  be  s p r a y e d   i s   in  t he   f o r m   of  a  p o w d e r   h a v i n g   a  p a r t i c l e  

s i z e   of  n o t   more  t h a n   45  / u m .  
5.  A  m e t h o d   as  c l a i m e d   in  any  of  C l a i m s   1  -  4 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   p l a s m a   i s   s p r a y e d   w i t h   a  s p r a y i n g  

gun  the   n o z z l e   of  w h i c h   d u r i n g   t h e   s p r a y i n g   i s   more  t h a n  

150  mm  f rom  the   s u p p o r t .  

6.  A  m e t h o d   as  c l a i m e d   in  any  of  C l a i m s   1  -  5 ,  

c h a r a c t e r i z e d   in  t h a t   t he   t a r g e t   l a y e r   i s   a p p l i e d   w i t h  

a  t h i c k n e s s   of  0 . 5  -   2 . 0   mm. 

7.  A  m e t h o d   as  c l a i m e d   in  any  of  C l a i m s   1  -  6 ,  

c h a r a c t e r i z e d   in  t h a t   t he   t a r g e t   l a y e r   c o n s i s t s   of  a 

t u n g s t e n   a l l o y   h a v i n g   0  -   7  %  by  w e i g h t   of  Re  a n d / o r  

0  -  4   %  by  w e i g h t   of  Ta  and  t he   s u p p o r t   c o n s i s t s   of  a 

m o l y b d e n u m   a l l o y   h a v i n g   0 . 4 0  -   0 . 5 5   %  by  w e i g h t   of  T i ,  

0 . 0 6  -   0 . 1 2   %  by  w e i g h t   of   Zr  and  0 . 0 1  -   0 . 0 3  %   by  w e i g h t  

of   C .  

8.  A  r o t a r y   a n o d e   p r o d u c e d   by  a  m e t h o d   as  c l a i m e d  
in  any  of  C l a i m s   1  -  7 .  
9.  An  X - r a y   t u b e   c o m p r i s i n g   a  r o t a r y   a n o d e   a s  
c l a i m e d   in   C l a i m   8 .  
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