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heated  first  in  a  hydrogen-containing  atmosphere  to  sinter 
the  powder  and  to  render  it  porous,  and  then  in  nitrogen/ 
hydrogen  to  nitride  the  powder. 
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 A   porous  body  of  titanium-containing  alloy  powder  is 
heated  first  in  a  hydrogen-containing  atmosphere  to  sinter 
the  powder  and  to  render  it  porous,  and  then  in  nitrogen/ 
hydrogen  to  nitride  the  powder. 



This   i n v e n t i o n   r e l a t e s   to  the   p r o d u c t i o n   of  t i t a n i u m  

n i t r i d e   d i s p e r s i o n   s t r e n g t h e n e d   b o d i e s .  

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

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

n i t r i d e   is  now  an  e s t a b l i s h e d  p r o c e d u r e   but  the  n i t r i d i n g  

of  t h i c k   s e c t i o n s   r e m a i n s   a  p r o b l e m   b e c a u s e   the  k i n e t i c s  

a r e  s o   s l o w .  

A c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   a  me thod   o f  

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

body  i n v o l v e s   t he   s t e p s   of  p r o d u c i n g   a  p o r o u s  b o d y   f r o m  

t i t a n i u m   c o n t a i n i n g   a l l o y   powder   a n d  t h e n   c a u s i n g   a 

f l o w i n g   m i x t u r e   of  n i t r o g e n   and  h y d r o g e n   to  p e r m e a t e   t h e  

p e r m e a b l e   m a t r i x   of  p o w d e r  p a r t i c l e s   so  f o r m e d   so  as  t o  

e f f e c t   n i t r i d i n g   o f  t h e   t i t a n i u m .  

P r e f e r a b l y   s a i d   p o r o u s   body  is  p r o d u c e d   by  h e a t i n g  

t h e   powder   in  a  h y d r o g e n  -   c o n t a i n i n g   a t m o s p h e r e   t o  

a c h i e v e   p a r t i a l   s i n t e r i n g ,   i e .   s i n t e r i n g   of  the   p a r t i c l e s  

to  such  an  e x t e n t   t h a t   the   body  or  m a t r i x   is  p e r m e a b l e   t o  

the   n i t r o g e n / h y d r o g e n   gas  f low  and  is  s u f f i c i e n t l y  

s e l f - s u p p o r t i n g   to  w i t h s t a n d  t h e   f low  p r e s s u r e .   A 

s u i t a b l e   t e m p e r a t u r e   fo r   the   p a r t i a l   s i n t e r i n g   is  in  t h e  

r a n g e   of  9 0 0 - 1 2 5 0 ° C .  

The  i n i t i a l   p o r o u s   b o d i e s   a re   p r e f e r a b l y   d i s c - s h a p e d  

and  may  be  f o r m e d   by  h e a t i n g   the  powder   in  the  c o n t a i n e r  

in  which   i t   is  to  be  n i t r i d e d ,   or  in  a  s e p a r a t e   c o n t a i n e r  

of  s i m i l a r   s h a p e .  



A n o t h e r   m e t h o d   of  p r o d u c i n g   the   p o r o u s   s i n t e r   may  b e  

by  c a u s i n g   t h e   p o w d e r ,   in  a  s e m i - m o l t e n   a t o m i s e d   f o rm ,   t o  

i m p i n g e   and  a c c u m u l a t e   on  a  c o l l e c t i n g   p l a t e .   The  b o d i e s  

so  f o r m e d   w i l l   t e n d   to  be  i r r e g u l a r   in  s h a p e   and  may  n e e d  

m a c h i n i n g   to  f i t   t he   n i t r i d i n g   c o n t a i n e r .  

As  p r e v i o u s l y   m e n t i o n e d   the   p o r o u s   s i n t e r   must   h a v e  

s u f f i c i e n t   s t r e n g t h   no t   to  d i s i n t e g r a t e   d u r i n g   t h e  

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

a l l o w   a c c e s s   of  t h e   n i t r i d i n g   g a s .  

A  s u i t a b l e   t e m p e r a t u r e   f o r   n i t r i d i n g   is  in  the   r a n g e  

1000  to  1 1 5 0 ° C .   A f t e r   n i t r i d i n g   t he   body  is   p r e f e r a b l y  

d e g a s s e d   in  h y d r o g e n   to  r e d u c e   the   e x c e s s   n i t r o g e n   i n  

s o l i d   s o l u t i o n .  

In  one  e x a m p l e   of  t he   i n v e n t i o n ,   the   n i t r i d e d   a l l o y  

i s   used   in  t h e   p r o d u c t i o n   of  a  t i e   bar   of  r o u n d   s e c t i o n .  

In  t h i s   c a s e ,   t he   a l l o y   p o w d e r   may  i n i t i a l l y   be  p r o d u c e d  

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

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

n i t r i d i n g   s t e p s .   T h e r e a f t e r   a  q u a n t i t y   of  t he   d i s c s   s o  

f o r m e d   may  be  i n s e r t e d   i n t o   an  e x t r u s i o n   c o n t a i n e r   a n d  

c o n s o l i d a t e d ,   by  e x t r u s i o n ,   i n t o   a  r o u n d - s e c t i o n   rod  o r  

b a r .  

In  a n o t h e r   e x a m p l e ,   a  q u a n t i t y   of  t he   p o r o u s   b o d i e s  

may  be  c o n s o l i d a t e d ,   eg.   by  a  r o l l i n g   t e c h n i q u e ,   i n t o  

s h e e t   f o rm .   I t   w i l l   be  u n d e r s t o o d   t h a t   v a r i o u s   o t h e r  

m e t h o d s   of  c o n s o l i d a t i n g   q u a n t i t i e s   of  t he   p o r o u s   b o d i e s  

i n t o   d e s i r e d   s h a p e s   may  be  e m p l o y e d .  



If   d e s i r e d ,   a f t e r   n i t r i d i n g   the  p o r o u s   b o d i e s  m a y  

once  a g a i n   be  r e d u c e d   to  p o w d e r ,   as  by  c o m m i n u t i n g ,   f o r  

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

I t  i s   t h o u g h t   t h a t   the   n i t r i d e d   powder   w i l l   e x h i b i t   l e s s  

s u s c e p t i b i l i t y   to  o x i d a t i o n   at  room  t e m p e r a t u r e s   t h a n  

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

r e q u i r e   s p e c i a l   h a n d l i n g ,   eg.  in  i n e r t   a t m o s p h e r e s ,   t o  

p r e v e n t   o x i d a t i o n   at  room  t e m p e r a t u r e s .  

T h e   i n v e n t i o n   has  p a r t i c u l a r   a p p l i c a t i o n   to  t h e  

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

s t e e l   p o w d e r s ,   e s p e c i a l l y   20%  Cr/25%  N i / T i   p o w d e r .   T h u s ,  

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

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

wh ich   has  been  p r o d u c e d  i n   a c c o r d a n c e   w i t h  t h e   me thod   o f  

the  i n v e n t i o n .   The  i n v e n t i o n   a l s o   e x t e n d s   to  c o m p o n e n t s  

c o n s o l i d a t e d   from  s a i d   b o d i e s   and  to  powder   d e r i v e d   by  

c o m m i n u t i o n   of  s a i d   b o d i e s .  



I.   A  m e t h o d   of  p r o d u c t i o n   of  a  t i t a n i u m   n i t r i d e  

d i s p e r s i o n   s t r e n g t h e n e d   body  c h a r a c t e r i s e d   by  the   s t e p s  

of  p r o d u c i n g   a  p o r o u s   body  f rom  t i t a n i u m   c o n t a i n i n g   a l l o y  

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

h y d r o g e n   to  p e r m e a t e   t he   p e r m e a b l e   m a t r i x   of  p o w d e r  

p a r t i c l e s   so  f o r m e d   so  as  to  e f f e c t   n i t r i d i n g   of  t h e  

t i t a n i u m .  

2.  A  m e t h o d   a c c o r d i n g   to  C l a i m   1,  c h a r a c t e r i s e d   in  t h a t  

t h e   p o r o u s   body  is   p r o d u c e d   by  h e a t i n g   t he   powder   in  a  

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

s i n t e r i n g   to  t he   e x t e n t   t h a t   t he   m a t r i x   is  b o t h   p e r m e a b l e  

to  t h e   f l o w   of  n i t r o g e n / h y d r o g e n   m i x t u r e   and  i s  

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

p r e s s u r e .  

3.  A  m e t h o d   a c c o r d i n g   to  C l a i m   2,  c h a r a c t e r i s e d   in  t h a t  

t h e   p a r t i a l   s i n t e r i n g   i s   c a r r i e d   ou t   at   a  t e m p e r a t u r e  

w i t h i n   t h e   r a n g e   9 0 0 - 1 2 5 0 ° C .  

4.  A  m e t h o d   a c c o r d i n g   to  any  of  t h e   p r e c e d i n g   C l a i m s ,  

c h a r a c t e r i s e d   in  t h a t   n i t r i d i n g   is  c a r r i e d   out   at  a 

t e m p e r a t u r e   w i t h i n   the   r a n g e   1 0 0 0 - 1 1 5 0 ° C .  

5.  A  m e t h o d   a c c o r d i n g   to  any  of  t he   p r e c e d i n g   c l a i m s ,  

c h a r a c t e r i s e d   in  t h a t   a f t e r   t he   n i t r i d i n g   s t e p   the   b o d y  

Is  d e g a s s e d   in  h y d r o g e n   to  r e d u c e   e x c e s s   n i t r o g e n   in  t h e  

s o l i d   s o l u t i o n .  

6.  A  m e t h o d   a c c o r d i n g   to  any  of  the   p r e c e d i n g   C l a i m ,  

C h a r a c t e r i s e d   by  t h e   f u r t h e r   s t e p s ,   to  p r o d u c e   a  



s t r u c t u r a l   a r t i c l e   of  r ound   s e c t i o n ,   of  s u b j e c t i n g   a 

p l u r a l i t y   of  s a i d   b o d i e s   which   are   of  d i s c - s h a p e d   form  t o  

c o n s o l i d a t i o n   and  e x t r u s i o n .  

7.  A  method   a c c o r d i n g   to  any  of  C l a i m s   1 - 5 ,  

c h a r a c t e r i s e d   by  the   f u r t h e r   s t e p ,   to  p r o d u c e   a 

s t r u c t u r a l   a r t i c l e   in  s h e e t   fo rm,   of  s u b j e c t i n g   a 

p l u r a l i t y   of  s a i d   b o d i e s   to  c o n s o l i d a t i o n   by  r o l l i n g   o u t  

i n t o   s h e e t .  

8.  A  method   a c c o r d i n g   to  any  of  C l a i m s   1 - 5 ,  

c h a r a c t e r i s e d   by  the   f u r t h e r   s t e p s   of  c o m m i n u t i n g   a 

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

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

f o r m i n g   t e c h n i q u e s .  

9.  T i t a n i u m   n i t r i d e   d i s p e r s i o n   s t r e n g t h e n e d   b o d i e s  

c h a r a c t e r i s e d   by  h a v i n g   been  p r o d u c e d   by  a  m e t h o d  

a c c o r d i n g   to  any  of  t he   p r e c e d i n g   c l a i m s .  

10.  A  t i t a n i u m - c o n t a i n i n g   s t e e l   p o w d e r - f o r m e d   b o d y  

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

a c c o r d i n g   to  any  of  t he   p r e c e d i n g   c l a i m s .  

11.  S t r u c t u r a l   c o m p o n e n t s   of  or  i n c o r p o r a t i n g   t i t a n i u m  

n i t r i d e   d i s p e r s i o n   s t r e n g t h e n e d   b o d i e s   a c c o r d i n g   t o  

C l a i m s   9  or  1 0 .  
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