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  A  sintered  metal  body,  having  an  annular  form  suitable 
for  use  as  a  valve  seat  or  seal,  is  impregnated  (13)  with  an 
uncured  polymeric  material  such  as  PTFE  which  is  then 
cured  to  partially  fill  the  interparticulate  spaces  in  the  sin- 
tered  metal  body.  The  impregnated  body  is  then  subjected 
to  applied  pressure  (16)  which  preserves  the  annular  shape 
of  the  body  while  collapsing  substantially  all  voids  through- 
out  the  body  to  cause  the  cured  polymeric  material  within 
the  sintered  metal  body  to  completely  fill  the  collapsed 
interparticulate  spaces  thereby  to  render  the  body  non- 
porous  throughout.  In  as  much  as  the  interparticulate 
spaces  are  completely  filled  with  cured  polymeric  material, 
any  increases  in  temperature  of  the  body  which  result  in  an 
expansion  of  the  polymeric  material  cause  a  migration  of 
portions  of  that  material  from  the  interior  of  the  body  to  the 
exterior  surfaces  of  the  body  to  lubricate  the  exterior  sur- 
faces.  The  body  may,  in  addition,  be  completely  covered  by 
another  layer  of  cured  polymeric  material  to  give  the  seat 
additional  initial  lubricity  (17). 



This   i n v e n t i o n   r e l a t e s   to  s i n t e r e d   me ta l   b o d i e s ,   a n d  

in  p a r t i c u l a r   but   not   e x c l u s i v e l y ,   to  such  b o d i e s   o f  

a n n u l a r   c o n f i g u r a t i o n   s u i t a b l e   for   use  as  the  s e a t   of  a  

p lug   v a l v e   of  the   b a l l   v a l v e   k i n d .  

I t   is  d e s i r a b l e   to  use  me ta l   s e a t s   in  such  b a l l   v a l v e s  

under   c e r t a i n   c o n d i t i o n s   s i n c e   the  r e s u l t a n t   v a l v e  

s t r u c t u r e   can  r e s i s t   h i g h e r   t e m p e r a t u r e s   and  p r e s s u r e s   t h a n  

v a l v e s   which  use  o t h e r   t y p e s   of  s e a t   m a t e r i a l s   such  a s  

p l a s t i c s   m a t e r i a l s ,   for   example   p o l y t e t r a f l u o r o e t h y l e n e  

(PTFE).  When  a  me t a l   v a l v e   s e a t   is  employed   in  a  b a l l   v a l v e ,  

however ,   t h e r e   is  c o n s i d e r a b l e   f r i c t i o n   be tween   the  b a l l  

and  i t s   s e a t   which  can  cause   g a l l i n g   p r o b l e m s .   T h e r e f o r e ,  

in  an  e f f o r t   to  r e d u c e   such  f r i c t i o n ,   i t   i t   u s u a l   for   m e t a l  

v a l v e   s e a t s   to  be  used  in  c o n j u n c t i o n   wi th   t r u n n i o n e d   b a l l  

v a l v e   members  so  t h a t   the  v a l v e   member  is  s e l f - s u p p o r t i n g  

and  the  f r i c t i o n   be tween   i t   and  i t s   s e a t   is  t h e r e b y   l i m i t e d .  

T h i s ,   however ,   is  a  c o m p a r a t i v e l y   e x p e n s i v e   c o n s t r u c t i o n .  

Due  to  the  a b o v e - m e n t i o n e d   f r i c t i o n   p r o b l e m s ,   m e t a l l i c  



v a l v e   s e a t s   are  h a r d l y   ever   used  in  b a l l   type   p lug   v a l v e s  

h a v i n g   a  f l o a t i n g   b a l l .   U n i t e d   S t a t e s   p a t e n t   3 , 5 9 2 , 4 4 0  

seeks   to  overcome  some  of  t h e s e   p r o b l e m s   and  the  d i s c l o s u r e  

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

p r e s e n t   a p p l i c a t i o n   s i n c e   the  US  p a t e n t   d i s c l o s e s   m a n u -  

f a c t u r i n g   t e c h n i q u e s   and  m a t e r i a l s   s u i t a b l e   for   use  as  a  

f i r s t   s t ep   in  the  method  of  the  p r e s e n t   i n v e n t i o n .  

The  US  p a t e n t   d i s c l o s e s   a  me t a l   s e a t   for   use  in  a  

f l o a t i n g   type   b a l l   v a l v e ,   the   s e a t   b e i n g   formed  of  s i n t e r e d  

m e t a l   of  which  the  e x t e r i o r   s u r f a c e s   are  c o a t e d   wi th   a  

l a y e r   of  cu red   p o l y m e r i c   m a t e r i a l   which  e x t e n d s   to  some 

e x t e n t   i n t o   the  i n t e r i o r   p o r e s   or  i n t e r s t i c e s   of  the  s i n t e r e d  

m e t a l   b o d y .  

However,   the   v a l v e   s e a t   of  t h i s   p r i o r   US  p a t e n t   is  a  

p o r o u s   s t r u c t u r e   which  r e l i e s   upon  a  c o n t i n u o u s   s u r f a c e  

c o a t i n g   of  p o l y m e r i c   m a t e r i a l   to  p r o v i d e   the  d e s i r e d   s e a l ,  

or  upon  a  c a u l k i n g   a c t i o n   of  the  p o l y m e r i c   m a t e r i a l   w i t h i n  

the   s e a t   to  e f f e c t   a  d e s i r e d   s e a l   in  the  e v e n t   t h a t   t h e  

po lymer   c o a t i n g   is  d e s t r o y e d   by  any  means  such  as  f i r e   o r  

a b r a s i o n .  

We  have  a s c e r t a i n e d   t h a t   the  v a l v e   s e a t   of  t h i s   p r i o r  

US  p a t e n t ,   b e i n g   e s s e n t i a l l y   po rous   t h r o u g h o u t ,   t e n d s   t o  

l eak   f l u i d   t h r o u g h   the  s e a t   when  the  s e a t   is  s u b j e c t e d   t o  

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

and  the  a b o v e - m e n t i o n e d   c a u l k i n g   e f f e c t   is  i n p e r f e c t .  

An  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  p r o v i d e  

s i n t e r e d   me ta l   b o d i e s   and  a  method  of  making  same  o f f e r i n g  

i m p r o v e m e n t s   in  r e l a t i o n   to  one  or  more  of  the  p r o b l e m s  



i d e n t i f i e d   a b o v e .  

A c c o r d i n g   to  one  a s p e c t   of  the  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  method  of  making  a  s i n t e r e d   me ta l   e l e m e n t ,   w h e r e i n  

a  body  of  p o r o u s   s i n t e r e d   p a r t i c u l a t e   me ta l   is  i m p r e g n a t e d  

wi th   an  u n c u r e d   p o l y m e r i c   m a t e r i a l   which  is  then   cu red   t o  

p a r t i a l l y   f i l l   the  i n t e r p a r t i c u l a t e   s p a c e s   in  s a i d   body  w i t h  

c u r e d   p o l y m e r i c   m a t e r i a l ,   c h a r a c t e r i s e d   by  the  s t ep   o f  

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

c u r i n g   s t e p , s a i d   p r e s s u r e   be ing   s u f f i c i e n t   in  m a g n i t u d e   t o  

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

me ta l   body  r e m a i n i n g   in  s a i d   body  f o l l o w i n g   s a i d   i m p r e g n a t i o n  

and  c u r i n g   s t e p s ,   t h e r e b y   to  cause   the  cu red   p o l y m e r i c  

m a t e r i a l   w i t h i n   s a i d   s i n t e r e d   me ta l   body  to  c o m p l e t e l y   f i l l  

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

and  to  r e n d e r   s a i d   body  n o n p o r o u s   t h r o u g h o u t ,   s a i d   p r e s s u r e  

b e i n g   so  a p p l i e d   to  s a id   body  as  to  p r o d u c e   s u b s t a n t i a l l y  

u n i f o r m   d e n s i t y   t h r o u g h o u t   s a id   body  and  at  the  e x t e r i o r  

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

ing  s t e p .  

A c c o r d i n g   to  a n o t h e r   a s p e c t   of  the  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  v a l v e   member  or  s e a t   or  s e a l   c o m p r i s i n g   a  b o d y  

of  s i n t e r e d   p a r t i c u l a t e   me ta l   i m p r e g n a t e d   wi th   a  c u r e d  

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

u l a t e   s p a c e s   w i t h i n   s a id   body  are  c o m p l e t e l y   f i l l e d   w i t h  

s a i d   cured   p o l y m e r i c   m a t e r i a l .  

In  an  embodiment   of  the  p r e s e n t   i n v e n t i o n   d e s c r i b e d  

be low,   the  f o r e g o i n g   d i s a d v a n t a g e s   of  the  s t r u c t u r e   d i s c l o s e d  

in  the  p r i o r   US  p a t e n t   are  l a r g e l y   m i t i g a t e d   by  p r o v i d i n g  



a  s e a t   for   a  f l o a t i n g   b a l l   v a l v e   c o n s i s t i n g   of  a  s i n t e r e d  

m e t a l   m a t r i x   of  which  the  i n t e r p a r t i c u l a t e   s p a c e s   a r e  

c o m p l e t e l y   f i l l e d   wi th   cu red   p o l y m e r i c   m a t e r i a l ,   w h e r e b y  

the  s e a t   s t r u c t u r e ,   in  a d d i t i o n   to  b e i n g   of  me ta l   c o n s t r u c t -  

ion  and  t h e r e f o r e   a d a p t e d   for   use  in  t h o s e   a p p l i c a t i o n s  

where  me ta l   s e a t s   are   d e s i r a b l e ,   is  n o n p o r o u s   t h r o u g h o u t  

w i t h o u t   r e g a r d   to  the  p r e s e n c e   or  a b s e n c e   of  a  s u r f a c e  

c o a t i n g   of  p o l y m e r i c   m a t e r i a l .   While  such  a  s u r f a c e   c o a t i n g  

can  be  p r o v i d e d   to  a c h i e v e   a d d i t i o n a l   i n i t i a l   l u b r i c i t y ,  

the   p r o v i s i o n   of  such  a  s u r f a c e   c o a t i n g   is  o p t i o n a l   o n l y  

s i n c e   the  cu red   p o l y m e r i c   m a t e r i a l   which  f i l l s   t h e  

i n t e r s t i c e s   of  the   s i n t e r e d   me ta l   m a t r i x   and  in  p a r t i c u l a r  

the  p o r t i o n   t h e r e o f   which  is  a d j a c e n t   the  s u r f a c e   of  t h e  

s e a t ,   p r o v i d e s   the  d e s i r e d   l u b r i c i t y .   Any  i n c r e a s e   i n  

t e m p e r a t u r e   of  the   s e a t   wi th   a  r e s u l t a n t   e x p a n s i o n   of  t h e  

p o l y m e r i c   m a t e r i a l   w i t h i n   the  s e a t ,   c a u s e s   an  e x t r u s i o n   o r  

m i g r a t i o n   of  s a i d   p o l y m e r i c   m a t e r i a l   from  the  i n t e r i o r   o f  

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

a d d i t i o n a l   l u b r i c i t y .   In  o t h e r   words ,   s i n c e   no  v o i d s   a r e  

p r e s e n t   w i t h i n   t h e  s e a t   i t s e l f ,   upon  e x p a n s i o n   of  t h e  

p o l y m e r i c   m a t e r i a l   w i t h i n   the  s e a t   and  the  r e s u l t a n t   i n c r e a s e  

in  the  i n t e r n a l   p r e s s u r e   of  the  s e a t ,   the   expanded   i n t e r i o r  

p o l y m e r i c   m a t e r i a l   is  o b l i g e d   to  m i g r a t e   t h r o u g h   the  m a t r i x  

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

s e a t   and  to  exude  from  the  m a t r i x   onto  the  s e a t   s u r f a c e  

t h e r e b y   i n c r e a s i n g   the  l u b r i c i t y   of  the  s e a t   at  the  s e a t /  

b a l l   i n t e r f a c e   of  the   v a l v e .  

A  s i n t e r e d   me ta l   body  such  as  a  v a l v e   member  or  v a l v e  



s e a t   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   can  be  p r e p a r e d   by  

a  s e r i e s   of  s t e p s ,   and  by  u s i n g   me ta l   and  p o l y m e r i c  

m a t e r i a l s   in  a c c o r d a n c e   wi th   the  d i s c l o s u r e   of  the  a b o v e -  

m e n t i o n e d   U n i t e d   S t a t e s   p a t e n t .   A  s i n t e r e d   m e t a l   " g r e e n  

compact"   s t r u c t u r e   is  i n i t i a l l y   f a b r i c a t e d   in  the  form  a n d  

shape   c o n v e n t i o n a l l y   employed   for   b a l l   v a l v e   s e a t s   a n d  

members ,   and  then   the  g r e e n   compact   is  s i n t e r e d   to  f u s e  

a d j a c e n t   m e t a l   p a r t i c l e s   to  each  o t h e r .   Then  the  r e s u l t a n t  

v a l v e   member  or  s e a t   is  i m p r e g n a t e d   wi th   an  e m u l s i o n   o f  

u n c u r e d   p o l y m e r i c   m a t e r i a l   h a v i n g   l u b r i c i t y ,   the   i m p r e g -  

n a t i o n   b e i n g   e f f e c t e d   by  means  of  a  vacuum  a n d / o r   p o s i t i v e  

p r e s s u r e   s t e p .   The  l i q u i d   v e h i c l e   employed   in  the  e m u l s i o n  

is  then   d r i e d ,   and  then   the  r e s i d u a l   p o l y m e r i c   m a t e r i a l   i s  

cu red   by  h e a t i n g .  

A c c o r d i n g   to  the  d i s c l o s u r e   of  the   a b o v e - m e n t i o n e d ' U S  

p a t e n t ,   a  v a l v e   s e a t   p r e p a r e d   by  a  s e r i e s   of  s t e p s   a s  

d e s c r i b e d   above  is  c o n s i d e r e d   to  be  c o m p l e t e l y   f a b r i c a t e d  

e x c e p t   for   a  f i n a l   s u r f a c e   f i n i s h i n g   s t e p   such  as  g r i n d i n g ,  

to  p r o v i d e   the  s e a t   wi th   a  d e s i r e d   s u r f a c e   a c c u r a c y ,   a n d  

the  f i n a l   s e a t   is  p o r o u s   t h r o u g h o u t   e x c e p t   for   a  l a y e r   o f  

p o l y m e r i c   m a t e r i a l   which  c o v e r s   the  e x t e r i o r   s u r f a c e s   o f  

the  s e a t .  

In  c o n t r a s t ,   in  a c c o r d a n c e   wi th   the  p r e s e n t   i n v e n t i o n ,  

the  p r o d u c t   of  the  above  s t e p s   c o n s t i t u t e s   only   the  s t a r t i n g  

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

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

s e a t   or  member  is  p l a c e d   in  a  die   and  s u b j e c t e d   to  e x t r e m e l y  

h igh   p r e s s u r e s   which  o p e r a t e   to  c o l l a p s e   s u b s t a n t i a l l y   a l l  



of  the  i n t e r p a r t i c u l a t e   c a v i t i e s   and  v o i d s   t h r o u g h o u t   t h e  

s e a t   onto   the   p o r t i o n s   of  the  cu red   p o l y m e r i c   m a t e r i a l  

w i t h i n   the  s i n t e r e d   m e t a l   m a t r i x .   As  a  r e s u l t ,   f o l l o w i n g  

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

p o l y m e r i c   m a t e r i a l   w i t h i n   the  s i n t e r e d   me ta l   s e a t   or  member  

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

s p a c e s   w i t h i n   the  s e a t   and  the  s e a t   is  r e n d e r e d   n o n p o r o u s  

t h r o u g h o u t .   The  s e a t   can  then   be  s u r f a c e - f i n i s h e d ,   i f  

n e c e s s a r y ,   or  the   s e a t   can  o p t i o n a l l y   be  c o a t e d   wi th   a  

f u r t h e r   l a y e r   of  p o l y m e r i c   m a t e r i a l   which  is  t h e r e a f t e r  

s u r f a c e - f i n i s h e d   i f   n e c e s s a r y .  

S i n t e r e d   m e t a l   b o d i e s   have  been  s u g g e s t e d   in  p r e v i o u s  

p u b l i c a t i o n s ,   see  for   example   US  p a t e n t s :  

US  4 , 1 1 8 , 0 0 9   (Chmura) 

US  3 , 8 5 6 , 4 7 8   ( I w a t a )  

US  3 , 7 5 1 , 0 0 5   ( E a r l e y )  

US  3 , 6 4 3 , 9 1 6   ( S a n d e n b u r g h )  

US  3 , 4 4 5 , 1 4 8   ( H a r r i s )  

In  some  c a s e s   the   s i n t e r e d   me ta l   e l e m e n t s   are  p r o p o s e d   t o  

be  a s s o c i a t e d   wi th   a  l u b r i c a n t   or  p o l y m e r i c   m a t e r i a l ,   s e e  

fo r   example   the  U n i t e d   S t a t e s   p a t e n t :  

US  3 , 8 1 8 , 5 6 4   ( T s u y a )  

US  3 , 7 9 0 , 3 5 2   ( N i i m i )  

US  2 , 8 9 3 , 7 9 3   ( R y s h a v y )  

US  2 , 7 8 8 , 3 2 4   ( M i t c h e l l )  

in  a d d i t i o n   to  the  a b o v e - d i s c u s s e d   US  p a t e n t   3 , 5 9 2 , 4 4 0  

( M c F a r l a n d ) .   In  some  c a s e s ,   m o r e o v e r ,   p r i o r   w o r k e r s   in  t h e  

f i e l d   have  p r o p o s e d   the  use  of  a  " c o i n i n g "   or  c o m p r e s s i o n  



of  a  s i n t e r e d   me ta l   b o d y  -   see  for   example   the  a b o v e -  

m e n t i o n e d   Chmura  and  H a r r i s   p a t e n t s ,   but   t h e s e   p r o p o s a l s  

have  been  such  t h a t   the   r e s u l t a n t   s t r u c t u r e   e x h i b i t s   a  

h igh   d e n s i t y   or  n o n p o r o u s   p o r t i o n   a d j a c e n t   the  s u r f a c e   o f  

the   body  o n l y ,   and  a  lower  d e n s i t y   po rous   s t r u c t u r e   u n d e r -  

l i e s   the  s u r f a c e   of  the  body.  In  c o n t r a s t ,   the  p r e s s u r e -  

a p p l y i n g   s t e p   of  the  p r e s e n t   i n v e n t i o n   is  such  t h a t   t h e  

v a l v e   s e a t   or  body  so  p r o d u c e d   e x h i b i t s   s u b s t a n t i a l l y  

u n i f o r m   d e n s i t y   t h r o u g h o u t   and  is  n o n p o r o u s   t h r o u g h o u t .  

An  embodiment   of  the  i n v e n t i o n   w i l l   now  be  d e s c r i b e d  

by  way  of  example   wi th   r e f e r e n c e   to  the  a c c o m p a n y i n g   d r a w i n g s  

in  w h i c h :  

Fig  1  d i a g r a m m a t i c a l l y   i l l u s t r a t e s   a  p l u r a l i t y   of  s t e p s  

fo rming   a  method  of  making  a  s i n t e r e d   body  in  a c c o r d a n c e  

wi th   the  p r e s e n t   i n v e n t i o n ;   a n d  

Fig  2  is  a  c r o s s - s e c t i o n a l   view  of  a  v a l v e   s e a t   m a n u -  

f a c t u r e d   in  a c c o r d a n c e   wi th   the  p r e s e n t   i n v e n t i o n ,   t o g e t h e r  

wi th   an  a s s o c i a t e d   die   u t i l i s e d   in  the  c o m p r e s s i o n   s t e p   o f  

Fig  1 .  

R e f e r r i n g   to  Fig  1,  in  a  f i r s t   s t ep   10  of  the  m e t h o d  

of  the  p r e s e n t   i n v e n t i o n   a  q u a n t i t y   of  powdered   me ta l   ( e . g .  

s t a i n l e s s   s t e e l   or  b ronze )   is  p l a c e d   in  a  die   whose  i n t e r i o r  

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

f i n a l   s t r u c t u r e   ( e . g . ,   an  a n n u l a r   c o n f i g u r a t i o n   when  t h e  

o b j e c t   be ing   p r e p a r e d   is  a  s e a t   for   use  in  a  b a l l   v a l v e ) ,  

and  the  powdered   me ta l   is  s u b j e c t e d   to  p r e s s u r e s   of  t h e  

o r d e r   of  30  tons   per  s q u a r e   inch  to  form  a  u n i t a r y   m e t a l  

body  hav ing   the  d e s i r e d   c o n f i g u r a t i o n .   At  t h i s   p o i n t   i n  



the   f a b r i c a t i o n   o p e r a t i o n ,   the   i n d i v i d u a l   me ta l   p a r t i c l e s  

are   he ld   t o g e t h e r   s imp ly   by  i n t e r p a r t i c l e   f r i c t i o n ,   and  t h e  

s t r u c t u r e   is  t e rmed   a  " g r e e n   compact"   in  the  p a r l a n c e   o f  

the   t r a d e . . I n   a  second   s t e p   11,  the  g r een   compact   is  t h e n  

p l a c e d   in  a  f u r n a c e   and  s u b j e c t e d   to  a  h igh   t e m p e r a t u r e  

which  is  l e s s   than   the  m e l t i n g   p o i n t   of  the  me ta l   m a t e r i a l  

in  the   s e a t   but   which  is  s u f f i c i e n t l y   h igh   to  cause   a  

c o a l e s c i n g   of  the   i n t e r f a c e s   be tween   the  v a r i o u s   p a r t i c l e s  

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

m e t a l   m a t r i x .   The  r e s u l t a n t   s t r u c t u r e   is  p o r o u s .  

In  a  s t e p   12,  which  may  be  p e r f o r m e d   b e f o r e ,   c o n c u r r e n t l y ,  

or  a f t e r   s t e p s   10  and  11,  a  PTFE  e m u l s i o n   is  formed  by  

m i x i n g   a  q u a n t i t y   of  s u b m i c r o n   PTFE  p a r t i c l e s   in  an  a p p r o p -  

r i a t e   v e h i c l e   such  as  w a t e r ,   a long   wi th   some  w e t t i n g   a g e n t s ;  

i t   must  be  u n d e r s t o o d ,   h o w e v e r ,   as  d i s c u s s e d   in  the  a f o r e -  

m e n t i o n e d   US  p a t e n t   3 , 5 9 2 , 4 4 0   ( M c F a r l a n d ) ,   t h a t   o t h e r   u n c u r e d  

p o l y m e r i c   m a t e r i a l s   can  be  employed   and  e n t r a i n e d   o r  

s u s p e n d e d   in  o t h e r   l i q u i d   v e h i c l e s .   The  e m u l s i o n   p r o d u c e d  

in  s t e p   12,  and  the   s i n t e r e d   me ta l   s e a t   p r o d u c e d   by  s t e p  

11  a re   t h e n ,   in  a  s t e p   13,  p l a c e d   in  a  vacuum  c h a m b e r ,  

i n i t i a l l y   in  s p a c e d   r e l a t i o n   to  one  a n o t h e r ,   and  a  vacuum  i s  

a p p l i e d   to  the   chamber  to  remove  a l l   a i r   from  the  v o i d s   o r  

p o r e s   in  the   s i n t e r e d   me ta l   s e a t .   The  s i n t e r e d   me ta l   s e a t  

is  then   immersed   in  the  e m u l s i o n ,   and  the   vacuum  is  b r o k e n  

( i f   d e s i r e d ,   a  p o s i t i v e   p r e s s u r e   may  a l s o   be  i n t r o d u c e d  

i n t o   the   chamber)   to  d r i v e   the  e m u l s i o n   i n t o   the  p o r e s   o f  

the   s i n t e r e d   m e t a l   s e a t .   The  r e s u l t a n t   po lymer   i m p r e g -  

n a t e d   s e a t   is  t hen   removed  from  the  chamber  and  p e r m i t t e d  



to  d ry ,   in  a  s t e p   14,  e . g . ,   at  a  t e m p e r a t u r e   which  i s  

below  the  b o i l i n g   p o i n t   of  w a t e r   or  which  is  o t h e r w i s e  

s u i t a b l e   to  remove  the  w a t e r   or  o t h e r   l i q u i d   v e h i c l e  

c o n s t i t u e n t s   from  the  e m u l s i o n ,   l e a v i n g   a  r e s i d u e   of  PTFE 

( a n d / o r   of  w h a t e v e r   o t h e r   po lymer   is  employed)   in  the  p o r e s  

of  the   s i n t e r e d   me ta l   s e a t .  

When  the  l i q u i d   v e h i c l e   is  removed  by  the  a f o r e m e n t i o n e d  

d r y i n g   s t e p ,   v o i d s   are   c r e a t e d   w i t h i n   the  s e a t   and  t h e  

i n t e r p a r t i c u l a t e   s p a c e s   of  the   s i n t e r e d   me ta l   m a t r i x   a r e  

no  l o n g e r   c o m p l e t e l y   f i l l e d   wi th   p o l y m e r   i . e . ,   the   s t r u c t u r e  

at  t h i s   p o i n t   is  s t i l l   somewhat  p o r o u s .   F o l l o w i n g   t h e  

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

f u r n a c e   in  a  s t e p   15,  and  is  h e a t e d   to  s i n t e r   and  cure   t h e  

PTFE  at  an  a p p r o p r u a t e   " T e f l o n - s i n t e r i n g "   t e m p e r a t u r e ,   i . e .  

one  which  is  c o n s i d e r a b l y   lower   than   the  s i n t e r i n g   t e r m p e r a -  

t u r e   p r e v i o u s l y   employed   for   the  m e t a l   s e a t   a l o n e .   By  way 

of  e x a m p l e ,   i f   the  g r een   compact   p r e p a r e d   in  s t e p   10 

c o n s t i t u t e s   s t a i n l e s s   s t e e l   p a r t i c l e s ,   i t   would  be  s i n t e r e d  

at   a p p r o x i m a t e l y   1371°C  (2500°F)  whe reas   T e f l o n   is  s i n t e r e d  

(in  s t e p   15)  at  a round   371°C  ( 7 0 0 ° F ) .   S i n t e r i n g   s t e p   15 

is  needed   to  c o a l e s c e   the  T e f l o n   p a r t i c l e s ,   p r e v i o u s l y  

in  the  e m u l s i o n ,   wi th   one  a n o t h e r   s i n c e ,   o t h e r w i s e ,   t h e  

T e f l o n   p a r t i c l e s   would  be  d r i v e n   out  of  the  p o r e s   in  t h e  

s i n t e r e d   me ta l   s e a t   when  the  s e a t   is  l a t e r   s u b j e c t e d   t o  

f l u i d   p r e s s u r e .   However  d u r i n g   t h i s   second  s i n t e r i n g   s t e p  

15,  the   c o a l e s c i n g   a c t i o n   of  the  T e f l o n   p a r t i c l e s   t e n d s   t o  

cause   some  s h r i n k a g e   of  the  PTFE  in  the  p o r e s   of  t h e  

s i n t e r e d   m e t a l   s e a t ,   and  t h i s ,   t o g e t h e r   wi th   the  v o i d s  



which  were  c r e a t e d   when  the  wa t e r   or  o t h e r   l i q u i d   v e h i c l e  

was  removed  or  d r i v e n   o f f   in  s t e p   14,  makes  t h i s   s t r u c t u r e  

even  more  p o r o u s   f o l l o w i n g   c o m p l e t i o n   of  s t e p   15  than   i t  

was  p r i o r   to  the  commencement  of  t h a t   s t e p .  

In  o r d e r   to  r e n d e r   the   o v e r a l l   s t r u c t u r e   n o n p o r o u s ,   t h e  

s t r u c t u r e   is  t hen   s u b j e c t e d ,   in  a  s t ep   16,  to  e x t r e m e l y  

h igh   p r e s s u r e s   which  c o l l a p s e   s u b s t a n t i a l l y   a l l   of  the   i n t e r -  

p a r t i c u l a t e   c a v i t i e s   and  v o i d s   t h r o u g h o u t   the  s e a t   onto   t h e  

e n c l o s e d   PTFE  or  o t h e r   cu r ed   po lymer   w i t h i n   the  s e a t ,   t o  

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

s e a t   to  the   e x t e n t   p o s s i b l e ,   and  to  r e n d e r   the   c o m p l e t e  

s e a t   i m p e r v i o u s   to  f l u i d   f low,   i . e . ,   to  make  the   f i n a l  

p r o d u c t   " l e a k   f r e e "   t h r o u g h o u t .   Step  16  can  be  e f f e c t e d   i n  

the   manner   shown  in  Fig  2  w h e r e i n   the   a n n u l a r ,   p o l y m e r  

i m p r e g n a t e d ,   s i n t e r e d   me ta l   s e a t   20,  p r o d u c e d   by  method  s t e p s  

10-15  d e s c r i b e d   above ,   is  p l a c e d   in  a  die   21  which  has  a  c o -  

o p e r a t i n g   p l u n g e r   22  t h a t ,   t o g e t h e r ,   d e f i n e   e x t e r i o r  

s u r f a c e s   which  c l o s e l y   conform  to  a l l   of  the   e x t e r i o r  

s u r f a c e s   of  s e a t   20,  w h e r e a f t e r   e x t r e m e l y   h igh   p r e s s u r e s ,  

in  the  o r d e r   of  40  t o n e s   per   s q u a r e   i n c h ,   a re   a p p l i e d   t o  

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

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

t h r o u g h o u t .  

The  s e a t   20,  f o l l o w i n g   c o m p l e t i o n   of  s t ep   16,  is  o f  

s i n t e r e d   m e t a l   c o n s t r u c t i o n   w h e r e i n   cu red   PTFE  (or  w h a t e v e r  

o t h e r   po lymer   h a v i n g   d e s i r e d   l u b r i c i t y   is  employed)   f i l l s  

the  i n t e r p a r t i c u l a t e   s p a c e s   or  c o l l a p s e d   vo ids   of  t h e  

s i n t e r e d   me ta l   m a t r i x   t h r o u g h o u t   the  body  of  the  s e a t .   The 



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

c o n s t r u c t e d   in  a c c o r d a n c e   wi th   the  p r e s e n t   i n v e n t i o n   h a v e  

been  found  to  ho ld   b u b b l e   t i g h t   on  h e l i u m ,   which  is  a  m o s t  

s t r i n g e n t   l e a k a g e   t e s t .   Those  i n c r e m e n t a l   p o r t i o n s   of  t h e  

p o l y m e r   m a t e r i a l   which  are  a d j a c e n t   the  s u r f a c e   of  the  s e a t  

a c t   as  a  l u b r i c a n t   at  s a i d   s u r f a c e .   M o r e o v e r ,   s i n c e   a l l  

i n t e r p a r t i c u l a t e   v o i d s   have  been  c o l l a p s e d   by  s t e p   16,  when  

the   s e a t   is  used  in  an  a p p l i c a t i o n   where  the  t e m p e r a t u r e   i s  

h i g h e r   than   room  t e m p e r a t u r e ,   the  cu r ed   po lymer   w i t h i n   t h e  

s e a t   expands   but   has  no  p l a c e   to  go;  and  the  r e s u l t a n t  

e x p a n s i o n   is  t h e r e f o r e   m a n i f e s t e d   as  an  i n c r e a s e   in  t h e  

i n t e r n a l   p r e s s u r e   of  the  s e a t   t h r o u g h   the  m a t r i x   o f  

s i n t e r e d   me ta l   m a t e r i a l ,   which  e x p e r i e n c e s   a  m i g r a t i o n   o f  

the  cu red   po lymer   toward   the  s u r f a c e   of  the  s e a t   and  c a u s e s  

some  e x t r u s i o n   of  the  p o l y e r   from  the  s e a t   s u r f a c e   t o  

i n c r e a s e   the  l u b r i c i t y   of  the   s e a t   at  the  s e a t / b a l l   i n t e r -  

f a c e .  

F o l l o w i n g   s t e p   16,  the  s e a t   may,  in  a  s t e p   17,  be  d i p p e d  

in  a  PTFE  e m u l s i o n   which  is  much  more  v i s c o u s   in  c o n s i s t e n c y  
e1 

tha  the  e m u l s i o n   in  s t e p s   12  and  13,  to  c o a t   the   s e a t   w i t h  

a  l a y e r   of  T e f l o n   or  o t h e r   po lymer   h a v i n g   d e s i r e d   l u b r i c i t y ,  

w h e r e a f t e r   the   c o a t i n g   l a y e r   is  a g a i n   s i n t e r e d   and  cu red   t o  

p r o v i d e   the  s e a t   wi th   an  o u t e r   e n v e l o p e   which  g i v e s   t h e  

s e a t   a d d i t i o n a l   i n i t i a l   l u b r i c i t y .   As  i n d i c a t e d   in  F i g  

1,  howeve r ,   t h i s   f i n a l   s t ep   is  o p t i o n a l .   M o r e o v e r ,   i f  

d e s i r e d ,   the   o u t e r   po lymer   l a y e r ,   if   p r o v i d e d ,   may  b e  

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

of  s e a t   which  has  been  p r o d u c e d .  



While  I  have  thus   d e s c r i b e d   a  p r e f e r r e d   embodiment   o f  

the   p r e s e n t   i n v e n t i o n ,   many  v a r i a t i o n s   w i l l   be  a p p a r e n t   t o  

t h o s e   s k i l l e d   in  t he   a r t .   For  example ,   the   method  of  t h e  

p r e s e n t   i n v e n t i o n   can  be  used  to  f a b r i c a t e  v a l v e   s e a t s   o r  

s e a l s   of  o t h e r   k i n d s ,   such  as  stem  s e a l s   fo r   a  v a r i e t y   o f  

v a l v e   t y p e s ,   or  s e a t s   fo r   use  in  g a t e   v a l v e s .   I t   is  b e l i e v e d  

t h a t   in  some  c i r c u m s t a n c e s   i t   may  be  d e s i r a b l e   to  m a n u -  

f a c t u r e   a  v a l v e   member  such  as  the  b a l l   of  a  b a l l   type   p l u g  

v a l v e   by  the   method  a c c o r d i n g   to  the   i n v e n t i o n   and  t h e  

c l a i m s   a re   to  be  c o n s t r u e d   to  c o v e r   such  a  v a l v e   member .  

I t   must  t h e r e f o r e   be  u n d e r s t o o d   t h a t   the   f o r e g o i n g  

d e s c r i p t i o n   is  i n t e n d e d   to  be  i l l u s t r a t i v e   on ly   and  n o t  

l i m i t a t i v e   of  the   p r e s e n t   i n v e n t i o n   and  a l l   such  v a r i a t i o n s  

and  m o d i f i c a t i o n s   as  are   in  a c c o r d   wi th   the  p r i n c i p l e s  

d e s c r i b e d   a re   meant   to  f a l l   w i t h i n   the   scope  of  t h e  

a p p e n d e d   c l a i m s .  



1  A  v a l v e   member  or  s e a t   or  s e a l   c o m p r i s i n g   a  body  o f  

s i n t e r e d   p a r t i c u l a t e   me ta l   i m p r e g n a t e d   wi th   a  cu red   p o l y m e r i c  

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

w i t h i n   s a i d   body  are  c o m p l e t e l y   f i l l e d   wi th   s a i d   c u r e d  

p o l y m e r i c   m a t e r i a l .  

2  A  v a l v e   member  or  s e a t   or  s e a l   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   s a i d   v a l v e   member  c o m p r i s e s   an  a n n u l a r  

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

m a t e r i a l   which  f i l l s   the   i n t e r p a r t i c u l a t e   s p a c e s   w i t h i n   s a i d  

body  has  l u b r i c i t y   whereby   s a i d   p o l y m e r i c   m a t e r i a l   r e n d e r s  

s a i d   body  n o n p o r o u s   t h r o u g h o u t   the  i n t e r i o r   of  s a i d   b o d y  

whereby   i n c r e a s e s   in  the  t e m p e r a t u r e   of  s a i d   body  w h i c h  r e s u l t  

in  e x p a n s i o n   of  the  p o l y m e r i c   m a t e r i a l   w i t h i n   s a i d   b o d y  

e f f e c t   a  m i g r a t i o n   of  p o r t i o n s   of  s a i d   cu red   p o l y m e r i c   m a t e r -  

i a l   from  the  i n t e r i o r   of  s a id   body  to  the  e x t e r i o r   s u r f a c e s  

of  s a id   body  to  l u b r i c a t e   s a i d   e x t e r i o r   s u r f a c e s .  

3  A  v a l v e   member  or  s e a t   or  s e a l   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   the  e x t e r i o r   s u r f a c e   p o r t i o n s   o f  

s a i d   body  have  s u b s t a n t i a l l y   the  same  d e n s i t y   as  the  i n t e r -  

i o r   of  s a i d   b o d y .  

4  A  v a l v e   member  or  s e a t   or  s e a l   a c c o r d i n g   to  a n y  o n e  

of  c l a i m s   1  to  3  c h a r a c t e r i s e d   in  t h a t   s a i d   p o l y m e r i c   m a t -  

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



5  A  v a l v e   member  a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1 

to  4  c h a r a c t e r i s e d   in  t h a t   the   e x t e r i o r   of  s a i d   body  i s  

c o m p l e t e l y   c o v e r e d   by  a  l a y e r   of  cu r ed   p o l y m e r i c   m a t e r i a l .  

6  A  v a l v e   member  a c c o r d i n g   to  c l a i m   5  c h a r a c t e r i s e d  

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

p o l y t e t r a f l u o r o e t h y l e n e .  

7  A  method  of  making  a  v a l v e   member  or  s e a t   or  s e a l ,  

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

i m p r e g n a t e d   w i th   an  u n c u r e d   p o l y m e r i c   m a t e r i a l   which  is  t h e n  

c u r e d   to  p a r t i a l l y   f i l l   the   i n t e r p a r t i c u l a t e   s p a c e s   in  s a i d  

body  w i th   c u r e d   p o l y m e r i c   m a t e r i a l ,   c h a r a c t e r i s e d   by  t h e  

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

s a i d   c u r i n g   s t e p ,   s a i d   p r e s s u r e   be ing   s u f f i c i e n t   in  m a g n i t u d e  

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

m e t a l   body  r e m a i n i n g   in  s a i d   body  f o l l o w i n g   s a i d   i m p r e g n a t i o n  

and  c u r i n g   s t e p s ,   t h e r e b y   to  cause   the  cu r ed   p o l y m e r i c  

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

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

and  to  r e n d e r   s a i d   body  n o n p o r o u s   t h r o u g h o u t ,   s a i d   p r e s s u r e  

b e i n g   so  a p p l i e d   to  s a i d   body  as  to  p r o d u c e   s u b s t a n t i a l l y  

u n i f o r m   d e n s i t y   t h r o u g h o u t   s a i d   body  and  at  the  e x t e r i o r  

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

ing  s t e p s .  

8  A  method  a c c o r d i n g   to  c l a i m   7  c h a r a c t e r i s e d   in  t h a t  

s a i d   s i n t e r e d   me ta l   body  is  f a b r i c a t e d   in  a n n u l a r   form  f o r  



use  as  a  v a l v e   s e a t   or  s e a l   p r i o r   to  i m p r e g n a t i o n   of  s a i d  

body  wi th   s a i d   p o l y m e r i c   m a t e r i a l ,   s a i d   c u r i n g   and  p r e s s u r e -  

a p p l y i n g   s t e p s   be ing   e f f e c t i v e   to  m a i n t a i n   s a id   a n n u l a r   f o r m .  

9  A  method  a c c o r d i n g   to  c l a i m   7  or  c l a im   8  c h a r a c t e r -  

i s e d   in  t h a t   s a i d   p o l y m e r i c   m a t e r i a l   c o m p r i s e s   p o l y t e t r a f l u o r -  

o e t h y l e n e .  
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