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@  Friction  materials  and  their  uses. 

The  invention  concerns  a  composition  for  a  friction  mat- 
erial,  e.g.  for  a  brake  lining  or  clutch  facing,  of the type contain- 
ing  a  fibrous  reinforcement,  a  binder  and  various  additives. 

The  friction  material  contains  no  asbestos,  but  has  prop- 
erties  comparable  with  asbestos-based  materials.  The  com- 
position  contains  a  thermoset  binder,  which  may  be  based  on 
a  phenol-formaldehyde  resin,  or  a  heat  and  chemical  resistant 
rubber,  the  binder  making  up  15  to  40%  by  volume  of  the 
material.  The  fibrous  reinforcement  is  a  mixture  of  an  inor- 
ganic  fibre  selected  from  metal  fibres,  e.g.  steel  glass  f i b r e ,  
mineral  wools  manufactured  from  slags  or  naturally  occuring 
rocks  such  as  basalt,  silica  fibres  and  ceramic  fibres  of  the 
alumino  silicate  type;  with at  least  one  organic  fibrous  mater- 
ial such  as  wood  pulp,  jute,  sisal,  cotton. 

70  to 4 %  by  volume  of the  material  consists  of  the  fibrous 
reinforcement,  preferably 50 to  10% by volume. The  inorganic 

fibrous  material  is  the  main reinforcement  of  the  friction  mat- 
erial, the  organic  fibrous  material  providing  integrity  and 

strength  during  manufacture. 
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T h i s   i n v e n t i o n   r e l a t e s   t o   f r i c t i o n   m a t e r i a l s ,   a n d  

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

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

u s e s .  

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

g e n e r a l l y   a s b e s t o s ,   and  v a r i o u s   f i l l e r s   and  o t h e r  

a d d i t i v e s .   P r o p o s a l s   h a v e   b e e n   made  r e g a r d i n g   t h e  

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

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

t e m p e r a t u r e s   and   p r e s s u r e s   w h i c h   t h e   m a t e r i a l s  

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

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

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

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

and   o t h e r   f i l l e r s   and  a d d i t i v e s ,   t h e   t h e r m o s e t   b i n d e r  

m a k i n g - u p   15  t o   40  p e r   c e n t   by  v o l u m e   of   t h e   m a t e r i a l ,  

and   t h e   f i b r o u s   r e i n f o r c e m e n t   m a k i n g   up  70  t o   4  

p e r   c e n t   by  v o l u m e   of   t h e   m a t e r i a l   t h e   f i b r o u s   r e i n f o r c e m e n t  

c o m p r i s i n g   a  m i x t u r e   of   a t   l e a s t   one   i n o r g a n i c   f i b r o u s  

m a t e r i a l   s e l e c t e d   f r o m   m e t a l   f i b r e s ;   g l a s s   f i b r e ;  

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

o c c u r r i n g   r o c k s   s u c h   as  b a s a l t ;  s i l i c a  f i b r e s   a n d  

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

a t   l e a s t   one   o r g a n i c   f i b r o u s   m a t e r i a l .  



P r e f e r a b l y   t h e   f i b r o u s   r e i n f o r c e m e n t   c o n s t i t u t e s  

10  t o   50  p e r   c e n t   by  v o l u m e   of   t h e   f r i c t i o n   m a t e r i a l .  

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

i s   in   t h e   r a n g e   3  t o   40  p e r   c e n t   by  v o l u m e   of   t h e  

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

m a t e r i a l   i s   in   t h e   r a n g e   3  t o   18  p e r   c e n t   by  v o l u m e  

of   t h e   m a t e r i a l .  

In  g e n e r a l   when  t h e   i n o r g a n i c   f i b r o u s   m a t e r i a l   i s  

in   t h e   f o r m   of   m e t a l   f i b r e s   s u c h   as   s t e e l   f i b r e  

i t s   a m o u n t   w i l l   p r e f e r a b l y   be  i n   t h e   l o w e r  e n d   o f  

t h e   p r e f e r r e d   r a n g e   e . g .   3  t o   15  p e r   c e n t   by  v o l u m e ,  

w h i l s t   when  t h e   i n o r g a n i c   f i b r o u s   m a t e r i a l   i s   i n  

t h e   f o r m   of   g l a s s   f i b r e   i t s   a m o u n t   w i l l   p r e f e r a b l y  

be  i n   t h e   h i g h e r   p a r t   of   t h e   p r e f e r r e d   r a n g e   e . g .  
9  t o   40  p e r   c e n t   by  v o l u m e .  

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

of   f i b r e   and   may  c o m p r i s e   c e l l u l o s e   f i b r e s   f r o m  

s o u r c e s   s u c h   as  wood  p u l p ,   j u t e ,   s i s a l ,   o r   c o t t o n  

l i n t e r s .   A  f u n c t i o n   of   t h e   o r g a n i c   f i b r o u s   m a t e r i a l  

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

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

be  o p e n e d   f i b r e ,   when   n a t u r a l   p r o d u c t s   a r e   u s e d .  

T h u s   wood  p u l p   i s   a  s u i t a b l e   o r g a n i c   f i b r o u s   m a t e r i a l  

w h i l s t   wood  f l o u r   i s   n o t   s i n c e   t h e   f i b r e s   of   t h e  

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

o n l y   as   a  f i l l e r .  

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

of   s h o r t   l e n g t h s   of   f i b r e   and   i s   t h e   m a i n   r e i n f o r c e m e n t  

of   t h e   f r i c t i o n   m a t e r i a l .   Where   m i n e r a l   w o o l   i s  

b e i n g   u s e d   as   t h e   i n o r g a n i c   r e i n f o r c e m e n t   i t   i s  

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

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

t o   as   s h o t .   W h e r e   i t   i s   d e s i r e d   t o   u s e   l a r g e   q u a n t i t i e s  



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

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

s t r a n d   g l a s s   i . e .   g l a s s   in   t h e   f o rm  of   c o n t i n u o u s  

b u n d l e s   of   f i n e   g l a s s   f i l a m e n t s ,   b o u n d   t o g e t h e r  
w i t h   c o a t i n g s   of   s i z e s   c o m m o n l y   u s e d   by  t h e   g l a s s  
f i b r e   i n d u s t r y ,   t h e n   c h o p p e d   i n t o   s h o r t   s t r a n d s  

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

The  p r e f e r r e d   c h o p p e d   s t r a n d   l e n g t h   i s   3  to   13mm. 

H o w e v e r ,   s h o r t e r   f i b r e s   may  be  u s e d   i f   d e s i r e d .  

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

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

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

b o n d   b e t w e e n   t h e   g l a s s   and   t h e   t h e r m o s e t   b i n d e r .  

The  p r e f e r r e d   m e t a l   f i b r e   i s   s t e e l   f i b r e ,   w h i c h  

may  be  m i l d   s t e e l   and   i s   p r e f e r a b l y   in   t h e   f o r m  

of   s h o r t   l e n g t h s   of   f i n e   s t e e l   f i b r e   e . g .   d i a m e t e r  

o f   t h e   o r d e r   of   0 . 1 2 5 m m   and   l e n g t h   i n   t h e   r a n g e  
1  t o   5  mm. 

In  t h e   f r i c t i o n   m a t e r i a l   t h e   b i n d e r  i s   p r e f e r a b l y  

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

s u c h   as   a  p h e n o l - f o r m a l d e h y d e   r e s i n ,   or   a  h e a t   a n d  

c h e m i c a l   r e s i s t a n t   n a t u r a l   or   s y n t h e t i c   r u b b e r   s u c h  

as  n i t r i l e   r u b b e r .  

P r e f e r a b l y   t h e   b i n d e r   c o m p r i s e s   a  p h e n o l - f o r m a l d e h y d e  

r e s i n ,   and   more   p r e f e r a b l y   a  m i x t u r e   of   s u c h   a  

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

s u c h   as  n i t r i l e   r u b b e r .  

The  o t h e r   f i l l e r s   and  a d d i t i v e s   in   t h e   f r i c t i o n  

m a t e r i a l   may  be  t a k e n   f r o m   a  n u m b e r   o f   c l a s s e s   o f  

s u c h   m a t e r i a l s ,   and  t h e   n a t u r e   and   a m o u n t   of  e a c h  

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

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

f i l l e r s   s u c h   as   b a r y t e s ,   w h i t i n g ,   r o t t e n s t o n e ;   r e i n f o r c i n g  



f i l l e r s   s u c h   as   m i c a ;   f r i c t i o n   and  w e a r   m o d i f i e r s  

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

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

c o p p e r ,   z i n c ,   b r a s s   or   a l u m i n i u m   i n   t h e   f o r m   o f  

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

as  d e s i r e d .   F r i c t i o n   d u s t s   o r   p a r t i c l e s   c o m p o s e d  

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

may  a l s o   be  a d d e d .  

The  c o m p o s i t i o n s   of   t h e   p r e s e n t   i n v e n t i o n   w h i c h  

h a v e   t o t a l   f i b r e   c o n t e n t s   b e l o w   a b o u t   40%  by  v o l u m e  

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

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

( a )   i n t i m a t e l y   m i x i n g   a l l   t h e   i n g r e d i e n t s   of   t h e  

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

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

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

t h e   same  p u r p o s e  

(b )   f o r m i n g   t h e   c o m p o s i t i o n   i n t o   a  s h e e t  

( c )   s h a p i n g   t h e   s h e e t   w h e r e   n e c e s s a r y   ( a s   in   t h e  

m a n u f a c t u r e   o f   c u r , v e d   l i n i n g s   f o r   d rum  b r a k e s )  

a n d  

(d )   c u r i n g   t h e   m a t e r i a l .  

In  t h i s   p r o c e s s   t h e   s h e e t   i s   r e q u i r e d   t o   h a v e   a d e q u a t e  

s t r e n g t h   b e f o r e   c u r i n g   and   we  h a v e   f o u n d   t h a t   t h e  

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

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

s u i t e d   t o   t h e   p r o d u c t i o n   of   b r a k e   l i n i n g s .  

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

w h i c h   h a v e   a  t o t a l   f i b r e   c o n t e n t   a b o v e   a b o u t   30% 

by  v o l u m e   t h e   f r i c t i o n   m a t e r i a l   of   t h i s   i n v e n t i o n  

i s   s u i t a b l e   f o r   m a n u f a c t u r e   by  a  s l u r r y   t e c h n i q u e  

in   w h i c h   t h e   f i b r e s ,   b i n d e r   and   o t h e r   i n g r e d i e n t s  



a r e   d i s p e r s e d   in   w a t e r   by  m e a n s   of   a  b e a t e r   to   f o r m  

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

d e p o s i t i o n   on  a  w i r e   s c r e e n   or   f e l t   and   t h e   w a t e r  

s u c k e d   o u t .   The  s h e e t   i s   t h e n   d r i e d ,   c u t   i n t o   d e s i r e d  

s h a p e s   and   c u r e d   by  a p p l i c a t i o n   of  h e a t   and  p r e s s u r e .  
T h i s   t e c h n i q u e   i s   p a r t i c u l a r l y   s u i t e d   t o   t h e   m a n u f a c t u r e  

of   c l u t c h   f a c i n g s .  

The  i n v e n t i o n   w i l l   now  be  i l l u s t r a t e d   in   t h e   f o l l o w i n g  

E x a m p l e s .  

E x a m p l e s   1  t o   3 

A n n u l a r   c l u t c h   f a c i n g s   of   o u t s i d e   d i a m e t e r   1 5 2 . 4 m m  

and   i n s i d e   d i a m e t e r   127mm  w e r e   m a n u f a c t u r e d   by  t h e  

s l u r r y   t e c h n i q u e   m e n t i o n e d   a b o v e   f r o m   f r i c t i o n   m a t e r i a l s  

h a v i n g   t h e   f o r m u l a t i o n s   g i v e n   i n   T a b l e   I  b e l o w ,  

a l l   q u a n t i t i e s   b e i n g   g i v e n   as   p a r t s   by  v o l u m e .  



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

c a s t   i r o n   c o u n t e r f a c e   on  a  s m a l l   s c a l e   f r i c t i o n  

and   w e a r   t e s t i n g   m a c h i n e ,   s h o w e d   l o w e r   w e a r   r a t e s  

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

m a t e r i a l s   c o n t a i n i n g   a s b e s t o s .  

The  c o e f f i c i e n t s   of   f r i c t i o n   d e t e r m i n e d   w e r e   i n  

t h e   r a n g e   0 . 3   t o   0 . 4   in   a  203 .2mm  x  1 4 6 . 0 5 m m   c o i l  

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

p l a t e .  

E x a m p l e  4  

An  a n n u l a r   c l u t c h   f a c i n g ,   2 0 3 . 2 m m   o u t s i d e   d i a m e t e r ,  

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

a b o v e   f r o m   t h e   f o r m u l a t i o n   g i v e n   i n   T a b l e   I I   b e l o w .  

The  c l u t c h   f a c i n g s   so  p r o d u c e d   had   a  b u r s t   s t r e n g t h  

of   1 1 , 0 0 0   t c   1 1 , 5 0 0 r p m   a t   a m b i e n t   t e m p e r a t u r e   a n d  

6 , 7 5 0   t o   8 , 0 0 0 r p m   a t   2 0 0 ° C ,   ( B u r s t   s t r e n g t h   i s   m e a s u r e d  

by  r o t a t i n g   t h e   c l u t c h   f a c i n g   a b o u t   i t s   a x i s   a t  

i n c r e a s i n g   rpm  u n t i l   i t   b r e a k s   t h r o u g h   c e n t r i f u g a l  

f o r c e ) ,   and   a  c r o s s   b r e a k i n g   s t r e n g t h   of   7 5 , 8 4 2  



t o   8 2 , 7 3 7 K N / m 2   ( c r o s s   b r e a k i n g   s t r e n g t h   i s   m e a s u r e d  

by  p l a c i n g   a  s a m p l e   of  t h e   f a c i n g   on  two  s u p p o r t s  
25 .4mm  a p a r t ,   and   t h e n   m e a s u r i n g   t h e   l o a d   r e q u i r e d  

m i d w a y   b e t w e e n   t h e   s u p p o r t s   t o   b r e a k   t h e   f a c i n g ) .  

E x a m p l e   5  

An  a n n u l a r   c l u t c h   f a c i n g   152 .4mm  o u t s i d e   d i a m e t e r  

was  m a n u f a c t u r e d   by  t h e   s l u r r y   t e c h n i q u e   f rom  t h e  

f o r m u l a t i o n   g i v e n   in   T a b l e   I I I .  

The  f a c i n g s   so  p r o d u c e d   had   a  b u r s t   s t r e n g t h   o f  

1 0 , 0 0 0   to   1 2 , 5 0 0 r p m   a t   a m b i e n t   t e m p e r a t u r e ,   a n d  

7 , 0 0 0   t o   7 , 5 0 0 r p m   a t   2 0 0 ° C .  

E x a m p l e   6 

An  a n n u l a r   c l u t c h   f a c i n g   of   203 .2mm  o u t s i d e   d i a m e t e r  

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

f o r m u l a t i o n   g i v e n   i n   T a b l e   I V .  



The  f a c i n g s   so  p r o d u c e d   h a d   a  b u r s t   s t r e n g t h   o f  

1 1 , 0 0 0   t o   1 1 , 5 0 0 r p m   a t   a m b i e n t   t e m p e r a t u r e   and   9 , 2 5 0  

t o   9 , 7 5 0 r p m   a t   2 0 0 ° C ,   and   a  c r o s s   b r e a k i n g   s t r e n g t h  

of   8 2 , 7 3 7 K N / m 2 .  

The  p r e v i o u s   E x a m p l e s   a l l   i l l u s t r a t e   t h e   u s e   o f  

t h e   f r i c t i o n   m a t e r i a l s   of   t h i s   i n v e n t i o n   i n   c l u t c h  

f a c i n g s .   The   f o l l o w i n g   e x a m p l e s   i l l u s t r a t e   t h e  

u s e   of   t h e   m a t e r i a l s   i n   b r a k e   l i n i n g s .  

E x a m p l e s   7  t o   1 6  

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

g i v e n   b e l o w   in   T a b l e s   V,  and   VI  r o l l e d   o u t   i n t o  

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

b r a k e   l i n i n g s ,   c u r e d   a n d   made  i n t o   s a m p l e   b r a k e  

l i n i n g s .   The  c u r i n g   was   c a r r i e d   o u t   i n   an  o v e n  

a t   2380C  f o r   a  p e r i o d   o f   90  m i n u t e s .  

In  e a c h   c a s e   t h e   f r i c t i o n   and   w e a r   p r o p e r t i e s   o f  

t h e   m a t e r i a l   as   d e t e r m i n e d   on  a  254mm  x  6 9 . 8 5 m m  

h y d r a u l i c   2  l e a d i n g   s h o e   b r a k e   r i g   m o u n t e d   on  a  

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

a s b e s t o s   c o n t a i n i n g   b r a k e - l i n i n g s .  



In  t h e   t a b l e s   b e l o w   a l l   q u a n t i t i e s   a r e   g i v e n   a s  

p a r t s   by  v o l u m e .  





1.  A  f r i c t i o n   m a t e r i a l   c o m p r i s i n g   a  t h e r m o s e t   b i n d e r ,  

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

w h e r e i n   t h e   t h e r m o s e t   b i n d e r   m a k e s   up  15  to   40% 

by  v o l u m e   of   t h e   m a t e r i a l   and   t h e   f i b r o u s   r e i n f o r c e m e n t  

m a k e s   up  70  t o   4%  by  v o l u m e   of   t h e   m a t e r i a l ,   t h e  

f i b r o u s   r e i n f o r c e m e n t   c o m p r i s i n g   a  m i x t u r e   of   a t  

l e a s t   one   i n o r g a n i c   f i b r o u s   m a t e r i a l   s e l e c t e d   f r o m  

m e t a l   f i b r e s ,   g l a s s   f i b r e ,   m i n e r a l   w o o l s   m a n u f a c t u r e d  

f r o m   s l a g s   o r   n a t u r a l l y   o c c u r r i n g   r o c k s ,   s i l i c a  

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

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

2.  A  f r i c t i o n   m a t e r i a l   a c c o r d i n g   t o   C l a i m - 1   in   w h i c h  

t h e  f i b r o u s   r e i n f o r c e m e n t   c o n s t i t u t e s . 1 0   t o   50% 

by  v o l u m e   of   t h e   f r i c t i o n   m a t e r i a l .  

3.   A  f r i c t i o n   m a t e r i a l   a c c o r d i n g   to   C l a i m   1  o r   2  i n  

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

i n   t h e   r a n g e   3  t o   40%  by  v o l u m e   o f   t h e   m a t e r i a l .  

4.  A  f r i c t i o n   m a t e r i a l   a c c o r d i n g   t o   C l a i m   1,  2  o r  

3  i n   w h i c h   t h e   a m o u n t   of   o r g a n i c   f i b r o u s   m a t e r i a l  

i s   i n   t h e   r a n g e   3  t o   18%  by  v o l u m e   of   t h e   m a t e r i a l .  

5.  A  f r i c t i o n   m a t e r i a l   a c c o r d i n g   t o   any  one   of   t h e  

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

m a t e r i a l   i s   s t e e l   f i b r e s   and   i t s   a m o u n t   i s   i n   t h e  

r a n g e   3  to   15%  by  v o l u m e   of   t h e   m a t e r i a l .  

6.   A  f r i c t i o n   m a t e r i a l   a c c o r d i n g   t o   any  one   of   C l a i m s  

1  t o   4  i n   w h i c h   t h e   i n o r g a n i c   f i b r o u s   m a t e r i a l   i s  

i n   t h e   f o r m   of  g l a s s   f i b r e   and  i t s   a m o u n t   i s   i n  

t h e   r a n g e   9  t o   40%  by  v o l u m e   of   t h e   m a t e r i a l .  

7.  A  f r i c t i o n   m a t e r i a l   a c c o r d i n g   t o   any   one   of   t h e  

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

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

f i b r e .  



8.  A  f r i c t i o n   m a t e r i a l   a c c o r d i n g   t o   C l a i m  7   i n   w h i c h  

t h e   f i b r e   c o m p r i s e s   wood  p u l p ,   j u t e ,   s i s a l   o r  

c o t t o n .  

9.  A  f r i c t i o n   m a t e r i a l   a c c o r d i n g   t o   any   one   o f   t h e  

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

a  p h e n o l - f o r m a l d e h y d e   r e s i n .  

10 .   A  f r i c t i o n   m a t e r i a l   a c c o r d i n g   t o   any   one   o f   t h e  

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

a  h e a t   and   c h e m i c a l   r e s i s t a n t   r u b b e r .  

11 .   A  f r i c t i o n   m a t e r i a l   a c c o r d i n g   t o   C l a i m   10  i n  

w h i c h   s a i d   r u b b e r   i s   n i t r i l e   r u b b e r .  

12 .   A  f r i c t i o n   m a t e r i a l   a c c o r d i n g   t o   any   one   o f   t h e  

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

i n o r g a n i c   p a r t i c u l a t e   f i l l e r .  

13.   A  f r i c t i o n   m a t e r i a l   a c c o r d i n g   t o   any  one   of   t h e  

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

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

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

z i n c ,   b r a s s   and   a l u m i n i u m .  

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

as   c l a i m e d   i n   any   one   of   t h e   p r e c e d i n g   c l a i m s .  

15.   A  b r a k e   l i n i n g   c o m p r i s i n g   a  f r i c t i o n   m a t e r i a l  

as   c l a i m e d   in   any   one   o f   t h e   p r e c e d i n g   c l a i m s .  
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