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(g)  Abrasive  articles. 

An  abrasive  article  comprising  abrasive  grains,  a 
porous  support  material  and  a  resin  bond  including  a 
coupling  agent  for  coating  said  abrasive  grains  and  said 
support  material,  said  resin  bond  being  adhered  to  the 
grains  and  support  material  with  the  aid  of said  coupling 
agent,  the  coupling  agent  being  compatible  with  the  resin 
bond,  said  resin  bond  yielding  little  or  no  volatiles  during  its 
curing  so  as  to  effect  the  bonding  and  being  cured  under 
conditions  to  limit  production  of  volatiles  so  as  to  maintain 
the  amount  of  interchannel  porosity  to  less  than  14%  of  the 
total  volume  of  the  abrasive  article,  the  porosity  of  the 
article  being  essentially  determined  by  said  support 
material,  whereby  the  article  has  dimensional  stability 
during  cure  and  superior  resistance  to  impregnation  with 
water  after  being  cured.  The  support  material  may  include 
hollow  bodies,  such  as  microbubbles  of  glass  or  alumina  or 
the  like,  and  the  support  material  is  used  in  an  amount  that 
is  carefully  controlled  to  produce  the  desired  porosity  in  the 
abrasive  article.  A  wide  range  of  controlled  porosity  levels 
in  the  respective  grinding  wheels  produced  may  be 
accomplished  resulting  in  the  production  of  wheels  having 
superior  wet  strength  and  dimensional  stability. 



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

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

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

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

to  p r o d u c e   t h e   d e s i r e d   d e g r e e   of   n o n - i n t e r c o n n e c t i n g   p o r o s i t y  

in   t h e   r e s u l t i n g   a r t i c l e .  

V a r i o u s   s p h e r i c a l   a n d / o r   h o l l o w   t y p e s   of   f i l l e r s  

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

U . S .   2 , 8 0 6 , 7 7 2   s u g g e s t s   t h e   u se   o f   b a l l o o n s   of   c l a y ;   U . S .  

3 , 3 2 9 , 4 8 8   and   U .S .   3 , 4 7 6 , 5 3 7   s u g g e s t   t h e   u se   of   o l i v i n e ,  . a  

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

in   U.S .   3 , 5 0 2 , 4 5 3 .   S p a c e r   m a t e r i a l ,   i n c l u d i n g   g l a s s   b e a d s  

in  a  p o r o u s   r e s i n   b o n d ,   i s   d i s c l o s e d   by  U .S .   3 , 8 6 4 , 1 0 1   a n d  

a  b e a d   w h i c h   can   m e l t   o r   s h r i v e l   up  i s   t a u g h t   in   U . S .  

3 , 9 2 5 , 0 3 4 .   P o r e   and   h a r d   f o rm  g r a n u l e s   a r e   u t i l i z e d   i n  

U.S .   4 , 2 2 6 , 6 0 2 .  

None  of  t h e   a b o v e   p a t e n t s   r e c o g n i z e s   t h e  

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

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

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

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

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

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

U .S .   3 , 0 4 1 , 1 5 6   t e a c h e s   t h e   u se   of   h y d r o l y z e d   s i l a n e  

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

in  a  g r i n d i n g   w h e e l   o r   t h e   l i k e ,   b u t   no  a d d i t i o n a l   p o r e   f o r m -  

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

In  U .S .   3 , 6 6 1 , 5 4 4   a b r a s i v e   g r a i n s   and  f r i a b l e  

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



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

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

c u r e d   to  a  B  s t a g e .   The  p r e - m i x   of   c o a t e d   p a r t i c l e s ,   g r a i n ,  

and  b o n d   can  be  s t o r e d   in   t h i s   c o n d i t i o n .   L a t e r   t h e   p r e - m i x  

may  be  c o m p r e s s e d   in   a  m o l d   and   h e a t e d   to  a  t h e r m o s e t t i n g  

t e m p e r a t u r e   r a n g e   to  c u r e   t h e   r e s i n   to  a  C  s t a g e .  

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

an  a b r a s i v e   g r a i n   and   a  p o r e   f o r m i n g   i n g r e d i e n t   s u i t a b l e   f o r  

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

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

r e c o g n i z e d   in   t h e   a b r a s i v e   a r t .   H o w e v e r ,   t h e   d i s p a r i t y   i n  

p r o p e r t i e s   h e r e t o f o r e   s o u g h t   in   many  of   t h e   r e s p e c t i v e   p r o -  
d u c t s   h a s   made  i t   i m p o s s i b l e   to  u t i l i z e   one   c o m p o s i t i o n   f o r  

an  e x t e n s i v e   r a n g e   o f   a b r a s i v e   c o n t e n t .   Fo r   e x a m p l e ,   a  

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

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

low  a b r a s i o n   c o n t e n t   m e r e l y   by  a l l o w i n g   f o r   a  g r e a t e r   p o r o s i t y  

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

d u r i n g   t h e   c u r i n g   s t e p .  

When  an  a t t e m p t   i s   made  to  use   a  low  a b r a s i v e  

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

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

s w e l l i n g   u p o n  c u r i n g   of   t h e   b o n d   i s   l i k e l y   to  r e s u l t   w i t h  

c o n c o m i t a n t   l o s s   of   v o l u m e   and   s t r u c t u r e   c o n t r o l .  

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

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

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

p o r o s i t y   and   one   t h a t   h a s   an  i m p r o v e d   we t   s t r e n g t h   f o r   w e t  

g r i n d i n g   o p e r a t i o n s .  

Many  p r o d u c t s   s u i t a b l e   f o r   dry   g r i n d i n g   o p e r a t i o n s  

d e t e r i o r a t e   when  c o o l e d   by  w a t e r .   On  t h e   o t h e r   h a n d ,   i f   t h e  

g r i n d i n g   p r o d u c t   i s   so  d e n s e   and  l a c k i n g   p o r o s i t y   so  as  t o  

p r e v e n t   w a t e r   p e n e t r a t i o n ,   i t   i s   a l s o   l i k e l y   to  be  t o o   h a r d  

a c t i n g   and   u n s u i t a b l e   f o r   some  w e t   g r i n d i n g   o p e r a t i o n s .  

P r i o r   a r t   a t t e m p t s   to  p r o d u c e   an  a b r a s i v e   m i x  

t h a t   may  be  u s e d   to  p r o d u c e   a  v a r i e t y   o f   p r o d u c t s   t h a t   m a y  
be  u s e d   i n t e r c h a n g e a b l y   f o r   p r o d u c i n g   we t   o r   dry   g r i n d i n g  



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

b o n d e d   w i t h   a  s i n g l e   s e l e c t e d   r e s i n ,   h a v e   r e l i e d   on  t h e  

i n c l u s i o n   o r   e x c l u s i o n   of  s e l e c t e d   f i l l e r s   s u c h   as  l i m e ,  

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

s i e v e s ,   e t c .   A l s o ,   h o l l o w   s p h e r e s   of   c l a y ,   t h e r m o p l a s t i c  

o r   g l a s s   b e a d s   h a v e   b e e n   e m p l o y e d .  

H o w e v e r ,  i t   h a s   n o t   h e r e t o f o r e   b e e n   r e c o g n i z e d  

t h a t   one  mix  h a v i n g   a  s t a n d a r d   c o m p o s i t i o n   c o u l d   be  u s e d   t o  

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

p r e s c r i b e d   p o r o s i t y   by  m a k i n g   u se   of   t h e   m e t h o d   and   c o m p o s i -  

t i o n   h e r e   t a u g h t .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  a b r a s i v e   m i x  

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

w i d e   v a r i e t y   of  g r a d e s   when  b o n d e d   w i t h   a  s t a n d a r d   b o n d .  

The  c o m p o s i t i o n   c o m p r i s e s   a b r a s i v e   g r a i n s ,   s u p p o r t   m a t e r i a l  

w h i c h   i s   h o l l o w ,   such  as  m i c r o b u b b l e s ,   and  r e s i n   b o n d   w h i c h  

e v o l v e s   l i t t l e   o r   no  v o l a t i l e   c o m p o n e n t s   d u r i n g   f l u x i n g   o r  

c u r e .   A  g r e a t   v a r i e t y   of   a b r a s i v e   a r t i c l e s   can   be  p r o d u c e d  

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

e x c l u s i v e l y   on  t h e   s e l e c t i o n   of   t h e   p r o p e r   s i z e   and  q u a n t i t y  

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

d e s i r e d .  

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

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

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

i s   c o m p a t i b l e   w i t h   t h e   r e s i n   b o n d   to  be  u s e d ,   i n t e r - c o n n e c t e d  

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

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

c o m p a t i b l e   and  o r   e v e n   r e a c t i v e ,   i s   c u r e d   to  be  e s s e n t i a l l y  

n o n - p o r o u s   so  t h a t ,   u n l i k e   t h e   p r i o r   a r t ,   t h e   p o r o s i t y   of   t h e  

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

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

i n t e r n a l   p o r e s   d e s i r e d .  

In  f o l l o w i n g   t h i s   i n v e n t i o n ,   i t   i s   p o s s i b l e   t o  

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

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

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



r e s i s t a n c e   to   d e t e r i o r a t i o n   by  w a t e r .   T h u s ,   g r i n d i n g   w h e e l s  

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

s u i t e d   f o r   we t   as  w e l l   as  d r y   g r i n d i n g   o p e r a t i o n s .  

G r i n d i n g   w h e e l s ,   a c c o r d i n g   to  t h e   i n v e n t i o n ,   c a n  

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

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

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

o v e n ,   w i t h   a  r e m a r k a b l e   d e g r e e   of   d i m e n s i o n a l   s t a b i l i t y .  
T h e  a b r a s i v e   g r a i n   m a t e r i a l   a d a p t e d   f o r   u se   i n  

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

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

d i a m o n d ,   and  t h e   l i k e .   The  g r i t   s i z e   may  v a r y   b e t w e e n   4  t o  

a t   l e a s t   400  g r i t .   The  p r e f e r r e d   r a n g e   i s   f r om  a b o u t   1 2  

g r i t   to  a b o u t   220  g r i t .   W h e n e v e r   t h e   t e r m s   g r i t   s i z e   o r  

mesh   s i z e   i s   u s e d ,   i t   r e f e r s   to  t h e   U .S .   S t a n d a r d   S i e v e  

S e r i e s .   For   e a s e   in  m i x i n g   and  h a n d l i n g   i t   i s   p r e f e r r e d  

to  h a v e   t h e   same  s i z e s   f o r   t h e   a b r a s i v e   g r a i n s   and  t h e  

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

g r a i n   may  v a r y   b e t w e e n   f rom  60%  to  as  l i t t l e   as  1  v o l u m e   %. 

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

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

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

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

f u s e s   and  c o a l e s c e s   o r   c u r e s   a n d / o r   c r o s s   l i n k s   w i t h   l i t t l e  

or   no  f o r m a t i o n   o f   g a s e o u s   or   v o l a t i l e   b y - p r o d u c t s .  

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

of   p o r o s i t y   i s   s e l e c t e d   to  be  c r u s h a b l e   w i t h i n   t h e   r a n g e   o f  

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

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

s u r v i v a l   d u r i n g   n o r m a l   m i x i n g   and  h a n d l i n g   p r o c e d u r e s .  

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

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

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

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

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

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



and   c r u s h a b l e .   G l a s s   b u b b l e s   a r e   p r e f e r r e d .  

The  s i z e   of   t h e   m a t e r i a l   i s   p r e f e r a b l y   t h e   s a m e  

a s ,   o r   c o a r s e r   t h a n ,   t h a t   of   t h e   a b r a s i v e   g r a i n s   w i t h   w h i c h  

i t   i s   m i x e d ,   b u t   i t   may  v a r y   in   s i z e   f r o m   45  m i c r o n s   t o  

1 / 4 "   ( 6 . 3 5   mm)  in   d i a m e t e r .   P r e f e r a b l y   t h e   s i z e   r a n g e   i s  

f rom  12  mesh  to   325  mesh   and   i d e a l l y   b e t w e e n   12  to   80  m e s h .  

For   e a s e   in   h a n d l i n g   and  v i s u a l l y   d e t e r m i n i n g   u n i f o r m i t y ,  

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

m a t e r i a l   h a v e   g e n e r a l l y   t h e   same  s i z e .  

F i n e r   h o l l o w   b e a d s   m i x e d   w i t h   t h e   a b r a s i v e   g r a i n s  

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

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

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

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

H o w e v e r ,   i f   i t   i s   a d d e d   to   t h e   mix   a f t e r   t h e   a b r a s i v e   g r a i n s ,  

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

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

The  a m o u n t   of   s u p p o r t   m e d i u m   a d d e d   can   v a r y  

g r e a t l y   and  t h e   v o l u m e   %  may  r a n g e   b e t w e e n   9 0 % , d o w n   to  1%. 

T y p i c a l   a b r a s i v e   a r t i c l e s   h a v e   25  to  50  v o l u m e  %   of   t h e  

s u p p o r t   m e d i a .  

M u l t i c e l l e d   g l a s s   b u b b l e s   a r e   a v a i l a b l e   f r o m  

P i t t s b u r g h - C o r n i n g   C o r p o r a t i o n   in  s i z e   - 2 0 / + 4 0   m e s h .   S i m i l a r  

g l a s s   b u b b l e s   a r e   a v a i l a b l e   f r o m   N o r t o n   C o m p a n y ,   g e n e r a l l y  
in  t h e   s i z e   of  t h r o u g h   20  mesh  and   on  40  mesh  b u t   t h i s  

p r o d u c t   i s   p r o d u c e d   in   a  r a n g e   down  to  an  80  mesh   s i z e .  

S i n g l e   c e l l e d   g l a s s   b u b b l e s   a r e   m a n u f a c t u r e d   by  3M  C o m p a n y  
t h a t   a r e   s m a l l e r   t h a n   a  150  mesh  s i z e .  

C o n v e n t i o n a l   c o u p l i n g   a g e n t s   known  f o r   t r e a t i n g  

a b r a s i v e   g r a i n s   and  g l a s s   a r e   c e r t a i n   s i l a n e s   and  t i t a n a t e s .  

S i l a n e   t r e a t m e n t   of   a b r a s i v e   g r a i n   i s   t a u g h t   i n  

U . S .   3 , 0 4 1 , 1 5 6   and   t h o s e   t e a c h i n g s   a r e   i n c o r p o r a t e d   h e r e i n .  

Many  s i l a n e s   a r e   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   and  a r e   a v a i l a b l e   c o m m e r c i a l l y .   Two  p r e f e r r e d  
s i l a n e s   a r e   amino   p r o p y l   t r i e t h o x y   s i l a n e   and  g l y c i d o x y p r o p y l  

t r i m e t h o x y   s i l a n e .   T h e s e   a r e   a v a i l a b l e   f r o m   U n i o n   C a r b i d e  

C o r p o r a t i o n .  



A n o t h e r   c l a s s   of   c o u p l i n g   a g e n t s   a r e   a l k y l  

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

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

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

The  a m o u n t   u s e d   s h o u l d   be  s u f f i c i e n t   to   f o r m   a t  

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

b e i n g   c o a t e d .  

The  c o u p l i n g   a g e n t   can   be  a p p l i e d   in  a  c o n v e n t i o n a l  

f o r m   or   i t   may  be  d i s s o l v e d   in   a  c o m p a t i b l e   s o l v e n t   o r  

r e a c t i v e   l i q u i d   i n g r e d i e n t   in   o r d e r   to  i n s u r e   a  more   r a p i d  

and  t h o r o u g h   d i s t r i b u t i o n   of   t h i s   a g e n t   o v e r   t h e   a b r a s i v e  

and  s u p p o r t   m a t e r i a l .   E i t h e r   l i q u i d   p h e n o l - f o r m a l d e h y d e  

r e s o l   or   e p o x y   r e s i n   may  be  u s e d   as  s u c h   a  l i q u i d   o r   c a r r i e r  

f o r   e x a m p l e .   T h i s   c o u p l i n g   a g e n t   may  a l s o   be  d i s s o l v e d  i n  

o t h e r   w e t t i n g   a g e n t s   in   t h e   p r o p o r t i o n   of   a b o u t   0 . 2 5   wt .   % 

of   t h e   s e l e c t e d   s i l a n e   b a s e d   on  t h e   q u a n t i t y   o f   l i q u i d   w e t t i n g  

a g e n t .  

A f t e r   a  t h o r o u g h   b l e n d i n g ,   f o r   e x a m p l e ,   of   25  v o l  %  

of   A - 1 8 7 ,   a  c o m m e r c i a l l y   a v a i l a b l e   s i l a n e ,   in   75  v o l  %   o f  

A r a l d i t e   6004 ,   a  l i q u i d   e p o x y   r e s i n ,   t h e   a b r a s i v e   mix  i s  

made  in  t h e   u s u a l   way  by  a d d i n g   t h e   s o l u t i o n   to  a  m i x i n g  

pan  c o n t a i n i n g   a b r a s i v e   g r a i n s   and  g l a s s   b e a d s   f o l l o w e d   b y  

t h e   a d d i t i o n   of   more   A r a l d i t e   6004  as  d e s i r e d   and  t h e n   b y  

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

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

i n c o r p o r a t i n g   in   t h e   mix  of   t h i s   i n v e n t i o n   be  a  l i q u i d   o r  

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

by  f u s i o n   and  c o a l e s c e n c e   a n d / o r   w h i c h   c u r e s   a n d / o r   c r o s s -  

l i n k s   by  a  m e c h a n i s m   w h i c h   y i e l d s   l i t t l e   or   no  g a s e o u s   o r  

v o l a t i l e   b y - p r o d u c t s .   E x a m p l e s   of   t h e   f u s i o n   t y p e   r e s i n s  

a r e   p o l y v i n y l c h l o r i d e ,   p o l y c a r b o n a t e   and  ABS  p o l y m e r .  

E x a m p l e s   o f   t h e   c r o s s - l i n k i n g   t y p e   r e s i n s   a r e   s e l e c t e d  

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

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

a g e n t   be  u s e d   w i t h  t h e   a b r a s i v e   mix ,   s u p p o r t   m a t e r i a l ,   a n d  

p o w d e r e d   b o n d ;   t h e   b o n d i n g   r e s i n   and  w e t t i n g   a g e n t   m u s t   b e  

c o m p a t i b l e   w i t h   e a c h   o t h e r .   The  r e s i n   bond   m a t e r i a l   can  b e  



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

as  5  v o l .  %   and   up  to   90  v o l u m e   %. 

C o n v e n t i o n a l   n o v o l a k s ,   w i t h   h e x a m e t h y l e n e t e t r a m i n e ,  

can  be  o p e r a b l e   in  t h i s   i n v e n t i o n .   I f   s u c h   p o w d e r s   a r e  

i n i t i a l l y   low  in  w a t e r   c o n t e n t   v e r y   l i t t l e   v o l a t i l e   m a t e r i a l  

s u c h   as  w a t e r   or  a m m o n i a   i s   g e n e r a t e d   d u r i n g   a  low  t e m p e r a t u r e  

c u r e   s u c h   as  1 6 0 ° C .   Such  m a t e r i a l s   can  be  u s e d ,   e v e n   w i t h o u t  

l i m e   as  a  s c a v e n g e r ,   w i t h   l i q u i d   e p o x y ,   l i q u i d   a n h y d r i d e ,  

f u r f u r a l ,   o r   e v e n   low  w a t e r   c o n t e n t   l i q u i d   r e s i n s   as  w e t t i n g  

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

f i x e d   w i t h   a  p a r t i a l   c u r e ,   e v e n   h i g h e r   b a k e   t e m p e r a t u r e s   c a n  

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

s w e l l i n g   as  t h e   p r o d u c t   c u r e s .  

The  e p o x y   r e s i n   s y s t e m   i s   f a v o r e d   in   h i g h e r   b o n d  

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

W e t t i n g   a g e n t s   f o r   p o w d e r e d   r e s i n s   i n   a b r a s i v e  

c o m p o s i t i o n s   a r e   w e l l   k n o w n .   W h i l e   t h e i r   use   i s   n o t   e s s e n t i a l  

in   t h e   p r a c t i c e   of   t h i s   i n v e n t i o n ,   t h e y   may  be  and   p r e f e r a b l y  

a r e   e m p l o y e d .   P r e f e r a b l y   t h e y   a r e   p r e s e n t   in  an  a m o u n t   o f  

f r o m   5  to  30  v o l u m e  %   of   t h e   t o t a l   v o l u m e   of   t h e   b o n d i n g  

r e s i n   u s e d .  

W i t h   p o w d e r e d   e p o x y   and   p h e n o x y   r e s i n s   t h e  

f o l l o w i n g   w e t t i n g   a g e n t s   a r e   s u g g e s t e d :   l i q u i d   e p o x i e s ,  

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

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

r e s o l e s ,   d i o c t y l   p h t h a l a t e ,   l i q u i d   n o v o l a k   r e s i n s .   T h e s e  

a g e n t s   w i l l   a l s o   work   f o r   t h e   PVC  p o w d e r   and  t h e   p o w d e r e d  

p h e n o l i c   n o v o l a k s   w i t h   o r   w i t h o u t   h e x a .   F u r f u r a l   i s   a l s o  

s u i t a b l e   f o r   n o v o l a k s .   Fo r   u n s a t u r a t e d   a l k y d s   ( p o l y e s t e r  

r e s i n   p o w d e r s ) ,   s t y r e n e   and  s t y r e n a t e d   r e s i n   s y r u p s   a r e  

a p p l i c a b l e   w e t t i n g   a g e n t s .  

O t h e r   c o n v e n t i o n a l l y   u s e d   a d d i t i v e s   f o r   a n  
a b r a s i v e   mix ,   such   as  a c t i v e   and   i n a c t i v e   f i l l e r s ,   may  a l s o  

be  u s e d   in   t h e   f o r m u l a t i o n   of   t h e   w h e e l s   of   t h i s   i n v e n t i o n .  

T y p i c a l   g r i n d i n g   w h e e l s   a r e   made  as  h e r e   t a u g h t  

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

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



or   s i m i l a r   t y p e   h i g h   s h e a r   m i x e r .   The  c o u p l i n g   a g e n t   m a y  
t h e n   be  a d d e d   and   t h e   b a t c h   m i x e d   u n t i l   t h e   c o u p l i n g   a g e n t  

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

p a r t i c l e s   of  t h e   s u p p o r t   m a t e r i a l .   A l t e r n a t i v e l y   t h e   c o u p l i n g  

a g e n t   may  be  d i s s o l v e d   in   a  w e t t i n g   a g e n t   and  t h e   s o l u t i o n  

can   be  a d d e d   to  t h e   b a t c h   f o r   m i x i n g   w i t h   t h e   g r a i n   a n d  

s u p p o r t   m a t e r i a l .  

S u b s e q u e n t l y   t h e   p o w d e r e d   r e s i n   b o n d   i s   a d d e d .   I f  

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

in   t h e   m i x e r   and   a f t e r   t h o r o u g h   b l e n d i n g   of   a l l   t h e   i n g r e d i -  

e n t s   t h e   c o m p o s i t i o n   i s   p r e s s e d   to  s h a p e   in   a  s u i t a b l e   m o l d .  

The  a m o u n t   of   a b r a s i v e   mix  m a t e r i a l   u s e d   in  f i l l i n g   t h e   m o l d  

i s   s u c h   t h a t   t h e   p l a n n e d   p o r o s i t y   of   t h e   p r e s s e d   s h a p e   e x -  
c l u s i v e   o f   t h e   p o r o u s   s u p p o r t   m a t e r i a l   i s   l e s s   t h a n   14%  a n d  

g e n e r a l l y   0  to  5%.  I t   i s   p r e f e r r e d   t h a t   t h e   p l a n n e d   p o r o s i t y  
f o r   some  p r o d u c t s   be  made  to   a p p r o a c h   z e r o   %,  b u t   z e r o  

p o r o s i t y   may  n o t   be  p r e f e r r e d   f o r   v e r y   h i g h   b o n d   c o n t e n t  

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

u s e   of   f i n e l y   p o w d e r e d   r e s i n   b o n d   m a t e r i a l s .   H i g h e r   p o r o s i t y  
l e v e l s   a r e   known  to   p r o d u c e   l e s s   s p r i n g   b a c k .  

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

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

p r e s s u r e   to  a c h i e v e   t h e   t a r g e t e d   0-14%  p o r o s i t y   i s   up  t o  

a b o u t   12  t o n s / i n 2   ( 1 , 7 0 0   k g / c m 2 )   and  p r e f e r a b l y   b e l o w   a b o u t  

5  t o n s / i n 2  ( 7 0 3   k g / c m 2 ) .   F o r   h o t   p r e s s i n g ,   t h e   p r e s s u r e   i s  

up  to   a b o u t   2 .5   t o n s / i n 2   ( 3 5 1 . 5   k g / c m 2 ) .  

The  h o t   p r e s s i n g  t e m p e r a t u r e s   a r e   on  t h e   o r d e r   o f  

l 6 0 - l 6 5 ° C .   and   h o t   p r e s s e d   a r t i c l e s   may  be  p o s t   b a k e d ,   a s  
i s   c o n v e n t i o n a l ,   a t   t e m p e r a t u r e s   up  to   a b o u t   2 1 0 ° C .   C o l d  

p r e s s e d   w h e e l s   can   be  c u r e d   in   t h e   u s u a l   m a n n e r   a t   a  

t e m p e r a t u r e   of  a p p r o x i m a t e l y   1 7 5 ° C .   and   a f t e r   c u r e   a r e  
t r u e d   to  t h e   d e s i r e d   s i z e   to   i n s u r e   p r o p e r   g e o m e t r y .  

The  i n v e n t i o n   i s   f u r t h e r   i l l u s t r a t e d   by  t h e  

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

by  w e i g h t   u n l e s s   o t h e r w i s e   i n d i c a t e d .   The  n o n - l i m i t i n g  

e x a m p l e s   a r e   d e s i g n e d   to  t e a c h   t h o s e   s k i l l e d   in  t h e   a r t  
how  to  p r a c t i c e   t h e   i n v e n t i o n .  



C o u p l i n g   a g e n t s   and  r e s i n   bond   p r o d u c t s   u s e d  

in   t h e   e x a m p l e s   b e l o w ,   a r e :  

A - 1 8 7 ,   a  s i l a n e   f rom  U n i o n   C a r b i d e  
( g a m m a - g l y c i d o x y   p r o p y l   t r i m e t h o x y   s i l a n e ) ;  

A r a l d i t e   6004 ,   6 0 1 0 , l i q u i d   e p o x y   r e s i n s   s o l d   b y  
C i b a - G e i g y ,   a  b i s   p h e n o l - A   e p o x y ;  

A - 1 1 0 0   and  A - 1 1 0 2   s i l a n e ,   g a m m a - a m i n o   p r o p y l  
t r i e t h o x y   s i l a n e s   s o l d   by  U n i o n   C a r b i d e ;  

E M I - 2 4 , a   2 - e t h y l - 4 - m e t h y l   i m i d a z o l e   c a t a l y s t  
s o l d   by  F i k e   C h e m i c a l   C o m p a n y ;  

3 7 - 6 2 4 ,   a  l i q u i d   a n h y d r i d e   s o l d   by  t h e  
R e i c h o l d   C h e m i c a l s ,   I n c . ;  

V a r c u m   6404 ,   and  V a r c u m   6407 ,   s o l i d   e p o x y   r e s i n s .  

E x a m p l e   1 

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

b e l o w   w e r e   u s e d   f o r   t h e   a b r a s i v e   w h e e l   m i x .  

I t e m s   A  and   Bwere  p l a c e d   in   a  v e r t i c a l   s p i n d l e  

m i x e r   to  w h i c h   I t e m   C  was  a d d e d .   The  m a t e r i a l s   w e r e   t h o r o u g h -  

ly  m i x e d   in  o r d e r   to  c o a t   t h e   p a r t i c l e s   A  and  B  w i t h   t h e  

s i l a n e   s o l u t i o n   C.  N e x t   t h e ' w e t t i n g   a g e n t   D  and  E M I - 2 4  

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

t h e   p a r t i c l e s .   F i n a l l y   I t e m   E,  t h e   e p o x y   b o n d   r e s i n ,   w a s  

a d d e d   and  m i x e d   u n t i l   t h e   m i x t u r e   a p p e a r e d   to  h a v e   a  u n i f o r m  

d i s t r i b u t i o n .   The  f i n a l   m i x t u r e   was  s c r e e n e d   t h r o u g h   a  10  

mesh   s c r e e n   to  r e m o v e   any  c o a r s e   p a r t i c l e s .   A  s e c o n d   q u a n t i t y  

of  w h e e l   mix  was  p r e p a r e d   in  t h e   same  way  and   t h e   two  m i x e d  

f o r   a  t o t a l   of  a b o u t   36  p o u n d s   (16  k g ) .   An  8 - 3 / 1 6 "   (208  mm) 

O.D.  mold   w i t h   a  1"  ( 2 5 . 4   mm)  a r b o r   was  l o a d e d   w i t h   3 . 8 7  

l b s .   ( 1 . 7 6   kg)  of  t h e   a b o v e   a b r a s i v e   m i x t u r e .   The  mix  w a s  



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

to  a  t h i c k n e s s   of   1 - 1 / 8 "   ( 2 8 . 6   mm).  T h i r t y   t o n s   of   p r e s s i n g  

p r e s s u r e   was  r e q u i r e d   on  t h e   m o l d .   S u b s e q u e n t l y   t h e   g r e e n  

w h e e l   was  s t r i p p e d   f r o m   t h e   m o l d .   The  p r o c e d u r e   was  r e p e a t e d  

to  f o r m   s e v e n   more  w h e e l s   to  g i v e   a  t o t a l   of   e i g h t   w h e e l s .  

Each  w h e e l   was  p r e p a r e d   f o r   b a k e   by  w r a p p i n g   t h e   p e r i p h e r y  

of  t h e   w h e e l   w i t h   a  s t r i p   of   p a p e r   h e l d   in   p l a c e   w i t h   a  

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

an  o v e n   b a t t   and  t h e   c e n t e r   h o l e   of   e a c h   w h e e l   was  f i l l e d  

w i t h   q u a r t z   g r a n u l e s .  

A l l   t h e   w h e e l s   w e r e   p l a c e d   in   an  e l e c t r i c a l l y  

h e a t e d   c o n v e c t i o n   o v e n .   The  o v e n   t e m p e r a t u r e   was  made  t o  

r i s e   g r a d u a l l y   t o   a  t e m p e r a t u r e   of   1 7 5 ° C .   and  t h e   w h e e l s  

w e r e   b a k e d   a t   t h i s  t e m p e r a t u r e   f o r   15  h o u r s .   Then  t h e   o v e n  

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

g r a d u a l l y .   The  f i r e d   w h e e l s   w e r e   f o u n d   to  h a v e   an  a v e r a g e  
t h i c k n e s s   of   o n l y - 1 . 2 %   t h i n n e r   t h a n   b e f o r e   t h e   b a k e ,   s h o w i n g  

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

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

T a r g e t   sp  gr   1 . 8 3  

A c t u a l   sp  gr   1 . 8 7  

The  w h e e l s   w e r e   t r u e d   and   t e s t e d   as  f o l l o w s :  

T h r e e   of   t h e   w h e e l s   w e r e   s p e e d   t e s t e d   t o  

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

a  10  day  i m m e r s i o n   in   w a t e r .  

The  a v e r a g e   d ry   b u r s t   s t r e n g t h   was  2 3 , 9 2 1   s f p m  

7 2 9 1 . 1   m / m i n .   and   t h e   a v e r a g e   we t   b u r s t   s t r e n g t h   was  2 2 , 2 1 4  

s fpm  (6770.8  m / m , i n . )  

s fpm  =  s u r f a c e   f e e t   p e r   m i n u t e .  

T h e s e   d a t a   show  t h e   r e m a r k a b l e   w e t   s t r e n g t h   r e t e n t i o n   o f   t h e  

i n v e n t i v e   w h e e l s .  

E x a m p l e   2 

Fo r   c o m p a r a t i v e   p u r p o s e s ,   t h i s   e x a m p l e   w h i c h   i s  

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

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

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

s t e p s   r e d u c e s   t h e   d e s i r e d   p r o p e r t i e s   of   t h e   w h e e l s .   T h e  



d e s i g n e d   p o r o s i t y   of   t h e s e   w h e e l s   was  30%.  

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

b e l o w   w e r e   e m p l o y e d :  

The  p r o c e d u r e   of   E x a m p l e   1  w a s   f o l l o w e d   f o r   p r e p a r a t i o n   o f  

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

w h e e l s .  

To  t h e   same  mold   as  in  E x a m p l e   1,  3 . 5 8   l b s .   ( 1 . 6 2   k g )  

of   t h e   a b o v e   mix  was  a d d e d   and  p r e s s e d   to  a  t h i c k n e s s   o f  

1 - 1 / 8 "   ( 2 8 . 6   mm).  The  b a k i n g   p r o c e d u r e   of   E x a m p l e   1  w a s  

f o l l o w e d .  

The  b a k e d   w h e e l   h a d   a  t h i c k n e s s   of   a b o u t   5%  l e s s  

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

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

a  30%  p l a n n e d   in   p o r o s i t y .  

T a r g e t   sp  gr   1 . 7 0  

A c t u a l   sp  gr  1 . 8 5  

T h r e e   w h e e l s  w e r e   b u r s t   c e n t r i f u g a l l y   dry   a n d  

t h r e e   w h e e l s   w e r e   c e n t r i f u g a l l y   b u r s t   a f t e r   a  10  day  s o a k  

in   w a t e r .  

A v e r a g e   d ry   b u r s t   2 0 , 3 8 5   s fpm  ( 6 , 2 1 3 . 3   m / m i n . )  

A v e r a g e   wet   b u r s t   1 4 , 1 0 2   s fpm  ( 4 , 2 9 8 . 3   m / m i n . )  

The  f o l l o w i n g   i s   a n o t h e r   e x a m p l e   of  t h e   i n v e n t i o n :  



E x a m p l e   3 

The  p r o c e d u r e   of   E x a m p l e   1  was  f o l l o w e d   in   p r e p a r i n g  

t h e   m i x .  A n   a m o u n t   of   1 8 . 4 4   l b s .   ( 8 . 3 6   kg)  of   t h e   a b o v e  

m i x t u r e   was  l o a d e d   i n t o   a  2 4 - 5 / 1 6 "   (617  mm)  m o l d   c o n t a i n i n g  

an  1 1 - 7 / 8 "   (302  mm)  a r b o r   and  c o m p r e s s e d   to   a  t h i c k n e s s   o f  

0 . 8 5 2 "   ( 2 1 . 6   mm).  The  w h e e l   was  p r e p a r e d   and  b a k e d   as  i n  

E x a m p l e   1.  On  c o o l i n g   t h e   t h i c k n e s s   of   t h e   f i r e d   w h e e l   w a s  

f o u n d   to  be  0 . 8 4 9 "   ( 2 1 . 6 ) ,   o r   0.3%  t h i n n e r   t h a n   t h e   g r e e n  
w h e e l .   The  w h e e l   was  d e s i g n e d   to   h a v e   a  t a r g e t   sp  gr   o f  

1 . 8 3   and  t h e   f i r e d ,   o r   a c t u a l ,   sp  gr  was  1 . 8 4 .  

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

to  be  9.2  and  SBP  ( S a n d b l a s t   P e n e t r a t i o n )   ( 2 / 2 5 )   was  1 . 2 6  -   1 . 2 9 .  

A  s m a l l e r   w h e e l ,   4"  x  0 . 7 7 "   x  7 / 8 "   (102  mm x  20  mm  x  

22  mm)  was  c u t   o u t   f r o m  t h i s   l a r g e   w h e e l .   The  s m a l l   w h e e l   w a s  

t e s t e d   in  g r i n d i n g   A I S I   52100   s t e e l   w i t h   a  R o c k w e l l   C  s c a l e  

h a r d n e s s   of   60  on  an  e x p e r i m e n t a l   g r i n d i n g   m a c h i n e .   In  c o m -  

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

t h e   w h e e l   of   t h i s   i n v e n t i o n   was  shown  to  g r i n d   more   d u r a b l y  

w i t h   s l o w e r   w e t t i n g   and  l e s s   w h e e l   w e a r ,   b u t   w i t h o u t   any  b u r n  

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



E x a m p l e   4 

The  w h e e l s   to  be  made  w e r e   d e s i g n e d   to  h a v e   a  v o l u m e  

of   48%  a b r a s i v e   g r i t s ,  1 6 %   v o l u m e   of  b o n d ,   and  36%  v o l u m e   o f  

g l a s s   b e a d s .  

The  mix  was  p r e p a r e d   and  e i g h t   w h e e l s   w e r e   p r e s s e d  

b o t h   as  d e s c r i b e d   in   E x a m p l e   1.  A l l   w h e e l s   w e r e   i n d i v i d u a l l y  

m o l d e d   in   an  8 - 3 / 1 6 "   (208  mm)  mo ld   w i t h   a  1"  ( 2 5 . 4   mm)  a r b o r  

to  a  t a r g e t e d   t h i c k n e s s   o f   1 . 2 8 "   ( 3 2 . 5   mm)  w i t h   a  p a p e r '   d i s c  

on  t o p   and  b o t t o m   of   e a c h   w h e e l .   The  m o l d e d   w h e e l s   w e r e  

s t a c k e d   f o u r   h i g h   and  t h e   h o l e s   f i l l e d   w i t h   g u a r t z .   E a c h  

s t a c k   was  t h e n   g i v e n   a  d o u b l e   p a p e r   w r a p   w h i c h   was  f i x e d   w i t h  

p r e s s u r e   s e n s i t i v e   t a p e .   The  w h e e l   s t a c k s   w e r e   b a k e d   a s  

d e s c r i b e d   in  E x a m p l e   1 .  

Each   w h e e l   was  f o u n d   to  w e i g h   5 . 3 3   l b s .   ( 2 . 4 2   k g )  

and  a f t e r   f i r i n g   s h o w e d   a  0 . 3 9 "   (9 .9   mm)  i n c r e a s e   in  t h i c k -  

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

a n a l y s i s   of   c e r t a i n   d a t a .   The  sp  gr   b e f o r e   f i r i n g   was  2 . 2 1  

and   a f t e r   b e i n g   c u r e d   was  f o u n d   to  be  2 . 1 9 ,   t h e   SBP  ( 2 / 2 5 )  

was  2 . 5 7   and  t h e   e l a s t i c   m o d u l u s   was  1 4 .  

The  d ry   b u r s t   s p e e d   of   3  w h e e l s   a v e r a g e d   2 3 , 4 2 6  

s u r f a c e   f e e t   p e r   m i n u t e   ( 7 1 4 0 . 2 )   and  t h e   a v e r a g e   we t   b u r s t  

s t r e n g t h   f o r   3  o t h e r   w h e e l s   was  2 1 , 1 8 0   s u r f a c e   f e e t   p e r  
m i n u t e   ( 6 4 5 5 . 7   m / m i n . )  

E x a m p l e s   5 - 7  

I t e m s   A-E  a r e   as  d e f i n e d   in   E x a m p l e   4,  b u t   w e r e  
m i x e d   in   t h e   f o l l o w i n g   p r o p o r t i o n s .   S e v e r a l  m i x e s   w e r e   m a d e  

to  p r o d u c e   t h e   n e e d e d   t o t a l .  



The  w h e e l s   w e r e   m o l d e d   and  c u 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   4  and   t h e   f o l l o w i n g   d a t a   w e r e   r e c o r d e d .  

The  p h y s i c a l   d a t a   f r o m   t h e   s e l e c t e d   t y p i c a l   w h e e l s   w e r e :  

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

f o r   b o t h   dry   and  w e t   w h e e l s , i s   t h e   a v e r a g e   of  t h r e e   w h e e l s .  

From an  i n s p e c t i o n   of  t h e   d e s c r i p t i o n   and   e x a m p l e s  

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

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

a b r a s i v e   a r t i c l e s   w i t h   a  more   e x a c t   c o n t r o l   of   p o r o s i t y .  

By  m a k i n g   u se   of   t h e  p o r o u s   s u p p o r t   med ium  t o g e t h e r   w i t h  

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

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



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

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

of   g r i n d i n g   w h e e l s ,   f o r   e x a m p l e ,   h a v i n g   i m p r o v e d   g r i n d i n g  

c h a r a c t e r i s t i c s   r e l a t e d   to  t h e   s t r u c t u r e   of   t h e   s p e c i f i e d  

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

in   p a r t   f r o m   t h e   use   of  t h e   n o n - p o r o u s   b o n d   w h i c h   f o r   w e t  

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

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

r o t a t e d .  

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

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

of   a r t i c l e s   w i t h  a   v e r y   e x a c t   d e g r e e  o f   p o r o s i t y   p o s s i b l e .  

When  a  c r u s h a b l e   p o r o u s   s u p p o r t   m a t e r i a l   i s   m i x e d   w i t h   t h e  

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

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

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

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

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

of   t h e   v o l u m e   or   d e g r e e   of   p o r o s i t y   i s   p o s s i b l e .   In  o n e  

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

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

s l i g h t   e x c e s s   of   s u p p o r t   m a t e r i a l   can   be  c r u s h e d   to  p r o v i d e  

a  w h e e l   t h a t   f i l l s   t h e   m o l d   to  100%  of  i t s   d e s i g n e d   v o l u m e  

w i t h   an  e x a c t   v o l u m e   of   p o r e s   r e s u l t i n g   f rom  t h e   i n c l u s i o n  

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

m i x t u r e .  

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

a r t i c l e   can  be  made  w i t h   t h e   d i s c l o s e d   c o m p o s i t i o n   and   m e t h o d ,  

i t   s h o u l d   be  o b s e r v e d   t h a t   t h e   o n l y   p o r e s   in  t h e   mass   of   t h e  

w h e e l   a r e   c l o s e d   p o r e s   as  d i s t i n g u i s h e d   f rom  o p e n   and   i n t e r -  

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

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

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

body   of   t h e   p r o d u c t   t h a t   i s ,   in  p a r t ,   r e s p o n s i b l e   f o r   t h e  

i m p r o v e d   we t   s t r e n g t h   of  t h e   h e r e i n   d e s c r i b e d   p r o d u c t .   A l s o  

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



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

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

and  t h e   n o n - p o r o u s   b o n d i n g   mass   w h e r e b y   a  s t r o n g e r   c u r e d  

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



1.  An  a b r a s i v e   a r t i c l e   c o m p r i s i n g   a b r a s i v e   g r a i n s ,   a  

p o r o u s   s u p p o r t   m a t e r i a l   and  a  r e s i n   bond   i n c l u d i n g   a  c o u p l -  

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

m a t e r i a l ,   s a i d   r e s i n   bond   b e i n g   a d h e r e d   to   t h e   g r a i n s   a n d  

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

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

r e s i n   bond   y i e l d i n g   l i t t l e   or  no  v o l a t i l e s   d u r i n g   i t s   c u r i n g  

so  as  to   e f f e c t   t h e   b o n d i n g   and  b e i n g   c u r e d   u n d e r   c o n d i t i o n s  

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

of  i n t e r c h a n n e l   p o r o s i t y   to   l e s s   t h a n   14%  of  t h e   t o t a l   v o l u m e  

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

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

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

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

2.  An  a r t i c l e   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   t h e  

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

3.  An  a r t i c l e   a c c o r d i n g   to   c l a i m   1  or  2,  in   w h i c h  

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

m i c r o b u b b l e s   p r e f e r a b l y   b e i n g   of  12  to   325  m e s h .  

4.  An  a r t i c l e   a c c o r d i n g   to   a n y  o n e   of  t h e   p r e c e d i n g  

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

t h a n   5%  of  t h e   t o t a l   v o l u m e   of  t h e   a b r a s i v e   a r t i c l e .  

5.  An  a b r a s i v e   a r t i c l e   a c c o r d i n g   to   a n y  o n e   of  t h e  

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

p h e n o l i c   r e s i n ,   an  e p o x y   r e s i n ,   or   a  p h e n o x y   r e s i n .  

6.  An  a r t i c l e   a c c o r d i n g   to   a n y  o n e   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   a  w e t t i n g   a g e n t   f o r   i n t r o d u c i n g   t h e  

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

7.  A  p r o c e s s   f o r   a  c u r e d   r e s i n   b o n d e d   a b r a s i v e  

a r t i c l e   a c c o r d i n g   to   c l a i m   6,  w h i c h   c o m p r i s e s :  

I .   a d m i x i n g   t h e   a b r a s i v e   g r a i n s   and   p a r t i c l e s   o f  

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

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

f o r   s t r o n g   a d h e r e n c e   to   a  r e s i n   b o n d ;  

I I .   m i x i n g   t h e   l i q u i d   w e t t i n g   a g e n t   w i t h   t h e  
c o a t e d   g r a i n s ;  
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