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@  Improvements  in  coated  abrasives. 

Coated  abrasives  comprising  a  sheet  (1)  of  paper  or 
fabric  coated  with  abrasive  particles  in  an  adhesive  binder 
are  made  more  flexible  and  longer-lasting  by  applying  the 
abrasive  particles  in  the  binder  in  an  array  of  discrete  dots 
(3)  covering  only  part  of  the  area  of  the  sheet.  The  per- 
formance  of  the  product  is  further  improved  by  the  use  of 
a  backing  sheet  (2)  of  flexible  synthetic  foam  material. 

The  products  are  sanding  sheets  which  may  be  made 
into  belts  or  discs  for  use  on  machines  and  tools,  cleaning 
and  polishing  sheets,  and  dishwashing  pads. 



INTRODUCTION 

C u r r e n t   coa t ed   a b r a s i v e s   i . e .   paper   or  f a b r i c   s u b s t r a t e s   coa ted   w i t h  

an  a d h e s i v e   b i n d e r   in  which  is  embedded  one  l a y e r   of  a b r a s i v e   g r i t   p a r t i c l e s ,  

have  four   i m p o r t a n t   d i s a d v a n t a g e s : -  

1)  B r i t t l e n e s s .   Because  the  g r i t   p a r t i c l e s   have  to  be  very  f i r m l y   bonded  t o  

the  s u b s t r a t e ,   the  a d h e s i v e   b i n d e r   tends   to  be  of  a  ha rd ,   r e s i n o u s   n a t u r e .  

The  p r o d u c t   t h e r e f o r e ,   tends   to  be  s t i f f   (in  s p i t e   of  i t s   f l e x i b l e   s u b -  

s t r a t e )   and  o f t e n   b reaks   down  q u i c k l y   in  use  b e c a u s e   the  b r i t t l e   c o a t i n g  

is  e a s i l y   damaged  and  b reaks   up  from  the  area   of  d a m a g e .  

2)  C logg ing .   The  n a t u r e   of  the  c o n t i n u o u s   s u r f a c e   of  a  t y p i c a l   sandpaper   i s  

such  t h a t   i t   tends   to  c log  up  f a i r l y   q u i c k l y   wi th   ab raded   d e b r i s   w h i l s t  

be ing   used.   The  only  e x c e p t i o n s   are  the  more  e x p e n s i v e   s a n d i n g   s h e e t s   t h a t  

can  be  used  ' w e t ' .  

3)  C u t t i n g   Rate .   As  a  consequence   of  the  s i n g l e   g r i t   l a y e r ,   t r a d i t i o n a l  

a b r a s i v e   s h e e t s   show  markedly   d i f f e r e n t   r a t e s   of  c u t t i n g   depend ing   on  t h e  

amount  of  use  the  shee t   has  had.  A  f r e s h   s h e e t   c u t s   f a s t e s t   and  d e c l i n e s  

r a p i d l y   in  a b r a s i v e n e s s   as  the  shee t   w e a r s .  

4)  Shor t   L i f e .   As  wel l   as  the  problems  of  c r a c k i n g   and  c l o g g i n g ,   the  l i f e   o f  

a  sand ing   shee t   is  s h o r t e n e d   b y : -  

a)  P a r t i c l e s   of  g r i t   be ing  to rn   from  the  s u r f a c e   d u r i n g   u s e .  

b)  The  g r i t   s u r f a c e   wear ing   and  qu i ck ly   losing  i t s   c u t t i n g   e d g e .  

Since  the  a b r a s i v e   s u r f a c e   of  the  t y p i c a l   s h e e t   c o m p r i s e s   only  o n e  

l a y e r   of  g r i t ,   loss   of  the  g r i t   by  wha tever   way,  w i l l   q u i c k l y   l i m i t   t h e  

l i f e   of  the  s h e e t .  

A t t empts   have  been  made  to  overcome  some  of  the  above  d i s a d v a n t a g e s   b y :  

a)  Use  of  a  f l e x i b l e   rubbery   b i n d e r .   This  s t ops   any  c r a c k i n g   t e n d e n c i e s ,  

but   does  not  so lve   any  of  the  o the r   p rob lems .   Such  a  p r o d u c t   w i l l   be  i n f e r i o r  

in  a b r a d i n g   pe r fo rmance   due  to  the  r e s i l i e n c e   of  the   b i n d e r   s u r r o u n d i n g   e a c h  

g r i t   p a r t i c l e ,   and  must  u s u a l l y   be  used  'wet '   with  w a t e r .  



b)  Lowering  of  g r i t   c o a t i n g   d e n s i t y   i . e .   p u t t i n g   fewer  p a r t i c l e s  

of  g r i t   on  the  s u r f a c e   with  l a rge   a reas   between  the  g r i t s   c e r t a i n l y   r e d u c e s  

the  tendency  to  c log.   However,  because  i t   has  fewer  p a r t i c l e s   of  g r i t   p e r  

u n i t   a rea ,   such  a  shee t   is  l e s s   e f f e c t i v e   as  an  a b r a s i v e   and  the  i s o l a t e d  

g r i t   p a r t i c l e s   are  more  e a s i l y   torn   from  the  s u r f a c e   dur ing   u s e .  

I t   has  been  found  t h a t   by  a p p l y i n g   the  g r i t   in  a  n o n - c o n t i n u o u s   but  r e g u l a r  

way  by  s t e n c i l l i n g   i t   and /o r   i t s   adhes ive   b i n d e r   as  a  p a t t e r n   of  dots  or 

d i sc s   onto  the  usual   f l e x i b l e   s u b s t r a t e s ,   a b r a s i v e   shee t s   can  le  made  w h i c h  

overcome  a l l   of  the  d i s a d v a n t a g e s   l i s t e d   a b o v e .  

Thus  in  acco rdance   with  the  p r e s e n t   i n v e n t i o n   t h e r e   is  p rov ided   an  a b r a s i v e  

shee t   compr i s ing   a  f l e x i b l e   s u b s t r a t e   c a r r y i n g   a  m u l t i p l i c i t y   of  d i s c r e t e  

dots   each  c o n s i s t i n g   of  an  adhes ive   b inder   m a t e r i a l   c o n t a i n i n g   a b r a s i v e  

or  o ther   mine ra l   p a r t i c l e s .   The  dots  are  c o n v e n i e n t l y ,   but  not  n e c e s s a r i l y ,  

c i r c u l a r   in  p lan .   They  may  have  the  form  of  heaps  or  mourds  of  m a t e r i a l  

or  may  be  f l a t t e n e d   to  a  d i s c .   C o n v e n i e n t l y ,   but  again  not  n e c e s s a r i l y ,  

they  are  a r r anged   in  a  r e g u l a r   a r r a y ,   for  example  in  rows  with  the  d o t s  

in  a l t e r n a t i v e   rows  mid-way  between  p a i r s   of  dots   in  each  of  the  a d j a c e n t  

rows.  The  area  between  the  dots  is  p r e f e r a b l y   l e f t   e n t i r e l y   u n t r e a t e d  

and  f ree   of  a p p l i e d   m a t e r i a l   in  order   to  p r e s e r v e   the  f l e x i b i l i t y   of  t h e  

s u b s t r a t e .  

The  a b r a s i v e   shee t   in  accordance   with  the  i n v e n t i o n   can  be  m a n u f a c t u r e r   by  

s t e n c i l l i n g   through  a  p e r f o r a t e d   p l a t e ,   e i t h e r   us ing  a  mix tu re   of  a b r a s i v e  

p a r t i c l e s   and  b inde r   or  employing  b inder   a lone .   In  the  l a t t e r   case  t h e  

a b r a s i v e   p a r t i c l e s   are  a p p l i e d   s u b s e q u e n t l y   b e f o r e   the  b i n d e r   i s  

h a r d e n e d .  

METHOD 

An  adhes ive   ink  is  p r e p a r e d .   I t s   p r o p e r t i e s   must  be  such  t h a t  

i t   i n i t i a l l y   behaves  :n  a  s a t i s f a c t o r y   way  w h i l s t   b o i n g  



s t e n c i l l e d ,   then  holds   i t s   s t e n c i l l e d   shape  dur ing   the  s u b s e q u e n t  

drying  and  ha rden ing   o p e r a t i o n s .   It  must  then  of  course   behave  as  an  

ex t remely   e f f e c t i v e   adhes ive   to  hold  the  v a r i o u s   types  of  g r i t s   t o  

the  s u b s t r a t e s   and  m a i n t a i n   t h i s   adhes ion  in  use  when  the  shee t   m i g h t  

become  qu i t e   hot .   In  many  a p p l i c a t i o n s   i t   w i l l   a lso   be  r e q u i r e d   to  b e  

water   or  o i l   r e s i s t a n t .  

Having  p r epa red   the  adhes ive   ink,  e i t h e r   of  two  p r o c e d u r e s   can  b e  

f o l l o w e d : -  

1)  The  a b r a s i v e   g r i t   is  s imply  s t i r r e d   into  the  adhes ive   ink  and  t h e  

mix ture   s t e n c i l l e d   onto  the  chosen  s u b s t r a t e .   The  r e s u l t i n g   d o t s /  

d i s c s   are  d r i e d   and  cured  to  maximum  h a r d n e s s .   They  may  be  h o t  

p r e s s e d   a f t e r   d ry ing   and  be fo re   cur ing   should  a  un i fo rmly   f l a t  

disc   be  r e q u i r e d .  

This  is   the  p r e f e r r e d   method  where  many  l a y e r s   of  g r i t   are  r e q u i r e d  

in  the  f i n i s h e d   c o a t i n g   d o t s .  

2)  The  u n f i l l e d   or  p a r t i a l l y   f i l l e d   adhes ive   ink  is  s t e n c i l l e d   o n t o  

the  s u b s t r a t e   and  w h i l s t   the  adhes ive   dots   are  s t i l l   wet  or  m o l t e n  

they  are  impregna ted   with  the  r e q u i r e d   g r i t   by  any  of  the  v a r i o u s  

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

through  a  f l u i d i s e d   bed  of  g r i t   e tc .   The  g r i t t e d   dots   can  then  b e  

compressed  l i g h t l y   to  c o n s o l i d a t e   adhes ion   of  the  g r i t   and  t h e n  

d r i ed   and  cured .   This  is  the  p r e f e r r e d   method  where  only  1-2  l a y e r s  

of  g r i t   are  r e q u i r e d   in  the  c o a t i n g .  

COATED  PROCEDURE.  The  adhes ive   ink  wi l l   be  a lmost   p a s t e - l i k e   in  i t s  

r heo logy ,   e s p e c i a l l y   if   a l r e a d y   f i l l e d   with  g r i t .   In  the  s i m p l e s t  

p r o c e d u r e ,   the  s u b s t r a t e   m a t e r i a l   is  l a i d   out   on  a  f l a t   s u r f a c e   upon  w h i c h  

is  a  2mm  l aye r   of  ; o f t   rubber   and  the  p e r f o r a t e d   s t e n c i l   s c r een   in  t h e  

form  of  a  f l a t   shee t   is  p laced   on  top.  The  edges  may  be  held  down  w i t h  

c l i p s .   The  adhes ive   ink  is  spread  out  ac ross   one  end  of  the  s t e n c i l   and 

then  smeared  ac ross   the  s t e n c i l   using  a  tough  rubber   squeegee  b l ade .   The 

s u b s t r a t e   and  s t e n c i l   are  then  pee led   a p a r t   a f t e r   which  the  a b r a s i v e   g r i t  

can  be  added  if  f o l l o w i n g   the  method  (2)  above.  E i t h e r   way,  the  dots  c a n  

be  d r i ed   and  cured  by  p l a c i n g   the  s u b s t r a t e   shee t   in to   an  

oven  at  a  t e m p e r a t u r e  t i m e   a p p r o p r i a t e   to  the  c h e m i s t r y   of  the  p a r t i c u l a r  

adhes ive   b i n d e r .   The  dots  can  be  p r e s sed   p r i o r   to,  or  dur ing   the  c u r i n g  

s tage   to  ensure  t h a t   each  one  has  the  same  h e i g h t   and a   s i m i l a r   p r o f i l e ,  

and /or   to  i n c r e a s e   the  area  covered  by  each  dot  beyond  t ha t   given  by  t h e  



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

sc reen   p r i n t i n g   machine  can  be  e a s i l y  c o n v e r t e d   for   the  p r o d u c t i o n   o f  

t h i s   a b r a s i v e   s h e e t ,   A l t e r n a t i v e ,   a  r o t a r y   t e c h n i q u e   may  be  used,   w h e r e  

the  s t e n c i l   s c r een   is  in  the  form  of  a  c y l i n d e r ,   T h i s   r o t a r y   method  i s  

c o n t i n u o u s   and  is  p r e f e r r e d   where  a  high  o u t p u t   i s   needed  us ing   a 

c o n t i n u o u s   web  of  base  m a t e r i a l .   Long  d ry ing   t u n n e l s   a r e  o f   course   e s s e n t -  

i a l   in  t h i s   l a t t e r   method,  a l t hough   r e e l s   of  d r i e d ,   c o a t e d   base  can  b e  

s u b s e q u e n t l y   cured  in  s imple   ovens  where  n e c e s s a r y .  

A  more  d e t a i l e d   d e s c r i p t i o n   w i l l   now  be  g iven   by  way  of  example  

with  r e f e r e n c e   to  the  accompanying  d rawings ,   in  w h i c h : -  

Fig .   1  is   a  p lan   view  of  p a r t   of  an  a b r a s i v e   s h e e t   in  a c c o r d a n c e  

wi th   one  embodiment  of  the  i n v e n t i o n ,  

Fig .   2  is   an  e n l a r g e d   s e c t i o n   on  the  l i n e   I I - I I   in  F i g . l ,  

F ig .   3  is   a  s ide   view  and  F ig .   4  is  an  end  view  of  the  e q u i p m e n t  

used  for  c a r r y i n g   out  a  " b r i c k   t e s t "   for  measur ing   the   p e r f o r m a n c e   o f  

a b r a s i v e   s h e e t s ,   a n d  

Fig.   5  is   a  s ide   e l e v a t i o n   of  the  a p p a r a t u s   used   for  c a r r y i n g   out  a  

"power  t oo l   t e s t "   which  a lso   measures   the  p e r f o r m a n c e   of  a b r a s i v e   s h e e t s .  

R e f e r r i n g   to  F i g s .   1  and  2  a  paper   shee t   1  has  a  back ing   l aye r   2  o f  

f l e x i b l e   s y n t h e t i c   p l a s t i c s   foam  m a t e r i a l   for  a  p u r p o s e   to  be  d e s c r i b e d .  

The  f r o n t   face  of  the  shee t   1  c a r r i e s   a  p l u r a l i t y   of  f l a t t e n e d   c i r c u l a r  

dots   3  c o n s i s t i n g   of  a b r a s i v e   p a r t i c l e s   in  a  r e s i n   b i n d e r   which  se rves   t o  

bind  the  p a r t i c l e s   t o g e t h e r   and  adhere   them  to  the  s h e e t .   I t   can  be  s e e n  

t h a t   the  dots  3  are  in  a  r e g u l a r   a r r ay   c o n s i s t i n g   of  rows  in  each  o f  

which  the  dots  are  e q u a l l y   spaced  by  a  d i s t a n c e   s,  eve ry   o t h e r   row  b e i n g  

o f f s e t   by  an  amount  equal   to  h a l f   t h e  c e n t r e - t o - c e n t s e   spac ing   of  t h e  

d o t s .  



SPECIFICATIONS  AND  FORMULATIONS 

STENCIL-SCREENS 

Choice  and  s e l e c t i o n   of  p a t t e r n   and  t h i c k n e s s   i s   r e l a t e d   to  g r i t   s i z e ,  

n a t u r e   of  the  s u b s t r a t e   and  r e q u i r e d   end-use   of  s h e e t .   As  a  g e n e r a l  

gu ide ,   the  r a t i o   of  hole   d i ame te r   (d)  to  s t e n c i l   t h i c k n e s s   (tl   should   b e  

at  l e a s t   3:1  and  p r e f e r a b l y   more  than  4;1  i . e .  d  t  ≥  3  

While  the  open  area  of  the  s t e n c i l   is   not   u s u a l l y   g r e a t e r  

than  50%,  f l a t t e n i n g   of  the  d o t s   a f t e r   s t e n c i l l i n g   w i l l   i n c r e a s e   t h e  

a rea   covered   by  the  d o t s   up  to  as  much  as  60%  of  the  t o t a l   area  of  t h e  

s h e e t .  

For  a  g e n e r a l   purpose   sanding   shee t   of  " f i ne   to  medium"  g rade   ( i . e .   g r i t  

s i z e s   having  B.S.S.   mesh  number  8 0 1   the  f o l l o w i n g   s t e n c i l   d i m e n s i o n s  

are  c h o s e n :  

A  coa r se   grade  ( i . e .   g r i t   N o s . ' s   below  70  mesh)  w i l l   be  s a t i s f a c t o r y  

th rough   the  above  s c r e e n ,   but  w i l l   not  produce  as  many  l a y e r s   of  g r i t  

in  each  dot  as  the  s m a l l e r   g r i t s .  



The  l a r g e r   d i ame te r   of  the  d i sc s   a l so   r e s u l t s   in  b e t t e r   o v e r a l l   a d h e s i o n  

of  the  d o t s / d i s c s   to  the  s u b s t r a t e   which  is  u s e f u l   s i n c e   " c o a r s e "   g r a d e s  

of  a b r a s i v e   s h e e t s   are  o f t e n   used  in  the  s e v e r e s t   way.  When,  h o w e v e r ,  

maximum  r a t e   of  cut   and /o r   maximum  working  l i f e   is  r e q u i r e d   from  t h e  

f i n a l   shee t   i r r e s p e c t i v e   of  g r i t   s i z e ,   or  c o a t i n g   w e i g h t ,   then  the  l a r g e s t  

d i a m e t e r   dots   should   be  s p e c i f i e d .  

I t   should   be  noted   t h a t   when  the  s t e n c i l l i n g   is  c a r r i e d   out   a g a i n s t   a  

s o f t   rubber   benea th   the  s u b s t r a t e ,   the  f i n a l   h e i g h t   of  the  s t e n c i l l e d   d o t  

can  be  up  to  2  -   3  t imes  the  t h i c k n e s s   of  the  s t e n c i l ,   a c c o r d i n g   to  t h e  

p r e s s u r e   a p p l i e d   to  the  squeegee   dur ing   the  p r i n t i n g   s t r o k e .  

ABRASIVE  GRITS 

These  can  be  any  of  the  known  a b r a s i v e   m a t e r i a l s   e . g .   d i a m o n d ,  

boron  n i t r i d e ,   t u n g s t e n   c a r b i d e ,   s i l i c o n   c a r b i d e ,   a lumin ium  ox ide ,   e m e r y ,  

g a r n e t ,   v a r i o u s   sands ,   f l i n t s ,   g l a s s e s   e tc .   P a r t i c l e   s i z e s   w i l l   t y p i c a l l y  

be  from  B.S.S .   mesh  number  1000  up  to  heavy  20  mesh  g r i t s ,   i . e .   p a r t i c l e  

d i a m e t e r s   of  about  20p  to  1000µ.  For  the  purpose   of  c l a s s i f y i n g   the  g r a d e s  

p o s s i b l e   with  the  new  dot  coa ted   p r o d u c t ,   f ive   g r i t   s i z e   r anges   have  b e e n  

i d e n t i f i e d : -  



BASE  This  can  be  the  usua l   heavy  k r a f t   papers   and  paper   l a m i n a t e s  

a s s o c i a t e d   with  c o n v e n t i o n a l   s a n d p a p e r s ;   w a t e r p r o o f e d   pape r s   of  v a r i o u s  

w e i g h t s ;   t e x t i l e   bases   (woven  or  non-wovenl  o f  c o t t o n ,   canvas ,   c e l l u l o s e  

a c e t a t e ,   p o l y e s t e r ,   polyamide  e t c . ,   p l a s t i c s   or  meta l   f o i l ,   or  any  f l e x -  

i b l e   l a m i n a t e   of  the  above.  I t   has  been  found  t h a t   the   use  of  a  p l a s t i c s  

foam  shee t   l a m i n a t e d   to  the  back  of  an  a b r a s i v e   d o t - c o a t e d   pape r   o r  

t e x t i l e   base  i n t e n d e d   for  hand-use   improves   the  p e r f o r m a n c e   of  t h e  

p r o d u c t .   This  improvement  p resumably   occurs   b e c a u s e   the  foam  b a c k i n g  

e v e n s - o u t   any  high  p r e s s u r e   spo ts   dur ing   sanding   and  a l l ows   the  do t s   o f  

a b r a s i v e   to  " f l o a t "   to  a  c e r t a i n   degree .   For  some  hand  a p p l i c a t i o n s ,  

i t   a l so   e n a b l e s   the  new  s h e e t s   to  be  used  s a t i s f a c t o r i l y   w i t h o u t   a  

sand ing   b lock   as  Backup .  

The  p r e f e r r e d   Bases   a r e : -  

a)  Kra f t   Paper  at  100  -   300  g/m2  weigh t ,   w a t e r p r o o f e d .  

b)  Simple  woven  c o t t o n s   at   50 -   250  g/m2 

The  p r e f e r r e d   foam-back ings   a r e :  

c)  For  hand  s h e e t s   and  O r b i t a l   Sander  s h e e t s  

C r o s s - l i n k e d   low  d e n s i t y   p o l y e t h y l e n e   foam,  d e n s i t y  

20  -   70  Kg/m2,  at  a  t h i c k n e s s   of  2  -   5  mm. 

d)  For  d i s c s   for   power  s a n d e r s  

C r o s s - l i n k e d   high  d e n s i t y   p o l y e t h y l e n e   foam,  d e n s i t y   90  -   120 

Kg/m ,  at  a  t h i c k n e s s   of  2  -   3  mm. 

These  foams  are  l a m i n a t e d   to  the  a b r a s i v e   dot  coa t ed   base  m a t e r i a l s   by  

e i t h e r   c o n v e n t i o n a l   f l a m e - b o n d i n g   t e c h n i q u e s ,   or  by  the  use  of  a p p r o p r i a t e  

a d h e s i v e s .  

ADHESIVE  INK  Var ious   r e c i p e s   have  been  deve loped   b a s e d   upon  the  f o l l o w -  

ing  r e s i n s   or  b l e n d s :   For-maldehyde  r e s i n s   (as  p h e n o l i c ,   u r ea ,   m e l a m i n e ) ,  

Epoxide ,   Po lyamide ,   P o l y ( v i n y l a c e t a t e ) ,   P o l y ( V i n y l   c h l o r i d e )   and  i t s  

copo lymers ,   n a t u r a l   gums,  g e l a t i n .   Other  r e s i n s   which  would  p r o b a b l y  

be  u s e f u l   are:   Fu ranes ,   Po lyamides ,   A c r y l i c s ,   P o l y u r e t h a n e s ,   S i l i c o n e s ,  

e t c .   The  inks  can  be  s o l v e n t   or  water   based .   Any  r e s i n   powders  s h o u l d  

have  a  p a r t i c l e   s ize   of  l e s s   than  6 0 µ .   There  is  o b v i o u s l y   a  g r ea t   d e a l  

of  scope  for  the  deve lopment   of  improved  adhes ive   i n k s .  



In  f o r m u l a t i n g   the  adhes ive   ink,  i t   has  b e e n  u s e f u l   to  i d e n t i f y   the  g r i t -  

t o - r e s i n   b i n d e r   r a t i o   as  a  guide  to  the  e n d - p r o d u c t   d e s i g n .  

For  example,   for  a  g e n e r a l - p u r p o s e   d o t - c o a t e d   a b r a s i v e   shee t   a  g r i t - t o -  

b i n d e r   r a t i o   of  about  5 :  1  is  s u i t a b l e ,   i f   the  base  is  pape r ,   and  t h e  

b i n d e r   c o n t a i n s   t h e r m o s e t t i n g   r e s i n .   At  t h i s   r a t i o ,   the  a b r a s i v e   dots   show 

good  adhes ion   to  the  base  paper ,   e x c e l l e n t   a b r a s i v e   p r o p e r t i e s   and  a  low 

wear  r a t e   in  use.   Should  i t   Be  r e q u i r e d   to  have  a  f a s t e r   r a t e   of  wear  ( g r i t  

loss )   as,  for  example,   i f   the  shee t   i s   to  be  used  fo r   c u t t i n g   the  s u r f a c e   o f  

m e t a l s ,   then  the  g r i t - t o - b i n d e r   r a t i o   should   be  i n c r e a s e d   to  7  or  8 : 1 .  

(This  is  i m p o r t a n t   where  m e t a l s   tend  to  smear  in to   the   a b r a s i v e   s u r f a c e  

and  clog  i t ,   e s p e c i a l l y   i f   the  g r i t s   are  f i n e l .  

On  the  o the r   hand,  a  more  a b s o r b e n t   back ing   such  as  a  woven  c o t t o n   n e e d s  

p r o p o r t i o n a t e l y   more  r e s i n   in  the  mix  to  ach ieve   a d e q u a t e   a d h e s i o n   of  t h e  

s t e n c i l l e d   dots   to  the  base  f a b r i c .   In  t h i s   case ,   a  g r i t - t o - b i n d e r   r a t i o  

of  2  or  3 :  1  i s   more  a p p r o p r i a t e .  

COATING  WEIGHTS  These  w i l l   depend  to  a  g r e a t   e x t e n t   on  the  s i z e   o f  

g r i t   used,   whether   or  not   m u l t i l a y e r s   are  p r e s e n t ,   and  the  area  t a k e n  

up  by  the  s t e n c i l l e d   do t s .   They  w i l l   range  between  50  -   1000  g/m 2 

( t o t a l ,   d r i e d   and  cured  d o t s ) .   By  way  of  example,   a  g e n e r a l   p u r p o s e  

sanding   s h e e t ,   based  on  Aluminium  Oxide  g r i t   at  a  g r i t - t o - b i n d e r   r a t i o  

of  5 :   1,  and  s t e n c i l l e d   th rough   the  p r e f e r r e d   s c r e e n s   as  s p e c i f i e d ,  

w i l l   have  comple te ,   d r i e d   c o a t i n g   we igh ts   o f :  

a)  Medium  or  Fine  g rades ,   at  200 -   300  g/m2 

b)  Coarse  g r ades ,   at  400  -   600  g/m2  2 

The  r e f e r e n c e s   a)  to  k)  in  the  f o l l o w i n g   examples   are  to  the  t a b l e  

of  "Raw  M a t e r i a l s   and  S u p p l i e r s "   which  is  appended  to  t h i s   s p e c i f i c a t i o n  

and  g ives   f u r t h e r   d e t a i l s   of  the  m a t e r i a l s   u s e d .  



SOME  EXAMPLES 

Screen  2.85  mm  hole  as  s p e c i f i e d   under  " S t e n c i l   S c r e e n s "  

Base  K r a f t p a p e r   at  about   150  g/m2 

Af te r   s t e n c i l l i n g ,   the  dots  are  f i r s t   d r i ed   at  90°C  for   two  m i n u t e s  

to  d r i v e   out  the  wa te r ,   then  at  1500C  for  a  f u r t h e r   2  m inu te s   to  f l u x  

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

This  is  a  p r o d u c t   i n c o r p o r a t i n g   the  c h e a p e s t   raw  m a t e r i a l s ,   and  with  a  

very  f a s t   d ry ing   r a t e .   I t   is  u s e f u l   for  the  hand  s a n d i n g   of  wood, 

p a i n t w o r k ,   f i l l e r s   e t c . ,   in  the  dry  s t a t e .  

2.  An  improved  s a n d p a p e r  

Same  s c r een   as  (1),  s i m i l a r   k r a f t p a p e r   but  p r e f e r a b l y   w a t e r p r o o f e d .  

Af t e r   s t e n c i l l i n g ,   the  dots  are  d r i e d   for  2  minutes   a t   90°C,  t h e n  

15  minutes   at  125°C.  

This  p r o d u c t   is  an  improved  v e r s i o n   of  (.1).  I t   l a s t s   s l i g h t l y  

l o n g e r ,   and  can  be  used  we t ted   with  water   for  s h o r t   p e r i o d s .  



3.  More  d u r a b l e   shee t   based  on  a  t h e r m o s e t t i n g   r e s i n  

or  s i l i c o n   c a r b i d e  

or  a luminium  o x i d e .  

S t e n c i l   as  for   (1)  and  (21 .  

Base:  e i t h e r   woven  c o t t o n   at  70  g/m2  weight  *(use   30  p a r t s   g r i t ) ,  

or  w a t e r p r o o f e d   k r a f t   paper   150  g/m2  (use  80  p a r t s   g r i t ) .  

Af t e r   d ry ing   for  1  minute  at  90°C,  the  shee t   is  cured  fo r   5  m i n u t e s  

at   150°C.  

The  completed   s h e e t s   can  be  p r e s e n t e d   in  v a r i o u s   ways  a c c o r d i n g  

to  the  end  use.   For  example,  the  emery  coa ted   co t t on   can  b e  

l a m i n a t e d   to  k r a f t   paper  at  about   100  g/m2  or  L . D . p o l y ( e t h y l e n e )  

foam  at  2  mm.  and  cut   in to   s t r i p s   for  m e t a l w o r k i n g .   A l t e r n a t i v e l y ,  

the  paper  coa ted   v e r s i o n s   can  be  l a m i n a t e d   to  foam or   the   c o t t o n  

f a b r i c ,   or  both ,   to  make  very  tough,   d u r a b l e   sanding   s h e e t s .  

T e x t i l e - c o n t a i n i n g   l a m i n a t e s   are  s u i t a b l e   for  making  i n t o   b e l t s  

for  use  on  sand ing   m a c h i n e s .  

This  p r o d u c t   may  be  used  dry  or  wet  with  water   or  o i l s .  

4.  A  s o l v e n t   based  adhes ive   i n k  

S t e n c i l s  -   as  s p e c i f i e d .   Base  is  w a t e r p r o o f e d   k r a f t   paper   a t  

150  g /m2 .  

The  pa s t e   must  be  kept   at  about   30°C  to  keep  the  n y l o n . r e s i n   i n  

s o l u t i o n .   Af te r   c o a t i n g ,   the  shee t   is  d r i e d   for  2  m inu t e s   a t  

70°C,  then  1  hour  at  125°C  to  cure .   The  f i n i s h e d   s h e e t   may  b e  

l a m i n a t e d   to  foam  as  p r e v i o u s l y   d e s c r i b e d .   I t   has  e x c e l l e n t  

a b r a s i o n   pe r fo rmance   both  dry  and  wet ted   with  water   or  o i l s ,  

and  is  very  long  l a s t i n g .  



5.  A  g e n e r a l   purpose   f o r m u l a t i o n   for  commercial   u s e .  

Pot  l i f e   i s  3  -   4  hours   at  room  t e m p e r a t u  
This   p a r t i c u l a r   adhes ive   has  the  be s t   p r o p e r t i e s   as  a  s t e n c i l   p a s t e ,  

I t   can  t o l e r a t e   the  w ides t   range  of  g r i t   s i z e s   (mesh  No.  40  u p w a r d s )  
in  g r i t - t o - b i n d e r   r a t i o s   of  up  to  10 :   1 .  

S t e n c i l s  -   a s  s p e c i f i e d .  

Bases.  -  k r a f t   p a p e r s ,   t e x t i l e s .  

A f t e r   s t e n c i l l i n g ,   the  shee t   is  d r i ed   for  1  minute   at  90°C,  t h e n  

5  minu tes   at  150°C  to  cure .   This  system  is  e a s y  t o   c o n t r o l   and  v a r y ,  
and  g ives   a  good  p r o d u c t   for  g e n e r a l   use,   e s p e c i a l l y   when  f o a m -  

b a c k e d .  

I t   is  economica l   to  make  with  a  very  sho r t   c u r i n g   t ime.   I t s   o n l y  

d i s a d v a n t a g e   is  t h a t   i t s   water   r e s i s t a n c e   is  only   f a i r   so  t h a t   i t  

can  only  be  used  for  i n t e r m i t t e n t   "wet"  s a n d i n g .  
6.  S u p e r i o r   grade  for  wet  or  dry  u s e  

This  is  based  on  the  p r e v i o u s   f o r m u l a t i o n   (5),  wi th   i n c r e a s e d  

p h e n o l i c   r e s i n   c o n t e n t ,   p lus   the  a d d i t i o n   of  a  po lyamide   c u r i n g  

agent   for  the  epoxide   r e s i n .  



S t e n c i l s   as  p r e v i o u s l y   s p e c i f i e d .  

B a s e  -   w a t e r p r o o f e d   k r a f t p a p e r   at  150°C.  

Af t e r   s t e n c i l l i n g ,   the  shee t   i s - d r i e d   f o r  2   minutes   a t  9 o ° C ,  

then  cured  for   2  hours  at  125°C.  

This  p r o d u c t   is   s t r a i g h t f o r w a r d   to  make  and  h a s  e x c e l l e n t  

a b r a s i v e   p r o p e r t i e s ,   both  d ry-and   we t ted   with  water   or  o i l s .  

I t   is  a lso   e x c e l l e n t   for  use  with  power  t o o l s   in  the  form  o f  

t e x t i l e - b a c k e d   b e l t s ,   or  foam-backed  s h e e t s   or  d i s c s .  

TESTS 

All   t e s t s   and  e v a l u a t i o n s   have  been  conduc ted   on  the  p r o d u c t s  

from  f o r m u l a t i o n   No .  6 ,   us ing  a luminium  oxide  or  s i l i c o n   c a r b i d e  

as  f o l l o w s : -  

Base  is  w a t e r p r o o f e d   k r a f t p a p e r   at  146  g/m2 

Where  foam-backed  samples  are  men t ioned ,   they  are  a l l   2  mm. 

c r o s s l i n k e d   p o l y ( e t h y l e n e ) ,   e i t h e r   low  d e n s i t y   for  hand  s h e e t s  

and  o r b i t a l   sander   s h e e t s ,   or  high  d e n s i t y   for  sand ing   d i s c s .  

S i z e s  



a)  Brick.  T e s t  

Adhes ion ,   a b r a s i v e n e s s ,   d u r a b i l i t y ,   and  compar i son   w i t h . c u r r e n t  

commercia l   coa ted   a b r a s i v e s   are  a s s e s s e d   by  the  " b r i c k   t e s t "   a s  

f o l l o w s : -  

A  smal l   r e f r a c t o r y   b r i c k   ( s p e c i f i c a t i o n   unknownl.  i s   used  as  a  

" s t a n d a r d   s u r f a c e "   to  be  ab raded .   Under  a  f i x e d   we igh t ,   i t   is  r u b b e d  

by  hand  a g a i n s t   the  s u r f a c e   of  the  a B r a s i v e   s h e e t   being  t e s t e d .  

The  b r i c k   is   4  cm.   x  4  cm.  x  1.5  cm.  in  s i z e ,   and  weighs  50  g .  
One  edge  ( i . e .   4  x  1.5  cm.l  is  used  for   the  t e s t .   A  we igh t   o f  

1.5  Kg.  i s   f i xed   to  the  o p p o s i t e   face  of  the  b r i c k ,   p r o d u c i n g   a  

f o r c e   of  about   0.25  Kg/cm2  at  the  s u r f a c e   in  c o n t a c t   with  a b r a s i v e  

s h e e t .   This   c o r r e s p o n d s   a p p r o x i m a t e l y   to  a  t y p i c a l   s and ing   s i t u a t i o n  

under  heavy  hand  p r e s s u r e .  

The  a b r a s i v e   shee t   10  to  be  t e s t e d   (see  F igs .   3  and  4)  is  p l a c e d   o n  

a  hard  f l a t   s u r f a c e   11  with  the  a b r a s i v e   s u r f a c e   12  uppe rmos t .   The  b r i c k  

13  c a r r y i n g   a  weight   14  is  p laced   in  the  c e n t r e   of  the  shee t   and  c a r e f u l l y  

moved  up  and  down  (by  handl  along  a  path  of  about   10  cm.  as  i n d i c a t e d   by  

the  a r rows  15  thus  making  a  t e s t   pa tch   of  a rea   about   2  cm.  x  10  cm.  A 

" s t r o k e "   is  counted   as  one  comple te   up  and  down  movement  along  t h i s   p a t c h .  

The  t e s t   shee t   is  f i r s t   weighed,   then  s u b j e c t e d   to  an  a b r a s i o n   cyc le   o f  

50  s t r o k e s ,   a f t e r   which  the  s h e e t ,   p lus   the  ab raded   b r i c k   dus t   s t i l l   i n  

i t s   s u r f a c e ,   is  c a r e f u l l y   r eweighed .   Then  the  b r i c k   dust   is  b ru shed   away,  

the  s h e e t   weighed  aga in ,   and  the  cycle   of  50  a b r a s i o n   s t r o k e s   r e p e a t e d  

along  the  same  p a t c h .   This  r o u t i n e   is  c o n t i n u e d   u n t i l   a b r a s i v e n e s s   h a s  

n e a r l y   d i s a p p e a r e d   or  u n t i l   about   h a l f   the  g r i t   in  the  t e s t   p a t c h   has  been  

worn  away  l e a v i n g   bare  b a s e p a p e r ,   at  which  p o i n t   the  shee t   is  c o n s i d e r e d  

worn  out .   I t   was  i n t e r e s t i n g   to  note  t h a t   i t   was  a lways  n e c e s s a r y   to  b r u s  

the  t r a d i t i o n a l   s h e e t s   to  remove  the  d e b r i s ,   whereas   the  new  s t e n c i l l e d  

s h e e t s   could  be  c l e a r e d   of  dust   by  j u s t   t app ing   the  shee t   from  b e h i n d .  

In  a  second  s e r i e s   of  t e s t s ,   the  t e s t   s h e e t s   were  f i r s t   soaked  in  water   fc 

s ix   hours  at  room  t e m p e r a t u r e .   They  were  then  a b r a d e d   in  a  s i m i l a r   way  as 

above,   us ing   p l e n t y   of  cold  water   at  the  s u r f a c e ,   bu t   c o n t i n u o u s l y   u n t i l  

the  shee t   was  worn  o u t .  

The  r e s u l t s   of  the  Brick  Test   are  given  in  the  f o l l o w i n g   t a b l e s : -  







b)  Power  Tool  T e s t  

In  t h i s   t e s t ,   the  a b r a s i v e   shee t   in  the  form  of  a  5"  d i a m e t e r  

d i sc   17  (see  Fig.   5)  is  mounted  in  an  e l e c t r i c   d r i l l   18  on  the  h e a v y  

rubber   backing   mount  19  s u p p l i e d   with  the  p a r t i c u l a r   d r i l l .   The  d i s c  

runn ing   at  1800  r . p .m .   is  then  a l lowed  to  c o n t a c t   the  edge  of  an  o r d i n a r y  

red  w a l l b r i c k   20  for  two  minutes   under  the  weight   of  the  t oo l   o n l y .  

The  depth  of  cut  on  the  l e a d i n g   edge  of  the  b r i c k   is  then  m e a s u r e d .  

The  assembled   d isc   17,  mount  19  and  d r i l l   18  are  f i x e d   in  t h e  

v e r t i c a l   d r i l l i n g   r ig   21  s u p p l i e d   for  t h a t   p a r t i c u l a r   d r i l l .   The  s p r i n g  

which  b a l a n c e s   out   the  weight   of  the  d r i l l   is  removed  from  the  r i g .   The 

w a l l - b r i c k   20  i s   he ld   in  the  d r i l l i n g   v ice   22  at  the  base  of  the  r i g   s.o 

t h a t   i t s   l o n g e s t   n a r r o w e s t   s ide   is  f ac ing   the  d i s c ,   and  p o s i t i o n e d   so  

t h a t   the  o u t e r   2"  of  the  d isc   c o n t a c t s   one  edge  of  the  b r i c k .   The  b r i c k  

is  a l so   angled   at  about  1 0   from  the  h o r i z o n t a l   to  b a l a n c e   out   t h e  

unevenness   of  the  p r e s s u r e   ac ross   the  disc   due  to  the  t a p e r i n g   s e c t i o n  

of  the  rubber   back ing   m o u n t .  



The  d r i l l   is  swi t ched   on  at  i t s   maximum  speed  of  1800  r . p . m .  

and  a l lowed  to  r e s t   a g a i n s t   the  b r i c k   for  two  m i n u t e s .   The  d e p t h  

of  cut  on  the  l e a d i n g   edge  of  the  b r i c k   is  then  r e c o r d e d .   The  t e s t  

is  r e p e a t e d   on  a  f r e s h   p a r t   of  the  same  b r i c k .  

D r i l l   Black  and  Decker  D520 

Brick  Sof t ,   red  h o u s e b r i c k ,   "Hea ther"   l o c a l l y   o b t a i n e d .  

All  the  commercial   samples  used  in  the  t e s t s   were  p u r c h a s e d   at   random 

from  l o c a l   s h o p s .  

D i s c u s s i o n   of  R e s u l t s .  

Brick  Tes t .   (a)  All  the  commercial   s h e e t s   gave  the  a n t i c i p a t e d   l eve l   o f  

p e r f o r m a n c e ,  a n d   were  s u r p r i s i n g l y   improved  when  foam-backed   for  a  more  

d i r e c t   compar i son   with  the  new  s t e n c i l l e d   s h e e t s .   Al though  the  new 

s t e n c i l l e d   s h e e t s   were  b e t t e r   than  the  e q u i v a l e n t   t r a d i t i o n a l   a b r a s i v e  

shee t   in  the  unbacked  form,  they  were  v a s t l y   b e t t e r   when  f o a m - b a c k e d .  

I t   is  q u i t e   l i k e l y   t h a t   f o r m u l a t i o n   number  6  is  p r o d u c i n g   a  s t e n c i l l e d  

dot  which  is  s l i g h t l y   too  b r i t t l e   to  give  optimum  p e r f o r m a n c e   in  t h e  

unbacked  2.85  mm.  dot  f o r m .  

The  t o t a l   weight   of  b r i ck   removed  dur ing   each  a b r a s i o n   t e s t   g i v e s  

a  d i r e c t   va lue   to  the  " a b r a s i v e   c a p a c i t y "   of  each  s a m p l e .  

For  example,  the  commercial   grade  of  "medium"  a luminium  o x i d e  

paper  (Eng l i sh   Abras ives   Atlas   Brand)  removed  0.56  g.  of  b r i c k  

dus t   b e f o r e   wearing  out.   The  e q u i v a l e n t   grades   of  s t e n c i l l e d  



p r o d u c t s   (foambacked)  removed  3.23  g.  and  7.40  g.  r e s p e c t i v e l y   f o r  

small   and  l a r g e   dot  s i z e s ,   i . e .   5.8  and  13.2  t imes   b e t t e r .   The  r a t e  

of  cut  was  about   e q u i v a l e n t   between  the  At las   Brand  and  the  s m a l l  

dot  s h e e t ,   but  n e a r l y   t h r e e   t imes  f a s t e r   with  the  l a r g e   dot  s h e e t .  

This  unexpec t ed   r e s u l t   i n d i c a t e s   t h a t   the  edge  of  the  a b r a s i v e   d o t s  

is  a c t i n g   as  a  second  source  of  a b r a s i o n .   T h e r e f o r e ,   the  d i a m e t e r   o f  

the  dots  is  an  i m p o r t a n t   f a c t o r   in  the  design  of  the   new  a b r a s i v e  

s h e e t s   as  i t   is  now  p o s s i b l e   to  ach ieve   high  removal   r a t e s   w i t h o u t  

be ing   con f ined   to  the  use  of  coa r se   g r i t s   (and  hence  c o a r s e   f i n i s h e s ) .  

Looking  at  the  o t h e r   g r ades ,   the  " f i n e "   s t e n c i l l e d   p r o d u c t   ( s m a l l  

d o t s ,   foambacked)  had  about   8  t imes  the  a b r a s i v e   c a p a c i t y   of  t h e  

commercia l   3M  shee t   at  the  same  g r i t   s i z e ,   and  cut   at  about   t w i c e  

the  speed.   The  " f i ne"   samples  based  on  the  l a r g e s t   dots   showed  q u i t e  

amazing  r e s u l t s   for  such  a  f i ne   g r i t   s i z e ,   i . e .   a  c u t t i n g   r a t e   more  

than  twice   t h a t   of  the  commercial   3M  P r o d u c t i o n   Paper ,   and  an  a b r a s i v e  

c a p a c i t y   of  1.38  g,  which  is  27.5  t imes  as  much  as  the  3M  s h e e t .  

The  "coa r se"   samples ,   showed  t h a t   the  s t e n c i l l e d   p r o d u c t   ( l a r g e s t  

do ts ,   foambacked)  had  about   7.5  t imes  the  a b r a s i v e   c a p a c i t y   of  t h e  

commercia l   E l e c t r i t e   Carborundum  s h e e t ,   and  a l so   cu t   at  twice  t h e  

r a t e .   The  r e s u l t s   from  the  c o n t i n u o u s   a b r a s i o n   t e s t s   "wet"  w i t h  

wa te r ,   show  t h a t   the  new  s t e n c i l l e d   shee t   (foambacked)  is  1 0  -  1 4  

t imes  l o n g e r - l a s t i n g   than  e q u i v a l e n t   commercial   g r a d e s .  

Power  Tool  T e s t  

This  conf i rms   the  gene ra l   r e s u l t s   from  the  r e f r a c t o r y   b r i c k   t e s t s .  

C o n c l u s i o n s  

The  new  s t e n c i l l e d   a b r a s i v e   shee t s   have  the  f o l l o w i n g   f e a t u r e s   a n d  

a d v a n t a g e s   over  t r a d i t i o n a l   coa ted   a b r a s i v e s .  

1.  Much  l onge r   l a s t i n g ,   t y p i c a l l y   5  -  1 0   t i m e s .  

2.  Complete  f l e x i b i l i t y   of  the  shee t   due  to  the  d i s c o n t i n u o u s   n a t u r e  

of  the  c o a t i n g ,   and  hence  the  a b i l i t y   to  use  s e v e r a l   l a y e r s   of  g r i t .  

All  t r a d i t i o n a l   coa ted   a b r a s i v e s   are  r e s t r i c t e d   to  one  l a y e r   of  g r i t .  

3.  Almost  n o n - c l o g g i n g   and  v a s t l y   b e t t e r   than  t r a d i t i o n a l   c o a t e d  

a b r a s i v e s   in  t h i s   r e s p e c t .  

4.  May  be  used  both  dry  or  we t ted   with  water  or  o i l s   i f   f o r m u l a t e d  

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



Produc t   Range 

P r a c t i c a l l y   the  e n t i r e   range  of  a p p l i c a t i o n s   of  c o n v e n t i o n a l   c o a t e d  

a b r a s i v e s .  

i . e .   1)  Simple  sanding   s h e e t s   from  sands,   a luminium  o x i d e ,  

emery  or  s i l i c o n   c a r b i d e   s t e n c i l l e d   onto  paper   o r  

f a b r i c s .   Optimum  pe r fo rmance   from  f o a m - b a c k i n g .  

2)  Any  of  the  above  i n c o r p o r a t i n g   w a t e r p r o o f   paper   o r  

f a b r i c s .  

3)  I n d u s t r i a l   b e l t s   and  sanders   e t c .  

4)  Discs   and  o the r   p a r t i c u l a r   shapes  for  use  in  power  t o o l s .  

5)  Combina t ions   of  any  of  the  above  to  b a c k i n g s ,   s t i f f e n i n g  

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

6)  C lean ing   and  P o l i s h i n g   p roduc t s   can  be  made  by  u s i n g  

very  f i ne   a b r a s i v e   powders  in  rubbery  b i n d e r s .   T h e s e  

are  b e s t   used  w e t .  

7)  Non-c logg ing   d i shwash ing   pads,   where  the  s t e n c i l l e d  

dots  are  e x c e l l e n t   for  s c o u r i n g   and  removing  h e a v y ,  

s t i c k y   r e s i d u e s   from  pots  and  pans.   In  t h i s   a p p l i c a t i o n  

the  a b r a s i v e   g r i t s   are  very  f i n e ,   or  r e p l a c e d   by  p o w d e r e d  

mine ra l   f i l l e r s   such  as  chalk  or  s l a t e   d u s t .   A  t h i c k e r  

foam  back ing   l aye r   is  a lso   p r e f e r r e d ,   for  example  a n  

o p e n - c e l l   p o l y u r e t h a n e   foam 1 2  to  1  inch  in  t h i c k n e s s  

( 1 . 0  -   2.5  cm.) 







1.  An  a b r a s i v e   shee t   compr i s ing   a  f l e x i b l e   s u b s t r a t e   c a r r y i n g   a  

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

m a t e r i a l   c o n t a i n i n g   a b r a s i v e   or  o the r   m i n e r a l   p a r t i c l e s .  

2.  A  shee t   as  c la imed  in  claim  1  where in   the  d o t s   are   c i r c u l a r   i n  

p l a n .  

3.  A  shee t   as  c la imed  in  c la im  1  or  2  in  which  each  dot  is  s u b s t a n t -  

i a l l y  i n   the  form  of  a  d i s c .  

4.  A  shee t   as  c la imed  in  any  of  the  p r e c e d i n g   c l a i m s   in  which  t h e  

dots  are  in  a  r e g u l a r   a r r a y .  

5.  A  shee t   as  c la imed  in  any  of  the  p r e c e d i n g   c l a i m s   in  which  t h e  

dots  cover  from  20%  to  60%  of  the  t o t a l   area   of  the   s h e e t .  

6.  A  s h e e t   as  c la imed  in  any  of  the  p r e c e d i n g   c l a i m s   in  which  t h e  

dots  have  d i a m e t e r s   between  1.0  and  10.0  mm. 

7.  A  s h e e t   as  c la imed  in  any  of  the  p r e c e d i n g   c l a i m s   in  which  t h e  

c o a t i n g   weight   of  the  do t s ,   t h a t   is  the  weight   of  b i n d e r   m a t e r i a l   p l u s  

mine ra l   p a r t i c l e s ,   is  50  -   1000  g / m  .  

8.  A  shee t   as  c la imed  in  any  of  the  p r e c e d i n g   c l a i m s   in  which  t h e  

f l e x i b l e   s u b s t r a t e   is  a  w a t e r p r o o f e d   k r a f t   p a p e r .  

9.  A  s h e e t   as  c la imed  in  any  of  the  p r e c e d i n g   c l a i m s   in  which  t h e  

f l e x i b l e   s u b s t r a t e   compr ises   a  l a y e r   of  woven  f a b r i c .  

10.  A  s h e e t   as  c la imed  in  any  of  the  p r e c e d i n g   c l a i m s   in  which  t h e  

f l e x i b l e   s u b s t r a t e   compr ises   a  c a r r i e r   l a y e r   for  the  dots  and  a  b a c k i n g  

l a y e r   of  foam  m a t e r i a l .  



11.  A  shee t   as  c la imed  in  claim  10  in  which  the  foam  m a t e r i a l   is  a  

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

12.  A  shee t   as  c la imed  in  claim  10  in  which  the  foam  m a t e r i a l   is  c r o s s -  

l i n k e d   p o l y e t h y l e n e   f o a m .  

13.  A  shee t   as  c la imed  in  any  of  the  p r e c e d i n g   c l a ims   in  which  t h e  

r a t i o   of  the  weight   of  minera l   p a r t i c l e s   to  the  we igh t   of  b i n d e r   i s  

between  1:1  and  1 0 : 1 .  
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