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@  Non-asbestos  paper. 

Non-asbestos  alternatives  to  asbestos  papers  comprise 
a  matrix  of  unfired  ball  clay  which  is  reinforced  by  organic  web- 
forming  fibres  such  as  cellulose  and  by  either: 

(i)  vitreous  fibres  derived  from  wool-form  material 
or 

(ii)  fine  particles  of  a  non-fibrous  charged-layer-silicate  mineral 
such  as  mica 

the  whole  being  bound  together  by  a  binder  which  consists  es- 
sentiaiiy  of  a  synthetic  resin  of  the  acrylic  or  polyvinyl  acetate 
variety. 



T h i s   i n v e n t i o n   p r o v i d e s   n o n - a s b e s t o s   a l t e r n a t i v e s   t o  
a s b e s t o s   p a p e r s .  

A s b e s t o s   p a p e r s   c o n t a i n   a s b e s t o s   f i b r e s   as  t h e  

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

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

a c r y l i c   r e s i n ,   or   p o l y v i n y l   a c e t a t e   to   p r o v i d e   t h e  

n e c e s s a r y   s t r e n g t h   and  f l e x i b i l i t y .   Such  p a p e r s   f i n d   u s e  

f o r   a  v a r i e t y   o f   p u r p o s e s ,   e . g .   as  h i g h   t e m p e r a t u r e  
f l e x i b l e   i n s u l a t i o n   in   e l e c t r i c a l   e q u i p m e n t .   They   a r e  

c o m m o n l y   made  in   t h e   f o r m   of   f l e x i b l e   s h e e t   of   t h i c k n e s s  

0 . 1 - 1 . 5   mm.  on  c o n v e n t i o n a l   p a p e r - m a k i n g   m a c h i n e s   s u c h  

as  t h e   F o u r d r i n i e r .   In  t h e   p r o c e s s   an  a q u e o u s   s l u r r y   o f  
t h e   i n g r e d i e n t s   w h i c h   a r e   to   c o m p o s e   t h e   p r o d u c t   i s  

p r o g r e s s i v e l y   d e w a t e r e d   as  a  l a y e r   on  a  w a t e r - p e r m e a b l e  

c o n v e y o r   ( u s u a l l y   of   w i r e   m e s h ) ,   t h e   d e w a t e r e d   l a y e r  

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

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   n o n - a s b e s t o s   f l e x i b l e  

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

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

f o r   p i p e s ,   d o m e s t i c   h o t   w a t e r   b o i l e r s   and  t h e   l i k e .  

A c c o r d i n g   to   t h e   i n v e n t i o n ,   n o n - a s b e s t o s   f l e x i b l e   s h e e t  

m a t e r i a l   of   t h i c k n e s s   0 . 1 - 1 . 5   mm.  c o m p r i s e s   a  m a t r i x   o f  

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

w e b - f o r m i n g   f i b r e s   and  by  e i t h e r  



( i )   v i t r e o u s   f i b r e s   d e r i v e d   f r o m   w o o l - f o r m   m a t e r i a l ,  

o r  

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

t h e   w h o l e   b e i n g   b o u n d   t o g e t h e r   by  a  b i n d e r   w h i c h  

c o n s i s t s   e s s e n t i a l l y   of   a  s y n t h e t i c   r e s i n ,   s a i d   r e s i n  

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

f l e x i b l e   s h e e t   m a t e r i a l   b e i n g   made  by  d e w a t e r i n g   on  a  

w a t e r - p e r m e a b l e   c o n v e y o r   a  l a y e r   of  a q u e o u s   s l u r r y   o f  

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

e i t h e r  ( i )   v i t r e o u s   f i b r e s   d e r i v e d   f rom  w o o l - f o r m  

m a t e r i a l   or   ( i i )   f i n e   p a r t i c l e s   of  a  n o n - f i b r o u s  

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

s y n t h e t i c   r e s i n   of  t h e   a c r y l i c   or  p o l y v i n y l   a c e t a t e  

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

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

c o n t e n t ,  

Our  B r i t i s h   P a t e n t   A p p l i c a t i o n   2  031  043A  p u b l i s h e d  

A p r i l   1980   d i s c l o s e s   a  n o n - a s b e s t o s   p r o d u c t   w h i c h  

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

r e i n f o r c e m e n t   and  o r g a n i c   w e b - f o r m i n g   f i b r e s   and  w h i c h  

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

H o w e v e r ,   a l t h o u g h   t h a t   p r o d u c t   i s   made  on  p a p e r - m a k i n g  

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



p a p e r ,   and  t h e   f u n c t i o n   of   t h e   s t a r c h   in  i t   is   to   e n a b l e  

t h e   b o a r d   to   be  r e m o u l d e d   when  w e t t e d   w i t h   w a t e r .  

In  t h e   p r o d u c t   of  t h e   p r e s e n t   i n v e n t i o n   ( r e f e r r e d   to   i n  

t h e   r e s t   of  t h e   d e s c r i p t i o n   as  ' p a p e r ' ) ,   t h e   b a l l   c l a y  

p r o v i d e s   a  f l e x i b l e   c o h e s i v e   m a t r i x .   B a l l   c l a y   is   a  

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

s e d i m e n t a r y   c l a y .   (The  t e r m s   ' k a o l i n i t i c '   a n d  

' k a o l i n i t e '   a r e   m i n e r a l o g i c a l   o n e s ,   i n d i c a t i n g   c h e m i c a l  

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

be  c o n f u s e d   w i t h   t h e   t e r m   ' k a o l i n ' ,   u s e d   to   d e n o t e   a  

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

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

w h i c h  -   by  c o n t r a s t   w i t h   b a l l   c l a y  -   i s   h a r d l y   p l a s t i c  

a t   a l l . )   V a r i o u s   t y p e s   of   b a l l   c l a y   h a v e   v a r y i n g  

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

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

m i n e r a l s .   B a l l   c l a y s   a r e   u s e d   m a i n l y   in   t h e  

m a n u f a c t u r e   of   p o t t e r y   and  r e f r a c t o r i e s ,   in  a d m i x t u r e  

w i t h   o t h e r   c l a y s   ( s u c h   as  t h e   k a o l i n   m e n t i o n e d   e a r l i e r )  

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

s t r e n g t h   of   t h e   u n f i r e d   w a r e .  

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

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

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

t h e   f i n i s h e d   p a p e r ,   j u s t   as  do  t h e   v i t r e o u s   f i b r e s  

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

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

r e i n f o r c e m e n t ) .   The  o r g a n i c   w e b - f o r m i n g   f i b r e s   a r e  

p r e f e r a b l y   c e l l u l o s e .  f i b r e s ,   b u t   may  a l t e r n a t i v e l y   b e  

p o l y e t h y l e n e   or  p o l y p r o p y l e n e   f i b r e s   of  t h e   k i n d  

c o m m e r c a l l y   a v a i l a b l e   u n d e r   t h e   name  PULPEX.  In  t h e  

p r e p a r a t i o n   of   t h e   a q u e o u s   s l u r r y   to  be  d e w a t e r e d ,   t h e  

w e b - f o r m i n g   f i b r e s   a r e   e m p l o y e d   a t   a  f r e e n e s s   o f  6 0 - 9 0 °  

S c h o p p e r - R i e g l e r .  



I f   v i t r e o u s   f i b r e s   d e r i v e d   f r o m   w o o l - f o r m   m a t e r i a l  

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

m i n e r a l   w o o l   or  g l a s s   w o o l .   I f   g l a s s   wool   i s   u s e d ,   i t   i s  

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

w i t h   a  s i l a n e   c o u p l i n g   a g e n t   ( e . g .   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 ) .   P r e f e r a b l y ,   t h e   w o o l - f o r m   v i t r e o u s  

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

p r e d o m i n a n t l y   in  t h e   r a n g e   0 . 2 5 - 5 m m   in  l e n g t h .  

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

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

a p e r t u r e   2 5 0  u m .   P r e f e r a b l y   a t   l e a s t   75%  by  w e i g h t   o f  

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

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

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

i s   p r e f e r a b l y   a  m i c a   or   a  c h l o r i t e .   The  c h l o r i t e s   h a v e  

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

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

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

[ M g 3 ( A l S i 3 O 1 0 ) ( O H ) 2 ] -   t o  

[ M g 2 A l ( A l 2 S i 2 O 1 0 ) ( O H ) 2 ] - ,   t h e   p o s i t i v e l y  

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

[ M g 2 A l ( O H ) 6 ] + .   Such   n o n - f i b r o u s   c h a r g e d - l a y e r -  
s i l i c a t e   m i n e r a l s   a r e   to   be  d i s t i n g u i s h e d   f r o m  

n o n - f i b r o u s   l a y e r   s i l i c a t e   m i n e r a l s   s u c h   as  k a o l i n i t e ,  

t a l c   and  p y r o p h y l l i t e ,   w h e r e   t h e   i n f i n i t e   2 - d i m e n s i o n a l  

l a y e r s   ( e . g .   A 1 2 ( O H ) 4 S i 2 O 5   i n   k a o l i n i t e )   a r e  

u n c h a r g e d .  

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

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

t h e   a c r y l i c   or  p o l y v i n y l   a c e t a t e   v a r i e t y .  

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



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

s u s p e n s i o n   in  w a t e r   of  a  c o p o l y m e r   b a s e d   on  an  a c r y l i c  

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

S u i t a b l e   p o l y v i n y l   a c e t a t e   r e s i n s   a r e   a l s o   a v a i l a b l e   a s  

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

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

a c e t a t e .  

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

in  t h e   r a n g e   o f   1-10%  of   r a y o n   f i b r e s ,   to   i m p a r t   g r e e n  
s t r e n g t h   to   t h e   s h e e t   m a t e r i a l   b e t w e e n   t h e   d e w a t e r i n g  

and  d r y i n g   o p e r a t i o n s ,   and   a l s o   to   i m p a r t   a d d i t i o n a l  

s t r e n g t h   to   t h e   f i n i s h e d   p a p e r .  

The  d e n s i t y   of  t h e   p a p e r   w i l l   o r d i n a r i l y   be  w i t h i n   t h e  

r a n g e   7 0 0 - 1 1 0 0   k g / m 3 ,   i t s   t e n s i l e   s t r e n g t h   a t   l e a s t  

3  MPa  and   i t s   b u r s t   s t r e n g t h   a t   l e a s t   40  KPa.  The  p a p e r  

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

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

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

t h e   m a c h i n e .  

The  i n v e n t i o n   is   f u r t h e r   i l l u s t r a t e d   b y - t h e   f o l l o w i n g  

E x a m p l e s .  

EXAMPLE  1 

A.  P r e p a r a t i o n   o f   S t o c k  

( i )   L a p p o n i a   p u l p   ( b l e a c h e d   s o f t w o o d   s u l p h a t e   p u l p )  
in  s h e e t   f o r m   was  made  i n t o   an  a q u e o u s   s l u r r y   o f  

s o l i d s   c o n t e n t   a b o u t   3%  by  w e i g h t   and  t r e a t e d   i n  

a  d i s c   r e f i n e r   u n t i l   i t s   f r e e n e s s   v a l u e   w a s  

90°  S c h o p p e r   R i e g l e r .  



( i i )   The  p u l p   of  ( i )   ( 500   g.  d r y   w e i g h t  =   1 6 . 7   k g .  

wet   w e i g h t )   was  a d d e d   to   90  l t r e s   of  w a t e r   in  a  

m i x i n g   t a n k ,   and  t h e   d i l u t e d   p u l p   was  a g i t a t e d  

v i g o r o u s l y   f o r   1  m i n u t e .   T h e r e   w e r e   t h e n   a d d e d ,  

w i t h   v i g o r o u s   s t i r r i n g :  

m i n e r a l   w o o l   f r e e   f r o m   ' s h o t ' ,   i e .   f r e e   f r o m  

g r a n u l a r   v i t r e o u s   m a t e r i a l ;   f i l a m e n t   l e n g t h  

0 . 2 5 - 5 m m  

b a l l   c l a y   (90%  p a s s i n g   a  s i e v e   of  a p e r t u r e   5 

µ m )  

r a y o n   f i b r e   (3  d e n i e r ;   c h o p p e d   to   3 - 8   mm.  f i b r e  

l e n g t h )  

a c r y l i c   l a t e x   ( c o m m e r c i a l l y   a v a i l a b l e   a n i o n i c  

e m u l s i o n   of   a  s e l f - c r o s s l i n k i n g   a c r y l i c  

c o p o l y m e r :   pH  4;  p a r t i c l e   s i z e   0 . 2   µm;  4 5 . 5 %  

s o l i d s   c o n t e n t ;   f i l m   c u r i n g   a t   120°C  or  b e l o w )  

d i l u t e d   w i t h   10  t i m e s   i t s   v o l u m e   of  w a t e r  

p a p e r m a k e r s '   a l u m   to   r e d u c e   t h e   pH  t o   4 / 4 . 5  

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

t h e   r e s u l t i n g   s l u r r y   was  made  up  o f   30%  v i t r e o u s  

f i b r e s   d e r i v e d   f r o m   m i n e r a l   w o o l ,   5%  c e l l u l o s e  

f i b r e s ,   56%  u n f i r e d   b a l l   c l a y ,   3%  r a y o n   f i b r e s  

and   6%  a c r y l i c   r e s i n .  

( i i i )   The  s l u r r y   of   ( i i )  w a s   d i l u t e d   t o   1-3%  s o l i d s  

c o n t e n t  



B .   P r e p a r a t i o n   of   P a p e r  

The  s t o c k   ( s l u r r y )   of   A  a b o v e   was  made  i n t o  

f l e x i b l e   s h e e t   m a t e r i a l   is   an  e n t i r e l y  

c o n v e n t i o n a l   way  on  a  F o u r d r i n i e r   f l a t   w i r e  

p a p e r   m a c h i n e ,   s u c h   as  is   d e s c r i b e d   in   c h a p t e r s  

10  and  11  o f   " P a p e r   and  B o a r d   M a n u f a c t u r e "   b y  

J u l i u s   G r a n t ,   J a m e s   H.  y o u n g ,   and  B a r r y   G.  

W a t s o n   ( P u b l i s h e r s :   T e c h n i c a l   D i v i s i o n ,   t h e  

B r i t i s h   P a p e r   and  B o a r d   I n d u s t r y   F r e d e r a t i o n ,  

L o n d o n   1 9 7 8 ) .  

The  s l u r r y   i s   p r o g r e s s i v e l y   d e w a t e r e d   as  i t  

t r a v e l s   on  t h e   w a t e r - p e r m e a b l e   c o n v e y o r   of   t h e  

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

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

t h e n   d r i e d   t o   low  m o i s t u r e   c o n t e n t   ( s u i t a b l y   2% 

by  w e i g h t ) .   The  f i n i s h e d   p a p e r   can   a t   o n c e   o r  

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

d e s c r i b e d ,   f o r   e x a m p l e ,   in  C h a p t e r  2 4   ( p a g e  

2 6 2 f f )   of   " P a p e r  -   I t s   M e r c h a n t i n g   and  U s a g e " ,  

E d i t o r   S.  C a r t e r   G i l m o u r   ( p u b l .   T h e  N a t i o n a l  

A s s o c i a t i o n   of  P a p e r   M e r c h a n t s ,   w i t h   L o n g m a n s ,  

G r e e n   &  C o . ) .  

E x a m p l e   2 

A.  P r e p a r a t i o n   o f   S t o c k  

As  in   E x a m p l e   1,  e x c e p t   t h a t   u n d e r   ( i i ) ,   t h e  

a c r y l i c   l a t e x   i s   r e p l a c e d   b y : -  

p o l y v i n y l   a c e t a t e   e m u l s i o n   ( v i s c o s i t y   a t   2 5 ° C ,  

1 0 - 1 8   p o i s e ;   pH  4 - 4 . 5 ;   s t a b i l i s e d   w i t h   p o l y v i n y l  

a l c o h o l ;   s o l i d s   c o n t e n t   53%)  d i l u t e d   w i t h   1 0  

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

c o n t e n t   of  s l u r r y   ( i i )   was  6%  by  w e i g h t .  



B.  P r e p a r a t i o n   of   P a p e r  

As  in   E x a m p l e   1 .  

E x a m p l e   3 

A.  P r e p a r a t i o n   of   S t o c k  

( i )   L a p p o n i a   p u l p   ( b l e a c h e d   s o f t w o o d   s u l p h a t e   p u l p )  
in   s h e e t   f o r m   was  made  i n t o   an  a q u e o u s   s l u r r y   o f  

s o l i d s   c o n t e n t   a b o u t   3%  by  w e i g h t   and  t r e a t e d   i n  

a  d i s c   r e f i n e r   u n t i l   i t s   f r e e n e s s   v a l u e   was  9 0 °  

S c h o p p e r   R i e g l e r .  

( i i )   The  p u l p   of   ( i )   (500   g.  d r y   w e i g h t   =  1 6 . 7   K g .  

we t   w e i g h t )   was  a d d e d   to  90  l i t r e s   o f  w a t e r   in   a  

m i x i n g   t a n k ,   and  t h e   d i l u t e d   p u l p   was  a g i t a t e d  

v i g o r o u s l y   f o r   1  m i n u t e .   T h e r e   w e r e   t h e n   a d d e d ,  

w i t h   v i g o r o u s   s t i r r i n g :  

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

or  c h l o r i t e ) ,   a t   l e a s t   75%  by  w e i g h t   of   w h i c h  

p a s s e s   t h r o u g h   a  s i e v e   of  a p e r t u r e   250  µ m .  

b a l l   c l a y   (90%  p a s s i n g   a  s i e v e   of  a p e r t u r e   5 

µm ) 

r a y o n   f i b r e   (3  d e n i e r ;   c h o p p e d   to   3-8mm.  f i b r e  

l e n g t h )  

a c r y l i c   l a t e x   ( p a r t i c l e   s i z e   0 . 2   pm;  4 5 . 5 %  

s o l i d s   c o n t e n t )   d i l u t e d   w i t h   10  t i m e s   i t s   v o l u m e  

of   w a t e r  



p a p e r m a k e r s '   a l u m   to   r e d u c e   t h e   pH  to  4 / 4 . 5  

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

t h e   r e s u l t i n g   s l u r r y   was  made  u p  o f   46% 

n o n - f i b r o u s   c h a r g e d - l a y e r - s i l i c a t e   m i n e r a l ,   5% 

c e l l u l o s e   f i b r e s ,   40%  u n f i r e d   b a l l   c l a y ,   3% 

r a y o n   f i b r e s   and   6%  a c r y l i c   r e s i n .  

( i i i )   The  s l u r r y   of   ( i i )   was  d i l u t e d   to   1-3%  s o l i d s  

c o n t e n t .  

B.   P r e p a r a t i o n   of   P a p e r  

As  in   E x a m p l e   1 

E x a m p l e   4  

A.  P r e p a r a t i o n  o f   S t o c k  

A s  i n   E x a m p l e   3,  e x c e p t   t h a t   u n d e r   ( i i ) ,   t h e  

a c r y l i c   l a t e x   i s   r e p l a c e d   b y : -  

p o l y v i n y l   a c e t a t e   e m u l s i o n   (53%  s o l i d s   c o n t e n t )  

d i l u t e d   w i t h   10  t i m e s   i t s   v o l u m e   of  w a t e r  

B.  P r e p a r a t i o n   of   P a p e r  

As  in   E x a m p l e   1 .  



1.  N o n - a s b e s t o s   f l e x i b l e   s h e e t   m a t e r i a l   o f  

t h i c k n e s s   0 . I - 1 . 5 m m   c o m p r i s i n g   a  m a t r i x   o f  

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

w e b - f o r m i n g   f i b r e s   and   by  e i t h e r  

( i )   v i t r e o u s   f i b r e s   d e r i v e d   f r o m   w o o l - f o r m  

m a t e r i a l ,   o r  

( i i )   f i n e   p a r t i c l e s   of   a  n o n - f i b r o u s  

c h a r g e d - l a y e r - s i l i c a t e   m i n e r a l  

t h e   w h o l e   b e i n g   b o u n d   t o g e t h e r   by  a  b i n d e r  

w h i c h   c o n s i s t s   e s s e n t i a l l y   of   a  s y n t h e t i c   r e s i n ,  

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

a c e t a t e   v a r i e t y ' ;   s a i d   f l e x i b l e   s h e e t   m a t e r i a l  

b e i n g   made  by  d e w a t e r i n g   on  a  w a t e r - p e r m e a b l e  

c o n v e y o r   a  l a y e r   of   a q u e o u s   s l u r r y   of   u n f i r e d  

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

e i t h e r   ( i )   v i t r e o u s   f i b r e s   d e r i v e d   f r o m  

w o o l - f o r m   m a t e r i a l   or  ( i i )   f i n e   p a r t i c l e s   o f  

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

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

a c r y l i c   or  p o l y v i n y l   a c e t a t e   v a r i e t y ;   a n d  

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

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

c o n t e n t ,  

2.  F l e x i b l e   s h e e t   m a t e r i a l   a c c o r d i n g   to   c l a i m   1,  i n  

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



3.  F l e x i b l e   s h e e t   m a t e r i a l   a c c o r d i n g   to   c l a i m   1  o r  

2,  made  f r o m   a  s l u r r y   w h i c h   i n c l u d e s   r a y o n  
f i b r e s   as  a d d i t i o n a l   r e i n f o r c e m e n t   f o r   t h e   s h e e t  

m a t e r i a l .  

4.  F l e x i b l e   s h e e t   m a t e r i a l   a c c o r d i n g   to   c l a i m   3,  i n  

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

i s   1  t o   10%  by  w e i g h t   of  s l u r r y   s o l i d s .  

5.  F l e x i b l e   s h e e t   m a t e r i a l   a c c o r d i n g   to   a n y  
p r e c e d i n g   c l a i m ,   in  w h i c h   t h e   o r g a n i c  

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

f r e e n e s s   of   6 0 - 9 0 °   S c h o p p e r - R i e g l e r .  
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