
(19) 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  0 5 3   8 9 7  

A 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  81305597.7 

@  Date  of  filing:  26.11.81 

©  Int.  CI.3:  D  21  H  5 /00  
/ /H01B3/52  

©  Priority.  05.12.80  GB  8039121  ©  Applicant:  T&N  Materials  Research  Limited 
20  St.  Mary's  Parsonage 
Manchester  M3  2NL(GB) 

©  Date  of  publication  of  application: 
16.06.82  Bulletin  82/24  ©  Inventor:  Lancaster,  Robert  Allan 

64Whitegate 
©  Designated  Contracting  States:  Littleborough  Lancs(GB) 

AT  BE  DE  FR  GB  IT  NL  SE 
©  Inventor:  McKenzie,  Noel  Christopher 

208  Daventry  Road  Kirkholt 
Rochdale  Lancs(GB) 

©  Inventor:  Hargreaves,  Brian 
19  Aldermere  Cresent 
Flixton  Manchester  M31  2UE(GB) 

©  Representative:  Newman,  Dennis  Daniel  Ernest  et  al, 
20,  St.  Mary's  Parsonage 
Manchester,  M3  2NL.(GB) 

©  Flexible  starch  bound  non-asbestos  paper. 

Non-asbestos  alternatives  to  starch-bound  asbestos 
papers  comprise  a  matrix  of  unfired  ball  clay  which  is 
reinforced  by  fine  particles  of  a  non-fibrous  charged-layer- 
slicate  mineral  such  as  mica  and  by  organic  web-forming 
fibres  such  as  cellulose,  the  whole  being  bound  together  by 
hydrolysed  starch. 



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

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   to  s t a r c h - b o u n d  

a s b e s t o s   p a p e r s .  

S t a r c h - b o u n d   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   a s  
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   t o  

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 .   S u c h  

p a p e r s   f i n d   use   f o r   a  v a r i e t y   of  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   commonly   made  in  t h e   fo rm  of  f l e x i b l e   s h e e t   o f  
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 ,   a n  

a q u e o u s   s l u r r y   of  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   is  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   a n d  

d r i e d .  

A c c o r d i n g   to  t he   p r e s e n t   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   of  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  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   and  by  o r g a n i c  

w e b - f o r m i n g   f i b r e s ,   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   b y  

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

p a r t i c l e s   of  s a i d   s i l i c a t e   m i n e r a l ,   o r g a n i c   w e b - f o r m i n g  
f i b r e s   and  h y d r o l y s e d   s t a r c h ,   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 ,   b y  
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   no t   to   b e  
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 -   b y  

c o n t r a s t   w i t h   b a l l   c l a y  -   is   h a r d l y   p l a s t i c   at   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 ,   and  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 he   m a n u f a c t u r i n g   of  p o t t e r y   a n d  

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 )   to   i m p a r t   p l a s t i c i t y  t o   t h e m  

and  to  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 he   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  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 )   d o e s .   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 i 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 he   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   of  6 0 - 9 0 °  

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

The  r e i n f o r c i n g   f i n e   p a r t i c l e s   of  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   c o n s i s t   of  p a r t i c l e s  

c a p a b l e   of  p a s s i n g   a  s i e v e   of  a p e r t u r e   250  p 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   of  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   may  be  a  mica   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  

of  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 rom  n o n - f i b r o u s   l a y e r   s i l l i c a t e   m i n e r a l s   s u c h   a s  
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 l 2 ( O H ) 4 S i 2 O 5   in   k a o l i n i t e )   a r e   u n c h a r g e d .  

The  h y d r o l y s e d   s t a r c h   is   p r e f e r a b l y   a  f a r i n a   s t a r c h .   T h e  

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   i n  

t h e   r a n g e   of   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  b e   in  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  K P a .  

The  p a p e r s   of  t h e   i n v e n t i o n   may  be  i m p r e g n a t e d   w i t h  

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

p r o p e r t i e s   f o r   p a r t i c u l a r   p u r p o s e s .   They   may  h a v e  

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

r e s i n   a p p l i e d   to   t h e m .   They  may  a l s o   be  g i v e n   a  b a c k i n g  

e . g .   of  m a n i l l a   p a p e r ,   to  i n c r e a s e   m e c h a n i c a l   s t r e n g t h ,  

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

t h e   w r a p p i n g   of  c o n d u c t o r s   and  t h e   l i k e ,   and  t h e y   may  b e  

i n c o r p o r a t e d   in  d o u b l e   or  m u l t i p l e   l a y e r   c o n s t r u c t i o n s  

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

p a r t i c u l a r l y   h i g h   s t r e n g t h ,   as  when  w r a p p i n g . c a b l e s .  

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   by  t h e   f o l l o w i n g  

E x a m p l e .  

EXAMPLE 

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   form  was  made  i n t o   an  a q u e o u s  

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



t r e a t e d   in  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  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 )   ( 5 0 0 g .   d ry   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 i t r e s   of  w a t e r   i n  

a  m i x i n g   t a n k ,   and  t he   d i l u t e d   p u l p   w a s  

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 ) ,   at  l e a s t   75%  by  w e i g h t   o f  

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  

2 5 0  µ m ;   b a l l   c l a y   (90%  p a s s i n g   a  s i e v e   o f  

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   3-8mm  f i b r e   l e n g t h ) ;   f a r i n a   s t a r c h   (5% 

a q u e o u s   s o l u t i o n ,   p r e p a r e d   by  h e a t i n g   a t   1 0 0 ° C  

f o r   5 - 1 0   m i n u t e s ) ;  

in   p r o p o r t i o n s   such   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  of   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 ,   5% 

r a y o n   f i b r e s   and  4%  h y d r o l y s e d   s t a r c h .  

( 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  

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   in  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 ,   such   as  i s  

d e s c r i b e d   in   c h a p t e r s   10  and  11  of  " P a p e r   and  B o a r d  

M a n u f a c t u r e "   by  J u l i u s   G r a n t ,   J ames   H.  Young,   a n d  

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  Boa rd   I n d u s t r y   F 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   is  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   is   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 ,   and  t h e n   d r i e d   to   l o w  

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 ) .   T h e '  

p r o p e r t i e s   of   t h e   p a p e r   t h u s   o b t a i n e d   w e r e : -  

To  p a s s   t h e   f l e x i b i l i t y   t e s t   r e f e r r e d   t o ,   a  s p e c i m e n  
of  p a p e r   (50mm  x  230  mm,  w i t h   t h e   230mm  s i d e  

p a r a l l e l   to   t h e   g r a i n )   s h o u l d   show  no  e v i d e n c e   o f  

b r e a k i n g   when  b e n t   t h r o u g h   180°C  a r o u n d   a  m a n d r e l   o f  

50mm  d i a m t e r ,   w i t h   use   of   j u s t   e n o u g h   f o r c e   to  k e e p  
t h e   s p e c i m e n   in   c o n t a c t   w i t h   t h e   m a n d r e l .  



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   of   t h i c k n e s s  

0 . 1 - 1 . 5 m m   c o m p r i s i n g   a  m a t r i x   of  u n f i r e d   b a l l   c l a y  
w h i c h   is   r e i n f o r c e d   by  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   and  b y  

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

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

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

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  or  2 ,  

made  f rom  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   a s  
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   is  1 

to   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  any  p r e c e d i n g  
c l a i m ,   in  w h i c h   the   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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