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@  Sheet  composites  containing  crystalline  phosphate  fibers  and  a  process  for  the  preparation  thereof. 

@  Sheet  composites  containing  asbestiform  crystalline 
calcium  M  phosphate  fibers  wherein  M  is  a  metal  cation 
selected  from  the  group  consisting  of  sodium  and  lithium, 
and  mixtures  thereof,  are  useful  as  a  replacement  or  sub- 
stitute  for  asbestos  sheets  in  applications  where  fibrous  ma- 
terials  are  needed.  The  sheet  composites  are  prepared  by 
(a)  forming  an  aqueous  dispersion  comprising  such  phos- 
phate  fibers,  auxiliary  fibers,  and  a  water  insoluble  organic 
polymeric  binder;  (b)  distributing  and  draining  the  aqueous 
dispersion  on  a  porous  substrate  to  form  a  wet  sheet-like 
solid  phase  or  wet  web;  and  (c)  pressing  and  drying  the  wet 
web. 



F i e l d   of  t h e   I n v e n t i o n  

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

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

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

to  s h e e t   c o m p o s i t e s   and  a  p r o c e s s   f o r   t he   p r e p a r a t i o n  

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

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

l i t h i u m ,   and  m i x t u r e s   t h e r e o f .   The  s h e e t   c o m p o s i t e s  

a r e   s u i t a b l e   f o r   use   as  a  r e p l a c e m e n t   or  s u b s t i t u t e   f o r  

a s b e s t o s   s h e e t   c o m p o s i t e s   in   a p p l i c a t i o n s   whe re   f i b r o u s  

m a t e r i a l s   a r e   n e e d e d .   R e p r e s e n t a t i v e   u s e s   of  t h e   s h e e t  

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

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

c o v e r i n g ,   g a s k e t   p a p e r s ,   r o o f i n g   p a p e r ,   s o u n d - d e a d e n i n g  

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

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

and  t he   l i k e .  

D e s c r i p t i o n   of  t h e   P r i o r   A r t  

The  use   of  a s b e s t o s   in   t h e   p r e p a r a t i o n   o f  

f i b r o u s   s h e e t s   has  b e e n   p r a c t i c e d   f o r   many  y e a r s .  
Such  f i b r o u s   s h e e t s   have   b e e n   u s e d   in  t h e   p r e p a r a t i o n  

of   p r o d u c t s   s u c h   as  v i n y l   f l o o r   c o v e r i n g s   and  m u f f l e r  

p a p e r .   H o w e v e r ,   t h e   use   of  a s b e s t o s   f i b e r s   in  s u c h  

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

l o n g - t e r m   h e a l t h   h a z a r d .   In  some  c o u n t r i e s ,   t h e   u s e  

of   a s b e s t o s   has   b e e n   b a n n e d   and  in   t he   U n i t e d   S t a t e s  

r a t h e r   s e v e r e   r e s t r i c t i o n s   on  i t s   use   a r e   b e i n g   c o n -  

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

s u b s t i t u t e s   - -   g l a s s   woo l ,   r o c k   woo l ,   p o l y o l e f i n   f i b e r s ,  

and  c e l l u l o s e ,   f o r   e x a m p l e ,   - -   has  b e e n   i n t e n s i f i e d .  



U.S.   P a t e n t   4 , 2 2 5 , 3 4 3   d i s c l o s e s   a  n o n w o v e n  

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

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

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

good  r u n n a b i l i t y   on  common  p a p e r - m a k i n g   e q u i p m e n t   a n d  

e x c e l l e n t   s t r e n g t h   p r o p e r t i e s .  

In  U.S .   P a t e n t   4 , 3 7 3 , 9 9 2 ,   a  f l o o r i n g   f e l t  

i s   d e s c r i b e d   w h i c h   r e p o r t e d l y   p o s s e s s e s   e x c e l l e n t  

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

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

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

h y d r o x i d e .  

U.S .   P a t e n t   4 , 3 9 5 , 3 0 6   d i s c l o s e s   a  m e t h o d   f o r  

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

mats   or  s h e e t s   f rom  a  t h i c k e n e d   f i b r o u s   s u s p e n s i o n   o f  

s y n t h e t i c   f i b e r s   and  an  a q u e o u s   s u s p e n d i n g   m e d i u m  

t h i c k e n e d   w i t h   a  s y n t h e t i c   c a r b o x a m i d e   p o l y m e r .   T h e  

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

p o l y m e r   by  r e a c t i o n   w i t h   h y p o h a l i t e .  

A l t h o u g h   t h e s e   p r i o r   a r t   s h e e t s   and  p r o -  
c e s s e s   a r e   e f f e c t i v e   to  e l i m i n a t e   a s b e s t o s   in   p r o d u c t s  

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

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

whe re   f i b r o u s   m a t e r i a l s   a r e   n e e d e d   i s   d e p e n d e n t   u p o n  
s u c h   c o m p o s i t e s '   a b i l i t y   to  w i t h s t a n d   a  wide   v a r i e t y  

of  e x t r e m e   and  s t r e s s f u l   c o n d i t i o n s   u n d e r   use   a p p l i c a -  

t i o n s ,   w h i l e   a t   t h e   same  t i m e ,   p r e s e n t i n g   no  h e a l t h  

h a z a r d .   The  d i s c o v e r y   of   t h e   s h e e t   c o m p o s i t e s   of   t h e  

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

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

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

a r t .  



SUMMARY  OF  THE  INVENTION 

I t   is   an  o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e  

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

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

l i t h i u m ,   and  m i x t u r e s   t h e r e o f ,   w h i c h   a re   h i g h l y   e f f e c -  

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

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

A n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e  

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

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

w h e r e i n   M  i s   a  m e t a l   c a t i o n   s e l e c t e d   f rom  t he   g r o u p  
c o n s i s t i n g   of   s o d i u m   and  l i t h i u m ,   and  m i x t u r e s   t h e r e o f ,  

w h i c h   a re   h i g h l y   e f f e c t i v e   as  a  r e p l a c e m e n t   or  s u b s t i -  

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

whe re   f i b r o u s   m a t e r i a l s   a re   n e e d e d .  

To  a c h i e v e   t h e s e   and  o t h e r   o b j e c t s   w h i c h   w i l l  

become  a p p a r e n t   f rom  t h e   a c c o m p a n y i n g   d e s c r i p t i o n   a n d  

c l a i m s ,   s h e e t   c o m p o s i t e s   a r e   p r o v i d e d   w h i c h   c o m p r i s e :  

(a)  a s b e s t i f o r m   c r y s t a l l i n e   c a l c i u m   M 

p h o s p h a t e   f i b e r s   w h e r e i n   M  is   a  m e t a l  

c a t i o n   s e l e c t e d   f rom  t he   g r o u p   c o n -  

s i s t i n g   of   s o d i u m   and  l i t h i u m ,   a n d  

m i x t u r e s   t h e r e o f ;  

(b)  a u x i l i a r y   f i b e r s ;   a n d  

(c)  a  w a t e r   i n s o l u b l e   o r g a n i c   p o l y m e r i c  

b i n d e r .  

A l so   p r o v i d e d   i s   a  p r o c e s s   f o r   p r e p a r i n g  

s h e e t   c o m p o s i t e s   w h i c h   c o m p r i s e :  

(a)  f o r m i n g   an  a q u e o u s   d i s p e r s i o n   c o m -  

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

M  p h o s p h a t e   f i b e r s   w h e r e i n   M  is   a  m e t a l  



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

s i s t i n g   of   s o d i u m   and  l i t h i u m ,   a n d  

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

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

b i n d e r ;  

(b)  d i s t r i b u t i n g   and  d r a i n i n g   t h e   a q u e o u s  
d i s p e r s i o n   on  a  p o r o u s   s u b s t r a t e   t o  

form  a  wet   s h e e t   l i k e   s o l i d   p h a s e   o r  

wet   web;  a n d  

(c)  p r e s s i n g   and  d r y i n g   t h e   wet   w e b .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

In  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ,   n o v e l  

s h e e t   c o m p o s i t e s ,   and  a  p r o c e s s   f o r   t h e   p r e p a r a t i o n   o f  

same,   a r e   p r o v i d e d   w h i c h   a r e   s u i t a b l e   f o r   use   as  a  

r e p l a c e m e n t   or   s u b s t i t u t e   f o r   a s b e s t o s   s h e e t   c o m p o s -  
i t e s   in   a p p l i c a t i o n s   w h e r e   f i b r o u s   m a t e r i a l s   a r e  
n e e d e d .   T h e s e   s h e e t   c o m p o s i t e s   c o m p r i s e :  

(a)   a s b e s t i f o r m   c r y s t a l l i n e   c a l c i u m   M 

p h o s p h a t e   f i b e r s   w h e r e i n   M  i s  

a  m e t a l   c a t i o n   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of   s o d i u m   a n d  

l i t h i u m ,   and  m i x t u r e s   t h e r e o f ;  

(b)  a u x i l i a r y   f i b e r s ;   a n d  

(c)  a  w a t e r   i n s o l u b l e   o r g a n i c   p o l y m e r i c  

b i n d e r .  

The  s h e e t   c o m p o s i t e s   a r e   p r e p a r e d   by  a  p r o c e s s   w h i c h  

c o m p r i s e s :  

(a)  f o r m i n g   an  a q u e o u s   d i s p e r s i o n   c o m -  

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

M  i s   a  m e t a l   c a t i o n   s e l e c t e d   f r o m  

the   g r o u p   c o n s i s t i n g   of  s o d i u m   a n d  

l i t h i u m ,   and  m i x t u r e s   t h e r e o f ,  

a u x i l i a r y   f i b e r s ,   and  a  w a t e r   i n s o l -  

u b l e   o r g a n i c   p o l y m e r i c   b i n d e r ;  



(b)  d i s t r i b u t i n g   and  d r a i n i n g   t h e  

a q u e o u s   d i s p e r s i o n   on  a  p o r o u s  
s u b s t r a t e   to  form  a  wet   s h e e t  

l i k e   s o l i d   p h a s e   or  wet   web;  a n d  

(c)  p r e s s i n g   and  d r y i n g   t h e   wet   w e b .  

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

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

t h e   g r o u p   c o n s i s t i n g   of  s o d i u m   and  l i t h i u m ,   and  m i x -  

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

[ C a M ( P O 3 ) 3 ] n   w h e r e i n   n  i s   a  n u m b e r   r e p r e s e n t i n g   t h e  

n u m b e r   of   r e p e a t i n g   CaM(P03)3   u n i t s .   A d v a n t a g e o u s l y ,  
s u c h   f i b e r s   have   an  a s p e c t   r a t i o   ( l e n g t h - t o - a v e r a g e  
d i a m e t e r   r a t i o ,   L/D)  of  a t   l e a s t   3 0 : 1   and  an  a v e r a g e  
d i a m e t e r   in   t h e   r a n g e   of   f rom  a b o u t   0 .5  m i c r o n   (µm) 

to  a b o u t   20  µm.  P r e f e r r e d   f i b e r s   a re   t h o s e   h a v i n g   a n  

a s p e c t   r a t i o   of  f rom  a b o u t   4 0 : 1   to  a b o u t   1 0 0 : 1   and  a n  

a v e r a g e   d i a m e t e r   f rom  a b o u t   1  µm  to  a b o u t   10  µm. 

Among  s u c h   f i b e r s ,   p a r t i c u l a r l y   p r e f e r r e d   a re   c a l c i u m  

M  p h o s p h a t e   f i b e r s   w h e r e i n   M  is   s o d i u m .  

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

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

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

in  U.S.   P a t e n t   4 , 3 4 6 , 0 2 8 ,   t h e   d i s c l o s u r e   of  w h i c h   i s  

h e r e i n   i n c o r p o r a t e d   by  r e f e r e n c e .  

A u x i l i a r y   f i b e r s   s u i t a b l e   f o r   use   to  p r e p a r e  
t h e   s h e e t   c o m p o s i t e s   of  t h e   i n s t a n t   i n v e n t i o n   a r e  

t h o s e   w h i c h   p r o v i d e   t he   d e s i r e d   p h y s i c a l   p r o p e r t i e s  

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

m a k i n g   e q u i p m e n t .   Such  f i b e r s   a r e   w a t e r   i n s o l u b l e  

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

of  b e i n g   f i b r i l l a t e d .   I n c l u d e d   among  s u c h   f i b e r s   a r e  

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

m i x t u r e s   t h e r e o f .   U s u a l l y ,   w a t e r   d i s p e r s i b i l i t y   i s  

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



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

to  p r o v i d e   w a t e r   s o l u b i l i t y .   F i b e r s   f rom  n a t u r a l  

m a t e r i a l s   - -   wood  p u l p ,   f o r   e x a m p l e   - -   a r e   a n i o n i c .  

Many  s y n t h e t i c   f i b e r s ,   on  t h e   o t h e r   h a n d ,   a re   t r e a t e d  

to  make  them  s l i g h t l y   i o n i c .  

The  t e r m   " s y n t h e t i c   f i b e r s " ,   as  e m p l o y e d  

h e r e i n ,   means  a u x i l i a r y   f i b e r s   t h a t   a r e   s y n t h e s i z e d  

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

g a n i c   s u b s t a n c e s   e x t r u d e d   in   f i b r o u s   form  and  r e g e n -  
e r a t e d   f i b e r s .  

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

a u x i l i a r y   f i b e r s   s u i t a b l e   f o r   use   in   t h e   s h e e t   c o m -  

p o s i t e s   of   t h e   i n s t a n t   i n v e n t i o n   a re   c e l l u l o s i c  

( i n c l u d i n g   l i g n o c e l l u l o s i c )   f i b e r s   commonly   u s e d   i n  

t h e   m a n u f a c t u r e   of   f e l t   and  p a p e r .   Such  f i b e r s  

i n c l u d e   t h o s e   commonly   known  as  wood  p u l p   of   t h e  

v a r i o u s   k i n d s   f rom  h a r d w o o d   and  s o f t w o o d   s u c h   a s  

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

m e c h a n i c a l   p u l p ,   s e m i c h e m i c a l   p u l p ,   and  c h e m i c a l   p u l p .  

S p e c i f i c   e x a m p l e s   a r e   u n b l e a c h e d   ( a c i d )   s u l f i t e   p u l p ,  

b l e a c h e d   ( a c i d )   s u l f i t e   p u l p ,   u n b l e a c h e d   ( a l k a l i n e )  

k r a f t   or  s u l f a t e   p u l p ,   and  b l e a c h e d   ( a l k a l i n e )   k r a f t  

or  s u l f a t e   p u l p .  

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

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

r a y o n ,   g r a p h i t e ,   p o l y a m i d e s   ( e . g . ,   n y l o n   and  a r a m i d ) ,  

p o l y e s t e r s ,   p o l y o l e f i n s   ( e . g . ,   p o l y e t h y l e n e   a n d  

p o l y p r o p y l e n e ) ,   p o l y ( v i n y l   c h l o r i d e ) ,   and  t h e   l i k e .  

S u i t a b l e   a u x i l i a r y   f i b e r s   p r e f e r a b l y   w i l l  

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

0 .5   m i l l i m e t e r s   (mm)  to  a b o u t   20  mm,  and  mos t   p r e f e r -  

a b l y   f rom  a b o u t   1  mm  to  a b o u t   10  mm,  and  n o m i n a l  

d i a m e t e r s   w i t h i n   t h e   r a n g e   of   f rom  a b o u t   3  µm  to  a b o u t  

20  pm,  and  mos t   p r e f e r a b l y   f rom  a b o u t   4  µm  to  a b o u t  

10  µm. 



In  t h e   p r a c t i c e   of   t h e   i n s t a n t   i n v e n t i o n ,  

t h e   a u x i l i a r y   f i b e r s   a r e   s u b j e c t e d   to  m e c h a n i c a l  

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

d e s c r i b e d   in   t h e   p a p e r - m a k i n g   a r t   as  p u l p i n g ,   b e a t i n g ,  

or  r e f i n i n g .   C e l l u l o s i c   f i b e r s   ( n a t u r a l l y   o c c u r r i n g  

a u x i l i a r y   f i b e r s )   u s e f u 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   p r e f e r a b l y   a r e   r e f i n e d   to  a  C a n a d i a n   S t a n d -  

a rd   F r e e n e s s   (CSF)  a t   0.3%  c o n s i s t e n c y   ( p e r c e n t a g e   b y  

w e i g h t   of   d r y   f i b r o u s   m a t e r i a l )   of  f rom  a b o u t   3 0 0  

m i l l i l i t e r s   (ml)  to  a b o u t   700  ml,  mos t   p r e f e r a b l y   f r o m  

a b o u t   400  ml  to   a b o u t   600  m l .  

The  C a n a d i a n   S t a n d a r d   F r e e n e s s   (CSF)  v a l u e ,  
in   ml,  i s   d e t e r m i n e d   a c c o r d i n g   to  t h e   T e c h n i c a l   A s s o -  

c i a t i o n   of  t h e   P u l p   and  P a p e r   I n d u s t r y   ( T A P P I )  
S t a n d a r d   T - 2 2 7 - M - 5 8   on  a  s a m p l e   c o n t a i n i n g   3  g  o f  

s o l i d s   d i l u t e d   w i t h   w a t e r   to  1000  m l .  

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

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

t r e a t e d   to   c a u s e   f i b r i l l a t i o n .   N o r m a l l y ,   h o w e v e r ,  

s u c h   f i b e r s   do  n o t   p r o v i d e   t h e   same  d e g r e e   of   d i s p e r -  

s i o n   as  is   o b t a i n e d   w i t h   c e l l u l o s i c   f i b e r s .   As  a  

r e s u l t ,   t h e   C a n a d i a n   S t a n d a r d   F r e e n e s s   t e s t   is   n o t  

p a r t i c u l a r l y   a d a p t e d   to  s u c h   m a t e r i a l s .  

Among  a u x i l i a r y   f i b e r s   s u i t a b l e   f o r   use   i n  

t he   s h e e t   c o m p o s i t e s   of   t h e   i n s t a n t   i n v e n t i o n ,   p r e -  
f e r r e d   f i b e r s   a r e   c e l l u l o s i c   f i b e r s .   Most   p r e f e r r e d ,  

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

a  C a n a d i a n   S t a n d a r d   F r e e n e s s   of  0.3%  c o n s i s t e n c y   o f  

from  a b o u t   400  ml  to  a b o u t   600  m l .  

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

m a t e r i a l s   u s e f u l   in   t he   p r a c t i c e   of   t he   i n s t a n t   i n v e n -  

t i o n   a r e   n o t   n a r r o w l y   c r i t i c a l .   Any  of   t h e   w i d e  

v a r i e t y   of  n a t u r a l   and  s y n t h e t i c   l a t e x e s   ( i . e . ,   a q u e o u s  
c o l l o i d a l   d i s p e r s i o n s )   g e n e r a l l y   known  f o r   use   in   f e l t  



and  p a p e r   m a n u f a c t u r e   may  be  u s e d .   C o n v e n t i o n a l  

s t y r e n e - b u t a d i e n e   r u b b e r   (SBR)  l a t e x   i s   p r e f e r r e d   w i t h  

c a r b o x y l a t e d   s t y r e n e - b u t a d i e n e   r u b b e r   ( c a r b o x y l a t e d   SBR) 

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

i n c l u d e   n a t u r a l   r u b b e r ,   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 ) ,   p o l y a c r y l a t e ,   and  n e o p r e n e   l a t e x e s .   M i x -  

t u r e s   of   s u c h   l a t e x e s   may  a l s o   be  u s e d .  

As  w i l l   be  a p p a r e n t   to  t h o s e   s k i l l e d   in   t h e  

p a p e r - m a k i n g   a r t ,   t h e   l a t e x e s   s u i t a b l e   f o r   u se   as  t h e  

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

i n v e n t i o n   may  be  u s e d   e i t h e r   a l o n e   o r ,   as  d i s c u s s e d  

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

a n t i o x i d a n t s ,   and  p i g m e n t s .  

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

( i . e . ,   t h e   l a t e x )   can   be  of   any  c o n v e n i e n t l y   o b t a i n a b l e  

p a r t i c l e   s i z e .   A v e r a g e   p a r t i c l e   d i a m e t e r s   of   f r o m  

a b o u t   1000  A n g s t r o m s   (R)  to  a b o u t   3 0 0 0  R   a r e   p r e f e r r e d .  

E s p e c i a l l y   p r e f e r r e d   a r e   p a r t i c l e   d i a m e t e r s   f rom  a b o u t  
1 5 0 0  R   to   a b o u t   2 5 0 0  Å .   S i n c e   t h e   l a t e x   e m p l o y e d   i n  

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

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

t e n t   of   t h e   l a t e x   as  s u p p l i e d   i s   n o t   c r i t i c a l .  

In  t h e   p r a c t i c e   of   t h e   i n s t a n t   i n v e n t i o n ,   t h e  

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

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

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

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

C a t i o n i c   r e s i n s   a re   r e s i n s   of  h i g h   c a t i o n i c  

c h a r a c t e r .   I n c l u d e d   among  s u c h   r e s i n s   a r e   two  g e n e r a l  

t y p e s   of  p r o d u c t s   - -   p o l y m e r i c   a m i n e s   and  q u a t e r n a r y  
ammonium  p o l y m e r s .   The  f o r m e r   g r o u p   i s   c o m p r i s e d   o f  



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

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

p o l y ( d i m e t h y l a m i n o - e t h y l   m e t h a c r y l a t e ) ;   and  p o l y -  

a l k y l e n e   p o l y a m i n e s .   The  l a t t e r   g r o u p   ( q u a t e r n a r y  
ammonium  p o l y m e r s )   i n c l u d e s   p o l y ( v i n y l b e n z y l t r i m e t h y l -  
ammonium  c h l o r i d e ) ,   p o l y ( d i a l l y l d i m e t h y l a m m o n i u m  

c h l o r i d e ) ,   p o l y ( g l y c i d y l t r i m e t h y l a m m o n i u m   c h l o r i d e )  

and  p o l y ( 2 - h y d r o x y p r o p y l - 1 , 1 - N - d i m e t h y l a m m o n i u m  

c h l o r i d e ) .  

Any  c o n v e n i e n t   c o n c e n t r a t i o n   (on  a  d ry   w e i g h t  

b a s i s )   of  t h e   c o m p o n e n t s   of   t h e   s h e e t   c o m p o s i t e s   o f  

t h e   i n s t a n t   i n v e n t i o n   may  be  u s e d .   In  g e n e r a l ,   t h e  

s h e e t   c o m p o s i t e s   w i l l   c o m p r i s e   f rom  a b o u t   60%  to  a b o u t  

95%  by  w e i g h t   of  t he   p h o s p h a t e   f i b e r s ,   f rom  a b o u t   1% 

to  a b o u t   15%  by  w e i g h t   of   a u x i l i a r y   f i b e r s ,   and  f r o m  

a b o u t   5%  to  a b o u t   30%  by  w e i g h t   of  a  w a t e r   i n s o l u b l e  

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

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

75%  to  a b o u t   85%,  f o r   t h e   a u x i l i a r y   f i b e r s ,   f rom  a b o u t  

3%  to  a b o u t   10%,  and  f o r   t he   w a t e r   i n s o l u b l e   o r g a n i c  

p o l y m e r i c   b i n d e r ,   f rom  a b o u t   10%  to  a b o u t   20%,  a l l   b y  

w e i g h t .   At  s u c h   p r e f e r r e d   c o n c e n t r a t i o n s ,   t he   s h e e t  

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

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

I t   w i l l   be  a p p a r e n t ,   h o w e v e r ,   t h a t   o t h e r   c o n c e n t r a t i o n s  

may  be  e m p l o y e d   in   t h e   p r o d u c t i o n   of  t he   s h e e t   c o m p o s -  
i t e s   of  t he   i n s t a n t   i n v e n t i o n ,   e s p e c i a l l y   t h o s e   i n t e n d e d  

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

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

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

t h e   i n s t a n t   i n v e n t i o n   can  be  c a r r i e d   o u t   on  h a n d s h e e t -  

f o r m i n g   a p p a r a t u s   o r ,   p r e f e r a b l y ,   on  common,  c o n t i n -  

uous   p a p e r - m a k i n g   e q u i p m e n t   s u c h   as  a  F o u r d r i n i e r  

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



a  R o t a f o r m e r ,   or  on  m i l l b o a r d   e q u i p m e n t .   S u i t a b l e  

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

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

e q u i p m e n t ,   f o r   e x a m p l e ,   a  F o u r d r i n i e r   m a c h i n e   w i t h  

s e c o n d a r y   h e a d b o x e s   or  m u l t i c y l i n d e r   m a c h i n e s   in   w h i c h ,  

i f   d e s i r e d ,   d i f f e r e n t   f u r n i s h e s   can   be  u s e d   in   t h e  

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

p r o p e r t i e s   of   one  or  more  of  t h e   p l i e s   w h i c h   can   c o m -  

p r i s e   a  f i n i s h e d   b o a r d .  

For   f u r t h e r   d e t a i l s ,   r e f e r e n c e   i s   made  to  t h e  

g e n e r a l   summary   of   p a p e r   and  p a p e r   m a k i n g   as  f o u n d   i n  

K i r k - O t h m e r   E n c y c l o p e d i a   of   C h e m i c a l   T e c h n o l o g y ,   3 r d   e d .  

Vo l .   16,  J o h n   W i l e y   &  Sons ,   I n c . ,   New  York   ( 1 9 8 1 )   p a g e s  

7 6 8 - 8 0 3 ,   w i t h   t h e   s h e e t - f o r m i n g   a s p e c t s   and  a p p r o p r i a t e  

e q u i p m e n t   t h e r e f o r   b e i n g   d e s c r i b e d   on  p a g e s   7 8 0 - 7 9 2 .  

See  a l s o ,   S h r e v e   &  B r i n k ,   C h e m i c a l   P r o c e s s   I n d u s t r i e s ,  

4 t h   e d . ,   M c G r a w - H i l l   Book  Co . ,   New  York   ( 1 9 7 7 )   p a g e s  
5 5 5 - 5 7 0 .  

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

t he   m i x t u r e   of   m a t e r i a l s   b l e n d e d   in   t h e   s t o c k   s u s p e n -  
s i o n   f rom  w h i c h   t h e   s h e e t   c o m p o s i t e s   of   t h e   i n s t a n t  

i n v e n t i o n   a r e   m a d e .  

In  a  p r e f e r r e d   e m b o d i m e n t ,   t h e   s h e e t   c o m p o s -  
i t e s   of   t h e   i n s t a n t   i n v e n t i o n   a r e   p r e p a r e d   by  f o r m i n g  

an  a q u e o u s   d i s p e r s i o n   of   a s b e s t i f o r m   c r y s t a l l i n e   c a l -  

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

a t   l e a s t   3 0 : 1   and  an  a v e r a g e   d i a m e t e r   of  f rom  a b o u t  

0 .5  µm  to  a b o u t   20  pm,  p r e f e r a b l y   h a v i n g   an  a s p e c t  
r a t i o   of   f rom  a b o u t   4 0 : 1   to   a b o u t   1 0 0 : 1   and  an  a v e r a g e  
d i a m e t e r   f rom  a b o u t  1   µm  to  a b o u t   10  µm.  A  c a t i o n i c  

r e s i n   i s   a d d e d   to  t h e   a q u e o u s   d i s p e r s i o n   to   p r o v i d e   a  

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

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

m a l l y   is   a n i o n i c .   The  r e s u l t i n g   d i s p e r s i o n   i s   a d m i x e d  



w i t h   c e l l u l o s i c   f i b e r s   r e f i n e d   to  a  C a n a d i a n   S t a n d a r d  

F r e e n e s s   of  f rom  a b o u t   300  ml  to  a b o u t   700  ml,  p r e f e r -  

a b l y   f rom  a b o u t   400  ml  to  a b o u t   600  ml,  and  a  w a t e r -  

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

e m b o d i m e n t ,   t h e   a q u e o u s   d i s p e r s i o n   i s   f o r m e d   or  p r e -  
p a r e d   to  p r o v i d e   a  s h e e t   c o m p o s i t e   c o n t a i n i n g   (on  a  

d ry   w e i g h t   b a s i s )   f rom  a b o u t   65%  to  a b o u t   90%,  m o s t  

p r e f e r a b l y   f rom  a b o u t   70%  to  a b o u t   85%,  of   p h o s p h a t e  

f i b e r s ,   f rom  a b o u t   3%  to  a b o u t   7%  of   c e l l u l o s i c  

f i b e r s   ( a u x i l i a r y   f i b e r s ) ,   and  f rom  a b o u t   10%  t o  

a b o u t   20%  of  l a t e x   ( t h e   w a t e r - i n s o l u b l e   p o l y m e r i c  

b i n d e r ) .   Once  f o r m e d ,   t h e   a q u e o u s   d i s p e r s i o n   i s   d i s -  

t r i b u t e d   and  d r a i n e d   on  a  p o r o u s   s u b s t r a t e   s u c h   as  a  
w i r e   to  form  a  wet   web  or  wet   s h e e t   c o m p o s i t e   w h i c h   i s  

s u b s e q u e n t l y   p r e s s e d   and  d r i e d .  

In  t he   m i x i n g   of  t h e   p h o s p h a t e   f i b e r s   a n d  

t h e   a u x i l i a r y   f i b e r s   ( p r e f e r a b l y   c e l l u l o s i c   f i b e r s )  

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

t i o n a l   w a t e r   may  be  added   as  n e c e s s a r y   to  r e d u c e   t h e  

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

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

r a n g e   f rom  a b o u t   0.1%  to  a b o u t   6%,  p r e f e r a b l y   f r o m  

a b o u t   1%  to  a b o u t   3%.  P a r t   of   t h e   w a t e r   of  d i l u t i o n  

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

r e c y c l e d   f rom  l a t e r   s t e p s   in   t he   s h e e t - m a k i n g   p r o c e s s .  

A l t e r n a t i v e l y ,   or  a d d i t i o n a l l y ,   some  of  t h e   w h i t e   w a t e r  

can   be  u s e d   as  n e c e s s a r y   in   any  r e q u i r e d   r e f i n i n g   s t e p  

f o r   t he   a u x i l i a r y   f i b e r s .   A f t e r   d i s t r i b u t i n g   a n d  

d r a i n i n g   t he   r e s u l t i n g   wet   d i s p e r s i o n   or  f u r n i s h ,   t h e  

wet   web  o b t a i n e d   t h e r e b y   i s   wet   p r e s s e d   and,   as  p r e -  

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

u s e d   in   p a p e r   m a k i n g .  

The  t e m p e r a t u r e s   e m p l o y e d   t h r o u g h   t h e   s t e p  

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



a b o u t   20°  C  (68°  F)  to   a b o u t   40°  C  (104°   F)  a l t h o u g h  

t e m p e r a t u r e s   o u t s i d e   t h e   s t a t e d   r a n g e   can   be  e m p l o y e d  

so  l o n g   as  s u c h   t e m p e r a t u r e s   a r e   above   t h e   f r e e z i n g  

p o i n t   of  t h e   a q u e o u s   d i s p e r s i o n   and  a r e   b e l o w   t h e  

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

w o u l d   s o f t e n   u n d u l y .   T e m p e r a t u r e s   above   a m b i e n t   c o n -  
d i t i o n s   may  a t   t i m e s   be  a d v a n t a g e o u s l y   e m p l o y e d   t o  

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

In  many  i n s t a n c e s ,   i t   may  be  d e s i r a b l e   t o  

m o d i f y   t h e   p r o p e r t i e s   of   t h e   s h e e t   c o m p o s i t e s .   To  

a c c o m p l i s h   s u c h   m o d i f i c a t i o n ( s ) ,   s m a l l   a m o u n t s   of  v a r -  
i o u s   wet   end  a d d i t i v e s   of   t h e   t y p e s   commonly   e m p l o y e d  
in   p a p e r - m a k i n g   may  be  i n c o r p o r a t e d   i n t o   t h e   s h e e t  

c o m p o s i t e s   by  a d d i n g   s u c h   a d d i t i v e s   to  t h e   a q u e o u s  
d i s p e r s i o n .   Such  m a t e r i a l s   i n c l u d e   a n t i o x i d a n t s ;  

s i z i n g s ;   v a r i o u s   h y d r o c a r b o n s   and  n a t u r a l   w a x e s ,   p a r -  
t i c u l a r l y   in   t h e   form  of   a n i o n i c   or  c a t i o n i c   e m u l s i o n s ;  

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

f i l l e r s   h a v i n g   a  p a r t i c l e   d i a m e t e r   l e s s   t h a n   50  µm 
s u c h   as  t i t a n i u m   d i o x i d e ,   a m o r p h o u s   s i l i c a ,   z i n c   o x i d e ,  

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

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

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

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

l i m e s t o n e ,   m a g n e s i u m   h y d r o x i d e ,   and  m i x t u r e s   t h e r e o f ;  

c e l l u l o s e   d e r i v a t i v e s   s u c h   as  c a r b o x y m e t h y l   c e l l u l o s e  

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

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

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

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

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

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

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

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



a c c e s s o r y   c o m p o u n d s .   In  a d d i t i o n ,   i o n i c   s u r f a c t a n t s ,  

p r e f e r a b l y   a n i o n i c ,   may  be  a d d e d   in   s m a l l   a m o u n t s .  

N o n i o n i c   s u r f a c t a n t s ,   h o w e v e r ,   a r e   g e n e r a l l y   n o t   u s e -  

f u l   in   t h e   s h e e t   c o m p o s i t e s   of   t h e   i n s t a n t   i n v e n t i o n .  

The  t h i c k n e s s   of  t h e   s h e e t   c o m p o s i t e s   of   t h e  

i n s t a n t   i n v e n t i o n   can  v a r y   f rom  a b o u t   7 .62   x  10-3   cm 

(3  m i l s )   to  a b o u t   3 . 1 7 5   x  10-1   cm  (125  m i l s ) ,   t h e   p r e -  
f e r r e d   v a l u e   d e p e n d i n g   upon  t he   p r o p o s e d   use   of   t h e  

s h e e t   c o m p o s i t e s .   In  g e n e r a l ,   h o w e v e r ,   t h e   t h i c k n e s s  

w i l l   r a n g e   f rom  a b o u t   3 . 8 1   x  1 0   cm  (15  m i l s )   to  a b o u t  

1 . 6 5   x  10-1   cm  (65  m i l s ) .  

The  s h e e t   c o m p o s i t e s   of  t he   i n s t a n t   i n v e n -  

t i o n   p o s s e s s   e x c e l l e n t   s t r e n g t h   p r o p e r t i e s ,   s m o o t h  

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

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

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

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

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

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

i n v e n t i o n   a r e   d e s c r i b e d   in   d e t a i l   in  o r d e r   to  f a c i l i -  

t a t e   a  c l e a r   u n d e r s t a n d i n g   of   t h e   i n v e n t i o n .   I t   s h o u l d  

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

of   t he   a p p l i c a t i o n   of  t h e   i n v e n t i o n ,   w h i l e   i n d i c a t i n g  

p r e f e r r e d   e m b o d i m e n t s ,   a r e   g i v e n   by  way  of   i l l u s t r a -  

t i o n   o n l y   and  a r e   n o t   to  be  c o n s t r u e d   as  l i m i t i n g   t h e  

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

w i t h i n   t h e   s p i r i t   of  t h e   i n v e n t i o n   w i l l   become  a p p a r -  

e n t   to  t h o s e   s k i l l e d   in   t h e   a r t   f rom  t h i s   d e t a i l e d  

d e s c r i p t i o n .  



EXAMPLE  1 

(a)   C a l c i u m   Sodium  P h o s p h a t e   F i b e r s  -   A s b e s t i f o r m  

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

p a r e d   in   f i v e   b a t c h e s   of   2 9 . 0   kg  to  70 .3   kg  (64  to  1 5 5  

lb )   e a c h   by  s c a l e - u p   of  t h e   g e n e r a l   p r o c e d u r e s   d e s c r i b e d  

in   t he   p r e v i o u s l y   r e f e r e n c e d   U.S.   P a t e n t   4 , 3 4 6 , 0 2 8 .   I n  

a  t y p i c a l   p r e p a r a t i o n ,   2 0 . 4 5 2   p a r t s   85.2%  p h o s p h o r i c  

a c i d ,   4 . 8 8 0   p a r t s   c a l c i u m   c a r b o n a t e ,   3 . 2 4 1   p a r t s   s o d i u m  

c a r b o n a t e   and  a b o u t   8 .1   p a r t s   d i s t i l l e d   w a t e r ,   p r o v i d -  

i ng   an  a n h y d r o u s   b a s i s   mole   p e r c e n t   r a t i o   of  5 0 . 6 0 %  

P2O5,  32 .45%  CaO,  and  16 .95%  Na20,   were   p l a c e d   in   a  

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

a t   a  r a t e   of   5°  C / h r   up  to   1000°  C,  a t   w h i c h   p o i n t  

e s s e n t i a l l y   a l l   t h e   w a t e r   and  C02  had  b e e n   d r i v e n   o f f  

and  t h e   c o n t e n t s   were   m o l t e n .   The  m e l t   was  h e l d   a t  

1000°   C  f o r   24  h r ,   c o o l e d   to  740°  C,  a t   w h i c h   t i m e  

s e v e r a l   s m a l l   s e e d   c r y s t a l s   of   [ C a N a ( P O 3 ) 3 ] n   we re   a d d e d  

to  t h e   s u r f a c e   of   t h e   m e l t   w h i c h   was  h e l d   a t   740°  C  f o r  

72  hr   to   c r y s t a l l i z e .   The  t e m p e r a t u r e   was  r e d u c e d   t o  

720°  C  and  h e l d   f o r   an  a d d i t i o n a l   72  hr   to   c o m p l e t e   t h e  

c r y s t a l l i z a t i o n ,   a f t e r   w h i c h   t h e   c r y s t a l l i z e d   mass   w a s  

s l o w l y   c o o l e d   to   room  t e m p e r a t u r e   and  r e m o v e d   f rom  t h e  

c r u c i b l e .   The  c r y s t a l l i z e d   mass  was  b r o k e n   a p a r t ,   p a s s e d  

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

d r y   m i l l i n g   in   an  a i r   c l a s s i f i c a t i o n   m i l l .   F i b e r s   f r o m  

s e v e r a l   d i f f e r e n t   b a t c h e s   were   c o m b i n e d   to   p r o v i d e   a  c o m -  

p o s i t e   s a m p l e   of   2 . 2 7   x  102  kg  (500  l b )   of   f i b e r s   f o r  

t e s t i n g .   The  f i b e r s   had  an  a v e r a g e   a s p e c t   r a t i o   of  6 4 . 5 ,  

an  a v e r a g e   d i a m e t e r   of   2 . 0 9   µm,  and  a  s u r f a c e   a r e a   o f  

6773  c m 2 / g .  

(b)  S h e e t   C o m p o s i t e   P r e p a r a t i o n  -   The  p h o s p h a t e  

f i b e r   s h e e t   c o m p o s i t e s   were   p r e p a r e d   by  use   of  a  F o u r -  

d i n i e r   P a p e r   M a c h i n e   h a v i n g   (a)  a  9 1 . 4 4 - c e n t i m e t e r  



( 3 6 - i n c h )   wide   p l a s t i c   w i r e ,   (b)  a  h e a d b o x   e q u i p p e d  

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

r o l l s ,   and  a  N e i l s o n   s l i c e ,   (c)  a  s u c t i o n   c o u c h   r o l l ,  

(d)  a  s t r a i g h t - t h r o u g h   p l a i n   p r e s s ,   and  a  p l a i n   r e v e r -  

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

s t o n i t e   c o v e r s ,   (e)   a  d r y e r   s e c t i o n   c o n s i s t i n g   of  7 

and  5  d r i e r s   w i t h   i n t e g r a l l y   c a s t   j o u r n a l s   and  2  f e l t  

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

( f )   a  c a l e n d a r   s t a c k   c o n s i s t i n g   of   e i g h t   r o l l s   w i t h  

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

was  a l s o   e q u i p p e d   w i t h   a  9 1 . 4 4 - c m   ( 3 6 - i n c h )   d i a m e t e r  

Pope  t y p e   r e e l   w i t h   a  9 1 . 4 4 - c m   f a c e   c a p a b l e   of   w i n d i n g  

r o l l s   up  to   1 0 1 . 6   cm  (40  i n c h e s )   in   d i a m e t e r .  

To  a  m a c h i n e   c h e s t   ( S e m t i l e   S t o c k   C h e s t )  

h a v i n g   a  c a p a c i t y   of   1 . 1 4   x  104  l i t e r s   (3000  U.S.   l i q u i d  

g a l l o n s )   and  c o n t a i n i n g   3 . 7 9   x  103  1  (1000  g a l )   of   w a t e r  

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

2 . 2 7   x  102  kg  (500  l b )   of   c a l c i u m   s o d i u m   p h o s p h a t e  
f i b e r s   p r e p a r e d   as  d e s c r i b e d   in   S e c t i o n   (a)  a b o v e .   T h e  

r e s u l t i n g   s l u r r y   was  d i l u t e d   w i t h   a d d i t i o n a l   w a t e r  

[ a p p r o x i m a t e l y   7 . 1 0   x  103  1  (1900  g a l ) ]   to  p r o v i d e   a  

t o t a l   v o l u m e   of   a p p r o x i m a t e l y   1 .10   x  104  1  (2900  g a l ) .  

To  t h i s   a q u e o u s   s l u r r y   was  c h a r g e d   in   s e r i e s   1 3 . 1   k g  

[ 2 8 . 8   l b ,   3 3 . 7  1   ( 8 . 9   g a l ) ]   of  a  wet   s t r e n g t h   p a p e r  
a d d i t i v e   (a  c a t i o n i c   t h e r m o s e t t i n g   p o l y a m i n e - e p i c h l o r o -  

h y d r i n   r e s i n   s o l d   c o m m e r c i a l l y   as  S a n t o - R e s   CM  b y  

M o n s a n t o   C o m p a n y ) ,   5 6 . 7   kg  [125  lb ,   1 . 1 4   x  102  1  ( 3 0  

g a l ) ]   of  an  a q u e o u s   d i s p e r s i o n   of   a  c a r b o x y l a t e d  

s t y r e n e - b u t a d i e n e   r u b b e r   l a t e x   [ i n   a d m i x t u r e   w i t h   3 

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

a n t i o x i d a n t   ( a v a i l a b l e   c o m m e r c i a l l y   f rom  T e x t i l e   R u b b e r  

&  C h e m i c a l   Co.  as  T - 4 1 4 ) ]   h a v i n g   46  p e r c e n t   s o l i d s   a n d  

an  a v e r a g e   p a r t i c l e   d i a m e t e r   of   1 9 0 0  R   ( a v a i l a b l e   c o m -  

m e r c i a l l y   f rom  Dow  C h e m i c a l   Company  as  X D - 3 0 1 9 2 . 0 0 ) ,  

and  1 0 . 0   kg  (22  l b )   of   common  b l e a c h e d   s o f t w o o d   k r a f t  

r e f i n e d   to  a  C a n a d i a n   S t a n d a r d   F r e e n e s s   of  485  m l .  



The  r e s u l t i n g   f u r n i s h   or  a q u e o u s   d i s p e r s i o n  

was  pumped  f rom  t h e   m a c h i n e   c h e s t   t h r o u g h   a  f l ow  c o n -  

t r o l l e r   v a l v e   to  t he   s u c t i o n   of   a  f an   pump  whe re   t h e  

t h i c k   f u r n i s h   was  d i l u t e d   w i t h   w h i t e   w a t e r   f rom  t h e  

w i r e   to  t he   r e q u i r e d   p a p e r - m a k i n g   c o n s i s t e n c y .   (A 

c o n s i s t e n c y   of  a b o u t   1%  to  a b o u t   2.5%  was  e m p l o y e d  

a l t h o u g h   h i g h e r   c o n s i s t e n c i e s ,   f o r   e x a m p l e ,   a b o u t   4% 

to  a b o u t   6%  may  be  e m p l o y e d ,   i f   d e s i r e d . )   The  d i l u t e d  

f u r n i s h   was  pumped  from  t h e   f an   pump  to  t h e   h e a d b o x   o f  

t h e   F o u r d r i n i e r   M a c h i n e   t h r o u g h   a  f i v e - p i p e   m a n i f o l d  

i n l e t .   The  f u r n i s h   f rom  t h e   h e a d b o x   was  f ed   o n t o   t h e  

w i r e   m o v i n g   a t   1 2 . 7   c m / s e c   (25  f t / m i n )   w h e r e   w h i t e  

w a t e r   d r a i n e d   to  form  a  wet   s h e e t   f rom  w h i c h   a d d i t i o n a l  

w a t e r   was  r e m o v e d   by  means  of  t h e   s u c t i o n   b o x e s   b e f o r e  

t h e   s h e e t   was  r e m o v e d   f rom  t h e   w i r e   a t   t h e   s u c t i o n  

c o u c h   r o l l .   A f t e r   t h e   two  p r e s s   s t a g e s   had  r e d u c e d  

t he   w a t e r   c o n t e n t   s t i l l   f u r t h e r ,   t h e   s h e e t   was  f e d  

t h r o u g h   t he   d r y e r   and  c a l e n d a r   s t a c k   and  c o l l e c t e d   a s  

r o l l s .   The  r o l l s   were   s l i t   and  t r i m m e d   to  y i e l d  

t h r e e   r o l l s   of  p h o s p h a t e   f i b e r   s h e e t   c o m p o s i t e   - -   1 

r o l l ,   3 8 . 1   cm  wide   x  8 3 . 8   m  l o n g   (15  in  wide   x  275  f t  

l o n g ) ;   1  r o l l ,   3 8 . 1   cm  wide   x  53 .3   m  l o n g   (15  in   w i d e  

x  175  f t   l o n g ) ;   and  1  r o l l ,   3 3 . 0 2   cm  wide   x  8 3 . 8   cm 

l o n g   (13  in   wide   x  275  f t   l o n g ,   a l l   h a v i n g   a  n o m i n a l  

t h i c k n e s s   of  7 .62   x  10-2  cm  (30  m i l s ) .   P r o p e r t y   d a t a  

f o r   t h e   s h e e t   c o m p o s i t e s   a r e   t a b u l a t e d   in   T a b l e   1 .  







Thus ,   i t   is   a p p a r e n t   t h a t   t h e r e   has   b e e n  

p r o v i d e d   in  a c c o r d a n c e   w i t h   t h e   i n s t a n t   i n v e n t i o n ,  

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

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

f o r t h   h e r e i n a b o v e .   W h i l e   t h e   i n v e n t i o n   has   b e e n   d e s -  

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

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

is   n o t   l i m i t e d   t h e r e t o   and  t h a t   many  a l t e r n a t i v e s ,  

m o d i f i c a t i o n s ,   and  v a r i a t i o n s   w i l l   be  a p p a r e n t   to  t h o s e  

s k i l l e d   in   t h e   a r t   in   l i g h t   of   t he   f o r e g o i n g   d e s c r i p t i o n .  

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

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

s p i r i t   and  b r o a d   s c o p e   of  t h e   i n v e n t i o n .  



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

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

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

p h a t e   f i b e r s   w h e r e i n   M  is   a  m e t a l  

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

s i s t i n g   of  s o d i u m   and  l i t h i u m ,   a n d  

m i x t u r e s   t h e r e o f ;  

(b)  a u x i l i a r y   f i b e r s ;   a n d  

(c)  a  w a t e r   i n s o l u b l e   o r g a n i c   p o l y m e r i c   b i n d e r .  

2.  The  s h e e t   c o m p o s i t e   of   C la im   1  w h e r e i n  

M  is   s o d i u m .  

3.  The  s h e e t   c o m p o s i t e   of  C l a i m   1  w h e r e i n  

t h e   p h o s p h a t e   f i b e r s   have   an  a s p e c t   r a t i o   of  a t   l e a s t  

3 0 : 1 .  

4.  The  s h e e t   c o m p o s i t e   of  C l a i m   1  w h e r e i n  

t h e   p h o s p h a t e   f i b e r s   have   an  a s p e c t   r a t i o   of  f r o m  

a b o u t   4 0 : 1   to  a b o u t   1 0 0 : 1 .  

5.  The  s h e e t   c o m p o s i t e   of  C l a i m   1  w h e r e i n  

t h e   p h o s p h a t e   f i b e r s   have   an  a v e r a g e   d i a m e t e r   of   f r o m  

a b o u t   0 .5  µm  to  a b o u t   20  pm. 
6.  The  s h e e t   c o m p o s i t e   of   C l a i m   5  w h e r e i n  

t h e   p h o s p h a t e   f i b e r s   have   an  a v e r a g e   d i a m e t e r   of  f r o m  

a b o u t   1  µm  to  a b o u t   10  µm. 
7.  The  s h e e t   c o m p o s i t e   of  C l a i m   1  w h e r e i n  

t he   a u x i l i a r y   f i b e r s   a re   c e l l u l o s i c   f i b e r s .  

8.  The  s h e e t   c o m p o s i t e   of  C la im   7  w h e r e i n  

t h e   c e l l u l o s i c   f i b e r s   a r e   b l e a c h e d   s o f t w o o d   k r a f t .  

9.  The  s h e e t   c o m p o s i t e   of  C la im   7  w h e r e i n  

t h e   c e l l u l o s i c   f i b e r s   a r e   r e f i n e d   to  a  C a n a d i a n   S t a n d -  

a rd   F r e e n e s s   of  f rom  a b o u t   300  ml  to  a b o u t   700  m l .  

10.  The  s h e e t   c o m p o s i t e   of  C l a i m   9  w h e r e i n  

t h e   c e l l u l o s i c   f i b e r s   a r e   r e f i n e d   to  a  C a n a d i a n   S t a n d -  

a rd   F r e e n e s s   of  from  a b o u t   400  ml  to  a b o u t   600  m l .  

11.  The  s h e e t   c o m p o s i t e   of  C l a i m   1  w h e r e i n  

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

l a t e x .  



12.  The  s h e e t   c o m p o s i t e   of  C l a i m   11  w h e r e i n  

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

s t y r e n e - b u t a d i e n e   r u b b e r ,   c a r b o x y l a t e d   s t y r e n e -  
b u t a d i e n e   r u b b e r ,   n a t u r a l   r u b b e r ,   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 ) ,   p o l y a c r y l a t e ,   and  n e o p r e n e .  
13.  The  s h e e t   c o m p o s i t e   of  C l a i m   12  w h e r e i n  

t h e   l a t e x   i s   c a r b o x y l a t e d   s t y r e n e - b u t a d i e n e   r u b b e r .  

14.  The  s h e e t   c o m p o s i t e   of  C l a i m   11  w h e r e i n  

t h e   l a t e x   i s   an  a n i o n i c   l a t e x .  

15.  The  s h e e t   c o m p o s i t e   of  C l a i m   1  w h e r e i n  

t h e   w a t e r   i n s o l u b l e   o r g a n i c   b i n d e r   has   an  a v e r a g e   p a r -  
t i c l e   d i a m e t e r   of   f rom  a b o u t   1 0 0 0  R   to  a b o u t   3000  R .  

16.  The  s h e e t   c o m p o s i t e   of   C l a i m   1  w h e r e i n  

t h e   w a t e r   i n s o l u b l e   o r g a n i c   b i n d e r   has   an  a v e r a g e  
p a r t i c l e   d i a m e t e r   of   f rom  a b o u t   1500  R  to  a b o u t  

2500  R .  

17.  The  s h e e t   c o m p o s i t e   of  C l a i m   1  w h i c h  

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

18.  The  s h e e t   c o m p o s i t e   of  C l a i m   17  w h e r e i n  

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

e p i c h l o r o h y d r i n   r e s i n .  

19.  The  s h e e t   c o m p o s i t e   of   C la im   1  w h i c h  

f u r t h e r   c o m p r i s e   wet   end  a d d i t i v e s .  

20.  The  s h e e t   c o m p o s i t e   of  C l a i m   19  w h e r e i n  

t h e   wet   end  a d d i t i v e s   c o m p r i s e s   an  a n t i o x i d a n t .  

21.  The  s h e e t   c o m p o s i t e   of  C la im   20  w h e r e i n  

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

t h i o e s t e r   b l e n d .  

22.  The  s h e e t   c o m p o s i t e   of  C l a i m   1  w h e r e i n  

t h e   s h e e t   c o m p o s i t e   c o m p r i s e s   on  a  d ry   b a s i s :  

(a)  f rom  a b o u t   60%  to  a b o u t   95%  by  w e i g h t  

of   p h o s p h a t e   f i b e r s ;  

(b)  f rom  a b o u t   1%  to  a b o u t   15%  by  w e i g h t  

of  a u x i l i a r y   f i b e r s ;   a n d  

(c)  f rom  a b o u t   5%  to  a b o u t   30%  by  w e i g h t   o f  

a t   l e a s t   one  w a t e r   i n s o l u b l e   o r g a n i c  

p o l y m e r i c   b i n d e r .  



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

p h o s p h a t e   f i b e r s   c o m p r i s i n g   on  a  d ry   w e i g h t   b a s i s :  

(a)   f rom  a b o u t   70%  to  a b o u t   85%  of  a s b e s -  

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

p h o s p h a t e   h a v i n g   an  a s p e c t   r a t i o   of  f r o m  

a b o u t   4 0 : 1   to  a b o u t   1 0 0 : 1   and  an  a v e r a g e  
d i a m e t e r   of  from  a b o u t   1  m i c r o n   to  a b o u t  

10  m i c r o n s .  

(b)  f rom  a b o u t   3%  to  a b o u t   7%  of   c e l l u l o s i c  

f i b e r s ;   a n d  

(c)  f rom  a b o u t   10%  to  a b o u t   20%  of  c a r b o x -  

y l a t e d   s t y r e n e - b u t a d i e n e   r u b b e r .  

24.  The  s h e e t   c o m p o s i t e   of  C l a i m   23  w h e r e i n  

t h e   s h e e t   c o m p o s i t e   i s   c h a r a c t e r i z e d   b y :  

(a)   a  b a s i s   w e i g h t   of  a t   l e a s t   1 . 31   x  102  

k g / 2 7 8 . 7   m 2  

(b)  an  a p p a r e n t   d e n s i t y   of  a t   l e a s t  

5 .96   x  1 0 2  k g / m 3 ;  

(c)   an  a m b i e n t   t e n s i l e   s t r e n g t h   in   t h e  

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

5.3  kN/m  and  in   t he   c r o s s   d i r e c t i o n  

of  a t   l e a s t   4 . 1   k N / m ;  

(d)  a  h o t   t e n s i l e   s t r e n g t h   in  t h e   m a c h i n e  

d i r e c t i o n   of  a t   l e a s t   1 .6   kN/m  and  i n  

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

1 .2  k N / m ;  

(e)   an  E l m e n d o r f   T e a r   in  t h e   m a c h i n e   d i r e c -  

t i o n   of  a t   l e a s t   195  g  and  in   t he   c r o s s  
d i r e c t i o n   of  a t   l e a s t   200  g;  a n d  

( f )   a  S h e f f i e l d   S m o o t h n e s s   of  l e s s   t h a n  

400  ml  e a c h   on  t he   f e l t   s i d e   and  on  t h e  

w i r e   s i d e .  



25.  A  p r o c e s s   f o r   t he   p r e p a r a t i o n   of  s h e e t  

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

w h i c h   c o m p r i s e s :  

(a)   f o r m i n g   an  a q u e o u s   d i s p e r s i o n   c o m -  

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

M  p h o s p h a t e   f i b e r s   w h e r e i n   M  is   a  m e t a l  

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

s i s t i n g   of  s o d i u m   and  l i t h i u m ,   a n d  

m i x t u r e s   t h e r e o f ,   a u x i l i a r y   f i b e r s ,  

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

b i n d e r ;  

(b)  d i s t r i b u t i n g   and  d r a i n i n g   t h e   a q u e o u s  
d i s p e r s i o n   on  a  p o r o u s   s u b s t r a t e   t o  

form  a  wet   s h e e t - l i k e   s o l i d   p h a s e   o r  

wet   web;  a n d  

(c)  p r e s s i n g   and  d r y i n g   t h e   wet   w e b .  

26.  The  p r o c e s s   of  C la im   25  w h e r e i n   M  i s  

s o d i u m .  

27.  The  p r o c e s s   of  C la im   25  w h e r e i n   t h e   p h o s -  

p h a t e   f i b e r s   have   an  a s p e c t   r a t i o   of  a t   l e a s t   3 0 : 1 .  

28.  The  p r o c e s s   of  C la im   25  w h e r e i n   t h e   p h o s -  

p h a t e   f i b e r s   have   an  a s p e c t   r a t i o   of  f rom  a b o u t   4 0 : 1  

to  a b o u t   1 0 0 : 1 .  

29.  The  p r o c e s s   of  C l a i m   25  w h e r e i n   t h e   p h o s -  

p h a t e   f i b e r s   have   an  a v e r a g e   d i a m e t e r   of   from  a b o u t  

0 .5   µm  to  a b o u t   20  µm. 
30.  The  p r o c e s s   of   C la im   29  w h e r e i n   t h e   p h o s -  

p h a t e   f i b e r s   have   an  a v e r a g e   d i a m e t e r   of  from  a b o u t  

1  µm  to  a b o u t   10  pm.  
31.  The  p r o c e s s   of   C la im   25  w h e r e i n   t h e  

a u x i l i a r y   f i b e r s   a r e   c e l l u l o s i c   f i b e r s .  

32.  The  p r o c e s s   of   C l a i m   31  w h e r e i n   t h e  

c e l l u l o s i c   f i b e r s   a re   b l e a c h e d   s o f t w o o d   k r a f t .  



33.  The  p r o c e s s   of  C l a i m   31  w h e r e i n   t h e  

c e l l u l o s i c   f i b e r s   a r e   r e f i n e d   to  a  C a n a d i a n   S t a n d a r d  

F r e e n e s s   of  f rom  a b o u t   300  ml  to  a b o u t   700  m l .  

34.  The  p r o c e s s   of  C la im   33  w h e r e i n   t h e  

c e l l u l o s i c   f i b e r s   a re   r e f i n e d   to  a  C a n a d i a n   S t a n d a r d  

F r e e n e s s   of  from  a b o u t   400  ml  to  a b o u t   600  m l .  

35.  The  p r o c e s s   of  C la im   25  w h e r e i n   t he   w a t e r  

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

36.  The  p r o c e s s   of   C la im   35  w h e r e i n   t h e   l a t e x  

is   s e l e c t e d   from  t h e   g r o u p   c o n s i s t i n g   of   s t y r e n e -  
b u t a d i e n e   r u b b e r ,   c a r b o x y l a t e d   s t y r e n e - b u t a d i e n e   r u b b e r ,  

n a t u r a l   r u b b e r ,   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 ) ,   p o l y a c r y l a t e ,   and  n e o p r e n e .  
37.  The  p r o c e s s   of  C la im   36  w h e r e i n   t h e   l a t e x  

is   c a r b o x y l a t e d   s t y r e n e - b u t a d i e n e   r u b b e r .  

38.  The  p r o c e s s   of  C la im   35  w h e r e i n   t h e   l a t e x  

is   an  a n i o n i c   l a t e x .  

39.  The  p r o c e s s   of  C la im   25  w h e r e i n   t h e   w a t e r  

i n s o l u b l e   o r g a n i c   b i n d e r   has  an  a v e r a g e   p a r t i c l e   d i a m -  

e t e r   of   from  a b o u t   1 0 0 0  R   to  a b o u t   3000  R .  

40.  The  p r o c e s s   of  C la im   25  w h e r e i n   t h e   w a t e r  

i n s o l u b l e   o r g a n i c   b i n d e r   has  an  a v e r a g e   p a r t i c l e   d i a m -  

e t e r   of   from  a b o u t   1 5 0 0  R   to  a b o u t   2500  R .  

41.  The  p r o c e s s   of  C l a i m   25  w h i c h   f u r t h e r   c o m -  

p r i s e s   an  a d d e d   c a t i o n i c   r e s i n .  

42.  The  p r o c e s s   of  C la im   41  w h e r e i n   t h e  

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

h y d r i n   r e s i n .  

43.  The  p r o c e s s   of  C la im   25  w h i c h   f u r t h e r  

c o m p r i s e   wet   end  a d d i t i v e s .  

44.  The  p r o c e s s   of   C la im   43  w h e r e i n   t h e   w e t  

end  a d d i t i v e s   c o m p r i s e s   an  a n t i o x i d a n t .  

45.  The  p r o c e s s   of  C la im   44  w h e r e i n   t h e  

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

b l e n d .  



46.  The  p r o c e s s   of   C l a i m   25  w h e r e i n   t h e   a q u e -  

ous  d i s p e r s i o n   c o m p r i s e s   on  a  d ry   b a s i s :  

(a)   f rom  a b o u t   60%  to  a b o u t   95%  by  w e i g h t  

of   p h o s p h a t e   f i b e r s ;  

(b)  f rom  a b o u t   1%  to  a b o u t   15%  by  w e i g h t  
of  a u x i l i a r y   f i b e r s ;   a n d  

(c)  f rom  a b o u t   5%  to  a b o u t   30%  by  w e i g h t   o f  

a t   l e a s t   one  w a t e r   i n s o l u b l e   o r g a n i c  

p o l y m e r i c   b i n d e r .  

47.  A  p r o c e s s   f o r   t h e   p r e p a r a t i o n   of  s h e e t  

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

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

a q u e o u s   d i s p e r s i o n   c o m p r i s i n g :  

(a)   f rom  a b o u t   70%  to  a b o u t   85%  of   a s b e s -  

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

p h o s p h a t e   h a v i n g   an  a s p e c t   r a t i o   of  f r o m  

a b o u t   4 0 : 1   to  a b o u t   1 0 0 : 1   and  an  a v e r a g e  
d i a m e t e r   of   f rom  a b o u t   1  m i c r o n   to  a b o u t  

10  m i c r o n s ,   f rom  a b o u t   3%  to  a b o u t   7%  o f  

c e l l u l o s i c   f i b e r s ,   f rom  a b o u t   10%  t o  

a b o u t   20%  of   c a r b o x y l a t e d   s t y r e n e - b u t a -  

d i e n e   r u b b e r ;   a n d  

(b)  d i s t r i b u t i n g   and  d r a i n i n g   t h e   a q u e o u s  
d i s p e r s i o n   on  a  p o r o u s   s u b s t r a t e   t o  

form  a  wet   s h e e t - l i k e   s o l i d   p h a s e   o r  

wet   web;  a n d  

(c)  p r e s s i n g   and  d r y i n g   t h e   wet   w e b .  

48.  The  p r o c e s s   of   C la im   47  w h e r e i n   t he   s h e e t  

c o m p o s i t e   is   c h a r a c t e r i z e d   b y :  

(a)  a  b a s i s   w e i g h t   of  a t   l e a s t   1 . 3 1   x  1 0 2  

k g / 2 7 8 . 7   m2;  

(b)  an  a p p a r e n t   d e n s i t y   of  a t   l e a s t  

5 . 9 6   x  102  k g / m 3 ;  



(c)  an  a m b i e n t   t e n s i l e   s t r e n g t h   in   t h e  

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

5 .3  kN/m  and  in   t h e   c r o s s   d i r e c t i o n  

of  a t   l e a s t   4 . 1   k N / m ;  

(d)  a  h o t   t e n s i l e   s t r e n g t h   in   t h e   m a c h i n e  

d i r e c t i o n   of   a t   l e a s t   1 .6   kN/m  and  i n  

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

1 .2  k N / m ;  

(e)  an  E l m e n d o r f   T e a r   in   t h e   m a c h i n e   d i r e c -  

t i o n   of  a t   l e a s t   195  g  and  in   t h e   c r o s s  

d i r e c t i o n   of   a t   l e a s t   200  g;  a n d  

( f )   a  S h e f f i e l d   S m o o t h n e s s   of  l e s s   t h a n  

400  ml  e a c h   on  t h e   f e l t   s i d e   and  on  t h e  

w i r e   s i d e .  
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