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©  A  process  for  preparing  a  non-woven  fibrous  web  from  fibers  and  a  latex,  and  the  non-woven  fibrous  material  so 
prepared. 

A  high  strength,  non-woven  fibrous  material  is  pre- 
pared  by  (a)  mixing  an  aqueous  slurry  of  a  negatively 
charged,  water-insoluble  natural  or  synthetic  fiber  or  blend 
of  fibers  with  an  amount  up  to  the  fiber  charge  reversal 
point  of  a  structured  particle  latex  having  pH  independent 
cationic  charges  bound  at  or  near  the  particle  surface  to 
form  an  aqueous  suspension,  (b)  draining  water  from  the 
aqueous  suspension  to  form  a  wet  web  (c)  wet  pressing 
the  web  and  (d)  drying  the  web  by  heating. 



T h i s   i n v e n t i o n   i s   c o n c e r n e d   w i t h   t h e   u s e   of   a  

c a t i o n i c   l a t e x   by  w e t - e n d   a d d i t i o n   i n   a  p r o c e s s   f o r   m a k i n g  

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

f o r m e d   by  s u c h   a  p r o c e s s .  

The  use   of  a  l a t e x   in   t h e   m a n u f a c t u r e   of   n o n -  

- w o v e n   m a t e r i a l s   by  w e t - e n d   a d d i t i o n ,   or   as  a  b e a t e r   a d d i -  

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

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

a i d   h a s   b e e n   u s e d   t h e r e w i t h .   B e c a u s e   of   t h e   s l i g h t l y  

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

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

l a t e x   s h o u l d   be  u s e d   i n   o r d e r   to   g e t   good   d e p o s i t i o n  

on  t h e   f i b e r s   w i t h o u t   t h e   u s e   of  a  d e p o s i t i o n   a i d .   How-  

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

c h a r g e   l a t e x   to   g e t   e f f i c i e n t   d e p o s i t i o n   of   t h e   l a t e x .  

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

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

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

s t r u c t u r e d   p a r t i c l e   l a t e x   to   g e t   h i g h   s t r e n g t h   i n  

t h e   p r o d u c t s .  

I t   ha s   now  b e e n   f o u n d   t h a t   h i g h   s t r e n g t h  

n o n - w o v e n   f i b r o u s   m a t e r i a l s   can  be  p r e p a r e d   by  m i x i n g   a n  



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

s p e c i f i c   k i n d   of   c a t i o n i c   l a t e x   i n   an  a m o u n t   up  to   t h e  

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

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

w e t   p r e s s i n g   t h e   web  and   d r y i n g   t h e   web  by  h e a t i n g .  

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

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

h a v i n g   a  h i g h   d e n s i t y   of   b o u n d ,   pH  i n d e p e n d e n t ,   c a t i o n i c  

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

e r a t u r e   (Tg)  f rom  - 8 0 ° C   to   1 0 0 ° C ,   p r e f e r a b l y   f r o m  

- 2 5 ° C   to   4 0 ° C .  

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

l a t e x   i s   u s e d   i n   an  a m o u n t   b e l o w   t h a t   r e q u i r e d   to   c a u s e  

c h a r g e   r e v e r s a l   on  t h e   f i b e r .   The  use   of   a  d e p o s i t i o n  

a i d   i s   n o t   a  s i g n i f i c a n t   f a c t o r .   An  a d v a n t a g e   o f   t h e  

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

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

and   i s   b o n d e d   t h e r e t o .   C o n s e q u e n t l y   s t r o n g e r   webs   a r e  

o b t a i n e d .  

The  f i b e r   i s   any  k i n d   of   n e g a t i v e l y   c h a r g e d ,  

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

of   f i b e r s   w h i c h   can   be  d i s p e r s e d   i n   a q u e o u s   s l u r r y .  

E i t h e r   l o n g   or   s h o r t   f i b e r s ,   or   m i x t u r e s   t h e r e o f   a r e  

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

c e l l u l o s e   f r o m   c o t t o n   and   l i n e n   r a g s ,   s t r a w s ,   g l a s s  

f i b e r s   and  t h e   l i k e .   P a r t i c u l a r l y   u s e f u l   f i b e r s   a r e   t h e  

c e l l u l o s i c   and  l i g n o c e l l u l o s i c   f i b e r s   c o m m o n l y   known  a s  

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

s u l f i t e   p u l p ,   u n b l e a c h e d   s u l f a t e   p u l p   and  b l e a c h e d  



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

u s e   c r u d e ,   low  q u a l i t y   p u l p   s u c h   as  " s c r e e n i n g s " ,   i . e . ,  

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

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

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

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

in   an  a m o u n t   of   f r o m   0 . 1 5   m i l l i e q u i v a l e n t   to   0 .6   m i l l i -  

e q u i v a l e n t ,   p r e f e r a b l y   f r o m   0 . 1 8   m i l l i e q u i v a l e n t   to   0 . 4  

m i l l i e q u i v a l e n t ,   p e r   g ram  o f   c o p o l y m e r .   The  c o m p o s i t i o n  

of   t he   l a t e x   c o p o l y m e r   i s   s u c h   as  to   p r o v i d e   a  g l a s s  

t r a n s i t i o n   t e m p e r a t u r e   (Tg)  f rom  - 8 0 ° C   to  1 0 0 ° C ,   p r e f e r a b l y  

f r o m   - 2 5 ° C   t o   4 0 ° C .   O r d i n a r i l y ,   t e n s i l e   s t r e n g t h   o f  

t h e   p r o d u c t   i n c r e a s e s   as  t h e   Tg  i n c r e a s e s   up  to   t h e  

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

t i m e s   and  t e m p e r a t u r e s   e n c o u n t e r e d   in   t h e   w e t - e n d   p r o c e s s .  

The  l a t e x e s   a r e   s t r u c t u r e d   p a r t i c l e   l a t e x e s  

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

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

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

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

u n d e r   e m u l s i o n   p o l y m e r i z a t i o n   c o n d i t i o n s   an  e t h y l e n i c a l l y  

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

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

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

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

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

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 .  

L a t e x e s   p r e p a r e d   by  u s u a l   e m u l s i o n   p o l y m e r i z a -  

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

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

g r e a t e r   t h a n   1 0 0 0 .   The  l o w e r   l i m i t   can   be   e x p r e s s e d  



as  t h e   s t a r t   of   t h e   p l a t e a u   r e g i o n   when   p r o p e r t i e s   a r e  

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

The  p a r t i c l e   s i z e   of   t h e   l a t e x   a l s o   h a s   a  s i g -  

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

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

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

b e l o w   1500  A n g s t r o m s ,   e s p e c i a l l y   f r o m   600  A n g s t r o m s   t o  

1000  A n g s t r o m s .  

By  " b o u n d "   as  a p p l i e d   to   g r o u p s   o r   c h a r g e s  

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

d e s o r b a b l e   u n d e r   t h e   c o n d i t i o n s   of  p r o c e s s i n g .   A  c o n -  
v e n i e n t   t e s t   i s   by  d i a l y s i s   a g a i n s t   d e i o n i z e d   w a t e r .  

By  t h e   t e r m   "pH  i n d e p e n d e n t   g r o u p s "   as  a p p l i e d  

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

i n   i o n i z e d   f o r m   o v e r   a  w i d e   r a n g e   i n   pH,  e . g . ,   2 - 1 2 .  

R e p r e s e n t a t i v e   of   s u c h   g r o u p s   a r e   s u l f o n i u m ,   s u l f o x o n i u m ,  

i s o t h i o u r o n i u m ,   p y r i d i n i u m   and  q u a t e r n a r y   a m m o n i u m .  

By  t h e   t e r m   " n o n - i o n i c "   as  a p p l i e d   t o   t h e  

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

a r e   n o t   i o n i c   p e r   se  n o r   do  n o t   b e c o m e   i o n i c   by  a  s i m p l e  

c h a n g e   in   pH.  Fo r   i l l u s t r a t i o n ,   w h i l e   a  m o n o m e r   c o n -  

t a i n i n g   an  a m i n e   g r o u p   i s   n o n - i o n i c   a t   h i g h   pH,  t h e  

a d d i t i o n   of  a  w a t e r - s o l u b l e   a c i d   r e d u c e s   t h e   pH  and   f o r m s  

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

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

s i m i l a r l y   r e s t r i c t e d ,   i . e . ,   " n o n - i o n i c "   as  u s e d   w i t h  

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

e x a m p l e ,   a r e   i n c l u d e d .  



O p t i o n a l   w e t - e n d   c o n s t i t u e n t s   u s e d   in   t h e  

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

p i g m e n t s   and  o t h e r   common  w e t - e n d   a d d i t i v e s .   W h i l e  

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

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

The  maximum  a m o u n t   of   c a t i o n i c   l a t e x   u s e d   i n  

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   i s   n o t   s i g n i f i c a n t l y  

g r e a t e r   t h a n   t h e   a m o u n t   r e q u i r e d   to   r e a c h   t h e   c h a r g e  

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

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

t h e   c h a r g e   on  t h e   f i b e r .   As  t h e   c h a r g e   on  t h e   f i b e r   i s  

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

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

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

u s e d   i s   d e c r e a s e d .   At  a  p a r t i c u l a r   l e v e l   of   l a t e x ,   t h e  

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

d e n s i t y   on  t h e   l a t e x   p a r t i c l e   up  to   t h e   p o i n t   w h e r e   t h e  

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

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

c a t i o n i c   l a t e x   u s u a l l y   r a n g e s   f r o m   0 .5   p e r c e n t   to  5 

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

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

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

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

m a n n e r   o f t e n   in   a  c o n c e n t r a t i o n   o f   f r o m   0 .5   p e r c e n t  

to   6  p e r c e n t .   The  l a t e x   i s   a d d e d   a t   any  c o n v e n i e n t  

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

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

two  m i n u t e s   d e p e n d i n g   s o m e w h a t   on  t h e   e q u i p m e n t   a v a i l -  

a b l e .   The  a q u e o u s   s u s p e n s i o n   u s u a l l y   i s   t h e n   d i l u t e d  

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



O p t i o n a l   w e t - e n d   a d d i t i v e s   can   be  a d d e d   a t   any  s u i t a b l e  

t i m e .   A  w e t   web  i s   f o r m e d   by  f l o w i n g   t h e   r e s u l t i n g  

s u s p e n s i o n   o v e r   a  p o r o u s   s u p p o r t   s u c h   as  a  s c r e e n ,   d r a i n -  

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

t h e   web  by  h e a t i n g .   P r e s s i n g   and  h e a t i n g   may  be  c a r r i e d  

o u t   s i m u l t a n e o u s l y .   A l t e r n a t i v e l y ,   a m b i e n t   t e m p e r a t u r e  

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

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

i n g   and   c u r i n g   s t e p s   may  be   i n c l u d e d .   The  t e m p e r a t u r e s  

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

h e a t i n g   s t e p s   o f t e n   a r e   f r o m   100°C  to   2 5 0 ° C ,   a l t h o u g h  

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

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

on  a  p a p e r   m a c h i n e   s u c h   as  a  F o u r d r i n i e r   m a c h i n e   o r   a  

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

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

w i t h   one  d i m e n s i o n   much  s m a l l e r   t h a n   t h e   o t h e r   two  w i t h  

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

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

web  and   b o n d e d   to   a  u n i f o r m l y   d i s t r i b u t e d   p o l y m e r   p h a s e  

f o r m e d   f rom  a  s t r u c t u r e d   p a r t i c l e   l a t e x .  

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

t h e   p r e s e n t   i n v e n t i o n   may  be  c a r r i e d   o u t .   A l l   p a r t s   a n d  

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

i n d i c a t e d .  

U n l e s s   i n d i c a t e d   o t h e r w i s e ,   t h e   l a t e x e s   f o r  

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

s u m m a r y .   A  b a s e   l a t e x   was  p r e p a r e d   by  b a t c h   e m u l s i o n  

p o l y m e r i z a t i o n   f r o m   t h e   m o n o m e r s   shown  i n   T a b l e   I  u s i n g  

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

The  p a r t i c l e s   o f   t h e   b a s e   l a t e x   w e r e   e n c a p s u l a t e d   ( c a p p e d )  

w i t h   a  c o p o l y m e r   o f   v i n y l b e n z y l   c h l o r i d e   by  a d d i n g   " c a p  

m o n o m e r s "   o f   t h e   k i n d   and   i n   t h e   p r o p o r t i o n s   shown  i n  

T a b l e   I  in   a  c o n t i n u o u s l y   a d d e d   m a n n e r   o v e r   a b o u t   one   h o u r  



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

l a t e x   was  m i x e d   w i t h   an  e x c e s s   of   a  n u c l e o p h i l e   and  w a s  

a l l o w e d   t o   r e a c t   to   f o r m   a  b o u n d   c h a r g e   on  t h e   l a t e x  

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

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

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

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

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

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

t h e   n u c l e o p h i l e   was  2 - ( d i m e t h y l a m i n o ) e t h a n o l .  





E x a m p l e   1  

An  a q u e o u s   d i s p e r s i o n   c o n t a i n i n g   1393  p a r t s  

o f   w a t e r   h a v i n g   a  h a r d n e s s   of   106  ppm  ( c a l c u l a t e d   a s  

c a l c i u m   c a r b o n a t e )   and  an  a l k a l i n i t y   of   48  ppm  ( c a l c u -  

l a t e d   as  c a l c i u m   c a r b o n a t e )   and  7  p a r t s   ( d r y   b a s i s )  

of   u n b l e a c h e d   C a n a d i a n   s o f t w o o d   k r a f t   h a v i n g   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   (CSF)  o f   540  m i l l i l i t e r s   was  s t i r r e d  

a t   s u c h   r a t e   t h a t   t h e   k r a f t   was  j u s t   t u r n i n g   o v e r   g e n t l y .  

To  t h e   m o v i n g   k r a f t   s u s p e n s i o n   was  a d d e d   0 . 2   p a r t   ( 3  

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

in   T a b l e   I I   and   t h e   r e s u l t i n g   m i x t u r e ,   h a v i n g   a  pH 

b e t w e e n   7  and   8  ( u n a d j u s t e d ) ,   was  s t i r r e d   f o r   an  a d d i -  

t i o n a l   2 . 5   m i n u t e s .   The  r e s u l t i n g   f u r n i s h   was  made  i n t o  

a  h a n d s h e e t   ( 3 . 3   g r a m s ,   2 0 . 3 2   cm  x  2 0 . 3 2   c m ) .  

A  h a n d s h e e t   ( C o m p a r a t i v e   E x a m p l e   1-C)  w a s  

p r e p a r e d   i n   t h e   same  m a n n e r   e x c e p t   t h e   l a t e x   was  o m i t t e d .  

D a t a   a r e   shown  in   T a b l e   I I .  

E x a m p l e s   2 - 6  

A d d i t i o n a l   h a n d s h e e t s   w e r e   made  i n   t h e   s a m e  

m a n n e r   u s i n g   t h e   same  c o m p o n e n t s   in   t h e   same  p r o p o r t i o n s  

e x c e p t   t h a t   a  d i f f e r e n t   l a t e x   was  u s e d .   D a t a   a r e   s h o w n  

i n   T a b l e   I I .  



A l l   o f   t h e   h a n d s h e e t s   shown   in   T a b l e   I I  

( e x c e p t   1-C)  s h o w e d   u n i f o r m   d i s t r i b u t i o n   of   t h e   l a t e x   o n  

t h e   f i b e r .  

E x a m p l e s   7 - 1 0  

A d d i t i o n a l   h a n d s h e e t s   w e r e   p r e p a r e d   i n   t h e   s a m e  

m a n n e r   as  d e s c r i b e d   i n   E x a m p l e   1  e x c e p t   t h a t   d i f f e r e n t  

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

pH  o f   t h e   f u r n i s h   was  a d j u s t e d   to   4 .5   to   5  w i t h   s u l f u r i c  

a c i d .  

D a t a   a r e   shown  in   T a b l e   I I I .  

A l l   of   t h e   h a n d s h e e t s   o f   t h e s e   e x a m p l e s   s h o w e d  

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

A  c o m p a r a t i v e   h a n d s h e e t   (7-C)   was  p r e p a r e d   i n  

t h e   same  m a n n e r   e x c e p t   t h a t   no  l a t e x   was  u s e d .   D a t a   f o r  

t h i s   c o m p a r a t i v e   e x a m p l e   a l s o   a r e   shown  i n   T a b l e   I I I .  



E x a m p l e s   1 1 - 1 6  

H a n d s h e e t s   w e r e   p r e p a r e d   in   t h e   same  m a n n e r  

e x c e p t   d i f f e r e n t   l a t e x e s   w e r e   u s e d   and  t h e   s i z e   of   e a c h  

h a n d s h e e t   was  3 0 . 4 8   cm  x  3 0 . 4 8   cm  ( 7 . 5   g r a m s ) .   The  l a t e x  

f o r   E x a m p l e   11  had   b o u n d   q u a t e r n a r y   ammonium  g r o u p s   a n d  

t h e   o t h e r   e x a m p l e s   had   s u l f o n i u m   g r o u p s .   The  h a n d s h e e t s  

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

D a t a   a r e   shown   i n   T a b l e   IV  f o r   t h e   a b o v e  

e x a m p l e s   and   a l s o   f o r   c o m p a r a t i v e   E x a m p l e   16-C  w h i c h   w a s  

p r e p a r e d   in   t h e   same  m a n n e r   e x c e p t   t h a t   no  l a t e x   was  u s e d .  



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

o u t   as  f o l l o w s :  

T e n s i l e :  

T e n s i l e   v a l u e s   a r e   r e c o r d e d   as  b r e a k i n g   l e n g t h ,  

in   m e t e r s ,   and  a r e   d e t e r m i n e d   a c c o r d i n g   to   TAPPI  S t a n d a r d  

T  4 9 4 - o s - 7 0   e x c e p t   t h e   v a l u e s   a r e   t h e   a v e r a g e   of   3  s a m p l e s  

r a t h e r   t h a n   10  and  t h e   jaw  gap  i s   5 . 0 8   cm  r a t h e r   t h a n  

2 0 . 3 2   c m .  

C a n a d i a n   S t a n d a r d   F r e e n e s s   ( C S F ) :  

The  v a l u e s   a r e   d e t e r m i n e d   a c c o r d i n g   to   T A P P I  

S t a n d a r d   T  2 2 7 - M - 5 8   e x c e p t   w h e r e   v a r i a t i o n s   i n   t h e  

p r o c e d u r e   a r e   i n d i c a t e d .  

G l a s s   T r a n s i t i o n   T e m p e r a t u r e   ( T g ) :  

The  v a l u e s   a r e   d e r i v e d   f r o m   " E n c y c l o p e d i a  

of   P o l y m e r   S c i e n c e   and  T e c h n o l o g y " ,   J o h n   W i l e y   &  S o n s ,  

N . Y . ,   1 9 7 0 ,   V o l .   13,   p a g e   322 ,   e s p e c i a l l y   f i g u r e   8 .  



1.  P r o c e s s   f o r   p r e p a r i n g   n o n - w o v e n   f i b r o u s  

webs   f r o m   f i b e r s   and  a  l a t e x   c h a r a c t e r i z e d   b y :  

(a)  m i x i n g   an  a q u e o u s   s l u r r y   o f   a  n e g a t i v e l y  

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

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

l a t e x   h a v i n g   p a r t i c l e s   c o n s i s t i n g   of   a  n o n - i o n i c  

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

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

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

f rom  0 . 1 5   m i l l i e q u i v a l e n t   to   0 .6   m i l l i e q u i v a l e n t  

p e r   gram  o f   p o l y m e r   i n   t h e   l a t e x ;   t h e   n o n - i o n i c  

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

f r o m   - 8 0 ° C   t o   1 0 0 ° C ;   t h e   a m o u n t   of   s a i d   l a t e x   b e i n g  

n o t   g r e a t e r   t h a n   t h e   a m o u n t   r e q u i r e d   t o   c a u s e   c h a r g e  

r e v e r s a l   on  t h e   f i b e r ;  

(b)  d r a i n i n g   w a t e r   f rom  t h e   a q u e o u s   s u s p e n s i o n  

t o   f o r m   a  w e t   w e b ;  

(c)  w e t   p r e s s i n g   t h e   web ;   a n d  

(d)  h e a t i n g   t h e   w e t   web ;   w h e r e b y   t h e r e   i s  

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

u n i f o r m l y   d i s t r i b u t e d   and   b o n d e d   to   t h e   f i b e r .  

2.  P r o c e s s   o f   C l a i m   1  c h a r a c t e r i z e d   in   t h a t  

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

3.  P r o c e s s   o f   C l a i m s   1  o r   2  c h a r a c t e r i z e d   i n  

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

4.  P r o c e s s   of   C l a i m s   1  o r   2  c h a r a c t e r i z e d   i n  

t h a t   t h e   pH  i n d e p e n d e n t   c a t i o n i c   g r o u p   i s   q u a t e r n a r y  

a m m o n i u m .  

5.  P r o c e s s   of   a n y  o n e   o f   C l a i m s   1  t o   4  c h a r -  

a c t e r i z e d   in  t h a t   t h e   d i a m e t e r   of  t h e   l a t e x   p a r t i c l e   i s  

l e s s   t h a n   1500  A n g s t r o m s .  



6.  P r o c e s s   of   C l a i m   5  c h a r a c t e r i z e d   in   t h a t  

t h e   p a r t i c l e   d i a m e t e r   i s   f r o m   600  A n g s t r o m s   t o   1000  A n g s t r o m s .  

7.  P r o c e s s   o f   a n y  o n e   o f   C l a i m s   1  t o   6  c h a r -  

a c t e r i z e d   in   t h a t   t h e   a m o u n t   of   l a t e x   i s   f r o m   0 .5   p e r c e n t  

to   5  p e r c e n t   of   t h e   w e i g h t   o f   t h e   f i b e r ,   c a l c u l a t e d   on  a  

d r y   w e i g h t   b a s i s .  

8.  P r o c e s s   of   a n y  o n e   o f   C l a i m s   1  to   7  c h a r -  

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

n o n - i o n i c   p o l y m e r   c o r e   i s   f r o m   - 2 5 ° C   to   4 0 ° C .  

9.  P r o c e s s   o f   a n y  o n e   o f   C l a i m s   1  to   8  c h a r -  

a c t e r i z e d   in   t h a t   t h e   a m o u n t   of   b o u n d   c h a r g e   i s   f r o m   0 . 1 8  

m i l l i e q u i v a l e n t   t o   0 . 4   m i l l i e q u i v a l e n t   p e r   g ram  of   p o l y m e r  

i n   t h e   l a t e x .  

10.   A  n o n - w o v e n   f i b r o u s   m a t e r i a l   c h a r a c t e r i z e d  

in   t h a t   i t   h a s   b e e n   o b t a i n e d   b y :  

(a)  m i x i n g   an  a q u e o u s   s l u r r y   of   a  n e g a t i v e l y  

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

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

l a t e x   h a v i n g   p a r t i c l e s   c o n s i s t i n g   of   a  n o n - i o n i c  

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

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

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

f rom  0 . 1 5   m i l l i e q u i v a l e n t   to  0 .6   m i l l i e q u i v a l e n t   p e r  

g ram  of   p o l y m e r   i n   t h e   l a t e x ;   t h e   n o n - i o n i c   p o l y m e r  

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

- 8 0 ° C   t o   1 0 0 ° C ;   t h e   a m o u n t   of   s a i d   l a t e x   b e i n g   n o t  

g r e a t e r   t h a n   t h e   a m o u n t   r e q u i r e d   to   c a u s e   c h a r g e  

r e v e r s a l   on  t h e   f i b e r ;  

(b)  d r a i n i n g   w a t e r   f rom  t h e   a q u e o u s   s u s p e n s i o n  

to   f o rm  a  w e t   w e b ;  

(c)  w e t   p r e s s i n g   t h e   web ;   a n d  

(d)  h e a t i n g   t h e   w e t   w e b .  
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