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©  Flooring  felt  compositions  and  method  for  preparing  the  same. 

©  Flooring  felt  compositions  having  dimensional  and 
thermal  stability  and  resistance  to  water  and  high  humidity 
as  well  as  the  necessary  mechanical  properties  to  provide 
satisfactory  backing  for  the  thermoplastic  vinyl  resins  ordi- 
narily  used  as  floor  coverings  can  be  prepared  by  forming  an 
anionic  aqueous  fiber  dispersion  of  from  about  4  to  about 
55%  and  preferably  from  about  8  to  about  35%  of  water 
dispersible  spurted  polyolefin  fibers,  from  about  2  to  about 
30%  of  wood  pulp  fibers,  from  about  2  to  about  20%  water 
dispersible  glass  fibers,  from  about  1  to  about  10%  of  an 
anionic  polyacrylamide  resin,  from  about  0  to  about  50%  of 
an  inorganic  filler,  from  about  5  to  about  25%  of  an  anionic, 
elastomeric  polymeric  binder  and  from  about  1  to  about  10% 
of  a  cationic  resin  (all  percentages  of  the  above  components 
are  by  weight,  based  on  the  dry  weight  of  flooring  felt 
composition)  and  then  passing  the  resulting  dispersion 
through  a  paper  making  machine  to  form  a  fibrous  sheet 
material. 
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T h i s   i n v e n t i o n   r e l a t e s   t o   f l o o r i n g   f e l t   c o m p o s i t i o n s   a n d  

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

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

m e n s i o n a l   and  t h e r m a l   s t a b i l i t y   and  t h e   r e s i s t a n c e   to   w a t e r  

and  h i g h   h u m i d i t y   of   a s b e s t o s - b a s e d   c o m p o s i t i o n s ,   b u t   w h i c h  

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

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

r e s i n s   o r d i n a r i l y   u s e d   as  f l o o r   c o v e r i n g s   and  to   a  p r o c e s s  

f o r   m a k i n g   t h e   s a m e .  

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

b e e n   a  m a j o r   c o m p o n e n t   of  f i b r o u s   c o m p o s i t i o n s   u s e d   as  b a c k i n g  

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

t h e s e   f l o o r   c o v e r i n g   p r o d u c t s   h a v e   no t   a l w a y s   e x h i b i t e d   s a t i s -  

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

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

o v e r c o m e   t h r o u g h   u t i l i z a t i o n   of   a s b e s t o s ,   in  w h o l e   or  in   p a r t ,  

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

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

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

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

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

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

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

w h i c h   p r o v i d e   d i m e n s i o n a l l y   s t a b l e   webs ,   b u t   i t   i s   no t   a p -  

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

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

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

m a t e r i a l .  

U . S .   P a t e n t   4 , 2 7 4 , 9 1 6   d i s c l o s e s   a  b a c k i n g   m a t e r i a l   c o m -  

p r i s e d   of  p o l y p r o p y l e n e   f i b e r s ,   wood  p u l p   f i b e r s ,   g l a s s  

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



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

i n c l u d i n g   c a t i o n i c   r e s i n s ,   c a n   be  a d d e d .  

Now,  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 ,   s u c h   a  b a c k i n g  

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

f l o o r i n g   f e l t   c o m p o s i t i o n   c o m p r i s i n g   f r o m   a b o u t   4  to   a b o u t  

55%  and   p r e f e r a b l y   f r o m   a b o u t   8  t o   a b o u t   35%  of   w a t e r   d i s p e r s -  

i b l e   s p u r t e d   p o l y o l e f i n   f i b e r s ,   f r o m   a b o u t   2  .to  a b o u t   30%  o f  

wood  p u l p   f i b e r s ,   f r o m   a b o u t   2  t o   a b o u t   20%  of   w a t e r   d i s p e r s -  

i b l e   g l a s s   f i b e r s ,   f r o m   a b o u t   0  t o  a b o u t   50%  of   an  i n o r g a n i c  

f i l l e r ,   f r o m   a b o u t   5  t o   a b o u t   25%  of   an  a n i o n i c ,   e l a s t o m e r i c  

p o l y m e r   b i n d e r ,   f r o m   a b o u t   1  t o   a b o u t   10%  of   an  a n i o n i c   p o l y -  

a c r y l a m i d e   r e s i n   c o n t a i n i n g   f r o m   a b o u t   2  t o   a b o u t   15%  b y  

w e i g h t   of   a c r y l i c   a c i d   u n i t s   and   f rom  a b o u t   1  to   a b o u t   10%  o f  

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

p o l y ( d i a l l y l a m i n e )   or   an  a m i n o p o l y a m i d e   d e r i v e d   f rom  a  d i c a r -  

b o x y l i c   a c i d   and  a  p o l y a l k y l e n e   p o l y a m i n e   h a v i n g   two  p r i m a r y  

a m i n e   g r o u p s   and  a t   l e a s t   one   s e c o n d a r y   or   t e r t i a r y   a m i n e  

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

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

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

a b o u t   0 . 3 5   to   a b o u t   0 . 8 0   g m / c c ,   a  d r y   t e n s i l e   s t r e n g t h   g r e a t -  

er   t h a n   1000  p s i ,   a  h o t   ( 1 7 7 ° C . )   t e n s i l e   s t r e n g t h   g r e a t e r  

t h a n   300  p s i ,   w h e r e   t h e   c o m p o s i t i o n   h a s   a  b a s i s   w e i g h t   o f  

f r o m   a b o u t   160  t o   a b o u t   340  p o u n d s / 3 0 0 0   s q .   f t .   and  a  t h i c k -  

n e s s   of   f rom  a b o u t   0 . 0 1   t o   a b o u t   0 . 0 4   i n c h   (10  to   40  m i l s ) .  

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

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

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

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

h e a t   and   l i g h t .  

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

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

d i s p e r s i o n   c o m p r i s i n g   f r o m   a b o u t   4  t o   a b o u t   55%  and  p r e f e r a b l y  

f rom  a b o u t   8  to   a b o u t   35%  of   w a t e r   d i s p e r s i b l e   s p u r t e d   p o l y -  

o l e f i n   f i b e r s ,   f r o m   a b o u t   2  t o   a b o u t   30%  of   wood  p u l p   f i b e r s ,  

f rom  a b o u t   2  to   a b o u t   20%  of   w a t e r   d i s p e r s i b l e   g l a s s   f i b e r s  

and  f r o m   a b o u t   1  t o   a b o u t   10%  of   an  a n i o n i c   p o l y a c r y l a m i d e   r e -  

s i n   c o n t a i n i n g   f rom  a b o u t   2  t o   a b o u t   15%  by  w e i g h t   of  a c r y l i c  



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

f rom  0  t o   a b o u t   50%  of   an  i n o r g a n i c   f i l l e r ,   f rom  a b o u t   5  t o  

a b o u t   25%  of  an  a n i o n i c   e l a s t o m e r i c   p o l y m e r i c   b i n d e r   and  f r o m  

a b o u t   1  t o   a b o u t   10%  of  t h e   c a t i o n i c   r e s i n   r e a c t i o n   p r o d u c t  

of  e p i c h l o r o h y d r i n   and  a  p o l y ( d i a l l y l a m i n e )   or  an  a m i n o p o l y -  

a m i d e   d e r i v e d   f rom  a  d i c a r b o x y l i c   a c i d   and  a  p o l y a l k y l e n e  

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

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

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

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

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

s h e e t   m a t e r i a l .  



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

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

p a r e d   by  a  p r o c e s s   w h e r e i n   t h e   p o l y o l e f i n   i s   d i s p e r s e d   in   a  

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

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

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

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

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

l i q u i d   in   w h i c h   t h e   p o l y o l e f i n   i s   d i s p e r s e d   may  be  a  h a l o g e -  

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

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

t o l u e n e   or  x y l e n e ,   an  a l i p h a t i c   h y d r o c a r b o n   s u c h   as   p e n t a n e   o r  

h e x a n e ,   or   an  a l i c y c l i c   h y d r o c a r b o n   s u c h   as  c y c l o h e x a n e .   M i x -  

t u r e s   of   t h e s e   s o l v e n t s   may  be  u s e d ,   and  w a t e r   may  be  p r e s e n t  

when  i t   i s   d e s i r e d  t o  f o r m   an  e m u l s i o n   of  t h e   p o l y o l e f i n .  

M o r e o v e r ,   t h e   p r e s s u r e   g e n e r a t e d   by  t h e   s o l v e n t   v a p o r s   m a y ,  

and  n o r m a l l y   w i l l ,   be  a u g m e n t e d   by  a  p r e s s u r i z e d   i n e r t   g a s  

s u c h   as  n i t r o g e n   or  c a r b o n   d i o x i d e .  

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

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

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

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

T e m p e r a t u r e s   in   t h e   r a n g e   of   a b o u t   100°  to   a b o u t   2 2 5 ° C .   o r d i -  

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

in   t h e   r e s u l t i n g   s o l u t i o n   n o r m a l l y   w i l l   be  f rom  a b o u t   5  t o  

a b o u t   40%  by  w e i g h t .   The  p r e s s u r e   on  t h e   p o l y o l e f i n   s o l u t i o n  

may  be  f r o m   a b o u t   600  to   a b o u t   1500   p . s . i . ,   p r e f e r a b l y   f r o m  

a b o u t   900  t o   a b o u t   1200  p . s . i .   The   o r i f i c e   t h r o u g h   w h i c h   t h e  

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

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

r a t i o   of   f r o m   a b o u t   1 .0   to   1 0 : 1 .  

The  p o l y o l e f i n   f i b e r s   shown  in   t h e   e x a m p l e s   a r e   s p u r t e d  

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

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

s p u r t e d   p o l y p r o p y l e n e   b u t   to   a d m i x t u r e s   of  f rom  a b o u t   50  t o  

a b o u t   100%  p o l y p r o p y l e n e   and  f r o m   a b o u t   0  t o   a b o u t   50%  p o l y -  

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

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

p o l y m e r s   of  e t h y l e n e   or  p r o p y l e n e   and   o t h e r   1 - o l e f i n s   such   a s  



1 - b u t e n e ,   4 - m e t h y l - p e n t a n e - l   and  1 - h e x e n e ,   and  m i x t u r e s   of  a n y  

of   t h e   a f o r e m e n t i o n e d   p o l y m e r s   may  a l s o   be  u s e d   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 .  

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

t i o n s   of  t h i s   i n v e n t i o n   a r e   a n i o n i c   and  a r e   p r e f e r a b l y   of  t h e  

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

b l e a c h e d   s o f t w o o d   k r a f t   _(RBK.)  p u l p   f i b e r s   shown  in  t h e   e x a m -  

p l e s .   T h e s e   f i b e r s   h a v e   l e n g t h s   of  f rom  a b o u t   0 . 0 5   to   a b o u t  

0 . 2   i n c h ,   w i t h   l e n g t h   to   w i d t h   r a t i o s   of   a b o u t   1 0 0 : 1   or  m o r e .  

A l s o   u s e f u l   a r e   h a r d w o o d   p u l p   f i b e r s ,   s u c h   as   W e y e r h a e u s e r  

b l e a c h e d   h a r d w o o d   k r a f t   (WBK)  p u l p   f i b e r s .   O r d i n a r i l y ,   t h e s e  

f i b e r s   a r e   u s e d   in   c o m b i n a t i o n   w i t h   RBK  p u l p   f i b e r s ,   a  5 0 : 5 0  

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

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

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

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

b i l i t y   and  r e s i s t a n c e   to   w a t e r   and  m o i s t u r e .   They  p r e f e r a b l y  

a v e r a g e   f rom  a b o u t   0 . 1   to   a b o u t   0 . 7   i n c h   in   l e n g t h   and  f r o m  

a b o u t   0 . 0 0 0 2   to   a b o u t   0 . 0 0 0 6   i n c h   in  d i a m e t e r .  

The  i n o r g a n i c   f i l l e r s   w h i c h   may  be  u s e d   in  t h e   f e l t   c o m -  

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

and  e x e m p l i f i e d   by  t h e   c l a y   f i l l e r   u s e d   in  t h e   e x a m p l e s .  

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

t a l c ,   m a g n e s i u m   s i l i c a t e ,   c a l c i u m   s i l i c a t e ,   m i c a ,   a l u m i n u m  

s i l i c a t e   and  d i a t o m a c e o u s   e a r t h .   The  p a r t i c l e   s i z e   of  t h e  

f i l l e r s   i s   s u c h   t h a t   t h e   m a j o r   a m o u n t   w i l l   be  b e l o w   50  m i c r o n s  

in  d i a m e t e r ,   w i t h   t h e   a v e r a g e   d i a m e t e r   g e n e r a l l y   b e i n g   a b o v e  

0 . 1   m i c r o n   and  p r e f e r a b l y   f rom  a b o u t   0 . 1   to   a b o u t   20  m i c r o n s .  

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

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

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

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

mer  may  be  v a r i e d   f rom  a b o u t   4 0 : 6 0   to   a b o u t   9 0 : 1 0 .   A l s o   o p e r -  
a b l e   a r e   e t h y l e n e - a c r y l i c   a c i d   c o p o l y m e r s ,   t h e   c o r r e s p o n d i n g  

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

b o x y l i c   f u n c t i o n a l i t y ,   a l k y l a c r y l a t e - a c r y l o n i t r i l e - a c r y l i c  

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

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



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

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

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

t h a t   i s ,   an  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 ,   c o n t a i n i n g   f r o m  

a b o u t   35  t o   a b o u t   60%  s o l i d s ,   u s u a l l y   a b o u t   50%.  The  l a t e x  

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

u s e   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 ,   a  s t a b i l i z e r   t o   r e t a r d  

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

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

a b o u t   85  t o   a b o u t   98%  by  w e i g h t   of   a c r y l a m i d e   u n i t s   and  f r o m  

a b o u t   2  t o   a b o u t   15%  by  w e i g h t   of   a c r y l i c   a c i d   u n i t s .   The  c o -  

p o l y m e r   i s   n o r m a l l y   o b t a i n e d   by  c o p o l y m e r i z a t i o n   of   a c r y l a m i d e  

and  a c r y l i c   a c i d ,   as  i l l u s t r a t e d   in   E x a m p l e   4.  C o m p a r a b l e  

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

p o l y a c r y l a m i d e   or   a  p o l y ( a c r y l a m i d e - c o - a l k y l   a c r y l a t e ) ,   s u c h  

as  a  c o p o l y m e r   of   a c r y l a m i d e   w i t h   e t h y l   a c r y l a t e .   Any  o f  

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

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

h a v e   m o l e c u l a r   w e i g h t s   l e s s   t h a n   a b o u t   2 5 , 0 0 0 ,   f o r   e x a m p l e ,   i n  

t h e   r a n g e   o f   f r o m   a b o u t   1 0 , 0 0 0   to   a b o u t   2 0 , 0 0 0 .  

One  of   t h e   c a t i o n i c   r e s i n s   u s e d   in   t h i s   i n v e n t i o n   i s   t h e  

r e a c t i o n   p r o d u c t   of  e p i c h l o r o h y d r i n   and  a  p o l y ( d i a l l y l a m i n e ) .  

The  p r e p a r a t i o n   of   s u c h   a  p r o d u c t   i s   s h o w n   in   E x a m p l e   2 .  

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

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

t h e   f o r m u l a :  

in  w h i c h   R  a n d   R'  a r e   as  i n d i c a t e d   a b o v e ,   in   t h e   p r e s e n c e   of  a  

f r e e   r a d i c a l   c a t a l y s t   and  t h e n   n e u t r a l i z i n g   t h e   s a l t   to   g i v e  

t h e   p o l y m e r   f r e e   b a s e .   In  b o t h   of   t h e   a b o v e   f o r m u l a e ,   t h e   R 
s u b s t i t u t i o n   c a n   be  t h e   same  or   d i f f e r e n t ,   a n d ,   as  s t a t e d ,   c a n  



be  h y d r o g e n   or   l o w e r   a l k y l .   The  a l k y l   g r o u p s   c o n t a i n   f rom  1 

to   6  c a r b o n s   and   a r e   p r e f e r a b l y   m e t h y l ,   e t h y l ,   i s o p r o p y l   o r  

n - b u t y l .   R'  of   t h e   f o r m u l a   r e p r e s e n t s   h y d r o g e n ,   a l k y l   or  s u b -  

s t i t u t e d   a l k y l   g r o u p s .   The  R'  a l k y l   g r o u p s   w i l l   c o n t a i n   f r o m  

1  to   18  c a r b o n   a t o m s   ( p r e f e r a b l y   f rom  1  t o   6  c a r b o n   a t o m s )  

s u c h   as  m e t h y l ,   e t h y l ,   p r o p y l ,   i s o p r o p y l ,   b u t y l ,   t e r t - b u t y l ,  

h e x y l ,   o c t y l ,   d e c y l ,   d o d e c y l ,   t e t r a d e c y l ,   and  o c t a d e c y l .   R '  

can   a l s o   be  a  s u b s t i t u t e d   a l k y l   g r o u p .   S u i t a b l e   s u b s t i t u e n t s  

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

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

s u b s t i t u e n t s   c a n   be  c a r b o x y l a t e ,   c y a n o ,   e t h e r ,   a m i n o   ( p r i m a r y ,  

s e c o n d a r y   or  t e r t i a r y ) ,   a m i d e ,   h y d r a z i d e   and  h y d r o x y l .  

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

be  p o l y m e r i z e d   t o   p r o v i d e   t h e   p o l y m e r   u n i t s   of  t h e   i n v e n t i o n  

i n c l u d e   d i a l l y l a m i n e   h y d r o c h l o r i d e ;   N - m e t h y l d i a l l y l a m i n e   h y -  

d r o c h l o r i d e ;   N - m e t h y l d i a l l y l a m i n e   h y d r o b r o m i d e ;   2 , 2 ' - d i m e t h y l -  

N - m e t h y l d i a l l y l a m i n e   h y d r o c h l o r i d e ;   N - e t h y l d i a l l y l a m i n e   h y d r o -  

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

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

c h l o r i d e .   The  d i a l l y l a m i n e s   and  N - a l k y l d i a l l y l a m i n e s   a r e  

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

a m i n e   w i t h   an  a l l y l   h a l i d e .   For   e x a m p l e ,   N - m e t h y l d i a l l y l a m i n e  

can   be  p r e p a r e d   by  r e a c t i o n   of  two  m o l e s   of  an  a l l y l   h a l i d e ,  

s u c h   as  a l l y l   c h l o r i d e ,   w i t h   one  mo le   of  m e t h y l a m i n e .  

In  t h e   r e a c t i o n   of   t h e   p o l y ( d i a l l y l a m i n e )   w i t h   e p i c h l o r o -  

h y d r i n ,   t h e   l a t t e r   i s   u s e d   in   an  a m o u n t   r a n g i n g   f rom  a b o u t   0 . 5  

m o l e   to   a b o u t   1 . 5   m o l e s ,   p r e f e r a b l y   f rom  a b o u t   one  mole   t o  

a b o u t   1 .5   m o l e s ,   p e r   mole   of  s e c o n d a r y   p l u s   t e r t i a r y   a m i n e  

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

p e r a t u r e   of  f r o m   a b o u t   30°  to   a b o u t   8 0 ° C . ,   p r e f e r a b l y   f r o m  

a b o u t   40°  to   a b o u t   6 0 ° C . ,   u n t i l   t h e   v i s c o s i t y   m e a s u r e d   a t  

2 5 ° C .   on  a  s o l u t i o n   c o n t a i n i n g   20  t o   30%  s o l i d s   i s   in  t h e  

r a n g e   of  A  to   E,  and  p r e f e r a b l y   C  to   D,  on  t h e   G a r d n e r   s c a l e .  

The  r e a c 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   in  a q u e o u s   s o l u t i o n   t o  

m o d e r a t e   t h e   r e a c t i o n ,   and  a t   a  pH  of  from  a b o u t   7  t o   a b o u t  

9 . 5 .   When  t h e   d e s i r e d   v i s c o s i t y   i s   r e a c h e d ,   s u f f i c i e n t   w a t e r  

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

a b o u t   25%  or  l e s s ,   and  t h e   s o l u t i o n   i s   c o o l e d   t o   room  t e m p e r -  

a t u r e .   The  p o l y ( d i a l l y l a m i n e ) - e p i c h l o r o h y d r i n   p r o d u c t   can   b e  



s t a b i l i z e d   a g a i n s t   g e l a t i o n   by  a d j u s t i n g   t h e   pH  of   t h e   s o l u -  

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

a c i d .  

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

and   an  a m i n o p o l y a m i d e   d e r i v e d   f r o m   a  d i c a r b o x y l i c   a c i d   and  a  

p o l y a l k y l e n e   p o l y a m i n e   h a v i n g   two  p r i m a r y   a m i n e   g r o u p s   and  a t  

l e a s t   one   s e c o n d a r y   or   t e r t i a r y   a m i n e   g r o u p .   A  r e p r e s e n t a t i v e  

p r o d u c t   o f   t h i s   t y p e   i s   d e s c r i b e d   in   E x a m p l e   3.  P a r t i c u l a r l y  

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

b o x y l i c   a c i d s   c o n t a i n i n g   f rom  3  t h r o u g h   10  c a r b o n   a t o m s   s u c h  

as  m a l o n i c   a c i d ,   s u c c i n i c   a c i d ,   g l u t a r i c   a c i d ,   a d i p i c   a c i d ,  

p i m e l i c   a c i d ,   s u b e r i c   a c i d ,   a z e l a i c   a c i d ,   and   s e b a c i c   a c i d .  

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

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

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

a c i d .   A  n u m b e r   of   p o l y a l k y l e n e   p o l y a m i n e s   c an   be  e m p l o y e d .  

P o l y a l k y l e n e   p o l y a m i n e s   c an   be  r e p r e s e n t e d   as   p o l y a m i n e s   i n  

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

f o r m u l a   - - C n H 2 n  - -   w h e r e   n  i s   a  s m a l l   i n t e g e r   g r e a t e r   t h a n  

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

f rom  two  up  t o   a b o u t   e i g h t .   P o l y a m i n e s   s u c h   as   d i e t h y l e n e t r i -  

a m i n e ,   t r i e t h y l e n e t e t r a m i n e ,   t e t r a e t h y l e n e p e n t a m i n e ,   and  d i -  

p r o p y l e n e t r i a m i n e ,   w h i c h   c an   be  o b t a i n e d   in   r e a s o n a b l y   p u r e  

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

a m i d e s .   O t h e r   p o l y a l k y l e n e   p o l y a m i n e s   t h a t   c a n   be  u s e d  

i n c l u d e   m e t h y l   b i s - ( 3 - a m i n o p r o p y l ) a m i n e ;   m e t h y l   b i s - ( 2 - a m i n o -  

e t h y l ) a m i n e ;   a n d   4 , 7 - d i m e t h y l t r i e t h y l e n e t e t r a m i n e .   M i x t u r e s  

of   p o l y a l k y l e n e   p o l y a m i n e s   c a n   be  u s e d ,   i f   d e s i r e d .  

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

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

may  v a r y   f r o m   a b o u t   1 1 0 ° C .   t o   a b o u t   2 5 0 ° C .   or   h i g h e r   a t   a t m o s -  

p h e r i c   p r e s s u r e .   Fo r   m o s t   p u r p o s e s ,   h o w e v e r ,   t e m p e r a t u r e s  

b e t w e e n   a b o u t   1 6 0 ° C .   and  2 1 0 ° C .   h a v e   b e e n   f o u n d   s a t i s f a c t o r y  

and  a r e   p r e f e r r e d .   In  c a r r y i n g   o u t   t h e   r e a c t i o n ,   i t   i s   p r e -   ·  

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

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

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

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



e x t e n t .   T h i s   w i l l   u s u a l l y   r e q u i r e   a  mo le   r a t i o   of  p o l y a l k y l -  

e n e p o l y a m i n e   t o   d i c a r b o x y l i c   a c i d   of  f rom  a b o u t   0 . 9 : 1   to   a b o u t  

1 . 2 : 1 .   H o w e v e r ,   mole   r a t i o s   of   f rom  a b o u t   0 . 8 : 1   to   a b o u t  

1 . 4 : 1   may  be  u s e d   w i t h   s a t i s f a c t o r y   r e s u l t s .  

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

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

4 5 ° C .   t o   a b o u t   1 0 0 ° C .   and  p r e f e r a b l y   b e t w e e n   a b o u t   4 5 ° C .   a n d  

7 0 ° C .   u n t i l   t h e   v i s c o s i t y   of   a  20%  s o l i d s   s o l u t i o n   a t   2 5 ° C .  

h a s   r e a c h e d   a b o u t   C  or   h i g h e r   on  t h e   G a r d n e r   s c a l e .   T h i s   r e -  

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

a t e   t h e   r e a c t i o n .   A d j u s t m e n t   of   pH  i s   u s u a l l y   no t   n e c e s s a r y .  

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

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

t o   t h e   d e s i r e d   a m o u n t ,   i . e . ,   a b o u t   10%  more   or   l e s s ,   t h e   p r o -  
d u c t   c o o l e d   t o   a b o u t   2 5 ° C .   and   t h e n   s t a b i l i z e d   by  a d d i n g   s u f -  

f i c i e n t   a c i d   to   r e d u c e   t h e   pH  a t   l e a s t   to   a b o u t   6  and  p r e f e r -  

a b l y   t o   a b o u t   5.  S u l f u r i c   a c i d   i s   p r e f e r r e d .   In  t h e   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 a c t i o n ,   i t   i s   p r e f e r r e d   t o   u s e  

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

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

s u l t s   may  be  o b t a i n e d   u t i l i z i n g   f rom  a b o u t   0 . 5   mole   to   a b o u t  

1 . 8   m o l e s   of  e p i c h l o r o h y d r i n   f o r   e a c h   s e c o n d a r y   or  t e r t i a r y  

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

f rom  a b o u t   1 . 0   m o l e   t o   a b o u t   1 . 5   m o l e s   f o r   e a c h   s e c o n d a r y  

a m i n e   g r o u p   of  t h e   a m i n o p o l y a m i d e .  

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

c o m p o s i t i o n   of   t h i s   i n v e n t i o n ,   w i t h   t h e   e x c e p t i o n   of  t h e   i n o r -  

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

p r o p e r t i e s   in   t h e   f i n i s h e d   c o m p o s i t i o n .   The  s p u r t e d   p o l y o l e -  
f i n   f i b e r s   a r e   n e e d e d   to   p r o v i d e   t h e   r e q u i r e d   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   w a t e r   and  m o i s t u r e   and  t e n s i l e  

s t r e n g t h .   L e s s   t h a n   t h e   l o w e r   l i m i t   of  4%  by  w e i g h t   b a s e d   o n  

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

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

a b o u t   55%  m e r e l y   r e p r e s e n t s   a  p r a c t i c a l   a m o u n t ,   a b o v e   w h i c h  

no  o u t s t a n d i n g   a d v a n t a g e s   a r e   o b t a i n e d .   The  p r e f e r r e d   a m o u n t  

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

a b o u t   8  t o   a b o u t   35%  by  w e i g h t .  



The  wood  p u l p   f i b e r s   a r e   n e e d e d   f o r   a  n u m b e r   of  r e a s o n s ,  

one   of  w h i c h   i s   t o   a c t   as   t h e   d i s p e r s a n t   f o r   t h e   p o l y p r o p y l e n e  

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

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

p a c i t y ,   a b o u t   two  p a r t s   o f   t h e   wood  p u l p   f i b e r s   p e r   100  p a r t s  

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

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

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

t i o n ,   w i t h   no  f o r m a t i o n   of   c l u m p s   or   f l o c .   O t h e r   d i s p e r s a n t s  

a r e   in  no  way  c o m p a r a b l e   t o   wood  p u l p   f i b e r s   in   t h i s   r e s p e c t .  

M o r e o v e r ,   t h e   p r e s e n c e   of   wood  p u l p   f i b e r s   in   t h e   f l o o r i n g  

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

At  l e a s t   a b o u t   two  p e r c e n t   of   t h e   wood  p u l p   f i b e r s   i s   r e q u i r e d  

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

a b o u t   30%  by  w e i g h t  p r o v i d e   t h e   d e s i r e d   i m p r o v e m e n t   in   t e n s i l e  

s t r e n g t h .   The  p r e f e r r e d   r a n g e   i s   f r o m   a b o u t   5  to   a b o u t   10%. 

The  w a t e r   d i s p e r s i b l e   g l a s s   f i b e r s   a r e   a l s o   r e q u i r e d   t o  

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

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

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

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

i s   in   t h e   r a n g e   of   f r o m   a b o u t   2  t o   a b o u t   20%  by  w e i g h t   b a s e d  

on  t h e   d r y   w e i g h t   of   t h e   f l o o r i n g   f e l t   c o m p o s i t i o n .   A  p r e -  

f e r r e d   r a n g e   i s   f r om  a b o u t   3  t o   a b o u t   10%  by  w e i g h t .  

As  p r e v i o u s l y   i n d i c a t e d ,   t h e   i n o r g a n i c   f i l l e r   i s   no t   a  

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

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

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

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

t h e s e   p r o p e r t i e s   of   t h e   c o m p o s i t i o n   a r e   d e s i r e d .   The  a m o u n t  

of   f i l l e r   w i l l   o r d i n a r i l y   be  i n   t h e   r a n g e   of   f rom  a b o u t   10  t o  

a b o u t   20%  by  w e i g h t   b u t   s h o u l d   n o t   e x c e e d   a b o u t   50%,  s i n c e   a t  

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

t i e s   d e s i r e d   in   t h e   c o m p o s i t i o n .  

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

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

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

t a n c e   of   t h e   f l o o r i n g   f e l t   c o m p o s i t i o n .   Fo r   e x a m p l e ,   a  c o m -  

p o s i t i o n   c o n t a i n i n g   no  b i n d e r   may  a b s o r b   as  much  as  t w i c e   t h e  



a m o u n t   of   w a t e r   as  a  c o m p o s i t i o n   c o n t a i n i n g   t h e   b i n d e r .   T h e  

a m o u n t   of   t h e   b i n d e r   s h o u l d   be  a t   l e a s t   a b o u t   5%  up  to   a b o u t  

25%  by  w e i g h t   b a s e d   on  t h e   d r y   w e i g h t   of   t h e   f l o o r i n g   f e l t  

c o m p o s i t i o n ,   p r e f e r a b l y   f r o m   a b o u t   10  t o   a b o u t   15%  by  w e i g h t .  

I t   i s   n o t e w o r t h y   t h a t   t h e   e f f e c t i v e n e s s   of   t h e   b i n d e r   i s   d e -  

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

r e s i n   c o m p o n e n t s   of  t h e   c o m p o s i t i o n .   In  t h e   a b s e n c e   of  b o t h  

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

i n a d e q u a t e ,   and  t h e   same  i s   t r u e   when  e i t h e r   one   of  t h e   r e s i n  

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

F u r t h e r   to   t h e   a n i o n i c   and  c a t i o n i c   r e s i n   c o m p o n e n t s ,  

e a c h   i s   n e c e s s a r y ,   as   j u s t   m e n t i o n e d ,   and  t h e   a m o u n t   r e q u i r e d  

i s   f r om  a b o u t   1  to   a b o u t   10%  by  w e i g h t ,   p r e f e r a b l y   f rom  a b o u t  

2  to   a b o u t   5%.  In  a d d i t i o n ,   t h e   a n i o n i c   r e s i n   f u n c t i o n s   t o  

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

up  to   and   d u r i n g   t h e   a d d i t i o n   of  t h e   a n i o n i c ,   e l a s t o m e r i c  

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

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

c o m p o n e n t s   of  t h e   c o m p o s i t i o n   and  to   r e a c t   w i t h   t h e   a n i o n i c  

r e s i n   t o   f o rm  a  c r o s s l i n k e d   c o m p o s i t i o n .  

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

p o n e n t s   i s   r e a d i l y   d e t e r m i n a b l e   by  one  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 .   A  m a j o r   f a c t o r   i s   t h e   a r r a n g e m e n t   of  t h e   a v a i l -  

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

w a t e r   d i s p e r s i b l e   s p u r t e d   p o l y o l e f i n   f i b e r s   and  t h e   wood  p u l p  

f i b e r s   a r e   to   be  r e f i n e d .   Where   r e f i n i n g   i s   d e s i r e d ,   t h e s e  

f i b e r s   may  be  r e f i n e d   e i t h e r   s e p a r a t e l y   or   t o g e t h e r .   The  i n -  

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

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

or   a f t e r ,   r e f i n i n g   of   t h e   f i b e r s .   In  c o n t r a s t ,   t h e   w a t e r   d i s -  

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

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

w i s e   t h e   w a t e r   d i s p e r s i b l e   g l a s s   f i b e r s   may  be  a d d e d   a t   a n y  
t i m e .   R e g a r d l e s s   of  w h e t h e r   r e f i n i n g   h a s   o c c u r r e d ,   i t   h a s  

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

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

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

O t h e r   c o m p o n e n t s   may  be  p r e s e n t   in  m i n o r   a m o u n t s   in  t h e  

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



t h e   a g g r e g a t e   in   an  a m o u n t   no  more   t h a n   a b o u t   10%  and  u s u a l l y  

no  more   t h a n   a b o u t   3  t o   a b o u t   5%.  T h e y   a r e   m i n o r   a l s o   in   t h e  

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

p h y s i c a l   p r o p e r t i e s   o f   t h e   c o m p o s i t i o n s .   E x e m p l a r y   of  s u c h  

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

t h e   p o l y m e r   b i n d e r ,   a n t i o x i d a n t s ,   p i g m e n t s ,   d y e s   and   p r e s e r v a -  
t i v e s   s u c h   as   m i l d e w i c i d e s .   A l s o   p r e s e n t   may  be  s m a l l   a m o u n t s  

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

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

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

In  u s i n g   t h e   f l o o r i n g   f e l t s   of   t h i s   i n v e n t i o n   in  t h e  

p r e p a r a t i o n   of   f l o o r   c o v e r i n g s ,   one   or   more   l a y e r s   of  r e s i n o u s  

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

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

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

a l s o   may  be  b a s e d   on  p o l y u r e t h a n e s   and   o t h e r   s u i t a b l e   t h e r m o -  

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

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

U . S .   3 , 2 9 3 , 0 9 4   and   U . S .   3 , 2 9 3 , 1 0 8 ,   b o t h   t o   N a i r n   e t   a l .   T h e  

c o m p o s i t i o n s   of   t h i s   i n v e n t i o n   may  a l s o   b e .  u s e d   to   fo rm  o t h e r  

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

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

d e s i r e d .  



H a v i n g   g e n e r a l l y   d e s c r i b e d   t h e   e m b o d i m e n t s   of  t h i s   i n v e n -  

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

In  t h e   e x a m p l e s ,   a l l   a m o u n t s   a r e   b a s e d   on  p a r t s   by  w e i g h t   u n -  

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

E x a m p l e   1 

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   p r e p a r a t i o n   of   a  t y p i c a l  

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

h a v i n g   an  i n t r i n s i c   v i s c o s i t y   of  2 .7   d l / g   in   d e c a h y d r o n a p h t h a -  

l e n e   a t   1 3 5 ° C .   and   1020  p a r t s   o f   p e n t a n e   w e r e   c h a r g e d   to   a  

c l o s e d   a u t o c l a v e .   The  c o n t e n t s  o f   t h e   a u t o c l a v e   were   s t i r r e d  

and  h e a t e d   t o   1 6 0 ° C . ,   a t   w h i c h   p o i n t   t h e   v a p o r   p r e s s u r e   in  t h e  

a u t o c l a v e   was  r a i s e d   to   850  p . s . i .   by  t h e   i n t r o d u c t i o n   of  n i -  

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

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

one  m i l l i m e t e r   and  a  l e n g t h   of  one  m i l l i m e t e r ,   r e s u l t i n g   i n  

e v a p o r a t i o n   of  t h e   p e n t a n e   s o l v e n t   and  f o r m a t i o n   of  t h e   p o l y -  

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

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

m i c r o n ,   c o n n e c t e d   t o   one   a n o t h e r   to   fo rm  a  t h r e e - d i m e n s i o n a l  

n e t w o r k .   The  g e n e r a l   s h a p e   of  t h e   f i b e r s ,   w h i c h   h a v e   a  f l o c -  

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

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

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

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

i s   g r e a t e r   t h a n   one  s q u a r e   m e t e r   p e r   g r am  and   in   some  c a s e s  
may  be  g r e a t e r   t h a n   t e n   s q u a r e   m e t e r s   p e r   g r a m .  



E x a m p l e   2 

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

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

r e s i n   c o m p o n e n t   i n   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 .   To  3 3 3  

p a r t s   of   m e t h y l d i a l l y l a m i n e   was  s l o w l y   a d d e d   2 9 0 - 2 9 5   p a r t s   o f  

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

pH  of   3  t o   4.  The   s o l u t i o n   t h e n   was  s p a r g e d   w i t h   n i t r o g e n   f o r  

20  m i n u t e s   and   t h e   t e m p e r a t u r e   was  a d j u s t e d   t o   50°  to   6 0 ° C .  

An  a q u e o u s   10 .7%  s o l u t i o n   o f   s o d i u m   b i s u l f i t e   and  an  a q u e o u s  
10.1%  s o l u t i o n   of   t - b u t y l   h y d r o p e r o x i d e   w e r e   s i m u l t a n e o u s l y  

a d d e d   t o   t h e   r e a c t i o n   m i x t u r e   o v e r   a  p e r i o d   of   f o u r   to   f i v e  

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

d r o c h l o r i d e ) ,   h a d   a  r e d u c e d   s p e c i f i c   v i s c o s i t y   of  0 .2   d l / g   a s  

m e a s u r e d   on  a  one   p e r c e n t   s o l u t i o n   in   a q u e o u s   one  m o l a r   s o d i u m  

c h l o r i d e   a t   2 5 ° C .   The  a m o u n t   o f   e a c h   of   t h e   s o d i u m   b i s u l f i t e  

and  t h e   5 - b u t y l   h y d r o p e r o x i d e   u s e d   was  two  mo le   p e r c e n t   b a s e d  

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

To  t h e   a b o v e   p o l y m e r   s o l u t i o n   t h e r e   t h e n   was  a d d e d   6 0 0  

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

p e r a t u r e   of   t h e   r e s u l t i n g   s o l u t i o n   was  a d j u s t e d   to   3 5 ° C .  

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

of  t h e   p o l y m e r   s o l u t i o n   to   22%,  t h e r e   was  a d d e d   4 1 6 . 3   p a r t s   o f  

e p i c h l o r o h y d r i n .   The  t e m p e r a t u r e   of   t h e   r e a c t i o n   m i x t u r e   w a s  

m a i n t a i n e d   a t   a b o u t   4 5 ° C .   w h i l e   t h e   G a r d n e r   v i s c o s i t y   of  t h e  

m i x t u r e   i n c r e a s e d   f r o m   l e s s   t h a n   A  t o   B+.  A f t e r   t h e   a d d i t i o n  

of  a b o u t   304  p a r t s   of   36%  h y d r o c h l o r i c   a c i d ,   t h e   r e a c t i o n   m i x -  

t u r e   was  h e a t e d   t o   8 0 ° C .   and  m a i n t a i n e d   a t   t h i s   t e m p e r a t u r e  

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

a c i d   u n t i l   t h e   pH  o f   t h e   r e a c t i o n   m i x t u r e   had   s t a b i l i z e d   a t   2 

f o r   one   h o u r .   The  r e a c t i o n   m i x t u r e   t h e n   was  c o o l e d   to   4 0 ° C . ,  

a d j u s t e d   t o   a  pH  o f   3 . 5 - 4 . 0   w i t h   a q u e o u s   f o u r   p e r c e n t   s o d i u m  

h y d r o x i d e   and  d i l u t e d   t o   20%  s o l i d s .  

The  r e s i n   p r o d u c t   f rom  t h e   a b o v e   p r o c e s s ,   p r i o r   to   use   i h  

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 ,   i s   p r e f e r a b l y   b a s e   a c t i v a t e d .  

T h i s   i s   a c c o m p l i s h e d   by  a d d i n g   18  p a r t s   of   w a t e r   and  12  p a r t s '  

of  one   m o l a r   s o d i u m   h y d r o x i d e   s o l u t i o n   t o   e a c h   10  p a r t s   of  t h e  

20%  s o l i d s   s o l u t i o n   of   t h e   r e s i n .   The  r e s u l t i n g   f i v e   p e r c e n t  



s o l i d s   s o l u t i o n ,   a f t e r   a g i n g   f o r   15  m i n u t e s ,   s h o u l d   h a v e   a  pH 

of  10  or  h i g h e r .   A d d i t i o n a l   s o d i u m   h y d r o x i d e   s h o u l d   be  a d d e d ,  

i f   n e c e s s a r y ,   t o   o b t a i n   t h i s   l e v e l   of  p H .  

E x a m p l e   3 

The  p r e s e n t   e x a m p l e   i l l u s t r a t e s   t h e   p r e p a r a t i o n   of  a  t y p -  

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

l i z a b l e   as  t h e   c a t i o n i c   r e s i n   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 .   D i e t h y l e n e t r i a m i n e   in   t h e   a m o u n t   of  0 . 9 7   mole   was  a d d e d  

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

t h e r m o m e t e r   and  a  r e f l u x   c o n d e n s e r .   T h e r e   t h e n   was  g r a d u a l l y  

a d d e d   to   t h e   r e a c t i o n   v e s s e l   one  mole   of  a d i p i c   a c i d   w i t h  

s t i r r i n g .   A f t e r   t h e   a c i d   had   d i s s o l v e d   in   t h e   a m i n e ,   t h e   r e -  

a c t i o n   m i x t u r e   was  h e a t e d   to   1 7 0 ° - 1 7 5 ° C .   and  h e l d   at  t h a t   t e m -  

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

a c t i o n   m i x t u r e   had   b e c o m e   v e r y   v i s c o u s .   The  r e a c t i o n   m i x t u r e  

t h e n   was  c o o l e d   to   1 4 0 ° C . ,   and  s u f f i c i e n t   w a t e r   was  a d d e d   t o  

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

of  a b o u t   50%.  A  s a m p l e   of  t h e   p o l y a m i d e   i s o l a t e d   from  t h i s  

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

0 . 1 5 5   d l / g   when  m e a s u r e d   a t   a  c o n c e n t r a t i o n   of   two  p e r c e n t   i n  

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

a m i d e   s o l u t i o n   was  d i l u t e d   to   13.5%  s o l i d s   and   h e a t e d   t o  

4 µ ° C . ,   and  e p i c h l o r o h y d r i n   was  s l o w l y   a d d e d   in   an  amoun t   c o r -  

r e s p o n d i n g   to   1 . 3 2   m o l e s   p e r   mole   of  s e c o n d a r y   amine   in  t h e  

p o l y a m i d e .   The  r e a c t i o n   m i x t u r e   t h e n   was  h e a t e d   a t   a  t e m p e r -  

a t u r e   b e t w e e n   70°  and  7 5 ° C .   u n t i l   i t   a t t a i n e d   a  G a r d n e r   v i s -  

c o s i t y   of  E - F .   S u f f i c i e n t   w a t e r   n e x t   was  a d d e d   to   p r o v i d e   a  
s o l i d s   c o n t e n t   of  a b o u t   1 2 . 5 % ,   and  t h e   s o l u t i o n   was  c o o l e d   t o  

25°C .   The  pH  of  t h e   s o l u t i o n   t h e n   was  a d j u s t e d   to   4 . 7   w i t h  

c o n c e n t r a t e d   s u l f u r i c   a c i d .   The  f i n a l   p r o d u c t   c o n t a i n e d   1 2 . 5 %  

s o l i d s   and  had  a  G a r d n e r   v i s c o s i t y   of  B - C .  

E x a m p l e   4 

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

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 .   To  a  r e a c t i o n   v e s s e l   e q u i p p e d  

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

and  a  n i t r o g e n   a d a p t e r   was  a d d e d   890  p a r t s   of   w a t e r .   T h e r e  

t h e n   was  d i s s o l v e d   in  t h e   w a t e r   98  p a r t s   of  a c r y l a m i d e ,   t w o  



p a r t s   of  a c r y l i c   a c i d   and   one  and   o n e - h a l f   p a r t s   of  a q u e o u s  

10%  c u p r i c   s u l f a t e .   The  r e s u l t i n g   s o l u t i o n   was  s p a r g e d   w i t h  

n i t r o g e n   and  h e a t e d   t o   7 6 ° C . ,   a t   w h i c h   p o i n t   two  p a r t s   o f  

a m m o n i u m   p e r s u l f a t e   d i s s o l v e d   in   s i x   and   o n e - h a l f   p a r t s   o f  

w a t e r   was  a d d e d .   The  t e m p e r a t u r e   of   t h e   r e a c t i o n   m i x t u r e   i n -  

c r e a s e d   2 1 . 5 ° C .   o v e r   a  p e r i o d   of   t h r e e   m i n u t e s   f o l l o w i n g   a d d i -  

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

7 6 ° C . ,   i t   was  m a i n t a i n e d   t h e r e   f o r   two  h o u r s ,   a f t e r   w h i c h   t h e  

r e a c t i o n   m i x t u r e   was  c o o l e d   to   room  t e m p e r a t u r e .   The  r e s u l t -  

i n g   s o l u t i o n   had   a  B r o o k f i e l d   v i s c o s i t y   o f   54  c e n t i p o i s e s   a t  

2 1 ° C .   and   c o n t a i n e d   l e s s   t h a n   0.2%  a c r y l a m i d e   b a s e d   on  t h e  

p o l y m e r   c o n t e n t .  

E x a m p l e   5 

T h i s   e x a m p l e   d e s c r i b e s   t h e   p r e p a r a t i o n   of   one  of  t h e  

f l o o r i n g   f e l t   c o m p o s i t i o n s   of   t h i s   i n v e n t i o n .   A  o n e - q u a r t  

W a r i n g   b l e n d e r   was  c h a r g e d   w i t h   500  m i l l i l i t e r s   of  w a t e r .   T o  

t h e   w a t e r   was  a d d e d   w i t h   s t i r r i n g   an  a d m i x t u r e   of  3 . 4 6   g r a m s  

of  w a t e r   d i s p e r s i b l e   s p u r t e d   p o l y p r o p y l e n e   f i b e r s ,   0 . 4 3   g r a m  

of   R a y o n i e r   b l e a c h e d   s o f t w o o d   k r a f t   (RBK)  f i b e r s ,   0 . 9 7   g r a m  

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

a d d i t i o n a l   1 . 3 0   g r a m s   of   RBK  f i b e r s .   The  d i s p e r s i o n   w a s  

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

s p e e d   s t i r r e r .   W a t e r   was  a d d e d   to   p r o v i d e   a  t o t a l   v o l u m e   o f  

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

a d d e d   w i t h   s t i r r i n g :   1 0 . 1 5   g r a m s   of   c l a y   p r e s u s p e n d e d   in  a p -  

p r o x i m a t e l y   80  m i l l i l i t e r s   of   w a t e r ;   2 . 8 3   g r a m s   of  a  m a n u f a c -  

t u r e r - s t a b i l i z e d   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   c o p o l y m e r  

l a t e x ,   c o m m e r c i a l l y   a v a i l a b l e   as  Dow  XD  3 0 6 0 8   ( a d d e d   as  a  50% 

s o l i d s   l a t e x   a d d i t i o n a l l y   d i l u t e d   w i t h   a b o u t   20  m i l l i l i t e r s   o f  

w a t e r ) ;   0 . 0 3   gram  of  a  c a t i o n i c   p o l y a c r y l a m i d e   r e t e n t i o n   a i d  

( c o m m e r c i a l l y   a v a i l a b l e   as  B e t z   1 2 6 0 ) ,   p r e v i o u s l y   d i s s o l v e d   i n  

6  m i l l i l i t e r s   of  w a t e r ;   0 . 9 7   gram  of  w a t e r   d i s p e r s i b l e   g l a s s  

f i b e r s   h a v i n g   a  l e n g t h   of   a b o u t   3  m i l l i l i t e r s   and  a  d i a m e t e r  

of   a b o u t   6  m i c r o n s ;   8 . 1 5   g r a m s   of  t h e   a n i o n i c   p o l y a c r y l a m i d e  

r e s i n   s o l u t i o n   ( c o n t a i n i n g   0 . 8 1   g r am  of   p o l y m e r )   p r e p a r e d   a c -  

c o r d i n g   t o   E x a m p l e   4;  and  1 3 . 0   g r a m s   of  t h e   b a s e - a c t i v a t e d  

c a t i o n i c   r e s i n   s o l u t i o n   ( c o n t a i n i n g   0 . 6 5   g ram  of  r e s i n )   p r e -  

p a r e d   a c c o r d i n g   t o   E x a m p l e   2 .  



U s i n g   a  N o b l e   and   Wood  h a n d s h e e t   m a c h i n e ,   t h e   f i b r o u s  

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

s h e e t   on  a  1 0 0 - m e s h   s c r e e n .   The  f o r m e d   s h e e t   was  wet  p r e s s e d  

and  t h e n   d r i e d   by  s i x   p a s s e s   o v e r   a  2 4 µ - 2 5 µ ° F   drum  d r y e r ,   t h e  

s i d e   of  t h e   s h e e t   in   c o n t a c t   w i t h  t h e   drum  b e i n g   a l t e r n a t e d   o n  

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

f e l t   c o m p o s i t i o n ,   t h e   i n d i v i d u a l   c o m p o n e n t s   t h e r e o f   we re   p r e s -  

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

4 .5%;   s p u r t e d   p o l y p r o p y l e n e   f i b e r s ,   16 .0%:   wood  p u l p   f i b e r s ,  

8 .0%;   g l a s s   f i b e r s ,   4 . 5 % ;   c l a y ,   4 7 . 0 % ;   s t a b i l i z e d   b u t a d i e n e -  

s t y r e n e   c o p o l y m e r ,   1 3 . 1 % ;   a n i o n i c   r e s i n ,   3 . 7 5 % ;   c a t i o n i c   r e s -  

in ,   3 .0%;   and  c a t i o n i c   r e t e n t i o n   a i d ,   0 . 1 4 % .   Upon  a n a l y s i s ,  

t h e   f e l t   c o m p o s i t i o n   was  f o u n d   to   h a v e   a  b a s i s   w e i g h t   of  3 0 2  

p o u n d s / 3 0 0 0   s q u a r e   f e e t ,   a  c a l i p e r   of  30  m i l s ,   a  d e n s i t y   o f  

0 . 7 1 0   g r a m / c u b i c   c e n t i m e t e r ,   a  d r y   t e n s i l e   s t r e n g t h   of  1 3 5 3  

p . s . i .   and  a  h o t   ( 1 7 7 ° C )   t e n s i l e   s t r e n g t h   of   522  p . s . i .  

E x a m p l e   6  

A  h a n d s h e e t   was  p r e p a r e d   a c c o r d i n g   to   t h e   p r o c e d u r e   o f  

E x a m p l e   5  e x c e p t   t h a t   t h e   b a s e - a c t i v a t e d   c a t i o n i c   r e s i n   s o l u -  

t i o n   of  E x a m p l e   2  was  o m i t t e d .   Upon  a n a l y s i s   t h e   f e l t   c o m p o -  
s i t i o n   was  f o u n d   t o   h a v e   a  b a s i s   w e i g h t   of  285  p o u n d s /   3 0 0 0  

s q u a r e   f e e t ,   an  a v e r a g e   c a l i p e r   of  3 2 . 4   m i l s ,   a  d e n s i t y   o f  

0 . 5 6 3   g r a m / c u b i c   c e n t i m e t e r ,   a  d r y   t e n s i l e   s t r e n g t h   of  o n l y  

315  p . s . i . ,   and  a  h o t   ( 1 7 7 ° C )   t e n s i l e   s t r e n g t h   of  o n l y   6 8  

p . s . i .  

E x a m p l e   7 

A  h a n d s h e e t   was  p r e p a r e d   a c c o r d i n g   to   t h e   p r o c e d u r e   o f  

E x a m p l e   5  e x c e p t   t h e   a n i o n i c   p o l y a c r y l a m i d e   r e s i n   s o l u t i o n   o f  

E x a m p l e   4  was  o m i t t e d .   Upon  a n a l y s i s ,   t h e   f e l t   c o m p o s i t i o n  

was  f o u n d   to   h a v e   a  b a s i s   w e i g h t   of  283  p o u n d s / 3 0 0 0   s q u a r e  

f e e t ,   an  a v e r a g e   c a l i p e r   of  3 0 . 9   m i l s ,   a  d e n s i t y   of  0 . 5 8 6  

g r a m s / c u b i c   c e n t i m e t e r ,   a  d r y   t e n s i l e   s t r e n g t h   of  o n l y   7 0 9  

p o u n d s /   s q u a r e   i n c h ,   and  a  h o t   ( 1 7 7 ° C )   t e n s i l e   s t r e n g t h   o f  

o n l y   152  p . s . i .  

E x a m p l e   8  

A  h a n d s h e e t   was  p r e p a r e d   a c c o r d i n g   to   t h e   p r o c e d u r e   o f  

E x a m p l e   5  e x c e p t   t h a t   t h e   0 . 0 3   g r a m s   of  c a t i o n i c   p o l y a c r y l -  

a m i d e   r e t e n t i o n   a i d   was  r e p l a c e d   by  0 . 1 7   g ram  of  a l u m  



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

c o m p o s i t i o n   was  f o u n d   t o   h a v e   a  b a s i s   w e i g h t   of   302  p o u n d s /  

3000  s q u a r e   f e e t ,   a  c a l i p e r   of   2 7 . 2   m i l s ,   a  d e n s i t y   of  0 . 7 1 9  

g r a m / c u b i c   c e n t i m e t e r ,   a  d r y   t e n s i l e   s t r e n g t h   of   1513  p o u n d s /  

s q u a r e   i n c h ,   and   a  h o t   ( 1 7 7 ° C )   t e n s i l e   s t r e n g t h   of  595  p . s . i .  

E x a m p l e s   9 - 1 5  

F o l l o w i n g   t h e   p r o c e d u r e   o f   E x a m p l e   5,  a d d i t i o n a l   f l o o r -  

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

p o s t i o n s   a r e   d e s c r i b e d   in   T a b l e   1,  and   t h e i r   p h y s i c a l   p r o p e r -  
t i e s   a r e   s e t   f o r t h   i n   T a b l e   2 .  







E x a m p l e   16  

The  p r o c e d u r e   of  E x a m p l e   5  was  d u p l i c a t e d   e x c e p t   to   r e -  

p l a c e   t h e   c a t i o n i c   r e s i n   c o m p o n e n t   of  t h a t   e x a m p l e   w i t h   a n  

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

E x a m p l e   3.  The  f l o o r i n g   f e l t   p r o d u c t   had  a  b a s i s   w e i g h t   o f  

322  p o u n d s / 3 0 0 0   s q u a r e   f e e t ,   a  c a l i p e r   of  2 7 . 4   m i l s ,   a  s p e c i -  

f i c   g r a v i t y   o f   0 . 7 5 1   g r a m / c u b i c   c e n t i m e t e r ,   a  d r y   t e n s i l e  

s t r e n g t h   of  1773  p . s . i .   and   a  h o t   ( 1 7 7 ° C )   t e n s i l e   s t r e n g t h   o f  

478  p . s . i .  

E x a m p l e   17 

3 5 . 5   lb   of  s p u r t e d   p o l y p r o p y l e n e   f i b e r s ,   8 . 9   lb   of  s p u r t -  
ed  p o l y e t h y l e n e   f i b e r s   8 . 9   l b   RBK  f i b e r s ,   and  100  lb   of  c l a y  

were   d i s p e r s e d   in   s o f t   w a t e r   a t   2 - 2 . 5 %   c o n s i s t e n c y   in   a  b e a t -  

e r .   The  p u l p   b l e n d   was  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   (CSF)  of   500  in   a  d o u b l e   d i s c   r e f i n e r .   The  r e f i n e d   p u l p  

was  t h e n   p u m p e d   t o   a  m i x i n g   c h e s t   in  w h i c h   3 9 . 4   lb   ( 3 . 9 4   l b  

on  t h e   d r y   b a s i s )   of  t h e   a n i o n i c   p o l y a c r y l a m i d e   of  E x a m p l e   4 ,  

was  a d d e d   t o   t h e   p u l p   b l e n d   w i t h   good  a g i t a t i o n .   W i t h   c o n -  

t i n u e d   a g i t a t i o n ,   1 0 . 8   l b   of  g l a s s   f i b e r s   s u c h   as  t h o s e   d e -  

s c r i b e d   in   E x a m p l e   5  was  s l o w l y   a d d e d   to   t h e   p u l p   b l e n d ,   a n d  

m i x i n g   of  t h e   f i b e r   d i s p e r s i o n   was  c o n t i n u e d   f o r   f i v e   m i n u t e s .  

T h e r e   were   t h e n   a d d e d   to   t h e   a g i t a t e d   d i s p e r s i o n   1 .2   lb   of  a  

d e f o a m e r ,   f o l l o w e d   by  2 5 . 5   p o u n d s   of  a  5 0 : 5 0   s t y r e n e - b u t a d i e n e  

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

as  a  50%  s o l i d s   l a t e x   c o n t a i n i n g   0 .5   lb   of  a  l a t e x   s t a b i l i z e r .  

F i n a l l y ,   t h e r e   w e r e   a d d e d   9 8 . 4   lb   (4 .92-   p o u n d s   on  t h e   s o l i d s  

b a s i s )   of  t h e   b a s e - a c t i v a t e d   c a t i o n i c   r e s i n   of   E x a m p l e   2,  a n d  

0 . 8   lb  of  a  n i g r o s i n e   d y e .  

The  d i l u t e   p u l p   s l u r r y   e x i s t i n g   a t   t h i s   p o i n t   in   t h e   p r o -  

c e s s   was  p u m p e d   to   a  c o n v e n t i o n a l   F o u r d r i n i e r   p a p e r   m a c h i n e  

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

t h e   w i r e ,   t h e   wet   p r e s s i n g ,   t h e   d r y i n g   and  t h e   c a l e n d e r i n g   b e -  

ing   b a l a n c e d   so  as  to   p r o d u c e   a  s h e e t   h a v i n g   a  t h i c k n e s s   i n  

t h e   r a n g e   of  20  to   30  m i l s   and  a  s p e c i f i c   g r a v i t y   in  t h e   r a n g e  
of   0 . 6 0 0   to   0 . 7 0 0 .   The  f e l t   c o m p o s i t i o n   p r o d u c t   was  f o u n d   t o  

h a v e   a  b a s i s   w e i g h t   of  220  p o u n d s / 3 0 0 0   s q u a r e   f e e t ,   a  c a l i p e r  

of  21  m i l s ,   a  s p e c i f i c   g r a v i t y   of  0 . 6 7 0 ,   a  d r y   t e n s i l e  

s t r e n g t h   of  1620  p . s . i .   and  a  h o t   ( 1 7 7 ° C )   t e n s i l e   s t r e n g t h   o f  

470  p . s . i .  



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

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

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

p r i s e d   of   f r o m   4  t o   a b o u t   55%  of   w a t e r   d i s p e r s i b l e   s p u r t e d  

p o l y o l e f i n   f i b e r s ,   f r o m   a b o u t   2  t o   a b o u t   30%  o f   wood  p u l p   f i -  

b e r s ,   f r o m   a b o u t   2  t o   a b o u t   20%  of   w a t e r   d i s p e r s i b l e   g l a s s  

f i b e r s ,   f r o m   0  t o   a b o u t   50%  of   an  i n o r g a n i c   f i l l e r ,   f r om  a b o u t  

5  to   a b o u t   25%  o f   an  a n i o n i c   e l a s t o m e r i c   p o l y m e r   b i n d e r ,   f r o m  

a b o u t   1  t o   a b o u t   10%  of   an  a n i o n i c   p o l y a c r y l a m i d e   r e s i n   c o n -  

t a i n i n g   f r o m   a b o u t   2  t o   a b o u t   15%  by  w e i g h t   o f   a c r y l i c   a c i d  

u n i t s ,   and   f r o m   a b o u t   1  t o   a b o u t   10%  of   a  c a t i o n i c   r e s i n   r e -  

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

an  a m i n o p o l y a m i d e   d e r i v e d   f r o m   a  d i c a r b o x y l i c   a c i d   and  a  p o l y -  

a l k y l e n e   p o l y a m i n e   h a v i n g   two  p r i m a r y   a m i n e   g r o u p s   and  a t  

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

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

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

2.  The  c o m p o s i t i o n   of   C l a i m   1  f u r t h e r   c h a r a c t e r i z e d   i n  

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

s p u r t e d   p o l y p r o p y l e n e   f i b e r s .  

3.  The  c o m p o s i t i o n   of   C l a i m   1  f u r t h e r   c h a r a c t e r i z e d   i n  

t h a t   t h e   w a t e r   d i s p e r s i b l e   s p u r t e d   p o l y o l e f i n   f i b e r s   a r e   a n  
a d m i x t u r e   o f   f r o m   a b o u t   50  t o   100%  s p u r t e d   p o l y p r o p y l e n e   a n d  

f r o m   a b o u t   0  t o   a b o u t   50%  s p u r t e d   p o l y e t h y l e n e   c o m p o s i t i o n  

b a s e d   on  w e i g h t .  

4.  The  c o m p o s i t i o n   of   C l a i m   1  f u r t h e r   c h a r a c t e r i z e d   i n  

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

f r o m   a b o u t   10  t o   a b o u t   2 0 % .  

5.  The  c o m p o s i t i o n   o f . C l a i m   1  f u r t h e r   c h a r a c t e r i z e d   i n  

t h a t   t h e   a n i o n i c   e l a s t o m e r i c   p o l y m e r   b i n d e r   i s   a  5 0 : 5 0   s t y -  
r e n e - b u t a d i e n e   c o p o l y m e r   c o n t a i n i n g   c a r b o x y l i c   f u n c t i o n a l i t y .  



6.  The  c o m p o s i t i o n   of   C l a i m   5  f u r t h e r   c h a r a c t e r i z e d   i n  

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

a m i d e   and   a c r y l i c   a c i d .  

7.  The  c o m p o s i t i o n   of   C l a i m   6  f u r t h e r   c h a r a c t e r i z e d   i n  

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

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

8.  The  c o m p o s i t i o n   of  C l a i m   7  f u r t h e r   c h a r a c t e r i z e d   i n  

t h a t   t h e   p o l y ( d i a l l y l a m i n e )   i s   p o l y ( N - m e t h y i - d i a l l y l a m i n e ) .  

9.  The  p r o c e s s   of  p r e p a r i n g   an  a s b e s t o s - f r e e   f l o o r i n g  

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

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

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

b e r   d i s p e r s i o n   c o m p r i s i n g   f rom  a b o u t   4  t o   a b o u t   55%  of  w a t e r  

d i s p e r s i b l e   s p u r t e d   p o l y o l e f i n   f i b e r s ,   f rom  a b o u t   2  to   a b o u t  

30%  of  wood  p u l p   f i b e r s ,   f rom  a b o u t   2  to   a b o u t   20%  of  w a t e r  

d i s p e r s i b l e   g l a s s   f i b e r s ,   and  f rom  a b o u t   1  t o   a b o u t   10%  of  a n  

a n i o n i c   p o l y a c r y l a m i d e   r e s i n   c o n t a i n i n g   f r o m   a b o u t   2  to   a b o u t  

15%  by  w e i g h t   of  a c r y l i c   a c i d   u n i t s ,   f rom  0  t o   a b o u t   50%  of  a n  

i n o r g a n i c   f i l l e r ,   f r om  a b o u t   5  to   a b o u t   25%  of  an  a n i o n i c  

e l a s t o m e r i c   p o l y m e r   b i n d e r ,   and  f rom  a b o u t   1  to   a b o u t   10%  of  a  

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

( d i a l l y l a m i n e )   or  an  a m i n o p o l y a m i d e   d e r i v e d   f rom  a  d i c a r b o x -  

y l i c   a c i d   and  a  p o l y a l k y l e n e   p o l y a m i n e   h a v i n g   two  p r i m a r y  

a m i n e   g r o u p s   and  a t   l e a s t   one  s e c o n d a r y   or   t e r t i a r y   a m i n e  

g r o u p ,   a l l   p e r c e n t a g e s   of   t h e   a b o v e   c o m p o n e n t s   b e i n g   by  w e i g h t  

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

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

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

10.  The  p r o c e s s   of  C l a i m   9  f u r t h e r   c h a r a c t e r i z e d   in  t h a t  

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

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

is   a  5 0 : 5 0   s t y r e n e - b u t a d i e n e   c o p o l y m e r   c o n t a i n i n g   c a r b o x y l i c  

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



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

r e a c t i o n   p r o d u c t   o f   e p i c h l o r o h y d r i n   and   p o l y ( N - m e t h y l d i a l l y l -  

a m i n e ) .  
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