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Pattern  densifled  fibrous  web  having  spaced,  binder  impregnated  high  density  zones,  and  method  of  making  such  a  web. 
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The  invention  provides  a  soft,  pattern  densified  fi- 
brous  web  such  as  a  paper  sheet  which  web  generally 
comprises  a  relatively  low  bond,  high  bulk,  vaulted  field 
and  a  patterned  array  of  spaced  zones  of  relatively  high 
fibre  density,  at  least  a  substantial  proportion  of  which 
dense  zones  are  at  least  partially  impregnated  with  binder 
material.  The  degree  of  impregnating  and  bonding  in  the 
dense  zones  may  be  increased  by  applying  mechanical 
compression  to  the  impregnated  zones  subsequent  to  ap- 
plying  the  binder  material. 

A  method  of  making  such  a  web  is  also  disclosed. 
The  method  generally  entails  forming  a  low  bond,  pattern 
densified  fibrous  web;  supporting  dense  zones  of  the  web 
on  a  patterned  array  of  spaced  supports;  displacing  the 
unsupported  portions  of  the  web  into  the  spaces  inter- 
mediate  the  spaced  supports;  and  applying  a  binder  ma- 
terial  to  dense  supported  zones  of  the  web. 



T e c h n i c a l   F i e l d  

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

as  p a p e r   f o r   p a p e r   t o w e l s   and  t i s s u e   p a p e r ,   and  a  

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

l e a s t   in   p a r t   by  b i n d e r   m a t e r i a l .  

B a c k g r o u n d   A r t  

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

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

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

p u r p o s e   of   s t r e n g t h e n i n g   t h e   f i b r o u s  w e b s   w i t h o u t  

m a k i n g   t hem  i n o r d i n a t e l y   i n f l e x i b l e   or   h a r d   or   h a r s h  

to   f e e l .  

US  P a t e n t   No  2 , 0 3 9 , 3 1 2   w h i c h   i s s u e d   May  5,  1 9 3 6  

to   J  H  G o l d m a n   d i s c l o s e s   a  R e i n f o r c e d   C a r d e d   Web  w h i c h  

may  be  r e i n f o r c e d   by  a  r e t i c u l a t e d   n e t w o r k   of   n a r r o w  

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

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

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

w e b .  

US  P a t e n t s   No  2 , 8 8 0 , 1 1 1   and  No  3 , 0 0 9 , 8 2 2   w h i c h  

i s s u e d   to   A  H  D r e l i c h   e t   a l   on  March   31,  1959  a n d  

N o v e m b e r   21,  1 9 6 1 ,   r e s p e c t i v e l y ,   d i s c l o s e   f i b r o u s  

T e x t i l e - L i k e   N o n w o v e n   F a b r i c s   w h e r e i n   t h e   f i b r e s   a r e  
h e l d   t o g e t h e r   by  an  a d h e s i v e   or  b o n d i n g   m a t e r i a l  

d i s b r i b u t e d   a m o n g s t   them  in  p r e d e t e r m i n e d   p a t t e r n s   o f  

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



a l s o   d i s c l o s e s   l i n e d   p a t t e r n s   of  b i n d e r   as  w e l l   as  a  

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

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

r o t a g r a v u r e   p r i n t i n g   a  p r e d e t e r m i n e d   p a t t e r n   o f  

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

US  P a t e n t   No  3 , 3 0 1 , 7 4 6   w h i c h   i s s u e d   J a n u a r y   3 1 ,  

1967   t o   L a w r e n c e   H  S a n f o r d   and  J a m e s   B  S i s s o n   c o v e r s  

a  P r o c e s s   f o r   F o r m i n g   A b s o r b e n t   P a p e r   by  I m p r i n t i n g  

A  F a b r i c   K n u c k l e   P a t t e r n   T h e r e o n   P r i o r   T o  D r y i n g   A n d  

P r o c e s s   T h e r e o f .   B r i e f l y ,   a  h i g h   b u l k   f i b r o u s   web  i s  

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

a b o u t   30  to   a b o u t   80  p e r c e n t   by  a v o i d i n g   s u b s t a n t i a l  

m e c h a n i c a l   c o m p r e s s i o n   u n t i l   t h e   web  i s   p r e d r i e d ;   t h e n  

a  k n u c k l e   p a t t e r n   of   an  i m p r i n t i n g   f a b r i c   i s   i m p r i n t e d  

in   t h e   p r e d r i e d   web  w h i l e   t h e   r e m a i n d e r   r e m a i n s   s u b -  

s t a n t i a l l y   u n c o m p a c t e d .   The  web  may  a l s o   be  s o m e w h a t  

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

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

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

and   r e l a t i v e l y   h i g h l y   h y d r o g e n   b o n d e d   due  to   t h e  

i m p r i n t i n g   p r e s s u r e   and  t h e   w a t e r   r e m a i n i n g   i n   t h e  

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

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

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

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

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

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

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

US  P a t e n t   No  3 , 9 9 4 , 7 7 1   w h i c h   i s s u e d   N o v e m b e r   30 ,   1 9 7 6  

t o   G e o r g e   M o r g a n   J r   e t   a l   e x t e n d e d   t h i s   t e c h n o l o g y   t o  

a  P r o c e s s   f o r   F o r m i n g   A  L a y e r e d   P a p e r   Web  H a v i n g   I m p r o v e d  

B u l k ,   T a c t i l e   I m p r e s s i o n   And  A b s o r b e n c y   And  P a p e r   T h e r e o f .  

US  P a t e n t   No  4 , 1 5 8 , 5 9 4   w h i c h   was  f i l e d   J u n e   2 4 ,  

1971  and  i s s u e d   J u n e   19,   1979  to   H e n r y   E  B e c k e r   e t   a l  

d i s c l o s e s   B o n d e d ,   D i f f e r e n t i a l l y   C r e p e d ,   F i b r o u s   W e b s  



And  M e t h o d   of  M a k i n g   Same  w h e r e i n   c r e p i n g   b o n d i n g  

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

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

low  i n t e r f i b r e   b o n d i n g   s t r e n g t h .   The  web  i s   p r e f e r a b l y  

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

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

s u b s e q u e n t i a l l y   d i f f e r e n t i a l l y   c r e p e d .   T h i s   p a t e n t  

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

t h e   b o n d i n g   m a t e r i a l   in   a  r e t i c u l a r   p a t t e r n   so  t h a t   t h e  

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

t h e   f i b r o u s   web .   I n d e e d ,   a l l   of   t h e   d i s c l o s e d   e x a m p l e s  

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

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

shown  in   t h e   f i g u r e s .   T h i s   t e c h n o l o g y   was  a p p a r e n t l y  

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

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

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

w e b s :   US  P a t e n t s   No  3 , 8 7 9 , 2 5 7   w h i c h   i s s u e d   A p r i l   2 2 ,  

1 9 7 5 ;   No  3 , 9 0 3 , 3 4 2   w h i c h   i s s u e d   S e p t e m b e r   2,  1 9 7 5 ;  

and  No  4 , 0 0 0 , 2 3 7   w h i c h   i s s u e d   D e c e m b e r   28,   1 9 7 6 .  

US  P a t e n t   No  3 , 8 1 2 , 0 0 0   w h i c h   i s s u e d   May  21,   1 9 7 4  

to   J  L  S a l v u c c i   e t   a l   d i s c l o s e s   a  S o f t ,   A b s o r b e n t ,  

F i b r o u s ,   S h e e t   M a t e r i a l   F o r m e d   By  A v o i d i n g   M e c h a n i c a l  

C o m p r e s s i o n   Of  The  E l a s t o m e r   C o n t a i n i n g   F i b e r   F u r n i s h  

U n t i l   The  S h e e t   Is   At  L e a s t   80%  D r y .   As  d i s c l o s e d ,   a n  

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

f u r n i s h   so  t h a t   i t   i s   d i s t r i b u t e d   t h r o u g h o u t   t h e  

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

m a t e r i a l   may  be  a p p l i e d   to   t h e   s h e e t   in   a  p r e d e t e r m i h e d  

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

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

d r y i n g   f a b r i c .   The  p a t t e r n   i s   s t a t e d   to   p r e f e r a b l y   b e  

a  r e t i c u l a r   h e x a g o n a l   p a t t e r n .   As  c o m p a r e d   to   t h e  

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

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

p r e d r y   to   a  g r e a t e r   e x t e n t ;   and  may  g r a v u r e   p r i n t   a  

p a t t e r n   of  a d d i t i o n a l   b i n d e r   m a t e r i a l   on  t h e   web  w i t h  



a  p a t t e r n e d   g r a v u r e   r o l l .   H o w e v e r ,   S a l v u c c i   e t   a l  

e x p r e s s l y   t e a c h   away  f r o m   p a t t e r n   k n u c k l e   c o m p a c t i o n   a s  

t a u g h t   by  S a n f o r d - S i s s o n   b e c a u s e   " t h e   p r e s s u r e s   g e n e r -  
a t e d   by  t h e   k n u c k l e   p a t t e r n   of  t h e   w o v e n   w i r e   a r e   s o  

h i g h   as  to   c r e a t e   h a r d   p o r t i o n s   of   t h e   web  w h i c h   g i v e  

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

US  P a t e n t   No  3 , 8 9 8 , 1 2 3   w h i c h   i s s u e d   A u g u s t   5 ,  

1975   t o   C h a r l e s   H . P h i l l i p s   e t   a l   d i s c l o s e s   a  M e t h o d   F o r  

Wet  P r i n t - B o n d i n g   L i g h t - W e i g h t   W e t - F o r m e d   F i b r o u s   W e b s  

w h e r e i n   a  s e l f - s u p p o r t i n g ,   w e t - f o r m e d   web  h a s   an  a q u e o u s  
r e s i n   b i n d e r   a p p l i e d   by  p r i n t - b o n d i n g   r o l l s   h a v i n g  

e t c h e d   or   e n g r a v e d   p r i n t i n g   s u r f a c e s ,   and  w h i c h   b i n d e r  

m a t e r i a l   i s   a p p l i e d   i n t e r m e d i a t e   two  o p e n   d r a w   f r e e  

s p a n s   of   t h e   web  p r i o r   to   d r y i n g   t h e .  w e b .  

US  P a t e n t   No  4 , 1 2 7 , 6 3 7   w h i c h   i s s u e d   N o v e m b e r  2 8 ,  

1978   t o   E u r g e n e   J  P i e t r e n i a k   e t   a l   d i s c l o s e s   a  M e t h o d  

Of  M a n u f a c t u r i n g   A  D r y - F o r m e d ,   E m b o s s e d   A d h e s i v e l y  

B o n d e d ,   N o n w o v e n   F i b r o u s   S h e e t   h a v i n g   s p a c e d   u n c o m p -  
a c t e d   f i b r o u s   z o n e s   on  a  c o m p a c t e d   r e t i c u l a t e d   f i b r o u s  

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

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

n e t w o r k .  

US  P a t e n t   No  4 , 1 5 9 , 3 5 5   w h i c h   i s s u e d   J u n e   2 6 ,  

1979  t o   K e n n e t h   K a u f m a n   d i s c l o s e s   Foam  B o n d i n g   m e t h o d  

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

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

s u b s t r a t e   s u c h   as  a  n o n w o v e n   w e b .  

A d d i t i o n a l l y ,   a  p a p e r   e n t i t l e d   F o r m i n g   Of  Low 

D e n s i t y   N o n w o v e n   F a b r i c s :   T e c h n o l o g y   And  D i r e c t i o n  

was  p r e s e n t e d   by  G  A  M  B u t t e r w o r t h   on  N o v e m b e r   1 3 ,  .  

1979  a t   t h e   I n t e r n a t i o n a l   A i r   L a i d   And  Low  D e n s i t y  

F o r m i n g   S e m i n a r   a t   t h e   H y a t t   R e g e n c y   H o t e l   i n   A t l a n t a ,  

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

s i o n   of   p a t e n t s   p e r t a i n i n g   to   low  d e n s i t y   w e b s  

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

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



W h i l e   n o t   i n t e n d i n g   to   l i m i t   t h e   p r e s e n t   i n v e n t i o n  

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

i n v e n t i o n   p r o v i d e s ,   as  c o m p a r e d   to   t h e   f o r e g o i n g   b a c k -  

g r o u n d   a r t ,   a  g e n e r a l l y   r e l a t i v e l y   low  b o n d ,   h i g h   b u l k ,  

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

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

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

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

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

i n g   low  d e n s i t y   p o r t i o n s   of   t h e   web;   and  t h e   p r e s e n t  

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

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

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

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

d i s c r e t e   h i g h   f i b r e   d e n s i t y   z o n e s   as  p r o v i d e d   by  t h e  

p r e s e n t   i n v e n t i o n .  

D i s c l o s u r e   of  t h e   I n v e n t i o n  

In  a c c o r d a n c e   w i t h   one  b r o a d  a s p e c t   of   t h e   p r e s -  
e n t   i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  p a t t e r n   d e n s i f i e d  

f i b r o u s   web  and  c o n c o m i t a n t   m e t h o d   of  m a k i n g   s u c h   a  

web  w h i c h   web  h a s   a  r e l a t i v e l y   h i g h   b u l k   f i e l d   o f  

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

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

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

and   in   w h i c h   web  t h e   h i g h   b u l k   f i e l d   i s  s u b s t a n t i a l l y  

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

c o n c o m i t a n t   m e t h o d   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   a  

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

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

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

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

a  p r e d e t e r m i n e d   s u b - a r r a y   of  t h e   d e n s e   z o n e s   i s   j u x t a -  

p o s e d   one  of   a  c o r r e s p o n d i n g   s u b - a r r a y   o f  t h e   s u p p o r t s ;  
and  b i a s i n g   t h e   s u b - a r r a y   of  s u p p o r t s   t o w a r d s   a  c o n t a c t -  

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

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



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

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

of   t h e   i m p r e g n a t i n g   m e a n s ,  . a t   l e a s t   a  s u b s t a n t i a l  

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

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

s u p p o r t s   may  be  t h e   k n u c k l e s   of   an  e n d l e s s   i m p r i n t i n g  

c a r r i e r   f a b r i c   and   t h e   s u b - a r r a y   of  s u c h   s u p p o r t s  

may  be  o n l y   t h e   t o p - s u r f a c e - p l a n e   k n u c k l e s   of  t h e  

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

k n u c k l e s   and  s u b - t o p - s u r f a c e   k n u c k l e s .   In  f a b r i c s  

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

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

maximum  s t r e n g t h ,   a l l   of  t h e  h i g h   d e n s i t y   z o n e s  

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

some  may  o n l y   be  p a r t i a l l y   i m p r e g n a t e d   in   s h e e t s  

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

s h e e t   s t r e n g t h   f o r   t h e   i n t e n d e d   u s e  o f   t h e   s h e e t s .  

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

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

of   t h e   web  b i a s e d   a g a i n s t   i t   w h e r e a s   l e s s - t h a n - f u l l -  

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

i m p r e g n a t e   a l l   or   some  of  t h e   d e n s e   z o n e s   of  t h e   w e b ,  

o r   w h o l l y   i m p r e g n a t e   o n l y   some  of   t h e   d e n s e   z o n e s .  

M o r e o v e r ,   t h e   m e t h o d   may  f u r t h e r   c o m p r i s e   t h e   s t e p   o f  

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

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

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

t h e r e i n .  

B r i e f   D e s c r i p t i o n   of   t h e   D r a w i n g s   • 

W h i l e   t h e   s p e c i f i c a t i o n   c o n c l u d e s   w i t h   c l a i m s  

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

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

i t   i s   b e l i e v e d   t h e   i n v e n t i o n   w i l l   be  b e t t e r   u n d e r s t o o d  

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

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

f e a t u r e s   a r e   i d e n t i c a l l y   d e s i g n a t e d ,   and  in   w h i c h :  



F i g u r e  1   i s   an  e n l a r g e d   p h o t o g r a p h i c   s e c t i o n a l  

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

p r e s e n t   i n v e n t i o n .  

F i g u r e   2  i s   a  f r a g m e n t a r y   p l a n   v i e w   d r a w i n g   of   a  

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

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

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

b u l k   f i e l d .  

F i g u r e   3  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i e w  

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

i n v e n t i o n   w h i c h   s e c t i o n a l   v i e w   i s   t a k e n   a l o n g   l i n e  

3-3   of  F i g u r e   2,  and  w h i c h   s e c t i o n a l   v i e w   g e n e r a l l y  

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

F i g u r e   1 .  

F i g u r e   4  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i e w   d r a w i n g  

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

t o   t h a t   shown  in   F i g u r e   3  e x c e p t   t h e   f l a t ,   h i g h   d e n s i t y  

z o n e s   of  t h e   F i g u r e   4  s h e e t   a r e   n o t   i m p r e g n a t e d   w i t h  

b i n d e r   m a t e r i a l .  

F i g u r e   5  i s   a  s i d e   e l e v a t i o n a l ,   s o m e w h a t   s c h e m a t i c  

v i e w   of  a  p a p e r m a k i n g   m a c h i n e   f o r   m a n u f a c t u r i n g   a  w e t  

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

p r e s e n t   i n v e n t i o n .  

F i g u r e   6  i s   a  f r a g m e n t a r y   p l a n   v i e w   of  an  e x e m p l a r y  

i m p r i n t i n g   c a r r i e r   f a b r i c   s u c h   as  may  be  u s e d   on  t h e  

p a p e r m a k i n g   m a c h i n e   shown  in   F i g u r e   5  and  w h i c h   i m p r i n t s  

i t s   t o p - s u r f a c e - p l a n e   k n u c k l e   p a t t e r n   i n t o   a  web  s u c h  

as  a  s h e e t   of  p a p e r   to   p r e c i p i t a t e   a  p a t t e r n   o f  

c o m p a c t e d   z o n e s . .  

F i g u r e   7  i s   a  r a d i a l l y   i n w a r d l y   l o o k i n g   f r a g m e n t a r y  

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

t h e r e i n ,   and  h a v i n g   a  p a r t i a l l y   p e e l e d   b a c k   o p a q u e  

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

in   t h e   k n u c k l e   p a t t e r n   of  t h e   i m p r i n t i n g   c a r r i e r   f a b r i c  

shown  in  F i g u r e   6 .  



F i g u r e s   8  t h r o u g h   12  a r e   p a r t i a l l y   m a s k e d  

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

i d e n t i c a l   to   t h a t   shown  in   F i g u r e   7  e x c e p t   t h e   c y l i n d e r s  

of   F i g u r e s   8  t h r o u g h   12  a r e   l e s s - t h a n - f u l l - f i e l d   m i c r o -  

p a t t e r n e d   to   p r o v i d e   r e s e r v o i r s   o v e r   o n l y   a b o u t   75 ,   5 0 ,  

50 ,   50  and   25  p e r c e n t ,   r e s p e c t i v e l y ,   of   t h e i r  

c y l i n d r i c a l   s u r f a c e   a r e a s .  

F i g u r e   13  i s   a  s o m e w h a t   s c h e m a t i c   s i d e   e l e v a t i o n a l  

v i e w   of  a  h a n d s h e e t   i m p r e g n a t i n g   a p p a r a t u s .  

F i g u r e   14  i s   an  e n l a r g e d   s c a l e ,   f r a g m e n t a r y   v i e w  

o f   t h e   r o l l e r - n i p   p o r t i o n   of   t h e   a p p a r a t u s   shown  i n  

F i g u r e   13  and  t h r o u g h   w h i c h   n i p   p o r t i o n   a  h a n d s h e e t  

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

g r a v u r e   p l a t e   a r e   b e i n g   f o r w a r d e d   in   j u x t a p o s e d  

r e l a t i o n .  

F i g u r e   15  i s   an  e n l a r g e d   s c a l e ,   f r a g m e n t a r y  

v i e w   s i m i l a r   t o   F i g u r e   14  e x c e p t   t h e   h a n d s h e e t   o f  

F i g u r e   15  i s   n o t   d i s p o s e d   on  an  i m p r i n t i n g   c a r r i e r  

f a b r i c   as  shown  in   F i g u r e   1 4 .  

D e t a i l e d   D e s c r i p t i o n  o f  t h e   I n v e n t i o n  

A  f r a g m e n t a r y   p o r t i o n   of  a  m i c r o t o m e d   s e c t i o n   o f  

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

in   t h e   p h o t o g r a p h i c   F i g u r e   1  to   c o m p r i s e   a  f i b r o u s   w e b  

20  c o m p r i s i n g   a  m u l t i p l i c i t y   of  f i b r e s   21  w h i c h   a r e  

d i s p o s e d   in   r e l a t i v e l y   h i g h   d e n s i t y   z o n e s   22  and  2 3 ,  

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

24 ,   and  in   w h i c h   web  t h e   h i g h   d e n s i t y   z o n e s   22  and   2 3  

a r e   i m p r e g n a t e d   w i t h   a  l a t e x   f i b r e   b i n d e r  m a t e r i a l   2 5 .  

B r i e f l y ,   as  d e s c r i b e d  m o r e   f u l l y   h e r e i n a f t e r   i n '  

c o n j u n c t i o n   w i t h   d i s c u s s i n g   web  20,   F i g u r e s   2,  3  a n d  

4,  t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  s o f t ,   p a t t e r n   d e n -  

s i f i e d   f i b r o u s   web  s u c h   as  a  p a p e r   s h e e t   w h i c h   c o m p r i s e s  

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

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

p r e d e t e r m i n e d   a r r a y ,   and  in   w h i c h   web  e a c h   of   a t   l e a s t  

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



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

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

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

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

o s i c   f i b r e s   in   o r d i n a r y   p a p e r m a k i n g .   The  web  c o m p r i s e s  

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

f i b r e s   of   s u f f i c i e n t   a v e r a g e   l e n g t h  w i t h   r e s p e c t   to   t h e  

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

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

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

d e n s e   z o n e s   and  in   o v e r l a p p i n g   b o n d e d   r e l a t i o n   w i t h  

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

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

n e t w o r k   of   t h e   web.   P r e f e r a b l y ,   t h e   low  d e n s i t y   f i e l d  

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

w i t h   r e s p e c t   to   t h e   d e n s e   z o n e s   t h a t   t h e   web  h a s   a  

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

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

2 . 0   mm  or  g r e a t e r   ( e . g .   s o f t w o o d   f i b r e s ) ;   b u t   f o r   t h e  

i m p r e g n a t e d   d e n s e   z o n e s ,   t h e   web  i s   c h a r a c t e r i s e d  

by  a  r e l a t i v e l y   low  d e g r e e   of   i n t e r f i b r e   b o n d i n g   w h i c h  

may  be  a c h i e v e d   by  i n c l u d i n g   d e b o n d e r s   in   t h e   f u r n i s h , .  

or   t h r o u g h   t h e   u s e   of  low  b o n d   f i b r e s ;   and  t h e   d e n s e  

z o n e s   p r e f e r a b l y   a r e   e q u a l   i n ' n u m b e r   to   t h e   n u m b e r   o f  

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

mesh   c o u n t   of  f r o m   1 0 - M D / I O - C D   to  6 0 - M D / 6 0 - C D   f i l a m e n t s  

p e r   i n c h   ( f r o m   4  by  4  to   24  by  24  m a c h i n e   d i r e c t i o n  

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

2 0 - M D / 2 0 - C D   to   5 0 - M D / 5 0 - C D   f i l a m e n t s   p e r   i n c h   ( f r o m   8 

by  8  t o   30  by  20  m a c h i n e   d i r e c t i o n   f i l a m e n t s   and  c r o s s  

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

B r i e f l y ,   a  web  e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n  

as  d e s c r i b e d   a b o v e   i s   p r e f e r a b l y   made  by  f o r m i n g   a  

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

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

d e n s i t y   z o n e s   of  t h e   web  on  an  a r r a y   of  s p a c e d   s u p p o r t s  



w h i c h   a r e   p r e f e r a b l y   g e n e r a l l y   c o p l a n a r ;   d e f l e c t i n g  

t h e   webs   low  d e n s i t y   s p a n   p o r t i o n s   o u t   of  t h e   p l a n e  

of  t h e   s u p p o r t s ;   and  i m p r e g n a t i n g   a t   l e a s t   a  s u b -  

s t a n t i a l   p r o p o r t i o n   of   t h e   d e n s e  z o n e s .   The  d e g r e e  

of   i m p r e g n a t i o n   a n d / o r   b o n d i n g   may  be  i n c r e a s e d   b y  

s u b j e c t i n g   t h e   h i g h   d e n s i t y   z o n e s   to   m e c h a n i c a l   c o m -  

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

Fo r   i n s t a n c e ,   a  we t   f o r m e d   e m b r y o n i c   web  may  be  s o  

p a t t e r n   d e n s i f i e d   and  d e f l e c t e d   by  a  d i f f e r e n t i a l   f l u i d  

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

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

h e r e i n a f t e r   in   c o n j u n c t i o n   w i t h   d i s c u s s i n g   F i g u r e   6 ;  

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

by  a  p r e s s u r e   b i a s e d   g r a v u r e   a p p a r a t u s   as  a l s o   d e s -  

c r i b e d   h e r e i n a f t e r .   P r e f e r a b l y ,   t h e   web  i s   a l s o  

c r e p e d ,   c a l e n d e r e d   and   r e e l e d   a f t e r   b e i n g   i m p r e g n a t e d  

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

s o f t n e s s ,   and  t o   c o n t r o l   i t s   c a l i p e r .  

R e f e r r i n g   a g a i n   to   F i g u r e   1,  web  20  and  t h e  

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

t h e   p r e s e n t   i n v e n t i o n   a r e   d e s c r i b e d   h e r e i n a f t e r   a s  

p a p e r   s h e e t   20  and  p a p e r m a k i n g   p r o c e s s e s ,   r e s p e c t i v e l y ,  

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

p r e s e n t   i n v e n t i o n .  

F i g u r e   3  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i e w   d r a w i n g  

of   a  p a p e r   s h e e t   20  e m b o d y i n g   t h e   p r e s e n t   i n v e n t i o n  

w h i c h   v i e w   i s   t a k e n   a l o n g   l i n e   3-3  of   F i g u r e   2,  a n d  

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

t h e   p h o t o g r a p h i c   s e c t i o n a l   v i e w   of   F i g u r e   1.  T h a t   i s ,  

p a p e r   s h e e t   20  i s   shown  in   F i g u r e   3  to   c o m p r i s e   a r c u a t e -  

s h a p e   low  d e n s i t y   s p a n   p o r t i o n s   24  w h i c h   a r e   a l t e r n a t e l y  

s p a c e d   by  r e l a t i v e l y   l o n g   and  s h o r t   h i g h   d e n s i t y   z o n e s  
22  and  23  r e s p e c t i v e l y ,   w h i c h   d e n s e   z o n e s   a r e   g e n e r a l l y  

p l a n a r   and  a r e   i m p r e g n a t e d   w i t h   b i n d e r   m a t e r i a l   2 5 .  

As  may  be  s e e n   in   F i g u r e   2,  a  m u l t i p l i c i t y   of   d e n s e  

z o n e s   22  and  23  a r e   d i s p o s e d   in   a  p r e d e t e r m i n e d   p a t t e r n  

or   a r r a y   on  a  g e n e r a l l y   low  d e n s i t y ,   f i e l d   of  w h i c h  



p o r t i o n s   24,   F i g u r e   3,  a r e   r e p r e s e n t a t i v e .  

F i g u r e   4  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i e w   d r a w i n g  

of  a  p a t t e r n   d e n s i f i e d   p a p e r   s h e e t   20a  w h i c h  g e n e r a l l y  

c o r r e s p o n d s   w i t h   p a p e r   s h e e t . 2 0 ,   F i g u r e   3,  e x c e p t   p a p e r  

s h e e t   20a  i s   n o t   i m p r e g n a t e d   w i t h   b i n d e r   m a t e r i a l .   T h a t  

i s ,   p a p e r   s h e e t   20a  i s   a  p a t t e r n   d e n s i f i e d   web  w h i c h  

h a s   n o t   had   i t s   h i g h   d e n s i t y   z o n e s   i m p r e g n a t e d   w i t h  

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

A l s o ,   t h e   r e l a t i v e   f i b r e   d e n s i t y   of   z o n e s   22a  and  2 3 a  

of   u n i m p r e g n a t e d   s h e e t   20a  i s   shown  to   be  s o m e w h a t   l e s s  

t h a n   t h e   f i b r e   d e n s i t y   of  z o n e s   22  and  23  of  s h e e t  2 0  

b e c a u s e   z o n e s   22a  and  23a  h a v e   n o t   b e e n   s u b j e c t e d   t o  

t h e   m e c h a n i c a l   c o m p a c t i o n   e x p e r i e n c e d   by  z o n e s   22  a n d  

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

h e r e i n b e f o r e   d e s c r i b e d .  

F i g u r e   5  i s   a  f r a g m e n t a r y ,   s o m e w h a t   s c h e m a t i c  

s i d e   e l e v a t i o n a l   v i e w   of  an  e x e m p l a r y   p a p e r m a k i n g   m a c h i n e  

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

t h e   p r e s e n t   i n v e n t i o n   can   be  made  and  t h e   p r o c e s s   of   t h e  

p r e s e n t   i n v e n t i o n   can   be  p r a c t i s e d .   P a p e r m a k i n g   m a c h i n e  

30  i s  a   f i x e d   r o o f   f o r m e r   t y p e   p a p e r m a k i n g   m a c h i n e  

w h e r e i n   a  f i b r o u s   s l u r r y   i s   d e l i v e r e d   f rom  a  h e a d b o x  

32  o n t o   a  F o u r d r i n i e r   w i r e   33  p a s s i n g   o v e r   a  v a c u u m  

t y p e   b r e a s t   r o l l   34.  The  F o u r d r i n i e r   w i r e   t h e n   p a s s e s  

o v e r   a  f o r m i n g   b o a r d   35  and  s u c t i o n   box  36  and  i s  

f u r t h e r   l o o p e d   a b o u t   t u r n i n g   r o l l s   41  t h r o u g h   46.  T h e  

s l u r r y   i s   p a r t i a l l y   d e w a t e r e d   by  t h e   v a c u u m   and  t a b l e  

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

p r e c i p i t a t e d   by  f o r m i n g   b o a r d   35  and  s u c t i o n   box  36  s o  

t h a t   an  e m b r y o n i c   f i b r o u s   web  20e  i s   f o r m e d   a n d  

f o r w a r d e d   on  t h e   F o u r d r i n i e r   w i r e   to   a  f i r s t   t r a n s f e r  

s t a t i o n   g e n e r a l l y   d e s i g n a t e d   50  w h e r e   i t   i s   t r a n s f e r r e d  

f r o m   F o u r d r i n i e r   w i r e   33  to   an  e n d l e s s   i n t e r m e d i a t e  

c a r r i e r   f a b r i c   51  w h i c h   p a r t i a l l y   w r a p s   r o l l   42,  p a s s e s  
o v e r   s u c t i o n   b o x e s   52  and  53,  t h e n   o v e r   v a c u u m   t r a n s f e r  

box  54,  and  t h e n   i s   l o o p e d   a b o u t   r o l l s   55,  56,  57  a n d  



58.   D e w a t e r i n g   i s   f u r t h e r e d   as  t h e   e m b r y o n i c   web  2 0 e  

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

d r i n i e r   w i r e   33  and  f a b r i c  5 1   p a s t  . s u c t i o n   b o x e s   5 2  

and   53,   and  t h e n   o v e r   a  p o r t i o n   of   v a c u u m   t r a n s f e r  

b o x   54  a f t e r   w h i c h   t h e   e m b r y o n i c   web  20e  i s   d i s p o s e d  

and   f o r w a r d e d   on  f a b r i c   51  to   an  e n d l e s s   i m p r i n t i n g  

c a r r i e r  f a b r i c   59  a t   a  s e c o n d   t r a n s f e r   s t a t i o n   d e s i g -  

n a t e d   60.  At  t h e   s e c o n d   t r a n s f e r  s t a t i o n   60,   e m b r y o n i c  

web  20e  i s   t r a n s f e r r e d   by  t h e   a c t i o n   of   v a c u u m   t r a n s f e r  

b o x   61  f r o m   t h e   i n t e r m e d i a t e   c a r r i e r   f a b r i c   51  to   t h e  

i m p r i n t i n g   c a r r i e r   f a b r i c   59  w h i c h   i s   l o o p e d   p a s t /  

a b o u t   s u c t i o n   box   62,   t u r n i n g   r o l l   6 3 ,  b l o w   t h r o u g h  

p r e d r y e r   64,   i m p r e g n a t i n g   m e a n s   65,   t u r n i n g   r o l l   6 6 ,  

p r e s s u r e   r o l l   67,   t u r n i n g   r o l l   68,   s h o w e r s   69,  s u c t i o n  

box   70,   and  t u r n i n g   r o l l s   71  and  7 2 .  '   At  t h i s   t i m e ,  

f o r m a t i o n   of   t h e   web  c o n t i n u e s   due   to   t h e   d i f f e r e n t i a l  

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

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

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

30  p e r c e n t   or   l e s s ) ,   t h e   e m b r y o n i c   web  b e c o m e s   p a t t e r n  

d e n s i f i e d   w i t h   d e n s e  z o n e s   of   f i b r e s ' j u x t a p o s e d   t h e  

k n u c k l e s   of  t h e   i m p r i n t i n g   c a r r i e r   f a b r i c   59.   A f t e r  

b e i n g   t r a n s f e r r e d   t o   t h e   i m p r i n t i n g   c a r r i e r   f a b r i c   5 9 ,  

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

62  and   b l o w   t h r o u g h   p r e d r y e r   64;  t h e n   p a r t i a l l y  

i m p r e g n a t e d   w i t h   b i n d e r   m a t e r i a l   25  by  p r e s s u r e   b i a s e d  

i m p r e g n a t i n g   m e a n s   65;  and  t h e n   t r a n s f e r r e d   to   Y a n k e e  

d r y e r   75  by  t h e   a c t i o n   of   p r e s s u r e   r o l l   67  w h i c h   i s  

b i a s e d   t o w a r d s   t h e   Y a n k e e   d r y e r   by  b i a s i n g   m e a n s   7 6 .  

T r a n s f e r   of  t h e   web  to   t h e   Y a n k e e   d r y e r   and  a d h e r e n c e  

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

a p p l i c a t o r  7 7 .   F i n a l l y ,   upon   b e i n g   f u l l y   d r i e d   on  t h e  

Y a n k e e   d r y e r ,   t h e   t r a n s f o r m a t i o n   of   e m b r y o n i c   web  2 0 e  

to   p a p e r   s h e e t   20  i s   c o m p l e t e d   as  t h e   f i n a l   d r y i n g  

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

t h e   Y a n k e e   d r y e r   by  t h e   a c t i o n   of  d o c t o r   b l a d e   7 8 .  



P r e f e r a b l y ,   t h e   p a p e r   s h e e t   20  i s   t h e n   c a l e n d e r e d  

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

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

as  p a p e r   t o w e l s ,   t o i l e t   and  f a c i a l   t i s s u e   p a p e r .   A l s o ,  

in   t h e   e v e n t   t h e   b i n d e r   m a t e r i a l   r e q u i r e s   c u r i n g ,   s u c h  

c u r i n g   may  be  e f f e c t e d   a t   l e a s t   in   p a r t   a f t e r   t h e   p a p e r  

s h e e t  h a s   b e e n   r e m o v e d   f rom  t h e   p a p e r m a k i n g   m a c h i n e .  

F i g u r e   6  i s   a  p l a n   v i e w   of  t h e   t o p ,   o u t w a r d l y  

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

f a b r i c   59  w h i c h   may  be  u s e d   on  a  p a p e r m a k i n g   m a c h i n e  

s u c h   as  p a p e r m a k i n g   m a c h i n e   30,  F i g u r e   5,  to   p r a c t i s e  

t h e   p r e s e n t   i n v e n t i o n .   F a b r i c   59  i s   a  f i v e - s h e d   s a t i n  

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

a  1,  4,  2,  5,  3  w a r p   p i c k   s e q u e n c e   and  w h e r e i n   t h e  

f i l a m e n t s   90-1   t h r o u g h   9 0 - 5  w h i c h   e x t e n d   in   t h e  

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

u n d e r   one  of  t h e   f i l a m e n t s   91 -1   t h r o u g h   9 1 - 5   w h i c h  

e x t e n d   in   t h e   c r o s s   m a c h i n e   d i r e c t i o n ,   CD;  and  w h e r e i n  

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

f o u r   MD  f i l a m e n t s .   F a b r i c   59  has   b e e n   s t r e s s e d ,   h e a t  

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

i m p r i n t i n g   k n u c k l e s   92,   and  r e l a t i v e l y   s h o r t   1 - o v e r   CD 

i m p r i n t i n g   k n u c k l e s   93.  The  o u t w a r d l y   f a c i n g   s u r f a c e s  

of   c o p l a n a r   s e t s   of  k n u c k l e s   92  and  93  c o r p o r a t e l y  

d e f i n e   a  t o p - s u r f a c e - p l a n e   of   f a b r i c   59.  F a b r i c   59  

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

c r o s s o v e r s   d e s i g n a t e d   94  w h i c h ,   by  v i r t u e   of   t h e   w e a v e ,  

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

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

more   f u l l y   in   T r o k h a n   US  P a t e n t   No  4 , 3 2 9 , 0 6 5   i s s u e d  

D e c e m b e r   16,   1 9 8 0 .   A l s o ,   s u c h   a  f a b r i c   i s   p a r t i c u l a r l y  

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

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

a r e a s   or  z o n e s   a r e  p r e c i p i t a t e d   by  i m p r i n t i n g   t h e   t o p -  



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

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

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

T r o k h a n   US  P a t e n t   4 , 1 9 1 , 6 0 9   i s s u e d   M a r c h   4 ,  1 9 8 0 .  

W h i l e   t h e   5 - s h e d   f a b r i c   59 ,   F i g u r e   5 ,  h a s   b e e n   d e s c r i b e d  

a b o v e   as  e x e m p l a r y   w i t h   r e s p e c t   to   t h e   p r e s e n t   i n v e n t i o n  

i t   i s   n o t   i n t e n d e d   to   t h e r e b y   l i m i t   t h e   p r e s e n t  

i n v e n t i o n   to   any  p a r t i c u l a r   f a b r i c   w e a v e ,   or   k n u c k l e  

g e o m e t r y   or   d i s p o s i t i o n .  

I m p r e g n a t i n g   m e a n s   65,   F i g u r e   5,  c o m p r i s e s   r o t a -  

g r a v u r e   c y l i n d e r   81,   b a c k i n g   r o l l   82,   b i a s i n g   m e a n s   8 3 ,  

a n d   r e s e r v o i r   85  w h i c h   i s   a d a p t e d   by  m e a n s   n o t   s h o w n  

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

o f   l i q u i d   i m p r e g n a t i n g   m a t e r i a l   25  t h e r e i n .   T h i s  

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

o f   ' r o t a g r a v u r e   c y l i n d e r   81  i s   i m m e r s e d   in   t h e   i m p r e g -  

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

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

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

t h e   t r a v e l l i n g   e m b r y o n i c   web .   S y n c h r o n o u s   d r i v e   m e a n s ,  

n o t   s h o w n ,   may  a l s o   be  p r o v i d e d   as  n e e d e d   to   o b v i a t e  

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

t h r o u g h   t h e   n i p   b e t w e e n   r o t a g r a v u r e   c y l i n d e r   81  a n d  

b a c k i n g   r o l l   82.  W h i l e   as  d e s c r i b e d ,   i m p r e g n a t i n g  

m e a n s   65  of   p a p e r m a k i n g   m a c h i n e   30  i s   a  g r a v u r e   t y p e  

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

p r e s e n t   i n v e n t i o n   to   g r a v u r e   a p p l i c a t o r s   o r  

i m p r e g n a t o r s .   R a t h e r ,   i t   i s   b e l i e v e d   t h a t   o t h e r   c o n -  

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

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

i n v e n t i o n .  

F i g u r e   7  i s   an  e n l a r g e d   s c a l e ,   r a d i a l l y   i n w a r d l y  

l o o k i n g   v i e w   of  a  f r a g m e n t a r y   p o r t i o n   of  an  e x e m p l a r y  

r o t a g r a v u r e   c y l i n d e r   81  w h i c h   has   i t s   c y l i n d r i c a l  

s u r f a c e   c o v e r e d   by  a  p a r t i a l l y   p e e l e d   b a c k ,   o p a q u e  

mask   96  w h i c h   i s   a p e r t u r e d   in   t h e   t o p - s u r f a c e - p l a n e  



k n u c k l e   p a t t e r n   of  i m p r i n t i n g   c a r r i e r   f a b r i c   5 9 ,  

F i g u r e   6.  T h a t   i s ,   a p e r t u r e s   92a  and  93a  in   m a s k  

96  a r e   s i z e d   and  d i s p o s e d   in   t h e   i m a g e   of  t h e   t o p -  

s u r f a c e - p l a n e   k n u c k l e   p a t t e r n   of  f a b r i c   59,   F i g u r e   6 .  

The  e n t i r e   g r a v u r e   s u r f a c e   of  r o t a g r a v u r e   c y l i n d e r   81 

i s   d e f i n e d   by  a  f u l l   f i e l d   p a t t e r n   of  t r u n c a t e d   p y r a -  

m i d a l   c a v i t i e s   or   r e s e r v o i r s   1 0 0 .   In  u s e ,   as  an  e m b -  

r y o n i c   web  20e  i s   c a r r i e d   t h r o u g h  t h e   n i p   of  i m p r e g n a t -  

i n g   m e a n s   65  of   p a p e r m a k i n g   m a c h i n e   30,   F i g u r e   4,  o n l y  

t h e   d e n s e   z o n e s   of  t h e   web  w h i c h   a r e   j u x t a p o s e d   t o p -  

s u r f a c e - p l a n e   k n u c k l e s   92  and  93  of  f a b r i c   59  a r e  

b i a s e d   a g a i n s t   t h e   r o t a g r a v u r e   c y l i n d e r   81.  T h i s  

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

t h e   p a t t e r n   of  t h e   h i g h   d e n s i t y   z o n e s   j u x t a p o s e d   t h e  

t o p - s u r f a c e - p l a n e   k n u c k l e s   92  and  93  of   f a b r i c   5 9 .  

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

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

on  t h e   r o t a g r a v u r e   c y l i n d e r .   A l s o ,   t h e   p a t t e r n   o f  

i m p r e g n a t i o n   of  t h e   web  i s   in   r e g i s t r a t i o n   w i t h   t h e  

p a t t e r n   of  d e n s e   z o n e s   of  t h e   web  as  i l l u s t r a t e d   i n  

web  20,   F i g u r e s   1  and  3.  H o w e v e r ,   t h e   a r e a   of   t h e  

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

i a l l y   l a r g e r   t h a n   t h e   s a n d e d   a r e a s   of  k n u c k l e s   92  a n d  

93  b e c a u s e   t h e   f i l a m e n t s   of   t h e   w o v e n   f a b r i c   59  

g r a d u a l l y   s l o p e   away  f r o m   t h e   s a n d e d   a r e a s   of   t h e  

k n u c k l e s   and  t h u s   c a u s e   web  p o r t i o n s   c o n t i g u o u s  

t h e r e t o   to   be  i m p r e g n a t e d   a l o n g   w i t h   t h e   web  p o r t i o n s  

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

F u r t h e r m o r e ,   i t  i s   b e l i e v e d   t h a t   t h e   a b s e n c e   of   b i a s - '  

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

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

t h e r e t o   f r o m   r o t a g r a v u r e   c y l i n d e r   81.  M o r e o v e r ,   d i s -  

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

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

i m p r e g n a t e d   by  r o t a g r a v u r e   c y l i n d e r   8 1 .  



F i g u r e s   8  t h r o u g h .   1 2  a r e   s i m i l a r   to   F i g u r e  7  

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

S l a   t h r o u g h   8 l e   of  F i g u r e s  8   t h r o u g h   1 2 ,  . r e s p e c t i v e l y ,  

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

t y p e   p a t t e r n s   of  r e s e r v o i r s   100  w h i c h   r e s e r v o i r s  

c o v e r   75,   50,   50,   50  and  25  p e r c e n t ,   r e s p e c t i v e l y ,  

o f   t h e   w o r k i n g   s u r f a c e s   of  c y l i n d e r s   8 l a ,   8 1 b ,  8 1 c ,  

81d  a n d  8 1 e .   T h u s ,   s u c h   l e s s - t h a n - f u l l - f i e l d   p a t t e r n e d  

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

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

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

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

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

g r a v u r e   c y l i n d e r   p a t t e r n .   Such   p a t t e r n e d   c y l i n d e r s  

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

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

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

f r e e   s u r f a c e   a r e a s .   T h u s ,   s t r e n g t h   may  be  i n c r e a s e d  

by  i m p r e g n a t i n g   l a r g e r   p e r c e n t a g e s   of   web  s u r f a c e   a r e a .  

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

t h a n - f u l l - f i e l d ,   r o t a g r a v u r e   c y l i n d e r s   81a  t h r o u g h   8 l e  

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

r e s p e c t   to   t h e   k n u c k l e   p a t t e r n   of  f a b r i c   59,   F i g u r e   6 ,  

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

o p e n   ( n o n - p r i n t i n g / n o n - i m p r e g n a t i n g )   a r e a s   may  be  u s e d  

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

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

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

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

c r e p i n g   of  t h e   f i n i s h e d   web  i s   d e s i r e d   and  t h e   b i n d e r  

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

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

s p r a y   a p p l i c a t o r s   77,   F i g u r e   5 ) .   The  p r o p o r t i o n   o f  

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

to   p r o v i d e   a d e q u a t e   web  s t r e n g t h   w h i l e   t h e   p r o p o r t i o n  

o f . n o n - b i n d e r - i m p r e g n a t e d   z o n e s   i s   made  g r e a t   e n o u g h  

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

t h o s e   z o n e s   to   t h e   Y a n k e e   d r y e r   ( c r e p i n g   c y l i n d e r )  



t o   c o n t r o l   t h e   web  and  t h e   c r e p i n g   t h e r e o f   in   s u b -  

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

r e f e r e n c e d   S a n f o r d - S i s s o n   p a t e n t .  

F i g u r e   13  i s   a  s o m e w h a t   s c h e m a t i c   s i d e   e l e v a t i o n a l  

v i e w   of  a  h a n d s h e e t   i m p r e g n a t i n g   a p p a r a t u s   106  w h i c h  

c o m p r i s e s   r o t a t a b l y   m o u n t e d ,   r u b b e r   c o v e r e d   r o l l s   1 0 7  

and   108 ,   a  s l a n t e d   f e e d   p l a t e   109 ,   a  h o r i z o n t a l   f e e d  

p l a t e   110 ,   and  a  r e c e i v i n g   p l a t e   111 .   Means   n o t   s h o w n  

a r e   p r o v i d e d   to   p r e s s u r e   b i a s   r o l l s   107  and  1 0 8  

t o g e t h e r ,   and  to   s y n c h r o n o u s l y   r o t a t e   r o l l s   107  a n d  

108  in   t h e   d i r e c t i o n s   i n d i c a t e d   by  t h e   a r r o w s   d r a w n  

t h e r e o n .  

F i g u r e   14  i s   a  f r a g m e n t a r y   e n l a r g e d   s c a l e   v i e w   o f  

t h e   n i p   p o r t i o n   of  a p p a r a t u s   106 ,   F i g u r e   13,   w h i c h   v i e w  

shows   f r a g m e n t a r y   s e c t i o n s   of   r o l l s   107  and  108 ,   a  

g r a v u r e   p l a t e   1 1 5 ,   and  a  p a p e r   h a n d s h e e t   116  d i s p o s e d  

on  t h e   u n d e r   s i d e   of   an  i m p r i n t i n g   c a r r i e r   f a b r i c   1 1 7 .  

F i g u r e   15  i s   s u b s t a n t i a l l y   i d e n t i c a l - t o   F i g u r e   14  e x c e p t  

t h e   h a n d s h e e t   116  in   F i g u r e   15  i s   s e l f - s u p p o r t e d ,   i . e .  

n o t   d i s p o s e d   on  an  i m p r i n t i n g   c a r r i e r   f a b r i c .  

In  u s e ,   r e f e r r i n g   to   h a n d s h e e t   i m p r e g n a t i n g   a p p a r a t u s  

106 ,   F i g u r e s   13  t h r o u g h   15,   a  g r a v u r e   p l a t e   115  i s  

p l a c e d   Cii  p l a t e   110  w i t h   i t s   p a t t e r n   s i d e   up  and  w i t h  

i t s   c e l l s   f i l l e d   w i t h   b i n d e r   m a t e r i a l .   T h e n ,   a  h a n d -  

s h e e t   116  i s   p l a c e d   on  p l a t e   109 .   H a n d s h e e t   116  m a y  
be  a s s o c i a t e d   w i t h   an  i m p r i n t i n g   c a r r i e r   f a b r i c   1 1 7  

as  i n d i c a t e d   in   F i g u r e   14,   or   n o t   so  a s s o c i a t e d   a s  

i n d i c a t e d   by  t h e   a b s e n c e   of  s u c h   a  f a b r i c   117  f r o m  

F i g u r e   15.  T h e n ,   r o l l s   107  and  108  a r e   b i a s e d   t o g e t h e r  

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

w h i l e   t h e   h a n d s h e e t   116  and  t h e   g r a v u r e   p l a t e   115  a r e  

s i m u l t a n e o u s l y   moved  so  t h a t   t h e i r   l e a d i n g   e d g e s ' e n t e r  

t h e   n i p   b e t w e e n   t h e   r o l l s .   T h u s ,   as  t h e   h a n d s h e e t  

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

b e c o m e s   i m p r e g n a t e d .   When  t h e   web  i s   a s s o c i a t e d   w i t h  

a  f a b r i c   d u r i n g   i m p r e g n a t i o n   as  shown  in  F i g u r e   1 4 ,  

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



of   t h e   f a b r i c   when  a  . f u l l   f i e l d   g r a v u r e   p l a t e   i s   u s e d .  

T h e r e f o r e ,   when  t h e   h a n d s h e e t   has   b e e n   p a t t e r n   d e n s i -  

f i e d   by  f o r m a t i o n   on  an  i m p r i n t i n g   c a r r i e r   f a b r i c   s o  

t h a t   t h e   d e n s e   z o n e s   of  t h e   h a n d s h e e t   a r e   j u x t a p o s e d  

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

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

by  a  f u l l   f i e l d   g r a v u r e   p l a t e   t h r o u g h   t h e   u s e   o f  

h a n d s h e e t   i m p r e g n a t i n g   a p p a r a t u s  1 0 6 .  

B r i e f l y ,   r e f e r r i n g   b a c k   to   F i g u r e   5,  an  e m b r y o n i c  

web  20e  i s   p r e f e r a b l y   f o r m e d   and  f o r w a r d e d   w i t h o u t  

s u b j e c t i n g   i t   to   s u b s t a n t i a l   m e c h a n i c a l   c o m p a c t i o n  -  

u n t i l   i t   r e a c h e s   t h e   i m p r e g n a t i n g   m e a n s   65.  By 

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

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

h a v i n g   a  p r e d e t e r m i n e d   a v e r a g e   l e n g t h   r e l a t i o n   w i t h  

r e s p e c t   to   t h e   k n u c k l e   p a t t e r n   of  t h e   i m p r i n t i n g   c a r r i e r  

f a b r i c   59 ,   and  by  c o n t r o l l i n g   d e w a t e r i n g   a  p a t t e r n  

d e n s i f i e d   e m b r y o n i c   web  may  be  f o r m e d   in   w h i c h   w e b  

r e l a t i v e l y   h i g h   f i b r e   d e n s i t y   z o n e s   a r e   j u x t a p o s e d  

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

f a b r i c   59,   and  in   w h i c h   web  t h e   r e m a i n i n g   p o r t i o n s  

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

t h e   k n u c k l e s   h a v e   r e l a t i v e l y   low  f i b r e   d e n s i t y .  

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

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

web  i s   a t   a  s u f f i c i e n t l y   low  f i b r e   c o n s i s t e n c y   t o  

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

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

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

i m p r e g n a t e d   by  i m p r e g n a t i n g   m e a n s   65  a l t h o u g h   i t   i s  

n o t   i n t e n d e d   to   t h e r e b y   l i m i t   t h e   p r e s e n t   i n v e n t i o n .  

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

a b o u t   30  to   a b o u t   95  p e r c e n t   f i b r e   c o n s i s t e n c y   a n d  

more   p r e f e r a b l y   to   f r o m   a b o u t   60  to   a b o u t   90  p e r c e n t  
f i b r e   c o n s i s t e n c y   p r i o r   to   b e i n g   i m p r e g n a t e d .   A l s o ,  

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



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

more   t h a n   t h e   d e n s e   p o r t i o n s .   T h i s   may  be  e f f e c t e d ,  

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

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

of  p a p e r m a k i n g   m a c h i n e   30.  T h i s   e n h a n c e s   t h e   Z -  

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

t h e   t h i c k n e s s   of  t h e   web  and  l e s s e n s   t h e   p r o p e n s i t y  

of  t h e   b i n d e r   m a t e r i a l   to   m i g r a t e  l a t e r a l l y   in   t h e   X - Y  

d i r e c t i o n s   i n t o   t h e   low  d e n s i t y   p o r t i o n s   of  t h e   w e b .  

Such   X-Y  m i g r a t i o n   i n t o   t h e   low  d e n s i t y   p o r t i o n s   o f  

t h e   web  f r o m   t h e   h i g h   d e n s i t y   z o n e s   i s   f u r t h e r   i n h i b -  

i t e d   due  to   t h e i r   r e l a t i v e   c a p i l l a r y   s t r u c t u r e s :   i . e .  

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

t o   h i g h   d e n s i t y   z o n e s   t h a n   f r o m   h i g h   d e n s i t y   t o  

low  d e n s i t y   z o n e s .   M o r e o v e r ,   w i t h   r e s p e c t   to   l a t e x  

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

t h a t   t h e   c o m m e n c e m e n t   of   X-Y  m i g r a t i o n   f r o m   r e l a t i v e l y  

we t   z o n e s   i n t o   d r y   a r e a s   a c t s   to   d e w a t e r   s u c h  

e m u l s i o n s   and  c a u s e   t hem  to   c o a g u l a t e   r a t h e r   t h a n  

m i g r a t e   v e r y   f a r   i n t o   t h e   d r y   a r e a s .  

In  a d d i t i o n   to   t h e   i m p r e g n a t i o n  o f   t h e   h i g h  

d e n s i t y   z o n e s   w h i c h   i s   e f f e c t e d   as  t h e   web  i s   c a r r i e d  

on  t h e   i m p r i n t i n g   c a r r i e r   f a b r i c   59  t h r o u g h   t h e   p r e s s u r e  
b i a s e d   i m p r e g n a t i n g   means   65 ,   F i g u r e   5,  t h e   b i a s i n g  

a l s o   p r e c i p i t a t e s   some  c o m p a c t i o n   of  and  b o n d i n g   w i t h i n  

t h e   h i g h   d e n s i t y   z o n e s   of  t h e   web.   S u b s e q u e n t l y ,   a s  

t h e   h i g h   d e n s i t y   z o n e s   of  t h e   web  a r e   a g a i n   s u b j e c t e d  

to   k n u c k l e   p r e s s u r e   b e t w e e n   p r e s s u r e   r o l l   67  a n d  

Y a n k e e   d r y e r   75,   t h e   p e n e t r a t i o n   of   t h e   b i n d e r   i s   . 
e n h a n c e d ,   and  t h e   d e g r e e   of  c o m p a c t i o n   and  b o n d i n g  

w i t h i n   t h e   h i g h   d e n s i t y   z o n e s   i s   i n c r e a s e d .  

A  n u m b e r   of  h a n d s h e e t   e x a m p l e s   as  w e l l   as  p a p e r -  
m a k i n g   m a c h i n e   e x a m p l e s   a r e   d e s c r i b e d   b e l o w .   B r i e f l y ,  
t h e   h a n d s h e e t   e x a m p l e s   e v i d e n c e   t h e   b e n e f i t s   of  i m p r e g -  

n a t i n g   o n l y   d e n s e   z o n e s   of  a  p a t t e r n   d e n s i f i e d   p a p e r  
s h e e t   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ;   a n d  

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



of  s u b j e c t i n g   i m p r e g n a t e d . h i g h   d e n s i t y   z o n e s   t o  

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

and   t h e   b e n e f i t s   w h i c h   may  b e   d e r i v e d   f r o m   t h e   p r e s e n t  

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

m a t e r i a l s .  

HANDSHEET  EXAMPLE  I  

A  p a t t e r n   d e n s i f i e d ,   one   f o o t   s q u a r e   (30  cm 

s q u a r e )   h a n d s h e e t   h a v i n g   a  b a s i s   w e i g h t   of  1 6 . 5   p o u n d s  

p e r   3000  s q u a r e   f e e t   (27  g r a m s   p e r   s q u a r e   m e t r e )   w a s  

f o r m e d   f r o m   a  f i b r o u s   f u r n i s h   on  a  f o r a m i n o u s   p o l y -  
e s t e r   f a b r i c   of   t h e   5 - s h e d   s a t i n   w e a v e  s h o w n   in   F i g u r e  

6  and   h a v i n g   a  3 6 - M D / 3 2 - C D   f i l a m e n t s   p e r   i n c h   (14 -MD 

by  1 2 . 6 - C D   f i l a m e n t s   p e r   c e n t i m e t r e )   mesh   c o u n t .   T h e  

f u r n i s h   c o m p r i s e d   60  p e r c e n t  b y   f i b r e   w e i g h t   o f  

T o n g a c e l   ( r e g i s t e r e d   t r a d e m a r k   of  L o u i s i a n a   P a c i f i c  

C o r p o r a t i o n )   K  324N,   a  r e l a t i v e l y   low  b o n d ,  l o n g   f i b r e ,  

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

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

L o u i s i a n a   P a c i f i c   C o r p o r a t i o n ,   and  40  p e r c e n t   by  f i b r e  

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

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

t h e   d e s i g n a t i o n   G r a n d   P r a i r i e   P r i m e ,   a  N o r t h e r n   S o f t -  

wood  K r a f t .   A f t e r   f o r m a t i o n   and  d r a i n i n g ,   t h e   h a n d -  

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

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

10  i n c h e s   ( 2 5 . 4   c e n t i m e t r e s )   of   m e r c u r y   v a c u u m   a p p l i e d  

t h e r e t o .   The  h a n d s h e e t   was  t h e n   d r i e d   on  a  can   t y p e  

d r y e r   w h i l e   s t i l l   d i s p o s e d   on  t h e   f a b r i c   and  in   i t s  ,  

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

t h e n   i m p r e g n a t e d   i n   i t s   z o n e s   j u x t a p o s e d   t h e   t o p -  

s u r f a c e - p l a n e   k n u c k l e s   of   t h e   f a b r i c   by  p a s s i n g  

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

p l a t e   t h r o u g h   t h e   h a n d s h e e t   i m p r e g n a t i n g   a p p a r a t u s   1 0 6  

as  i n d i c a t e d   in   t h e   e n l a r g e d   s c a l e   F i g u r e   14  and  a s  

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

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



e m u l s i o n   w h i c h   was  o b t a i n e d   f r o m   Rohm  and  H a a s  

C o m p a n y ,   P h i l a d e l p h i a ,   P e n n s y l v a n i a ,   and  w h i c h   w a s  

d e s i g n a t e d   T R - 5 2 0 .   The  l a t e x   b i n d e r   f u r t h e r   c o m p r i s e d  

ammonium  n i t r a t e   (NH4N03) ,   a  l a t e n t   a c i d   c a t a l y s t ,  

in   t h e   a m o u n t   of  0 .5   p e r c e n t   by  w e i g h t   of   l a t e x  

s o l i d s ;   P l u r o n i c   L -92   of  1 .0   p e r c e n t   by  w e i g h t   o f  

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

BASF  W y a n d o t t e   C o r p o r a t i o n ,   P a r s i p p a n y ,   New  J e r s e y ,  

and  w h i c h   was  a d d e d   to   s e r v e   as  a  f i n i s h e d   p r o d u c t  

w e t t i n g   a g e n t ;   a m m o n i u m  h y d r o x i d e   (NH40H)  in   s u f f i c i e n t  

a m o u n t   to   r a i s e   t h e   pH  of  t h e   b i n d e r   s o l u t i o n   t o  

5 . 0 ;   L i t h i u m   A c e t a t e   (CH3C02Li )   in   t h e   a m o u n t   of   2 0 0  

ppm  L i t h i u m   b a s e d   on  t h e   w e i g h t   of  l a t e x   s o l i d s   t o  

s e r v e   as  a  t r a c e r   to   f a c i l i t a t e   a n a l y s i s   of  s a m p l e s  

to   a s c e r t a i n   t h e i r   l a t e x   c o n t e n t ;   and  an  a n i o n i c  

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

of  t h e   i m p r e g n a t i o n   p a t t e r n .   T h e  g r a v u r e   p l a t e   w a s  

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

n u m b e r e d  2 2 , 5 0 0   r e s e r v o i r s   p e r   s q u a r e   i n c h   ( 3 5 0 0  

r e s e r v o i r s   p e r   s q u a r e   c e n t i m e t r e )   and  t h e   c o r p o r a t e  

v o l u m e   of  t h e   r e s e r v o i r s   was  1 .2   m i c r o l i t r e s  

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

HANDSHEET  EXAMPLE  2 

H a n d s h e e t   E x a m p l e   2  was  a  r e p l i c a t e ' o f   H a n d s h e e t  

E x a m p l e   1  i n s o f a r   as  v a r i a b l e s   in   t h e   m a k i n g   t h e r e o f .  

p e r m i t t e d .  

HANDSHEET  EXAMPLE  3 

H a n d s h e e t   E x a m p l e   3  was  p r e p a r e d   l i k e   H a n d s h e e t  

E x a m p l e s   1  and  2  e x c e p t   f o r   Number   3  t h e   e t c h e d ,   f u l l  

f i e l d   g r a v u r e   p a t t e r n   c o m p r i s e d   4 0 , 0 0 0   r e s e r v o i r s   p e r  

s q u a r e   i n c h   (6200  r e s e r v o i r s   p e r   s q u a r e   c e n t i m e t r e ) ,  

and  t h e   c o r p o r a t e   v o l u m e   of  t h e   r e s e r v o i r s   was  2 . 2  

m i c r o l i t r e s   p e r   s q u a r e   c e n t i m e t r e .  



HANDSHEET  EXAMPLE  4 

H a n d s h e e t   E x a m p l e   4  was  p r e p a r e d   l i k e   H a n d s h e e t  

E x a m p l e   1  e x c e p t   t h a t   a f t e r  i t   was  d r i e d   on  i t s   f o r m -  

i n g   f a b r i c   i t   was  r e m o v e d   t h e r e f r o m ,   r o t a t e d   90-  d e g r e e s  

w i t h   r e s p e c t   t h e r e t o ,   and  r e a s s o c i a t e d   t h e r e w i t h   w i t h  

a d h e s i v e   t a p e .   T h u s ,   t h e   p a t t e r n   of   t h e   z o n e   d e n s i f i e d  

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

k n u c k l e   p a t t e r n   of  t h e   f a b r i c   p r i o r   to   i m p r e g n a t i o n  

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

r e s p e c t   t o   o u t - o f - r e g i s t r a t i o n   i m p r e g n a t i o n   ( H a n d s h e e t  

E x a m p l e   4)  v e r s u s   i n - r e g i s t r a t i o n   i m p r e g n a t i o n   ( H a n d -  

s h e e t   E x a m p l e s   1,  2  and  3)  of   p a t t e r n   d e n s i f i e d   f i b r o u s  

w e b s .  

HANDSHEET  EXAMPLE  5 

H a n d s h e e t   E x a m p l e   5  was  p r e p a r e d   l i k e   H a n d s h e e t  

E x a m p l e   4  e x c e p t ,   p r i o r   to   i m p r e g n a t i o n ,   t h e  d e n s i f i e d  

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

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

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

p r i o r   t o   r e a s s o c i a t i n g   i t   w i t h .  t h e   f a b r i c   w i t h  

a d h e s i v e   t a p e .   T h i s   h a n d s h e e t   p r o v i d e d   f u r t h e r   o u t - o f -  

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

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

1  t h r o u g h   4  in   T a b l e   I .  

HANDSHEET  EXAMPLE  6 

W h e r e a s   H a n d s h e e t   E x a m p l e s   1  t h r o u g h   5  w e r e  

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

c o a r s e   36  x  32  mesh   f a b r i c s   of   t h e   5 - s h e d   s a t i n   w e a v e  

shown  in   F i g u r e   6,  H a n d s h e e t   E x a m p l e   6  was  f o r m e d   w i t h  

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

f a b r i c   h a v i n g   110  x  95,  MD  x  CD  f i l a m e n t s   p e r   i n c h  

(43  x  37,  MD  x  CD  f i l a m e n t s   p e r   c e n t i m e t r e ) ,   and  w o v e n  

w i t h   a  4 - s h e d   s a t i n   w e a v e   u s i n g   a  1,  2,  3,  4  w a r p   p i c k  

s e q u e n c e .   But   f o r   t h e   d i f f e r e n t   f o r m i n g   f a b r i c s ,  

H a n d s h e e t   E x a m p l e   6  w a s  m a d e   and  d r i e d   in   t h e   s a m e  



m a n n e r   and  of  t h e   same  f u r n i s h   as  H a n d s h e e t   E x a m p l e   1 .  

H o w e v e r ,   b e c a u s e   t h e   r e l a t i v e l y   f i n e   mesh   4 - s h e d  

s a t i n   w e a v e   f a b r i c   d e s c r i b e d   a b o v e   i s   much  s m o o t h e r  

t h a n   t h e   r e l a t i v e l y   c o a r s e   5 - s h e d   f a b r i c   shown  i n  

F i g u r e   6,  and  b e c a u s e   t h e   f i b r e s   of   t h e   f u r n i s h   w e r e  

v e r y   l o n g   w i t h   r e s p e c t   to   t h e   k n u c k l e - t o - k n u c k l e   s p a n  

of  t h e   110  x  95,   4 - s h e d   as  c o m p a r e d   to   t h e  c o a r s e r  

36  x  3 2 ,  5 - s h e d   f a b r i c ,   t h e   h a n d s h e e t   f o r m e d   on  t h e  

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

to   t h e   p a t t e r n   d e n s i f i e d   H a n d s h e e t   E x a m p l e s   1  t h r o u g h  

5,  i n c l u s i v e .   B u t ,   i t   i s   n o t   i n t e n d e d   to   t h e r e b y  

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

on  f i n e   mesh   f a b r i c s   s u c h   as  t h e   4 - s h e d   s a t i n   w e a v e  

d e s c r i b e d   a b o v e .   A f t e r   b e i n g   d r i e d ,   H a n d s h e e t  

E x a m p l e   6  was  r e m o v e d  f r o m   t h e   110  x  95  f o r m i n g  

f a b r i c   and  t a p e d   o n t o   a  36  x  32  m e s h ,   5 - s h e d   f a b r i c  

i d e n t i c a l   to   t h o s e   u s e d   f o r   H a n d s h e e t   E x a m p l e s   1 

t h r o u g h   5  p r i o r   t o   b e i n g   i m p r e g n a t e d   by  p a s s i n g   i t  

t h r o u g h   h a n d s h e e t   i m p r e g n a t i n g   a p p a r a t u s   106  in   t h e  

m a n n e r   i n d i c a t e d   in   F i g u r e   14.   The  g r a v u r e   p l a t e  

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

f o r   H a n d s h e e t   E x a m p l e   6  as  f o r   H a n d s h e e t   E x a m p l e s  

1,  2,  4  and  5.  T h u s ,   H a n d s h e e t   E x a m p l e   6  was  a  

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

d e n s i t y   w h i c h   y i e l d e d   d a t a   w h i c h   i s   a l s o   t a b u l a t e d  

in   T a b l e   I  f o r   c o n v e n i e n t l y   c o m p a r i n g   t h e   p a t t e r n  

d e n s i f i e d / p a t t e r n   i m p r e g n a t e d   H a n d s h e e t   E x a m p l e s   1 

t h r o u g h   3  e m b o d y i n g   t h e   p r e s e n t   i n v e n t i o n   w i t h   t h e  

u n i f o r m   d e n s i t y / p a t t e r n   i m p r e g n a t e d   H a n d s h e e t   . 
E x a m p l e   6 .  

R e f e r r i n g   now  to   T a b l e   I ,   t h e   H a n d s h e e t   E x a m p l e s  
1  t h r o u g h   3  e m b o d y i n g   t h e   p r e s e n t   i n v e n t i o n   c l e a r l y  
h a v e   s u p e r i o r   ( l o w e r )   b e n d i n g   m o d u l u s   ( i . e .   g r e a t e r  

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

i m p r e g n a t e d / p a t t e r n   d e n s i f i e d   H a n d s h e e t   E x a m p l e s   4  a n d  

5,  and  as  c o m p a r e d   to   t h e   p a t t e r n   i m p r e g n a t e d / u n i f o r m  

d e n s i t y   H a n d s h e e t   E x a m p l e   6 .  



'  HANDSHEET  EXAMPLES  7  AND  8  

Two  a d d i t i o n a l   H a n d s h e e t   E x a m p l e s   e m b o d y i n g   t h e  

p r e s e n t   i n v e n t i o n   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  

and   w i t h   t h e   same  f u r n i s h   as  H a n d s h e e t   E x a m p l e s   1 

t h r o u g h   3  e x c e p t   t h e   g r a v u r e   p l a t e s   w e r e   e n g r a v e d   t o  

p r o v i d e   d i f f e r e n t   l e v e l s   of   b i n d e r   a d d i t i o n .   P e r t i n -  

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

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

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

o f   t h e   p r e s e n t   i n v e n t i o n   h a v e   g r e a t e r   s t r e n g t h  

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

p a t t e r n   d e n s i f i e d   H a n d s h e e t   E x a m p l e   9  d e s c r i b e d   n e x t .  

HANDSHEET  EXAMPLE  9 

T h i s   h a n d s h e e t   was  of   r e l a t i v e l y   u n i f o r m   d e n s i t y  
and   was  f o r m e d ,   d e w a t e r e d   and  d r i e d   s u b s t a n t i a l l y  

i d e n t i c a l l y   to   H a n d s h e e t   E x a m p l e   6  u s i n g   t h e   s a m e  

f u r n i s h   as  f o r   H a n d s h e e t   E x a m p l e s   1  t h r o u g h   8 .  

H o w e v e r ,   w h e r e a s   H a n d s h e e t   E x a m p l e   6  was  i m p r e g n a t e d  

by  a  f u l l - f i e l d   g r a v u r e   p l a t e   w h i l e   b a c k e d   by  a  



36  x  32  5 - s h e d   f a b r i c   in   t h e   m a n n e r   shown  in   F i g u r e  

14,   H a n d s h e e t   E x a m p l e   9  was  i m p r e g n a t e d   in  t h e   m a n n e r  

shwon   in   F i g u r e   15;   t h a t   i s ,   n o t   b a c k e d   by  a  f a b r i c .  

In  t h i s   i n s t a n c e ,   t h e   g r a v u r e   p l a t e   115  was  p r e p a r e d  

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

t h e   t o p - s u r f a c e - p l a n e   k n u c k l e s   of  a  36  x  32  5 - s h e d  

f a b r i c ,   F i g u r e   6.  The  g r a v u r e   p a t t e r n   c o m p r i s e d  

2 2 , 5 0 0   r e s e r v o i r s   p e r   s q u a r e   i n c h   of  r e s e r v o i r s  

(3500  r e s e r v o i r s   p e r   s q u a r e   c e n t i m e t r e   of  r e s e r v o i r s )  

and  was  d e r i v e d   f r o m   a  150  x  150  l i n e s   p e r   i n c h  

(59  x  59  l i n e s   p e r   c e n t i m e t r e )   s c r e e n   w h i c h   e a s   s u p e r -  

i m p o s e d   on  a  k n u c k l e - p a t t e r n   p r i n t   made  f r o m   t h e   36  x  
32  5 - s h e d   f a b r i c   59,   F i g u r e   6,  t o   make  a  n e g a t i v e   w h i c h  

was  t h e n   u s e d   in   p r o d u c i n g   an  a c i d   e t c h e d   g r a v u r e   p l a t e .  

T h e r e f o r e ,   t h e   u n i f o r m   d e n s i t y   H a n d s h e e t   E x a m p l e   9 

was  p a t t e r n   i m p r e g n a t e d   in   t h e   same  p a t t e r n   a s  

H a n d s h e e t   E x a m p l e s   7  and  8  e m b o d y i n g   t h e   p r e s e n t  

i n v e n t i o n .   H o w e v e r ,   w h e r e a s   H a n d s h e e t   E x a m p l e s   7  a n d  

8  w e r e   p a t t e r n   d e n s i f i e d   p r i o r   to   t h e i r   b e i n g   i m p r e g -  

n a t e d   in   t h e i r   d e n s e   z o n e s ,   H a n d s h e e t   E x a m p l e   9  w a s  

of   u n i f o r m   d e n s i t y ,   i . e .   h a v i n g   no  d e n s e   z o n e s .  

A n o t h e r   b e n e f i t   w h i c h   may  be  d e r i v e d   f rom  t h e   p r e s e n t  

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

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

to   F i g u r e   5,  t h e   p a t t e r n   d e n s i f i e d   e m b r y o n i c   web  2 0 e  



( b a c k e d   by  f a b r i c   59)  p a s s e s   t h r o u g h   t h e   p r e s s u r e  

b i a s e d   n i p   i n t e r m e d i a t e   p r e s s u r e   r o l l   67  a n d  Y a n k e e  

d r y e r   75  p r i o r   to   t h e   f i n a l   d r y i n g   and  c r e p i n g   o f  

t h e   web.   The  f o l l o w i n g   e x a m p l e ,   E x a m p l e   1 0 ,  

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

E X A M P L E   1 0  

B a s i c a l l y ,   a  p a p e r m a k i n g   m a c h i n e   of   t h e   g e n e r a l  

c o n f i g u r a t i o n   as  p a p e r m a k i n g   m a c h i n e   30,  F i g u r e   5 ,  

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

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

e m u l s i o n   in   r e s e r v o i r   85  was  i n c r e m e n t e d   f r o m   1 0  

t o   25  and   t h e n   t o   40  p e r c e n t ;   t h e   a f t e r   p r e d r y e r  

(APD)  f i b r e   c o n s i s t e n c y   was  v a r i e d   f r o m   a b o u t   68  

p e r c e n t   t o   a b o u t   91  p e r c e n t ;   and  s a m p l e s   w e r e   t a k e n  

f r o m   a d j a c e n t   t h e   d o c t o r   b l a d e   78  w h i c h   s a m p l e s   h a d  

a b o u t   z e r o   c r e p e ,   and  f r o m   i n t e r m e d i a t e   r o l l   66  

and   p r e s s u r e   r o l l   67.  In  t h e   d a t a   t a b u l a t e d   i n  

T a b l e   I I I a   a n d  I I I b ,   t h e   f o r m e r   s a m p l e s   a r e  

d e s i g n a t e d   P r e s s e d   S a m p l e s ,   and  t h e   l a t t e r   s a m p l e s   a r e  

d e s i g n a t e d   U n p r e s s e d   S a m p l e s ;   and  p a i r s   of  s a m p l e s   a r e  

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

a  P r e s s e d   S a m p l e   and  an  U n p r e s s e d   S a m p l e .  



The  s a m p l e s   of  E x a m p l e   10  w e r e   made  on  a  p a p e r -  

m a k i n g   m a c h i n e   of  t h e   g e n e r a l   g e o m e t r y   of  m a c h i n e   3 0 ,  



F i g u r e   5,  u s i n g   t h e   60  p e r c e n t   T o n g a c e l / 4 0   p e r c e n t  

G r a n d   P r a i r i e   P r i m e   ( low  b o n d / k r a f t   s o f t w o o d   f i b r e s ,  

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

H a n d s h e e t   E x a m p l e s   1  t h r o u g h   9  d e s c r i b e d   above . .   T h i s  

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

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

w i t h   l e s s   t h a n   59  g r a m s   p e r   cm  t o t a l   t e n s i l e   s t r e n g t h  

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

p l u s   t h e   c r o s s   m a c h i n e   d i r e c t i o n   s t r e n g t h ) .   A  0 . 1 2  

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

was  d i s t r i b u t e d   on  a  F o u r d r i n i e r   w i r e   33  of  a  4 - s h e d  

s a t i n   w e a v e   h a v n g   a  78  x  60,   MD  x  CD  f i l a m e n t   m e s h  

c o u n t   p e r   i n c h   (31  by  24  f i l a m e n t s   p e r - c e n t i m e t r e ) .  

D e w a t e r i n g   was  p r o g r e s s i v e l y  e f f e c t e d   w h i l e   t h e   w e b  

was  b e i n g   f o r w a r d e d   on  t h e   78  x  60  F o u r d r i n i e r   w i r e ,  

and   t h e n   on  i n t e r m e d i a t e   c a r r i e r   w i r e   51  of  t h e   s a m e  

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

i n c r e a s e   t h e   f i b r e   c o n s i s t e n c y   of   t h e   web  t o   a b o u t  

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

c a r r i e r   f a b r i c   59  w h i c h   was  a  5 - s h e d   s a t i n   w e a v e   o f  

t h e   t y p e   shown  i n   F i g u r e   6  and  h a v i n g   31  x  25,  MD  x  CD 

f i l a m e n t s   p e r   i n c h   (12  x  10  f i l a m e n t s   p e r   c e n t i m e t r e ) .  

F u r t h e r   d e w a t e r i n g   was  p r e c i p i t a t e d   by  v a c u u m   t r a n s f e r  

box   61  and  t h e   t r i p l e   v a c u u m   b o x   62  to   p r o v i d e   a  f i b r e  

c o n s i s t e n c y   of  a b o u t   32  p e r c e n t . -   The  r e s u l t   of   v a c u u m  

t r a n s f e r r i n g   f r o m   t h e   78  x  60  i n t e r m e d i a t e   c a r r i e r  

f a b r i c   51  t o   t h e   31  x  25  i m p r i n t i n g   c a r r i e r   f a b r i c   59  

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

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

z o n e s   j u x t a p o s e d   t o p - s u r f a c e - p l a n e   k n u c k l e s   o f  i m p r i n t -  

i n g   c a r r i e r   f a b r i c   59,   and  r e l a t i v e l y   low  d e n s i t y  

s p a n s   or   p o r t i o n s   b e t w e e n   t h o s e   k n u c k l e s .   T h e s e  

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

web  to   be  d i s p l a c e d   by  t h e   v a c u u m   i n d u c e d   d i f f e r e n t i a l  

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



of  f a b r i c   59.  The  a i r   was  t h e n   p r e d r i e d   by  b l o w  

t h r o u g h   p r e d r y e r   64  to   an  APD  f i b r e   c o n s i s t e n c y   i n  

t h e   r a n g e   s t a t e d   a b o v e :   68  p e r c e n t   t o  

91  p e r c e n t .   The  web ,   s t i l l   d i s p o s e d   on  f a b r i c   59 

t h e n   was  f o r w a r d e d   t h e r e o n   t h r o u g h   a  f u l l - f i e l d  

p a t t e r n ,   p r e s s u r e   b i a s e d   g r a v u r e   i m p r e g n a t i n g   m e a n s  

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

d e n s e   z o n e s   of  t h e   web  to   be  p r e s s e d   a g a i n s t   t h e   g r a v u r e  

c y l i n d e r  8 1   and  t h e r e b y   b e c o m e   i m p r e g n a t e d ;   h o w e v e r ,  

t h e   low  d e n s i t y   s p a n   p o r t i o n s   w e r e   n o t   so  i m p r e g n a t e d  

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

t h e   i n t e r f i l a m e n t a r y   s p a c e s   of  f a b r i c   59  t o  

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

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

of  t h e   low  d e n s i t y   s p a n   p o r t i o n s   was  s u b s t a n t i a l l y  

o b v i a t e d   by  n o t   p r e s s i n g   t h e m   a g a i n s t   t h e   r o t a g r a v u r e  

c y l i n d e r   81.  R o t a g r a v u r e   c y l i n d e r   81  was  e n g r a v e d  

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

a b o u t   3500  p e r   s q u a r e   c e n t i m e t r e   and  h a v i n g   a  t o t a l  

v o l u m e   of  1 .4   m i c r o l i t r e s   p e r   s q u a r e   c e n t i m e t r e .  

The  b i n d e r   m a t e r i a l   u s e d   to   i m p r e g n a t e   t h e   s a m p l e s  

of   E x a m p l e   10  was  t h e   same  l a t e x   e m u l s i o n   as  f o r   t h e  

h e r e i n b e f o r e   d e s c r i b e d   h a n d s h e e t s   e x c e p t :   t h e   p e r c e n t  

s o l i d s   was  i n c r e m e n t e d   f r o m   10  to   25  and  t h e n   to   40 

p e r c e n t ;   and  v e r y   low  l e v e l s   of  c o m m e r c i a l   d e f o a m e r s  

( F o a m m a s t e r   160L  and  C o l l o i d   694)  w e r e   a d d e d   t o  

s u p p r e s s   f o a m i n g   of  t h e   l a t e x   e m u l s i o n   25  in   r e s e r v o i r  

85  as  c y l i n d e r   81  r o t a t e d   t h e r e t h r o u g h   and  t h e   e x c e s s  

l a t e x   was  d o c t o r e d   t h e r e f r o m .   F o a m m a s t e r   160L  w a s  

o b t a i n e d   f r o m   D i a m o n d   S h a m r o c k -  C o r p o r a t i o n ,   C l e v e l a n d ,  

O h i o ,   and  C o l l o i d   694  was  o b t a i n e d   f r o m   C o l l o i d s   I n c ,  

N e w a r k ,   New  J e r s e y .  

F u r t h e r   w i t h   r e s p e c t   to   E x a m p l e   10,  b a c k i n g   r o l l  

82,  F i g u r e   5,  was  an  80  S h o r e   A  D u r o m e t e r   r u b b e r  

c o v e r e d   r o l l ;   and  p r e s s u r e   r o l l   67  was  an  85  S h o r e   A 

D u r o m e t e r   r u b b e r   c o v e r e d   r o l l .   R o l l   82  was  b i a s e d  

t o w a r d s   c y l i n d e r   81  w i t h   a  f o r c e   of  a b o u t   20  p o u n d s  



p e r   l i n e a l   i n c h   ( 3 . 5   k i l o g r a m s   p e r   l i n e a l   c e n t i m e t r e ) ;  

and   p r e s s u r e   r o l l   67  was  b i a s e d   t o w a r d s   Y a n k e e   c y l i n d e r  

75  a t   440  p o u n d s   p e r   l i n e a l   i n c h   (78  k i l o g r a m s   p e r  

l i n e a l   c e n t i m e t r e ) .   The  c r e p i n g   a d h e s i v e   w h i c h   w a s  

a p p l i e d   t o   Y a n k e e   d r y e r   7 5  v i a   s p r a y   a p p l i c a t o r s   77  

to   e n a b l e   c r e p i n g   was  G e l v a t o l   2 0 - 9 0 ;   a  p o l y v i n y l  

a l c o h o l / a c e t a t e   m a n u f a c t u r e d   by  M o n s a n t o   Co,  St  L o u i s ,  

M i s s o u r i .   A f t e r   b e i n g   c r e p e d   f r o m   t h e   Y a n k e e   d r y e r  

75  by  d o c t o r   b l a d e   78,   t h e   p a p e r   web  f r o m   w h i c h   t h e  

p r e s s e d   s a m p l e s   w e r e   t a k e n   was  r e e l e d   a t   t h e   s a m e  

s p e e d   as  t h e   Y a n k e e ;   t h u s   t h e   s a m p l e s   e x h i b i t e d   v i r t -  

u a l l y   z e r o   r e s i d u a l   c r e p e   so  t h a t   r e s i d u a l   c r e p e   w o u l d  

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

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

as  f o l l o w s .   The  u n p r e s s e d   s a m p l e s   of   E x a m p l e   1 0  

w e r e   o b t a i n e d   by  p r e s s i n g   a  s h e e t   w i d t h ,   a d h e s i v e  

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

f a b r i c   59  r u n n i n g   f r o m   r o l l   66  t o w a r d s   p r e s s u r e   r o l l  

67  t o   a c c u m u l a t e   s u f f i c i e n t   web  on  t h e   s p o o l   t o   r u n  

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

a d h e s i v e   on  t h e   s p o o l .   The  s a m p l e s   w e r e   t e s t e d   t o  

o b t a i n   t h e   T a b l e s   I I I a   and  I I I b   d a t a   a f t e r   b e i n g  

c u r e d   f o n   5  m i n u t e s   a t   3000F  ( 1 5 0 0 C ) .  

G e n e r a l l y ,   t h e   d a t a   in   T a b l e s   I I I a   and  I I I b  

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

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

s t r e n g t h ;   and  g r e a t e r   w e t   t e n s i l e   s t r e n g t h   f o r   a  2 5  

p e r c e n t   l e v e l   of  s o l i d s   in   a  l a t e x   b i n d e r   e m u l s i o n  

t h a n   f o r   e i t h e r   a  10  p e r c e n t   or   40  p e r c e n t   l e v e l   o f  

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

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

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

r e g a r d e d   as  a  p e r f o r m a n c e   p a r a m e t e r   f o r   p a p e r   t o w e l s  

and  t h e   l i k e .  

T h r e e   more   p a p e r m a k i n g   e x p e r i m e n t s   w h i c h   a r e  

d e s i g n a t e d   and  d e s c r i b e d   b e l o w   as  E x a m p l e s   11,   12  a n d  

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



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

p a p e r s   h a v i n g   d i s c r e t e ,   s p a c e d ,   b i n d e r   i m p r e g n a t e d  

z o n e s   of  h i g h   f i b r e   d e n s i t y   and  o t h e r w i s e   b e i n g  

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

s t r u c t u r e s .   D a t a   f r o m   t h e s e   e x a m p l e s   a r e   t a b u l a t e d  

in  T a b l e   I V .  





B r i e f l y ,   E x a m p l e s   11  and  12  w e r e   made  u s i n g   l o w  

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

to   p r o v i d e   low  b o n d   w e b s ,   and  t h e   p r o c e s s   c o n d i t i o n s  

w e r e   so  c o n t r o l l e d   t h a t   t h e   webs  w e r e   p a t t e r n  d e n s i f i e d  

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

m a t e r i a l   in  t h e i r   d e n s e   z o n e s   to   e n h a n c e   b o t h   t h e i r  

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

E x a m p l e   11  and  a  p o l y m e r i c   s o l u t i o n   t y p e   b i n d e r   f o r  

E x a m p l e   1 2 .  

More  s p e c i f i c a l l y ,   E x a m p l e   11  was  made  f r o m   t h e  

same  60%  T o n g a c e l / 4 0 %   N o r t h e r n   S o f t w o o d   K r a f t   and  i n  

t h e   same  m a n n e r   as  E x a m p l e   10  e x c e p t   f o r   a  r e l a t i v e l y  

c o n s t a n t   APD  f i b r e   c o n s i s t e n c y   of  78  p e r c e n t ;   a n d  

e x c e p t   f o r   t h e   l a t e x   b i n d e r   h a v i n g   40  p e r c e n t   s o l i d s  

and  c o n t a i n i n g   no  l i t h i u m   t r a c e r   or  d y e .   A f t e r   t h e  

p a p e r   web  was  c r e p e d   and  d o c t o r e d   f r o m   t h e   Y a n k e e  

d r y e r ,   E x a m p l e   11  was  c a l e n d e r e d   by  a  r u b b e r / s t e e l  

c a l e n d e r   r o l l   p a i r   a t   58  p o u n d s   p e r   s q u a r e   i n c h   ( 4 0 0  

kPa)   and  r e e l e d   a t   a  s p e e d   of  75  p e r c e n t   of  t h e   Y a n k e e  

to   p r o v i d e   a  r e l a t i v e l y   h i g h   d e g r e e   of  r e s i d u a l   c r e p e .  
The  r e e l s   of  p a p e r   w e r e   t h e n   c o m b i n e d   i n t o   2 - p l y  

p a p e r   t o w e l s   w i t h   t h e   n o n - Y a n k e e - c o n t a c t i n g   s i d e s   o f  

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

a d h e s i v e l y   s e c u r e d   t o g e t h e r   as  t a u g h t   by  US  P a t e n t   No 

3 , 4 1 4 , 4 5 9   w h i c h   i s s u e d   D e c e m b e r   3,  1968  to   E  R  W e l l s ,  

and  shown  in   s e c t i o n a l - v i e w   F i g u r e   6  t h e r e o f .   T h e  

c o m b i n e d   p r o d u c t   was  c u r e d   a t   3 5 0 ° F   f o r   3  s e c o n d s ,  

r e e l e d ,   and  t h e n   t e s t e d .   The  d a t a   a r e   t a b u l a t e d   o n  

T a b l e   IV.  T h e s e   p a p e r   t o w e l s   e x h i b i t e d   h i g h   s t r e n g t h ,  

and  an  e x t r a o r d i n a r y   r a t i o   o f - w e t / d r y   CD  t e n s i l e  

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

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

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

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

p o r t i o n   of  t h e   r e s i d u a l   c r e p e   in  t h e   p a p e r .  
E x a m p l e   12  was  a l s o   made  on  a  p a p e r m a k i n g   m a c h i n e  



o f  . t h e   same  g e n e r a l   g e o m e t r y  a s   m a c h i n e   30,   F i g u r e  

5,  e x c e p t ,   a  t h r e e   c h a m b e r   d i v i d e d   h e a d b o x   ( n o t  

shown)   was  u s e d   to   d e l i v e r  t w o   t y p e s   of  f i b r e   s l u r r i e s  

o n t o   t h e   F o u r d r i n i e r   w i e r e  3 3   i n   s u p e r p o s e d   r e l a t i o n .  

The  f i r s t - d o w n   s l u r r y   j u x t a p o s e d   t h e   F o u r d r i n i e r   w i r e  

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

T o n g a c e l / N o r t h e r n   S o f t w o o d   K r a f t   w h i c h   was  u s e d   t o  

make  E x a m p l e s   10  and  11,  a n d  w a s   i s s u e d   f r o m   t h e   b o t t o m  

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

0 . 2 0   p e r c e n t .   N o r t h e r n   S o f t w o o d   K r a f t   s l u r r i e s   w e r e  

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

h e a d b o x   c h a m b e r s   a t   a  f i b r e   c o n s i s t e n c y   of   0 . 1 2   p e r c e n t .  
The  F o u r d r i n i e r   w i r e   33,   and  i n t e r m e d i a t e   c a r r i e r  

f a b r i c   51  w e r e   t h e   same  78  x  60  mesh   and  w e a v e , -  

r e s p e c t i v e l y ,  a s   u s e d   f o r   E x a m p l e s   10  and  11.   H o w e v e r ,  

t h e   i m p r i n t i n g   c a r r i e r   f a b r i c   59  was  t h e   same  36  x  3 2 ,  

5 - s h e d   mesh   and  w e a v e   as  u s e d   f o r ' H a n d s h e e t   E x a m p l e   1 .  

F i b r e   c o n s i s t e n c y   was  13  p e r c e n t   p r i o r   to   t r a n s f e r  

t o   f a b r i c   5 9 ;  2 9   p e r c e n t   b e f o r e   p r e d r y e r   (BPD);   a n d  

96  p e r c e n t   APD.  

The  b i n d e r   u s e d   f o r   E x a m p l e   12  was  a  10  p e r c e n t  

s o l u t i o n   of  P a r e z   631  NC,  a  p a p e r m a k i n g   we t   s t r e n g t h  

r e s i n   s o l d   by  A m e r i c a n   C y a n a m i d   C o m p a n y ,   Wayne ,   New 

J e r s e y .   T h i s   i s   b e l i e v e d   t o  b e   a  r e a c t i o n   p r o d u c t   o f  

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

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

The  r o t a g r a v u r e   c y l i n d e r   u s e d   f o r   E x a m p l e   12  w a s  

t h e   same  as  f o r   E x a m p l e s   10  and  11;  and  t h e   web  w a s  

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

2 - p l y   p a p e r   t o w e l s ,   and  t e s t e d   t o   t h e   same  d e g r e e  

and  in   t h e   same  m a n n e r   as  E x a m p l e   11  e x c e p t   b o t h   p l i e s  

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

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

t a b u l a t e d   in   T a b l e   I V .  

E x a m p l e   13  was  f o r m e d   as  a  3 - l a y e r   s t r u c t u r e   u s i n g  



t h e   3 - c o m p a r t m e n t   h e a d b o x ' d e s c r i b e d   a b o v e   and  i n  

t h e   same  g e n e r a l   m a n n e r   in   t h e   same  p a p e r m a k i n g   m a c h i n e  

as  E x a m p l e   .12,  The  t h r e e   l a y e r s   c o n s i s t e d   of  C h a m p i o n  

E u c a l y p t u s   on  t h e   t o p   and  b o t t o m   and  G r a n d   P r a i r i e  

P r i m e   N o r t h e r n   S o f t w o o d   K r a f t   in  t h e   m i d d l e .   T h e  

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

I n t e r n a t i o n a l   C o r p o r a t i o n ,   S t a m f o r d ,   C o n n e c t i c u t .   A l l  

p u l p s  w e r e   a t   0 . 1 3   p e r c e n t   c o n s i s t e n c y   when  d i s t r i b u t e d  

a t   t h r e e   e q u a l   b a s i s   w e i g h t s   to   p r o d u c e   a  web  on  t h e  

m a c h i n e   of  1 7 . 7   p o u n d s   p e r   3000  s q u a r e   f e e t   ( 2 8 . 9   g r a m s  

p e r   s q u a r e   m e t r e )   b a s i s   w e i g h t .   The  k r a f t   l a y e r   w a s  

made  f r o m   low  b o n d i n g   p u l p   f u r n i s h   w h i c h   had   Q u a k e r  

2003  (a  s t e a r y l   i m i d a z o l i n e   made  by  Q u a k e r   C h e m i c a l  

C o m p a n y ,   C o n s h o h o c k e n ,   P e n n s y l v a n i a )   a d d e d   a t   a  l e v e l  

of  a b o u t   0 . 2 5   w e i g h t   p e r c e n t  o f   t h e   k r a f t .   The  w e b  

was  i n i t i a l l y   f o r m e d   on  t h e   same  78  x  60  F o u r d r i n i e r  

w i r e   u s e d   f o r   E x a m p l e s   10,  11  and  12,   and  s u b s e q u e n t l y  

t r a n s f e r r e d   and  d e w a t e r e d   as  g e n e r a l l y   d e s c r i b e d   w i t h  

r e s p e c t   to   t h o s e   E x a m p l e s .   The  i m p r i n t i n g   c a r r i e r  

f a b r i c   was  a  3 - s h e d   s e m i - t w i l l   h a v i n g   a  mesh  c o u n t   o f  

31  x  25,   MD  x  CD  f i l a m e n t s / i n c h   (12  x  10,   MD  x  CD 

f i l a m e n t s / c m )   and  was  t r e a t e d   to   p r o v i d e   i m p r i n t i n g  
k n u c k l e s ' a s   d e s c r i b e d   in   US  P a t e n t   No  3 , 9 0 5 , 8 6 3  

w h i c h   i s s u e d   S e p t e m b e r   16,  1975  to   P  G  A y e r s .   T h e  

n e t   r e s u l t   of  v a c u u m   t r a n s f e r r i n g   f r o m   a  78  x  60  

i n t e r m e d i a t e   f a b r i c   to   a  31  x  25  i m p r i n t i n g   c a r r i e r  

f a b r i c   and  s u b s e q u e n t   d e w a t e r i n g   was  to   p r o d u c e   a  w e b  

on  t h e   31  x  25  mesh  i m p r i n t i n g   c a r r i e r   f a b r i c   of  n o n -  

u n i f o r m   d e n s i t y   h a v i n g   low  d e n s i t y   p o r t i o n s   j u x t a p o s e d  

t h e   v o i d s   in   t h e   f a b r i c ,   and  h i g h   d e n s i t y   z o n e s  

j u x t a p o s e d   t h e   f a b r i c   k n u c k l e s .  

The  l a t e x   b i n d e r   u s e d   was  A i r f l e x   402  w h i c h   w a s  
o b t a i n e d   f rom  A i r   P r o d u c t s   and  C h e m i c a l s   I n c ,   A l l e n t o w n ,  

P e n n s y l v a n i a ;   a  d r y   s t r e n g t h   v i n y l - a c e t a t e   e t h y l e n e  

e m u l s i o n .   T h i s   was  a d j u s t e d   to   h a v e   a  5%  l e v e l   o f  



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

o f  E x a m p l e   10.  The  i m p r e g n a t e d   web ,   s t i l l   d i s p o s e d  

on  and  i n   r e g i s t e r   w i t h   t h e  3 1   x  25  i m p r i n t i n g   c a r r i e r  

f a b r i c ,   was  t h e n   p r e s s e d   a t   4 4 0 p . l . i ( 7 8   k i l o g r a m s   p e r  

l i n e a l   c e n t i m e t r e )   a g a i n s t   t h e   Y a n k e e   d r y e r ,   u s i n g  

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

D u r o m e t e r   h a r d n e s s   of   85  l o a d e d   a g a i n s t   t h e   d r y e r  

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

t h e   web  and  t h e r e b y   c o m p a c t   t h e   d e n s e   z o n e s   t h e r e o f .  

G e l v a t o l   2 0 - 9 0   p o l y v i n y l   a l c o h o l / a c e t a t e   m a n u f a c t u r e d  

by  M o n s a n t o   was  a p p l i e d   t o   t h e   Y a n k e e   d r y e r   u p s t r e a m  

f r o m   t h e   p r e s s u r e   r o l l   to   a d h e r e   t h e   web  to   t h e   Y a n k e e  

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

was  d r i e d .   The  web  was  t h e n   r u n   t h r o u g h   a  r u b b e r   r o l l /  

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

and  wound   up  on  a  r e e l   a t   82%  of  t h e   Y a n k e e   s p e e d .  

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

s l i t   i n t o   s t a n d a r d   t o i l e t   t i s s u e   r o l l s   and   t e s t e d .  

The  t e s t   d a t a   a r e   t a b u l a t e d   in   T a b l e   I V .  



1.  A  p a t t e r n   d e n s i f i e d   f i b r o u s   web  c o m p r i s i n g   a  

r e l a t i v e l y   h i g h   b u l k   f i e l d   h a v i n g   a  r e l a t i v e l y   l o w  

f i b r e   d e n s i t y ,   and  a  p a t t e r n e d   a r r a y   of  s p a c e d   z o n e s  

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

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

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

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

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

d e v o i d   of  s a i d   b i n d e r   m a t e r i a l .  

2.  A  p a t t e r n   d e n s i f i e d   f i b r o u s   web  a c c o r d i n g   to   C l a i m  

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

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

c o n s t i t u t e   f r o m   25  to   75  p e r c e n t   of  t h e   c o r p o r a t e  

s u r f a c e   a r e a   of  s a i d   z o n e s .  

3.  A  p a t t e r n   d e n s i f i e d   f i b r o u s   web  a c c o r d i n g   to   e i t h e r  

of   C l a i m s   1  and  2  w h e r e i n   one  s u r f a c e   of   s a i d   web  i s  

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

4.  A  p a t t e r n   d e n s i f i e d   f i b r o u s   web  a c c o r d i n g   t o  

C l a i m   1  c h a r a c t e r i s e d   in   t h a t   a l l   of  s a i d   h i g h   d e n s i t y  

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

b i n d e r   m a t e r i a l .  

5.  A  p a t t e r n   d e n s i f i e d   f i b r o u s   web  a c c o r d i n g   to   a n y  

one  of  C l a i m s   1-4  c h a r a c t e r i s e d   in   t h a t   s a i d   h i g h  

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

c o n s t i t u t e s   f r o m   10  to   50  p e r c e n t   p r e f e r a b l y   f r o m   20  

to   40  p e r c e n t   of   t h e   t o t a l   s u r f a c e   a r e a   of  s a i d   w e b .  

6.  A  p a t t e r n   d e n s i f i e d   f i b r o u s   web  a c c o r d i n g   to   a n y  

one  of  C l a i m s   1-5  c h a r a c t e r i s e d   in   t h a t   i t   c o m p r i s e s  

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

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

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

p o s e d   in   a d j a c e n t   i m p r e g n a t e d   h i g h   d e n s i t y   z o n e s   a n d  

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

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

s k e l e t a l - n e t w o r k   of  s a i d   w e b .  



7.  A  p a t t e r n   d e n s i f i e d   f i b r o u s   web  a c c o r d i n g   t o  

C l a i m  6   w h e r e i n   t h e   f i b r e s   c o n s i t u t i n g   s a i d  

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

h a v i n g   a v e r a g e   l e n g t h s   of  2 .0   mm  or   m o r e .  

8.  A  p a t t e r n   d e n s i f i e d   f i b r o u s   web  a c c o r d i n g   t o  

e i t h e r   one   of  C l a i m s   6  and  7  w h e r e i n   s a i d   web  h a s  

a  low  d e g r e e   of  i n t e r f i b r e   h y d r o g e n   b o n d i n g .  

9.  A  p a t t e r n   d e n s i f i e d   f i b r o ü s  w e b   a c c o r d i n g   t o  

C l a i m   8  w h e r e i n   s a i d   web  i n c o r p o r a t e s   a  f i b r e -  

d e b o n d i n g   m a t e r i a l .  

10.  A  p a t t e r n   d e n s i f i e d   f i b r o u s   web  a c c o r d i n g   t o  

C l a i m   8  w h e r e i n   t h e   web  c o m p r i s e s   p a p e r m a k i n g   f i b r e s  

h a v i n g   a  l o w   i n h e r e n t   i n t e r f i b r e   h y d r o g e n  b o n d i n g  

p r o p e n s i t y .  

11.  A  m e t h o d   of  m a k i n g   a  p a t t e r n   d e n s i f i e d ,   p a r t i a l l y  

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

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

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

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

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

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

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

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

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

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

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

a r r a y   of  s p a c e d   s u p p o r t s   so  t h a t   e a c h   of   a  p r e -  
d e t e r m i n e d   s u b - a r r a y   of   s a i d   z o n e s   i s   j u x t a p o s e d  

one  of   a  p r e d e t e r m i n e d   s u b - a r r a y   of   s a i d   s u p p o r t s ,  

a n d  

a t   l e a s t   p a r t i a l l y   i m p r e g n a t i n g   a t   l e a s t   a  

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

m i n e d   s u b - a r r a y   of  s a i d   z o n e s   w i t h   a n  i m p r e g n a t i n g  

m a t e r i a l   by  b i a s i n g   s a i d   p r e d e t e r m i n e d   s u b - a r r a y  

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

n a t i n g   m e a n s   w i t h   s a i d   s u b - a r r a y   of  s a i d   z o n e s  



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

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

12 .   A  m e t h o d   a c c o r d i n g   to   C l a i m   11  w h e r e i n   s a i d  

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

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

m e s h e s   in   t h e   r a n g e   of  f r o m   4 -MD/4-CD  to   2 4 - M D / 2 4 - C D  

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

8 - M D / 8 - C D   to  2 0 - M D / 2 0 - C D   f i l a m e n t s   p e r   c e n t i m e t r e .  

13.  A  m e t h o d   a c c o r d i n g   to   e i t h e r   one  of  C l a i m s   11  

and  12  w h e r e i n   s a i d   web  c o m p r i s e s   a  p r i n c i p a l   w e b -  

s t r e n g t h   f i b r e   c o n s t i t u e n t   of  f i b r e s   of   s u f f i c i e n t  

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

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

o f   s a i d   s u p p o r t s   t h a t   a f t e r   s a i d   w e b  i s   f o r m e d   a  

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

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

of   s a i d   s u b - a r r a y   of  s a i d   s u p p o r t s   and  in   o v e r l a p p i n g  

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

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

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

b o n d e d   t o g e t h e r .  

14.   A  m e t h o d   a c c o r d i n g   to   a n y  o n e   of  C l a i m s   1 1 - 1 3  

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

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

15.  A  m e t h o d   a c c o r d i n g   to   C l a i m   14  w h e r e i n   s a i d  

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

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

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

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

16.   A  m e t h o d   a c c o r d i n g   to   a n y  o n e   of  C l a i m s   1 1 - 1 5  

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

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

of   f rom  30  to   95  p e r c e n t   p r e f e r a b l y   f r o m   60  to   90  

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



17.   A  m e t h o d   a c c o r d i n g   to   C l a i m  1 6   c h a r a c t e r i s e d   i n  

t h a t   s a i d   d r y i n g   i s   e f f e c t e d   in   s u c h   a  m a n n e r   t h a t  

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

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

s a i d   e m b r y o n i c   w e b .  

18.   A  m e t h o d   a c c o r d i n g   to   C l a i m  1 7   w h e r e i n   s a i d  

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

w h i l e   s a i d   web  i s   s u p p o r t e d   on  s a i d   s u p p o r t s .  

19.   A  m e t h o d   a c c o r d i n g   to   a n y  o n e   of  C l a i m s   1 1 - 1 8  

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

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

web  d i s p o s e d   i n t e r m e d i a t e   s a i d   s p a c e d   s u p p o r t s   i n t o  

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

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

s a i d   s u b - a r r a y   of  s a i d   s u p p o r t s   i s   b i a s e d   t o w a r d s  

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

20 .   A  m e t h o d   a c c o r d i n g   t o   C l a i m   19  w h e r e i n   s a i d  

d e f l e c t i o n   i s   e f f e c t e d   by  a p p l y i n g   a  d i f f e r e n t i a l  

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

2 1 .  A   m e t h o d   a c c o r d i n g   to   a n y  o n e   of  C l a i m s   1 1 - 2 0  

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

of   s u b j e c t i n g   s a i d   s u p p o r t e d   z o n e s   to   s u b s t a n t i a l  

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

b e e n   e f f e c t e d .  

22.   A  m e t h o d   a c c o r d i n g   to   a n y  o n e   of  C l a i m s   1 1 - 2 1  

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

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

of   s a i d   i m p r e g n a t i n g   m e a n s   so  t h a t   s a i d   i m p r e g n a t i n g  

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

z o n e s   d i s p o s e d   i n t e r m e d i a t e   r e g i s t e r e d   a r e a s   of   s a i d  

p r e d e t e r m i n e d   s u b - a r r a y   of  s a i d   s u p p o r t s   and  s a i d  

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