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@  Paper  containing  fine  weakened  tear  line  and  method  for  manufacture  of  the  paper. 

A  novel  paper  containing  a  fine  weakened  tear  line 
and  a  method  for  the  manufacture  of  the  paper  are  dis- 
closed.  The  fine  weakened  tear  line  for  facilitating  the 
tearing  of  the  paper  along  this  tear  line  is  formed  by 
causing  a  paper-weakening  liquid  which  comprises  a 
cellulose-degrading  agent  and  water  to  be  applied  in  a 
fine  line  to  the  paper  surface  and  allowing  the  liquid  to 
penetrate  the  paper  in  the  direction  of  the  thickness  of 
paper  thereby  causing  the  liquid  to  degrade  chemically 
the  portion  of  cellulose  of  paper  underlying  the  area  of 
the  fine  line  of  liquid  applied  to  the  paper  surface.  Ef- 
fective  application  of  the  liquid  to  the  paper  and  conse- 
quent  penetration  of  the  liquid  through  the  paper  are 
accomplished  advantageously  under  the  pressure  applied 
to  the  paper  by  use  of  a  line-printing  plate  or  a  paper- 
incising  pen. 



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

t e a r   l i n e  a n d   to  a  m e t h o d   f o r   t he   m a n u f a c t u r e   of  t he   p a p e r .  

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

a r e   c o u n t e d   b u s i n e s s   f o r m s ,   t i c k e t s   such   as  s h e e t s   c o n t a i n -  

ing  a  row  of  s e r i a l l y   p r i n t e d   t i c k e t s ,   p o s t a g e   s t a m p s ,   a n d  

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

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

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

o t h e r   t h r o u g h   the   p a p e r s   a l o n g   the   l i n e s   i n t e n d e d   f o r  

t e a r i n g .  

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

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

of  p r i n t e d   p a p e r   by  p l a c i n g   t he   s h e e t   on  a  h o r i z o n t a l   b a s e  

h a v i n g   a  t h i n ,   f l e x i b l e   i r o n   s h e e t   s p r e a d   on  a  h a r d   i r o n  

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

p e r f o r a t i n g   comb  b l a d e ,   i . e .   an  i n t e r m i t t e n t   row  of  s h a r p  

c u t t i n g   e d g e s   a r r a n g e d   in  one  s t r a i g h t   l i n e ,   to  be  r e c i p r o -  

c a t e d   in  a  v e r t i c a l   d i r e c t i o n   r e l a t i v e   to  t he   h o r i z o n t a l  

b a s e   and  t h e r e f o r e   a l l o w e d   to  c o l l i d e   w i t h   t h e   s h e e t  

p e r p e n d i c u l a r l y ,   t he   p e r f o r a t i o n   m e t h o d   w h i c h   f o r m s   p e r f o -  
r a t i o n s   p a r a l l e l l y   on  s u c c e s s i v e   s h e e t s   of  p a p e r   by  p a s s i n g  
the   s h e e t s  b e t w e e n   t he   c o n c u r r e n t l y  m o v i n g   s u r f a c e s   of  t w o  



v e r t i c a l l y   o p p o s e d   r o t a r y   c y l i n d e r s ,   one  ma le   c y l i n d e r  

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

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

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

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

as  in  p o s t a g e   s t a m p s   by  p a s s i n g   e a c h   s h e e t   of  p r i n t e d   p a p e r  
b e t w e e n   t he   c o n c u r r e n t l y   m o v i n g   s u r f a c e s   of  two  c l o s e l y  

o p p o s e d   r o t a r y   c y l i n d e r s ,   and  r e m o v i n g   t h e   d e b r i s   of  p a p e r  
r e s u l t i n g   f rom  t he   p e r f o r a t i o n   by  a  s u c t i o n   d e v i c e .  

All   t h e s e   m e c h a n i c a l   m e t h o d s   s h a r e   a  common  d i s a d v a n t a g e  

t h a t   t he   o p e r a t i o n a l   e f f i c i e n c y   is   l o w .  

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

t h a t   a l l   t he   m e t h o d s   fo rm  t he   p e r f o r a t i o n s   by  use   of  b l a d e s  

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

a  m a t e r i a l   h a r m f u l   to  t h e   c u t t i n g   e d g e s   of  s u c h   b l a d e s ,   t h e  

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

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

The  s e c o n d   r e a s o n   is   t h a t   s i n c e   p a p e r s   a r e   t h i n ,   t h e   work  o f  

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

c o m p l i c a t e d   to  be  p r a c t i c a b l e   by  any  s t a n d a r d .   T h u s ,   t h e  

o n l y   r e c o u r s e   to  be  l e f t   is  f o r m i n g   s u c h   t e a r   l i n e s   w i t h  

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

p o r t i o n s   a l t e r n a t e l y   a r r a n g e d   in  d e s i r e d   l i n e s .   I f   n o  

p r e c a u t i o n   i s   t a k e n   in  t e a r i n g   a  p a p e r   c o n t a i n i n g   such   a  t e a r  

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

f rom  one  p e r f o r a t i o n   to  t h e   i m m e d i a t e l y   a d j o i n i n g   u n c u t  

p o r t i o n   t e n d s   to  run  a t   r a n d o m .   To  g u i d e   t he   f r o n t   of  t e a r  

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

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



a  r u l e   e x a c t l y   a l o n g   t he   t e a r   l i n e   of  t he   p a p e r   and  p e r m i t  

the   f r e e   s i d e   of  t he   p a p e r   to  be  r i p p e d   a g a i n s t   t he   edge   o f  

the   r u l e ,   or  to  c a u s e   t he   f r o n t   of  t e a r   to  a d v a n c e   s l o w l y .  

The  t h i r d   r e a s o n   i s   t h a t   t he   d e c i s i v e   s l o w n e s s   of  t he   p e r f o -  

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

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

in  t h e   p e r f o r a t i n g   d e v i c e   r e q u i r e s   f a i r l y   a d v a n c e d   s k i l l ,   a n d  

t h a t   t he   q u a l i t y   of  p e r f o r a t i n g   work  is   c o n t i n u o u s l y   d e g r a d e d  

f rom  t he   t i m e   a  new  b l a d e   is   p u t   to  use   and  the   t i m e   t he   b l a d e  

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

t i o n   of  work  q u a l i t y   r e s u l t s   in  d i s p e r s i o n   of  t he   q u a l i t y   o f  

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

H e r e t o f o r e ,   s e p a r a t i o n   of  n e c e s s a r y   p o r t i o n s   f rom  p r i n t e d  

m a t t e r ,   p a t t e r n   p a p e r s ,   c o l o r e d   p a p e r s ,   e t c .   has   been   a c c o m -  

p l i s h e d   m a n u a l l y   by  use   of  s c i s s o r s ,   k n i v e s ,   and  s p e c i a l  

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

of  p a p e r .  

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

a  n e w s p a p e r   or  a  m a g a z i n e ,   he  d o e s   n o t   a l w a y s   h a p p e n   to  h a v e  

such   a  c u t t i n g   t o o l   a t   h a n d .   K n i v e s   d e s i g n e d   e x c l u s i v e l y   f o r  

m a k i n g   n e w s p a p e r   c l i p p i n g s   a r e   a v a i l a b l e .   They   a r e   u s e l e s s  

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

n e w s p a p e r s   f a s t   in  p o s i t i o n .   B e s i d e s ,   t h e y   have   no  p o r t a -  

b i l i t y .  

In  t he   c a s e   of  such   a  p r i n t e d   a r t i c l e   as  a  n e w s p a p e r s   a n d  

m a g a z i n e   w h i c h   by  n a t u r e   is  to  be  r e a d   by  a  p l u r a l i t y   o f  

p e r s o n s ,   when  one  p e r s o n   f i n d s   i t   d e s i r a b l e   to  c l i p   a  p o r t i o n  

of  t he   p r i n t e d   a r t i c l e ,   he  i s   n o t   p e r m i t t e d   to  do  so  u n t i l  

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

The  b e s t   he  can  do  is  to  mark  t he   p o r t i o n   as  an  a i d   f o r  



memory .   I f   he  is   n o t   l u c k y ,   t h e   mark  may  f a i l   to  d raw  h i s  

a t t e n t i o n   as  e x p e c t e d .  

B l a d e s   have   d i r e c t i o n a l i t y .   S i n c e   t h e   b l a d e   c u t s   t h e   p a p e r  
in  t he   d i r e c t i o n   of  i t s  c u t t i n g  e d g e ,   i t   c a n n o t   e a s i l y   c u t  

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

be  c l i p p e d   o f f   has   a  c o m p l i c a t e d   o u t l i n e ,   t he   b l a d e   mus t   b e  

h a n d l e d   w i t h   a l l   p o s s i b l e   a t t e n t i o n s .  

T h i s   i n v e n t i o n   r e l a t e s   to  a  p a p e r   c o n t a i n i n g   an  e n t i r e l y  

n o v e l   f i n e  w e a k e n e d   t e a r   l i n e   and  to  a  m e t h o d   f o r   t h e   m a n u -  

f a c t u r e   o f  t h e  p a p e r .  

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

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

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

t e a r   l i n e s .   The  f i n e   w e a k e n e d . t e a r   l i n e   of  t h i s   i n v e n t i o n  

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

t he   m e c h a n i c a l   m e t h o d   u s i n g   a  s u i t a b l e   c u t t i n g   b l a d e .   T h e  

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

i n v e n t i o n   i s   f o r m e d   by  c h e m i c a l l y - w e a k e n i n g   t he   p o r t i o n  o f  

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

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

The  p a p e r ,   t h e r e f o r e ,   can  be  r e a d i l y   t o r n   a l o n g   t h e   f i n e  

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

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

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

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

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

d e g r a d i n g   a g e n t   and  w a t e r   so  as  to  s e e p   t h r o u g h   t he   p a p e r   i n  

t he   d i r e c t i o n   of  i t s   t h i c k n e s s .   The  p a p e r - w e a k e n i n g   l i q u i d  

is   d e s i r e d   to  c o n t a i n   s u l f u r i c   a c i d   as  a  c e l l u l o s e - d e g r a d i n g  

a g e n t   in  a  c o n c e n t r a t i o n   of  0 .1   to  30  w e i g h t   p e r c e n t .  



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

c a u s i n g   t he   p a p e r - w e a k e n i n g   l i q u i d   to  be  s u p p l i e d   in  t h e  

fo rm  of  a  f i n e   l i n e   f rom  a  l i q u i d   s u p p l y   means   o n t o   t he   p a p e r ,  

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

t he   p a p e r   in  t he   d i r e c t i o n   of  i t s   t h i c k n e s s ,   and  c o n s e q u e n t l y  

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

the   f i n e   l i n e .  

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

p l a t e   w h i c h   has   an  e l o n g a t e d   l i q u i d   f e e d   edge   of  a  h a r d  

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

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

ing  t he   l i q u i d   f e e d   edge   of  t he   l i n e - p r i n t i n g   p l a t e   a g a i n s t  

t he   p a p e r   a l o n g   t he   l i n e   and  t r a n s f e r r i n g   the   l i q u i d   in  a  

s t r a i g h t   l i n e   f rom  t h e   l i q u i d   f e e d   edge   to  t he   p a p e r   s u r f a c e .  

The  s e c o n d   e m b o d i m e n t   makes   u s e   of  a  p a p e r - i n c i s i n g   pen  w h i c h  

has   a  w r i t i n g   p o i n t   c o m m u n i c a t e   w i t h   t h e   p a p e r - w e a k e n i n g  

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

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

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

b u n d l e s   or  n o n - w o v e n   f a b r i c   and  b o r d e r i n g   on  t he   l i q u i d   a n d  

e f f e c t s   t he   m a n u f a c t u r e   of  t he   p a p e r   by  s l i d i n g   the   p a p e r -  

i n c i s i n g   pen  on  the   p a p e r   a l o n g   the   l i n e   and  c a u s i n g   t h e  

p a p e r - w e a k e n i n g   l i q u i d   to  be  t r a n s f e r r e d   o n t o   t he   p a p e r  
s u r f a c e   and  p e n e t r a t e d   i n t o   t he   p a p e r   a l o n g   t he   l i n e .  

In  t he   p a p e r   c o n t a i n i n g   the   f i n e   w e a k e n e d   t e a r   l i n e   o b t a i n e d  

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

p l a t e   or  t he   p a p e r - i n c i s i n g   p e n ,   t he   p o r t i o n   o f  t h e   p a p e r  
w h i c h   f a l l s   in  t he   f i n e   l i n e   has   a  w e a k e n e d   f i b e r   s t r u c t u r e .  

By  e x e r t i o n   of  weak  f o r c e ,   t h e r e f o r e ,   t h e   p a p e r   can  be  t o r n  

f r e e l y   a l o n g   t h e   l i n e   f o r m e d   by  means   of  t h e   l i n e - p r i n t i n g  

p l a t e   or  t he   p a p e r - i n c i s i n g   p e n .  



FIG.   1  i s   a  g r a p h   f o r   i l l u s t r a t i n g   t h e   e a s e   w i t h   w h i c h   t h e  

p a p e r   is   t o r n .  

F IG .   2  and  FIG.   3  a r e   c r o s s   s e c t i o n s   of  a  p a p e r   c o n t a i n i n g  

a  w e a k e n e d   t e a r   l i n e .  

FIG.   4  is   an  e n l a r g e d   p h o t o g r a p h   of  a  p a p e r   c o n t a i n i n g   a  

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

FIG.   5  is   an  e n l a r g e d   p h o t o g r a p h   of  t he   c r o s s   s e c t i o n   o f  

t he   p a p e r   of   F IG.   4 .  

FIG.   6  i s   an  e n l a r g e d   p h o t o g r a p h   of  a  p a p e r   c o n t a i n i n g  

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

FIG.   7  and  FIG.   8  a r e   e n l a r g e d   p h o t o g r a p h s   of  t h e   c r o s s  

s e c t i o n s   of  t he   p a p e r   of  F I G .  6 .  

FIG.   9  and  F IG.   10  a r e   e x p l a n a t o r y   d i a g r a m s   i l l u s t r a t i n g  

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

l i n e   a c c o r d i n g   to  t he   p r e s e n t " i n v e n t i o n .  

FIG.   11  and  FIG.   12  a r e   e x p l a n a t o r y   d i a g r a m s   i l l u s t r a t i n g  

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

by  t h e   c o n v e n t i o n a l   m e c h a n i c a l   m e t h o d .  

FIG.   13  and  FIG.   14  a r e   c r o s s   s e c t i o n s   of  t he   l i n e - p r i n t i n g  

p l a t e .  

FIG.   15  is   a  m o d e l   d i a g r a m   i l l u s t r a t i n g   one  p r o c e s s   f o r  

t he   f o r m a t i o n   of  t he   f i n e   w e a k e n e d   t e a r   l i n e   a c c o r d i n g   to   t h e  

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

FIG.   16  i s   an  e n l a r g e d   m o d e l   d i a g r a m   t a k e n   a l o n g   the   d o t t e d  



l i n e   i n d i c a t e d   in  FIG.   1 5 .  

FIG.   17  is  a  mode l   d i a g r a m   i l l u s t r a t i n g   the   o t h e r   p r o c e s s  

f o r   t he   f o r m a t i o n   of  t he   f i n e   w e a k e n e d   t e a r   l i n e   a c c o r d i n g  

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

FIG.   18  is  a  l o n g i t u d i n a l   c r o s s   s e c t i o n   of  a  t y p i c a l   p a p e r -  

i n c i s i n g   pen  a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n .  

FIG.   19  is   a  p a r t i a l l y   c u t - a w a y   l o n g i t u d i n a l   c r o s s   s e c t i o n  

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

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

FIG.   20  is   a  l o n g i t u d i n a l   c r o s s   s e c t i o n   of  y e t   a n o t h e r  

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

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

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

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

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

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

a l o n g   t h e   f i n e   l i n e ,   w h e r e b y   t he   p a p e r   w i l l   be  e a s i l y   t o r n  

a l o n g   t h e   f i n e   l i n e   and  to  a  m e t h o d   f o r   t he   m a n u f a c t u r e   o f  

t he   p a p e r .  

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

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

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

p o s s e s s   t e a r   l i n e s .  

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

by  some  m e c h a n i c a l   m e t h o d   u s i n g   a  s u i t a b l e   c u t t i n g   b l a d e ,  

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

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

f a l l i n g   in  t he   f i n e   l i n e s   w i t h   t he   l i q u i d   c o n t a i n i n g   a  



c e l l u l o s e - d e g r a d i n g   a g e n t   such   as  s u l f u r i c   a c i d .   When  

n e c e s s a r y ,   t h e r e f o r e ,  t h e s e   p a p e r s   can  be  e a s i l y   t o r n   a l o n g  
t h e   f i n e   l i n e   w i t h   weak  f o r c e .  

The  e x p r e s s i o n   " f i n e   w e a k e n e d   t e a r   l i n e "   as  u s e d   in  t h e  

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

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

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

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

p a p e r   w i l l   be  e a s i l y   t o r n   a l o n g   t h e   f i n e   l i n e   w i t h   weak  f o r c e .  

7 
G e n e r a l l y ,   p a p e r   i s   a  s h e e t   of  e n t a n g l e d   f i b e r s   w i t h   a  

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

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

f i b e r s ,   and  t h e   c o n d i t i o n   of  e n t a n g l e m e n t   of  f i b e r s .   F o r  

t he   p a p e r   to  be  t o r n   n e a t l y   a l o n g   a  f i n e   l i n e ,   t he   s t r e n g t h  
of  t h e   p o r t i o n   of  p a p e r   f a l l i n g   in  t he   f i n e   l i n e   mus t   b e  

w e a k e r   t h a n   t h a t   of  a l l   t he   o t h e r   p o r t i o n s   of  p a p e r .   T h e  

w e a k e n i n g   of  t he   p a p e r   a l o n g   t he   f i n e   l i n e   has   h e r e t o f o r e  

been   a c c o m p l i s h e d   by  p i e r c i n g   a  row  of  h o l e s   ( p e r f o r a t i o n s )  

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

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

ing  t he   p o r t i o n   of  c e l l u l o s e   of  p a p e r   f a l l i n g   in  t he   f i n e  

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

G e n e r a l l y ,   when  p a p e r   is   w e t t e d   w i t h   w a t e r   or  some  o t h e r  

l i q u i d ,   t he   t e x t u r e   of  p a p e r   s w e l l s   and  t he   f i b e r s   a r e  
r e l e a s e d   f rom  t h e i r   e n t a n g l e m e n t .   T h u s ,   in  i t s   wet   s t a t e ,  
t he   p a p e r   is   t o r n   w i t h   f e e b l e   s t r e n g t h .   When  t he   wet  p a p e r  
d r i e s ,   i t   r e g a i n s   i t s   s t r e n g t h .   In  c o n n e c t i o n   w i t h   t h i s  

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



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

d e g r a d i n g   c h e m i c a l   a g e n t   and  w a t e r   w i l l   be  d e s c r i b e d   w i t h  

r e f e r e n c e   to  FIG.   1.  FIG.  1  is   an  e x p l a n a t o r y   d i a g r a m  

i l l u s t r a t i n g   t he   t i m e - c o u r s e   c h a n g e   of  t he   e a s e   w i t h   w h i c h  

t he   t r e a t e d   p a p e r   i s   t o r n .   The  c u r v e   A  r e p r e s e n t s   t he   e f f e c t  

of  t h e   p h y s i c a l   f o r c e   e x e r t e d   on  the   p a p e r   by  t he   w r i t i n g  

p o i n t   such   as  of  a  pen  or  t he   edge   such   as  of  a  p r i n t i n g  

p l a t e ,   t he   c u r v e   B  t he   e f f e c t   of  w a t e r   c a u s e d   to  s e e p   t h r o u g h  

t he   p a p e r ,   and  t he   c u r v e   C  t he   e f f e c t   of  a  c e l l u l o s e - d e g r a d i n g  

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

Now,  t he   e a s e   w i t h   w h i c h   t he   p a p e r   is   t o r n   a l o n g   the   f i n e  

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

a g e n t   and  w a t e r   w i l l   be  d e s c r i b e d   in  d e t a i l   b e l o w .   The  c h a n g e  

of  t he   e a s e   w i t h   w h i c h   t h e   p a p e r   w e t t e d   w i t h   w a t e r   is   t o r n   i s  

r e p r e s e n t e d   by  the   c u r v e   B.  I m m e d i a t e l y   a f t e r   i n c i s i o n   of  a  

l i n e ,   t he   p a p e r   in  w a t e r   is   q u i c k l y   s w e l l e d   and  w e a k e n e d  

e n o u g h   to  be  e a s i l y   t o r n .   Wi th   e l a p s e   of  t i m e ,   t he   wet  p a p e r  
d r i e s   w i t h   l o s s   of  i t s   m o i s t u r e   c o n t e n t   and  r e t a i n s   i t s  

o r i g i n a l   s t r e n g t h .   A f t e r   t he   p a p e r   has   d r i e d   up,  t h e   e f f e c t  

of  the   c u r v e   A  b r o u g h t   a b o u t   by  t he   p h y s i c a l   f o r c e   of  t h e  

p r e s s u r e   of  t he   w r i t i n g   p o i n t   or  t he   p r i n t i n g   p l a t e   w i l l  

r e m a i n .   The  e a s e   w i t h   w h i c h   the   p a p e r   w e a k e n e d   w i t h   t h e  

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

C.  A l t h o u g h   no  e f f e c t   of  t h i s   a g e n t   is   d i s c e r n i b l e   i m m e d i a t e -  

ly  a f t e r   t h e   a p p l i c a t i o n   of  t he   a g e n t   by  the   w r i t i n g   p o i n t ,  

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

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

t i m e .   T h u s ,   t he   e a s e   w i t h   w h i c h   the   p a p e r   t r e a t e d   w i t h   t h e  

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

t he   e f f e c t   of  t he   c e l l u l o s e - d e g r a d i n g   a g e n t   is   m a n i f e s t e d  

s l o w l y .  

When  a  l i n e   is   i n s c r i b e d   in  t he   p a p e r   w i t h   a  l i q u i d   c o n t a i n i n g  



a  c e l l u l o s e - d e g r a d i n g   a g e n t  a n d  w a t e r ,   t he   e a s i n e s s   of  t e a r -  

ing  by  t he   c o m b i n e d   e f f e c t   of  t he   w a t e r   and  the   n o t c h   (A  +  B) 

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

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

c e l l u l o s e - d e g r a d i n g   a g e n t ,   and  t he   n o t c h   (A  +  B  +  C)  a p p e a r s  
a t   t h e   p o i n t   M  a f t e r   e l a p s e   of  t i m e ,   and  t h e   e a s i n e s s   o f  

t e a r i n g   by  the   c e l l u l o s e - d e g r a d i n g   a g e n t   and  t he   n o t c h   (C  +  A) 

a p p e a r s   a t   t he   p o i n t   L  a f t e r   l o s s   of  t he   m o i s t u r e .   T h u s ,  

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

c o n s t a n t   e a s i n e s s   of  t e a r i n g   a l o n g   the   c o u r s e   of  t i m e   b e c a u s e  

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

of  t he   q u i c k   e f f e c t   of  t he   w a t e r   and  t he   s l ow   e f f e c t   of  t h e  

c e l l u l o s e - d e g r a d i n g   a g e n t .   P a r t i c u l a r l y ,   t he   e x c e l l e n c e   i n  

i t s   s l ow   m a n i f e s t a t i o n   of  t he   e f f e c t   c o n s t i t u t e s   one  of  t h e  

s a l i e n t   c h a r a c t e r i s t i c s   of  t he   p r e s e n t   i n v e n t i o n .  

The  p h e n o m e n o n   t h a t   t he   t e x t u r e   of  p a p e r   is   g e n e r a l l y  

w e a k e n e d   by  w a t e r   and  by  c h e m i c a l   s u b s t a n c e s   is   w i d e l y   k n o w n  

to  t h e   a r t .   The  p r e s e n t   i n v e n t i o n   o r i g i n a t e d   in  t he   e f f o r t  

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

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

m a t t e r   of  u t i l i t y .   The  p r e s e n t   i n v e n t i o n ,   t h e r e f o r e ,   i s  

c h a r a c t e r i z e d   by  p r o v i d i n g   a  p a p e r   c o n t a i n i n g   a  f i n e   w e a k e n e d  

t e a r   l i n e   f o r m e d   as  n o v e l   means   of  t e a r i n g   by  c h e m i c a l l y  

d e g r a d i n g   t he   p o r t i o n   of  t e x t u r e   of  p a p e r   f a l l i n g   in  t he   f i n e  

l i n e .  

V a r i o u s   r e a c t i o n s   a r e   a v a i l a b l e   f o r   d e g r a d i n g   or  e m b r i t t l i n g  

f i b e r s   in  p a p e r .   E x a m p l e s   a r e   h y d r o l y s i s ,   o x i d a t i o n ,   e s t e r -  

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

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

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

o n   t h e   c e l l u l o s e   of  t he   p a p e r .   In  t he   p r e s e n t   i n v e n t i o n ,  

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



c o l l e c t i v e l y   as  " c e l l u l o s e - d e g r a d i n g   a g e n t s . "  

C o n c r e t e   e x a m p l e s   of  c e l l u l o s e - d e g r a d i n g   a g e n t s   i n c l u d e  

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

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

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

s u l f u r i c   a c i d ,   p e r i o d i c   a c i d ,   and  s a l t s   t h e r e o f .   P r e f e r r e d  

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

c a l c i u m   c h l o r a t e .  

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

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

n i t r i c   a c i d ,   o r g a n i c   a c i d s   such   as  f o r m i c   a c i d   and  p e r a c e t i c  

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

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

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

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

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

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

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

as  z i n c   o x i d e   or  t i t a n i u m   o x i d e   to  t he   p a p e r .  

When  the   p r i n t i n g   t e c h n i q u e   i s   u t i l i z e d ,   t he   d e g r a d a t i o n   o f  

p a p e r   i s   l i m i t e d   to  t h e   mere   a p p l i c a t i o n   of  an  e s t e r i f y i n g  

a g e n t   or  o x i d i z i n g   a g e n t .   O p t i o n a l l y ,   t he   p o r t i o n   of  t h e  

p a p e r   a f f e c t e d   by  the   r e a c t i o n   may  be  d i s s o l v e d   a f t e r w a r d   b y  

use   of  a  s o l v e n t .  

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

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

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

some  of  t he   a f o r e m e n t i o n e d   r e a c t i o n s   in  c o m b i n a t i o n .   Among 
o t h e r   a c i d s ,   s u l f u r i c   a c i d   p r o v e s   to  be  p a r t i c u l a r l y  



d e s i r a b l e .   When  t he   d e g r a d a t i o n   of  c e l l u l o s e   i s   e f f e c t e d   b y  

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

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

in  a  c o m p l i c a t e d   m a n n e r .   Even  when  t he   a m o u n t   of  s u l f u r i c  

a c i d   a p p l i e d   i s   l i m i t e d   to  a  v e r y   s m a l l   l e v e l ,   f r e e   s u l f u r i c  

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

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

a d j o i n i n g   p o r t i o n   of  c e l l u l o s e   to  be  w e a k e n e d .   In  t h i s  

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

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

When  such   a  c e l l u l o s e - d e g r a d i n g   a g e n t   is   a p p l i e d   in  a  s m a l l  

a m o u n t   by  the   i n s c r i b i n g   or  p r i n t i n g   t e c h n i q u e ,   i t   m a n i f e s t s  

i t s   e f f e c t   s l o w l y .   I m m e d i a t e l y   a f t e r   t he   a p p l i c a t i o n   by  s u c h  

t e c h n i q u e ,   t he   a g e n t   has   v i r t u a l l y   no  e f f e c t   on  the   p a p e r .  
W i t h   e l a p s e   of  t i m e ,   t he   a g e n t   b e g i n s   to  s e v e r   c h e m i c a l l y   t h e  

f i b e r s   of  p a p e r   in  much  t he   same  way  as  t h e   f i b e r s   a r e  

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

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

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

c a n n o t   be  f i x e d   s p e c i f i c a l l y   b e c a u s e   i t   is  a f f e c t e d   b y  

v a r i o u s   f a c t o r s   such   as  t h e   m e t h o d   of  a p p l i c a t i o n   ( i n s c r i p -  

t i o n   or  p r i n t i n g ) ,   t he   number   of  l i n e s ,   t he   d e p t h   of  i n c i s i o n ,  

the   q u a l i t y   of  p a p e r ,   and  t he   t h i c k n e s s   of  p a p e r .   G e n e r a l l y ,  

h o w e v e r ,   t h i s   c o n c e n t r a t i o n   i s   in  t he   r a n g e   of  a b o u t   1  to  30 

w e i g h t   p e r c e n t .  

In  a l l   t he   c e l l u l o s e - d e g r a d i n g   a g e n t s   a v a i l a b l e ,   s u l f u r i c  

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

the   e f f e c t i v e   c o n c e n t r a t i o n   is  in  t h e   r a n g e   of  a b o u t   0 .1   t o  

30  w e i g h t   p e r c e n t ,   p r e f e r a b l y   1  to  10  w e i g h t   p e r c e n t .   I f   t h e  

c o n c e n t r a t i o n   is   l e s s   t h a n   0 .1   w e i g h t   p e r c e n t ,   t he   e f f e c t   o f  

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



of  p a p e r .   I f   t he   c o n c e n t r a t i o n   e x c e e d s   30  w e i g h t   p e r c e n t ,  

t he   c o r r o s i o n   of  m a c h i n e   and  a p p a r a t u s   by  t he   c h e m i c a l  

r e a c t i o n   is  so  v i o l e n t   as  to  j e o p a r d i z e   t h e   h e a l t h   of  h u m a n  

b e i n g s .   P a r t i c u l a r l y   when  t h e   a g e n t   i s   a p p l i e d   by  means   o f  

the   p e n ,   t he   c o n c e n t r a t i o n   is  d e s i r e d   to  be  l o w e r   t h a n   10 

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

The  p a p e r - w e a k e n i n g   l i q u i d   may  be  an  a q u e o u s   s o l u t i o n   w h i c h  

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

w a t e r .   T h i s   l i q u i d   is   d e s i r e d   to  c o n t a i n   a d d i t i o n a l l y   a t  

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

d y e s t u f f s ,   p i g m e n t s ,   t a c k i f i e r s ,   and  w e t t i n g   a g e n t s .   T h e  

t a c k i f i e r   s e r v e s   to  r e t a r d   t he   i n f u s i o n   of  t he   l i q u i d   i n t o  

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

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

P a r t i c u l a r l y ,   when  the   l i q u i d   is   a p p l i e d   by  t he   c o n v e n t i o n a l  

p r i n t i n g   t e c h n i q u e ,   t he   l i q u i d   is   d e s i r e d   to  p o s s e s s   v i s c o s i t y  

a p p r o x i m a t i n g   t he   v i s c o s i t y   of  t he   p r i n t i n g   ink  a d o p t e d   f o r  

the   c o n v e n t i o n a l   t e c h n i q u e .   To  a c q u i r e   t he   r e q u i r e d   v i s c o s i -  

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

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

g l y c o l a t e ,   and  m e t h y l   c e l l u l o s e .   When  the   l i q u i d   is  p r e p a r e d  

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

as  g l y c e r i n e   or  e t h y l e n e   g l y c o l ,   t he   w e a k e n i n g   of  p a p e r  

p r o c e e d s   g r a d u a l l y   and  the   work  of  p a p e r   r e w i n d i n g   is  n o t  

a f f e c t e d   a d v e r s e l y .   O p t i o n a l l y ,   an  a c i d   s o l u t i o n   may  b e  

s u s p e n d e d   as  a  w a t e r - i n - o i l   t y p e   e m u l s i o n   in  an  o r d i n a r y   s t a n d  

o i l   or  p r i n t i n g   v a r n i s h   w i t h   t he   a i d   of  a  s u r f a c t a n t .  

When  t he   p a p e r - w e a k e n i n g   l i q u i d   is  p r i n t e d   in  a  f i n e   l i n e   o n  

the   p a p e r ,   an  a c i d p r o o f   c o l o r i n g   m a t t e r   or  p i g m e n t   i n c o r p o -  
r a t e d   in  a d v a n c e   in  t he   l i q u i d   e n a b l e s   t he   p r i n t e d   l i n e   t o  

become  c o n s p i c u o u s   and  f a c i l i t a t e s   t h e   l o c a t i o n   of  the   l i n e .  



In  t he   p a p e r   of   t h i s   i n v e n t i o n   c o n t a i n i n g   t h e   f i n e   w e a k e n e d  

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

f i n e   l i n e   has   been   c h e m i c a l l y   d e g r a d e d .   S i n c e   the   d e g r a d e d  

f i b e r s   of  p a p e r   s t i l l   r e t a i n   t he   o r i g i n a l   e n t a n g l e d  

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

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

Now,  the   c r o s s - s e c t i o n a l   s t r u c t u r e   of  t he   p a p e r   c o n t a i n i n g  

the   f i n e   w e a k e n e d   t e a r   l i n e   p r o v i d e d   by  the   p r e s e n t   i n v e n t i o n  

w i l l   be  d e s c r i b e d   w i t h   r e f e r e n c e   to  FIG.  2  and  FIG.  3.  F I G .  

2  is   an  e x p l a n a t o r y   d i a g r a m   i l l u s t r a t i n g   a  p a p e r   1  on  w h i c h  

a  f i n e   w e a k e n e d   t e a r   l i n e   6  i s  a p p l i e d   to  one  s i d e   of  t h e  

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

to  t he   s u r f a c e .   I t   is   n o t e d   f rom  t he   d i a g r a m   t h a t   t h e  p a p e r -  

w e a k e n i n g   l i q u i d   has   p e n e t r a t e d   t h r o u g h   t he   p a p e r   s u r f a c e   t o  

p r o d u c e   a  p o r t i o n   2  of  h e a v i l y   d e g r a d e d   c e l l u l o s e   and  a  

p o r t i o n   3  of  f e e b l y   d e g r a d e d   c e l l u l o s e   e n c i r c l i n g   the   f o r m e r  

p o r t i o n   2,  w i t h   a  p o r t i o n   4  of  u n d e g r a d e d   c e l l u l o s e   r e m a i n i n g  

on  t h e   o p p o s i t e   s i d e   of  t he   p a p e r .   G e n e r a l l y ,   t he   p o r t i o n   3 

of  f e e b l y   d e g r a d e d   c e l l u l o s e   is   d i s t r i b u t e d   in  a  s e m i c i r c u l a r  

r e g i o n   s u r r o u n d i n g   t he   p o r t i o n   2  of  s t r o n g l y   d e g r a d e d   c e l l u -  

l o s e .   FIG.   3  i s   an  e x p l a n a t o r y   d i a g r a m   i l l u s t r a t i n g   a  p a p e r  

on  w h i c h   a  f i n e   w e a k e n e d   t e a r   l i n e   6  is   a p p l i e d   to  one  s i d e  

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

5  to  t he   s u r f a c e .  

G e n e r a l l y ,   when  t h e   p r e s s u r e   u s e d   in  t he   a p p l i c a t i o n   of  t h e  

l i q u i d   to  t he   p a p e r   i s   h i g h   e n o u g h   to  i m p a r t   n o t c h   5  to  t h e  

p a p e r ,   t he   p a p e r - w e a k e n i n g   l i q u i d   p a s s e s   p r e f e r e n t i a l l y   i n  

t he   d i r e c t i o n   of  t he   t h i c k n e s s   of  p a p e r   to  t he   a r e a   of  p a p e r  
and  p r o d u c e s   a  w e a k e n e d   t e a r   l i n e   h a v i n g   a  s m a l l e r   w i d t h   a n d  

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

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



s t r a i g h t ,   b e n t ,   or  c u r v e d   l i n e .   O t h e r w i s e ,   i t   may  be  f o r m e d  

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

of  d o t s ,   d a s h e s ,   or  a l t e r n a t i n g   d o t s   and  d a s h e s .   The  f i n e  

w e a k e n e d   t e a r   l i n e   in  t he   p a p e r   of  t h i s   i n v e n t i o n   is   d e s i r e d  

to  be  f o r m e d   w i t h   a  c o l o r e d   l i q u i d   so  as  to  f a c i l i t a t e   t h e  

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

l i n e   may  be  a c c o m p l i s h e d   by  t he   m e t h o d   w h i c h   c o n s i s t s   i n  

a p p l y i n g   to  t he   p a p e r   a  p a p e r - w e a k e n i n g   l i q u i d   c o n t a i n i n g  

e i t h e r   a  d y e s t u f f   or  p i g m e n t   f rom  t he   b e g i n n i n g   t h e r e i n   o r  

t h e   m e t h o d   w h i c h   c o n s i s t s   in  h a v i n g   the   p o s i t i o n   of  t he   t e a r  

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

the   p a p e r - w e a k e n i n g   l i q u i d   is  a p p l i e d   to  t he   p a p e r .  

Now,  t he   e f f e c t   of  p a p e r   t e a r i n g   by  t he   f i n e   w e a k e n e d   t e a r  

l i n e   is   c o m p a r e d   w i t h   t h a t   of  the   c o n v e n t i o n a l   t e a r   l i n e  

f o r m e d   of  p e r f o r a t i o n s .   FIG.  4 '  i s   an  e n l a r g e d   p h o t o g r a p h   o f  

a  p a p e r   h a v i n g   a  f i n e   w e a k e n e d   t e a r   l i n e   6  f o r m e d   t h e r e o n .  

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

is   t o r n ,   t he   t e a r i n g   can  be  made  w i t h   t he   t o r n   e d g e s   o f  

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

w i t h o u t   d e v i a t i n g   f rom  t h i s   l i n e   as  i l l u s t r a t e d   in  t i l e  

e n l a r g e d   p h o t o g r a p h   of  FIG.   5.  The  e x p r e s s i o n   " d e v i a t i o n  

f rom  t he   t e a r   l i n e "   as  u s e d   in  t he   p r e s e n t   i n v e n t i o n   s h a l l  

mean  t he   s i t u a t i o n   t h a t   d e s p i t e   an  e f f o r t   to  t e a r   t he   p a p e r  

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

t he   t e a r   l i n e .  

FIG.   6  is   an  e n l a r g e d   p h o t o g r a p h   of  a  p a p e r   w h e r e i n   a  

w e a k e n e d   t e a r   l i n e   is   f o r m e d   by  the   i n s e r t i o n   of  p e r f o -  

r a t i o n s   by  t he   c o n v e n t i o n a l   m e c h a n i c a l   t e c h n i q u e .   The  s l i t  

a t   t he   c e n t e r   r e p r e s e n t s   t he   p o s i t i o n   a t   w h i c h   t he   p a p e r   i s  

t o r n .   When  t h i s   p a p e r   is  t o r n   a t t e n t i v e l y   w i t h   a  c r e a s e  

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

t e a r i n g   can  be  made  w i t h   r i d g e s   and  g r o o v e s   o c c u r r i n g  



a l t e r n a t e l y   on  t he   t o r n   e d g e s   of  p a p e r   as  i l l u s t r a t e d   in  t h e  

e n l a r g e d   p h o t o g r a p h   of  FIG.   7.  I f   t he   p a p e r   is  t o r n   w i t h o u t  

due  a t t e n t i o n ,   a  d e v i a t i o n   f rom  t he   t e a r   l i n e   may  s t a r t   i n  

one  u n w e a k e n e d   p o r t i o n   b e t w e e n   one  w e a k e n e d   p o i n t   ( p e r f o -  

r a t i o n )   and  t h e   i m m e d i a t e l y   a d j a c e n t   w e a k e n e d   p o i n t   ( p e r f o -  

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

to  t he   d i r e c t i o n   of  t he   t e a r   l i n e   as  i l l u s t r a t e d   in  t h e  

e n l a r g e d   p h o t o g r a p h   of  FIG.   8.  T h u s ,   t he   d e s i r e d   t e a r i n g   o f  

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

t he   t o r n   e d g e s   of  p a p e r   run   a t   r a n d o m .  

FIG.   9  and  FIG.   ]0  a r e   e x p l a n a t o r y   d i a g r a m s   i l l u s t r a t i n g   how 

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

f i n e   w e a k e n e d   t e a r   l i n e   6  of  t h i s   i n v e n t i o n   a p p e a r   a f t e r   t h e y  

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

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

t h a t   t h e   p a p e r s   a r e   b o t h   t o r n . n e a t l y   a l o n g   the   w e a k e n e d   t e a r  

l i n e s .  

FIG.   11  and  FIG.   12  a r e   e x p l a n a t o r y   d i a g r a m s   i l l u s t r a t i n g   how 

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

t e a r   l i n e   7  f o r m e d   of  p e r f o r a t i o n s   by  t he   c o n v e n t i o n a l  

m e c h a n i c a l   t e c h n i q u e   a p p e a r   a f t e r   t h e y   have   been   t o r n   w i t h  

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

p a p e r s   a l o n g   t h e   p e r f o r a t i o n s .   I t   i s   n o t e d   t h a t   t he   f r o n t s  

of  t e a r   d e v i a t e   f rom  t h e   d i r e c t i o n s   of  p e r f o r a t i o n s   and  r u n  

in  r a n d o m   d i r e c t i o n s   to  i n v o l v e   " d e v i a t i o n   9 . "   For   t h e  

p a p e r s   to  be  t o r n   n e a t l y   a l o n g   t he   t e a r   l i n e s   of  p e r f o r a t i o n s ,  

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

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

a l o n g   t he   t e a r   l i n e s .   B e s i d e s ,   t he   t o r n   e d g e s   of  p a p e r s   a r e  

no t   s h a r p   b e c a u s e   t h e y   i n e v i t a b l y   c o n t a i n   r i d g e s   and  g r o o v e s  
8  a l t e r n a t e l y .   P a r t i c u l a r l y   in  t he   c a s e   of  t h e   p a p e r   w h i c h  

c o n t a i n s   t he   c u r v e d   t e a r   l i n e   of  p e r f o r a t i o n s   as  i l l u s t r a t e d  

in  FIG.   12,  t he   f r o n t   of  t e a r   t e n d s   to  run  in  a  r a n d o m  



d i r e c t i o n   and  i n v o l v e   t h e   p h e n o m e n o n   of  " d e v i a t i o n   9 ."   T h u s ,  

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

The  f i n e   w e a k e n e d   t e a r   l i n e   c o n t e m p l a t e d   by  the   p r e s e n t  

i n v e n t i o n   is   f o r m e d   by  o n l y   w e a k e n i n g   t he   l i m i t e d   p o r t i o n   o f  

t he   t e x t u r e   of  p a p e r   e x c l u s i v e l y   in  t he   d i r e c t i o n   of  t h i c k -  

n e s s .   No  c o m p l e t e l y   s e v e r e d   p o r t i o n   o c c u r s   a n y w h e r e   in  t h e  

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

i n v e n t i o n   i t   is   made  p o s s i b l e   to  e f f e c t   t he   h e r e t o f o r e   u n -  

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

t e x t u r e   of  p a p e r   t h r o u g h o u t   t he   e n t i r e   l e n g t h   of  t he   t e a r  

l i n e .   C o n s e q u e n t l y ,   t he   o t h e r w i s e   p o s s i b l e   o c c u r r e n c e   o f  

t he   d e v i a t i o n   of  t h e   f r o n t   of  t e a r   f rom  t he   t e a r   l i n e   w h i c h  

is   a s c r i b a b l e   to  t he   i n t e r p o s i t i o n   of  a b s o l u t e l y   u n w e a k e n e d  

p o r t i o n s   can  be  p r e c l u d e d .   O p t i o n a l l y ,   t he   p o r t i o n s   to  w h i c h  

t he   p a p e r - w e a k e n i n g   l i q u i d   is   a p p l i e d   and  the   p o r t i o n s   t o  

w h i c h   t he   l i q u i d   is   n o t   a p p l i e d   may  be  a r r a n g e d   a l t e r n a t e l y  

a f t e r   t he   p a t t e r n   of  a  d o t t e d   l i n e   to  p r o d u c e   a  t e a r   l i n e  

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

Even  in  a  p a p e r   w h i c h   is  c o a t e d   w i t h   a  r e s i n   l a y e r ,   t he   f i n e  

w e a k e n e d   t e a r   l i n e   c o n t e m p l a t e d   by  the   p r e s e n t   i n v e n t i o n   c a n  

be  f o r m e d   by  f i r s t   b r e a k i n g   t he   r e s i n   l a y e r   u n d e r   t he   p r e s s u r e  
e x e r t e d   by  t he   l i n e - p r i n t i n g   p l a t e   or  p a p e r - i n c i s i n g   pen  a n d  

s u b s e q u e n t l y   a p p l y i n g   t he   p a p e r - w e a k e n i n g   l i q u i d   in  t he   f o r m  

of  a  f i n e   l i n e   to  t he   p a p e r   and  a l l o w i n g   t he   l i q u i d   to  s e e p  
t h r o u g h   the   p o r t i o n   of  f i b e r s   of  p a p e r   f a l l i n g   in  t he   f i n e  

l i n e .  

When  t he   c o n v e n t i o n a l   t e a r   l i n e   of  p e r f o r a t i o n s   is  f o r m e d   i n  

a  p a p e r   of  p a r t i c u l a r l y   l a r g e   t h i c k n e s s   or  h i g h   s t r e n g t h ,  

t he   p o r t i o n s   of  p a p e r   i n t e r v e n i n g   b e t w e e n   t he   p e r f o r a t i o n s  

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

non  of  " d e v i a t i o n   of  t he   f r o n t   of  t e a r   f rom  t h e   t e a r   l i n e . "  



A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   t he   f i n e   w e a k e n e d   t e a r  

l i n e s ,   s t r a i g h t   or  o t h e r w i s e ,   to  be  f o r m e d   in  p a p e r s   of  h i g h  

s t r e n g t h   or  l a r g e   t h i c k n e s s   can  be  a d j u s t e d   so  as  to  e n s u r e  

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

c o n c e n t r a t i o n   of  t he   p a p e r - w e a k e n i n g   l i q u i d ,   t he   f e e d   v o l u m e  

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

The  m e t h o d   of  t h i s  i n v e n t i o n ,   t h e r e f o r e ,   s u i t s   t he   f o r m a t i o n  

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

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

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

When  t h e   p a p e r - w e a k e n i n g   l i q u i d   has   s e e p e d   i n t o   t he   w a t e r ,  

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

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

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

of  c e l l u l o s e ,   and  t he   w a t e r   in  t h e   l i q u i d   p a s s e s   o u t   t h r o u g h  

v a p o r i z a t i o n .   T h u s ,   t he   w e a k e n e d   p o r t i o n   of  p a p e r   no  l o n g e r  

has   any  s u l f u r i c   a c i d   to  l i b e r a t e .  

The  p a p e r   of  t h i s   i n v e n t i o n   in  w h i c h   t h e   f i n e   w e a k e n e d   t e a r  

l i n e   has   been   f o r m e d   as  d e s c r i b e d   a b o v e  i s   a  n o v e l   p a p e r .  

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

t h i s   i n v e n t i o n   can  t a k e   t h e   p l a c e   of  t h e   c o n v e n t i o n a l   p a p e r s  

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

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

and  p a p e r   p a t t e r n s .  

The  p r e s e n t   i n v e n t i o n   has   t he   f o l l o w i n g   e f f e c t s   to  o f f e r :  

1)  By  means   of  t he   l i n e - p r i n t i n g   p l a t e   or  t he   p a p e r - i n c i s i n g  

p e n ,   t h i s   i n v e n t i o n   e n a b l e s   t h e   p a p e r - w e a k e n i n g   l i q u i d   t o  

be  a p p l i e d   to  t he   p a p e r   in  a  f i x e d   s h a p e   or  in  any  d e s i r e d  

s h a p e .   C o n s e q u e n t l y ,   t e a r   l i n e s   can  be  f o r m e d   in  p o r t i o n s  

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

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



c u t t e r s .  

2)  U n l i k e   t he   c o n v e n t i o n a l   m e c h a n i c a l   m e t h o d ,   t h i s   i n v e n t i o n  

f o r m s   t h e   t e a r   l i n e s   by  a  c h e m i c a l   t r e a t m e n t .   Even  w h e n  

t he   p a p e r - w e a k e n i n g   l i q u i d   p a s s e s   t h r o u g h   the   p a p e r   a n d  

r e a c h e s   t he   r e a r   s i d e   of  t he   p a p e r ,   p a r t   of  t he   t e x t u r e  

of   p a p e r   w e t t e d   by  t he   l i q u i d   r e m a i n s   i n c o m p l e t e l y  

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

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

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

n e a t l y  t o r n   w i t h   f e e b l e   s t r e n g t h   when  n e c e s s a r y .  
3)  When  t h e  p a p e r - w e a k e n i n g   l i q u i d   i s   a p p l i e d   to  t he   p a p e r  

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

f a l l i n g   in  t he   f i n e   l i n e   m a n i f e s t s   t he   t e a r i n g   e f f e c t   o f  

w a t e r ,  i m m e d i a t e l y   a f t e r   the   a p p l i c a t i o n   of  t he   l i q u i d .  

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

of  p a p e r   in  t h a t   p o r t i o n   is  d e g r a d e d   c h e m i c a l l y   by  t h e  

c e l l u l o s e - d e g r a d i n g   a g e n t   c o n t a i n e d   in  t he   l i q u i d ,   w i t h  

e l a p s e   of  t i m e ,   t h e r e f o r e ,   t he   s t r e n g t h   of  p a p e r   i s  

g r a d u a l l y   l o w e r e d   to  p e r m i t   r e a d y   t e a r i n g   of  the   p a p e r  

a l o n g   the   t e a r   l i n e .   The  p a p e r   of  t h i s   i n v e n t i o n .  

a c c o r d i n g l y ,   has   t he   m e r i t   of  s low  m a n i f e s t a t i o n   of  t h e  

p a p e r - w e a k e n i n g   e f f e c t .  

4)  S i n c e   t h i s   i n v e n t i o n   e f f e c t s   t he   d e g r a d a t i o n   of  c e l l u l o s e  

of  p a p e r   c h e m i c a l l y ,   t he   a p p l i c a t i o n   of  t he   p a p e r - w e a k e n -  

ing  l i q u i d   to  t he   p a p e r   can  be  c a r r i e d   o u t   c o n t i n u o u s l y .  

The  f o r m a t i o n   of  t e a r   l i n e s   by  t h i s   i n v e n t i o n ,   t h e r e f o r e ,  

can  be  e f f e c t i v e l y   i n c o r p o r a t e d   as  one  s t e p   in  t h e  

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

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

t r e a t m e n t . L   T h i s   i n v e n t i o n ,   t h u s ,   p r o v e s   h i g h l y   a d v a n -  

t a g e o u s   f rom  the   e c o n o m i c   p o i n t   of  v i e w .  

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



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

p a p e r - w e a k e n i n g   l i q u i d   b e a r s   some  r e s e m b l a n c e   to  t h e  

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

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

w h i c h   has   an  e l o n g a t e d   l i q u i d   f e e d   edge   of  a  h a r d   m a t e r i a l  

t h r u s t   o u t   in  a  s t r a i g h t   l i n e   f rom  t he   p l a t e   and  e f f e c t s   t h e  

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

l i q u i d   f e e d   edge   of  t he   l i n e - p r i n t i n g   p l a t e   a g a i n s t   t he   p a p e r  

a l o n g   t he   l i n e   and  t r a n s f e r r i n g   t he   l i q u i d   in  a  s t r a i g h t   l i n e  

f rom  t h e   l i q u i d   f e e d   edge   to  t he   p a p e r   s u r f a c e .  

As  d e s c r i b e d   a b o v e ,   t he   f o r m a t i o n   of  t he   f i n e   w e a k e n e d   t e a r  

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

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

t e x t u r e   to  p a s s   in  a  f i n e   l i n e   i n t o   t he   p a p e r .   And  t h i s  

o p e r a t i o n   is   i n c o r p o r a t e d   as  one  s t e p   in  t he   p r i n t i n g   p r o c e s s .  
The  o b j e c t s   s o u g h t   by  t he   o r d i n a r y   p r i n t i n g   t e c h n i q u e   a r e  

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

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

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

be  u t i l i z e d   in  i t s   u n m o d i f i e d   f o r m .  

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

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

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

i . e .   t i p s   f o r   s u p p l y   of  p r i n t i n g   i n k ,   w i t h   s o f t ,   s m o o t h  

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

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

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

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

t h i c k n e s s   of  p a p e r   e n o u g h   to  b r e a k   the   s u r f a c e   and  s u b s e -  

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

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



r e a s o n ,   t he   l i n e - p r i n t i n g   p l a t e   has   a  l i q u i d   f e e d   edge   m a d e  

of  a  h a r d   m a t e r i a l   so  as  to  e n h a n c e   t he   m a g n i t u d e   of  p r e s s u r e  

a p p l i e d   to  t h e   p a p e r   s u r f a c e .   F u r t h e r ,   in  t h e   o r d i n a r y  

p r i n t i n g   o p e r a t i o n ,   t he   p r i n t i n g   ink  c o n t a i n i n g   a  l a r g e   p r o -  

p o r t i o n   of  p i g m e n t   or  d y e s t u f f   is  u s e d   in  t he   s m a l l e s t  

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

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

i n k .   In  t he   p r e s e n t   i n v e n t i o n ,   even   when  t h e   p i g m e n t   o r  

d y e s t u f f   is   u s e d ,   i t   is   a t   mos t   e x p e c t e d   to  r e a d i l y   l o c a t e  

t he   f i n e   w e a k e n e d   t e a r   l i n e   f o r m e d   on  the   p a p e r .   What  i s  

r a t h e r   i m p o r t a n t   is   t h a t   t he   p a p e r - w e a k e n i n g   l i q u i d   s h o u l d  

be  t h o r o u g h l y   s e e p e d   t h r o u g h   the   p a p e r   in  t he   d i r e c t i o n   o f  

i t s   t h i c k n e s s .   T h u s ,   t he   a m o u n t   of  t he   p a p e r - w e a k e n i n g  

l i q u i d   to  be  u s e d   pe r   u n i t   a r e a   of  t he   p a p e r   is  f a i r l y   l a r g e  

by  the   s t a n d a r d   of  t he   c o n v e n t i o n a l   p r i n t i n g   o p e r a t i o n .   I n  

t he   l i n e - p r i n t i n g   p l a t e   to  be  u s e d   in  t h i s   i n v e n t i o n   f o r   t h e  

a p p l i c a t i o n   of  t he   l i q u i d   to  t h e   p a p e r ,   t h e r e f o r e ,   the   l i q u i d  

f e e d   edge   has   a  f i n e l y   c o a r s e n e d   s u r f a c e   so  as  to  have   t h e  

l i q u i d   amply   r e t a i n e d   in  t he   r e c e s s e s   of  t he   c o a r s e n e d  

s u r f a c e .   D u r i n g   t h e   t r a n s f e r   of  t he   l i q u i d   to  t he   p a p e r  

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

a  m e c h a n i c a l   damage   to  t he   p a p e r   in  the   d i r e c t i o n   of  i t s  

t h i c k n e s s   and  the   r e c e s s e s   r e l e a s e   the   l i q u i d   i n t o   t h e  

d a m a g e d   p a p e r   s u r f a c e .   C o n s e q u e n t l y ,   t he   l i q u i d   p a s s e s   i n t o  

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

The  l i n e - p r i n t i n g   p l a t e   to  be  u s e d   in  t h i s   i n v e n t i o n   f o r   t h e  

a p p l i c a t i o n   of  t he   l i q u i d   to  t he   p a p e r   is   so  c o n s t r u c t e d  

t h a t   an  e l o n g a t e d   l i q u i d   f e e d   edge   of  a  h a r d   m a t e r i a l   t h r u s t s  

o u t   in  a  s t r a i g h t   l i n e   f rom  t he   p l a t e .   To  be  more  s p e c i f i c ,  

t h i s   l i n e - p r i n t i n g   p l a t e   can  be  f o r m e d   of  any  of  o r d i n a r y  

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

a c r y l   r e s i n ,   and  v i n y l i d e n e   c h l o r i d e   i n v a r i a b l y   of  c o n v e n -  

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



t h e   m a t e r i a l   to  be  s e l e c t e d   h a p p e n s   to   be  s u s c e p t i b l e   to  t h e  

a c t i o n   of  an  a c i d ,   t h e   p l a t e   can  be  p r o t e c t e d   w i t h   an  a c i d -  

p r o o f   c o a t .   The  l i q u i d   f e e d   edge   of  t he   p l a t e   is   made  o f  

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

t h e r e o f .   O p t i o n a l l y ,   i t   i s   made  of  a  m i x t u r e   of  a  p o w d e r   o f  

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

f e e d   edge   i s   o b t a i n e d   by  m o l d i n g   such   a  m a t e r i a l   in  t he   s h a p e  

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

p l a t e   or  o t h e r w i s e   a t t a c h i n g   t he   s t r i p   f a s t   to  t he   p l a t e .  

The  p o r t i o n   of  t he   l i q u i d   f e e d   edge   w h i c h   comes   i n t o   c o n t a c t  

w i t h   t h e   p a p e r   s u r f a c e   has   a  w i d t h   in  t he   r a n g e   of  a b o u t   0 . 1  

to  1 .0   mm.  A  l i n e a r   m a t e r i a l   h a v i n g   any  of  v a r i o u s   c r o s s  

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

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

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

p a r t i a l l y   in  t h e   p l a t e ,   so  t h a t   t he   u n b u r i e d   p o r t i o n   of  t h e  

l i n e a r   m a t e r i a l   w i l l   s e r v e   as  a  l i q u i d   s u p p l y   e d g e .   O t h e r -  

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

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

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

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

a d h e s i v e   a g e n t .  

As  t h e   p a p e r - w e a k e n i n g   l i q u i d ,   t h e r e   i s   u s e d   a n  a q u e o u s  
s o l u t i o n   c o n s i s t i n g   of  a  c e l l u l o s e - d e g r a d i n g   a g e n t   and  w a t e r  

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

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

ing  of  d y e s t u f f s ,   p i g m e n t s ,   t a c k i f i e r s ,   and  w e t t i n g   a g e n t s .  

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

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

t h r o u g h   t h e   p a p e r ,   i t   c o n t r i b u t e s   to  t he   s low  m a n i f e s t a t i o n  

of  t h e   c e l l u l o s e - d e g r a d i n g   e f f e c t   of  t he   l i q u i d .   F u r t h e r ,  

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



w e a k e n i n g   l i q u i d   and  p e r m i t s   t he   l i q u i d   to  be  t r a n s f e r r e d  

in  a  l a r g e   a m o u n t   to  t he   p a p e r   s u r f a c e .  

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

the   p a p e r - w e a k e n i n g   l i q u i d   to  t h e   p a p e r   w i l l   be  d e s c r i b e d  

w i t h   r e f e r e n c e   to  t he   a c c o m p a n y i n g   d r a w i n g .   FIG.   13 

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

p r e s e n t   i n v e n t i o n .   D e n o t e d   by  10  is  a  p l a t e   made  of  p o l y -  

p r o p y l e n e .   In  t he   s u r f a c e   of  t h i s   p l a t e   10,  a  l i n e a r  

m a t e r i a l   12  f o r m e d   by  s t r a n d i n g   a  m u l t i p l i c i t y   of  f i n e  

s t a i n l e s s   s t e e l   w i r e s   11  is  p a r t i a l l y   e m b e d d e d   so  t h a t   o n e  

l a t e r a l   s i d e   of  t h e   l i n e a r   m a t e r i a l   12  w i l l   p r o t r u d e   f r o m  

the   p l a t e .   The  p r o t r u d i n g   p o r t i o n   of  t he   l i n e a r   m a t e r i a l   i s  

u s e d   as  a  l i q u i d   f e e d   edge   13.  FIG.   14  r e p r e s e n t s   a n o t h e r  

e m b o d i m e n t   of  t he   l i q u i d   f e e d   edge   13  w h i c h   is   made  of  a  

d i f f e r e n t   m a t e r i a l .   By  14  is   d e n o t e d   a  b u n d l e   of  c o r d l i k e  

f i b e r s   w i t h   f i n e   p a r t i c l e s   of  g r i n d s t o n e   15  a t t a c h e d   f a s t   t o  

the   s u r f a c e   t h e r e o f   w i t h   an  a d h e s i v e   a g e n t .   T h i s   b u n d l e   i s  

p a r t i a l l y   e m b e d d e d   in  t he   p l a t e   so  t h a t   a  l a t e r a l   s i d e  

t h e r e o f   may  r e m a i n   o u t s i d e   t h e   p l a t e   and  s e r v e   as  t he   l i q u i d  

f e e d   edge   13.  O t h e r   l i n e a r   m a t e r i a l s   u s a b l e   f o r   t h i s  

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

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

e x a m p l e .  

FIG.   15  is   a  m o d e l   d i a g r a m   i l l u s t r a t i n g   t he   o p e r a t i o n   of  t h e  

a p p l i c a t i o n   of  t he   p a p e r - w e a k e n i n g   l i q u i d   to  t he   p a p e r   b y  

use   of  t he   l i n e - p r i n t i n g   p l a t e   of  t h i s   i n v e n t i o n   as  a t t a c h e d  

to  t he   p l a t e   c y l i n d e r .   As  t he   p a p e r - w e a k e n i n g   l i q u i d   16,  a  

v i s c o u s   a q u e o u s   s o l u t i o n   p r e p a r e d   by  d i s s o l v i n g   2  w e i g h t  

p e r c e n t   of  s u l f u r i c   a c i d   and  0 .3  w e i g h t   p e r c e n t   of  m e t h y l  

c e l l u l o s e   in  w a t e r   i s   u s e d .   T h i s   l i q u i d   is   p l a c e d   in  t h e  

l i q u i d   r e s e r v o i r   18  w h i c h   has   a  s c o o p i n g   r o l l   17  i m m e r s e d  

t h e r e i n .   The  a p p l i c a t i o n   r o l l   19,  t he   p l a t e   c y l i n d e r   20 



i n c o r p o r a t i n g   the   p l a t e   of  t h i s   i n v e n t i o n ,   and  t he   i m p r e s -  

s i o n   c y l i n d e r   21  a r e   s e q u e n t i a l l y   h e l d   in  r o l l i n g   c o n t a c t .  

The  s c o o p i n g   r o l l   17,  t he   a p p l i c a t i o n   r o l l   19,  and  t h e  

i m p r e s s i o n   c y l i n d e r   21  a r e   e a c h   c o a t e d   w i t h   a  s u i t a b l e  

a c i d p r o o f i n g   m a t e r i a l   such   as  T e f l o n .   By  22  is   d e n o t e d   a  

p a p e r   u n d e r   t r e a t m e n t .   FIG.   16  i s   an  e n l a r g e d   e x p l a n a t o r y  

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

m a t e r i a l   is  b r o u g h t   i n t o   c o n t a c t   w i t h   t he   p a p e r .   As  t h e  

s c o o p i n g   r o l l   17  is  r o t a t e d   in  t he   d i r e c t i o n   of   t he   a r r o w ,  

t h e   v i s c o u s   p a p e r - w e a k e n i n g   l i q u i d   16  a d h e r e s   to  t h e   s u r f a c e  

of  t h e   r o l l   17.  The  a m o u n t   of  t he   l i q u i d   16  t h u s   e n t r a i n e d  

on  t he   s u r f a c e   of  t he   s c o o p i n g   r o l l   17  i s   d e t e r m i n e d   by  t h e  

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

17  and  t he   a p p l i c a t i o n   r o l l   19  w h i c h   a r e   h e l d   in  r o l l i n g  

c o n t a c t   w i t h   e a c h   o t h e r .   T h e n ,   t h e   p a p e r - w e a k e n i n g   l i q u i d   1 6  

w h i c h   has   a d h e r e d   to  t he   s u r f a c e   of  t he   a p p l i c a t i o n   r o l l   19  

is   t r a n s f e r r e d   to  t h e   l i q u i d   f e e d   edge   13  on  t h e   s u r f a c e   o f  

t h e   p l a t e   c y l i n d e r   20  and  f u r t h e r   t r a n s f e r r e d   o n t o   t he   p a p e r  
22  w h i c h   is   f o r w a r d e d   as  h e l d   in  c o n t a c t   w i t h   t he   s u r f a c e   o f  

t h e   i m p r e s s i o n   c y l i n d e r   21.  In  t h i s   c a s e ,   t h e   p r e s s u r e   o f  

t h e   r o l l s   i s   f i x e d   a t   a  l e v e l   s u c h   t h a t   a  s l i g h t   r e c e s s  i s  

f o r m e d   on  t h e   s u r f a c e   of  t he   p a p e r   22.  T h u s ,   t h e   p a p e r -  

w e a k e n i n g   l i q u i d   a d h e r i n g   to   t h e   l i q u i d   f e e d   edge   13  can  b e  

p u s h e d   i n t o   t he   p a p e r   t e x t u r e .   As  i l l u s t r a t e d   in  FIG.   1 6 ,  

t h e   l i q u i d   is   n o t   s p r e a d   o u t   on  the   s u r f a c e   of  t he   p a p e r   b u t  

is   s e e p e d   i n t o   t h e   p a p e r   in  t h e   d i r e c t i o n   of  i t s   t h i c k n e s s .  

When  t h e   l i q u i d   f e e d   edge   has   a  f i n e l y   c o a r s e n e d   s u r f a c e   a s  

i l l u s t r a t e d   in  FIG.   16,  t h e   p a p e r - w e a k e n i n g   l i q u i d   i s  

r e t a i n e d   in  t h e   r e c e s s e s   of  t h e   c o a r s e n e d   s u r f a c e .   C o n s e -  

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

t he   l i q u i d   to   t he   p a p e r   s u r f a c e   in  t he   d i r e c t i o n   of  t h e  

t h i c k n e s s   of  p a p e r .   T h i s   m e t h o d ,   t h e r e f o r e ,   p r o v e s   to  b e  

h i g h l y   c o n v e n i e n t   when  t h e   t r a n s f e r   of  t he   l i q u i d   is   made  t o  

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



When  an  a q u e o u s   s u l f u r i c   a c i d   s o l u t i o n   of  low  v i s c o s i t y  

w h i c h   c o n t a i n s   a b s o l u t e l y   no  t a c k i f i e r   or  o n l y   a  s m a l l  

a m o u n t   of  t a c k i f i e r   is   u s e d   as  t he   p a p e r - w e a k e n i n g   l i q u i d   1 6 ,  

t he   m e t h o d   of  a p p l i c a t i o n   i l l u s t r a t e d   in  FIG.   17  is   a d o p t e d .  

The  b l a n k e t   r o l l   24  w h i c h   c o n t a i n s   a  l i q u i d   i m p r e g n a t i o n  

l a y e r   23  is   r o t a t e d   as  i m m e r s e d   in  t h e   p a p e r - w e a k e n i n g   l i q u i d  

16  h e l d   in  t he   l i q u i d   r e s e r v o i r   18,  t he   p a p e r - w e a k e n i n g  

l i q u i d   16  w e t s   t he   l i q u i d   i m p r e g n a t i o n   l a y e r   23  and  t h e n  

a d h e r e s   to  t he   f i n e   l i n e   1 1  o n   the   p l a t e   c y l i n d e r   20.  S i n c e  

the   l i q u i d   f e e d   edge   13  of  t h e   f i n e   l i n e   11  c o n t a i n s   m i n u t e  

p r o t u b e r a n c e s   and  r e c e s s e s   on  i t s   s u r f a c e ,   t he   p a p e r - w e a k e n -  

ing  l i q u i d   16  is   r e t a i n e d   in  t he   r e c e s s e s   and  t h e n   t r a n s -  

f e r r e d   f o r c i b l y   i n t o   t he   p a p e r   2 2 .  

When  t he   a p p l i c a t i o n   of  t he   p a p e r - w e a k e n i n g   l i q u i d   d e s c r i b e d  

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

e x a m p l e ,   a  s l i g h t   d e n t   is   f o r m e d   on  t he   s u r f a c e   of  t he   p a p e r .  
T h i s   d e n t   is   too   s l i g h t   to  be  d i s c e r n e d   f rom  t h e   r e a r   s i d e   o f  

t h e   p a p e r .   S i n c e   t he   l o s s   of  t he   s t r e n g t h   of  p a p e r   due  t o  

t he   a p p l i c a t i o n   of  t he   p a p e r - w e a k e n i n g   l i q u i d   is  s l i g h t ,   t h e  

p a p e r   can  be  wound  i n t a c t   in  a  r o l l .   When  the   p a p e r   i s  

u n r o l l e d ,   c u t   to  s h e e t s   of  a  f i x e d   s i z e   and  l e f t   s t a n d i n g   f o r  

one  m o n t h ,   t he   s h e e t s   of  p a p e r   can  be  t o r n   a l o n g   the   t e a r  

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

I n s t e a d   of  a p p l y i n g   t he   l i n e - p r i n t i n g   p l a t e   of  t h i s   i n v e n t i o n  

f a s t   to  t he   p l a t e   c y l i n d e r ,   a  p o w d e r   of  s o l i d   i n o r g a n i c  

s u b s t a n c e   such   as  a l u n d u m   or   g r i n d s t o n e   may  be  d i r e c t l y  

a p p l i e d   w i t h   an  a d h e s i v e   a g e n t   in  a  f i n e   l i n e   to  a  p l a t e  

c y l i n d e r   such   as  a  c h r o m i u m - p l a t e d   m e t a l l i c   r o l l .   O t h e r -  

w i s e ,   a  l i n e a r   m a t e r i a l   m i x e d   w i t h   d i r e c t l y   an  e p o x y   t y p e  
a d h e s i v e   a g e n t   may  be  f o r m e d   in  a  f i n e   l i n e .  

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



p a p e r - w e a k e n i n g   l i q u i d   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n  

a r e   e n u m e r a t e d   b e l o w .  

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

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

of  a  t e a r   l i n e   s i m p l y   by  p l a c i n g   t h e   p a p e r - w e a k e n i n g   l i q u i d .  

on  t he   p a p e r .   T h i s   o p e r a t i o n   can  be  i n c o r p o r a t e d   as  one  s t e p  
in  t h e   p r i n t i n g   p r o c e s s .   The  s t e p   in  t he   p r o c e s s   is  e a s y   t o  

m a n a g e .   The  m e t h o d ,   t h e r e f o r e ,   p e r m i t s   h i g h - s p e e d   m a s s  

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

t h e   e c o n o m i c   p o i n t   of  v i e w .  

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

p a p e r - w e a k e n i n g   l i q u i d   to   t h e   p a p e r ,   t h e   p a p e r   is   t e m p o r a r i l y  

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

s t r e n g t h   a f t e r   t he   l i q u i d   d r i e s   up.   In  t h e   m e a n t i m e ,   t h e  

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

ing  a g e n t   p r o c e e d s   v e r y   l i t t l e   in  t he   i n i t i a l   s t a g e .   W i t h  

e l a p s e   of  t i m e ,   t he   d e g r a d a t i o n   g a i n s   in  momentum  w i t h   t h e  

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

d e g r a d i n g   a g e n t   due  to  d e p a r t u r e   of   w a t e r .   A f t e r   t h e  

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

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

t h e   a p p l i e d   p a p e r - w e a k e n i n g   l i q u i d   d r i e s   up,   t h e   d e g r a d a t i o n  

of  p a p e r   i s   l i m i t e d   to  t h e   d e g r e e   as  b r o u g h t   a b o u t   by  t h e  

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

d a m a g e .   So  f a r   as  t he   d e g r a d a t i o n   of   p a p e r   i s   l i m i t e d   t o  

t h i s   d e g r e e ,   t h e   p a p e r   can  be  s a f e l y   t a k e n   up  in  a  r o l l .   I n  

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

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

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

s i d e   of  t h e   p a p e r ,   s t r e s s   a c c u m u l a t e s   in  t he   p a p e r   b e i n g  

wound  up  in  a  r o l l   even   to  t he   e x t e n t   of  c a u s i n g   b r e a k a g e   o f  

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



f o r   t he   p a p e r   to  be  r o l l e d   up  s a f e l y   in  i t s   l o n g i t u d i n a l  

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

i n v e n t i o n   can  be  e a s i l y   wound  up  in  a  r o l l   in  t he   l o n g i -  

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

The  w i n d i n g   of  t he   p a p e r   in  a  r o l l   is   an  i n d i s p e n s a b l e  

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

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

T h i r d l y ,   t he   p a p e r   t r e a t e d   by  the   m e t h o d   of  t h i s   i n v e n t i o n  

p o s s e s s e s   a  v e r y   s t a b l e ,   u n i f o r m   q u a l i t y .   By  t he   c o n v e n -  

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

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

u n d e r g o   h e a v y   w e a r .   The  s h a r p n e s s   of  t he   c u t   e d g e s   o f  

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

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

as  to  r e q u i r e   r e p l a c e m e n t   a r e   w i d e l y   a t   v a r i a n c e .   I f   t h e  

r o l l   p r e s s u r e   is  i n c r e a s e d   in  p r o p o r t i o n   as  t he   a d v a n c e   o f  

t he   wear   of  c u t t i n g   e d g e s   of  b l a d e s   in  an  e f f o r t   to  i n c r e a s e  

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

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

p o s s i b i l i t y   of  d e v i a t i o n   of  t he   f r o n t   of  c u t   f rom  the   t e a r  

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

p e r f o r a t i o n s   of  c o n s t a n t   q u a l i t y .   When  t he   l i n e - p r i n t i n g  

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

f i n e   w e a k e n e d   t e a r   l i n e s   of  c o n s t a n t   q u a l i t y   can  be  p r o d u c e d  

by  f i x i n g   the   k i n d   of  p a p e r ,   t he   c o n c e n t r a t i o n   of  t he   p a p e r -  
w e a k e n i n g   l i q u i d ,  a n d   t he   r o l l   p r e s s u r e .  

F o u r t h l y ,   t he   f i n e   w e a k e n e d   t e a r   l i n e   can  be  f o r m e d   in  a  

c o n t i n u o u s   l i n e   t h r o u g h o u t   t he   e n t i r e   e x t e n t   of  t he   l i n e  

a l o n g   w h i c h   the   p a p e r   is   e x p e c t e d   to  be  t o r n .   O t h e r w i s e ,   i t  

can  be  f o r m e d   in  an  i n t e r m i t t e n t   p a t t e r n ,   i . e .   a  p a t t e r n  
w h e r e i n   p o r t i o n s   to  w h i c h   the   l i q u i d   is   a p p l i e d   and  p o r t i o n s  

to  w h i c h   t he   l i q u i d   is  n o t   a p p l i e d   a r e   a l t e r n a t e l y   a r r a n g e d  



in  much  t h e   same  way  as  t he   p e r f o r a t i o n s   f o r m e d   by  t h e  

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

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

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

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

i n d u c e   t h e   p h e n o m e n o n   of  d e v i a t i o n .   By  the   m e t h o d   of  t h i s  

i n v e n t i o n ,   i n s o f a r   as  t h e   c o n c e n t r a t i o n   of  t he   p a p e r -  

w e a k e n i n g   l i q u i d ,   t he   r o l l   p r e s s u r e ,   e t c .   a r e   p r o p e r l y  

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

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

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

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

i n v e n t i o n   n o t a b l y   f a c i l i t a t e s   t he   f o r m a t i o n   of  a  f i n e  

w e a k e n e d   t e a r   l i n e ,   s t r a i g h t   or  o t h e r w i s e ,   in  a  p a p e r   o f  

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

t e a r i n g .  

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

f i n e   w e a k e n e d   t e a r   l i n e s   i s   one  f o rm  of  p r i n t i n g   o p e r a t i o n .  

When  t h e   p a p e r - w e a k e n i n g   l i q u i d   to  be  u s e d   t h e r e i n  

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

f i n e   w e a k e n e d   t e a r   l i n e s   p r o d u c e d   on  p a p e r s   become  r e a d i l y  

d i s c e r n i b l e   a n d ,   t h e r e f o r e ,   r e q u i r e s   no  a d d i t i o n a l   t r e a t m e n t  

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

l o c a t i o n   of  t e a r   l i n e s .  

S i x t h l y ,   w h e r e   t he   t e a r   l i n e s   a r e   to  be  f o r m e d   in  p a p e r s   o f  

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

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

and  t h o s e   o b t a i n e d   by  t h e   m e t h o d   of  t h i s   i n v e n t i o n   may  b e  

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

a d j a c e n t   p e r f o r a t i o n s   w i l l   be  w e a k e n e d   as  a i m e d   a t   by  t h i s  

i n v e n t i o n .   C o n s e q u e n t l y ,   s u c h   t h i c k   p a p e r s   can  be  n e a t l y  

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



The  o t h e r   m e t h o d   of  t h i s   i n v e n t i o n   w h i c h   is   a v a i l a b l e   f o r  

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

l i n e   makes   use   of  a  p a p e r - i n c i s i n g   pen  and  e f f e c t s   t h e  

m a n u f a c t u r e   of  t he   p a p e r   by  s l i d i n g   the   p a p e r - i n c i s i n g   p e n  

on  t he   p a p e r   a l o n g   t he   l i n e   and  c a u s i n g   the   p a p e r - w e a k e n i n g  

l i q u i d   to  p e n e t r a t e   i n t o   t h e   p a p e r   a l o n g   t h a t   l i n e .  

The  p a p e r - i n c i s i n g   pen  to  be  u s e d   in  t h i s   m a n u a l   m e t h o d   h a s  

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

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

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

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

l i q u i d .   When  t h i s   p a p e r - i n c i s i n g   pen  is   s l i d   in  a  d e s i r e d  

p a t t e r n   on  the   p a p e r ,   t he   w a t e r   c o n t a i n e d   in  t he   p a p e r -  

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

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

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

g i v e   r i s e   to  a  f i n e   w e a k e n e d   t e a r   l i n e   in  t he   p a p e r .  T h e  

p a p e r   c o n t a i n i n g   the   f i n e   w e a k e n e d   t e a r   l i n e   can  be  n e a t l y  

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

a t e l y   a f t e r   t he   i n c i s i o n   of  t he   l i n e   or  when  n e c e s s a r y .  

Now,  t he   p a p e r - i n c i s i n g   pen  w i l l   be  d e s c r i b e d   in  d e t a i l  

b e l o w .  

By  the   w o r d s   " w r i t i n g   p o i n t   of  t he   p a p e r - i n c i s i n g   pen"  i s  

m e a n t   t h e   v e r y   p o i n t   of  t he   n i b   of  t h i s   pen  w h i c h   comes   i n t o  

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

i n c i s i o n .   The  pen  p o i n t   is  r e q u i r e d   to  be  in  such   a 
c o n s t r u c t i o n   t h a t   i t   a l w a y s   r e t a i n s   t he   f r o n t   of  the   f l o w   o f  

the   p a p e r - w e a k e n i n g   l i q u i d   f rom  t he   r e s e r v o i r   w i t h i n   t h e  



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

p a p e r   s u r f a c e ,   r e a d i l y   r e l e a s e s   t h e   f l o w   of  t he   l i q u i d   t o  

t he   p a p e r .   Any  of  t h e   pen  p o i n t s   g e n e r a l l y   u s e d   i n  

w r i t i n g   u t e n s i l s   of  o r d i n a r y   run  such   as  f o r   e x a m p l e ,   g l a s s  

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

w i t h   s l i t s ,   and  f e l t   p o i n t s   of  n y l o n ,   p o l y e s t e r   and  o t h e r  

f i b e r s ,   n o n - w o v e n   f i b e r s ,   and  s p o n g y   s u b s t a n c e s   can  b e  

e f f e c t i v e l y   u s e d   as  t h e   pen  p o i n t   f o r   t he   p a p e r - i n c i s i n g   p e n ,  
S i n c e   t h i s   p a p e r -  i n c i s i n g   pen  i s   e x p e c t e d   to  f u l f i l   t he   p a r t  
of  i n f l i c t i n g   a  m e c h a n i c a l   damage   in  a d d i t i o n   to  w e t t i n g   t h e  

p a p e r   w i t h   t h e   p a p e r - w e a k e n i n g   l i q u i d ,   t he   pen  p o i n t   i s  

d e s i r e d   to  be  made  of  a  h a r d   m a t e r i a l   such   as  c e r a m i c ,   r i g i d  

p l a s t i c ,   or  a c i d p r o o f   m e t a l ,   f o r   e x a m p l e .   The  f e l t   pen  m a d e  

of  n o n - w o v e n   f a b r i c   or  f i b e r   b u n d l e   may  be  made  u s e f u l   w h e n  

i t   i s   h a r d e n e d   w i t h   a  p l a s t i c   p a s t e   or  some  o t h e r   h y d r o -  

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

w e t t e d   p a p e r   s u r f a c e .  

The  pen  p o i n t   f o r   use   in  t h e   p r e s e n t   i n v e n t i o n   is   r e q u i r e d  

to  be  p r o v i d e d   w i t h   an  e x u d a t i o n   p a t h   w h i c h   is   i n t e r p o s e d  

b e t w e e n   t he   r e s e r v o i r   of  t he   p a p e r - w e a k e n i n g   l i q u i d   and  t h e  

w r i t i n g   p o i n t   and  is  u s e d   f o r   d e l i v e r i n g   t h e   l i q u i d   in  a  

s u i t a b l e   a m o u n t   to  t he   w r i t i n g   p o i n t .   When  t h i s   e x u d a t i o n  

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

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

t h e   pen  p o i n t   may  be  f o r m e d   by  e x t e n d i n g   t he   e x u d a t i o n   p a t h  

and  c u t t i n g   t h e   e x t e n d e d   p o r t i o n   in  t he   s h a p e   of  a  p e n .   I f  

t h e   pen  p o i n t   is   made  of  a  s o l i d   m a t e r i a l   of  c l o s e   t e x t u r e ,  

g r o o v e s   may  be  f o r m e d   on  t he   p e r i p h e r y   as  f o u n d   in  a  g l a s s  

pen  or  a  c o m m u n i c a t i o n   p a t h   may  be  f o r m e d   a l o n g   t he   a x i s .  

When  t h e   pen  p o i n t   i s   f o r m e d   of  an  a g g r e g a t e   of  f i b r o u s  

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

t h r e a d s   s e r v e   a d v a n t a g e o u s l y   as  an  e x u d a t i o n   p a t h .   A  b u n d l e  

of  h o l l o w   f i b e r s   can  a l s o   be  u s e d .   F i n e   t u b e s   of  c e r a m i c ,  



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

The  w r i t i n g   p o i n t   of  t he   pen  i s   d e s i r e d   to  be  r e l a t i v e l y  
t h i n .   When  t he   w r i t i n g   p o i n t   is   t h i n ,   the   s c r a t c h   i n f l i c t e d  

upon  the   f r e s h l y   w e t t e d   p a p e r   s u r f a c e   has   a  s m a l l   w i d t h   a n d  

the   c u t   l i n e   f o r m e d   in  t he   p a p e r   is   s h a r p .   The  e a s i n e s s   o f  

t e a r i n g   is   e n h a n c e d   in  p r o p o r t i o n   as  t he   d e p t h   of  t h e  

s c r a t c h   t h u s   i n f l i c t e d   upon  t he   p a p e r   i n c r e a s e s .   For  t h e  

f i x e d   p r e s s u r e   of  t he   w r i t i n g   p o i n t ,   t he   m a g n i t u d e   o f  

p r e s s u r e   a p p l i e d   by  t he   u n i t   a r e a   of  t he   w r i t i n g   p o i n t  

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

o b t a i n e d   by  amply   d e c r e a s i n g   t he   t h i c k n e s s   of  t he   w r i t i n g  

p o i n t .   When  t he   w r i t i n g   p o i n t   is   e x t r e m e l y   t h i n ,   h o w e v e r ,   i t  

f a i l s   to  s l i d e   s m o o t h l y   on  t he   p a p e r   and  p r o v i d e s   p o o r  
r e s u l t s   b e c a u s e   t he   p o i n t   t e n d s  t o   g e t   c a u g h t   on  p a p e r   f i b e r s .  

G e n e r a l l y ,   t he   d i a m e t e r   of  t he   w r i t i n g   p o i n t   is  d e s i r e d   t o  

f a l l   in  t he   r a n g e   of  a b o u t   0 . 0 5   to  1 .0  mm,  p r e f e r a b l y   a b o u t  

0 .2   to  0 .5   mm. 

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

p r o v i d e   a  l a r g e r   f l o w   v o l u m e   of  t he   p a p e r - w e a k e n i n g   l i q u i d  
t h a n   t he   o r d i n a r y   w r i t i n g   u t e n s i l s .   For   t he   w r i t i n g   u t e n s i l s ,  
t he   c o v e r i n g   e f f e c t   m a t t e r s   v e r y   much.   E f f o r t s   a r e   made  t o  

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

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

ing  f o r   a  l o n g   t i m e .   In  t h i s   i n v e n t i o n ,   h o w e v e r ,   t he   pen  i s  

r a t h e r   d e s i r e d   to  p r o v i d e   amp le   f l o w   of  t he   l i q u i d   so  t h a t  

t he   l i q u i d   w i l l   p e n e t r a t e   t he   p a p e r   t h r o u g h o u t   t he   e n t i r e  

t h i c k n e s s   of  t he   p a p e r .   The  f l o w   v o l u m e   of  t he   l i q u i d   s h o u l d  

s u f f i c e   f o r   t he   p u r p o s e   of  t he   w e a k e n i n g   of  the   p o r t i o n   o f  

p a p e r   t e x t u r e   f a l l i n g   in  t he   f i n e   t e a r   l i n e .   In  t he   c a s e   o f  

a  p a p e r   of  J I S   P - 3 2 0 1   ( w r i t i n g   g r a d e   A)  h a v i n g   a  t h i c k n e s s   o f  



0 . 0 9   mm,  f o r   e x a m p l e ,   t he   f l o w   v o l u m e   of  t he   l i q u i d   f o r  

c o n t i n u o u s   s c r i b i n g   i s   d e s i r e d   to  be  n o t   l e s s   t h a n   0 .2   g / 1 0 0 m  
and  n o t   more  t h a n   1 .4   g / 1 0 0   m  u n d e r   t he   c o n d i t i o n s   t h a t  

t he   s c r i b i n g   s p e e d   is   7  c m / s e c ,   t he   s c r i b i n g   l o a d   is   200  g 
( e q u i v a l e n t   to  1960  mN;  N  f o r   N e w t o n s ) ,   and  t h e   a n g l e   of   t h e  

pen  p o i n t   w i t h   t he   p a p e r   s u r f a c e   i s   6 5 ° .   T h i s   f l o w   v o l u m e   i s  

e q u i v a l e n t   to  1 .2   to  8 .4   t i m e s   the   f l o w   v o l u m e   per   100  m 

g e n e r a l l y   i n v o l v e d   in  t he   o r d i n a r y   c o m m e r c i a l l y   a v a i l a b l e  

w a t e r   m a r k i n g   p e n s .   When  t he   f l o w   v o l u m e   e x c e e d s   1 .4   g / 1 0 0 m ,  

t h e   l i q u i d   p r o d u c e s   a  t h i c k   t e a r   l i n e   and  even   o o z e s   f r o m  

t h e   r e a r   s u r f a c e   of  t he   p a p e r .   C o n s e q u e n t l y ,   t h e   e x c e s s  

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

e n t a i l s   t he   d i s a d v a n t a g e   t h a t   t h e   l i q u i d   o o z i n g   f rom  t he   r e a r  
s u r f a c e   of  t h e   p a p e r   w i l l   smea r   o t h e r  s h e e t s   of  p a p e r   p l a c e d  
u n d e r n e a t h .   When  t he   f l o w   v o l u m e   f a l l s   s h o r t   of  t he   l o w e r  

l i m i t   of  0 .2   g / 1 0 0   m. ,   t h e   d e s i r e d   e f f e c t   of  p a p e r   t e a r i n g  

c a n n o t   be  o b t a i n e d .  

Now,  t h e   c o n s t r u c t i o n   of  t he   p a p e r - i n c i s i n g   pen  of  t h e  

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

a c c o m p a n y i n g   d r a w i n g .  

FIG.   18  is   a  l o n g i t u d i n a l   c r o s s   s . e c t . i o n   of  t he   p a p e r - i n c i s i n g  

pen  a c c o r d i n g   to  t h i s   i n v e n t i o n .   D e n o t e d   by  25  i s   a  p e n  
p o i n t   made  of  a  p o r o u s   a l u m i n u m   o x i d e   m a t e r i a l   c o n t a i n i n g  

open   c e l l s .   In  t h i s   pen  p o i n t ,   t he   open   c e l l s   c o n s t i t u t e   a n  
e x u d a t i o n   p a t h .   The  w r i t i n g   p o i n t   26  of  t he   pen  h a s  a s   s m a l l  

a  r a d i u s  o f   c a r v a t u r e   as  0 .2   mm  and  is  s m o o t h l y   g r o u n d .   By  
27  i s   d e n o t e d   a  t u b e   w h i c h   is   f i l l e d   w i t h   an  a c i d p r o o f ,  
s w e l l a b l e   m a t e r i a l   28  such   as  a c r y l i c   f i b e r s   and  t he   p a p e r -  
w e a k e n i n g   l i q u i d .   One  end  of  t h e  t u b e   i s   c o n v e r g e d   to  f o r m  

a  s o c k e t   f o r   h o l d i n g   the   pen  p o i n t   25.  As  t he   p a p e r - w e a k e n -  

ing  l i q u i d ,   an  a q u e o u s   s o l u t i o n   c o n t a i n i n g   1  w e i g h t   p e r c e n t  
of  CMC,  5  w e i g h t   p e r c e n t   of  s u f u r i c   a c i d ,   and  0 . 0 1   w e i g h t  



p e r c e n t   of  r ed   c o l o r i n g   m a t t e r   ( a c i d   red)   is   u s e d .   By  29  i s  

d e n o t e d   an  a i r - v e n t   p l u g   f o r   p r e v e n t i n g   l e a k a g e   of  t h e  

a q u e o u s   s o l u t i o n   f rom  the   t u b e   27.  By  30  is   d e n o t e d   a  p e n -  

h o l d e r ,   31  a  c a p ,   and  32  a  c l i p .  

The  p a p e r - i n c i s i n g   pen  i l l u s t r a t e d   in  FIG.   18  has   t he   p a p e r -  

w e a k e n i n g   l i q u i d   c o n t a i n e d   in  t he   t u b e   and  s t o w e d   w i t h i n   t h e  

p e n h o l d e r .   O p t i o n a l l y ,   t he   p a p e r - w e a k e n i n g   l i q u i d   may  b e  

c o n t a i n e d   d i r e c t l y   in  t he   p e n h o l d e r .   The  pen  may  be  s o  

c o n s t r u c t e d   t h a t   t h e   w r i t i n g   p o i n t   of  t he   pen  w i l l   be  k e p t  

r e t r a c t e d   w i t h i n   t he   p e n h o l d e r   when  t he   pen  is   n o t   in  u s e ,  

and  t h r u s t   o u t   of  t he   p e n h o l d e r   when  t he   pen  is   u s e d .  

O t h e r w i s e ,   t he   pen  may  be  in  such   a  c o n s t r u c t i o n   t h a t   the   p e n  

p o i n t   w i l l   be  k e p t   w i t h i n   t he   p e n h o l d e r   when  n o t   in  use   a n d  

r e m o v e d   f rom  t h e   p e n h o l d e r   when  p u t   to  u s e .  

FIG.   19  i l l u s t r a t e s   a n o t h e r   t y p i c a l   p a p e r - i n c i s i n g   pen  u s i n g  

a  d i f f e r e n t   pen  p o i n t .   D e n o t e d   by  25  is  a  pen  p o i n t   made  o f  

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

On  t he   p e r i p h e r y   of  t h i s   pen  p o i n t   a r e   f o r m e d   g r o o v e s   w h i c h  

p r o v i d e   c o m m u n i c a t i o n   b e t w e e n   the   w r i t i n g   p o i n t   26  and  t h e  

b a s e   33.  The  g r o o v e s ,   t h u s ,   c o n s t i t u t e   an  e x u d a t i o n   p a t h   3 4 .  

The  b a s e   33  i s   e n c i r c l e d   w i t h   a  t u b e   27  and  h e l d   f a s t   a t   t h e  

l e a d i n g   end  of  t he   p e n h o l d e r .  

FIG.   20  i l l u s t r a t e s   a  p a p e r - i n c i s i n g   pen  in  w h i c h   the   p e n  

p o i n t   and  t h e   w r i t i n g   p o i n t   a r e   b o t h   made  of  a  f e l t   o f  

b u n d l e d   f i b e r s ,   or  n o n - w o v e n   f i b e r s .  

The  pen  p o i n t   and  t he   w r i t i n g   p o i n t   a r e   r i g i d i f i e d   by  h a v i n g  

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

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

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

a  r e i n f o r c e m e n t   35  of  m e t a l l i c   s u b s t a n c e .   Wi th   a  s u i t a b l e  



f i t t i n g   means   36,  t he   t u b e   27  and  the   pen  p o i n t   25  a r e  

c o m b i n e d   i n t e g r a l l y .   The  pen  p o i n t   25  r e c e i v e s   t h e  s u p p l y  

of  t he   p a p e r - w e a k e n i n g   l i q u i d   v i a   t h e   f i n e   p o r e s   of  f i b e r s  

w h i c h   draw  t h e   l i q u i d   by  t he   p h e n o m e n o n   of  c a p i l l a r i t y .  

As  t h e   p a p e r - w e a k e n i n g   l i q u i d   f o r   use   in  t h i s   p a p e r - i n c i s i n g  

pen  of  t he   p r e s e n t   i n v e n t i o n ,   an  a q u e o u s   s o l u t i o n   c o m p o s e d  

of  a  c e l l u l o s e - d e g r a d i n g   a g e n t   and  w a t e r   or  t he   same  a q u e o u s  
s o l u t i o n   a d d i t i o n a l l y   c o n t a i n i n g   a t   l e a s t   one  m e m b e r  

s e l e c t e d   f rom  t he   g r o u p   c o n s i s t i n g   of  d y e s t u f f s ,   p i g m e n t s ,  

t a c k i f i e r s ,   and  w e t t i n g   a g e n t s   i s   a v a i l a b l e .   T h e  w e t t i n g  

a g e n t   is  u s e f u l   f o r   t he   p u r p o s e   of  a l l o w i n g   t he   l i q u i d   t o  

r e t a i n   t h e   p a p e r   in  a  m o i s t e n e d   and  s w e l l e d   s t a t e .   T h e  

t a c k i f i e r   is   u s e f u l   f o r   i n c r e a s i n g   t he   v i s c o s i t y   of  t h e  

l i q u i d .  

Now,  t he   m e r i t s   and  e f f e c t s   of  t he   m e t h o d   of  t h i s   i n v e n t i o n  

as  a p p l i e d   to  t he   f o r m a t i o n   of  t he   f i n e   w e a k e n e d   t e a r   l i n e s  

in  p a p e r s   by  use   of  t he   p a p e r - i n c i s i n g   pen  w i l l   be  e n u m e r -  

a t e d   b e l o w .  

F i r s t l y ,   t he   p a p e r - i n c i s i n g   pen  r e s e m b l e s   t he   o r d i n a r y  

w r i t i n g   u t e n s i l   and ,   p r o v i d e s   r e a d y   p o r t a b i l i t y .   O p t i o n -  

a l l y ,   t h i s   pen  may  be  e n c a s e d   t o g e t h e r   w i t h   an  o r d i n a r y  

w r i t i n g   u t e n s i l   in  one  p e n h o l d e r .   At  t he   t i m e   of  u s e ,   t h e  

pen  may  be  d r awn   o u t   of  t he   p e n h o l d e r   to  g e t   t he   w r i t i n g  

p o i n t   r e a d y   f o r   use   on  t he   p a p e r .   B e c a u s e   of  t he   p o r t a -  

b i l i t y ,   t he   pen  can  be  u s e d   a t   any  t i m e   and  p l a c e   to  m a k e  

t e a r   l i n e s   in  p a p e r s .  

S e c o n d l y ,   t he   p a p e r - i n c i s i n g   pen  has   s t a b l e   s h a r p n e s s   o f  

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

c u t t i n g   b l a d e s .   In  t he   c a s e   of  t h e   c o n v e n t i o n a l   b l a d e ,   t h e  

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



c u t t i n g   edge   of  t h e   b l a d e .   In  f a c t ,   t he   wear   of  t he   c u t t i n g  

edge   is  so  h e a v y  t h a t   t he   b l a d e   mus t   be  r e p l a c e d   a f t e r   i t  

has   i n s e r t e d   a  t o t a l   of  some  t e n s   of  m e t e r s   of  c u t s   i n  

p a p e r s .   The  s h a r p n e s s   of  c u t t i n g   w i d e l y   d i f f e r s   when  t h e  

c u t t i n g   edge   has   worn  o u t   to  t he   v e r g e   of  r e p l a c e m e n t   a n d  

when  t he   c u t t i n g   edge   has   been   f r e s h l y   r e p l a c e d .   T h u s ,   t h e  

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

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

pen  has   o n l y   to  d e l i v e r   t o .  t h e   p a p e r   s u r f a c e   t h e  p a p e r -  

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

e n t a i l   t h e  p r o b l e m   of  wear   of  t he   p o i n t .   Wi th   1  g  of  t h e  

p a p e r - w e a k e n i n g   l i q u i d ,   t h i s   pen  can  d raw  a  t o t a l   of  m o r e  

t h a n   70  m e t e r s   of  t e a r   l i n e s   w i t h   t he   same  s h a r p n e s s   o f  

c u t t i n g .  

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

t he   f r o n t s   of  c u t t i n g   c a n n o t   be  s h a r p l y   t u r n e d   to  a n y  
d e s i r e d   d i r e c t i o n s .   In  t he   c a s e   of  t he   pen  of  t h i s  

i n v e n t i o n   w h i c h   has   t he   same  c o n s t r u c t i o n   as  t he   o r d i n a r y  

w r i t i n g   u t e n s i l s ,   t he   t e a r   l i n e s   can  be  i n c i s e d   f r e e l y   i n  

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

f i g u r e s .   T h u s ,   t h e   pen  f i n d s   u t i l i t y   in  a  n o t a b l y   w i d e n e d  

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

F o u r t h l y ,   t he   p a p e r - i n c i s i n g   pen  of  t he   p r e s e n t   i n v e n t i o n  

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

n e s s   of  c u t t i n g .   In  p a p e r s   of  one  same  q u a l i t y ,   t h e r e f o r e ,  
t he   p e n  c a n   t a k e   c r i p p i n g s   n e a t l y   f rom  i n d i v i d u a l   s h e e t s   o f  

p a p e r   w i t h o u t   f a i l   u n d e r   a  f i x e d   p r e s s u r e   of  p e n .   F u r t h e r ,  

by  s i m p l y   a d j u s t i n g   t h e   p r e s s u r e   of  one  and  t he   same  p e n ,  
t h e r e   can  b e  f o r m e d   t e a r   l i n e s   w i t h   s c r a t c h e s   of  c o n t r o l l e d  

d e p t h s   s u c h   t h a t   t he   p a p e r s   c o n t a i n i n g   them  may  be  m o s t  

e f f e c t i v e l y   torn  i m m e d i a t e l y   a f t e r ,   s e v e r a l   m i n u t e s   a f t e r ,  

or  s e v e r a l   d a y s   a f t e r   t he   i n s e r t i o n   of  t he   t e a r   l i n e s .  



F i f t h l y ,   s i n c e   t he   p a p e r - i n c i s i n g   pen  of  t he   i n v e n t i o n   c a n  

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

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

i t   can  be  mass   p r o d u c e d   v e r y   e c o n o m i c a l l y .  

Now,  t he   p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   more  s p e c i f i -  

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

c o m p a r a t i v e   e x p e r i m e n t .  

E x a m p l e   1 :  

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

t h e   p a p e r - w e a k e n i n g   l i q u i d   and  t he   d e g r e e   w i t h   w h i c h   t h e  

p a p e r   was  w e a k e n e d   by  t he   l i q u i d   was  s t u d i e d .   Wi th   a  p a p e r -  

i n c i s i n g   pen  h a v i n g   a  c o n s t r u c t i o n   of  FIG.   18  and  h o l d i n g  

t h e r e i n   an  a q u e o u s   s o l u t i o n   of  s u l f u r i c   a c i d   as  a  c e l l u l o s e -  

d e g r a d i n g   a g e n t ,   a  s t r a i g h t   l i n e   was  d r awn   on  p a p e r s   o f  

J IS   P - 3 2 0 1   ( w r i t i n g   g r a d e   A)  h a v i n g   a  t h i c k n e s s   of  0 . 0 9   mm 

u n d e r   t he   c o n d i t i o n s   of  5 .0   c m / s e c .   of  w r i t i n g   s p e e d ,   250  g  
of  w r i L i n g   l o a d ,   and  65°  of  pen  p o i n t   a n g l e   w i t h   t he   p a p e r  
s u r f a c e .   In  t h i s   c a s e ,   t he   f l o w   v o l u m e   of  t he   l i q u i d   w a s  

0 .5   g / 1 0 0   m.  The  p a p e r s   c o n t a i n i n g   t he   d r awn   t e a r   l i n e s  

were   l e f t   s t a n d i n g   f o r   a b o u t   30  m i n u t e s   to  d r y   t he   a p p l i e d  

l i q u i d .   At  t he   end  of  t he   s t a n d i n g ,   t he   p a p e r s   were   t o r n  

a l o n g   t he   t e a r   l i n e s   to  t e s t   f o r   t e a r   s t r e n g t h   and  e a s i n e s s  

of  t e a r i n g .   The  r e s u l t s   of  t he   t e s t   were   as  shown  i n  

T a b l e   1 .  



The  " b l a n k "   in  T a b l e   1  i n d i c a t e s   t h e   t e s t   r e s u l t s   o b t a i n e d  

on  t he   p a p e r s   of  J I S   P3201   w i t h o u t   t he   t r e a t m e n t   d e s c r i b e d  

a b o v e .   The  m e t h o d s   a d o p t e d   f o r   t h e s e   t e s t s   were   a s  

d e s c r i b e d   b e l o w .   They  a p p l y   to  t h e   e x a m p l e s   and  c o m p a r a t i v e  

e x p e r i m e n t   to  be  c i t e d   h e r e i n   b e l o w .  

o  W r i t i n g   l o a d  -   The  p a p e r   u n d e r   t e s t   was  p l a c e d   on  t h e  

p l a t f o r m   of  a  p l a t f o r m   b a l a n c e .   On  the   p a p e r ,   the   p e n  
h e l d   a t   an  a n g l e   of  65°  was  d e p r e s s e d   and  s l i d   to  w r i t e  

a  l i n e   on  the   p a p e r .   D u r i n g   the   m o t i o n   of  t he   pen  on  t h e  

p a p e r ,   t he   r e a d i n g   of  t he   s c a l e   of  the   b a l a n c e   was  t a k e n  

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

o  T e a r   s t r e n g t h  -   On  the   p a p e r   m e a s u r i n g   10  cm  in  l e n g t h  

and  1  cm  in  w i d t h ,   a  p a p e r - w e a k e n i n g   l i q u i d   was  a p p l i e d  

in  a  s t r a i g h t   l i n e   a l o n g   the   c e n t e r   l i n e   of  t he   p a p e r   i n  

t he   l o n g i t u d i n a l   d i r e c t i o n .   One  l o n g i t u d i n a l   edge   o f  

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



f rom  t he   o t h e r   r e i n f o r c e d   l o n g i t u d i n a l   edge   of  t h e   p a p e r .  

An  i n c r e a s i n g   l o a d   was  a p p l i e d   to  the   b a l a n c e  u n t i l   t h e  

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

was  r e p o r t e d   a c c u r a t e l y   to  t he   u n i t   of  g.  G e n e r a l l y ,  

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

c o r r e s p o n d s   to  t he   l o a d   of  a b o u t   500  to  1500  g .  

o  E a s i n e s s   of  t e a r i n g  -   The  f o r c e   e x e r t e d   by  h a n d s   i n  

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

r e p o r t e d   on  t he   f o l l o w i n g   s c a l e .  

A  -   D u r i n g   the   t e a r i n g ,   t he   f r o n t   of  t e a r   d e v i a t e s  

f rom  t h e   t e a r   l i n e .  

B  -   D u r i n g   t he   t e a r i n g ,   t he   f r o n t   of  t e a r   p a r t i a l l y  

d e v i a t e s   f rom  the   t e a r   l i n e .  

C  -   D u r i n g   t he   t e a r i n g ,   t h e   f r o n t   of  t e a r   r u n s  

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

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

a b s o l u t e l y   no  d e v i a t i o n .  

E x a m p l e   2 :  

The  t i m e - c o u r s e   c h a n g e   of  t he   w e a k e n i n g   of  p a p e r   by  t h e  

a p p l i c a t i o n   of  t he   p a p e r - w e a k e n i n g   l i q u i d   was  s t u d i e d .   W i t h  

t he   p a p e r - i n c i s i n g   pen  h a v i n g   the   c o n s t r u c t i o n   of  FIG.  18 

and  c o n t a i n i n g   an  a q u e o u s   3  w e i g h t   p e r c e n t   s u l f u r i c   a c i d  

s o l u t i o n   u s i n g   s u l f u r i c   a c i d   as  a  c e l l u l o s e - d e g r a d i n g   a g e n t  

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

c u r v e d   l i n e   was  d r awn   on  t he   p a p e r s   u n d e r   a  w r i t i n g   l o a d   o f  

200  g.  In  t h i s   c a s e ,   t he   w i d t h   of  the   a p p l i e d   l i n e   was  0 . 2  

mm  and  the   f l o w   v o l u m e   of  t he   l i q u i d   was  0 .3   g / 1 0 0   m.  

At  v a r y i n g   t i m e  i n t e r v a l s   i n d i c a t e d ,   t he   p a p e r s   were   t o r n  

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

c h a n g e   of  t e a r   s t r e n g t h .   The  r e s u l t s   of  t he   t e s t   were   a s  
shown  in  T a b l e   2.  The  p a p e r s   were   t h o s e   of  J I S   P 3 2 0 1  



( w r i t i n g   g r a d e   A)  h a v i n g   a  t h i c k n e s s   of  0 . 0 9   mm.  The  t e a r  

l i n e s   i n c i s e d   on  t he   p a p e r s   were   c o m p l e t e l y   d r i e d   a b o u t   60 

m i n u t e s   a f t e r   t h e i r   a p p l i c a t i o n   to  t he   p a p e r s .  

E x a m p l e   3 :  

W i t h   t h e   p a p e r - i n c i s i n g   pen  h a v i n g   t h e   c o n s t r u c t i o n   of  F I G .  

18  and  u s i n g ,   as  t he   p a p e r - w e a k e n i n g   l i q u i d ,   an  a q u e o u s  
s o l u t i o n   c o n t a i n i n g   5  w e i g h t   p e r c e n t   of  s u l f u r i c   a c i d ,   1 

w e i g h t   p e r c e n t   of  CMC,  and  0 . 0 1   w e i g h t   p e r c e n t   of  a  r e d  

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

p a p e r s   of  J IS   P3201   ( w r i t i n g   g r a d e   A)  h a v i n g   a  t h i c k n e s s   o f  

0 . 0 9   mm  u n d e r   t he   c o n d i t i o n s   of  200  g  of  w r i t i n g   l o a d   ( 1 9 6 0  

mN)  and  65°  of  pen  p o i n t   a n g l e   w i t h   t he   p a p e r   s u r f a c e .   I n  

t h i s   c a s e ,   t he   f l o w   v o l u m e   of  t he   l i q u i d   was  0 . 4 5   g / 1 0 0   m. 

The  d e p t h   of  t he   ink  p e n e t r a t i o n   in  t h e   p a p e r   was  a b o u t  

0 . 0 6   mm.  The  p a p e r s   were   t o r n   i m m e d i a t e l y   a f t e r   and  o n e  

week  a f t e r   t he   a p p l i c a t i o n   of  t he   l i q u i d .   The  t e a r   s t r e n g t h  

was  420  g  and  400  g  r e s p e c t i v e l y .   In  b o t h   c a s e s ,   t he   t o r n  

e d g e s   of  p a p e r s   were   s h a r p .  



E x a m p l e   4 :  

Wi th   t he   p a p e r - i n c i s i n g   pen  h a v i n g   the   c o n s t r u c t i o n   o f  

FIG.   18,  l i n e s   were   d rawn   on  the   same  p a p e r s   u n d e r   t h e   s a m e  

c o n d i t i o n s   as  i n v o l v e d   in  E x a m p l e   3  e x c e p t   a p p l y i n g   t h e  

w r i t i n g   l o a d   of  50  g.  In  t h i s   c a s e ,   t h e   f l o w   v o l u m e   of  t h e  

l i q u i d   was  0 . 1 2   g / 1 0 0   m.  and  t he   d e p t h   of  t he   i n k  p e n e -  

t r a t i o n   in  t he   p a p e r s   was  a b o u t   0 . 0 3   mm.  The  t e a r i n g   o f  

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

1 , 4 3 0   g.  The  t o r n   e d g e s   of  p a p e r s   were   n o t   s h a r p .   T h e  

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

t he   t e a r   l i n e s   can  be  o b t a i n e d   even   when  t he   w r i t i n g   l o a d   i s  

s m a l l   and  t he   n o t c h   e f f e c t   i s   c o n s e q u e n t l y   i n s u f f i c i e n t .  

E x a m p l e   5 :  

As  t h e   p a p e r - w e a k e n i n g   l i q u i d s ,   t h e r e   were   p r e p a r e d   v i s c o u s  

a q u e o u s   s o l u t i o n s   c o n t a i n i n g   a  v a r y i n g   c o n c e n t r a t i o n   o f  

s u l f u r i c   a c i d   ( in   t he   r a n g e   of  0  to  30  w e i g h t   p e r c e n t ) ,   0 . 3  

w e i g h t   p e r c e n t   of  CMC,  and  0 . 0 0 5   w e i g h t   p e r c e n t   of  b e n z i d i n e  

o r a n g e   as  a  c o l o r i n g   a g e n t .   Wi th   t h e s e   l i q u i d s ,   l i n e s   w e r e  

d r a w n   on  p a p e r s   by  t he   m e t h o d   i l l u s t r a t e d   in  FIG.   1 5 .  

The  p l a t e   was  o b t a i n e d   by  a p p l y i n g   f i n e l y   d i v i d e d   s i l i c o n  

c a r b i d e   120  mesh  in  p a r t i c l e   s i z e   in  a  f i n e   l i n e   0 .4   mm  i n  

w i d t h   w i t h   an  e p o x y   r e s i n   a d h e s i v e   to  t he   s u r f a c e   of  a  

p o l y e s t e r   s h e e t   h a v i n g   a  t h i c k n e s s   of  0 .5   mm,  so  t h a t   t h e  

l i q u i d   f e e d   edge   a c q u i r e d   a  f i n e l y   c o a r s e n e d   s u r f a c e  

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

T h i s   p l a t e   was  a p p l i e d   to  a  p l a t e   c y l i n d e r .   The  a p p l i -  

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

c o n d i t i o n s   of  p r i n t i n g   s p e e d   120  m / m i n .   and  l i q u i d   f e e d  

v o l u m e   0 .5   g /m.   of  t e a r   l i n e .   The  p a p e r s   c o n t a i n i n g   t h e  

a p p l i e d   t e a r   l i n e s   were   l e f t   s t a n d i n g   f o r   30  m i n u t e s   to  d r y  

t he   a p p l i e d   l i q u i d .   Then  the   p a p e r s   were   t o r n   a l o n g   t h e  



t e a r   l i n e s   to  t e s t   f o r   t e a r   s t r e n g t h   and  e a s i n e s s   of  t e a r -  

i n g .   The  r e s u l t s   were   as  shown  in  T a b l e   3 .  

C o m p a r a t i v e   E x p e r i m e n t :  

In  p a p e r s   of  J I S   P3201   ( w r i t i n g   g r a d e   A)  h a v i n g   a  t h i c k n e s s  

of  0 . 0 9   mm,  p e r f o r a t i o n s   h a v i n g   c u t   p o s i t i o n s   2 .2   mm  i n  

l e n g t h   and  u n c u t   p o r t i o n s   0 .8   mm  in  l e n g t h   a l t e r n a t e   in  a  

row  were   f o r m e d .   The  p a p e r s   were   t o r n   a l o n g   t he   p e r f o -  

r a t i o n s   to  t e s t   f o r   t e a r   s t r e n g t h .   The  r e s u l t s   were   in  t h e  

r a n g e   of  200  to  1100  g .  



1.  A  p a p e r   c o n t a i n i n g   a  f i n e   w e a k e n e d   t e a r   l i n e   p r o d u c e d  

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

f a l l i n g   in  s a i d   f i n e   l i n e   w i t h   a  p a p e r - w e a k e n i n g   l i q u i d .  

2.  The  p a p e r   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   t he   f i n e  

w e a k e n e d   t e a r   l i n e   i s   a p p l i e d   to  one  s u r f a c e   of  t he   p a p e r .  

3.  The  p a p e r   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   t h e   f i n e  

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

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

e x t e n d i n g   o v e r   t he   e n t i r e   or  p a r t   of  t h e   t h i c k n e s s   of  t h e  

p a p e r .  

4.  The  p a p e r   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   t he   f i n e  

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

5.  The  p a p e r   a c c o r d i n g   to  C l a i m   4,  w h e r e i n   t he   c o n t i n u o u s  

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

6.  The  p a p e r   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   t he   f i n e  

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

7.  The  p a p e r   a c c o r d i n g   to  C l a i m   6,  w h e r e i n   t he   d i s c o n t i n u -  

ous  l i n e   is   a  d o t t e d   l i n e ,   a  b r o k e n   l i n e ,   or  a  c h a i n   l i n e .  

8.  The  p a p e r   a c c o r d i n g   to  C l a i m   1,  C l a i m   4,  or  C l a i m   6 ,  

w h e r e i n   t he   f i n e   w e a k e n e d   t e a r   l i n e   is  a  c o l o r e d   l i n e .  

9.  The  p a p e r   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   t h e   p a p e r -  

w e a k e n i n g   l i q u i d   is   a  l i q u i d   c o n t a i n i n g   a  c e l l u l o s e - d e g r a d -  

ing  a g e n t   and  w a t e r .  



10.  The  p a p e r   a c c o r d i n g   to  C l a i m   9,  w h e r e i n   t he   c e l l u l o s e -  

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

c h l o r i c   a c i d ,   n i t r i c   a c i d ,   or  p e r a c e t i c   a c i d .  

11.  The  p a p e r   a c c o r d i n g   to  C l a i m   10,  w h e r e i n   t he   c o n c e n -  

t r a t i o n   of  s u l f u r i c   a c i d   in  t he   l i q u i d   is   in  t he   r a n g e   o f  

0 .1   to  30  w e i g h t   p e r c e n t .  

12.  The  p a p e r   a c c o r d i n g   to  any  of  C l a i m   9  t h r o u g h   C l a i m   1 1 ,  

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

member  s e l e c t e d   f rom  t he   g r o u p   c o n s i s t i n g   of  d y e s t u f f s ,  

p i g m e n t s ,   t a c k i f i e r s ,   and  w e t t i n g   a g e n t s .  

13.  The  p a p e r   a c c o r d i n g   to  C l a i m   12,  w h e r e i n   t he   t a c k i f i e r  

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

m e t h y l   c e l l u l o s e .  

14.  The  p a p e r   a c c o r d i n g   to  C l a i m   12,  w h e r e i n   t h e   w e t t i n g  

a g e n t   is   g l y c e r i n e   or  e t h y l e n e   g l y c o l .  

15.  A  m e t h o d   f o r   t he   m a n u f a c t u r e   of  a  p a p e r   c o n t a i n i n g   a  

r e a d i l y   s e p a r a b l e   f i n e   w e a k e n e d   t e a r   l i n e ,   c h a r a c t e r i z e d  

by  c a u s i n g   a  p a p e r - w e a k e n i n g   l i q u i d   to  be  s e e p e d   in  a  f i n e  

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

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

p a p e r   f a l l i n g   u n d e r   t he   a r e a   of  s a i d   f i n e   l i n e   w i t h   s a i d  

l i q u i d .  

16.  The  m e t h o d   a c c o r d i n g   to  C l a i m   15,  w h e r e i n   t h e   f i n e  

w e a k e n e d   t e a r   l i n e   is   a p p l i e d   to  one  s u r f a c e   of  t he   p a p e r .  

17.  The  m e t h o d   a c c o r d i n g   to  C l a i m   15,  w h e r e i n   t he   f i n e  

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



e x t e n d i n g   o v e r   t he   e n t i r e   or  p a r t   of  t h e   t h i c k n e s s   of  t h e  

p a p e r .  

18.  The  m e t h o d   a c c o r d i n g   to  C l a i m   15,  w h e r e i n   t he   f i n e  

w e a k e n e d   t e a r   l i n e   is   a  c o n t i n u o u s   l i n e .  

19.   The  m e t h o d   a c c o r d i n g   to  C l a i m   18,   w h e r e i n   t h e  

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

l i n e ,   or  a  c o m b i n a t i o n   of  s a i d   l i n e s .  

20.  The  m e t h o d   a c c o r d i n g   to  C l a i m   15  or  C l a i m   18,   w h e r e i n  

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

21.  The  m e t h o d   a c c o r d i n g   to  C l a i m   15,  w h e r e i n   t h e   c o l o r a -  

t i o n   f o r   i n d i c a t i n g   t he   p o s i t i o n   of  t he   f i n e   w e a k e n e d   t e a r  

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

22.  The  m e t h o d   a c c o r d i n g   to  C l a i m   15,  w h e r e i n   t he   p a p e r -  

w e a k e n i n g   l i q u i d   is  a  l i q u i d   c o n t a i n i n g   a  c e l l u l o s e -  

d e g r a d i n g   a g e n t   and  w a t e r .  

23.  The  m e t h o d   a c c o r d i n g   to  C l a i m   22,  w h e r e i n   t he   c e l l u -  

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

h y d r o c h l o r i c   a c i d ,   n i t r i c   a c i d ,   or  p e r a c e t i c   a c i d .  

24.  The  m e t h o d   a c c o r d i n g   to  C l a i m   23,  w h e r e i n   t he   c o n c e n t -  

r a t i o n   of  s u l f u r i c   a c i d   in  t h e   l i q u i d   is   in  t he   r a n g e   o f  

0 .1   to  30  w e i g h t   p e r c e n t .  

25.  The  m e t h o d   a c c o r d i n g   to  any  of  C l a i m   22  t h r o u g h   C l a i m  

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

one  member  s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   of  d y e s t u f f s ,  

p i g m e n t s ,   t a c k i f i e r s ,   and  w e t t i n g   a g e n t s .  



26.  The  m e t h o d   a c c o r d i n g   to  C l a i m   25,  w h e r e i n   t h e  

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

g l y c o l a t e ,   or  m e t h y l   c e l l u l o s e .  

27.  The  m e t h o d   a c c o r d i n g   to  C l a i m   25,  w h e r e i n   t he   w e t t i n g  

a g e n t   is   g l y c e r i n e   or  e t h y l e n e   g l y c o l .  

28.  The  m e t h o d   a c c o r d i n g   to  C l a i m   15,  w h e r e i n   t he   t r a n s f e r  

of  t he   p a p e r - w e a k e n i n g   l i q u i d   to  t he   p a p e r   is  e f f e c t e d  

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

h a v i n g   an  e l o n g a t e d   l i q u i d   f e e d  e d g e   of  a  h a r d   m a t e r i a l  

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

29.  The  m e t h o d   a c c o r d i n g   to  C l a i m   28,  w h e r e i n   t he   p l a t e  

has   t he   e l o n g a t e d   l i q u i d   f e e d   edge   of  a  l i n e a r   h a r d   m a t e r i a l  

e m b e d d e d   in  or  f a s t e n e d   to  t he   p l a t e   in  a  s t r a i g h t   l i n e .  

30.  The  m e t h o d   a c c o r d i n g   to  C l a i m   28,  w h e r e i n   t he   p l a t e   h a s  

the   e l o n g a t e d   l i q u i d   f e e d   edge   of  a  g r a n u l a r   h a r d   m a t e r i a l  

e m b e d d e d   in  or  f a s t e n e d   to  t he   p l a t e   in  a  s t r a i g h t   l i n e .  

31.  The  m e t h o d   a c c o r d i n g   to  any  of  C l a i m   28  t h r o u g h   C l a i m  

30,  w h e r e i n   t he   h a r d   m a t e r i a l   is   f o r m e d   of  a t   l e a s t   o n e  

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

c e r a m i c ,   m i n e r a l ,   and  h a r d   p l a s t i c   s u b s t a n c e s .  

32.  The  m e t h o d   a c c o r d i n g   to  C l a i m   28,  w h e r e i n   t he   t r a n s f e r  

of  t he   p a p e r - w e a k e n i n g   l i q u i d   to  t he   p a p e r   is  made  in  t h e  

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

33.  The  m e t h o d   a c c o r d i n g   to  C l a i m   28,  w h e r e i n   the   l i q u i d  

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



34.  The  m e t h o d   a c c o r d i n g   to  C l a i m   15,  w h e r e i n   t he   t r a n s f e r  

of  t he   p a p e r - w e a k e n i n g   l i q u i d   to  t he   p a p e r   in  a  f i n e   l i n e  

is   a c c o m p l i s h e d   by  t he   m o v e m e n t   on  t he   p a p e r   s u r f a c e   o f  

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

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

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

t h r o u g h   the   medium  of  an  e x u d a t i o n   p a t h   f o r m e d   of  b u b b l e s ,  

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

and  b o r d e r i n g   on  t he   l i q u i d .  

35.  The  m e t h o d   a c c o r d i n g   to  C l a i m   34,  w h e r e i n   t he   f l o w  

v o l u m e   of  t he   p a p e r - w e a k e n i n g   l i q u i d   t h r o u g h   the   w r i t i n g  

p o i n t   is   n o t   l e s s   t h a n   0 .2   g / 1 0 0   m.  as  m e a s u r e d   by  t h e  

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

36.  The  m e t h o d   a c c o r d i n g   to  C l a i m   34,  w h e r e i n   t he   f l o w  

v o l u m e   of  t he   p a p e r - w e a k e n i n g   l i q u i d   t h r o u g h   the   w r i t i n g  

p o i n t   is   n o t   more  t h a n   1 .4   g / 1 0 0   m.  as  m e a s u r e d   by  t h e  

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

37.  The  m e t h o d   a c c o r d i n g   to  C l a i m   34,  w h e r e i n   t he   d i a m e t e r  

of  t he   w r i t i n g   p o i n t   is   in  t he   r a n g e   of  0 . 0 5   to  1 .0   mm. 

38.  The  m e t h o d   a c c o r d i n g   to  C l a i m   34,  w h e r e i n   t he   w r i t i n g  

p o i n t   is  f o r m e d   of  one  member  or  a  m i x t u r e   of  two  or  m o r e  

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

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

and  n o n - w o v e n   f a b r i c s .  

39.  A  l i n e - p r i n t i n g   p l a t e   f o r   t he   a p p l i c a t i o n   of  a  p a p e r -  

w e a k e n i n g   l i q u i d   to  t he   p a p e r ,   h a v i n g   an  e l o n g a t e d   l i q u i d  

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

f rom  s a i d   p l a t e .  



40.  A  p a p e r - i n c i s i n g   pen  f o r   t he   a p p l i c a t i o n   of  a  p a p e r -  

w e a k e n i n g   l i q u i d   to  t he   p a p e r ,   h a v i n g   a  w r i t i n g   p o i n t  

c o m m u n i c a t e   w i t h   t he   p a p e r - w e a k e n i n g   l i q u i d   f o r m e d   of  a  

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

a  p e n h o l d e r   t h r o u g h   the   medium  of  an  e x u d a t i o n   p a t h   f o r m e d  

of  b u b b l e s ,   c a p i l l a r i e s ,   g r o o v e s ,   f i b e r   b u n d l e s ,   or  n o n -  

woven  f a b r i c   and  b o r d e r i n g   on  the   l i q u i d .  

41.  A  p a p e r - w e a k e n i n g   l i q u i d   f o r   t he   p r o d u c t i o n   of  a  f i n e  

w e a k e n e d   t e a r   l i n e   in  a  p a p e r   f o r   f a c i l i t a t i n g   the   t e a r i n g  

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

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

p e n e t r a t i o n   t h r o u g h   t he   p a p e r   in  t he   d i r e c t i o n   of  t h e  

t h i c k n e s s   of  p a p e r .  

42.  The  l i q u i d   a c c o r d i n g   to  C l a i m   41,  w h e r e i n   t he   c e l l u -  

l o s e - d e g r a d i n g   a g e n t   is   an  i n o r g a n i c   a c i d ,   o r g a n i c   a c i d ,  

a l k a l i ,   o x i d i z i n g   a g e n t ,   a c i d i c   s a l t   or  e n z y m e .  

43.  The  l i q u i d   a c c o r d i n g   to  C l a i m   41,  w h e r e i n   t he   i n o r g a n i c  

a c i d   i s   s u l f u r i c   a c i d ,   p h o s p h o r i c   a c i d ,   h y d r o c h l o r i c   a c i d  

or  n i t r i c   a c i d .  

44.  The  l i q u i d   a c c o r d i n g   to  C l a i m   42,  w h e r e i n   t he   i n o r g a n i c  

a c i d   is   s u l f r i c   a c i d .  

45.  The  l i q u i d   a c c o r d i n g   to  C l a i m   43  or  C l a i m   44,  w h e r e i n  

t he   c o n c e n t r a t i o n   of  s u l f u r i c   a c i d   in  t he   p a p e r - w e a k e n i n g  

l i q u i d   is  in  t he   r a n g e   of  0 . 1   to  30  w e i g h t   p e r c e n t .  

46.  The  l i q u i d   a c c o r d i n g   to  any  of  C l a i m   41  t h r o u g h   C l a i m  

45,  w h e r e i n   t h e   p a p e r - w e a k e n i n g   l i q u i d   a d d i t i o n a l l y   c o n t a i n s  

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

d y e s t u f f s ,   p i g m e n t s ,   t a c k i f i e r s ,   and  w e t t i n g   a g e n t s .  



47.  The  l i q u i d   a c c o r d i n g   to  C l a i m   46,  w h e r e i n   t h e  

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

g l y c o l a t e ,   or  m e t h y l   c e l l u l o s e .  

48.  The  l i q u i d   a c c o r d i n g   to  C l a i m   46,  w h e r e i n   t he   w e t t i n g  

a g e n t   is  g l y c e r i n e   or  e t h y l e n e   g l y c o l .  
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