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PR0DUCTI0N  OF  HIGH  BULK  PAPER  AND 

HIGH  BULK  CALENDERED  PAPER 

CONTAINING  VESICULATED  BEADS 

D E S C R I P T I O N  

5  T h i s   i n v e n t i o n   i s   an  I m p r o v e m e n t   o v e r   t h e   i n v e n t i o n  

d i s c l o s e d   in  E P - A - 0   204  9 1 6 .  

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

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

10  h i g h   b u l k   p a p e r   and  to  h i g h   b u l k   c a l e n d e r e d   p a p e r  

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

o p a c i t y   and  s m o o t h n e s s   w h i l e   m i n i m i z i n g   the   d e n s i t y  
o£  the   p a p e r .  

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

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

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

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

p r i n t a b i l i t y   .  T h e s e   i n o r g a n i c   p i g m e n t s   g e n e r a l l y  
have   a  p a r t i c l e   s i z e   of  l e s s   t h a n   1  m i c r o n .  

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

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

can  i n c r e a s e   t he   w e i g h t   of  t h e   p a p e r   p e r   u n i t   a r e a  
w h i c h   is   p r o d u c e d .   A l s o ,   t h e s e   v e r y   f i n e   p i g m e n t s ,  

as  w e l l   as  many  of  t h e   o t h e r   f i n e l y   d i v i d e d  

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

and  a r e   l o s t   w i t h   t h e   " w h i t e   w a t e r " .   W h i l e   t h e s e  

l o s e s   a r e   m i n i m i z e d   by  r e c y c l i n g ,   t h e r e   is  a  l i m i t   t o  
how  much  r e c y c l i n g   can   be  t o l e r a t e d   b e f o r e   the   p a p e r  
p r o d u c t   is  d a m a g e d ,   so  t h e   l o s e s   a r e   s u b s t a n t i a l   a n d  

30  some  of  t he   f i n e s   f i n d   t h e i r   way  b a c k   i n t o   our   r i v e r s  

and  s t r e a m s   to  p o l l u t e   t h e s e   w a t e r w a y s .  

More  p a r t i c u l a r l y ,   c o n v e n t i o n a l   p a p e r m a k i n g  

p r o c e s s e s   n o r m a l l y   r e t a i n   o n l y   up  to  a b o u t   65%  of  t h e  

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

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

r e c o v e r e d   or  no t   in  a c c o r d a n c e   w i t h   t he   r e c y c l i n g  

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

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

5  by  an  i n c r e a s e   in  t h e   a s h   c o n t e n t   of  f rom  7 - 1 0  

p e r c e n t a g e   p o i n t s .   The  m e c h a n i s m   by  w h i c h   t h i s   i s  

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

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

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

10  p a p e r   i n d u s t r y   t h r o u g h o u t   i t s   h i s t o r y .  

W h i l e   t i t a n i u m   d i o x i d e   p i g m e n t s   a r e   q u i t e  

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

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

e x p e n s i v e .   P r i n t i n g   p a p e r   i s   n o r m a l l y   f i n i s h e d   in  a  

15  c a l e n d e r i n g   o p e r a t i o n   to  i m p r o v e   p r i n t a b i l i t y   a n d  

a p p e a r a n c e   f o r   use   in  b o o k s ,   m a g a z i n e s   ,'  e t c .   B e t w e e n  

t h e   i n c r e a s e d   d e n s i t y   w h i c h   a d d s   to   t h e   c o s t   o f  

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

t h e   c o s t   of  t he   p i g m e n t ,   t h e   c o n v e n t i o n a l   u se   o f  

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

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

A t t e m p t s   have   b e e n   made  to   i n c o r p o r a t e  

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

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

25  T h e s e   c e l l u l a r   p l a s t i c   p a r t i c l e s   w e r e   t h e r m o p l a s t i c  

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

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

When  t h e   c e l l s   c o l l a p s e d ,   t h e   o p a c i t y   and  b u l k   w h i c h  

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

30  n o r m a l l y   at  l e a s t   a b o u t   150  p o u n d s   p e r   l i n e a r   i n c h ,  

and  may  be  as  h i g h   as  a b o u t   2000  p o u n d s   p e r   l i n e a r  

i n c h ,   and  t he   t e m p e r a t u r e   i s   at   l e a s t   a b o u t   1 0 0 ° F .   , 
more   u s u a l l y   at   l e a s t   a b o u t   1 5 0 ° F .   S i n c e   t h e s e  

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

35  o p a c i f y i n g   p o w e r   when  t h e y   a r e   c o l l a p s e d ,   t h e y   a r e  
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no t   v e r y   u s e f u l   in  m a k i n g   h i g h   b u l k   c a l e n d e r e d   p a p e r .  
T h i s   i n v e n t i o n   is  d i r e c t e d   t o w a r d  

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

p a p e r   w h i l e   i n c r e a s i n g   i t s   t h i c k n e s s   ( c a l i p e r )   a n d  
5  r e s i s t a n c e   to  p r i n t   show  t h r o u g h .   I t   is  a l s o   d e s i r e d  

to  m i n i m i z e   the   need   f o r   i n o r g a n i c   p i g m e n t s ,  

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

can   be  c o n t a i n e d   and  t h e   d e n s i t y   of  t he   c a l e n d e r e d  

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

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

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

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

15  p a p e r   f u r n i s h ,   is  r e p l a c e d   by  h i g h l y   c r o s s - l i n k e d ,  
t i t a n i u m   d i o x i d e - p i g m e n t e d   ,  p o l y m e r i c   v e s i c u l a t e d  

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

l e a s t   a b o u t   5  m i c r o n s .   The  f i n a l   p a p e r   c o n t a i n s   a t  
l e a s t   a b o u t   2%  by  w e i g h t   of  s u c h   b e a d s .   At  a b o u t   2%, 

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

H o w e v e r ,   p r a c t i c a l   s i g n i f i c a n t   r e s u l t s   r e q u i r e   a  

p a p e r   have   a  b a s i s   w e i g h t   in   t h e   r a n g e   of  a b o u t   20  t o  
a b o u t   40  p o u n d s   p e r   r e a m ,   and  f o r   t h e s e   p a p e r s   a  

p r o p o r t i o n   of  bead   of  f r o m   a b o u t   3.5%  to  a b o u t   6%, 
25  p r e f e r a b l y   a b o u t   4%  to  5%,  p r o v i d e s   s i g n i f i c a n t l y  

i m p r o v e d   p r a c t i c a l   r e s u l t s .   Be low  3 .5%,   t he   e f f e c t  
is  h a r d   to  n o t i c e   in  p a p e r s   h a v i n g   t he   b a s i s   w e i g h t  
s p e c i f i e d .   Above  a b o u t   6%,  t he   i n c o r p o r a t i o n   o f  

b e a d s   of  t he   c h a r a c t e r   s p e c i f i e d   h e r e i n   is  n o t  
30  e c o n o m i c a l .   Be low  20  p o u n d s   p e r   ream  b a s i s   w e i g h t ,  

t he   p a p e r s   a r e   no t   q u a l i t y   p r i n t i n g   p a p e r s ,   to  w h i c h  

t h i s   i n v e n t i o n   r e l a t e s ,   and  a b o v e   40  p o u n d s   p e r   r e a m  
b a s i s   w e i g h t ,   t he   b u l k i n g   e f f e c t   of  t he   b e a d s   u s e d  

h e r e i n   b e c o m e s   more  d i f f i c u l t   to  o b s e r v e .  

35  In  o r d e r   t h a t   t he   c a l e n d e r i n g   o p e r a t i o n   w i l l  
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p r o d u c e   a  p a p e r   w h i c h   is  u s e f u l   as  a  q u a l i t y   p r i n t i n g  

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

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

w h i c h   w o u l d   c r u s h   mos t   b e a d s .   T h i s   p a p e r   i s  

5  c a l e n d e r e d   a t   a  p r e s s u r e   of  a t   l e a s t   a b o u t   150  p o u n d s  

p e r   l i n e a r   i n c h   and  at   a  t e m p e r a t u r e   of  a t   l e a s t  

a b o u t   1 0 0 ° F   to  p r o v i d e   a  c a l e n d e r e d   p a p e r   p r o d u c t  

w h i c h   can   q u a l i f y   as  a  q u a l i t y   p r i n t i n g   p a p e r ,   a n d  

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

10  b e a d s   u s e d   h e r e i n   p r o v i d e s   i m p r o v e d   b u l k .   I t   i s  

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

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

w h i c h   a p p l i e s   a  p r e s s u r e   of  f r o m   200  to  1200  p o u n d s  

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

15  i n v e n t i o n   b e i n g   e n h a n c e d   a t   t h e s e   g r e a t e r   l o a d i n g s .  

Fo r   g r a v u r e   p r i n t i n g ,   a  p r e s s u r e   of  f r o m   700  to   1 2 0 0  

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

More  p a r t i c u l a r l y ,   when  t h e   v e s i c u l a t e d  

b e a d s   a r e   f o r m e d   to  c o n t a i n   t i t a n i u m   d i o x i d e ,   i t   i s  

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

and  more  o p a q u e   p e r   u n i t   of  c a l i p e r   as  a  r e s u l t   o f  

t h e   p r e s e n c e   of  t h e s e   b e a d s .   T h i s   e f f e c t   i s  

p r o p o r t i o n a l   to  t h e   a m o u n t   u s e d .   M o r e o v e r ,   i t   i s  

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

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

t h i s   s u p e r i o r   s m o o t h n e s s   i m p r o v e s   t h e   i nk   h o l d - u p .  

I t   i s   f o u n d   t h a t   e q u i v a l e n t   q u a l i t y  

c a l e n d e r e d   p a p e r   can  be  made  s a t i s f a c t o r i l y   at   l o w e r  

b a s i s   w e i g h t .   " B a s i s   w e i g h t "   is   a  c o m m o n l y   u s e d  

30  p a p e r m a k i n g   t e r m   i d e n t i f y i n g   t h e   w e i g h t   p e r   u n i t  

a r e a .   For   a  p a p e r   of  g i v e n   t h i c k n e s s   ( c a l i p e r ) ,   a t   a  

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

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

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

35  s i d e   to  s i d e   in  c a l e n d e r e d   s h e e t s   t h a n   a  c o n t r o l  
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c o n t a i n i n g   a l l   m i n e r a l   p i g m e n t ,   s u c h   as  t i t a n i u m  
d i o x i d e .  

I t   is  s t r e s s e d   t h a t   t he   i n c r e a s e d   b u l k  
a c t i o n   p r o v i d e d   by  t h i s   i n v e n t i o n   r e q u i r e s  

5  v e s i c u l a t e d   b e a d s   o£  at  l e a s t   a b o u t   5  m i c r o n s ,   w i t h  
l a r g e r   b e a d s   p r o v i d i n g   even   b e t t e r   b u l k i n g   t h a n   t h e  
s m a l l e r   o n e s .   B e a d s   h a v i n g   a  d i a m e t e r   of  up  to  a b o u t  
35  m i c r o n s   can  be  u s e d ,   bu t   i t   is  p r e f e r r e d   to  e m p l o y  
a  v o l u m e   a v e r a g e   p a r t i c l e   s i z e   in  t he   r a n g e   of  f rom  8 

LO  to  30  m i c r o n s .   The  te r ra   " v e s i c u l a t e d "   d e n o t e s   t h e  
p r e s e n c e   of  a  p l u r a l i t y   of  v e s i c l e s   or  c e l l s .   An 

a v e r a g e   of  at   l e a s t   a b o u t   5  c e l l s   p e r   bead   i s  
c o n t e m p l a t e d   h e r e i n ,   p r e f e r a b l y   at   l e a s t   a b o u t   10  
c e l l s   p e r   b e a d .   I t   a p p e a r s   t h a t   t he   p r e s e n c e   of  a  

L5  l a r g e   n u m b e r   of  c e l l s   in  e a c h   b e a d   is  what   a l l o w s   t h e  
bead   to  a v o i d   c o l l a p s e   when  p a p e r   c o n t a i n i n g   t h e   s a m e  
is  c o m p r e s s e d   u n d e r   t h e   c o n s i d e r a b l e   f o r c e   i m p o s e d   i n  
t h e   c a l e n d e r i n g   o p e r a t i o n .  

T h u s ,   w i t h   b e a d s   of  t h e   s i z e   s p e c i f i e d ,   t h e  
!0  b u l k i n g   i m p r o v e m e n t   a f t e r   c a l e n d e r i n g   is  a b o u t   5 - 1 5 % ,  

w h e r e   t he   i m p r o v m e n t   in  b u l k i n g   i n d i c a t e s   t he   e x t e n t  
of  t h i c k n e s s   i n c r e a s e   in  p a p e r   h a v i n g   the   s a m e  
w e i g h t .   W i t h   p a p e r   h a v i n g   a  l o w e r   b a s i s   w e i g h t ,  
e . g . ,   b e l o w   a b o u t   35  p o u n d s   p e r   ream  ( t y p i c a l l y   30  

15  p o u n d s   p e r   r e a m ) ,   t he   s m a l l e r   b e a d s   h a v i n g   a  p a r t i c l e  
s i z e   b e l o w   a b o u t   15  m i c r o n s   a p p e a r   to  p e r f o r m   m o r e  
e f f i c i e n t l y .   Wi th   p a p e r   h a v i n g   a  h i g h e r   b a s i s  
w e i g h t ,   e . g . ,   a b o v e   a b o u t   35  p o u n d s   p e r   r e a m  
( t y p i c a l l y   40  p o u n d s   p e r   r e a m ) ,   b e a d s   h a v i n g   a n  

0  a v e r a g e   p a r t i c l e   s i z e   a b o v e   a b o u t   15  m i c r o n s   p e r f o r m  
b e t t e r   (more   of  t h e   b u l k i n g   a c t i o n   is   r e t a i n e d   o n  
c a l e n d e r i n g )   . 

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

5  p r e s s u r e s   of  150  and  900  p o u n d s   p e r   l i n e a r   i n c h ,   a t  
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n o r r a a l   p a p e r m a k i n g   t e m p e r a t u r e s   at  t h i s   p o i n t   in  t h e  

p r o c e s s ,   e . g . ,   a b o u t   1 5 0 ° F .   C a l e n d e r i n g   t e m p e r a t u r e s  

of  l e s s   t h a n   a b o u t   2 0 0 ° F .   a r e   p r e f e r r e d .  

In  t h e   p r o d u c t i o n   of  t h e   p a p e r s   w h i c h   a r e  

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

may  be  u s e d   in  a q u e o u s   m e d i u m ,   as  p r o d u c e d ,   or  t h e y  

can  be  d r i e d   p r i o r   to  u s e ,   b u t   in   p r e f e r r e d   p r a c t i c e  

t he   a q u e o u s   s u s p e n s i o n   of  b e a d s   is  m o d i f i e d   by  t h e  

i n t r o d u c t i o n   of  a  n e u t r a l i z e d   p o l y c a r b o x y l   ic  a c i d  

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

a c i d ,   to  t h i c k e n   t h e   a q u e o u s   medium  and  t h e r e b y   h o l d  

t he   b e a d s   in  s t a b l e   s u s p e n s i o n .   I t   i s   f o u n d   t h a t  

when  t h e   a q u e o u s   b e a d   s u s p e n s i o n   is  s t a b i l i z e d ,   a s  

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

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

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

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

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

i n c l u s i o n   of  an  e f f e c t i v e   a m o u n t   of  an  a n i o n i c  

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

a n i o n i c   r e t e n t i o n   a i d   b e i n g   of  s e c o n d a r y   s i g n i f i c a n c e  

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

u s e d   r e m a i n   e f f e c t i v e   h e r e i n .  

I t   i s   s t r e s s e d   t h a t   t h e   v e s i c u l a t e d   b e a d s  

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

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

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

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

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

30  t h e   b e a d s   to  i m p r o v e   c a l e n d e r e d   p a p e r .  
I t   is   of  i n t e r e s t   to   n o t e   t h a t   t h e  

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

t h i c k e n s   t h e   a q u e o u s   b e a d   s u s p e n s i o n   to  s t a b i l i z e   t h e  

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

35  f u n c t i o n a l i t y   in  t h e   b e a d s .   T h i s   i s   e v i d e n c e d   by  t h e  
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f a c t   t h a t   t h e s e   n e u t r a l i z e d   p o l y m e r s   a r e   e f f e c t i v e   t o  

s t a b i l i z e   t he   s u s p e n s i o n   at  a  l o w e r   v i s c o s i t y   t h a n  

o t h e r   t h i c k e n e r s ,   so  more  is  i n v o l v e d   in  p r o v i d i n g  

s t a b i l i t y   t h a n   m e r e l y   the   v i s c o s i t y   o£  t h e   a q u e o u s  
5  m e d i u m .  

A l s o ,   t h e r e   a p p e a r s   to  be  a  c h e m i c a l  

c o a c t i o n   w i t h   t he   a n i o n i c   r e t e n t i o n   a i d .   T h i s   i s  

e v i d e n c e d   by  t h e   f a c t   t h a t   the   a n i o n i c   r e t e n t i o n   a i d  

is  s e l e c t e d   and  u s e d   in  a  p r o p o r t i o n   w h i c h   m a x i m i z e s  
10  r e t e n t i o n   on  a  p r a c t i c a l   b a s i s .   The  a m o u n t   o f  

n e u t r a l i z e d   t h i c k e n e r ,   w h i c h   is  c h e m i c a l l y   s i m i l a r   t o  
the  a n i o n i c   r e t e n t i o n   a i d ,   w h i c h   is  a d d e d   w i t h   t h e  

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

15  the   a m i n e   or  ammonia   u s e d   to  n e u t r a l i z e   t he   c a r b o x y l  

f u n c t i o n a l i t y   in  t h e   a n i o n i c   r e t e n t i o n   a i d ,   t h e  

c a r b o x y l   f u n c t i o n a l i t y   in  t he   t h i c k e n e r   and  t h e  

c a r b o x y l   f u n c t i o n a l i t y   in  t he   b e a d s ,   s e r v e s   t o  

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

20  As  a  r e s u l t ,   when  t h e   r e t e n t i o n   a i d   c o u p l e s   w i t h   a 
f i n e l y   d i v i d e d   p a r t i c l e   w h i c h   wou ld   n o r m a l l y   p a s s  
t h r o u g h   t he   w i r e ,   t h a t   r e t e n t i o n   a i d   may  a l s o   b e  

c o u p l e d   w i t h   a  b e a d .   T h i s   bead   is  much  l a r g e r   t h a n  
the   f i n e l y   d i v i d e d   p a r t i c l e ,   and  t h i s   i n c r e a s e s   t h e  

25  c h a n c e   t h a t   t h e   much  l a r g e r   c o n g l o m e r a t e   i n c l u d i n g  
the   bead   w i l l   be  r e t a i n e d   on  the   w i r e .  

In  s u m m a r y ,   i t   is  f o u n d   t h a t   t he   v e s i c u l a t e d  

b e a d s ,   when  u s e d   in  a q u e o u s   s u s p e n s i o n   w h i c h   has   b e e n  
t h i c k e n e d   w i t h   a  n e u t r a l i z e d   p o l y c a r b o x y l i c   a c i d  

30  p o l y m e r   t h i c k e n i n g   a g e n t   to  p r e v e n t   s e t t l i n g   of  t h e  

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

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

F o u r d r i n i e r   w i r e   in  c o n v e n t i o n a l   p a p e r m a k i n g .  
35  Bead  r e t e n t i o n   is  e n h a n c e d   when  c o n v e n t i o n a l  
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r e t e n t i o n   a i d s   a r e   e m p l o y e d ,   b o t h   a n i o n i c   a n d  

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

p r o p o r t i o n   of  t he   b e a d s   w h i c h   i s   r e t a i n e d .   H o w e v e r ,  

a n i o n i c   r e t e n t i o n   a i d s   a r e   more   e f f i c i e n t   and  t h e  

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

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

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

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

in  t h e   p a p e r m a k i n g   p r o c e s s .  

LO  The  v i s i c u l a t e d   b e a d s   b u l k   t h e   p a p e r   e v e n  

.  when  t h e y   a r e   no t   p i g m e n t e d .   But   t h e   p i g m e n t e d  

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

c a l e n d e r i n g ,   and  d e s p i t e   t h e i r   much  l a r g e r   s i z e   ( i n  

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

L5  c a l e n d e r e d   p a p e r   and  s e r v e   to  m a i n t a i n   i t s   o p a c i t y  

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

p a p e r   i s   i m p r o v e d .   At  t h e   same  t i m e ,   t h e   p r o p o r t i o n  

of  t i t a n i u m   d i o x i d e   p i g m e n t   can   be  s u b s t a n t i a l l y  

r e d u c e d .   T h i s   is  s u r p r i s i n g .   W h i l e   t h e   t i t a n i u m  

20  d i o x i d e   p i g m e n t   need   n o t   be  r e d u c e d ,   l a r g e r  

p r o p o r t i o n s   of  t h i s   p i g m e n t   can   be  o m i t t e d   w h e n  

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

in  t he   v e s i c u l a t e d   b e a d s   w h i c h   a r e   u s e d .  

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

25  be  u s e f u l   h e r e i n   a r e   t h e m s e l v e s   w e l l   k n o w n ,   and  m a n y  

a r e   a v a i l a b l e   in  c o m m e r c e .   A c r y l a m i d e   a n d  

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

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

c o n t a i n i n g   f rom  5%  to  50%  of  t h e   a c i d   or  a m i n e  

30  m o n o m e r ,   b a l a n c e   t h e   a m i d e   m o n o m e r .   The  a n i o n i c  

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

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

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

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

35  c o p o l y m e r   of  20%  m e t h a c r y l i c   a c i d   w i t h   80%  a c r y l a m i d e  
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is   i l l u s t r a t i v e   of  a  p r e f e r r e d   a n i o n i c   r e t e n t i o n   a i d .  

The  c a t i o n i c   amide   c o p o l y m e r s   a r e  

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

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

5  V a r i o u s   o t h e r   a n i o n i c   and  c a t i o n i c   r e s i n s  

w h i c h   may  be  u s e d   as  t he   r e t e n t i o n   a id   a r e   d i s c u s s e d  

in  t he   K i r k   O t h m e r   " E n c y c l o p e d i a   of  C h e m i c a l  

T e c h n o l o g y ,   t h i r d   e d i t i o n "   Volume  16,  at  page   8 0 4  

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

10  up  to  5  m i c r o n s   a re   no t   e f f e c t i v e l y   r e t a i n e d   b e c a u s e  

t h e y   a r e   so  s m a l l ,   t h u s   p r o v o k i n g   t h e   use  o f  

r e t e n t i o n   a i d s   in  t he   p a p e r   f u r n i s h .   The  b e a d s   u s e d  

h e r e i n   a r e   g e n e r a l l y   much  l a r g e r ,   b u t   t h e i r   r e t e n t i o n  

on  t he   F o u r d r i n i e r   w i r e   is  e n h a n c e d   by  t h e  

15  c o n v e n t i o n a l   r e t e n t i o n   a g e n t s   n o n e t h e l e s s .  

The  p r e f e r r e d   r e t e n t i o n   a i d s   a re   t h u s  

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

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

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

20  ammonia   or  a  v o l a t i l e   a m i n e .   The  v e s i c u l a t e d   b e a d s  

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

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

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

w i t h   a  b a s e   s i n c e   a  b a s e   is   a l w a y s   p r e s e n t   when  t h e  

25  b e a d s   a r e   m a d e .  

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

known  m a t e r i a l s   and  a r e   of  r e l a t i v e l y   h i g h   m o l e c u l a r  

w e i g h t   as  is   p r o d u c e d   by  p o l y m e r i z a t i o n   in  a q u e o u s  
e m u l s i o n .   A c r y l i c   a c i d   or  m e t h a c r y l i c   a c i d   a r e  

30  u s u a l l y   e m p l o y e d ,   t he   s e l e c t e d   a c i d ,   or  m i x t u r e  

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

up  to  a b o u t   10%  of  o t h e r   m o n o e t h y l e n i c a l l y  

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

p r e s e n t .   Up  to  a b o u t   2%  of  a  p o l y e t h y l e n i c   m o n o m e r ,  
35  l i k e   d i v i n y l   b e n z e n e   or  e t h y l e n e   g l y c o l   d i a l l y l  
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e t h e r ,   may  be  p r e s e n t   d u r i n g   t h e   c o p o l y m e r i z a t i o n   t o  

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

c r o s s - l i n k   d e n s i t y .   Ammonia   or  v o l a t i l e   a m i n e ,   l i k e  

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

5  w h i c h   t h i c k e n s   t h e   a q u e o u s   med ium  c o n t a i n i n g   t h e  

p o l y m e r .   Ammonia  is  t he   p r e f e r r e d   b a s e .   U s u a l l y  

0.1%  to  2%  of  t h e   p o l y a c r y l i c   a c i d   p o l y m e r   w i l l  

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

n e u t r a l i z a t i o n )   to  s t a b i l i z e   a  b e a d   s u s p e n s i o n  

10  c o n t a i n i n g   f rom  10%  to  50%  of  f r e e   w a t e r .   E x a c t  

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

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

w h i c h   s h o u l d   be  u s e d .  

I t   is   p r e f e r r e d   in   t h e   p r o c e s s   of  t h i s  

15  i n v e n t i o n   to  e m p l o y   an  a q u e o u s   f u r n i s h   h a v i n g   a  pH  o f  

f rom  4  to   6,  an  a c i d   s u c h   as  s u l f u r i c   a c i d   b e i n g  

a d d e d   to  a c h i e v e   t h i s   r e s u l t .   T h i s   i s   b e c a u s e   t h i s  

pH  r a n g e   m a x i m i z e s   t he   r e t e n t i o n   of  f i n e s .  

I t   i s   of  i n t e r e s t   to   n o t e   t h a t   a n i o n i c  

20  r e t e n t i o n   a i d s   a r e   u s u a l l y   a d d e d   a t   or  n e a r   t h e   h e a d  

box  to  m i n i m i z e   t h e   a g i t a t i o n   t h e y   a r e   s u b j e c t e d   t o ,  

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

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

a d d e d   w i t h   t h e   r e t e n t i o n   a i d s )   in   o r d e r   to  m a i n t a i n  

25  t h e   a s s o c i a t i o n s   b e t w e e n   t h e   a n i o n i c   g r o u p s   w h i c h   a r e  

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

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

add  t he   b e a d s   and  the   a n i o n i c   r e t e n t i o n   a i d   to  t h e  

f u r n i s h   j u s t   p r i o r   to  t he   h e a d b o x   and  a f t e r   p u m p i n g  

30  and  c e n t r i f u g a l   s c r e e n i n g   p r e s s u r e s   h a v e   b e e n   a p p l i e d  

so  as  to  m i n i m i z e   t he   s h e a r   w h i c h   i s   e n c o u n t e r e d   b y  

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

a r e   u s e d   h e r e i n .  

In  a  s p e c i f i c   c o m p a r i s o n   w i t h   t h e   use   o f  

35  t i t a n i u m   d i o x i d e ,   a n a t a s e ,   a t   t h e   7.5%  l e v e l   in  a 
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t y p i c a l   o p a c i f i e d   p a p e r ,   i t   is  f o u n d   t h a t   t h e  
c o m b i n a t i o n   of  2 .51   t i t a n i u m   d i o x i d e ,   a n a t a s e ,   and  5% 
p i g m e n t e d   v e s i c u l a t e d   b e a d s   p r o v i d e s   a  c a l e n d e r e d  

p a p e r   of  t h e   same  b a s i s   w e i g h t   h a v i n g   e q u a l   s t r e n g t h ,  
5  h i g h e r   b u l k ,   e q u a l   o p a c i t y   and  b e t t e r   s m o o t h n e s s .  

Abou t   t h e   same  s i t u a t i o n   a p p l i e s   when  one  u s e s   o n l y  
p i g m e n t e d   v e s i c u l a t e d   b e a d s   in  t he   a b s e n c e   of  t h e  
t i t a n i u m   p i g m e n t .   U s i n g   o n l y   t i t a n i u m   d i o x i d e  
p i g m e n t e d   v e s i c u l a t e d   b e a d s   in  t he   a b s e n c e   o f  

LO  a d d i t i o n a l   t i t a n i u m   p i g m e n t   in  p l a c e   of  t he   s a m e  
w e i g h t   p r o p o r t i o n   of  t i t a n i u m   p i g m e n t   p r o v i d e s ,   f o r  
the   same  b a s i s   w e i g h t   p a p e r ,   a  b u l k i e r   p a p e r   h a v i n g  
c o m p a r a b l e   b r i g h t n e s s   and  o p a c i t y   and  a  s m o o t h e r  
s u r f a c e   t h a n   t he   t i t a n i u m   d i o x i d e   c o n t r o l .   T h e  

15  t i t a n i u m   d i o x i d e - p i g m e n t e d   b e a d s   a r e   u sed   f o r   t h e  
f u r t h e r   r e a s o n   t h a t   t h e   p r e s e n c e   of  t he   f i n e l y  
d i v i d e d   p i g m e n t   in  t h e   c e l l   w a l l s   of  the   v e s i c u l a t e d  
b e a d s   p r o v i d e s   g r e a t e r   r e s i s t a n c e   to  c o l l a p s e   d u r i n g  
the   c a l e n d e r i n g   o p e r a t i o n .  

:o  W h i l e   p i g m e n t e d   v e s i c u l a t e d   b e a d s   a r e  
i m p o r t a n t   in  t he   p r o d u c t i o n   of  c a l e n d e r e d   p a p e r ,   t h e  
e f f e c t   of  i n c r e a s i n g   t h e   r e t e n t i o n   of  f i n e s   in  t h e  
p a p e r m a k i n g   p r o c e s s   d o e s   n o t   a p p e a r   to  r e q u i r e   t h e  
p r e s e n c e   of  p i g m e n t   in  t he   c e l l   w a l l s   of  t he   b e a d s ,  

:5  so  p i g m e n t e d   b e a d s   a r e   no t   an  e s s e n t i a l   f a c t o r   in  t h e  
new  p r o c e s s   of  t h i s   i n v e n t i o n .  

W h i l e   e x c e l l e n t   p r o p e r t i e s   a re   o b t a i n e d   i n  
t he   a b s e n c e   of  f r e e   t i t a n i u m   d i o x i d e ,   i t   is  d e s i r a b l e  
f o r   some  p u r p o s e s   to  i n c l u d e   a  s m a l l e r   t h a n   u s u a l  

0  p r o p o r t i o n   of  s u c h   i n o r g a n i c   p i g m e n t .   T h u s ,   t h e  
n o r m a l   p r o p o r t i o n   of  t i t a n i u m   d i o x i d e ,   a n a t a s e ,   i n  
o p a c i f i e d   c a l e n d e r e d   p r i n t i n g   p a p e r   is   a b o u t   7 . 5 1 ,  
and  t h i s   is   r e d u c e d   h e r e i n   to  0.5%  to  5%,  p r e f e r a b l y  
f rom  1%  to  4%. 

5  The  p r e f e r r e d   v e s i c u l a t e d   b e a d s   a r e  
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s t y r e n e - c r o s s - l i n k e d   u n s a t u r a t e d   p o l y e s t e r   r e s i n s .  

T h e s e   a r e   made  i n t o   a  v e s i c u l a t e d   b e a d   i n  

c o n v e n t i o n a l   f a s h i o n ,   as  i l l u s t r a t e d   by  U .S .   P a t .   N o .  

3 , 8 7 9 , 3 1 4 .   The  s i z e   of  t h e   v e s i c u l a t e d   b e a d s   u n d e r  

5  c o n s i d e r a t i o n   may  v a r y   c o n s i d e r a b l y ,   b u t   is   g e n e r a l l y  

l a r g e r   t h a n   a  v o l u m e   a v e r a g e   of  a b o u t   5  m i c r o n s   i n  

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

d i a m e t e r   of  f rom  8  to  30  m i c r o n s   a r e   c o n v e n i e n t l y  

p r e p a r e d   and  f u l l y   u s e f u l   in  t h i s   i n v e n t i o n .   As  t h e  

10  bead   s i z e   i n c r e a s e s   a b o v e   a b o u t   30  m i c r o n s ,   i t  

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

q u a l i t y .   The  b e a d s   a r e   o b t a i n e d   in  a q u e o u s  

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

a b o u t   55%  to  60%  of  t h e i r   own  w e i g h t   of  w a t e r .   T h e  

15  s u s p e n s i o n s   c o n t a i n   more  w a t e r   t h a n   t he   b e a d s   c a n  

r e t a i n   in  a  d r y - a p p e a r i n g   c a k e ,   so  t h a t   t h e  

s u s p e n s i o n s   w i l l   c o n t a i n   15%  to  35%  of  b e a d   s o l i d s ,  

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

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

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

s u s p e n s i o n ,   b u t   e x a c t   p r o p o r t i o n s   a r e   no t   c r i t i c a l  

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

w h i l e   e x c e s s   t h i c k e n e r   can  be  t o l e r a t e d .  

V a r i o u s   o t h e r   p a t e n t s   a r e   of  i n t e r e s t   to  t h e  

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

i n v e n t i o n ,   p a r t i c u l a r   a t t e n t i o n   b e i n g   d i r e c t e d   t o  

U .S .   p a t e n t s   Nos .   3 , 8 2 2 , 2 2 4 ,   3 , 9 2 3 , 7 0 4   a n d  

3 , 9 3 3 , 5 7 9 .   T h i s   l a s t - n a m e d   p a t e n t   d e s c r i b e s   t h e  

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

30  t h o s e   h a v i n g   a  r a t i o   of  g r a n u l a r   d i a m e t e r   to   m e a n  

v e s i c l e   d i a m e t e r   of  a t   l e a s t   5 : 1 ,   a  v e s i c l e   v o l u m e   o f  

f rom  5%  to  95%  of  t h e   v o l u m e   of  t h e   g r a n u l e ,   and  n o t  

more  t h a n   a b o u t   60%  p i g m e n t ,   by  v o l u m e .  

The  v e s i c u l a t e d   b e a d s   u s e d   h e r e i n   h a v e   a 

35  h i g h l y   c r o s s - l i n k e d   p o l y m e r i c   body   w h i c h   i s  
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p r e f e r a b l y   c o n s t i t u t e d   by  a  c a r b o x y l - f u n c t i o n a l  
u n s a t u r a t e d   p o l y e s t e r   r e s i n   c r o s s - l i n k e d   w i t h   a n  
e t h y l e n i c a l l y   u n s a t u r a t e d   monomer   c o p o l y m e r i   z a b l e  
t h e r e w i t h .   The  u n s a t u r a t i o n   in  t he   p o l y e s t e r   i s  

5  p r e f e r a b l y   m a l e a t e   u n s a t u r a t i o n ,   t h e s e   p o l y e s t e r s  
b e i n g   t h e m s e l v e s   w e l l   known  and  i l l u s t r a t e d  
h e r e i n a f t e r .   T h e s e   p o l y e s t e r s   a r e  

c a r b o x y l - f u n c t i o n a l   m a t e r i a l s ,   and  i t   is  p r e f e r r e d  
t h a t   t h e   p o l y e s t e r   have   an  a c i d   v a l u e   of  10  to  45  mgm 

10  KOH  p e r   gm.  ,  more  u s u a l l y   15  to  2 5 .  

The  u n s a t u r a t e d   m o n o m e r s   u s e d   f o r  

c r o s s - l i n k i n g   a r e   a l s o   w e l l   known  and  a r e   w a t e r  
i n s o l u b l e   m o n o m e r s   t y p i c a l l y   i l l u s t r a t e d   by  s t y r e n e  
or  v i n y l   t o l u e n e .   The  p o l y e s t e r s   and  m o n o m e r s   a r e  

L5  more  f u l l y   d i s c u s s e d   in  U .S .   P a t .   No.  3 , 8 7 9 , 3 1 4   w h i c h  
shows  t h e   p r o d u c t i o n   of  v e s i c u l a t e d   b e a d s   u s i n g   a 
w a t e r - s o l u b l e   p o l y a m i n e   c o n t a i n i n g   at   l e a s t   t h r e e  
amine   g r o u p s   pe r   m o l e c u l e   and  h a v i n g   a  d i s s o c i a t i o n  
c o n s t a n t   in  w a t e r   (pKa  v a l u e )   of  8 . 5 - 1 0 . 5 ,   t y p i c a l l y  

10  i l l u s t r a t e d   by  d i e t h y l e n e   t r i a m i n e .   The  p o l y a m i n e   i s  
u s e d   in  a  c o n c e n t r a t i o n   p r o v i d i n g   0 .3   to  1 .4   a m i n e  

g r o u p s   p e r   p o l y e s t e r   c a r b o x y l   g r o u p .   I t   is   p r e f e r r e d  
to  have   f rom  35%  to  45%  of  t he   u n s a t u r a t e d   p o l y e s t e r  
c r o s s - l i n k e d   w i t h   f rom  55%  to  65%  of  s t y r e n e .   T h e  

IS  b e a d s   a r e   n o r m a l l y   u s e d   w i t h o u t   d r y i n g ,   and  t h u s  
c o n t a i n   much  of  t he   w a t e r   and  the   a m i n e s   w h i c h   w e r e  
u s e d   in  t h e i r   p r o d u c t i o n .  

The  i n v e n t i o n   is  i l l u s t r a t e d   as  f o l l o w s ,   i t  
b e i n g   u n d e r s t o o d   t h a t   a l l   p a r t s   and  p r o p o r t i o n s   a r e  

H>  by  w e i g h t ,   u n l e s s   o t h e r w i s e   s p e c i f i e d .  
S u i t a b l e   p i g m e n t e d   v e s i c u l a t e d   b e a d s   i n  

a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n   a r e   i l l u s t r a t e d   i n  
U.S .   P a t e n t   No.  3 , 8 7 9 , 3 1 4   i s s u e d   A p r i l   22,  1975 ,   s e e  
p a r t i c u l a r l y   E x a m p l e   I I .   By  p r o c e e d i n g   in  a c c o r d a n c e  

5̂  w i t h   s a i d   E x a m p l e   II  and  u s i n g   a  p o l y e s t e r   of  18% 
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p h t h a l i c   a n h y d r i d e ,   37%  m a l e i c   a n h y d r i d e   and  45% 

p r o p y l e n e   g l y c o l   d i s s o l v e d   in  s t y r e n e   to  fo rm  a 

s o l u t i o n   c o n t a i n i n g   41 .8%  of  t he   p o l y e s t e r ,  

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

a n a t a s e ,   to  c o n t a i n   a b o u t   43.2%  p i g m e n t   a r e  

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

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

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

t h e   b e a d s .   T h e s e   b e a d s   h a v e   an  a v e r a g e   s i z e   of  a b o u t  

0  25  m i c r o n s   and  c o n t a i n   an  a v e r a g e   of  more   t h a n   10  

c e l l s   p e r   b e a d .  

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

f u r n i s h   in  w h i c h   88  p o u n d s   of  s o f t w o o d   k r a f t ,   1 3 2  

p o u n d s   of  h a r d w o o d   k r a f t ,   44  p o u n d s   of  c l a y ,   5  p o u n d s  

5  of  c a l c i n e d   c l a y ,   and  3 .4   p o u n d s   of  a lum  is   m i x e d  

i n t o   w a t e r   to  p r o v i d e   500  g a l l o n s   of  m i x t u r e   to  w h i c h  

is   added   300  cc  of  c o n c e n t r a t e d   s u l f u r i c   to  p r o v i d e   a  

pH  in  the   r a n g e   of  4 . 5   to  6 . 5 .   T h i s   f u r n i s h   i s  

m o d i f i e d   to  i n c l u d e   4%  or  6%  of  t h e   v e s i c u l a t e d   b e a d s  

10  and  1.5%  of  t i t a n i u m   d i o x i d e ,   a n a t a s e ,   b a s e d   o n  

s o l i d s   c o n t e n t ,   and  i s   s u p p l i e d   to  t h e   h e a d   box  b y  

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

s o l i d s   c o n c e n t r a t i o n   i s   r e d u c e d   to  2 . 5 % .  

The  p a p e r   made  f r o m   t h i s   f u r n i s h   had  a  b a s i s  

IS  w e i g h t   in  the   r a n g e   of  37  to   40  p o u n d s   p e r   ream  a n d  

was  c a l e n d e r e d   at   e i t h e r   150  or  900  p o u n d s   p e r   l i n e a r  

i n c h   a t   a  t e m p e r a t u r e   of  a b o u t   1 5 0 ° F .   C o m p a r e d   w i t h  

t h e   same  f u r n i s h   c o n t a i n i n g   6.5%  t i t a n i u m   d i o x i d e ,  

a n a t a s e ,   a  5-15%  i n c r e a s e   in   t h e   c a l i p e r   of  t h e  

50  c a l e n d e r e d   p a p e r   a t   any  g i v e n   b a s i s   w e i g h t   w a s  

o b s e r v e d   a t   b o t h   of  t h e   4%  and  6%  b e a d   i n c l u s i o n  

l e v e l s   w h i c h   we re   i n v e s t i g a t e d .  

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

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

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



0 2 S 3 7 2 9  

- l b -  
c o n d i t i o n s   n o t e d   to  p r o v i d e   the   f i n a l   p a p e r   w h i c h   w a s  
t e s t e d .   The  p a p e r   c o n t a i n i n g   the   p i g m e n t e d  
v e s i c u l a t e d   b e a d s   had  g r e a t e r   c a l i p e r   and  g r e a t e r  
r e s i s t a n c e   to  p r i n t   show  t h r o u g h   t h a n   t h e  

5  c o n v e n t i o n a l   t i t a n i u m   d i o x i d e - p i g m e n t e d   p a p e r .   T h i s  
e s t a b l i s h e s   t h a t   p r i n t i n g   p a p e r   of  l e s s e r   w e i g h t   a n d  
t h e   same  r e s i s t a n c e   to  p r i n t   show  t h r o u g h   can   b e  
p r o v i d e d   by  t h i s   i n v e n t i o n .  

The  v e s i c u l a t e d   b e a d s   in  t h e   f o rm  of  a n  
LO  a m m o n i a - n e u t r a l i z e d   p o l y a c r y l i c   a c i d - t h i c k e n e d   s t a b l e  

a q u e o u s   s u s p e n s i o n   can  be  a d d e d   t o g e t h e r   w i t h   a n  
a n i o n i c   r e t e n t i o n   a i d   c o n s t i t u t e d   by  a  c o p o l y m e r   o f  
20%  m e t h a c r y l i c   a c i d   and  80%  a c r y l a m i d e   in  an  a m o u n t  
of  1%  b a s e d   on  t h e   w e i g h t   of  s o l i d s   p r e s e n t   in  t h e  

L5  f u r n i s h .   T h e s e   a r e   a d d e d   to  t he   f u r n i s h   t o g e t h e r  
w i t h   t h e   w a t e r   u s e d   to  d i l u t e   t he   f u r n i s h   to  t h e  
d e s i r e d   s o l i d s   c o n t e n t   i m m e d i a t e l y   p r i o r   to  t h e   h e a d  
box  so  as  to  m i n i m i z e   s h e a r .   In  c o m p a r i s o n   w i t h   t h e  
use   of  t he   a n i o n i c   r e t e n t i o n   a i d   a l o n e ,   a  s u b s t a n t i a l  

JO  r e d u c t i o n   in  f i n e s   p a s s i n g   t h r o u g h   t h e   w i r e   i n t o   t h e  
w h i t e   w a t e r   is  e x p e r i e n c e d ,   as  e v i d e n c e d   by  t h e  

l o w e r i n g   of  t he   z e t a   p o t e n t i a l   of  t h a t   w h i t e   w a t e r .  
From  t he   s t a n d p o i n t   of  ash  c o n t e n t ,   i t   is  f o u n d   t h a t  
t he   n o r m a l   r e t e n t i o n   as  e v i d e n c e d   by  c o m p a r i n g   t h e  

!5  t h e o r e t i c a l   ash   c o n t e n t   w i t h   the   a c t u a l   a sh   c o n t e n t  
i n c r e a s e s   f rom  a b o u t   67-68%  to  a b o u t   76-77%  when  t h i s  
a s p e c t   of  t he   i n v e n t i o n   is  p r a c t i c e d .  
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WHAT  IS  CLAIMED  I S :  

1.  A  h i g h   b u l k   c a l e n d e r e d   p a p e r   c o m p r i s i n g  

f r o m   2%  to  a b o u t   6%  of  t he   w e i g h t   of  t h e   p a p e r   o f  

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

p a r t i c l e   s i z e   of  at  l e a s t   a b o u t   5  m i c r o n s   up  to  a b o u t  

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

w e i g h t   of  up  to  a b o u t   40  p o u n d s   p e r   r e a m .  

2.  A  h i g h   b u l k   c a l e n d e r e d   p a p e r   as  r e c i t e d  

in  c l a i m   1  in  w h i c h   s a i d   v e s i c u l a t e d   b e a d s   a r e  

p r e s e n t   in  an  a m o u n t   of  at  l e a s t   a b o u t   3 .5%,   and  s a i d  

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

20  p o u n d s   p e r   ream  to  p r o v i d e   a  q u a l i t y   p r i n t i n g  

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

a v e r a g e   p a r t i c l e   s i z e   in  t h e   r a n g e   of  f r o m   10  to  30  

m i c r o n s .  

3.  A  h i g h   b u l k   c a l e n d e r e d   p a p e r   as  r e c i t e d  

in  c l a i m   2  in  w h i c h   s a i d   v e s i c u l a t e d   b e a d s   a r e  

p r e s e n t   in  an  a m o u n t   of  f rom  a b o u t   4%  to  a b o u t   5%  a n d  

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

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

to  mean  v e s i c l e   d i a m e t e r   of  at  l e a s t   5 : 1 ,   a  v e s i c l e  

v o l u m e   of  f rom  5%  to  95%  of  t he   v o l u m e   of  t h e  

g r a n u l e ,   and  no t   more   t h a n   a b o u t   60%  p i g m e n t ,   b y  

v o l u m e .  

4.  A  h i g h   b u l k   c a l e n d e r e d   p a p e r   as  r e c i t e d  

in  c l a i m   3  in  w h i c h   t h e   p o l y m e r i c   body   of  s a i d   b e a d s  

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

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

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

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

of  an  a n i o n i c   r e t e n t i o n   a i d .  

5.  A  h i g h   b u l k   c a l e n d e r e d   p a p e r   as  r e c i t e d  

in  c l a i m   4  in  w h i c h   f rom  35%  to  45%  of  u n s a t u r a t e d  

p o l y e s t e r   c o n t a i n i n g   m a l e a t e   u n s a t u r a t i o n   i s  
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c r o s s - l i n k e d   w i t h   f rom  55%  to  651  of  s t y r e n e   and  s a i d  
p o l y e s t e r   has   an  a c i d   v a l u e   of  10  to  45  mgm  KOH  p e r  
gm. 

6.  A  h i g h   b u l k   c a l e n d e r e d   p a p e r   as  r e c i t e d  
in  c l a i m   1  in  w h i c h   s a i d   p a p e r   is  c a l e n d e r e d   at  a  
p r e s s u r e   of  at  l e a s t   a b o u t   150  p o u n d s   pe r   l i n e a r   i n c h  
u s i n g   a  t e m p e r a t u r e   of  at  l e a s t   a b o u t   1 0 0 ° F .  

7.  A  h i g h   b u l k   c a l e n d e r e d   p r i n t i n g   p a p e r   a s  
r e c i t e d   in  c l a i m   1  in  w h i c h   t he   c a l e n d e r i n g   p r e s s u r e  
is  in  t he   r a n g e   of  700  to  1200  p o u n d s   p e r   l i n e a r   i n c h  
and  t he   c a l e n d e r i n g   t e m p e r a t u r e   is   at  l e a s t   a b o u t  
1 5 0 ° F .  

8.  A  h i g h   b u l k   c a l e n d e r e d   p r i n t i n g   p a p e r   a s  
r e c i t e d   in  c l a i m   16  in  \ ^h i ch   t h e   p r o p o r t i o n   o f  
t i t a n i u m   d i o x i d e ,   a n a t a s e ,   n o t   in  s a i d   b e a d s   is  f r o m  
1%  to  4%. 

9.  A  m e t h o d   of  m a k i n g   p a p e r   as  r e c i t e d   i n  
: l a i m   1  c o m p r i s i n g   a d d i n g   to  t h e   a q u e o u s   f u r n i s h   a n  
a q u e o u s   s u s p e n s i o n   of  c a r b o x y l - f u n c t i o n a l   h i g h l y  
: r o s s - l i n k e d ,   p o l y m e r i c   v e s i c u l a t e d   b e a d s   h a v i n g   a 
volume  a v e r a g e   p a r t i c l e   s i z e   of  at   l e a s t   a b o u t   5 
n i c r o n s   t o g e t h e r   w i t h   an  a n i o n i c   r e t e n t i o n   a i d ,   s a i d  
j e a d s   b e i n g   p r e a s s o c i a t e d   w i t h   a  n e u t r a l i z e d  

) o l y c a r b o x y l i c   a c i d   p o l y m e r   t h i c k e n e r ,   to  t h e r e b y  
r e d u c e   t he   p r o p o r t i o n   of  f i n e s   w h i c h   p a s s   t h r o u g h   t h e  
f i r e   i n t o   t he   w h i t e   w a t e r .  

10.  A  m e t h o d   of  m a k i n g   p a p e r   as  r e c i t e d   i n  
: l a i m   9  in  w h i c h   and  s a i d   p o l y e s t e r   has  an  a c i d   v a l u e  
)f  10  to  45  mgm  KOH  p e r   gm.  and  s a i d   a n i o n i c  
r e t e n t i o n   a i d   is  a  c o p o l y m e r   of  a c r y l a m i d e   w i t h   f r o m  
>%  to  50%  of  a  m o n o e t h y l e n i c a l l y   u n s a t u r a t e d  
: a r b o x y l i c   a c i d ,   s a i d   p o l y e s t e r   has   an  a c i d   v a l u e   o f  
.5  to  25  mgm  KOH  p e r   gm.  ,  s a i d   t h i c k e n e r   is  a 
l o l y a c r y l i c   a c i d ,   and  s a i d   a n i o n i c   r e t e n t i o n   a i d   a n d  
l a id   t h i c k e n e r   b e i n g   n e u t r a l i z e d   w i t h   a m m o n i a .  
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