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3.  BACKGROUND  OF  THE  INVENTION 

( i )   F i e l d   of   t h e   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 r o c e s s   f o r   t r e a t i n g  

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

h a r d w o o d s   to   p r o v i d e   p u l p s   of  i m p r o v e d   p r o p e r t i e s .   I n  

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

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

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

( i i )   D e s c r i p t i o n   of  t h e   P r i o r   A r t  

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

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

and  a  c h e m i c a l   p u l p .   M e c h a n i c a l   p u l p   i s   u s e d   b e c a u s e  

i t   i m p a r t s   c e r t a i n   d e s i r e d   p r o p e r t i e s   to   t h e   f u r n i s h :  

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

b u t e s   to  p a p e r   o p a c i t y   and  a l l o w s   t h e   use   of  a  t h i n n e r  

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

d u r i n g   p r i n t i n g .  

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

p r o p e r t i e s   to   t he   f u r n i s h   w h i c h   i m p r o v e   i t s   r u n -  

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

t h e   we t   web  to   be  t r a n s p o r t e d   a t   h i g h   s p e e d   t h r o u g h   t h e  

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

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

and  p r i n t e d   in  an  a c c e p t a b l e   m a n n e r .   R u n n a b i l i t y   c o n -  

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

I t   is  b e l i e v e d  t h a t   i m p r o v e d   r u n n a b i l i t y   in  c h e m i -  

c a l   p u l p   is   due  to  h i g h   w e t - w e b   s t r e n g t h   and  d r a i n a g e  

r a t e .   Wet  and  dry  s t r e t c h   a r e   i m p o r t a n t   b e c a u s e   t h e y  

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

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



b r e a k s .   H igh   d r a i n a g e   r a t e s   l o w e r   t h e   w a t e r   c o n t e n t  

and  a r e   b e l i e v e d   to  y i e l d   a  l e s s   f r a g i l e   w e b .  
I 

M e c h a n i c a l   p u l p s   i n c l u d i n g   s t o n e   g r o u n d w o o d   (SG)  

and  p r e s s u r i z e d   s t o n e   g r o u n d w o o d   (PSG)  can  be  made  t o  

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

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

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

r e f i n e r   m e c h a n i c a l   p u l p   (RMP)  and   in   p r e s s u r i z e d  

t h e r m o m e c h a n i c a l   p u l p   (TMP).  S t i l l   f u r t h e r   u p g r a d e d  

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

of   t h e   wood  c h i p s   p r i o r   to  r e f i n i n g   to   p r o v i d e   c h e m i -  

m e c h a n i c a l   p u l p   (CMP  or  CTMP) .  

U . S .   P a t e n t   3 , 4 4 6 , 6 9 9   i s s u e d   May  27,  1965  t o  

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

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

l i g n o c e l l u l o s e - c o n t a i n i n g   m a t e r i a l ,   in  o r d e r   to  p r o v i d e  

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

w i t h   i m p r o v e d   d e f i b r a t i o n .  

U .S .   P a t e n t   3 , 5 5 8 , 4 2 8   i s s u e d   J a n .   26,  1971  t o  

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

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

t h e   same  in  an  a t m o s p h e r e   of  v a p o u r   a t   e l e v a t e d   t e m p e r -  

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

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

i m p r e g n a t i o n .  

U . S .   P a t e n t   4 , 1 1 6 , 7 5 8   i s s u e d   S e p t .   26,-  1978  t o  

M.J .   F o r d   p r o v i d e d   a  p r o c e s s   f o r   p r o d u c i n g   h i g h - y i e l d  

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

a l   by  t r e a t m e n t   w i t h   an  a q u e o u s   s o l u t i o n   of  a  m i x t u r e  

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



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

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

t i c s .  

T o d a y ' s   p a p e r m a k e r   is  f a c e d   w i t h   t he   p r o b l e m s   o f  

d e c r e a s i n g   f o r e s t   r e s o u r c e s ,   an  i n c r e a s i n g   demand   f o r  

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

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

c o n t r i b u t e   h i g h l y   to  such   p r o b l e m s .  

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

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

t i e s .   O b s e r v a t i o n s   of  l o w - y i e l d   c h e m i c a l   f i b r e s   in  a  

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

k i n k   and  c u r l   w h i c h   is  s a i d   to  c o n t r i b u t e ,   in  an  a d v a n -  

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

c e r t a i n   p h y s i c a l   p r o p e r t i e s .   M e c h a n i c a l   p u l p s   l a c k   t h e  

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

in  p a r t ,   l o w - y i e l d   c h e m i c a l   p u l p s ,   e . g .   k r a f t   or  s u l -  

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

g r a d e s   and  c o a t e d - b a s e   g r a d e   of  p a p e r .   C o n s e q u e n t l y ,  

i t   has   b e e n   an  a im  of  t h e   a r t   to  i m p r o v e   t h e   p h y s i c a l  

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

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

l o w - y i e l d   c h e m i c a l   p u l p s .  

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

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

to   i m p r o v e   c e r t a i n   p h y s i c a l   p r o p e r t i e s .   Two  s u c h  

m e c h a n i c a l   f i b r e - c u r l i n g   d e v i c e s   a r e   d i s c l o s e d   in  H . S .  

H i l l ,   U.S .   P a t .   2 , 5 1 6 , 3 8 4   and  E . F .   E r i k s o n   U .S .   P a t .  

3 , 0 5 4 , 5 3 2 .  

H.S .   H i l l   e t   a l .   in  T a p p i ,   Vo l .   33,  No.  1,  p p .  



3 6 - 4 4 ,   1950 ,   d e s c r i b e d   a  " C u r l a t o r "   d e s i g n e d   to  p r o d u c e  

c u r l e d   f i b r e s .   The  p r o c e s s   c o n s i s t e d   of  r o l l i n g   f i b r e s  

i n t o   b u n d l e s   a t   a  c o n s i s t e n c y   of  a r o u n d   1 5 % - 3 5 % ,  

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

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

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

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

t i e s ,   n o t a b l y   t e n s i l e   s t r e n g t h .  

W.B.  West   in  T a p p i ,   V o l .   47,  N o .  6 ,   pp.  3 1 3 - 3 1 7 ,  

1964,   d e s c r i b e s   h i g h   c o n s i s t e n c y   d i s c   r e f i n i n g   to   p r o -  

duce  t he   same  a c t i o n .  

D.H.  Page   in  P u l p   P a p e r   Mag.  C a n a d a ,   V o l .   67,  N o .  

1,  pp.   T 2 - 1 2 ,   1966 ,   s h o w e d   t h a t   t h e   c u r l   i n t r o d u c e d   w a s  

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

c a l l e d   " m i c r o c o m p r e s s i o n s " .   Bo th   t y p e s   of  c u r l   w e r e  

a d v a n t a g e o u s .  

J . H .   De  G r a c e   and  D.H.  Page   in  T a p p i ,   Vo l .   59,  N o .  

7,  pp.  9 8 - 1 0 1 ,   1976 ,   s h o w e d   t h a t   c u r l   c o u l d   be  p r o d u c e d  

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

m e c h a n i c a l   a c t i o n   of  pumps   and  s t i r r e r s   a t   h i g h   c o n -  

s i s t e n c y .  

R .P .   K i b b l e w h i t e   and  D.  B r o o k e s   in  A p p i t a ,   V o l .  

28,  N o .  4 ,   pp.   2 2 7 - 2 3 1 ,   1 9 7 5 ,   c l a i m e d   t h a t   t h i s   a d v e n -  

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

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

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

c h i p s   is   known  to   p r o d u c e   c u r l e d ,   k i n k e d   and  t w i s t e d  

f i b r e s .   K i n k e d   f i b r e s   a r e   known  to  be  p a r t i c u l a r l y  

e f f e c t i v e   in  d e v e l o p i n g   e x t e n s i b i l i t y   in  wet   webs   i f  

t he   k i n k s   a r e   s e t   in  p o s i t i o n   so  t h a t   t h e y   s u r v i v e   t h e  



a c t i o n   ot   pumps  and  a g i t a t o r s   a t   low  c o n s i s t e n c y   a n a  

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

s h e e t .   T h i s   e n s u r e s   e n h a n c e m e n t   of   t he   w e t - w e b   s t r e t c h  

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

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

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

p u l p .   In  one ,   C a n a d i a n   P a t e n t   No.  1 , 1 0 2 , 9 6 9   i s s u e d  

J u n e   16,  1981  to   A . J .   K e r r   e t   a l . ,   i m p r o v e m e n t   in  t e a r -  

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

d e l i g n i f i e d   l i g n o c e l l u l o s i c   or  c e l l u l o s e   p u l p   d e r i v e d  

f r o m   a  c h e m i c a l ,   s e m i c h e m i c a l   or  c h e m i m e c h a n i c a l   p u l p -  

i ng   p r o c e s s   a t   a  p r e s s u r e   of  a t   l e a s t   one  a t m o s p h e r e ,  

w i t h   s u f f i c i e n t   g a s e o u s   ammonia   to   be  t a k e n   up  b y  m o i s t  

p u l p   in  an  a m o u n t   g r e a t e r   t h a n   3g  by  w e i g h t   to   w e i g h t  

of  oven   d r i e d   p u l p .  

In  a n o t h e r ,   C a n a d i a n   P a t e n t   N o .  1 , 0 7 1 , 8 0 5   i s s u e d  

F e b .   19,  1980  to   A . J .   B a r n e t   e t   a l . ,   a  m e t h o d   of  t r e a t -  

men t   of  m e c h a n i c a l   wood  p u l p   is   p r o v i d e d   by  c o o k i n g   t h e  

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

s u f f i c i e n t   a l k a l i   to   m a i n t a i n   a  pH  g r e a t e r   t h a n   a b o u t  3  

d u r i n g   t h e   c o o k i n g .   The  c o o k i n g   was  e f f e c t e d   a t   a n  

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

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

wet   s t r e t c h   t h e r e o f ,   b u t   f o r   a  t i m e   i n s u f f i c i e n t   t o  

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

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

90%.  A  minimum  c o n c e n t r a t i o n   of  s o d i u m   s u l p h i t e   was  1% 

s i n c e ,   b e l o w   1%  s o d i u m   s u l p h i t e   i m p r o v e m e n t s   w e r e   s a i d  

to   be  t o o   s m a l l   to   j u s t i f y   t h e   e x p e n s e   of  t r e a t m e n t .  



4.  DETAILED  DESCRIPTION  OF  THE  INVENTION  0 0 9 6 4 6 0  

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

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

h i g h - y i e l d   s u l p h i t e   p u l p   is   l o s t   in  t h e   s u b s e q u e n t  

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

t u r e s .   T h i s   i s   a l s o   t a u g h t   in  t h e   a r t i c l e   by  H . W . H .  

J o n e s   in  P u l p   P a p e r   Mag.  C a n a d a ,   V o l .   67,  N o .  6 ,   p p .  

T 2 8 3 - 2 9 1 ,   1966 .   J o n e s   showed   t h a t   when  m e c h a n i c a l   p u l p  

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

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

s u s p e n s i o n   a t   a  t e m p e r a t u r e   of  a r o u n d   70°C  t h e   c u r l  

t e n d s   to   be  r e m o v e d .   The  i n c r e a s e d   t e n s i l e   and  b u r s t  

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

a d v a n t a g e o u s .   T h u s ,   c u r l   in  s u c h   p u l p s   is   n o r m a l l y  

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

c a l   p a p e r m a k i n g ,   p u l p s   a r e   a l w a y s   s u b j e c t e d   to   m i l d  

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

of  t h e   o r d e r   of  7 0 ° C .  

H i g h - y i e l d   and  u l t r a   h i g h - y i e l d   s u l p h i t e   p u l p s   a r e  

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

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

may  be  s u b j e c t e d   to   h i g h - c o n s i s t e n c y   r e f i n i n g ,   t h e i r  

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

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

l o s t   in  s u b s e q u e n t   h a n d l i n g .  

Thus ,   we  h a v e   i d e n t i f i e d   r e q u i r e m e n t s   f o r  

a  p r o c e s s   fo r   i m p a r t i n g   and  r e n d e r -  

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

c a l   and  h i g h - y i e l d   c h e m i c a l   p u l p s   in  o r d e r   to  i m p r o v e  

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



e n c y ,   and  an  o b j e c t   of  t h i s   i n v e n t i o n   i s   to   p r o v i d e  i m  

p r o v e m e n t s   in  one  or  more  of  t h e s e   r e s p e c t s .   T h e r e   i s  
b e l o w   an  e x a m p l e   o f  

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

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

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

w h o l e   or  in  p a r t ,   t h e   l o w - y i e l d   c h e m i c a l   p u l p s .  

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

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

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

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

c a l   p u l p s .  

The  m e c h a n i c a l   p u l p s   or  h i g h - y i e l d   c h e m i c a l   p u l p s  

i n c l u d e d   w i t h i n   t h e   a m b i t   of   t h i s   i n v e n t i o n   can  b e  

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

in   s t o n e   g r o u n d w o o d   (SG) ,   p r e s s u r i z e d   s t o n e   g r o u n d w o o d  

( P S G ) ,   r e f i n e r   m e c h a n i c a l   p u l p   (RMP)  and  t h e r m o m e c h a n i -  

c a l   p u l p   (TMP)  p r o d u c t i o n   or  by  m e c h a n i c a l   d e f i b r a t i o n ,  

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

t r e a t m e n t   of  wood  c h i p s   and  p u l p s   e . g .   in  t he   p r o d u c -  

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

in  t he   r a n g e   1 0 0 - 8 5 % ) ,   h i g h - y i e l d   s u l p h i t e   p u l p s   (HYS) 

y i e l d s   in  t h e   r a n g e   8 5 - 6 5 % ) ,   c h e m i - t h e r m o m e c h a n i c a l  

(CTMP),   h i g h - y i e l d   c h e m i m e c h a n i c a l   (CMP),  i n t e r s t a g e  

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

p u l p   (MPC)  or  t h e r m o m e c h a n i c a l   p u l p s   (TMPC) .  

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

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

c u r l e d ,   w h i c h   m e t h o d   c o m p r i s e s :   s u b j e c t i n g   the   p u l p   t o  

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

t e n c y   in  t he   form  of  n o d u l e s   or  e n t a n g l e d   mass ;   t h e r e b y  



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

a c t i o n .  

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

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

t h a t   have   a l r e a d y   been   c u r l e d   by  a  m e c h a n i c a l   a c t i o n   a t  

h i g h   c o n s i s t e n c y ,   w h i c h   m e t h o d   c o m p r i s e s :   s u b j e c t i n g  

t h e   p u l p   to   a  h e a t   t r e a t m e n t   a t   a  t e m p e r a t u r e   of  a t  

l e a s t   100°C,   w h i l e   t he   p u l p   i s   a t   a  h i g h   c o n s i s t e n c y   o f  

a t   l e a s t   15%  t h e r e b y   to   r e n d e r   t h e   c u r l   p e r m a n e n t   t o  

s u b s e q u e n t   m e c h a n i c a l   a c t i o n .  

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

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

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

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

t h e   p u l p   to   a  h e a t   t r e a t m e n t   a t   a  t e m p e r a t u r e   of  1 0 0 ° C -  

1 7 0 ' C   f o r   a  t i m e   v a r y i n g   b e t w e e n   60  m i n u t e s   and  2 

m i n u t e s ,   w h i l e   t h e   p u l p   is  a t   a  h i g h   c o n s i s t e n c y   of  15% 

t o   35%,  t h e r e b y   to  r e n d e r   t h e   c u r l   p e r m a n e n t   to  s u b s e -  

q u e n t   m e c h a n i c a l   a c t i o n .  

The  p r e s e n t   i n v e n t i o n   in  i t s   b r o a d   a s p e c t s   is  a  

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

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

u l t r a   h i g h - y i e l d   or  h i g h - y i e l d   p u l p s .   Such  a  m e c h a n i -  

c a l   a c t i o n   g e n e r a l l y   t a k e s   p l a c e   a t   h i g h   c o n s i s t e n c y  

( 1 5 % - 3 5 % ) ,   and  may  t y p i c a l l y   be  a  h i g h - c o n s i s t e n c y   d i s c  

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

m a n u f a c t u r e .  

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

s i s t s   of  a  s i m p l e   h e a t   t r e a t m e n t   of  t h e   p u l p   in  t h e  

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



n o d u l e s   or  e n t a n g l e d   mass   a t   h i g h   c o n s i s t e n c y .  T h e  

p r o c e s s   may  i n v o l v e   t e m p e r a t u r e s   a b o v e   100°C  in  w h i c h  

c a s e   a  p r e s s u r e   v e s s e l   is  r e q u i r e d .  

W h i l e   t h e   i n v e n t i o n   i s   n o t   to  be  l i m i t e d   to   a n y  

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

in  p l a c e   e i t h e r   by  r e l i e f   of  s t r e s s e s   in  t h e   f i b r e   o r  

by  a  c r o s s - l i n k i n g   m e c h a n i s m ,   so  t h a t   upon  s u b s e q u e n t  

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

c u r l e d   f o r m .  

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

p r o p e r t i e s   of  t he   wet   web,   so  t h a t   t he   r u n n a b i l i t y   o f  

t h e   p a p e r m a c h i n e   is  i m p r o v e d .   In  a d d i t i o n ,   t h e   t o u g h -  

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

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

t h a t   has   b e e n   c o n v e r t e d   to   t h e   c u r l y   s t a t e   by  m e c h a n i -  

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

a r e   h e l d   in  a  c u r l y   s t a t e   in  t he   form  of  n o d u l e s   o r  

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

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

wood ,   r e f i n e r   m e c h a n i c a l ,   t h e r m o m e c h a n i c a l ,   or  a  c h e m i -  

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

or   h i g h - y i e l d   s u l p h i t e   p u l p .   C o n v e r s i o n   to   a  c u r l y  

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

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

r e f i n e r   m e c h a n i c a l ,   t h e r m o m e c h a n i c a l   and  u l t r a   h i g h -  

y i e l d   s u l p h i t e   p u l p .   For   s t o n e   g r o u n d w o o d ,   p r e s s u r i z e d  

s t o n e   g r o u n d w o o d   and  h i g h - y i e l d   s u l p h i t e   p u l p ,   i t   w o u l d  

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

t h a t   c u r l s   the   f i b r e s .   T h i s   may  be  f o r   e x a m p l e   by  u s e  

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



by  u s e   of  t h e   " F r o t a p u l p e r "   ( E . F .   E r i k s o n ,   U .S .   P a t .  

3 , 0 5 4 , 5 3 2 ) .  

The  p u l p   f i b r e s   may  be  l i g n o c e l l u l o s i c   f i b r e s  

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

by  r e f i n i n g '   in  a  d i s c   r e f i n e r   at   h i g h   c o n s i s t e n c y ,   o r  

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

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

of   wood  c h i p s   f o l l o w e d   or  p r e c e d e d   by  a  c h e m i c a l   t r e a t -  

m e n t ,   or  by  a  s i n g l e   s t a g e   r e f i n i n g ,   or  a f t e r   two  s u c -  

c e s s i v e   r e f i n i n g s ,   or  b e t w e e n   two  s u c c e s s i v e   r e f i n i n g s .  

They   may  a l t e r n a t i v e l y   be  p u l p   f i b r e s   c o m m e r c i a l l y  

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

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

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

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

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

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

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

t h e r m o m e c h a n i c a l   p u l p s ,   or  may  be  p a r t   of  t h e   f u r n i s h ,  

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

or   may  be  w h o l e   p u l p s .  

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

h i g h   c o n s i s t e n c y   ( s a y   15 -35%)   in  t h e   f o r m   of  n o d u l e s   o r  

e n t a n g l e d   mass   and  s u b j e c t i n g   i t   to   h e a t   t r e a t m e n t  

w i t h o u t   a p p r e c i a b l e   d r y i n g   of  t h e   p u l p .   The  t e m p e r a -  

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

e x t e n t   to  w h i c h   the   c u r l   in  t h e   f i b r e s   is  r e n d e r e d  

p e r m a n e n t ,   and  t h i s   may  be  a d j u s t e d   to  m a t c h   t he   a d v a n -  

t a g e s   s o u g h t .  

T h i s   m e t h o d   may  b e  c a r r i e d   o u t   as  a  b a t c h   m e t h o d  



in  a  d i g e s t e r   or   as  a  c o n t i n u o u s   m e t h o d   t h " 0 1 6 4 6 0  

s t e a m i n g   t u b e   m a i n t a i n e d   at   h i g h   p r e s s u r e .  

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

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

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

p u l p   p r o p e r t i e s ;   or  t h e   s u b s e q u e n t   s t e p s   of  b r i g h t e n i n g  

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

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

o r   i n d e e d   may  be  c a r r i e d   ou t   in  b r i g h t e n e d   p u l p s   t h e r e -  

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

t r e a t m e n t .  

N o w h e r e   in  t h e   p r i o r   a r t   i s   t h e r e   d i s c l o s e d   a  

p r o c e s s   in  w h i c h   a  s e p a r a t e   and  s o l e   h e a t   t r e a t m e n t   a t  

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

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

in  t h e   p r o p e r t i e s   of  t h e   wood  p u l p   b e i n g   t r e a t e d .  
e x a m p l e s   o f  

Among  t he   a d v a n t a g e s   of  t h e / m e t h o d s   o f  

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

p u l p s   and  m e c h a n i c a l   p u l p s   is  to  p r o v i d e   a  means   o f  

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

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

r a t e s .   In  t he   c a s e   of   h i g h - y i e l d   p u l p s ,   in  a d d i t i o n   t o  

t h e   a b o v e   w e t - w e b   p r o p e r t i e s ,   h i g h e r   d r y - s h e e t   t e a r  

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

T h u s ,   t h i s   i n v e n t i o n   c o n c e r n s   t h e   d i s c o v e r y  

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

a l r e a d y   b e e n   made  c u r l y ,   a re   h e a t   t r e a t e d   a t   (a)  c o n -  

s i s t e n c i e s   f rom  10%  to   35%,  (b)  t e m p e r a t u r e s   f rom  1 0 0 ° C  

to   170°C  u s i n g   s t e a m   a t   c o r r e s p o n d i n g   p r e s s u r e s   of  5 

p s i g   to  105  p s i g ,   (c)   f o r   a  p e r i o d   of  t i m e   of  f rom  2 



m i n u t e s   to  60  m i n u t e s ,   f i b r e   c u r l   p e r m a n e n t l y   s e t  

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

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

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

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

w o r k - t o - r u p t u r e   and   d r y - s h e e t   t e a r   s t r e n g t h   a n d  

s t r e t c h .  

In  one  v a r i a n t ,   t h e   m e t h o d   is  to  t a k e   a  p u l p   t h a t  

h a s   b e e n   made  c u r l y   by  h i g h - c o n s i s t e n c y   ( 2 0 - 3 5 % )   r e f i n -  

i n g ,   and  to  s e t   in  t h e   c u r l   (and   p e r h a p s   m i c r o c o m p r e s -  

s i o n s )   by  s u b j e c t i n g   i t   a t   a  h i g h   c o n s i s t e n c y   to  a n  

e l e v a t e d   t e m p e r a t u r e   ( e . g .   1 1 0 ' C  -   1 6 0 ' C )   f o r   a  b r i e f  

t i m e   ( e . g .   1  m i n u t e   to   1  h o u r ) .   T h i s   s e t - i n   c u r l   i s  

r e s i s t a n t   to  r e m o v a l   by  t h e   h o t   d i s i n t e g r a t i o n   e x p e r i -  

e n c e d   d u r i n g   p a p e r m a k i n g .   The  a d v a n t a g e s   of   such   a  

p u l p   a r e :   1.  h i g h e r   w e t - w e b   s t r e t c h ;   2.  h i g h e r   t e a r i n g  

s t r e n g t h ;   and  3.  b e t t e r   d r a i n a g e .  

The  m e t h o d   may  be  a  b a t c h   p r o c e s s ,   i . e .   i f   t h e  

p u l p   is   p l a c e d   in  a  p r e s s u r e   v e s s e l   e . g .   a  c l o s e d   r e -  

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

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

p r e s s u r e s .  

The  t e m p e r a t u r e   and  d u r a t i o n   of  t h e   h e a t   t r e a t m e n t  

c o n t r o l s   t h e   e x t e n t   to  w h i c h   t h e   c u r l   in  t h e   f i b r e s   i s  

r e n d e r e d   p e r m a n e n t ,   and  t h i s   may  be  a d j u s t e d   to  m a t c h  

the   a d v a n t a g e s   s o u g h t .   P r e f e r r e d   c o n d i t i o n s   a r e   a s  

f o l l o w s :   t e m p e r a t u r e s   of  f rom  a b o v e   100°  to   170°  w i t h  

c o r r e s p o n d i n g   s t e a m   p r e s s u r e s   of  5  p s i g   to  105  p s i g   a n d  

fo r   p e r i o d s   f rom  2  m i n u t e s   to   60  m i n u t e s .  

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



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

i n c l u d i n g   f i b r e   t w i s t s ,   k i n k s   and  m i c r o c o m p r e s s i o n s .  

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

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

w i t h   any  of  t h e   w e l l - k n o w n   c o n v e n t i o n a l   b r i g h t e n i n g  

s e q u e n c e s .  

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

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

i f   a  m i l d   d i s i n t e g r a t i o n   t r e a t m e n t   at   room  t e m p e r a t u r e  

i s   made  on  t h e s e   p u l p s ,   t h e   f i b r e s   r e t a i n   s u b s t a n t i a l l y  

t h e i r   c u r l i n e s s   so  as  to   p r o d u c e   wet   webs  w i t h   h i g h  

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

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

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

t e n c i e s   so  t h a t   t h e i r   c u r l i n e s s   is   l o s t .   I t   i s  

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

i n t e g r a t i o n   t r e a t m e n t   in  t h e   l a b o r a t o r y   a t   low  c o n s i s -  

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

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

o r a t e .  

The  f o l l o w i n g   e x a m p l e s   a r e   g i v e n   to   i l l u s t r a t e  

more   c l e a r l y   v a r i o u s   e m b o d i m e n t s   of  t he   i n v e n t i o n .   I n  

t h e   f o l l o w i n g   e x a m p l e s ,   t h e   t e s t s   were   c o n d u c t e d   in  t h e  

f o l l o w i n g   s t a n d a r d   w a y :  

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

c e d u r e   d e s c r i b e d   by  R . S .   S e t h ,   M.C.  B a r b e ,   J . C . R .  

W i l l i a m s   and  D.H.  Page   in  T a p p i ,   V o l .   65,  N o .  3 ,   p p .  

1 3 5 - 1 3 8 ,   1 9 8 2 .  

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

and  w o r k - t o - r u p t u r e   w e r e   o b t a i n e d   on  webs  p r e p a r e d   b y  



a p p l y i n g   0 .7   kPa  and  103  kPa  w e t - p r e s s i n g   p r e s s u r e s .  

The  p e r c e n t   s t r e t c h - t o - b r e a k   was  o b t a i n e d   f o r   w e t -  

webs  p r e s s e d   so  as  to  g i v e   a  b r e a k i n g   l e n g t h   of  1 0 0  

m e t e r s .   I t   is  c o n s i d e r e d   t h a t   t h i s   v a l u e   is  a  m e a s u r e  

of   t h e   " t o u g h n e s s "   of  t h e   w e t - w e b   and  is  an  i n d i c a t i o n  

of  t h e   r u n n a b i l i t y   of  t h e   p u l p   on  a  p a p e r m a c h i n e .  

C h a n g e s   in  d r a i n a g e   r a t e s   a r e   g i v e n   by  the   m e a s u r e  

of  C a n a d i a n   S t a n d a r d   F r e e n e s s .  

Hot  d i s i n t e g r a t i o n   was  done   a c c o r d i n g   to  t h e   p r o -  

c e d u r e   of  C.W.  S k e e t   and  R .S .   A l l a n . . i n   P u l p   P a p e r   M a g .  

C a n a d a ,   Vo l .   69,  N o .  8 ,   pp.  T 2 2 2 - 2 2 4 ,   A p r i l   1 9 , 1 9 6 8 .  

The  e x t e n t   of   f i b r e   c u r l i n e s s   has   b e e n   q u a n t i f i e d  

by  an  Image  A n a l y s i s   m e t h o d   as  d e s c r i b e d   by  B.D.  J o r d a n  

and  D.H.  Page  in  t h e   P r o c e e d i n g s   of  t he   TAPPI  I n t e r - .  

n a t i o n a l   P a p e r   P h y s i c s   C o n f e r e n c e ,   H a r r i s o n   H o t  

S p r i n g s ,   B.C.  ( 1 9 7 9 ) .   High   v a l u e s   of  c u r l   i n d i c e s  

r e f l e c t   c u r l i e r   f i b r e s .  

In  t he   e x a m p l e s   f o l l o w i n g ,   two  p a r a m e t e r s   h a v e  

b e e n   u s e d   to  f o l l o w   the   p r o g r e s s   of  t h e   h e a t   t r e a t m e n t  

e f f e c t .  

F i r s t   t h e   c u r l i n e s s   o f   t h e . f i b r e s   h a s   b e e n  

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

a t   low  c o n s i s t e n c y ,   t h a t   s i m u l a t e s   t h e   s u b s e q u e n t  

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

p r o c e s s .  

S e c o n d l y ,   t h e   a d v a n t a g e   of  t h i s   new  p u l p   ( a f t e r  

h o t   d i s i n t e g r a t i o n )   has   b e e n   d e t e r m i n e d   in  t e r m s   of  t h e  

e x t e n s i b i l i t y   ( p e r c e n t   s t r e t c h - t o - b r e a k )   of  wet   w e b s  

p r e p a r e d   f rom  t h e   p u l p   p r e s s e d   so  as  to  g i v e   a  b r e a k i n g  

l e n g t h   of  100  m e t r e s .   I t   is  c o n s i d e r e d   t h a t   t h i s   v a l u e  



is   a  m e a s u r e   of  t h e   " t o u g h n e s s "   of  t h e   wet  s h e c t  a n d  

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

p a p e r m a c h i n e .  

EXAMPLE  1 

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

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

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

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

In  t h i s   e x a m p l e   p u l p   f i b r e s   w e r e   t r e a t e d   in  a  

d i g e s t e r   a t   150°C  and  a t   a b o u t   22%  c o n s i s t e n c y   f o r  

a p p r o x i m a t e l y   60  m i n u t e s .  

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

a  v a r i e t y   of  m e c h a n i c a l ,   c h e m i m e c h a n i c a l   and  c h e m i c a l  

wood  p u l p   f i b r e s   a r e   r e p r o d u c e d   b e l o w   in  T a b l e   I .  

From  t h e   r e s u l t s ,   i t   is  s e e n   t h a t   t h e   h e a t   t r e a t -  

men t   p r o d u c e s   t h e   d e s i r e d   e f f e c t s ,   on  w e t - w e b   s t r e t c h .  

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

e . g . ,   m e c h a n i c a l   p u l p   and  h i g h - y i e l d   s u l p h i t e   p u l p  

f i b r e s .   The  t r e a t m e n t   has   no  e f f e c t   on  c e l l u l o s i c   p u l p  

f i b r e s   w h i c h   c o n t a i n   l i t t l e   or  no  l i g n i n .  

EXAMPLE  2 

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   e f f e c t   of  the   t e m p e r -  

a t u r e   of  t he   t r e a t m e n t .  

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

5  d i g e s t e r   at  t e m p e r a t u r e s   of  110 ,   130,   150  and  170°C  f o r  

60  m i n u t e s   and  a t   a p p r o x i m a t e l y   22%  c o n s i s t e n c y .   T h e  

r e s u l t s   r e p r o d u c e d   in  T a b l e   II   w e r e   o b t a i n e d   a f t e r   a  

s t a n d a r d   ho t   d i s i n t e g r a t i o n .  

















EXAMPLE  3 

T h i s   e x a m p l e   i l l u s t r a t e s   t he   e f f e c t   of  t h e   t i m e  

f o r   t h e   t r e a t m e n t .  

L i g n o c e l l u l o s i c   p u l p   f i b r e s   a t   a p p r o x i m a t e l y   22% 

c o n s i s t e n c y   w e r e   t r e a t e d   in  a  d i g e s t e r   a t   150°C  f o r   2 ,  

10  and  60  m i n u t e s   r e s p e c t i v e l y .   The  r e s u l t s   r e p r o d u c e d  

in  T a b l e   I I I   w e r e   o b t a i n e d   a f t e r   a  s t a n d a r d   h o t   d i s -  

i n t e g r a t i o n .  

I t   can   be  s e e n   t h a t   t h e   t i m e ,   as  w e l l   as  t h e  

t e m p e r a t u r e   ( E x a m p l e   2) ,   c o n t r o l   t h e   e x t e n t   to   w h i c h  

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

v a r i a b l e s   can  be  a d j u s t e d   to  y i e l d   p u l p   w i t h   t h e   r e -  

q u i r e d   p r o p e r t i e s   s o u g h t .  

In  a d d i t i o n   to   t h e   t i m e   to  m a i n t a i n   t h e   d e s i r e d  

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

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

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

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

a t e l y   a f t e r   r e f i n i n g .   In  T a b l e   I I I   i t   can  be  s e e n   t h a t  

f o r   two  7 0 % - y i e l d   s u l p h i t e   p u l p s ,   t h e   one  r e f i n e d   a t  

30%  c o n s i s t e n c y ,   i . e . ,   c o n t a i n i n g   more   c u r l y   f i b r e s ,  

w i l l   r e q u i r e   a  s h o r t e r   h e a t   t r e a t m e n t   a n d / o r   a  t r e a t -  

men t   a t   a  l o w e r   t e m p e r a t u r e   to  a c h i e v e   t he   same  w e t - w e b  

s t r e n g t h   p r o p e r t i e s   as  t h a t   f o r   t he   p u l p   r e f i n e d   a t   9% 

c o n s i s t e n c y .  

EXAMPLE  4 

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

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

t r e a t m e n t .  









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

d i g e s t e r   at  150°C  f o r   60  m i n u t e s   a t   c o n s i s t e n c i e s   of  5 ,  

10,  20,  and  25%.  For   t h e   p u r p o s e s   of  t h i s   s p e c i f i c a -  

t i o n ,   t h e   t e r m   "%  c o n s i s t e n c y "   means   t h e   p e r c e n t a g e   o f  

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

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

T a b l e   IV  we re   o b t a i n e d   a f t e r   a  s t a n d a r d   h o t   d i s i n t e g r a -  

t i o n .  

The  e f f e c t   of  t h e   t r e a t m e n t   is  g r e a t e r ,   t h e   h i g h e r  

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

no  e f f e c t   on  p u l p   f i b r e s   a t   low  c o n s i s t e n c y ,   t y p i c a l l y  

l o w e r   t h a n   5%. 

EXAMPLE  5 

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   e f f e c t   of  t he   h e a t  

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

of   h i g h - y i e l d   p u l p s .  

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

in   a  d i g e s t e r   a t   150*C  and  a t   a b o u t   20%  c o n s i s t e n c y   f o r  

a p p r o x i m a t e l y   60  m i n u t e s .   For   t h e   p u l p   f i b r e s ,   in  t h e  

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

t i o n   to   t h e   w e t - w e b   s t r e t c h   and  work  to   r u p t u r e ,   t h e  

d r y   h a n d s h e e t   t e a r   s t r e n g t h   and  s t r e t c h   ( T a b l e   V ) .  

EXAMPLE  6 

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

t h e   p u l p   f i b r e s   d u r i n g   t h e   h e a t   t r e a t m e n t .   A  70%  y i e l d  

s u l p h i t e   p u l p   a t   a  pH  of  3 .2   was  h e a t   t r e a t e d   in  a  

d i g e s t e r   a t   150°C  and  a t   a b o u t   20%  c o n s i s t e n c y   f o r  

a p p r o x i m a t e l y   60  m i n u t e s .   A n o t h e r   s a m p l e   of  t h e   s a m e  











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

i n c r e a s e   i t s   pH  to  1 0 . 0   and  was  a l s o   g i v e n   a  h e a t  

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

B o t h   h e a t   t r e a t e d   p u l p s   show  r e m a r k a b l e   i m p r o v e -  

m e n t   in  w e t - w e b   p r o p e r t i e s   and  d ry   t e a r   s t r e n g t h   a n d  

s t r e t c h   o v e r   t h e   u n t r e a t e d   s a m p l e   ( T a b l e   V I ) .   The  p u l p  

h e a t   t r e a t e d   a t   h i g h   pH  h a s   h i g h e r   t e a r   s t r e n g t h   due  t o  

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

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

EXAMPLE  7 

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   e f f e c t   o f   p u l p  

b l e a c h i n g   or  b r i g h t e n i n g   a g e n t s   on  t h e   w e t - w e b   and  d r y -  

h a n d s h e e t   s t r e n g t h   of  h e a t   t r e a t e d   p u l p s .  

A  70%  ' y i e l d   s u l p h i t e   p u l p   was  b l e a c h e d   by  a  c o n -  

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

h e a t   t r e a t m e n t   a t   150°C  f o r   60  m i n u t e s   and  20%  c o n s i s -  

t e n c y .   R e s u l t s   a r e   g i v e n   in  T a b l e   VII  f o r   t h e   p u l p s  

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

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

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

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

f rom  t h e   h e a t   t r e a t m e n t   done   u n d e r   t he   c o n d i t i o n s   d i s -  

c l o s e d   in  t h i s   i n v e n t i o n .  

EXAMPLE  8 

As  a  f u r t h e r   e x a m p l e   p u l p s   h a v e   b e e n   h e a t   t r e a t e d  

in  t h e   way  d e s c r i b e d   e a r l i e r ,   w i t h   t he   a d d i t i o n   of  a  

b r i g h t e n i n g   a g e n t   d u r i n g   the   h e a t   t r e a t m e n t   s t a g e .  

A  t h e r m o m e c h a n i c a l   p u l p   and  a  7 0 % - y i e l d   s u l p h i t e  









p u l p   a t   a b o u t   30%  c o n s i s t e n c y   we re   s p r a y e d   w i t h   a  s o l u -  

t i o n   of  2%  H202.   0.4%  EDTA,  3%  N a 2 S i O 3 ,   0 . 005%  MgSO4,  

to   b r i n g   i t   to  19%  c o n s i s t e n c y .   The  p u l p s   we re   t r e a t e d  

at   150°C  f o r   10  m i n u t e s .  

R e s u l t s   a r e   g i v e n   in   T a b l e   V I I I .   Bo th   p u l p s   a r e  

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

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

EXAMPLE  9  

T h i s   e x a m p l e   i l l u s t r a t e s   t h e   e f f e c t   of  t h e   h e a t  

t r e a t m e n t   on  b l e a c h e d   or  b r i g h t e n e d   p u l p s .  

A  70%  y i e l d   s u l p h i t e   p u l p   and  a  t h e r m o m e c h a n i c a l  

p u l p   a t   a b o u t   30%  c o n s i s t e n c y   were   s p r a y e d   w i t h   a  s o l u -  

t i o n   of  2%  H2O2,  0.4%  EDTA,  3%  Na2SiO3   and  0 .005%  MgtSO4 

to   b r i n g   i t   to  19%  c o n s i s t e n c y .   The  p u l p s   r e a c t e d   w i t h  

t h e   c h e m i c a l s   f o r   one  h o u r   a t   60°C .   A f t e r w a r d s ,   t h e  

p u l p s   w e r e   h e a t   t r e a t e d   at   150°C  f o r   10  m i n u t e s .  

R e s u l t s   a r e   g i v e n   in   T a b l e   IX  f o r   t h e   o r i g i n a l  

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

f o r   b o t h   p u l p s   a f t e r   h e a t   t r e a t m e n t .   The  h e a t   t r e a t -  

m e n t ,   d o n e   u n d e r   t he   c o n d i t i o n s   d i s c l o s e d   h e r e i n   on  t h e  

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

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

e n c y .  











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

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

and  may  be  made  t h e   s u b j e c t   of  f u r t h e r   c l a i m s   in  t h i s  

a p p l i c a t i o n   a r e   t h e   f o l l o w i n g :  

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

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

a f t e r   two  s u c c e s s i v e   r e f i n i n g s ,   o r ,   b e t w e e n   two  s u c c e s s i v e  

r e f i n i n g s .  

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

p u l p   f i b r e s   a t   n e u t r a l   or  a l k a l i n e   p H .  

3.  A  m e t h o d   w h e r e i n   t he   p u l p   f i b r e s   a r e   p u l p   f i b r e s  

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

m e c h a n i c a l - p u l p ,   p r e s s u r i s e d   r e f i n e r   m e c h a n i c a l   p u l p  

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

t w o - s t a g e   r e f i n i n g .  

4.  A  m e t h o d   w h e r e i n   t h e   p u l p  f i b r e s   a r e   p u l p   f i b r e s  

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

h i g h - y i e l d   p u l p s ,   h i g h - y i e l d   p u l p s ,   h i g h - y i e l d   c h e m i -  

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

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

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

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

f u r n i s h .  

6.  A  m e t h o d   w h e r e i n   t he   p u l p   f i b r e s   a r e   t h e   r e f i n e d  

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

7.  A  m e t h o d   w h e r e i n   t h e   p u l p   f i b r e s   a r e   w h o l e   p u l p s  

of  t h e   f u r n i s h .  



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

b r i g h t e n i n g   a g e n t   d u r i n g   h e a t   t r e a t m e n t ,   to   u p g r a d e  

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

p r o p e r t i e s .  

9.  A  m e t h o d   i n c l u d i n g   t h e   s u b s e q u e n t   s t e p s   of  b r i g h t e n i n g  

or  b l e a c h i n g   s e q u e n c e s   to   u p g r a d e   t h e   b r i g h t n e s s   of  t h e  

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

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

t h e r e b y   to  m a i n t a i n   a d e q u a t e   b r i g h t n e s s   a f t e r   h e a t  

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



1 .  A   m e t h o d   f o r   t r e a t i n g   p u l p   f i b r e s ,   t h a t   h a v e  

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

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

s a i d   p u l p   is   a t   a  h i g h   c o n s i s t e n c y   in  t h e   fo rm  o f  

n o d u l e s   or  e n t a n g l e d   mass ,   t h e r e b y   to   r e n d e r   s a i d  

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

2.  A  m e t h o d   f o r   t r e a t i n g   p u l p   f i b r e s ,   t h a t   h a v e  

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

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

f i b r e s   to   a  h e a t   t r e a t m e n t   a t   a  t e m p e r a t u r e   of  a t  

l e a s t   100°C ,   w h i l e   s a i d   p u l p   is  in  t he   fo rm  o f  

n o d u l e s   or  e n t a n g l e d   mass  a t   a  c o n s i s t e n c y   of  a t  

l e a s t   5%  t h e r e b y   to   r e n d e r   s a i d   c u r l   p e r m a n e n t   t o  

s u b s e q u e n t   m e c h a n i c a l   a c t i o n .  

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

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

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

f i b r e s   to   a  h e a t   t r e a t m e n t   a t   a  t e m p e r a t u r e   o f  

1 0 0 ° C - 1 7 0 ° C   f o r   a  p e r i o d   of  t i m e   of  a t   l e a s t  2  

m i n u t e s ,   w h i l e   s a i d   p u l p ,   in  t h e   fo rm  of  n o d u l e s  

or  e n t a n g l e d   mass  is  at   a  c o n s i s t e n c y   of  at   l e a s t  

5%,  p r e f e r a b l y   15%  or  more,   t h e r e b y   to  r e n d e r   s a i d  

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



4.  The  m e t h o d   of   c l a i m s   1,  2  or  3  w h e r e i n   s a i d   h e a t  

t r e a t m e n t   is  c a r r i e d   o u t   as  a  b a t c h   m e t h o d ,   in  a  

d i g e s t e r .  

5.  The  m e t h o d   of  c l a i m s   1,  2  or  3  w h e r e i n   s a i d   h e a t  

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

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

s u r e .  

6.  The  m e t h o d   of  c l a i m s   1,  2  or  3  w h e r e i n   s a i d   p u l p  

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

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

7.  The  m e t h o d   of  c l a i m s   1,  2  o r   3  w h e r e i n   s a i d - p u l p  

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

r e f i n i n g .  

8.  The  m e t h o d   of  c l a i m s   1,  2  or  3  w h e r e i n   s a i d   p u l p  

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

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

a n d / o r   in  a  d e v i c e   s u c h   a s ,   b u t   no t   e x c l u s i v e l y ,   a  

" C u r l a t o r "   or   a  " F r o t o p u l p e r " ,   w h i c h   i n t r o d u c e s  

c u r l   and  k i n k s   in  t h e   f i b r e s .  

9.  The  m e t h o d   of  c l a i m s   1,  2  or  3  w h e r e i n   s a i d   p u l p  

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

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

s i s t e n c y .  



10.  The  m e t h o d   of   c l a i m s   1,  2  or  3  w h e r e i n   s a i d   p u l p  

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

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

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

m e n t .  
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