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@  Mechanical  pulping. 

  Thermomechanical,  chemimechanical,  and  chemithermo- 
mechanical  pulps  are  produced  in  a  manner  such  that  they  have 
enhanced  drainage  and  strength,  and/or  can  be  bleached  to  en- 
hanced  brightness  levels  and  in  a  simple  manner.  Chips  are  im- 
pregnated  with  chemical  or  thermal  treating  fluid,  such  as  by 
passing  heated  sulfite  liquor  countercurrent  to  the  flow  of  the 
chips  (at  12).  After  impregnation,  and  where  applicable  cook- 
ing,  the  chips  are  washed  by  a  countercurrent  flow  of  wash 
liquid  (at  13,27)  including  chelating  and  surface  active  agents. 
Immediately  after  washing  the  chips  are  mechanically  refined 
to  produce  a  mechanical  pulp  by  passing  the  chips  through  a 
first  pressurized  refiner  (14,  38),  screening  (at  15,  39)  the  pulp 
discharge  from  the  first  refiner to  provide  first  (16,40)  and  sec- 
ond  (17, 41)  streams,  passing  the  first  stream  to  a  second  pres- 
surized  refiner  (18,  43)  having  a  discharge  (19,44),  and  pass- 
ing  the  second  stream  directly  to  the  discharge  of  the  second 
refiner.  Further  treatment  of  the  pulp,  including  bleaching  (at 
21,  57)  utilizing  hydrosulfite  and/or  peroxide,  is  effected  in 
order  to  achieve  a  mechanical  pulp  having  the  desired  prop- 
erties. 



BACKGROUND  AND  SUMMARY  OF  THE  INVENTION 

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

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

o b t a i n e d   f r o m   a  g i v e n   a m o u n t   of   raw  m a t e r i a l   u t i l i z i n g  

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

p u l p i n g   p r o c e s s e s .   M e c h a n i c a l   p u l p i n g ,   in  g e n e r a l ,  

r e f e r s   to   t h e r m o m e c h a n i c a l   p u l p   (TMP),   c h e m i m e c h a n i c a l  

(CMP)  and  c h e m i t h e r m o m e c h n i c a l   p u l p   (CTMP).   W h i l e  

m e c h a n i c a l   p u l p s   can   be  u s e f u l   f o r   a  number   o f  

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

f o r   many  i n t e n d e d   end  u s e s ,   and  t h e i r   b r i g h t n e s s   t e n d s  

to   d e g r a d e   o v e r   t i m e .   F u r t h e r ,   t h e   m e c h a n i c a l  

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

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

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

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

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

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

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

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

w h e t h e r   i t   be  TMP,  CMP,  or  CTMP. 

A c c o r d i n g   to   one  a s p e c t   of   t h e   p r e s e n t  

i n v e n t i o n ,   TMP,  CMP  or  CTMP  i s   p r o d u c e d   b y  

s e q u e n t i a l l y :   ( i )   I m p r e g n a t i n g   c o m m i n u t e d   f i b r o u s  

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

f l u i d .   ( i i )   W a s h i n g   t h e   i m p r e g n a t e d   m a t e r i a l .   T h e  

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

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

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

e f f e c t i v e   to   r e m o v e   a  number   of  m a t e r i a l s   t h a t  

s u b s e q u e n t l y   c o u l d   h a v e   an  a d v e r s e   a f f e c t   on  p u l p  

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



m e t a l s ,   c o l o r   b o d i e s ,   and  r e s i n s .   ( i i i )   The  w a s h e d  

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

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

a b o u t   6 - 1 5   p e r c e n t .   And,   ( i v )   f u r t h e r   t r e a t m e n t ,  

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

t h e   d e s i r e d   p r o p e r t i e s .  

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

i n v e n t i o n ,   a  CMP  or  CTMP  p u l p   i s   p r o d u c e d   by  e f f e c t i n g  

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

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

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

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

f u r t h e r   t r e a t e d   as  d e s c r i b e d   a b o v e .   T h e  

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

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

s u l f i t e   l i q u o r ,   and  u l t i m a t e l y   r e s u l t s   in   more   u n i f o r m  

r e m o v a l   of   i m p u r i t i e s   f r o m   t h e   c h i p s   in  s u c h   a  way  a s  

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

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

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

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

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

f i r s t   p r e s s u r i z e d   r e f i n e r .   From  t h e   f i r s t   r e f i n e r   t h e  

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

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

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

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

p a s s e d   to   a  s e c o n d   p r e s s u r i z e d   r e f i n e r   h a v i n g   a  

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

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

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

i n v e n t i o n   has   e n h a n c e d   s t r e n g t h   and  d r a i n a g e ,   and  c a n  

be  b l e a c h e d   to   a  h i g h e r   b r i g h t n e s s   l e v e l   t h a n   i s  

p o s s i b l e   in  t h e   p r i o r   a r t ,   ( e . g . ,   5  Kappa  u n i t s  



h i g h e r )   and   may  be  b l e a c h e d   to   any  g i v e n   b r i g h t n e s s  

l e v e l   more   e a s i l y .  

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

d e s i r e d   p r o p e r t i e s .   T h i s   and   o t h e r   o b j e c t s   of   t h e  

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

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

a p p e n d e d   c l a i m s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIGURE  1  i s   a  b l o c k   d i a g r a m   of  e x e m p l a r y  

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

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

FIGURE  2  i s   a  b l o c k   d i a g r a m   of  e x e m p l a r y  

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

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

FIGURE  3  i s   a  b l o c k   d i a g r a m   i l l u s t r a t i n g  

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

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

FIGURE  4  i s   a  s c h e m a t i c   v i e w   i l l u s t r a t i n g  

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

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

FIGURE  5  i s   a  s c h e m a t i c   v i e w   of  a n o t h e r  

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

i n v e n t i o n ;   a n d  

FIGURE  6  i s   a  p a r t i a l   v i e w   of  a p p a r a t u s   l i k e  

t h a t   of  FIGURE  4,  f o r   t r e a t i n g   p u l p   in   a  w i d e r  

c o n c e n t r a t i o n   r a n g e   ( e . g . ,   5 - 5 0 % ) .  



DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,  

m e c h a n i c a l   p u l p s ,   p a r t i c u l a r l y   CMP,  TMP,  and   CTMP,  a r e  

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

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

b l e a c h i n g .   FIGURE  1  shows   t h e   s t e p   by  s t e p   p r o d u c t i o n  
of  CMP  a c c o r d i n g   to   a  m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n ,  

w h i l e   FIGURES  2  and  3  show  m e t h o d s   f o r   t h e   p r o d u c t i o n  
of  CTMP  and  TMP,  r e s p e c t i v e l y ,   w i t h   s t a g e s   t h e r e i n  

i d e n t i c a l   to   t h o s e   in  FIGURE  1  n o t   i l l u s t r a t e d .  

Wi th   r e s p e c t   to   FIGURE  1,  h a r d w o o d   o r  

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

m a t e r i a l ,   a r e   f i r s t   s t e a m e d   a t   s t a t i o n   11.   Then   t h e y  

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

s u l f i t e   ( e . g .   s o d i u m   s u l f i t e )   c h e m i c a l   a t   s t a t i o n   1 2 ,  

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

c h e m i c a l   in   t h e   c h i p s .   The  c h e m i c a l   f a c i l i t a t e s  

r e m o v a l   of  w a t e r   s o l u b l e   s u b s t a n c e s   and  some  of  t h e  

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

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

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

c o u n t e r c u r r e n t   wash  a t   s t a g e   13.   The  wash  l i q u i d  

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

a g e n t s ,   s u c h   as  EDPA  and  DPTA.  The  wash  e f f e c t s  

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

b o d i e s ,   and  r e s i n s .   The  c o u n t e r c u r r e n t   i m p r e g n a t i o n  
and  c o u n t e r c u r r e n t   wash   a t   s t a t i o n s   12,   13,  c o m b i n e d ,  

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

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

b l e a c h i n g   c o s t s ,   and  m a x i m i z e   t h e   b r i g h t n e s s   to  w h i c h  

t h e   p u l p   may  be  b l e a c h e d .  

The  w a s h e d   c h i p s   a r e   p a s s e d   f rom  s t a t i o n   13  

to  a  f i r s t   p r e s s u r i z e d   r e f i n i n g   s t a g e   14,  a t   w h i c h   a  
m e c h a n i c a l   r e f i n e r   a c t s   on  t h e   c h i p s   to  fo rm  a  



m e c h a n i c a l   p u l p .   The  p u l p   a t   t h i s   s t a g e   u s u a l l y   has   a  

c o n s i s t e n c y   of  a b o u t   6 - 1 5   p e r c e n t ,   and  t h e   p u l p ,   a t  

t h i s   c o n s i s t e n c y ,   i s   p a s s e d   to   a  s c r e e n i n g   s t a t i o n   1 5  

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

16,   17.   The  f i r s t   s t r e a m   c o m p r i s e s   p u l p   c o m p o n e n t s  
t h a t   r e q u i r e   f u r t h e r   r e f i n i n g ,   w h i l e   t h e   s e c o n d   s t r e a m  

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

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

n e c e s s a r y .   The  f i r s t   s t r e a m   16  i s   p a s s e d   to   a  s e c o n d  

p r e s s u r i z e d   r e f i n i n g   s t a g e   18  w h i l e   t h e   s e c o n d   s t r e a m  

17  i s   p a s s e d   d i r e c t l y   to   t h e   d i s c h a r g e   l i n e   19  f r o m  

t h e   s e c o n d   r e f i n e r   s t a g e   18.   In  t h i s   way  f i b e r s  

h a v i n g   d e s i r e d   p r o p e r t i e s   a r e   no t   f u r t h e r   b r o k e n   d o w n ,  
and  t h u s   t h e   d r a i n a g e   and  s t r e n g t h   of  t h e   p u l p   i s  

i m p r o v e d .  

The  p u l p   in   d i s c h a r g e   l i n e   19,   w i t h   a  

c o n s i s t e n c y   of  6 - 1 5   p e r c e n t ,   i s   f u r t h e r   t r e a t e d   in  a n y  
m a n n e r   d e s i r a b l e   to   p r o d u c e   CMP  h a v i n g   t h e   n e c e s s a r y  
p r o p e r t i e s .   T y p i c a l l y   t h i s   w o u l d   i n c l u d e   a  w a s h  

s t a t i o n   20  and   a  b l e a c h   s t a t i o n   21.  D u r i n g   b l e a c h i n g ,  

h y d r o s u l f i t e   a n d / o r   p e r o x i d e   w o u l d   be  a d d e d   to   t h e  

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

CMP. 

For   t h e   CTMP  p r o c e s s   i l l u s t r a t e d   in  FIGURE  2 ,  

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

p r o c e s s   d e s c r i b e d   in  FIGURE  1  i s   t h e   p r o v i s i o n   of  a  

c o o k i n g   s t a g e   23  b e t w e e n   t h e   i m p r e g n a t i o n   s t a g e   12  a n d  

t h e   w a s h i n g   s t a g e   13.   The  c o o k ,   w i t h   s u l f i t e ,   i s   a t  

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

o r d e r   to   p r o v i d e   t h e   d e s i r e d   e f f e c t   on  t h e   c h i p s   t o  

f a c i l i t a t e   s u b s e q u e n t   r e f i n i n g   t h e r e o f .   CTMP 

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

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

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

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



FIGURE  3  shows   a  t y p i c a l   p r o c e s s   f o r  

p r o d u c i n g   TMP.  In  t h i s   e m b o d i m e n t   no  i m p r e g n a t i o n  

s t a g e   12  i s   p r o v i d e d .   T y p i c a l l y ,   t h e   c h i p s   w o u l d   b e  

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

FIGURES  1  or  2  e m b o d i m e n t s ,   and  a d d i t i o n a l l y   a  f u r t h e r  

v e s s e l   may  be  p r o v i d e d   f o r   t h e   a d d i t i o n   of  h e a t   in  t h e  

f o r m   of   s t e a m   or  h o t   l i q u i d .   A f t e r   p a s s i n g   t h r o u g h  

s t a g e s   13  t h r o u g h   21,  a  TMP  i s   p r o d u c e d .  

FIGURE  4  i l l u s t r a t e s   in  more   d e t a i l   e x e m p l a r y  

a p p a r a t u s   t h a t   c o u l d   be  u t i l i z e d   to   p r o d u c e   CMP 

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

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

c h i p s   b i n   25,  and  a r e   s u b s e q u e n t l y   m e t e r e d   to   t h e   i n -  

t a k e   f o r   an  u p r i g h t   v e s s e l   27.  In  t h e   v e s s e l   27  

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

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

f r o m   s o u r c e   28  t h r o u g h   h e a t   e x c h a n g e r   29  to   t h e   v e s s e l  

27  and  i n t r o d u c e d   a t   an  a p p r o p r i a t e   p o i n t   30.  T h e  

c h e m i c a l   f l o w s   u p w a r d l y   in  t h e   v e s s e l   27,   c o u n t e r -  

c u r r e n t   to   t h e   d o w n w a r d   f l o w   of  c h i p s .   Pump  31  

c o n t i n u o u s l y   w i t h d r a w s   c h e m i c a l   f rom  v e s s e l   27  t h r o u g h  

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

26  to   e n t r a i n   t h e   c h i p s   t h e r e i n .  

At  t h e   b o t t o m   of  t h e   v e s s e l   27  t h e  

c o u n t e r c u r r e n t   wash   t a k e s   p l a c e .   F r e s h   w a s h i n g   l i q u i d  

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

in  l i n e   32,   and  p a s s e d   c o u n t e r c u r r e n t   to   t h e   c h i p s  

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

f r o m   s c r e e n s   a d j a c e n t   t h e   b o t t o m   of  v e s s e l   27  a n d  

r e c i r c u l a t e d   by  pump  33.  M e t a l s ,   c o l o r   b o d i e s ,   a n d  

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

u l t i m a t e l y   f i n d   t h e i r   way  to  a p p a r a t u s   34  w h i c h  

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



The  w a s h e d   c h i p s   p a s s   t h r o u g h   l i n e   35  to   a  

c o n v e n t i o n a l   d r a i n e r   36,  and  t h e   s e p a r a t e d   l i q u i d   i s  

r e t u r n e d   to   t h e   v e s s e l   27  u n d e r   t h e   i n f l u e n c e   of  p u m p  
37.  The  c h i p s   a r e   f e d   to   f i r s t   p r e s s u r i z e d   r e f i n e r  

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

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

p u l p   t y p i c a l l y   w o u l d   h a v e   a  c o n s i s t e n c y   of   a b o u t   6 - 1 5  

p e r c e n t .   W i t h o u t   d e p r e s s u r i z a t i o n   or  d i l u t i o n ,   t h e  

p u l p   i s   t h e n   s c r e e n e d   by  a  s c r e e n   39.  The  s c r e e n   3 9  

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

i n t o   a  f i r s t   s t r e a m   40,  w h i l e   f i b e r s   a l r e a d y   h a v i n g  

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

41.   F i r s t   s t r e a m   40  may  be  p a s s e d   t h r o u g h   a  c y c l o n e  

42,   and  t h e n   to   a  s e c o n d   p r e s s u r i z e d   r e f i n e r   43,   w h i l e  

t h e   s e c o n d   s t r e a m   41  i s   p a s s e d   d i r e c t l y   to   t h e  

d i s c h a r g e   44  f rom  s e c o n d   r e f i n e r   4 3 .  

A f t e r   r e f i n i n g ,   t h e   m e c h a n i c a l   p u l p   may  b e  

p a s s e d   to   a  p r e s s u r i z e d   b low  t a n k   45  f o r   h e a t   r e c o v e r y  
and   s u b s e q u e n t l y ,   a g a i n   w i t h o u t   d i l u t i o n ,   pumped   b y  

pump  46  to   a n o t h e r   s c r e e n   m e c h a n i s m   47  s u b s t a n t i a l l y  

i d e n t i c a l   to   t h e   s c r e e n   39.   R e j e c t s   f rom  s c r e e n   4 7  

p a s s   to   r e j e c t s   c h e s t   48  and  s u b s e q u e n t l y   t h r o u g h  

t h i c k e n e r   49  and  i n t o   r e j e c t s   r e f i n e r   50,   u l t i m a t e l y  

to  be  r e t u r n e d   v i a   l i n e   51  to   t h e   i n l e t   to   s c r e e n  

47.   A c c e p t s   f r o m   s c r e e n   47  a r e   pumped  by  pump  52  t o  

c l e a n e r   53,   u l t i m a t e l y   a r e   w a s h e d   in  a  p r e s s u r e  
d i f f u s e r   54 ,   and  a r e   o t h e r w i s e   s u b s e q u e n t l y   t r e a t e d .  

For   i n s t a n c e   t h e   p u l p   may  p a s s   to   a  h i g h   d e n s i t y  

s t o r a g e   t a n k   55,  and  t h e n   may  be  s i m u l t a n e o u s l y   p u m p e d  

and  d e g a s s e d   by  pump  56,  p a s s e d   to   a  m i x e r   57  a t   w h i c h  

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

t h e n   i s   s u b s e q u e n t l y   r e t a i n e d   in  r e t e n t i o n   v e s s e l   5 8 ,  

w i t h   CMP  h a v i n g   e n h a n c e d   b r i g h t n e s s   a n d / o r   d r a i n a g e  

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



U t i l i z i n g   t h e   a p p a r a t u s   i l l u s t r a t e d   in   FIGURE 

5,  a  CTMP  can   be  p r o d u c e d .   In  t h i s   f i g u r e ,   c o m p o n e n t s  

w i t h   t h e   i d e n t i c a l   f u n c t i o n a l i t y   to   t h e   c o m p o n e n t s  
i l l u s t r a t e d   in   FIGURE  4  a r e   i n d i c a t e d   by  t h e   s a m e  

r e f e r e n c e   n u m e r a l   o n l y   p r e c e d e d   by  a  " 1 " .  

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

1 2 5 ,   and  t h e n   a r e   s t e a m e d   in   a  s t e a m i n g   v e s s e l   6 0 .  

The  c h i p s   a r e   e n t r a i n e d   w i t h   l i q u i d   in   c h u t e   126  a n d  

h i g h   p r e s s u r e   f e e d e r   61  f e e d s   them  to  t h e   t o p   o f  

v e s s e l   62.   S a n d ,   and  o t h e r   u n d e s i r a b l e   c o m p o n e n t s ,  

can   b e  s e p a r a t e d   ou t   u t i l i z i n g   c o m p o n e n t s   63,   6 4 .  

The  u p r i g h t   v e s s e l   62  i s   d e s i g n e d   t o  

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

wash   t h e m .   The  v e s s e l   62  i s   s t r u c t u r a l l y   s i m i l a r   t o  

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

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

w a s h i n g   z o n e s .   S u l f i t e   c o o k i n g   c h e m i c a l   may  be  a d d e d  

a t   any   d e s i r e d   p o i n t ,   s u c h   as  i n t o   l i n e   65,   and  t h e  

h e a t   e x c h a n g e r   66  h e a t s   t h e   c h e m i c a l   to   t h e   d e s i r e d  

t e m p e r a t u r e .   In  t h e   v e s s e l   62  c o u n t e r c u r r e n t  

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

c o o k i n g   zone   f o r   a  p r e d e t e r m i n e d   p e r i o d   of  t i m e ,   a n d  

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

t h e   v e s s e l   62 ,   wash  l i q u i d   b e i n g   a d d e d   t h r o u g h   l i n e  

6 7 .  

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

of  t h e   v e s s e l   62  p a s s e s   to   d r a i n e r   136  and  f i r s t  

p r e s s u r i z e d   r e f i n e r   138 .   P r e s s u r i z e d   b low  t a n k   145  i s  

p r o v i d e d   a f t e r   f i r s t   r e f i n e r   138 ,   and  t h e   p u l p ,  

p r e f e r a b l y   w i t h   a  c o n s i s t e n c y   of  a b o u t   6 - 1 5   p e r c e n t ,  

i s   pumped  by  pump  68  to   s c r e e n   139 ,   w i t h   t h e   p u l p  

m a t e r i a l   in  t h e   f i r s t   s t r e a m   140  p a s s i n g   to   t h e   s e c o n d  

p r e s s u r i z e d   r e f i n e r   143 ,   and  t h e   p u l p   f i b e r s   in  t h e  

s e c o n d   s t r e a m   141  b e i n g   p a s s e d   d i r e c t l y   to  t h e  

d i s c h a r g e   144  f rom  t h e   s e c o n d   r e f i n e r .   The  p u l p   i s  



t h e n   i n t r o d u c e d   i n t o   d e c k e r   69,   i s   pumped   b y  p u m p   7 0  

to  t h e   t o p   of   p r e s s u r e   d i f f u s e r   154  in   w h i c h   i t   i s  

w a s h e d ,   and   i s   d i s c h a r g e d   f r o m   d i f f u s e r   154  i n t o  

u p - f l o w   t o w e r   71.   P e r o x i d e   b l e a c h i n g   c h e m i c a l   may  b e  

a d d e d   to   l i n e   72  and   i n t r o d u c e d   to   t h e   p u l p   i n  

d i f f u s e r   154 ,   t h e   t o w e r   71  r e t a i n i n g   t h e   p u l p   a n d  

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

b e f o r e   i t   i s   d i s c h a r g e d   to   s e c o n d   d e c k e r   73 .   F r o m  

t h e r e   i t   p a s s e s   to   h i g h   d e n s i t y   s t o r a g e   t a n k   155  a n d  

i s   pumped   by  pump  156  to   m i x e r   157  a t   w h i c h   p o i n t  

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

r e t e n t i o n   in   u p - f l o w   t o w e r   1 5 8 ,   t h e   f i n a l   CTMP  i s  

p r o d u c e d .  

The  a p p a r a t u s   in   FIGURE  6  can   a l s o   b e  

u t i l i z e d   to   p r o d u c e   CTMP,  and  c o n t e m p l a t e s   r e f i n i n g  

p u l p   h a v i n g   a  much  w i d e r   c o n c e n t r a t i o n   r a n g e   ( e . g . ,  

a b o u t   5 - 5 0 % ) .   In  t h i s   FIGURE,  c o m p o n e n t s   w i t h  

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

i l l u s t r a t e d   in   FIGURE  4  a r e   i n d i c a t e d   by  t h e   s a m e  

r e f e r e n c e   n u m e r a l   o n l y   p r e c e d e d   by  a  " 2 " .  

A f t e r   l e a v i n g   t h e   v e s s e l   227 ,   t h e   s u s p e n s i o n  

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

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

80  ( s u c h   as  a  p l u g   s c r e w   f e e d e r   or  s c r e w   p r e s s )   i n  

l i n e   235 .   D e w a t e r i n g   a p p a r a t u s   80  may  be  u s e d   i n  

p l a c e   of  or  in   a d d i t i o n   t o ,   c o n v e n t i o n a l   d r a i n e r  

236 .   The  s u s p e n s i o n   f rom  d e w a t e r e r   80  may  h a v e   a  

c o n c e n t r a t i o n   as  h i g h   as  50%  when  i t   i s   f e d   to   t h e  

f i r s t   r e f i n e r   238 .   The  a p p a r a t u s   80  may  b e  

p r e s s u r i z e d ,   or  u n p r e s s u r i z e d ,   d e p e n d i n g   upon   o t h e r  

a p p a r a t u s   u t i l i z e d .  

P u l p   d i s c h a r g e d   f r o m   f i r s t   r e f i n e r   2 3 8  -   i f  

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

c o n v e n t i o n a l   d i l u t i o n   e q u i p m e n t   81  p r i o r   to   s c r e e n  

239 .   The  d i s c h a r g e   f rom  s c r e e n   239  i n t o   l i n e   240  i s  



p r e f e r a b l y   p r e s s e d   u t i l i z i n g   c o n v e n t i o n a l   p r e s s   8 2  

p r i o r   to  c y c l o n e   242  so  t h a t   t h e   r e f i n e r   243  a l s o   a c t s  

upon   h i g h   c o n c e n t r a t i o n   p u l p   ( e . g . ,   1 6 - 5 0 % ) .   T h e  

d i s c h a r g e   f r o m   a  r e f i n e r   243  in  l i n e   244  i s   t h e n   a g a i n  

d i l u t e d   u t i l i z i n g   d i l u t i o n   a p p a r a t u s   83  so  t h a t   i t   h a s  

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

l i n e   241 ,   b e f o r e   i t   i s   p a s s e d   to   t h e   b low  t a n k   2 4 5 .  

By  p r a c t i c i n g   t h e   p r e s e n t   i n v e n t i o n ,   i t   i s  

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

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

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

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

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

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

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

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

W h i l e   t h e   i n v e n t i o n   has   b e e n   h e r e i n   shown  a n d  

d e s c r i b e d   in  wha t   i s   p r e s e n t l y   c o n c e i v e d   to   be  t h e  

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

w i l l   be  a p p a r e n t   to   t h o s e   of  o r d i n a r y   s k i l l   in  t h e   a r t  

t h a t   many  m o d i f i c a t i o n s   may  be  made  t h e r e o f   w i t h i n   t h e  

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

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

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



1.  A  m e t h o d   of   p r o d u c i n g   a  TMP,  CMP,  o r  
CTMP  c o m p r i s i n g   t h e   s t e p s   of  s e q u e n t i a l l y :  

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

m a t e r i a l   w i t h   c h e m i c a l   a n d / o r   t h e r m a l   t r e a t i n g   f l u i d ;  

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

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

(c)   e f f e c t i n g   f u r t h e r   t r e a t m e n t   of  t h e   m e c h a n i c a l  

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

p r o p e r t i e s ;   c h a r a c t e r i z e d   by:   (d)  w a s h i n g   t h e  

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

b e t w e e n   s t e p s   (a)   and  ( b ) .  

2.  A  m e t h o d   as  r e c i t e d   in   c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   in   t h a t   s t e p   (a)   i s   p r a c t i c e d   by  p a s s i n g  
t h e   t r e a t i n g   f l u i d   c o u n t e r c u r r e n t   to   t h e   f l o w   o f  

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

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

3.  A  m e t h o d   as   r e c i t e d   in   c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   in   t h a t   s t e p   (b)  i s   p r a c t i c e d   b y :  

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

m a t e r i a l   to   a  f i r s t   p r e s s u r i z e d   r e f i n e r ;  

( i i )   s c r e e n i n g   t h e   d i s c h a r g e   f r o m   t h e   f i r s t   r e f i n e r   t o  

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

s t r e a m s ;   ( i i i )   p a s s i n g   t h e   f i r s t '  f l o w   s t r e a m   to  a  

s e c o n d   p r e s s u r i z e d   r e f i n e r ,  h a v i n g   a  d i s c h a r g e ;   a n d  

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

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



4.  A  m e t h o d   as  r e c i t e d   in   c l a i m   1  f u r t h e r  

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

a f t e r   s t e p s   ( a ) ,   (d)  and  (b)  has   a  c o n s i s t e n c y   o f  

a b o u t   6 - 1 5   p e r c e n t .  

5.  A  m e t h o d   as  r e c i t e d   in  c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   in   t h a t   s t e p   (a)   i s   p r a c t i c e d   by  p a s s i n g  

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

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

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

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

6.  A  m e t h o d   as  r e c i t e d   in  c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   in   t h a t   s t e p   (d)  i s   p r a c t i c e d   u t i l i z i n g  

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

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

b o d i e s ,   r e s i n s ,   and  t h e   l i k e .  

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

or  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 ,   c o m p r i s i n g   t h e   s t e p s   o f  

s e q u e n t i a l l y :   (a)   p a s s i n g   h o t   s u l f i t e   c h e m i c a l   i n t o  

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

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

s u l f i t e   c h e m i c a l ;   (b)  r e f i n i n g   t h e   f i b r o u s   c e l l u l o s i c  

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

(c)   e f f e c t i n g   f u r t h e r   t r e a t m e n t   of  t h e   m e c h a n i c a l  

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

p r o p e r t i e s ;   c h a r a c t e r i z e d   in  t h a t :  

s t e p   (a)   i s   p r a c t i c e d   by  p a s s i n g   t h e  

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

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

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

d i r e c t i o n .  



8.  A  m e t h o d   as  r e c i t e d   in  c l a i m   7  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   s t e p   (b)  i s   p r a c t i c e d   b y :  

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

m a t e r i a l   to   a  f i r s t   p r e s s u r i z e d   r e f i n e r ;  

( i i )   s c r e e n i n g   t h e   d i s c h a r g e   f rom  t h e   f i r s t   r e f i n e r   t o  

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

s t r e a m s ;   ( i i i )   p a s s i n g   t h e   f i r s t   f l o w   s t r e a m   to  a  
s e c o n d   p r e s s u r i z e d   r e f i n e r ,   h a v i n g   a  d i s c h a r g e ;   a n d  

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

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

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

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

f i b r o u s   c e l l u l o s i c   m a t e r i a l ;   (b)  r e f i n i n g   t h e  

c o m m i n u t e d   f i b r o u s   c e l l u l o s i c   m a t e r i a l   to   p r o d u c e   a  
m e c h a n i c a l   p u l p ;   and  (c)  e f f e c t i n g   f u r t h e r   t r e a t m e n t  

of  t h e   m e c h a n i c a l   p u l p   to   a c h i e v e d   d e s i r e d   p r o p e r t i e s ;  
c h a r a c t e r i z e d   in   t h a t   s t e p   (b)  i s   p r a c t i c e d   b y :  

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

m a t e r i a l   to   a  f i r s t   p r e s s u r i z e d   r e f i n e r ;  

( i i )   s c r e e n i n g   t h e   d i s c h a r g e   f r o m   t h e   f i r s t   r e f i n e r   t o  

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

s t r e a m s ;   ( i i i )   p a s s i n g   t h e   f i r s t   f l o w   s t r e a m   to  a  
s e c o n d   p r e s s u r i z e d   r e f i n e r ,   h a v i n g   a  d i s c h a r g e ;   a n d  

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

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

10.   A  b l e a c h e d   m e c h a n i c a l   p u l p   h a v i n g  

e n h a n c e d   b r i g h t n e s s ,   c h a r a c t e r i z e d   in  t h a t   i t   i s  

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

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

of  s u l f i t e   l i q u o r ;   e f f e c t i n g   c o u n t e r c u r r e n t   w a s h i n g   o f  

t h e   s u l f i t e   t r e a t e d   m a t e r i a l ,   t h e   wash  l i q u i d  

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

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



p u l p ;   and  e f f e c t i n g   h y d r o s u l f i t e   a n d / o r   p e r o x i d e  
b l e a c h i n g   of  t h e   m e c h a n i c a l   p u l p ,   to   p r o d u c e   a  
b l e a c h e d   m e c h a n i c a l   p u l p .  
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