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©  Batch  digester  multi-stage  pulping  process. 
@  The  multi-stage  pulping  process  is  performed  in  a  single 
digester  (10) in  a  batch  type  operation.  The  wood  chips  to  be 
cooked  are  introduced  into  the  digester (10)  and  soaked  with 
a  warm  black  liquor  to  remove  most  of  the  air  from  the 
digester  (10)  and  the  chips.  This  warm  black  liquor  is 
thereafter  displaced  from  the  digester (10)  with  a  mixture  of  a 
first  stage  hot  black  liquor  and  hot  white  liquor,  the 
proportionate  amount  of  hot  white  liquor  being  relatively 
high.  The  temperature  of  the  digester  contents  is  then  raised 
to  a  cooking  temperature  for  a  predetermined  amount  of 
time.  The  original  cooking  liquor  is  then  displaced  with  a 
mixture  of  a  second  hot  black  liquor  and  hot  white  liquor, the 
proportionate  amount  of  hot  white  liquor  in  this  second 
cooking  liquor  being  less  than  in  the  first.  Again,  the 
temperature  of  the  digester  (10)  is  raised  to  a  cooking 
temperature  and  the  cooking  is  carried  out  for  a  shorter 
period  of  time  than  in  the  first  cooking  stage.  After  the 
required  number  of  cooks  which  may  be  preferably three  but 
may  be  as  low  as  two  or  more  than  three, the  cooking  liquor 
is  displaced  from  the  digester  with  a  liquid  filtrate  (47) 
derived  from  pulp  washing.  Finally,  the  contents  of  the 
digester (10)  are  emptied  by  applying  gas  under  pressure  to 
the  interior  of  the  digester  (10). 





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

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

re   of  p a p e r   and  i n v o l v e s   s e q u e n t i a l   use   of  v a r i o u s   c o o k i n g  

l i q u o r s   in  t he   same  d i g e s t e r   f o r   p r e d e t e r m i n e d   c o o k i n g  

t i m e s ,   to  i n c r e a s e   t h e   e f f i c i e n c y   of  t he   p r o c e s s   and  t o  

c o n s e r v e   e n e r g y .  
T h e r e   a r e   n u m e r o u s   t y p e s   of  p r o c e s s e s   f o r   b a t c h  

d i g e s t i o n   of  wood  c h i p s   in   t h e   m a n u f a c t u r e   of  p a p e r .   T h e  

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

wood  c h i p s   w h i c h   a r e   u s u a l l y   c o m p a c t e d   t h e r e i n .   Hot  s o l u -  

t i o n s   of  s o d i u m   h y d r o x i d e   a l o n e   or  in  a d m i x t u r e   w i t h   s o d i u m  

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

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

t h e   c o o k i n g   l i q u o r   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  b low  v a l v e   in  t h e   d i g e s t e r   can  be  o p e n e d   to   dump  t h e  

c o n t e n t s   i n t o   a  b low  t a n k .  

T h e r e   i s   a  s u b s t a n t i a l   amount   of  h e a t   l o s s   i n  

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

s y s t e m s   have   been   s u g g e s t e d   f o r   m i n i m i z i n g   t h i s   h e a t   l o s s ,  

none   has   been   p a r t i c u l a r l y   e f f e c t i v e .   Some  p a p e r   m a n u f a c -  

t u r e r s   have   gone   to   c o n t i n u o u s   d i g e s t i n g   p r o c e s s e s   in  o r d e r  

to   i m p r o v e   t h e   e f f i c i e n c y   of  t h e   c o o k i n g   o p e r a t i o n ,   bu t   t h e  

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

h i g h .  

More  r e c e n t l y ,   an  i m p r o v e d   t y p e   of  b a t c h   p r o c e s s  
has   b e e n   d e s i g n e d   f o r   o v e r c o m i n g   t h e s e   d i f f i c u l t i e s .   In  t h i s  

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

t h e   h o t   b l a c k   l i q u o r   w h i c h   r e s u l t s   is   r e m o v e d   by  d i s p l a c e -  
m e n t   w i t h   a  f i l t r a t e   f rom  t h e   w a s h i n g   s e c t i o n .   T h i s   f i l t r a -  

t e   i s   a d d e d   to  t h e   b o t t o m   of  t h e   d i g e s t e r   and  p u s h e s   up  t h e  

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

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

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



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

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

t h r o u g h   a  b low  v a l v e   i n t o   a  b low  t a n k .   A f t e r   t h e   p u l p   h a s  

been  b lown  f rom  t h e   d i g e s t e r ,   i t   i s   u n i f o r m l y   f i l l e d   w i t h  

c h i p s .  

Hot  b l a c k   l i q u o r   f rom  t h e   a c c u m u l a t o r   i s   p u m p e d  

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

In  t h i s   s t a g e ,   an  e x c e s s   of  b l a c k   l i q u o r   i s   e m p l o y e d ,   m o r e  

t h a n   t he   c a p a c i t y   of  t h e   d i g e s t e r   so  t h a t   e x c e s s   b l a c k  

l i q u o r   i s   d i s c h a r g e d   f rom  t h e   t o p   of  t h e   d i g e s t e r   and  i s  

t r a n s f e r r e d   to   a  weak  b l a c k   l i q u o r   t a n k .   F r e s h   w h i t e  

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

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

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

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

r e q u i r e d   c o o k i n g   t i m e s .   When  t h e   c o n t e n t s   of  t h e   d i g e s t e r  

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

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

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

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

F a g e r l u n d   A p p l i c a t i o n   S e r i a l   No.  434  758,   f i l e d   O c t o b e r  

1 8 , 1 9 8 2 ,   and  a s s i g n e d   to  t h e   a s s i g n e e   of  t h e   p r e s e n t  

a p p l i c a t i o n .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m u l t i - s t a g e  
wood  c h i p   c o o k i n g   p r o c e s s   u t i l i z i n g   a  s i n g l e   d i g e s t e r  
w h e r e i n   t h e   wood  c h i p s   a r e   i n t r o d u c e d   i n t o   t h e   d i g e s t e r  
and  s o a k e d   in   a  warm  b l a c k   l i q u o r   to   r emove   mos t   of  t h e  

a i r   from  t h e   d i g e s t e r   and  t h e   c h i p s .   A f t e r   a  s u i t a b l e  

s o a k i n g   p e r i o d ,   t he   warm  b l a c k   l i q u o r   i s   d i s p l a c e d   f r o m  

the   d i g e s t e r   w i t h   a  m i x t u r e   of  a  f i r s t   ho t   b l a c k   l i q u o r  
and  ho t   w h i t e   l i q u o r   h a v i n g   a  r e l a t i v e l y   h i g h   p r o p o r t i o n -  
a t e   a m o u n t   of   w h i t e   l i q u o r .   The  t e m p e r a t u r e   of  t h e   d i g e s t e r  
c o n t e n t s   i s   r a i s e d   to  a  c o o k i n g   t e m p e r a t u r e   u s u a l l y   b y  

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



a  h e a t   e x c h a n g e r   t h r o u g h   wh ich   s t e a m   is   a d d e d .   A f t e r   a  

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

t h e   m u l t i - s t a g e   p r o c e s s ,   t he   l i q u o r   i s   d i s p l a c e d   from  t h e  

d i g e s t e r   w i t h   a  m i x t u r e   of  a  s e c o n d   ho t   b l a c k   l i q u o r   a n d  

h o t   w h i t e   l i q u o r .   T h i s   m i x t u r e   has  a  p r o p o r t i o n a t e   a m o u n t  

of  ho t   w h i t e   l i q u o r   l o w e r   t h a n   in  t h e   f i r s t   l i q u o r .  
The  t e m p e r a t u r e   of  t h e   d i g e s t e r   i s   a g a i n   r a i s e d   to  a  c o o k -  

ing   t e m p e r a t u r e   and  a f t e r   t h e   c h i p s   h a v e   a t t a i n e d   a  

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

in  t h e   d i g e s t e r   w i t h   a  l i q u i d   f i l t r a t e   d e r i v e d   f rom  p u l p  

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

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

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

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

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

s e r i e s   of  c o o k s   C l ,   C2,  C 3 . . .   Cn.  The  cook   C1  is   c a r r i e d  

o u t   w i t h   a  l i q u i d   L1  h a v i n g   a  r e l a t i v e l y   h i g h   p r o p o r -  
t i o n a t e   amoun t   of   w h i t e   l i q u o r   and  f o r   a  r e l a t i v e l y   l o n g  

c o o k i n g   t i m e   T l .   Cook  C2  i s   c a r r i e d   o u t   w i t h   a  l i q u o r  

L2  h a v i n g   a  p r o p o r t i o n a t e   a m o u n t   of  w h i t e   l i q u o r   l e s s  

t h a n   Ll  and  f o r   a  t i m e   s h o r t e r   t h a n   T l .   S u c c e e d i n g   c o o k s  

a r e   c a r r i e d   ou t   t h r o u g h   cook  Cn  a t   s u c c e s s i v e l y   l o w e r  

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

s h o r t e r   t i m e .   As  few  as  two  s t a g e s   can  b e  u s e d ,   b u t  

t h r e e   a r e   p r e f e r r e d .   More  t h a n   t h r e e   can   be  u sed   w h e r e  

n e c e s s a r y   or  d e s i r a b l e .  

In  t h e   c a s e   of  a  t h r e e - s t a g e   p r o c e s s   f o r  

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

f o l l o w i n g   c o n d i t i o n s   may  a p p l y .   The  t o t a l   w h i t e   l i q u o r  

may  t y p i c a l l y   c o n s t i t u t e   a b o u t   25%  of  t h e   l i q u i d   c a p a c i t y  

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

The  f i r s t   c o o k i n g   i s   c a r r i e d   o u t   w i t h   an  amoun t   of  w h i t e  

l i q u o r   c o m p r i s i n g ,   50  to   75%  of  t h e   t o t a l   w h i t e   l i q u o r  

f o r   a  p e r i o d   of  25  to   40  m i n u t e s ,   t h e   s e c o n d   c o o k i n g   i s  

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



10  to  30%  of  t h e   t o t a l   f o r   a  p e r i o d   of  10  to  20  

m i n u t e s ,   and  t h e   t h i r d   c o o k i n g   is   c a r r i e d   ou t   w i t h   a n  

amoun t   of  w h i t e   l i q u o r   c o m p r i s i n g   5  to  20  %  of  t he   t o t a l  

fo r   a  p e r i o d   of  5  to   15  m i n u t e s .  

The  s i n g l e   F i g u r e   of  t he   d r a w i n g   i l l u s t r a t e s  

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

s t a g e   wood  c h i p   c o o k i n g   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n .  

In  t h e   a t t a c h e d   F i g u r e   of  t h e   d r a w i n g ,  

r e f e r e n c e   n u m e r a l   10  has   been   a p p l i e d   g e n e r a l l y   to  a  

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

l i d   11.  The  c o n t e n t s   of  t he   d i g e s t e r   can   be  h e a t e d   t o  

a  c o o k i n g   t e m p e r a t u r e   by  pumping   them  t h r o u g h   a  pump  12  

and  a  v a l v e   13  t h r o u g h   a  h e a t   e x c h a n g e r   14  h a v i n g   a  s t e a m  

i n l e t   l i n e   15  and  a  s t e a m   c o n d e n s a t e   o u t l e t   l i n e   1 6 .  

A  warm  l i q u o r   a c c u m u l a t o r   17  s t o r e s   b l a c k  

l i q u o r   a t   a  r e l a t i v e l y   low  t e m p e r a t u r e .   T h i s   w a r m  

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

r e q u i r e d   f o r   c o o k i n g ,   i s   i n i t i a l l y   pumped  by  means   of  a  

pump  18  t h r o u g h   a  l i n e   19  c o n t r o l l e d   by  a  v a l v e   20  i n t o  

t h e   b a s e   of  t h e   d i g e s t e r   10  t h r o u g h   an  i n l e t   v a l v e   2 1 .  

The  s y s t e m   a l s o   i n c l u d e s   a  f i r s t   ho t   l i q u o r  

a c c u m u l a t o r   22  w h i c h   c o n t a i n s   t he   l i q u o r   f o r   t h e   f i r s t  

s t a g e   c o o k .   T h i s   b l a c k   l i q u o r   at   a  r e l a t i v e l y   h i g h  

t e m p e r a t u r e   is   pumped  o u t   t h r o u g h   a  pump  23  a n d  

p r o c e e d s   t h r o u g h   a  v a l v e   24,  t h r o u g h   t h e   v a l v e   21  a n d  

i n t o   t he   b a s e   of  t h e   d i g e s t e r .   A  ho t   w h i t e   l i q u o r  

a c c u m u l a t o r   25  s e r v e s   as  a  s t o r a g e   v e s s e l   f o r   t h e   f r e s h  

ho t   w h i t e   l i q u o r   w h i c h   i s   pumped  o u t   of  t h e   a c c u m u l a t o r  

25  by  means   of  a  pump  26  t h r o u g h   a  f l o w   r e g u l a t o r   27  a n d  

is   t h e r e u p o n   c o m b i n e d   w i t h   t h e   d i s c h a r g e   of   t h e   p u m p  
23  f rom  t h e   f i r s t   h o t   b l a c k   l i q u o r   a c c u m u l a t o r   22,  T h e  

f l o w   r e g u l a t o r   27  can   be  u s e d   to  s e t   t h e   r e l a t i v e  

p r o p o r t i o n s   b e t w e e n   h o t   w h i t e   l i q u o r   and  h o t   b l a c k  

l i q u o r   in  t h e   f i r s t   c o o k i n g   s t e p .  
The  ho t   w h i t e   l i q u o r   i s   p r e h e a t e d   a f t e r   i t   i s  



i n t r o d u c e d   t h r o u g h   an  i n l e t   l i n e   28  t h r o u g h   a  h e a t   e x c h a n -  

g e r   29  b e f o r e   e n t e r i n g   t h e   h o t   w h i t e   l i q u o r   a c c u m u l a t o r   2 5 .  

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

of  t h e   h o t   b l a c k   l i q u o r   f rom  t h e   a c c u m u l a t o r   22  t h r o u g h   a  

pump  30  and  a  l i n e   31.  T h i s   h o t   b l a c k   l i q u o r   i s   a l s o   u s e d  

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

32  w h i c h   w i l l   be  d e s c r i b e d   s u b s e q u e n t l y .   The  ho t   b l a c k  

l i q u o r   p a s s i n g   t h r o u g h   t h e   two  h e a t   e x c h a n g e r s   29  and  32 

i s   r e m o v e d   as  a  warm  b u t   no t   h o t   l i q u i d   t h r o u g h   a  l i n e  

33  w h e r e u p o n   i t   i s   d e l i v e r e d   to   t h e   warm  l i q u o r  

a c c u m u l a t o r   17.  P e r i o d i c a l l y ,   t h e   warm  b l a c k   l i q u o r   f r o m  

t h e   a c c u m u l a t o r   17  i s   d i s c h a r g e d   t h r o u g h   a  l i n e   66  a n d  

p a s s e d   to   a  b l a c k   l i q u o r   e v a p o r a t o r .  

A  s e c o n d   h o t   l i q u o r   a c c u m u l a t o r   34  i s   u s e d   t o  

s t o r e   t h e   b l a c k   l i q u o r   f o r   t h e   s e c o n d   c o o k .   A  p u m p 3 5  

d e l i v e r s   a  s t r e a m   of  t h e   h o t   b l a c k   l i q u o r   w h i c h   i s   a t   a  

l o w e r   t e m p e r a t u r e   t h a n   t h e   h o t   b l a c k   l i q u o r   in  t h e  

a c c u m u l a t o r   22  i n t o   c o m b i n a t i o n   w i t h   h o t   w h i t e   l i q u o r  

f rom  t h e   a c c u m u l a t o r   25.  The  h o t   w h i t e   l i q u o r   i s  

d e l i v e r e d   by  means   of  a  pump  36  t h r o u g h   a  f l o w   r e g u l a t o r  

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

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

38  and  i n t o   t h e   b a s e   of  t h e   d i g e s t e r   t h r o u g h   t h e   v a l v e  

21.  The  r e l a t i v e   p r o p o r t i o n   of  h o t   w h i t e   l i q u o r   in  t h i s  

cook   w i l l   be  l e s s   t h a n   t h e   p r o p o r t i o n   u s e d   in  t h e   f i r s t  

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

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

a c c u m u l a t o r   34  by  means   of  a  s t e a m   l i n e   3 9 .  

A  t h i r d   ho t   l i q u o r   a c c u m u l a t o r   40  c o n t a i n i n g  

h o t   b l a c k   l i q u o r   f o r   t h e   t h i r d   cook  i s   p r o v i d e d   w i t h   a  . 

pump  41  f o r   t h e   d i s c h a r g e   of  i t s   c o n t e n t s .   A  pump  42  

a s s o c i a t e d   w i t h   t h e   h o t   w h i t e   l i q u o r   a c c u m u l a t o r   2 5  

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

a  l i n e   43  and  a  f l o w   r e g u l a t o r   44  i n t o   a d m i x t u r e   w i t h   t h e  

h o t   b l a c k   l i q u o r   b e i n g   pumped  t h r o u g h   t h e   pump  41.  T h e  



c o m b i n e d   s t r e a m   p a s s e s   t h r o u g h   a  v a l v e   45,  and  t h r o u g h  

the   v a l v e   21  i n t o   t h e   b a s e   of  t he   d i g e s t e r   10.  T h e  

c o m b i n e d   s t r e a m   f o r   t h e   t h i r d   cook  has   a  l e s s e r  

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

l i q u o r s   and  i s   a t   a  l o w e r   t e m p e r a t u r e .  

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

p o r t i o n   of  t h e   p a p e r m a k i n g   p l a n t   ( n o t   shown)  i s   i n t r o -  

duced   i n t o   an  a c c u m u l a t o r   46  t h r o u g h   a  l i n e   47.  A  p u m p  
48  is   p r o v i d e d   to   d e l i v e r   t h e   f i l t r a t e   t h r o u g h   a  v a l v e  

49  and  i n t o   t h e   b a s e   of  t h e   d i g e s t e r   t h r o u g h   t h e   v a l v e  

21.  A  p o r t i o n   of  t h e   f i l t r a t e   in  t h e   a c c u m u l a t o r   46  m a y  
be  pumped  by  means   of  pump  50  t h r o u g h   a  l i n e   51  and  t h e n  

t h r o u g h   t h e   h e a t   e x c h a n g e r   32  w h e r e   i t   i s   p a s s e d   in  h e a t  

e x c h a n g e   r e l a t i o n s h i p   w i t h   the   ho t   b l a c k   l i q u o r   f rom  t h e  

f i r s t   h o t   l i q u o r   a c c u m u l a t o r   22.  T h i s   p r e h e a t e d   f i l t r a t e  

is   t h e n   d i r e c t e d   to   a  h o t   f i l t r a t e   a c c u m u l a t o r   52.  A 

pump  53  d e l i v e r s   t h e   h e a t e d   f i l t r a t e   t h r o u g h   t h e   v a l v e  

49  and  i n t o   t h e   d i g e s t e r   l O .  

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

54  f o r   e m p t y i n g   t h e   c o n t e n t s   of  t h e   d i g e s t e r   10.  F o r  

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

an  i n l e t   l i n e   55  a t   t h e   c o m p l e t i o n   of  t h e   c o o k ,  

w h e r e u p o n   v a l v e   54  i s   o p e n e d   and  t h e   c o n t e n t s   of  t h e  

d i g e s t e r   a r e   t r a n s f e r r e d   to  a  blow  t a n k   or  a n o t h e r  

r e c e p t a c l e   t h r o u g h   a  d i s c h a r g e   l i n e   5 6 .  

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

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

s t a g e s   of  t h e   c o o k .   A  l i n e   57  and  v a l v e   58  a r e   u s e d   t o  

r e t u r n   a  weak  c o o k i n g   l i q u o r   to  t h e   warm  l i q u o r  

a c c u m u l a t o r   17.  A  l i n e   59  and  a  v a l v e   60  a r e   u s e d   t o  

d e l i v e r   h o t   b l a c k   l i q u o r   to   t he   f i r s t   h o t   l i q u o r  
a c c u m u l a t o r   22.  S i m i l a r l y ,   a  l i n e   61  and  a  v a l v e   62  

r e t u r n   l i q u o r   f rom  t h e   d i g e s t e r   10  to   t h e   s e c o n d   h o t  

l i q u o r   a c c u m u l a t o r   34.  M a t e r i a l   is   r e c y c l e d   to   t h e   t h i r d  

hot   l i q u o r   a c c u m u l a t o r   40  by  means   of  a  l i n e   63  and  a  



v a l v e   6 4 .  

The  p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   can  b e  

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

as  shown  in  t h e   d r a w i n g   b u t   may  employ   two  s t a g e s   or  m o r e  
t h a n   t h r e e .   The  m u l t i - s t a g e   cook  r e m o v e s   t h e   n o n - c e l l u -  

l o s i c   m a t e r i a l   f rom  t h e   wood  c h i p s   in  a  m a n n e r   so  a s  

to  i m p r o v e   t h e   p u l p   y i e l d ,   i m p r o v e   t h e   p u l p   q u a l i t y  

as  m e a s u r e d   by  t h e   a v e r a g e   m o l e c u l e   s i z e ,   and  i m p r o v e  
t h e   p u l p   b r i g h t n e s s .   A d d i t i o n a l l y ,   t h i s   new  p r o c e s s  

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

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

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

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

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

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

d i g e s t e r .  

The  c o n d i t i o n s   of  t i m e ,   t e m p e r a t u r e   and  a c t i v e  

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

l i m i t s ,   be  a d j u s t e d   b e t w e e n   t he   s t a g e s   of  c o o k i n g   so  as  t o  

o p t i m i z e   t h e   d e s i r e d   p u l p   p r o p e r t i e s   f rom  t h e   wood  c h i p s  

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

in  t h e   p u l p i n g   o p e r a t i o n .  

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

o v e r a l l   p r o c e s s   s e q u e n c e .  
The  empty   d i g e s t e r   lO  is  f i l l e d   by  r e m o v a l  

of  t h e   l i d   11  w i t h   wood  c h i p s .   These   c h i p s   may  b e  

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

c h a r g e d ,   and  to  p r o v i d e   a  more   u n i f o r m   c h i p   d e n s i t y .  

I t   i s   p r e f e r a b l e   t h a t   o v e r l y   t h i c k   c h i p s   (more   t h a n   6 

m i l l i m e t e r s )   be  r e m o v e d   f r o m   t h e   c h i p s   s u p p l y .  

Wi th   t h e   d i g e s t e r   10  c l o s e d ,   warm  b l a c k   l i q u o r  

f rom  t h e   a c c u m u l a t o r   17  i s   pumped  by  means   of  pump  18 

t h r o u g h   t h e   l i n e   19  to   t h e   v a l v e   21  i n t o   t h e  b o t t o m   o f  

t h e   d i g e s t e r   wh ich   i s   s u b s t a n t i a l l y   f i l l e d   w i t h   c h i p s .  



The  d i g e s t e r   is  c o m p l e t e l y   f i l l e d   w i t h   t h i s   l i q u o r   and  some  

e x c e s s   i s   s u p p l i e d .   The  e x c e s s   l e a v e s   t h e   d i g e s t e r   by  m e a n s  

of  an  e x t r a c t i o n   s c r e e n   ( n o t   shown)  l o c a t e d   in  t h e   top   d o m e  

of  t h e   d i g e s t e r   10.  The  e x c e s s   l i q u o r   i s   r e t u r n e d   to  t h e  

warm  l i q u o r   a c c u m u l a t o r   17  t h r o u g h   t he   l i n e   57.  T h i s  

i n i t i a l   s o a k i n g   w i t h   t h e   warm  l i q u o r   a t   a  t e m p e r a t u r e  

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

mos t   of  t h e   a i r   f rom  t h e   d i g e s t e r   and  t h e   c h i p s ,   w a r m s  

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

a s s o c i a t e d   w i t h   t h e   wood  c h i p s .   The  e x c e s s   weak  b l a c k  

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

p e r i o d i c a l l y   d i s c h a r g e d   to   t he   b l a c k   l i q u o r   e v a p o r a t o r s  

t h r o u g h   t h e   d i s c h a r g e   l i n e   6 6 .  

Hot  b l a c k   l i q u o r   f rom  t h e   f i r s t   h o t   b l a c k   l i q u o r  

a c c u m u l a t o r   22  and  ho t   w h i t e   l i q u o r   f rom  t h e   h o t   w h i t e  

l i q u o r   a c c u m u l a t o r   25  a r e   pumped  t o g e t h e r   by  means   o f  

pumps  23  and  26,  r e s p e c t i v e l y ,   t h r o u g h   t h e   v a l v e   24  i n t o  

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

b l a c k   l i q u o r .   The  d i s p l a c e d   warm  l i q u o r   l e a v e s   t h e  

d i g e s t e r   v i a   t h e   e x t r a c t i o n   s c r e e n   in  t h e   t o p   dome  of  t h e  

d i g e s t e r   and  is  r e t u r n e d   to  t h e   warm  b l a c k   l i q u o r   a c c u m u -  

l a t o r   17  t h r o u g h   t h e   l i n e   5 7 .  

L i q u o r   f rom  t h e   f i r s t   h o t   b l a c k   l i q u o r   a c c u m u -  

l a t o r   22  is  no t   o n l y   u s e d   f o r   f i l l i n g   t h e   d i g e s t e r   10  b u t  

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

e x c h a n g e r   29  and  a l s o   to   p r e h e a t   t h e   f i r s t   p o r t i o n   of  t h e  

w a s h e r   f i l t r a t e   in  t h e   h e a t   e x c h a n g e r   32.  The  b l a c k  

l i q u o r   l e a v i n g   the   two  h e a t   e x c h a n g e r s   g o e s   to   t h e   w a r m  

l i q u o r   a c c u m u l a t o r   17  by  means   of  t h e   l i n e   3 3 .  

The  ho t   w h i t e   l i q u o r   e n t e r i n g   t h r o u g h   t h e   l i n e  

28  i s   a l s o   h e a t e d   by  t h e   h e a t   e x c h a n g e r   29  b e f o r e   i t  

a r r i v e s   a t   the   ho t   w h i t e   l i q u o r   a c c u m u l a t o r   2 5 .  

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

d i g e s t e r   10  f i l l e d   w i t h   t h e   m i x t u r e   of  h o t   b l a c k   l i q u o r  

f rom  t h e   f i r s t   ho t   l i q u o r   a c c u m u l a t o r   22  and  t h e   h o t  



w h i t e   l i q u o r   a c c u m u l a t o r   25  i s   r a i s e d   to  t he   d e s i r e d  

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

d i g e s t e r   t h r o u g h   t h e   v a l v e   13  and  h e a t   e x c h a n g e r   14  u n d e r  

t h e   a c t i o n   of  t h e   pump  12.  F o r c e d   c i r c u l a t i o n   of  l i q u o r  

in  t he   d i g e s t e r   i s   p r e f e r r e d   to  i n s u r e   u n i f o r m   d i s t r i b u -  

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

10.  In  t h e   c a s e   of  a  k r a f t   p r o c e s s   c o o k i n g   f o r   t h e   t h r e e -  

s t a g e   s e q u e n c e ,   t h e   f i r s t   c o o k i n g   c an   t a k e   p l a c e   w i t h   a  

l i q u o r   c o n t a i n i n g   50  to   75%  of  t h e   t o t a l   w h i t e   l i q u o r  
u s e d   and  a  c o o k i n g   t i m e   of  25  to  40  m i n u t e s .   No  c o o k i n g  

o p e r a t i o n   in  t h i s   m u l t i - s t a g e   p r o c e s s   r e q u i r e s   as  m u c h  

as  a  60  m i n u t e   c o o k .  

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

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

a c c u m u l a t o r   34  and  h o t   w h i t e   l i q u o r   f rom  t h e   a c c u m u l a t o r  

25  a r e   pumped  t o g e t h e r   t h r o u g h   pumps  35  and  3 6 ,  

r e s p e c t i v e l y ,   i n t o   t h e   b o t t o m   of  t h e   d i g e s t e r   1 0 .  

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

by  t h e   f l o w   c o n t r o l l e r   3 7  .   T h i s   s e c o n d   c o o k i n g   l i q u o r  

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

and  i s   u sed   f o r   a  l e s s e r   c o o k i n g   t i m e   t h a n   t he   f i r s t   c o o k .  

T y p i c a l l y ,   t h e   s e c o n d   c o o k i n g   is   c a r r i e d   out   w i t h   a  w h i t e  

l i q u o r   c o n s t i t u t i n g   10  to   30%  of  t h e   t o t a l   f o r   a  p e r i o d  

of  10  to  20  m i n u t e s .  

The  d i g e s t e r   i s   b r o u g h t   up  to   c o o k i n g   t e m p e r a -  

t u r e   by  c i r c u l a t i n g   t h e   l i q u o r   t h r o u g h   t h e   h e a t   e x c h a n g e r  

1 4 .  

A l t e r n a t i v e l y ,   s t e a m   can   be  a d d e d   to  t h e   s e c o n d  

ho t   l i q u o r   a c c u m u l a t o r   34  t h r o u g h   t h e   s t e a m   l i n e   3 9 .  

At  t h e   e x p i r a t i o n   of  t h e   d e s i r e d   s e c o n d   s t a g e  

c o o k i n g   t i m e ,   h o t   b l a c k   l i q u o r   f rom  t h e   t h i r d   ho t   b l a c k  

l i q u o r   a c c u m u l a t o r   40  and  ho t   w h i t e   l i q u o r   t h r o u g h   t h e  

pump  42  and  f l o w   r e g u l a t o r   44  a r e   c o m b i n e d   and  p u m p e d  

t o g e t h e r   t h r o u g h   v a l v e   45  i n t o   t h e   b a s e   of  t he   d i g e s t e r  

10.  The  d i s p l a c e d   b l a c k   l i q u o r   l e a v e s   t h e   d i g e s t e r   1 0  



and  p a s s e s   t h r o u g h   l i n e   61  and  v a l v e   62  i n t o   t h e   s e c o n d  

hot   b l a c k   l i q u o r   a c c u m u l a t o r   3 4 .  

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

f i l l e d   w i t h   t h e   h o t   b l a c k   l i q u o r   and  ho t   w h i t e   l i q u o r   i s  

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

c i r c u l a t i n g   t h r o u g h   t he   h e a t   e x c h a n g e r   14.  A l t e r n a t i v e l y ,  

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

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

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

pumped  i n t o   t h e   b o t t o m   by  means   of  t he   pump  12.  A s  

a n o t h e r   a l t e r n a t i v e ,   s t e a m   can  be  a d d e d   to  t h e   t h i r d  

b l a c k   l i q u o r   a c c u m u l a t o r   4 0 .  

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

c y c l e   i n c l u d e   a  w h i t e   l i q u o r   f r a c t i o n   of  5  to   20%  of  t h e  

t o t a l   and  a  c o o k i n g   t i m e   of  5  to   15  m i n u t e s .  

At  t h e   e x p i r a t i o n   of  t h e   d e s i r e d   t h i r d   s t a g e  

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

is   pumped  i n t o   t h e   b o t t o m   of  t h e   d i g e s t e r .   The  d i s p l a c e d  

b l a c k   l i q u o r   l e a v e s   t h e   d i g e s t e r   f rom  t h e   t op   and  g o e s  
to  t he   t h i r d   ho t   b l a c k   l i q u o r   a c c u m u l a t o r   40  t h r o u g h   t h e  

l i n e   63  and  v a l v e   6 4 .  

The  f i r s t   p o r t i o n   of  t h e   f i l t r a t e   i s   p u m p e d  
from  t h e   a c c u m u l a t o r   46  t h r o u g h   a  pump  50  i n t o   h e a t  

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

ing  t h r o u g h   t h e   h e a t   e x c h a n g e r   32.  P r e h e a t i n g   t h e   f i r s t  

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

to  t he   l i q u o r   s y s t e m   to  be  e f f i c i e n t l y   u s e d   by  c o u n t e r -  

c u r r e n t   f l o w   and  m a i n t a i n s   a  low  c o n c e n t r a t i o n   of  b l a c k  

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

A f t e r   t h e   ho t   b l a c k   l i q u o r   has   been   d i s p l a c e d  

from  t h e   t h i r d   s t a g e   cook   w i t h   t h e   w a s h e r   f i l t r a t e ,  

c o m p r e s s e d   a i r   i s   i n t r o d u c e d   t h r o u g h   a  l i n e   55  i n t o   t h e  

top  of  t h e   d i g e s t e r   and  t he   c o n t e n t s   of  t he   d i g e s t e r ,  

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

of  t h e   d i g e s t e r   t h r o u g h  a  v a l v e   54  i n t o   a  s u i t a b l e   s t o r a g e  



c h e s t   or  b l o w   t a n k   by  means   of  t h e   l i n e   56.  The  d i s c h a r g e  

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

a i r   i s   more   f u l l y   d e s c r i b e d   in  my  c o - p e n d i n g   a p p l i c a t i o n  

S e r i a l   No.  402  636,   f i l e d   J u l y   2 8 , 1 9 8 2 .  

T y p i c a l   c o o k i n g   c o n d i t i o n s   f o r   a  t h r e e - s t a g e  

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

a r e   g i v e n   in  t h e   f o l l o w i n g   t a b l e :  

The  p r e s e n t   i n v e n t i o n   p e r m i t s   t h e   u se   of  r e l a -  

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

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

in  a  t h r e e - s t a g e   p r o c e s s   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 r e :  

W h i l e   t h e   d r a w i n g s   i l l u s t r a t e   a  t h r e e - s t a g e  

p r o c e s s   and  t h i s   i s   t he   p r e f e r r e d   e m b o d i m e n t ,   t h e   i n v e n -  

t i o n   i s   more   g e n e r a l   t h a n   t h a t .   B a s i c a l l y ,   t h e   i n v e n t i o n  

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

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



s e r i e s   of  c o o k s   C l ,   C2,  C 3 . . .   Cn.  The  cook   Cl  is  c a r r i e d  

o u t   w i t h   a  l i q u o r   L1  h a v i n g   a  r e l a t i v e l y   h i g h   p r o p o r -  
t i o n a t e   amoun t   of  w h i t e   l i q u o r   and  f o r   a  r e l a t i v e l y  

l o n g   c o o k i n g   t i m e   Tl .   Cook  C2  is   c a r r i e d   o u t   w i t h   a  

l i q u o r   L 2  h a v i n g   a  p r o p o r t i o n a t e   a m o u n t   of  w h i t e   l i q u o r  
l e s s   t h a n   L1  and  f o r   a  t i m e   s h o r t e r   t h a n   T1.  S u c c e e d i n g  

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

l o w e r   p r o p o r t i o n a t e   a m o u n t s   of  w h i t e   l i q u o r   and  s u c c e s s -  

f u l l y   s h o r t e r   t i m e s .  

The  t o t a l   q u a n t i t y   of  w h i t e   l i q u o r   u s e d   in  a  

d i g e s t e r   i s   d e t e r m i n e d   by  (1)  t h e   d e g r e e   of  p u l p i n g   o r  

e x t e n t   of  d e l i g n i f i c a t i o n   d e s i r e d ,   ( 2 )  t h e   q u a n t i t y   o f  

wood  c h i p s   c h a r g e d   on  an  oven   d r y   b a s i s ,   and  (3)  t h e  

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

h y d r o x i d e   and  s o d i u m   s u l p h i d e ,   in  t h e   w h i t e   l i q u o r .  

For   e x a m p l e ,   i t   i s   f o u n d   t h a t   an  a c t i v e   c o o k i n g   c h e m i c a l  

a p p l i c a t i o n ,   e x p r e s s e d   as  s o d i u m   o x i d e ,   of  15%  on  o v e n  

d r y   wood  i s   r e q u i r e d   to   a c h i e v e   a  p r o p e r l y   d e l i g n i f i e d  

p u l p .   In  a  6  000  c u b i c   f o o t   d i g e s t e r   c o n t a i n i n g   60  0 0 0  

p o u n d s   of  b o n e   d r y   wood  t h e r e   i s   a  n e e d   f o r   15  p e r c e n t   o f  

60  000  or  9  000  p o u n d s   of  a c t i v e   a l k a l i .   The  v o l u m e   o f  

w h i t e   l i q u o r ,   f o u n d   by  t e s t   to  c o n t a i n   6 .0   p o u n d s   o f  

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

t h e n   c a l c u l a t e d   to   be  1  500  c u b i c   f e e t .  

In  t h e   a b o v e   e x a m p l e ,   t h e   e n t i r e   q u a n t i t y   o f  

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

f i l l i n g   o p e r a t i o n   in   a  c o n v e r t i o n a l   b a t c h   p u l p i n g   s y s t e m .  
Wi th   t h e   new  m u l t i - s t a g e   p r o c e s s ,   a s s u m i n g   t h e   same  t o t a l  

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

s y s t e m   c o u l d   be  as  f o l l o w s :  



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

can  be  made  to   t h e   d e s c r i b e d   e m b o d i m e n t s   w i t h o u t  

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



1.  A  m u l t i - s t a g e   wood  c h i p   c o o k i n g   p r o c e s s  

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

i n t r o d u c i n g   wood  c h i p s   to   be  c o o k e d   i n t o   a  

d i g e s t e r ,  

s o a k i n g   t h e   c h i p s   in  s a i d   d i g e s t e r   w i t h   a  warm 

b l a c k   l i q u o r   to   r emove   m o s t   of  t h e   a i r   f rom  s a i d   d i g e s t e r  

and  s a i d   c h i p s ,  

d i s p l a c i n g   t h e   warm  b l a c k   l i q u o r   f rom  s a i d  

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

h o t   w h i t e   l i q u o r ,  

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

c o n t e n t s   to  a  c o o k i n g   t e m p e r a t u r e ,  

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

m i x t u r e   of  a  s e c o n d   h o t   b l a c k   l i q u o r   and  h o t   w h i t e  

l i q u o r ,  

r a i s i n g   t h e   t e m p e r a t u r e   of  t h e   d i g e s t e r   to   a  

c o o k i n g   t e m p e r a t u r e ,  

a f t e r   t h e   c h i p s   have   a t t a i n e d   a  p r e d e t e r m i n e d  

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

w i t h   a  l i q u i d   f i l t r a t e   d e r i v e d   f rom  p u l p   w a s h i n g ,   a n d  

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

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

2.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  w h i c h   i n c l u d e s :  

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

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

t h i r d   ho t   b l a c k   l i q u o r   and  h o t   w h i t e   l i q u o r .  

3.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   1  w h i c h   i n c l u d e s  

t h e   s t e p   o f  :  

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

w i t h   s a i d   f i r s t   h o t   b l a c k   l i q u o r .  

4.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1  w h i c h   i n c l u d e s  

t h e   s t e p   o f  :  

p r e h e a t i n g   s a i d   l i q u i d   f i l t r a t e   by  h e a t  

e x c h a n g e   w i t h   s a i d   f i r s t   h o t   b l a c k   l i q u o r .  



5.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1  in  w h i c h :  

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

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

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

s t e a m .  

6.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   1  in  w h i c h :  

each   of  t h e   c o o k i n g   c y c l e s   i s   a c c o m p l i s h e d   in  l e s s   t h a n  

60  m i n u t e s .  

7.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   2  in   w h i c h :  

t h e   f i r s t   c o o k i n g   i s   f o r   a  p e r i o d   of  25  to   40  m i n u t e s ,  

t h e   s e c o n d   c o o k i n g   i s   f o r   a  p e r i o d   of  10  to   20  m i n u t e s ,  

and  t h e   t h i r d   c o o k i n g   i s   f o r   a  p e r i o d   of  5  to   15  m i n u t e s .  

8.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   2  in  w h i c h   t h e  

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

50  to   75%  of  t h e   t o t a l   w h i t e   l i q u o r ,   in  t h e   s e c o n d   cook  i s  

in  t h e   r a n g e   f rom  10  to   30  %,  and  in   t h e   t h i r d   cook  i s   i n  

t he   r a n g e   of  5  to   20%.  

9.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   2  in  w h i c h  :   t h e  

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

l i q u o r   c o n s t i t u t i n g   50  to   75%  of  t h e   t o t a l   w h i t e   l i q u o r  

f o r   a  p e r i o d   of  25  to   40  m i n u t e s ,   t h e   s e c o n d   c o o k i n g  

is   c a r r i e d   ou t   u s i n g   an  amoun t   of  w h i t e   l i q u o r   of  10  t o  

30%  of  t h e   t o t a l   f o r   a  p e r i o d   of  10  to   20  m i n u t e s ,   a n d  

t he   t h i r d   c o o k i n g   i s   c a r r i e d   ou t   u s i n g  a n   a m o u n t   o f  

w h i t e   l i q u o r   of  5  to   20%  of  t h e   t o t a l   f o r   a  p e r i o d   of  5 

to  15  m i n u t e s .  

10.  In  a  m u l t i - s t a g e   wood  c h i p   c o o k i n g   p r o c e s s   i n  

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

s e r i e s   of  c o o k s   Cl ,   C2,  C 3 . . .   Cn,  t h e   i m p r o v e m e n t   w h i c h  

c o m p r i s e s :  

c a r r y i n g   o u t   cook  Cl  w i t h   a  l i q u o r   L1  h a v i n g   a  

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

l i q u o r   c i r c u l a t e d   and  f o r   a  r e l a t i v e l y   l o n g   c o o k i n g   t i m e  

T 1 ,  

c a r r y i n g   o u t   s a i d   cook  C2  w i t h   a  l i q u o r   L2 
h a v i n g   a  p r o p o r t i o n a t e   a m o u n t   of  w h i t e   l i q u o r   l e s s   t h a n  



Ll  and  f o r   a  t i m e   s h o r t e r   t h a n   T1,  a n d  

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

l i q u o r   and  s u c c e s s i v e l y   s h o r t e r   t i m e s .  

11.  A  m e t h o d   a c c o r d i n g   to  c l a i m   10  in  w h i c h   s a i d  

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

12.  A  m e t h o d   a c c o r d i n g   to   c l a i m   11  in  w h i c h :  

cook   C1  i s   c a r r i e d   o u t   w i t h   an  amoun t   o f  w h i t e   l i q u o r  

w h i c h   i s   50  to   75%  of  t h e   t o t a l   w h i t e   l i q u o r   f o r   a  p e r i o d  

of  25  to   40  m i n u t e s ,   cook   C2  i s   c a r r i e d   ou t   w i t h   an  a m o u n t  

of  w h i t e  l i q u o r   w h i c h   is   10  to   30%  of  t he   t o t a l   f o r   a  

p e r i o d  o f   10  to   20  m i n u t e s ,   and  cook  C3  is   c a r r i e d   o u t  

w i t h   an  a m o u n t   of  w h i t e   l i q u o r   w h i c h   i s   5  to   20%  of  t h e  

t o t a l   f o r   a  p e r i o d   of  5  to   15  m i n u t e s .  
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