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@  Sawdust  pumping,  and  processing. 

@  A  method  and  apparatus  are  provided  for  effecting  treat- 
ment  of  sawdust  to  produce  paper  pulp  in  a  simplified  and  effi- 
cient  manner.  The  sawdust  is  entrained  with  liquid  so  that  it 
forms  a  slurry  having  a  consistency  of  between about 10-25%, 
and  preferably  between  about  15-22%  solids.  The  slurry  con- 
sistency  is  maintained  generally  constant  throughout  the  treat- 
ment  process.  The  slurry  at  that  consistency  is  pumped  by  a 
fluidizing,  high  speed,  degassing,  centrifugal  pump  (22).  The 
pumping  action  alone  provides  for  transport  of  the  slurry  to  a 
digester  vessel  (40,46).  The  digester  vessel  may  be  an  upflow 
vessel,  a  hydraulically  filled  downflow vessel  (40),  or  a  superat- 
mospheric  vapor  phase  downflow  vessel  (40).  Kraft  pulping 
may  be  practiced  in  the  digester,  or  a  sulfite  process  may  be 
practiced  in  the  digester  (46)  and  the  slurry  then  passed  to  a 
refiner  to  produce  a  mechanical  pulp.  Between  the  pump  and 
the  digester  the  slurry  passes  through  a  heating  device  (30), 
which  may  comprise  a  fluidizing  mixer  for  directly  introducing 
high  pressure  steam  into  the  slurry,  or  a  pressure  diffuser  (30) 
for  effecting  indirect  heating  of  the  slurry. 



BACKGROUND  AND  SUMMARY  OF  THE  INVENTION 

T h e r e   a r e   many  a r e a s   t h r o u g h o u t   t h e   w o r l d  

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

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

of  p a p e r   p u l p .   W h i l e   s u c h   raw  m a t e r i a l   can   e f f e c -  

t i v e l y   be  u t i l i z e d   to   p r o d u c e   p a p e r   p u l p   e m p l o y i n g  

e x i s t i n g   t e c h n o l o g y ,   t h e   e x i s t i n g   t e c h n o l o g y   i s  

e x p e n s i v e ,   t r o u b l e s o m e ,   and  has   v e r y   l i t t l e  

f l e x i b i l i t y .   For  i n s t a n c e ,   a  t y p i c a l   t r e a t m e n t  

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

s a w d u s t   i s   i l l u s t r a t e d   in   U . S .   P a t e n t   3 , 4 7 5 , 2 7 1 ,   a n d  

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

e n t i t l e d   "Kamyr  S a w d u s t   S y s t e m s   P a s s   t h e   5 0 0 , 0 0 0  

Tons   Per   Year   M a r k " .   Such   s y s t e m s   i n c l u d e   a n  

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

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

t h e   d i g e s t e r   v e s s e l .  

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

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

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

p r o b l e m s ,   and  p r o v i d i n g   a  number   of  t r e a t m e n t  

o p t i o n 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 ,  

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

d i g e s t e r ,   or  may  be  t r e a t e d   in  a  d o w n f l o w   d i g e s t e r  

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

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

v e r y   d e s i r a b l e   in  many  s i t u a t i o n s .  

The  t e r m   " s a w d u s t "   as  u s e d   in  t h e   p r e s e n t  

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

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



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

h a n d l i n g .   T h i s   may  be  c o n t r a s t e d   w i t h   t h e   way  t h a t  

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

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

A  key  to   t h e   s a w d u s t   t r e a t m e n t   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   i s   t h e   u n e x p e c t e d  

d i s c o v e r y   t h a t   i t   i s   p o s s i b l e   to   pump  s a w d u s t  

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

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

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

a  s o l i d s   c o n s i s t e n c y   of  b e t w e e n   a b o u t   1 0 - 2 5 % ,   a n d  

more   d e s i r a b l y   b e t w e e n   a b o u t   1 5 - 2 2 % .   P u m p i n g   can   b e  

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

f l u i d i z i n g ,   h i g h   s p e e d ,   d e g a s s i n g ,   c e n t r i f u g a l   p u m p s  
and   r e l a t e d   s y s t e m s   s u c h   as  shown  in  U . S .   P a t e n t s  

4 , 4 3 5 , 1 9 3   and   4 , 4 1 0 , 3 3 7 ,   and  s o l d   c o m m e r c i a l l y   b y  

K a m y r ,   I n c .   of   G l e n s   F a l l s ,   New  Y o r k ,   and  Kamyr  AB 

of  K a r l s t a d ,   S w e d e n ,   u n d e r   t h e   t r a d e m a r k   "MC" 

pump.   The  d i s c o v e r y   t h a t   i t   i s   p o s s i b l e   to   p u m p  
m e d i u m   c o n s i s t e n c y   ( e . g .   1 0 - 2 5 % )   s a w d u s t   s l u r r i e s   i s  

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

s o l i d ,   as   o p p o s e d   to   t h e   s i t u a t i o n   w i t h   p u l p   or  t h e  

l i k e   w h e r e i n   t h e   m a t e r i a l   i s   more   f l e x i b l e .   F u r t h e r  

s a w d u s t   s l u r r i e s   do  n o t   f i l t e r   w e l l ,   and   a  s a w d u s t  

s l u r r y   w i t h   a  c o n s i s t e n c y   of  as  l i t t l e   as  10%  s o l i d s  

i s   v i r t u a l l y   a  s e m i - s o l i d .  

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 ,   s a w d u s t   i s   t r e a t e d   by:  m i x i n g   t h e   s a w d u s t  

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

c o n s i s t e n c y   of   b e t w e e n   a b o u t   10-25%  ( p r e f e r a b l y  

a b o u t   1 5 - 2 2 % ) ;   and  p u m p i n g   t h e   s l u r r y ,   w i t h o u t  

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

p u l p .   At  t h e   t r e a t m e n t   s t a g e ,   t h e   s l u r r y   i s   h e a t e d  

( e i t h e r   i n d i r e c t l y ,   or  by  d i r e c t   m i x i n g   of  h i g h  



p r e s s u r e   s t e a m   w i t h   t h e   s l u r r y  -   as  by  u t i l i z i n g   a  

f l u i d i z i n g   m i x e r ) ,   t h e   s l u r r y   i s   i n t r o d u c e d   i n t o   t h e  

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

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

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

i s   an  u p f l o w   v e s s e l   and  t he   s l u r r y   i s   p u m p e d ,  

w i t h o u t   d i l u t i o n ,   and  u n d e r   t h e   i n f l u e n c e   of  t h e  

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

t h e   v e s s e l .   A l t e r n a t i v e l y ,   t h e   v e s s e l   may  be  a  

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

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

The  c h e m i c a l   t r e a t m e n t   in  t h e   v e s s e l  

f a c i l i t a t e s   b r e a k i n g   down,   or  e f f e c t s   b r e a k i n g   d o w n ,  

of  t h e   l i g n i n   in   t h e   s a w d u s t .   For   i n s t a n c e ,   a  

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

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

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

p u l p .   A l t e r n a t i v e l y ,   t h e   s l u r r y   may  be  s u b j e c t e d   t o  

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

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

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

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

w i t h   low  p r e s s u r e   s t e a m   and  a  t r e a t m e n t   l i q u i d ,   a n d  

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

t h e   s l u r r y   f rom  t h e   b o t t o m   of  t h e   c h u t e .   The  s l u r r y  

m a i n t a i n s   s u b s t a n t i a l l y   t h e   same  c o n s i s t e n c y   ( i . e .   a  

c o n s i s t e n c y   b e t w e e n   a b o u t   1 0 - 2 5 % )   w i t h o u t   p h a s e  

s e p a r a t i o n   ( s o l i d / l i q u i d )   t h r o u g h o u t   a l l   t h e  

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

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

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

l i q u i d ;   a  f l u i d i z i n g ,   h i g h   s p e e d ,   c e n t r i f u g a l   p u m p  
s u c h   as  d i s c l o s e d   in  s a i d   p a t e n t s   4 , 4 3 5 , 1 9 3   a n d  

4 , 4 1 0 , 3 3 7 ;   a  v e r t i c a l   d i g e s t e r ;   a  c o n d u i t   b e t w e e n  

t h e   pump  and  t h e   d i g e s t e r ;   and  a  d i r e c t   or  i n d i r e c t  



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

i n t r o d u c t i o n   i n t o   t h e   d i g e s t e r .   The  i n t e r c o n n e c t i o n  

b e t w e e n   t h e   pump  and  t h e   d i g e s t e r   c o n s i s t s   of   t h e  

c o n d u i t ,   a  v a l v e   m e a n s   in  t h e   c o n d u i t ,   and  t h e  

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

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

t h e   d i g e s t e r .  

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

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

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  d i a g r a m m a t i c   v i e w   o f  

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

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

FIGURE  2  i s   a  d i a g r a m m a t i c   v i e w   of  a  s e c o n d  

e m b o d i m e n t   of   a p p a r a t u 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 n d  

FIGURE  3  i s   a  p a r t i a l ,   d i a g r a m m a t i c   v i e w ,  

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

DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

FIGURE  1  i l l u s t r a t e s   a  c o m p o n e n t   f o r   a  

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

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

of  K r a f t   p u l p .   The  a p p a r a t u s   in  t h i s   e m b o d i m e n t  



c o m p r i s e s   a  c o n v e n t i o n a l   low  p r e s s u r e   f e e d e r   1 0  

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

v e s s e l   12  ( a l s o   known  as  a  s t e a m   m i x e r ,   h a v i n g   a  

h o r i z o n t a l   a x i s   m i x i n g   s c r e w   t h e r e i n ) ,   h a v i n g   a  

s t e a m   r e l i e f   p r e s s u r e   c o n t r o l l e d   v e n t   14.   S a w d u s t  

i s   f e d   f rom  a  s o u r c e   to   t h e   f e e d e r   10,   and  i s  

i n t r o d u c e d   i n t o   t h e   v e s s e l   12  w h e r e i n   i t   i s  

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

may  c o m p r i s e   w h i t e   l i q u o r   f rom  a  K r a f t   p r o c e s s ,   a n d  

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

t h e   v e s s e l   12.   The  s l u r r y   d i s c h a r g e d   f r o m   t h e  

v e s s e l   12  i s   p r e f e r a b l y   d i s c h a r g e d   i n t o   a  v e r t i c a l  

c h u t e   16,   a l t h o u g h   i t   may  i n s t e a d   be  f e d   to   a  

c o n d u i t   c o n n e c t e d   d i r e c t l y   to   t h e   pump  to   b e  

h e r e i n a f t e r   d e s c r i b e d .   In  t h e   c h u t e   16,   a  l i q u i d  

l e v e l   i s   m a i n t a i n e d   u t i l i z i n g   a  c o n v e n t i o n a l   gamma 
l e v e l   i n d i c a t o r   18,   w h i c h   c o n t r o l s   a  v a l v e   m e a n s   20  

in  a  c o n d u i t   21  l e a d i n g   f rom  t h e   b o t t o m   of  t h e   c h u t e  

16.  A  l i q u i d ,   s u c h   as  w h i t e   l i q u o r ,   i s   p r e f e r a b l y  

i n t r o d u c e d   i n t o   t h e   c h u t e   1 6 .  

The  s t r u c t u r e s   10,  12,   14  and  16  c o m p r i s e  

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

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

b e t w e e n   a b o u t   10-25%  ( and   p r e f e r a b l y   b e t w e e n   a b o u t  

1 5 - 2 2 % ) .   The  s l u r r y   has   t h a t   c o n s i s t e n c y   a t   t h e  

b o t t o m   of  t h e   c h u t e   16,  w h e r e   t h e   pump  22  i s  

l o c a t e d .  

The  pump  22  i s   shown  o n l y   s c h e m a t i c a l l y   i n  

FIGURE  1,  b u t   in  a d d i t i o n   to   p u m p i n g   c o m p o n e n t s  

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

in  U . S .   P a t e n t s   4 , 4 3 5 , 1 9 3   and  4 , 4 1 0 , 3 3 7 ,   t h e  

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

r e f e r e n c e   h e r e i n .   The  pump  22  c o m p r i s e s   a  

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

pump.   T y p i c a l l y ,   t h e   i m p e l l e r   t h e r e o f   i s   r o t a t e d   a t  



2 0 0 0 - 3 4 0 0   rpm  in  o r d e r   to   e f f e c t   f l u i d i z a t i o n   of  t h e  

s l u r r y .   Such   a  pump  22  i s   c o m m e r c i a l l y   a v a i l a b l e  

f r o m   K a m y r ,   I n c .   of  G l e n s   F a l l s ,   New  York  and  K a m y r  

AB  of  K a r l s t a d ,   S w e d e n ,   u n d e r   t h e   t r a d e m a r k   "MC" 

p u m p .  

O p e r a t i v e l y   c o n n e c t e d   to   t h e   c o n d u i t   21  i s  

a  h e a t i n g   m e a n s   24  and  a  v e r t i c a l   v e s s e l   26.  T h e  

h e a t i n g   m e a n s   24  in   t h e   e m b o d i m e n t   i l l u s t r a t e d   i n  

FIGURE  1  c o m p r i s e s   a  m i x e r   f o r   d i r e c t l y   m i x i n g   h i g h  

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

a  m i x e r   may  t a k e   a r e   shown  in  C a n a d i a n   P a t e n t  

1 , 1 0 2 , 6 0 4 ,   s u c h   a  m i x e r   c o m p r i s i n g   a  f l u i d i z i n g  
m i x e r .   A  t y p i c a l   m i x e r   t h a t   may  be  u t i l i z e d   f o r   t h e  

h e a t i n g   m e a n s   24  i s   s o l d   by  Kamyr ,   I n c .   and  Kamyr  AB 

u n d e r   t h e   t r a d e m a r k   "MC"  m i x e r .  

The  v e s s e l   26  c o m p r i s e s   a  c o n t i n u o u s  

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

FIGURE  1  i s   an  u p f l o w   v e s s e l   h a v i n g   a  c o n v e n t i o n a l  

d i s c h a r g e   m e c h a n i s m   28  a t   t h e   t o p   t h e r e o f .   In  t h e  

v e s s e l   26  c h e m i c a l   t r e a t m e n t   of  t h e   s l u r r y   may  b e  

p r a c t i c e d .   A  K r a f t   d e l i g n i f i c a t i o n   p r o c e s s   i s  

p r a c t i c e d   in   t h e   v e s s e l   26,   w h i t e   l i q u i d  -  

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

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

c o n v e n t i o n a l l y   w i l l   be  in  t h e   r a n g e   of  9-24%  Na20  o n  

b o n e   d r y   raw  m a t e r i a l .   The  h e a t i n g   means   24  b r i n g s  

t h e   s l u r r y   up  to   o p t i m u m   c o o k i n g   t e m p e r a t u r e  

n o r m a l l y   in   t h e   r a n g e   of  1 4 0 - 1 7 5 ° C .   The  pump  22  

b r i n g s   t h e   s l u r r y   up  to   n o r m a l   t r e a t m e n t   p r e s s u r e ,  
w h i c h   i s   t y p i c a l l y   6 0 0 - 1 2 0 0   k P a ,   and  t h e   s l u r r y   i s  

m a i n t a i n e d   a t   t h a t   p r e s s u r e ,   and  i s   m a i n t a i n e d   i n  

t h e   d i g e s t e r   26  f o r   a  t i m e   p e r i o d   of   a b o u t   3 0 - 1 3 0  

m i n u t e s .   T h e s e   v a l u e s   a r e   m e r e l y   e x e m p l a r y   v a l u e s ,  

and  t h e y   may  v a r y   s o m e w h a t   d e p e n d i n g   upon   t h e   n a t u r e  

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



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

u l t i m a t e   p u l p   to  be  p r o d u c e d .  

The  e m b o d i m e n t   i l l u s t r a t e d   in  FIGURE  2  i s  

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 a t   i l l u s t r a t e d   i n  

FIGURE  1  e x c e p t   t h a t   h e a t i n g   of  t h e   s l u r r y   t o  

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

u t i l i z i n g   an  i n d i r e c t   h e a t i n g   means   30,   and  t h e  

d i g e s t e r   40  c o m p r i s e s   a  d o w n f l o w   d i g e s t e r .  

The  v e r t i c a l   v e s s e l   30  c o n n e c t e d   to   t h e  

pump  22  by  t h e   c o n d u i t   21  p r e f e r a b l y   c o m p r i s e s   a n  

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

as  shown  in  U . S .   P a t e n t   4 , 3 6 8 , 6 2 8 .   In  s u c h   a n  

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

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

s u b s t a n t i a l l y   t h e   same  p r e s s u r e   as  i t   had  w h e n  

d i s c h a r g e d   f rom  t h e   pump  22.  L i q u i d   i s   w i t h d r a w n  

f rom  t h e   v e s s e l   30  by  t h e   pump  32,  p a s s e s   t h r o u g h  

s t e a m   h e a t e r   34,  and  i s   r e c i r c u l a t e d   back   to   t h e  

v e s s e l   to  be  i n t r o d u c e d   a t   i n l e t   35.  T h u s ,   t h e  

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

v e s s e l   30  and  t h e   a m o u n t   of  l i q u i d   w i t h d r a w n   a t   31  

i s   s u b s t a n t i a l l y   t h e   same  as  t h e   a m o u n t   of  l i q u i d  

i n t r o d u c e d   a t   35,  so  t h a t   t h e   c o n s i s t e n c y   of  t h e  

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

u t i l i z i n g   v e s s e l   30.  The  s l u r r y   i s   d i s c h a r g e d   f r o m  

c o n v e n t i o n a l   d i s c h a r g e   m e c h a n i s m   36  and  p a s s e s  

t h r o u g h   c o n d u i t   37  to   be  i n t r o d u c e d   a t   t h e   t o p   38  o f  

t h e   d o w n f l o w   d i g e s t e r   40.  P u l p   as  i t   i s   p r o d u c e d   i s  

d i s c h a r g e d   f r o m   t h e   b o t t o m   of  t h e   v e s s e l   40  

u t i l i z i n g   a  c o n v e n t i o n a l   d i s c h a r g e   m e c h a n i s m   4 2 .  

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 ,   t h e r e  

is   a  good   d e a l   of  v e r s a t i l i t y   in  t h e   o p e r a t i o n   o f  

t h e   d o w n f l o w   d i g e s t e r   40.  P r e f e r a b l y   t h e   d o w n f l o w  

d i g e s t e r   40  w i l l   be  h y d r a u l i c a l l y   f i l l e d .  

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



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

may  be  v e n t e d  -   in  t h i s   i n s t a n c e  -   u t i l i z i n g   v e n t  

43.   In  e i t h e r   c a s e ,   t h e   t h e r m a l   s t a b i l i t y   of  t h e  

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

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

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

The  a p p a r a t u s   u t i l i z e d   in  FIGURES  1  and  2 

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

p u l p .   The  a p p a r a t u s   of  FIGURE  3  i s   u t i l i z e d   f o r   t h e  

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 ,   p a r t i c u l a r l y   c h e m i -  

m e c h a n i c a l   p u l p   (CMP),   or  c h e m i t h e r m o m e c h a n i c a l  

(CTMP)  p u l p .   In  t h i s   e m b o d i m e n t ,   t h e   c h e m i c a l  

t r e a t m e n t   v e s s e l   46  i s   much  s m a l l e r   t h a n   t h e   v e s s e l s  

26,   40,   s i n c e   c o m p l e t e   d e l i g n i f i c a t i o n   d o e s   n o t   t a k e  

p l a c e   in   t h e   v e s s e l .   T y p i c a l l y ,   s u l f i t e   i s   a d d e d   t o  

t h e   s l u r r y   in  t h e   v e s s e l   46  ( f o r   e x a m p l e   b y  

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

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

v e s s e l   46  in   d i s c h a r g e   l i n e   47  p a s s e s   to   a  

c o n v e n t i o n a l   r e f i n e r   48.   The  m e c h a n i c a l   p u l p  

p r o d u c e d   i s   d i s c h a r g e d   i n t o   l i n e   4 9 .  

T y p i c a l l y ,   s o d i u m   s u l f i t e   a t   pH  9 -10   i s   t h e  

m i l d   p r e t r e a t m e n t   l i q u i d   in  t h e   v e s s e l   46,   and  t h e  

t e m p e r a t u r e   t h e r e i n   i s   a t   a b o u t   1 3 0 - 1 7 0 ° C .   H o w e v e r ,  

in   some  s i t u a t i o n s ,   no  c h e m i c a l   n e e d   be  a d d e d   a t  

a l l ,   b u t   r a t h e r   m e r e l y   by  h e a t i n g   of  t h e   s l u r r y   w i t h  

h i g h   p r e s s u r e   s t e a m   ( a s   in  f l u i d i z i n g   m i x e r   24)  t o  

a b o u t   l 1 0 - 1 5 0 ° C ,   f i b r i l i z a t i o n   in  r e f i n e r   48  w i l l   b e  

f a c i l i t a t e d ,   p r o d u c i n g   t h e r m o m e c h a n i c a l   p u l p   ( T M 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 ,   s a w d u s t   i s   t r e a t e d   by  m i x i n g   t h e   s a w d u s t  

w i t h   a  l i q u i d   ( i n   s t e a m   m i x e r   12  and  c h u t e   16)  t o  

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

b e t w e e n   a b o u t   1 0 - 2 5 % ,   and   p r e f e r a b l y   b e t w e e n   a b o u t  

1 5 - 2 2 % ;   and  p u m p i n g   t h e   s l u r r y ,   u t i l i z i n g  



f l u i d i z i n g ,   h i g h   s p e e d ,   c e n t r i f u g a l   pump  22,  w i t h o u t  

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

p u l p .   At  t h e   t r e a t m e n t   s t a g e ,   t h e   s l u r r y   i s   h e a t e d  

to  o p t i m u m   t e m p e r a t u r e ,   and  i n t r o d u c e d   i n t o   a  

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

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

i n t o   t h e   s l u r r y   u t i l i z i n g   s t e a m   m i x e r   2 4  -   o r  

i n d i r e c t l y ,   as  by  u t i l i z i n g   p r e s s u r e   d i f f u s e r   3 0 .  

In  t h e   t r e a t m e n t   v e s s e l ,   some  c h e m i c a l  

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

t r e a t m e n t   m e r e l y   f a c i l i t a t e s   b r e a k i n g   down  of  t h e  

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

u l t i m a t e l y   to   be  p r o d u c e d .   I f   a  K r a f t   p u l p   i s  

u l t i m a t e l y   to   be  p r o d u c e d ,   in  t h e   v e s s e l   t h e  

c h e m i c a l   t r e a t m e n t   b r e a k s   down  t h e   l i g n i n   in  t h e  

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

v e s s e l ,   w h e t h e r   i t   be  v e s s e l   26,   40  or  46.  T h e  

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

h y d r a u l i c a l l y   f i l l e d   d o w n f l o w .  

T r e a t m e n t   in  t h e   v e s s e l   46  may  be  a  s u l f i t e  

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

r e f i n e d   in  r e f i n e r   48.  T r e a t m e n t   in  t h e   v e s s e l s   2 6 ,  

40  i s   a  K r a f t   t r e a t m e n t ,   w i t h   t h e   K r a f t   p u l p  

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

I t   w i l l   t h u s   be  s e e n   t h a t   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  s i m p l e ,   e f f e c t i v e ,   and  v e r s a t i l e  

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

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

t h e   i n v e n t i o n ,   t h e   v a p o r   p h a s e   f e e d e r ,   a n d  

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

t h e r e w i t h ,   has   b e e n   e l i m i n a t e d   a t   t h e   same  t i m e   t h a t  

v e r s a t i l i t y   of  t h e   s y s t e m   has   b e e n   e n h a n c e d .  

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   s h o w n  

and  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   b e  



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   i n  

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   t o  

be  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   so  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   d e v i c e s .  



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

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

l i q u i d   to   p r o d u c e   a  s l u r r y ;   a  pump;   a  d i g e s t e r   f o r  

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

to  f a c i l i t a t e   b r e a k d o w n   o f ,   or  to   e f f e c t   b r e a k d o w n  

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

i n t e r c o n n e c t i n g   s a i d   pump  and  s a i d   s a i d   d i g e s t e r ,  

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

and  means   d i s p o s e d   in  s a i d   c o n d u i t   f o r   e f f e c t i n g  

h e a t i n g   of  t h e   s l u r r y   pumped   f r o m   t h e   pump  to  t h e  

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

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

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

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

of  t h e   s a w d u s t   s l u r r y ;   a n d  

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

and  s a i d   h e a t i n g   means   to   s a i d   d i g e s t e r   so  t h a t   s a i d  

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

t h r o u g h   t h e   d i g e s t e r ,   and  t h e   i n t e r c o n n e c t i o n  

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

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

m e a n s .  

2.  A p p a r a t u s   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 a i d   d i g e s t e r   c o m p r i s e s   a n  

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

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

w h e r e i n   s a i d   c o n d u i t   and  s a i d   pump  a r e   i n t e r -  

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

d i g e s t e r .  



3.  A p p a r a t u s   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 a i d   d i g e s t e r   c o m p r i s e s   a  

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

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

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

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

d i g e s t e r .  

4.  A p p a r a t u s   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 a i d   d i g e s t e r   c o m p r i s e s   a  

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

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

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

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

s a w d u s t   in   l i q u i d   c o n s i s t s   o f :   a  h o r i z o n t a l   s t e a m  

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

i s   f e d   to   s a i d   h o r i z o n t a l   s t e a m   m i x e r ;   means   f o r  

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

h o r i z o n t a l   s t e a m   m i x e r ;   a  v e r t i c a l l y   e x t e n d i n g   c h u t e  

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

s t e a m   m i x e r ;   and  m e a n s   f o r   i n t r o d u c i n g   l i q u i d   i n t o  

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

t h a t   s a i d   f l u i d i z i n g ,   h i g h   s p e e d ,   d e g a s s i n g ,  

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

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

6.  A  m e t h o d   of  t r e a t i n g   s a w d u s t   by  m i x i n g  

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

a  s o l i d s   c o n s i s t e n c y   of  b e t w e e n   a b o u t   1 0 - 2 5 % ;   a n d  

c h a r a c t e r i z e d   b y :  

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

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

p u l p .  



7.  A  m e t h o d   as  r e c i t e d   in  c l a i m   6  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   a t   s a i d   t r e a t m e n t   s t a g e   t h e  

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

s l u r r y   to   an  o p t i m u m   p r o c e s s i n g   t e m p e r a t u r e ;  

( i i )   i n t r o d u c i n g   t h e   h e a t e d   s l u r r y   i n t o   a  c o n t i n u o u s  

t r e a t m e n t   v e s s e l   as  a  r e s u l t   of  s a i d   p u m p i n g ;  

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

t h e   v e s s e l   to   f a c i l i t a t e   t h e   b r e a k i n g   down,   or  t o  

e f f e c t   t h e   b r e a k i n g   down,   of  t h e   l i g n i n   in  t h e  

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

t h e   v e s s e l .  

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   ( i i )   i s   p r a c t i c e d   b y  

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

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

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

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

t o p   of  t h e   v e s s e l ;   and  s t e p   ( i )   i s   p r a c t i c e d   b y  

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

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

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

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

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

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

i n t r o d u c t i o n   l i q u i d ;   and  s t e p   ( i i )   i s   p r a c t i c e d   b y  

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

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

t r e a t m e n t   v e s s e l .  

9.  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   t h e   v e s s e l   i s   a  v e r t i c a l  

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

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

a t m o s p h e r e   p r e s s u r e ;   and  f u r t h e r   c h a r a c t e r i z e d   i n  



t h a t   s t e p   ( i i )   i s   p r a c t i c e d   by  f e e d i n g   t h e   s l u r r y  

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

i n f l u e n c e   of   s a i d   p u m p i n g ,   and  s t e p   ( i v )   i s  

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

v e s s e l .  

10.   A  m e t h o d   as  r e c i t e d   in  c l a i m   9  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   ( i i i )   i s   p r a c t i c e d   b y  

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

m e t h o d   i s   f u r t h e r   c h a r a c t e r i z e d   by  t h e   s t e p   (v)  o f  

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

r e f i n i n g   s t a g e ,   and  e f f e c t i n g   r e f i n i n g   of  t h e  

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