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A  method  for  improving  the  washing  of  cellulose  pulps  produced  from  lignocellulosic  material. 

To  provide  a  cleaner  pulp  and  to  obtain  a  higher  chemical 
recovery  during  washing  of  chemically  cooked  and  optionally 
defibrated  cellulose  pulp,  the  partially  washed  pulp  is  subject- 
ed  to  a  mild  mechanical  treatment  e.g.  in  a  device  (10)  adapted 

for  high-consistency  treatment  and  provided  with  screwsrotat- 
ing  relative  to  each  other,  said  treatment  taking  place  between 
at  least  one  pair  of  conventional  washing  stages  (4,14). 



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

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

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

m a t e r i a l   more   e f f e c t i v e l y   t h a n   when  a p p l y i n g   k n o w n  

w a s h i n g   t e c h n i q u e s ,   so  as  to  i m p r o v e   t h e   r e c o v e r y   o f  

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

w a s t e   l i q u o r s .   By  c e l l u l o s e   p u l p   i s   m e a n t   p r i m a r i l y  

c h e m i c a l s   p u l p s ,   s e m i - c h e m i c a l   p u l p s   and  c h e m i - m e c h a n i c a l  

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

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

In  t h e   c h e m i c a l   p u l p i n g   of   l i g n o c e l l u l o s i c  

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

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

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

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

s u b s t a n c e s ,   s u c h   as  r e s i n .   U n d e s i r a b l e   r e s i d u a l  

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

l i q u i d   o b t a i n e d   a r e   e v a p o r a t e d   and  b u r n e d ,   n o r m a l l y  

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

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

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

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

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

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

in  e x c e s s   of   a b o u t   55%,  t h e   wood  c h i p s   a r e   n o r m a l l y  

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

to  w a s h i n g   a n d / o r   s c r e e n i n g   t h e   p u l p .   When  s c r e e n i n g  

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

n o n - d e f i b r a t e d   wood  r e s i d u e s ,   r e f e r r e d   to   as  r e j e c t  

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

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

t he   p u l p   f l o w .  



The  p u l p   s u s p e n s i o n   o b t a i n e d   s u b s e q u e n t   t o  

d e l i g n i f y i n g   t h e   wood  c h i p s   can   be  w a s h e d   in  a c c o r d a n c e  

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

t h e   a r t .   The  o l d e s t   m e t h o d   i s   one  in   w h i c h   t h e   p u l p  

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

d i s p l a c e m e n t   wash   w h i c h   i s   c a r r i e d   ou t   b a t c h w i s e   i n  

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

p r e s e n t ,   t h e   p u l p   s u s p e n s i o n   i s   w a s h e d   on  drum  f i l t e r s ,  

n o r m a l l y   in   s e v e r a l   s t a g e s .   The  n u m b e r   of   drum  f i l t e r s  

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

a r e   u s e d .   In  a  f u r t h e r   and   more   r e c e n t   m e t h o d ,   p u l p  

is   w a s h e d   w i t h   t h e   u s e   of   p r e s s e s   w h e r e a t  g r e a t e r  

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

f i l t e r s ,   w h i c h   r e s u l t s   i n  a   more   e f f e c t i v e   r e c o v e r y  
of  c h e m i c a l s   and  o r g a n i c   s u b s t a n c e s .  

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

T e c h n i c a l   p r o b l e m  

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

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

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

a r e   l e f t   in   t h e   p u l p ,   w h i c h ,   when   t h e   p u l p   i s   to   b e  

s u b s e q u e n t l y   b l e a c h e d ,   r e s u l t s   in   an  u n n e c e s s a r i l y  

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

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

to  t h e   e n v i r o n m e n t   to  be  d i s c h a r g e d   to   t h e   s u r r o u n d i n g s .  

F u r t h e r ,   an  i n c r e a s e   in   t h e   e x t e n t   to  w h i c h   c h e m i c a l s  

u s e d   in   t h e   c e l l u l o s e   p r o c e s s e s   c an   be  r e c o v e r e d   i s  

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

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

S o l u t i o n  

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

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

i n c r e a s e   in   t h e   e x t e n t   to  w h i c h   c h e m i c a l s   a r e  

r e c o v e r e d .   A c c o r d i n g l y ,   t h e   i n v e n t i o n   r e l a t e s   to  a  



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

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

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

( c o o k i n g )   a n d ,   s u b s e q u e n t   to   b e i n g   o p t i o n a l l y   m e c h a n i -  

c a l l y   d e f i b r a t e d   i s   w a s h e d   in   a  known  m a n n e r   in   a  

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

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

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

w a s h i n g   s t a g e s   or  b e t w e e n   s e v e r a l   of   s a i d   w a s h i n g  

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

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

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

r o t a t i n g   s c r e w s   a t   an  e n e r g y   i n p u t   of   f r o m   7  to  200  kWh 

p e r   t o n   of   p u l p .  

When  a p p l y i n g   t h e   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 ,   t h e   c l e a n s i n g   e f f e c t   o b t a i n e d   has   b e e n   f o u n d  

to  be  p a r t i c u l a r l y   g o o d   when   a t   l e a s t   10%  of  t h e  

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

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

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

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

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

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

p r o c e s s .  
I t   has   a l s o   b e e n   f o u n d   p a r t i c u l a r l y   s u i t a b l e   t o  

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

m e c h a n i c a l   t r e a t m e n t   p r o c e s s ,   to  b e t w e e n   10%  and  50%,  

p r e f e r a b l y   to  b e t w e e n   14  and   40%,  and  s u i t a b l y   t o  

b e t w e e n   20  and  3 5 % .  U p o n   c o m p l e t i o n   of  t h e   m i l d  

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

d i l u t e d   to  a  p u l p   c o n s i s t e n c y   of  b e t w e e n   0 .5   and  13%,  
in  c o n j u n c t i o n   w i t h   m i x i n g   w i t h   wash   l i q u i d   in   t h e   s u b -  

s e q u e n t   w a s h i n g   s t e p .   When  t h e   p u l p   i s   w a s h e d   o n  

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

b e t w e e n   0 .5   and  6%,  w h i l e   w a s h i n g - d e w a t e r i n g   i n ,   f o r  

e x a m p l e ,   a  p r e s s  i s   s u i t a b l y   p e r f o r m e d   a t   an  i n p u t   p u l p  
c o n s i s t e n c y   of   b e t w e e n   2  and   13%.  



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

n o r m a l l y   u s e d   in   p r a c t i c e .   H o w e v e r ,   a  p a r t i c u l a r l y  

s u i t a b l e   t e m p e r a t u r e   r a n g e   i s   2 0 - l 1 0 ° C ,   w h i l e   a  p r e -  
f e r r e d   r a n g e   i s   3 5 - 9 0 ° C .  

By  m i l d   m e c h a n i c a l   t r e a t m e n t   i s   m e a n t   h e r e   a  

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

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

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

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

h e l d   w i t h i n   t h e   r a n g e   of   7  to  200  kWh  p e r   t o n   of   b o n e -  

d r y   p u l p ,   and  p r e f e r a b l y   w i t h i n   t h e   r a n g e   o f  1 0   to  1 0 0  

kWh  p e r   t o n   of   b o n e - d r y   p u l p .  

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

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

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

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

w i t h   an  i n l e t   and  o u t l e t ,   and  w h i c h   a r e   in   a d j u s t a b l e  

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

m i l d   m e c h a n i c a l   t r e a t m e n t   of   t h e   m a t e r i a l ,   as  b e f o r e  

d e s c r i b e d .   C o n v e n i e n t l y ,   t h e   s c r e w   b l a d e s   of  t h e  

r o t a t a b l e   s c r e w s   a l s o   e x h i b i t   c o n c a v e   p o r t i o n s   a t   t h e  

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

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

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

by  MoDoMekan  AB  u n d e r   t h e   r e g i s t e r e d   t r a d e m a r k   FROTAPULPEF®. 

A d v a n t a g e s  

The  n o v e l   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 ,   i n  

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

m i l d   f a s h i o n   b e t w e e n   two  or  more   of  t h e   s t a g e s   of  a  

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

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

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



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

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

when  a p p l y i n g   c o n v e n t i o n a l   w a s h i n g   t e c h n i q u e s .  

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

a d v a n t a g e   of   e n a b l i n g   a  p u r e r   p u l p   to  be  o b t a i n e d .   T h i s  

is   m a n i f e s t e d ,   i n t e r   a l i a ,   by  a  c o n s i d e r a b l e   l o w e r i n g  

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

n u m b e r .  

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

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

i ng   f r o m   t h e   p u l p - w a s h i n g   s t a g e ,   i . e .   t h e   a m o u n t   o f  

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

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

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

r e p r e s e n t i n g   a  v a l u a b l e   s a v i n g   on  e n e r g y .   B e c a u s e : m o T e  

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

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

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

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

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

f rom  an  e n v i r o n m e n t a l   a s p e c t .   C o n s e q u e n t l y ,   t h e   c o s t  

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

m e n t a l l y   h a r m f u l  s u b s t a n c e s   in   t h e   e f f l u e n t   c a n  b e  

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

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

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

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

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

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

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

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

t he   r e s u l t a n t   p u l p   s u s p e n s i o n   is   m a r k e d l y   i m p r o v e d   a  

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

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

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

shown  in   t h e   d e s c r i p t i o n .  



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

The  F i g u r e   i l l u s t r a t e s   s c h e m a t i c a l l y   a  s u i t a b l e  

e m b o d i m e n t   of  t h e   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  

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

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

s a i d   s t a g e s   b e i n g   e q u i p p e d   w i t h   a  p r e s s .   In  t h e   t e s t s  

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

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

t h e   t r a d e m a r k  F R O T A P U L P E R ®  

B e s t   mode  of   c a r r y i n g   o u t   t h e   i n v e n t i o n  

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

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

o b t a i n e d .  

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

in   p a r a l l e l ,   b i r c h   s u l p h a t e   p u l p   and  c h e m i - m e c h a n i c a l  

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

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

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

s e c o n d   w a s h i n g   s t a g e s   ( E x a m p l e s   1  and  2 ) ,   and  p a r t l y   i n  

a c c o r d a n c e   w i t h   c o n v e n t i o n a l   t e c h n i q u e s   ( C o n t r o l s   1  a n d  

2 ) ,  i n   w h i c h   t h e   p u l p   s u s p e n s i o n s   w e r e   n o t   s u b j e c t e d   t o  

any  f o r m   of   m e c h a n i c a l   t r e a t m e n t   b e t w e e n   t h e   d i f f e r e n t  

s t a g e s   of   t h e   w a s h i n g   s e q u e n c e .  

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

was  u t i l i z e d   in   a l l   t e s t s ,   and  h e n c e   t h e   r e f e r e n c e  

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

t h e   F i g u r e .  

E x a m p l e  1  

U n b l e a c h e d   and  u n w a s h e d   b i r c h   s u l p h a t e   p u l p   w a s  
i n t r o d u c e d   t h r o u g h   a  l i n e   1  i n t o   a  t a n k   2,  in   w h i c h   t h e  

p u l p   s u s p e n s i o n   was  d i l u t e d   w i t h   p r e s s   w a s t e   l i q u o r  

s u p p l i e d   t h r o u g h   a  l i n e   22,   u n t i l   a  p u l p   c o n s i s t e n c y  



of  a b o u t   8%  was  o b t a i n e d .   The  p u l p   s u s p e n s i o n   w a s  

p a s s e d   f rom  t h e  t a n k   2  t h r o u g h   a  l i n e   3  to  a  f i r s t  

w a s h i n g   s t a g e   4,  c o m p r i s i n g   a  p r e s s ,   in   w h i c h   t h e   p u l p  

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

33.3%  and  t h e n   p a s s e d   t h r o u g h   a  l i n e   5,  to  a  s c r e w  

f e e d e r   6,  a r r a n g e d   to   f e e d   t h e   p u l p   s u s p e n s i o n   t h r o u g h  

a  l i n e   7  and  a  l i n e   8  to   a  s c r e w   d e f i b r a t o r   10  p r o v i d e d  

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

p o r t i o n s   and  in   w h i c h   t h e   p u l p   s u s p e n s i o n   was  s u b j e c t e d  

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

s u s p e n s i o n   was  p a s s e d   to   a  s e c o n d   s c r e w   f e e d e r   12  

t h r o u g h   a  l i n e   11.  The  t e m p e r a t u r e   of  t h e   p u l p   s u s -  

p e n s i o n   a t   t h e   i n l e t   to   t h e   s c r e w   d e f i b r a t o r   10  w a s  

m e a s u r e d   as  6 8 ° C ,   and  a t   t h e   o u t l e t   of  s a i d   d e f i b r a t o r  

as  710C.  The  a m o u n t   of   e l e c t r i c a l   e n e r g y   c o n s u m e d   b y  

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

d e f i b r a t o r   10  was  m e a s u r e d   to   15  kWh  p e r   t o n   of  b o n e -  

d ry   p u l p .  T h e   l i n e   9  was  c l o s e d   w h i l e   p a s s i n g   t h e   p u l p  

s u s p e n s i o n   t h r o u g h   t h e   d e f i b r a t o r   1 0 .  

The  t r e a t e d   p u l p   s u s p e n s i o n   was  d i l u t e d   in   t h e  

s c r e w   f e e d e r   12  to   a  p u l p   c o n s i s t e n c y   of  8 % ,  b y   i n t r o -  

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

21,  s a i d   w a s t e   l i q u o r   m i x i n g   e f f e c t i v e l y   w i t h   t h e   p u l p  

s u s p e n s i o n   d u r i n g   i t s   t r a n s p o r t   t h r o u g h   t h e   f e e d e r   1 2 .  

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

l i n e   13  to  a  s e c o n d   w a s h i n g   s t a g e   14,   c o m p r i s i n g   a  

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

The  p u l p   s u s p e n s i o n   was  w a s h e d   and  a g a i n   t h i c k e n e d   i n  

the   p r e s s   14,  to  a  d r y   s o l i d s   c o n t e n t   of  3 3 . 3 % .   W a s t e  

l i q u o r   o b t a i n e d   f r o m   t h e   p r e s s   14  was  p a s s e d   t h r o u g h   a  

l i n e   22  to  t h e   t a n k   2,  w h e r e   i t   was  u s e d   to  d i l u t e  

i n c o m i n g   p u l p   s u s p e n s i o n .   The  p u l p   s u s p e n s i o n ,   w a s h e d  

and  t h i c k e n e d   in   t h e   s e c o n d   w a s h i n g   s t a g e ,   was  t h e n  

p a s s e d   t h r o u g h   a  l i n e   15  to  a  s c r e w   f e e d e r   16,   a n d  

t h r o u g h   a  l i n e   17  to  a  t h i r d   w a s h i n g   s t a g e   e q u i p p e d  

w i t h   a  p r e s s   18  s i m i l a r   to  t h e   p r e s s e s   u s e d   in   t h e   t w o  

p r e c e d i n g   w a s h i n g   s t a g e s .  



The  p u l p   s u s p e n s i o n   was  d i l u t e d   and  m i x e d   in   t h e   s c r e w  
f e e d e r   1 6 .  i n   a  m a n n e r   s i m i l a r   to   t h a t   in   t h e   p r e c e d i n g  

s c r e w   f e e d e r  1 2 ,   a l t h o u g h   in   t h i s   c a s e   w i t h   p u r e   w a t e r  

s u p p l i e d   t h r o u g h   a  l i n e   20,  to  o b t a i n   a  p u l p - c o n s i s t e n c y  
of   8%.  S u b s e q u e n t   to  w a s h i n g   t h e   p u l p   s u s p e n s i o n   a n d  

t h i c k e n i n g   t h e   same  to  a  d r y   s o l i d s   c o n t e n t   of   3 3 . 3 %  

in  t h e   p r e s s   18,  t h e   f i n a l l y   w a s h e d   p u l p   s u s p e n s i o n   w a s  
r e m o v e d   t h r o u g h   a  l i n e   1 9 .  

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

21  and  22  d u r i n g   t h e   t e s t s ,   f o r   a n a l y s i s   p u r p o s e s ' .  

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

t h e   l i n e   19.  The  a n a l y s i s   r e s u l t s   a r e   shown  in   T a b l e   1 .  

W a s t e   l i q u o r   f rom  t h e   p r e s s   in   t h e   f i r s t   w a s h i n g   s t a g e  
4  was  t a k e n   t h r o u g h   a  l i n e   23  and   p a s s e d   to   a  r e c o v e r y  

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

l i q u o r   was  e v a p o r a t e d   and  b u r n e d .   B e c a u s e   t h e   w a s h i n g  

l i q u i d   was  p a s s e d   in   c o u n t e r - f l o w   to  t h e   f l o w   of  p u l p  

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

w h i c h   t h e   p u l p   s u s p e n s i o n   was  s u b j e c t e d ,   t h e   p r e s s  
w a s t e   l i q u o r   had  a  h i g h   o r g a n i c - s u b s t a n c e   c o n t e n t  

( a b o u t   13%)  a n d ,   a t   t h e   same  t i m e ,   a  h i g h   f u e l   v a l u e .  

C o n t r o l   t e s t   1 

In  t h i s   t e s t   t h e r e   was  w a s h e d   a  b i r c h   s u l p h a t e  

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

E x a m p l e   1  and  t r e a t e d   in   t h e   same  a p p a r a t u s ,   a l t h o u g h  

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

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

t h e   f i r s t   and  s e c o n d   w a s h i n g   s t a g e s .   T h u s ,   a l l   f l o w   o f  

p u l p   s u s p e n s i o n   t h r o u g h   t h e   l i n e   8  was  s t o p p e d ,   so  t h a t  

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

s e c o n d   s c r e w   f e e d e r   12 ,   t h r o u g h   t h e   l i n e   9 .  

S u b s e q u e n t   to  w a s h i n g   and   t h i c k e n i n g   t h e   p u l p  

s u s p e n s i o n   in   t h e   p r e s s   1 4  o f   t h e   s e c o n d   w a s h i n g   s t a g e ,  
t h e r e   was  o b t a i n e d   in   t h i s   c a s e   a  d r y   s o l i d s   c o n t e n t  

of  26%.  A f t e r   w a s h i n g   and  t h i c k e n i n g   t h e   s u s p e n s i o n   i n  

t h e   p r e s s   18  of  t h e   t h i r d   w a s h i n g  



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

of  26%.  I t   w i l l   be  n o t e d   t h a t   t h e   c o n s i s t e n c y   of  t h e  

p u l p   s u s p e n s i o n   a t   t h e   i n l e t s   to  p r e s s e s   14  and  18 

r e s p e c t i v e l y   was  a l s o   8%  in   t h i s   t e s t ,   and  t h a t   t h e  

p r e s s u r e   e x e r t e d   by  t h e   p r e s s e s   was  t h e   same  as  t h a t   i n  

E x a m p l e   1 .  

A n a l y s i s   s a m p l e s   w e r e   r e m o v e d   in   t h i s   t e s t   a t  

t h e   same  l o c a t i o n s   as  in   t h e   t e s t   a c c o r d i n g   to  E x a m p l e  

1.  The  a n a l y s i s   r e s u l t s   a r e   shown  in   T a b l e   1  b e l o w .  



As  w i l l   be  s e e n   f rom  t h e   T a b l e ,   when  a p p l y i n g   t h e  

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   q u i t e   s u r p r i s i n g l y   a  

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

o b t a i n e d   when   w a s h i n g   in   a c c o r d a n c e   w i t h   known  t e c h -  

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

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

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

t h e   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   s u r p r i s i n g l y  

r e s u l t e d   in   a  p u l p   w i t h   a  much  l o w e r   e x t r a c t i v e s  

c o n t e n t   t h a n   c an   be  o b t a i n e d   when   c o n v e n t i o n a l l y  '  

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

b e t w e e n   w a s h i n g   s t a g e s .  

One  i m p o r t a n t   a d v a n t a g e   w i t h   r e s p e c t   to   e n e r g y  
a f f o r d e d   by  t h e   i n c r e a s e d   e x t e n t   to  w h i c h   o r g a n i c  

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

v a l u e   of   t h e   w a s t e   l i q u o r   i s   a l s o   i n c r e a s e d .   F u r t h e r   a  

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

c o v e r e d .  

E x a m p l e   2 

The  t e s t   d e s c r i b e d   in   E x a m p l e   1  was  r e p e a t e d  

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

y i e l d   of   73%,  c a l c u l a t e d   on  a b s o l u t e   d r y   w o o d .   A f t e r  

w a s h i n g   t h e   p u l p   s u s p e n s i o n   and  t h i c k e n i n g   t h e   same  i n  

t h e   p r e s s   14  of   t h e   s e c o n d   w a s h i n g   s t a g e ,   t h e r e   w a s  

o b t a i n e d   in   t h i s   t e s t   a  d ry   s o l i d s   c o n t e n t   of   34%.  A 

dry   s o l i d s   c o n t e n t   of   34%  was  s i m i l a r l y   o b t a i n e d   a f t e r  

w a s h i n g   and  t h i c k e n i n g   t h e   p u l p   in   t h e   p r e s s   18  of  t h e  

t h i r d   w a s h i n g   s t a g e .   The  l i n e   9  was  c l o s e d   when   m a k i n g  

t h i s   t e s t .  

C o n t r o l   t e s t   2 

In  t h i s   t e s t   a  s i m i l a r   t y p e   of  c h e m i - m e c h a n i c a l  

s p r u c e   p u l p   was  w a s h e d ,   and  t r e a t e d   in   t h e   same  p l a n t  

as  t h a t   u s e d   in   E x a m p l e   2,  a l t h o u g h   w i t h   t h e   d i f f e r e n c e  

t h a t   t h e   p u l p   s u s p e n s i o n   was  n o t   s u b j e c t e d   to  any  f o r m  



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

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

l i n e   8  was  s t o p p e d ,   so  t h a t   t h e   p u l p   s u s p e n s i o n   i n s t e a d  

p a s s e d   d i r e c t l y   to  t h e   s e c o n d   s c r e w   f e e d e r   12,  t h r o u g h  

t h e   l i n e   9.  S u b s e q u e n t   to  p a s s i n g   t h e   p r e s s   14  of  t h e  

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

to  be  30a .   The  d r y   s o l i d s   c o n t e n t   was  a l s o   f o u n d   to  b e  

30%  a f t e r   p a s s i n g   t h e   p r e s s   18  of  t h e   t h i r d   w a s h i n g  

s t a g e .  

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

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

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

can   be  c o n c l u d e d   t h a t   more   w a t e r   i s   r e m o v e d   and  m o r e  

c h e m i c a l s   r e c o v e r e d   when  p r a c t i c i n g   t h e   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 .   T h i s   c o n c l u s i o n   i s   b a s e d   on  t h e   f a c t  

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

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

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

t he   p r e s s e s ,   in   b o t h   t e s t s ,   w e r e   m a i n t a i n e d   c o n s t a n t   a t  

7%.  A c c o r d i n g   to   m e a s u r e m e n t s   t a k e n ,   t h e   w a s h i n g   w a t e r  

in   E x a m p l e   2  a l s o   c o n t a i n e d   s l i g h t l y   l a r g e r   q u a n t i t i e s  

o f ' d r y   s o l i d s   t h a n   t h e   w a s h i n g   w a t e r   in   C o n t r o l   t e s t   2 .  

T h u s ,   i t   can   be  e s t a b l i s h e d   t h a t   t h e   f u e l   v a l u e s   of  t h e  

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

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

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

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



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

c e l l u l o s e   p u l p   when  p r o d u c i n g   c e l l u l o s e   p u l p s   f r o m  

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

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

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

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

w a t e r   t h e r e t o ,   c  h  a  r  a  c  t   e  r  i  z  e  d   i n ,   t h a t  

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

p a i r   of   t h e   w a s h i n g   s t a g e s   or  b e t w e e n   s e v e r a l   of   s a i d  

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

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

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

r o t a t i n g   s c r e w s   a t   an  e n e r g y   i n p u t   of   f r o m   7  to   200  kWh 

p e r   t o n   o f  p u l p .  

2.  A  m e t h o d   a c c o r d i n g   to  C l a i m   1 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   i  n,  t h a t   a t   l e a s t   10%  o f  

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

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

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

3.  A  m e t h o d   a c c o r d i n g   to   C l a i m s   1  and  2 ,  

c  h  a  r  a  c  t   e  r  i   z  e  d   i  n,  t h a t   t h e   m i l d   m e c h a n i c a l  

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

c o n t e n t   of  b e t w e e n   10  and  50%,  p r e f e r a b l y   b e t w e e n   1 4  

and  40%  and  s u i t a b l y   b e t w e e n   20  and  35%.  

4.  A  m e t h o d   a c c o r d i n g   to   C l a i m s   1 - 3 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   i  n,  t h a t   t h e   e l e c t r i c a l  

e n e r g y   i n p u t   to  t h e   m i l d   m e c h a n i c a l   t r e a t m e n t   p r o c e s s  
is   h e l d   w i t h i n   t h e   r a n g e   of  10  to   100  k W h / t o n .  

5.  A  m e t h o d   a c c o r d i n g   to   C l a i m s   1 - 4 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   i  n,  t h a t   t h e   m i l d   m e c h a n i c a l  

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



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

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

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

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

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

c a v e   p o r t i o n s   on  t h e   p e r i p h e r y   of  a t   l e a s t   some  s c r e w  

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

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