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@  Method  and  apparatus  for  efficiently  producing  cellulosic  pulp  by  the  thermo-mechanical  pulping  method. 

Method  and  apparatus  for  producing  cellulosic  pulp  by 
the  thermo-mechanical  pulping  method  wherein  wood  chips 
are  contacted  with  gaseous  steam  at  a  temperature  and  for  a 
time  sufficient  to  bring  the  temperature  of the  chips  close  to 
that  of  the  steam,  compacting  the  resulting  steam  treated 
chips  while  mechanically  conveying  the  same  to  reduce  the 
moisture  content  and  produce  a  compacted  moist  mass, 
shredding  the  compacted  mass  while  further  conveying  the 
same  under  more  severe  conditions  than  the  original  convey- 
ing  and  then  passing  the  shredded  mass  into  a  refiner. 

The  apparatus  of  the  present invention  preferably  takes 
the form  of  a pair  of coaxially  operating  worm-type  conveyors 
with  the  end  of  one  conveyor  being  journalled  in  the  end  of the 
other,  and  operating  under  conditions  such  that  the  second 
conveyor  tends  to  pull  the  compacted  mass  faster  than  it  is 
being  delivered  and  thereby  provides  a  shredding  action  to 
maintain  a  fairly  uniform  input  into  the  refiner  stage. 





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

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

The  s p e c i f i c   i m p r o v e m e n t   of  t h e   p r e s e n t   i n v e n t i o n   c e n t e r s  

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

c o m p r e s s e d   wood  c h i p s   in  t h e   fo rm  of  a  c o m p a c t e d   m a s s  
and  s h r e d s   t h e   same  w h i l e   d e l i v e r i n g   i t   to  t h e   i n p u t   o f  

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

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

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

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

w h e e l ,   and  a  c h e m i c a l   t r e a t m e n t   w h e r e i n   t h e   wood  c h i p s   a r e  

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

s y s t e m   is   l e s s   e x p e n s i v e   b u t   r e s u l t s   in   f i b e r s   w h i c h   a r e  
s h o r t e r   t h a n   w o u l d   be  o p t i m u m   f o r   u se   in   v a r i o u s   t y p e s   o f  

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

r e q u i r e s   t h e   u se   of  l a r g e   a m o u n t s   of  e q u i p m e n t   such   a s  

h i g h   p r e s s u r e   t a n k s   and  t he   l i k e   w h i c h   a r e   q u i t e   e x p e n s i v e .  

The  h i g h   i n i t i a l   c o s t   of  i n s t a l l a t i o n   and  t h e   c o s t   o f  

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

f i e d .  

In  more   r e c e n t   t i m e s ,   a  new  t e c h n i q u e   known  as  t h e r m o -  

m e c h a n i c a l   p u l p i n g   and  r e f i n i n g   has   b e c o m e   c o m m e r c i a l l y  

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

wood  c h i p s   f rom  a  c h i p   b i n   a r e   f ed   t h r o u g h   a  c h i p   w a s h i n g  

s y s t e m   and  t h e n   by  means   of  a  s c r e w   f e e d   a r e   fed   i n t o   a  

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

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

i s   i n t r o d u c e d   i n t o   one  end  of  t h e   t u b e   and  is   c o n v e y e d   b y  

means   of  a  s c r e w   t y p e   c o n v e y o r   to  t h e   o u t l e t   end .   D u r i n g  

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

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



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

F o l l o w i n g   t h e   t r e a t m e n t   in  t h e   s t e a m i n g   t u b e   w h e r e i n   t h e  

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

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

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

b low  v a l v e .   The  m i x t u r e   of  s t e a m   and  p u l p   i s   t h e n   p a s s e d  

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

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

s t a g e   r e f i n e r   w h i c h   is   n o n - p r e s s u r i z e d .   The  p u l p   p r o d u c e d  

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

c h e s t   and  t h e n   goes   t h r o u g h   t h e   v a r i o u s   o t h e r   s t a g e s   w h i c h  

a r e   common  to  any  p r o c e d u r e   f o r   m a k i n g   up  a  s u s p e n s i o n   o f  

f i b e r s   s u i t a b l e   f o r   u s e   in  a  h e a d b o x .  

U.S .   P a t e n t   No.  3 , 9 2 1 , 9 1 8   d e s c r i b e s   a  m e t h o d   f o r   m e c h a n -  

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

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

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

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

s t e a m   b e i n g   d i r e c t e d   b a c k   to   t h e  p r e h e a t e r .  

U.S .   P a t e n t   No.  3 , 6 6 1 , 3 2 8   d e s c r i b e s   a  p u l p   r e f i n i n g  

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

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

v i r o n m e n t   u n d e r   m o d e r a t e l y   e l e v a t e d   t e m p e r a t u r e s .   S u b -  

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

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

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

t h e   f i b e r   f u r n i s h e d .  

T h e r e   i s   a l s o   a  s t u d y   e n t i t l e d   " M e c h a n i c a l   P u l p   F r o m  

C h i p s "   a p p e a r i n g   in   T a p p i ,   V o l .   45,  A p r i l ,   1962  a t   p a g e  
2 5 7 .  

U .S .   P a t e n t s   Nos.   2 , 9 3 5 , 9 3 1   and  2 , 9 7 5 , 0 9 6   b o t h   a s s i g n e d  

to  The  B a u e r   B r o s .   Company  d e a l  w i t h   f i b e r i z i n g   p r e s s e s  

and  t h e   l i k e   u s i n g   s c r e w   t y p e   c o n v e y o r s .  

In  a  t y p i c a l   c o m m e r c i a l   e m b o d i m e n t   of  t h e  t h e r m o - m e c h a n -  

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

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



h a v e   a r i s e n   b e c a u s e   of  t he   u n e v e n   f e e d   p r e s e n t e d   to  t h e  

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

t h e   fo rm  of  lumps   of  v a r i o u s   s i z e s .   When  t h e   c o m p a c t e d  

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

o u t   of  t h e   end  of  t h e   p i p e   w h e r e   t h e   p i p e   m e e t s   t h e   v e r -  

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

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

c o n s e q u e n t l y   c a u s e s   s u b s t a n t i a l   f l u c t u a t i o n   in  r e f i n e r  

l o a d i n g .   The  n e t   r e s u l t   is   t h a t   p u l p   q u a l i t y   i s   no t   u n i f o r m  

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

to  be  u n s a t i s f a c t o r y .  

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 e t h o d   and  a p p a r a t u s   f o r  

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

t h e r m o - m e c h a n i c a l   p u l p   to  a  r e f i n e r .   S p e c i f i c a l l y ,   t h e  

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 e t h o d   w h e r e i n   t he   wood  c h i p s  

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

a  t i m e   s u f f i c i e n t   to   b r i n g   the   t e m p e r a t u r e   of  t he   c h i p s  

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

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

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

m o i s t   m a s s .   The  c o m p a c t e d   mass   i s   t h e n   s h r e d d e d   by  m e a n s  

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

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

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

r e f i n e r .  

A  number   of  o t h e r   f e a t u r e s   a r e   p r e s e n t   in  t h e   m e t h o d   a n d  

a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n .   For  o n e ,   t h e   c h i p s   a r e  

p r e f e r a b l y   c o m p a c t e d   a t   c o m p a c t i o n   r a t i o s   of  a t   l e a s t   2 . 5  

to  1  d u r i n g   t h e   o r i g i n a l   c o n v e y i n g .   The  c o n t a c t i n g   w i t h  

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

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

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

as  low  as  30%. 

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

t he   use   of  f i r s t   and  s e c o n d   c o n v e y o r   means   wh ich   each   t a k e  



t h e   fo rm  of  w o r m - t y p e   c o n v e y o r s   c o a x i a l l y   m o u n t e d   w i t h  

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

h a v i n g   one  end  r e c e i v e d   in  t h e   end  of  t h e   f i r s t   c o n v e y o r  

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

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

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

A l t e r n a t i v e l y ,   or  in  a d d i t i o n   to  t h i s   f e a t u r e ,   t h e   s e c o n d  

c o n v e y o r   can  be  d r i v e n   a t   a  h i g h e r   r a t e   of  s p e e d .   As  a  

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

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

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

d i r e c t i o n s .   The  o b j e c t i v e   to  be  a c h i e v e d   by  t h e   s e c o n d  

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

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

d e l i v e r e d   by  t h e   f i r s t   c o n v e y o r   t h e r e b y   b r e a k i n g   up  t h e  

c o m p a c t e d   mass   and  f e e d i n g   t h e   c h i p s   to  t h e   r e f i n e r   a t   a  

more   or  l e s s   u n i f  o r m   r a t e .  

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

made  in  c o n n e c t i o n   w i t h   t h e   a t t a c h e d   s h e e t   of   d r a w i n g s  

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

F i g .   1  i s   a  p a r t l y   s c h e m a t i c   v i e w   of  an  o v e r a l l   s y s t e m   f o r  

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

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

t h e   t i m e   t h e y   a r e   p a s s e d   to  t h e   r e f i n e r ;  

F i g .   2  i s   a  v i e w   p a r t l y   in   c r o s s   s e c t i o n   on  a n  e n l a r g e d  

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

means   c o o p e r a t e   to  f e e d   t h e   s t e a m e d   and  c o m p a c t e d   p u l p  

i n t o   t h e   r e f i n e r ;  

F i g .   3  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   s u b s t a n t i a l l y  

a l o n g   t h e   l i n e   I I I - I I I   of  F i g .   2;  a n d  

F i g .   4  i s   a  s c h e m a t i c   v i e w   of  a  m o d i f i e d   f o rm  of   t h e  

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

R e f e r r i n g   to  F i g .  1 ,   r e f e r e n c e   n u m e r a l   10  i n d i c a t e s   g e n e r -  

a l l y   a  c h i p   b i n   w h i c h  i s   open   to  t he   a m b i e n t   a t m o s p h e r e  

and  i n t o  w h i c h   t h e r e   e x t e n d s   a  m a n i f o l d   11  c a r r y i n g   a  

p l u r a l i t y   of  s t e a m  j e t   l i n e s   12.  S t e a m   a t   s u b s t a n t i a l l y  



a t m o s p h e r i c   p r e s s u r e   i s   r e c e i v e d   i n t o   t h e   m a n i f o l d   11  f r o m  

a  l i n e   13  u n d e r   t he   c o n t r o l   of  a  g a t e   v a l v e   14.  A d d i t i o n a l  

s o u r c e s   of  s t e a m   can   be  u s e d   i f   n e c e s s a r y   or  d e s i r e d .  

The  r e s i d e n c e   t i m e   of  t h e   wood  c h i p s   in   t h e   c h i p   b i n  

d u r i n g   s t e a m i n g   i s   t y p i c a l l y   on  t he   o r d e r   of  1  to  5  m i n u t e s ,  

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

a p p r o x i m a t i n g   t h e   t e m p e r a t u r e   of  t h e   s t e a m   ( 2 1 2 ° F ,   1 0 0 ° C ) .  

A f t e r   s t e a m i n g   u n d e r   a t m o s p h e r i c   c o n d i t i o n s ,   t h e   c h i p s   a r e  
d e l i v e r e d   to  a  p l u g   s c r e w   f e e d e r   15  d r i v e n   by  a  m o t o r   1 6 .  

In  t h e   p l u g   s c r e w   f e e d e r   15,  t he   a t m o s p h e r i c   p r e s s u r e   o f  

t h e   c h i p   b i n   10  i s   i s o l a t e d   f rom  t h e   s u p e r a t m o s p h e r i c  

p r e s s u r e   e x i s t i n g   in   a  f i r s t   r e f i n e r   s t a g e   16.  The  p l u g  

s c r e w   f e e d e r   15  d e l i v e r s   t h e   c h i p   t h r o u g h   a  v e r t i c a l  

s t e a m   s e p a r a t i n g   t u b e   17  i n t o   an  i n l e t   c o n v e y o r   18  of  t h e  

. f i r s t   r e f i n e r   s t a g e   1 6 .  

In  t he   p l u g   s c r e w   f e e d e r   15,  t he   s t e a m e d   c h i p s   a r e   s u b -  

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

c o n t e n t   i s   r e d u c e d   to  as  low  as  30%  or  p r e f e r a b l y   as  l o w  

as  25%,  in  c o n t r a s t   to  c o n v e n t i o n a l   p l u g   f e e d e r   o p e r a t i o n  

w h i c h   r e d u c e s   t h e   m o i s t u r e   to  a b o u t   50%.  The  h i g h e r   c o m -  

p a c t i o n   r a t i o s   u s e d ,   b e i n g   on  t he   o r d e r   of  a t   l e a s t   2 . 5  

to  1  or  p r e f e r a b l y   2 .7   to  1  as  c o m p a r e d   w i t h   a  n o r m a l  

c o m p r e s s i o n   r a t i o   of  1 .9   to  1  in  t h e s e   d e v i c e s ,   f r a c t u r e s  

b o n d s   b e t w e e n   f i b e r s   in   t he   c h i p s   to  a  g r e a t e r   e x t e n t   t h a n  

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

a t   a  r e d u c e d   power   l e v e l .  

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

15,  c o m p a c t e d ,   m a c e r a t e d   c h i p s   a r e   fed   to  t h e   f i r s t   s t a g e  

r e f i n e r   16.  D i f f i c u l t i e s   have   a r i s e n   w i t h   u n e v e n   f e e d ,  

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

in  lumps  of  v a r i o u s   s i z e s .   When  the   c o m p a c t e d   c h i p s   a r e  

f o r c e d   i n t o   t he   t u b e   17,  t he   c h i p s   t e n d   to  d r o p   a t   i r r e g u l a r  

i n t e r v a l s   i n t o   t h e   i n l e t   of  the   f i r s t   r e f i n e r   s t a g e ,   a n d  

t h i s   r e s u l t s   in  l a r g e   f l u c t u a t i o n s   in  the   r a t e   a t   w h i c h  

t he   c h i p s   r e a c h   the   r e f i n e r .   C o n s e q u e n t l y ,   t h e r e   a r e  

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



r e s u l t   i s   t h a t   p u l p   q u a l i t y   i s   n o t   as  u n i f o r m   as  w o u l d  

be  d e s i r e d .  

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

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

t h e   wood  c h i p s   e n t e r   t h e   t u b e   1 7 .  T o   a c c o m p l i s h   t h i s ,   a n  

a s s e m b l y   of  t h e   t y p e   shown  i n  F i g s .   2  and  3  of  t h e   d r a w -  

i n g s   may  be  u s e d .   The  end  of  t h e   p l u g   s c r e w   f e e d e r   15  t e r -  

m i n a t e s   in   a  h o l l o w   f r u s t o - c o n i c a l   p o r t i o n   15a  and  a n  

a n n u l a r   f l a n g e   15b.   The  f l a n g e   15b  i s   c o n n e c t e d   by  m e a n s  

of  b o l t s   19  to  a  f l a n g e   20a  of  a  h o l l o w   f r u s t o - c o n i c a l  

c o u p l i n g   s e c t i o n   20.  T h i s   s e c t i o n   has   a  m a r g i n a l   a n n u l a r  

f l a n g e   20b  w h i c h   i s   s e c u r e d   by  m e a n s   of  b o l t s   21  to   a  

u n i f o r m   d i a m e t e r   c o u p l i n g   s e c t i o n   22  h a v i n g   an  a n n u l a r  

f l a n g e   22a  a t   one  end  a b u t t i n g   t h e   f l a n g e   20b ,   and  a n  

a n n u l a r   f l a n g e   22b  a t   t h e   o p p o s i t e   end  w h i c h   i s   s e c u r e d   t o  

an  a n n u l a r   f l a n g e   17a  of  t h e   t u b e  1 7 .  

In  t h e   p l u g   s c r e w   f e e d e r   15  t h e r e   i s   a  s h a f t   23  h a v i n g  

s c r e w   c o n v e y o r   f l i g h t s   24  w h i c h   move  t h e   s t e a m e d   c h i p s  

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

u l t i m a t e l y   i n t o   t h e   f i r s t   r e f i n e r   s t a g e   1 6 .  

The  end  of  t h e   s h a f t   23  i s   s u i t a b l y   r e c e s s e d   to   p r o v i d e  

s p a c e   f o r   a c c e p t i n g   a  s l e e v e   t y p e   b e a r i n g   25  w h i c h   r e c e i v e s  

a  r e d u c e d   d i a m e t e r   end  p o r t i o n   26a  of   a  s t u b   s h a f t   w h i c h  

is   p o s i t i o n e d   w i t h i n   a  h o l l o w   e x t r a c t o r  s c r e w   s h a f t   2 6 .  

The  o p p o s i t e   end  of  t h e  h o l l o w   s h a f t   26  i s   s e c u r e d   b y  

means   of  we ld   d e p o s i t s   27  to  a  d r i v e  s h a f t   28  j o u r n a l e d  

f o r   r o t a t i o n   w i t h i n   a  b e a r i n g   29  and  d r i v e n   by  a  m o t o r   30 

t h r o u g h   a  s p e e d   r e d u c e r   3 1 .  

The  h o l l o w   s h a f t   26  c a r r i e s   f l i g h t s   32  of  p r o g r e s s i v e l y  

i n c r e a s i n g   r a d i u s   as  shown  in  F i g s .   2  and  3.  In  one  p r e -  
f e r r e d   fo rm  of  t h e   p r e s e n t   i n v e n t i o n ,   t h e   p i t c h   of  t h e  

s c r e w   f l i g h t s   32  i s   l a r g e r  t h a n   t h e   p i t c h   of  t h e   s c r e w  

f l i g h t s   24  of  t h e   f e e d i n g   s c r e w s .   C o n s e q u e n t l y ,   i f   t h e  

s h a f t s   23  and  26  a r e   r o t a t e d   a t   t h e   same  s p e e d ,   t h e   f l i g h t s  

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

d e l i v e r e d   by  t h e   f l i g h t s   24  a t   a  g r e a t e r   r a t e   of  s p e e d  



t h a n   i t   i s   b e i n g   d e l i v e r e d .   T h i s   a c t i o n   t e n d s   to  b r e a k   u p  
t h e   mass   of  s t e a m e d   wood  c h i p s   i n t o   s m a l l e r   p a r t i c l e s  

w h i c h   u n i f o r m l y   f a l l   by  means   of  g r a v i t y   t h r o u g h   t h e   t u b e  

17  and  end  up  in  t h e   i n l e t   c o n v e y o r   18  f e e d i n g   t h e   f i r s t  

r e f i n e r   s t a g e   1 6 .  

I t   i s   a l s o   p o s s i b l e   to  d r i v e   t h e   s h a f t   26  a t   a  g r e a t e r  

s p e e d   t h a n   t he   s h a f t   23  in   w h i c h   c a s e   t h e   p i t c h   of  t h e  

f l i g h t s   32  and  24,  r e s p e c t i v e l y ,   can  be  t h e   same.   As  a  

f u r t h e r   a l t e r n a t i v e ,   t h e   s p e e d   of  t he   s h a f t   26  can  b e  

g r e a t e r   t h a n   t he   r o t a t i o n a l   s p e e d   of  t h e   s h a f t   23  and  t h e  

f l i g h t s   32  a l s o   have   a  l o n g e r   p i t c h   t h a n   t he   f l i g h t s   2 4 .  

The  i m p o r t a n t   t h i n g   i s   t h a t   t h e   f l i g h t s   32  p r o v i d e   a  

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

d e l i v e r e d   by  means   of  t h e   p l u g   s c r e w   f e e d e r   15  i n t o  

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

The  f i r s t   s t a g e   r e f i n e r   16  o p e r a t e s   a t   a  p r e s s u r e   of  a b o u t  

20  to  30  p s i   g a u g e   (138  to  552  KPa) .   The  r e f i n e r   i t s e l f  

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

a v a i l a b l e   c o m m e r c i a l l y   f rom  t h e   B e l o i t   C o r p o r a t i o n   u n d e r  

t h e i r   t r a d e m a r k   " U n i - M o u n t " .   B a s i c a l l y ,   t h i s   t y p e   of  r e -  

f i n e r   has   a  s i n g l e   d y n a m i c a l l y   b a l a n c e d   d i s c   d r i v e n   by  a  

s y n c h r o n o u s   or  i n d u c t i o n   m o t o r .   D u r i n g   o p e r a t i o n   of  t h e  

r e f i n e r ,   s t e a m   is   g e n e r a t e d   and  t h i s   s t e a m   can  be  c o n -  

v e n i e n t l y   u s e d   as  a  s o u r c e   f o r   t h e   s t e a m   in  t h e   l i n e   13  b y  

p r o v i d i n g   a  c o n d u i t   34  e x t e n d i n g   f rom  t h e   p r e s s u r i z e d   t u b e  

17  i n t o   t h e   g a t e   v a l v e   14.  The  r e f i n e d   m a t e r i a l   l e a v e s  

t h r o u g h   a  l i n e   4 0 .  

The  e m b o d i m e n t   of  t h e   i n v e n t i o n   shown  in  F i g .   4  can  a l s o  

be  e m p l o y e d   s a t i s f a c t o r i l y .   In  t h i s   form  of  t h e   i n v e n t i o n ,  

t h e r e   is   shown  a  s h a f t   35  f o r m i n g   p a r t   of  t he   p l u g   s c r e w  

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

to  t he   r i g h t   as  shown  in  F i g .   4.  The  e x t r a c t o r   s c r e w   m a k e s  

use   of  a  h o l l o w   s h a f t   37  w h i c h   is   c o u p l e d   to  t he   p l u g   s c r e w  

s h a f t   35  in  the   same  m a n n e r   as  i l l u s t r a t e d   in  F i g .   2.  T h e  

f l i g h t s   38  in  the   e x t r a c t o r   s c r e w ,   h o w e v e r ,   a r e   o p p o s i t e l y  

o r i e n t e d   w i t h   r e s p e c t   to  t he   f l i g h t s   36,  and  t he   s h a f t   37 



i s   d r i v e n   in   t h e   o p p o s i t e   d i r e c t i o n   f rom  t h e   s h a f t   35.  T h e  

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

f rom  t h e   f l i g h t s   36  i n t o   t h e   f l i g h t s   3 8 .  

Wi th   t h e   s y s t e m   of   t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   a r e   n o  

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

m o v e m e n t   of  t h e   c o m p a c t e d   c h i p   m a s s .   The  end  of  t h e   e x t r a c -  

t o r   s c r e w   c o n v e y o r   i s   s u p p o r t e d   by  t h e   end  of  t h e   p l u g  

s c r e w   f e e d e r .   The  l a t e r a l   l o a d   on  t h e   e x t r a c t o r   s c r e w   i s  

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

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

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

t h u s   s u p p o r t e d   by  t h e   end  of  t h e   p l u g   s c r e w .  

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

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

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

c h i p   mass   m u s t   p a s s .   The  b e g i n n i n g   of  t h e   f l i g h t s   on  t h e  

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

s i o n   a t   t h e   t r a n s i t i o n   w i t h   t h e   f e e d i n g   s c r e w ,   as  b e s t  

i l l u s t r a t e d   in  F i g .   3.  W i t h o u t   t h i s   t y p e   of  c o n f i g u r a t i o n  

on  t h e   end  of  t h e   s h a f t ,   t h e   l e a d i n g   edge   of  t h e   f l i g h t  

on  t h e   e x t r a c t o r   s c r e w   w o u l d   be  r e q u i r e d   to   s h e a r   o f f   a  

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

more   power   to  d r i v e   t h e   e x t r a c t o r   s c r e w   as  w e l l   as  s u b j e c t  

i t   to  much  g r e a t e r   l a t e r a l   l o a d s .  

I t   s h o u l d   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   b e  

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 r o m  

t h e   s c o p e   of  t h e   p r e s e n t   i n v e n t i o n .  



1.  The  m e t h o d   of  p r o d u c i n g   c e l l u l o s i c   p u l p   by  t h e   t h e r m o -  

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

p r i s e s :  

c o n t a c t i n g   wood  c h i p s   w i t h   g a s e o u s   s t e a m   a t   a  t e m -  

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

of  s a i d   c h i p s   c l o s e   to  t h a t   of  s a i d   s t e a m ,  

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

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

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

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

t h e   same  u n d e r   more  s e v e r e   c o n d i t i o n s   t h a n   t h e   o r i g i n a l  

c o n v e y i n g ,   a n d  

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

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   in  t h a t  

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

2 .5   to  1  d u r i n g   the   o r i g i n a l   c o n v e y i n g .  

3.  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   in  t h a t  

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

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

4.  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   in  t h a t  

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

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

of  s a i d   c h i p s   to  a t   l e a s t   t h e   l i g n i n   s o f t e n i n g   p o i n t .  

5.  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   in  t h a t  

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

p r e s s u r e   c o n d i t i o n s .  

6.  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   in  t h a t  

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

c o n t e n t   a t   l e a s t   as  low  as  30%. 

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

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

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

to  c o m p r e s s   the   same  and  r e d u c e   the   m o i s t u r e   c o n t e n t   o f  

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

a  s e c o n d   c o n v e y o r   means   r e c e i v i n g   t he   c o m p r e s s e d  



mass   f rom  s a i d   f i r s t   c o n v e y o r   m e a n s ,   s a i d   s e c o n d   c o n v e y o r  
means   b e i n g   a r r a n g e d   to  s h r e d   s a i d   c o m p r e s s e d   mass   i n t o  

r e l a t i v e l y   s m a l l   p i e c e s ,   a n d  

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

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

8.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   7  c h a r a c t e r i z e d   i n  

t h a t   s a i d   f i r s t   and  s e c o n d   c o n v e y o r   means   a r e   e a c h   w o r m -  

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

s e c o n d   c o n v e y o r   m e a n s   h a v i n g   one  end  r e c e i v e d   in   t h e   e n d  

of  s a i d   f i r s t   c o n v e y o r   m e a n s .  

9.  An  a p p a r a t u s   a c c o r d i n g  t o   c l a i m   7  c h a r a c t e r i z e d   i n  

t h a t   s a i d   f i r s t   and  s e c o n d   c o n v e y o r   means   a r e   e a c h   w o r m -  

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

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

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

m e a n s .  

10.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   7  c h a r a c t e r i z e d   i n  

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

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

11.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   7  c h a r a c t e r i z e d   i n  

t h a t   i t   i n c l u d e s :  

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

c o n v e y o r   m e a n s ,   a n d  

means   c o n n e c t i n g   s a i d   t u b e   to   s a i d   r e f i n e r   m e a n s .  

12.  An  a p p a r a t u s   a c c o r d i n g   to  c l a i m   7  c h a r a c t e r i z e d   i n  

t h a t   s a i d   f i r s t   and  s e c o n d   c o n v e y o r   means   a r e   e a c h   w o r m -  

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

means   f o r   d r i v i n g   s a i d   f i r s t   c o n v e y o r   means   a n d  

s a i d   s e c o n d   c o n v e y o r   m e a n s   in  o p p o s i t e   d i r e c t i o n s .  
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