
J E u r o p a i s c h e s   

Pa ten tamt  

European  Patent  Office  @  Publication  number:  0  1  7 7   1 1 3  

Office  europeen  des  brevets  A 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  85302568.2  ©  Int.  CI.4:  D  21  C  9 / 0 6  

_  D  21  C  9 /08  
@  Date  of  filing:  12.04.85 

©  Priority:  19.09.84  US  652311  ©  Applicant:  Economics  Laboratory,  Inc. 
Osborn  Building 
Saint  Paul,  MN  55102IUS) 

©  Date  of  publication  of  application: 
09.04.86  Bulletin  86/15  @  Inventor:  Maloney,  James  E. 

3013  Woodlark  Lane 
©  Designated  Contracting  States:  Eagan  Minnesota  5512KUS) 

DE  FR  GB  SE 
©  Representative:  Bond,  Bentley  George  et  al, 

HASELTINE  LAKE  &  CO.  Hazlitt  House  28  Southampton 
Buildings  Chancery  Lane 
London,  WC2A1ATIGB) 

©  Improved  method  of  brown  stock  washing. 
A  nonionic  surfactant,  i.e.  alkylene  oxide  adducts  of 

alkylphenols  or  higher  aliphatic  alcohols  or  acids,  in  com- 
bination  with  2)  a  water  soluble  low  molecular  weight 
organic  polyelectrolyte  like  polyacrylates,  and  preferable  3)  a 
solvent  like  tetrahydrofurfuryl  alcohol  and  ethoxylated  de- 
rivatives  thereof,  are  used  to  wash  pulps  of  virgin  cellulose 
fibres  to  remove  and  recover  spent  cooking  chemicals  and 
pitch. 



F i e l d   of   t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   of   r e m o v i n g   a n d  

r e c o v e r i n g   s p e n t   or  e x c e s s   c o o k i n g   c h e m i c a l s   and  p i t c h  

f rom  v i r g i n   or   p r i m a r y   c e l l u l o s i c   f i b e r .   More  p a r t i c u -  

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

b rown  s t o c k   w a s h i n g   to   e n h a n c e   the   r e c o v e r y   of  s p e n t  

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

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

f a t t y   a c i d   s o a p s ,   and  r e s i n   a c i d s .  

B a c k g r o u n d   of   t h e   I n v e n t i o n  

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

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

b e f o r e   i t   i s   s u i t a b l e   f o r   u s e   in  p a p e r m a k i n g .   In  a  

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

wood  c h i p s ,   w h i c h   a r e   f ed   i n t o   a  d i g e s t e r .   " L i q u o r " ,   a n  

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

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

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

c o n t a m i n a n t s ,   and  " w h i t e   l i q u o r " ,   a n o t h e r   b y - p r o d u c t   o f  

t h e   p u l p i n g   p r o c e s s   known  in  t he   a r t ,   a r e   f ed   i n t o   t h e  

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

a l s o   a d d e d   as  r e q u i r e d .   The  c o o k i n g   c h e m i c a l s   a r e  

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

The   c o n t e n t s   o f   t h e   d i g e s t e r   a r e   b r o u g h t   to   a  

r e l a t i v e l y   h i g h   t e m p e r a t u r e   and  p r e s s u r e ,   f o r   e x a m p l e  

a b o u t   3 5 0 °   F .  - a t   a  p r e s s u r e   of   a b o u t   110  p o u n d s   p e r  

s q u a r e   i n c h .   T h e   w o o d   c h i p s   a r e   " c o o k e d "   in   t h e  

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

to  p u l p .   T y p i c a l l y ,   u n d e r   t h e s e   c o n d i t i o n s ,   t he   wood  

c h i p s   a r e   c o o k e d   f r o m   a b o u t   1  to  5  h o u r s .   The  c o o k i n g  

can  be  c a r r i e d   o u t   in  b a t c h   or  c o n t i n u o u s   d i g e s t e r s .  

The  c o o k e d   wood  c h i p s   o r   p u l p   in  t h e   a q u e o u s   m e d i u m  

a f t e r   d i g e s t i o n   is   r e f e r r e d   to  as  " b r o w n   s t o c k " .   T h e  

brown  s t o c k   c o n s i s t s   g e n e r a l l y   of   two  p h a s e s ,   t h e   p u l p ,  



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

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

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

c o m p o n e n t s   a r e   g e n e r a l l y   r e m o v e d   f rom  t he   b rown   s t o c k   b y  

k n o t t e r s   w h i c h   t y p i c a l l y   c o n s i s t   o f   c o a r s e   s c r e e n s .  

B e f o r e   f u r t h e r   p r o c e s s i n g   o f   t h e   p u l p ,   i t   i s  

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

t h e   l i q u o r .   I t   i s   a l s o   d e s i r a b l e   to  c l e a n   t he   p u l p ,  

r e m o v i n g   and  to   t he   g r e a t e s t   e x t e n t   p o s s i b l e ,   r e c o v e r i n g  

s p e n t   or   e x c e s s   c o o k i n g   c h e m i c a l s ,   and  r e m o v i n g   a n d  

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

A f t e r   d i g e s t i o n ,   and  f o l l o w i n g   r e m o v a l   of   o v e r s i z e d  

c h i p s   and  t h e   l i k e ,   t h e   brown  s t o c k   i s   t r a n s f e r r e d   to   a  

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

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

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

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

r e s i d u e s ,   and  n o n - c e l l u l o s i c   c o n t a m i n a n t s .  

S e v e r a l   m e t h o d s   may  be  used   to  p e r f o r m   t h e   w a s h i n g  

s t e p .   In  t h e   p a s t ,   t h e   brown  s t o c k   was  f i l t e r e d   in  a  

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

w a s   d i s c h a r g e d .   The   l i q u o r   was  d r a i n e d   t h r o u g h   t h e  

f a l s e   b o t t o m ,   and  t h e   p u l p   was  w a s h e d   by  g r a v i t y   d i s -  

p l a c e m e n t   of   t h e   l i q u o r   w i t h   wash  w a t e r .   O t h e r   t y p e s   o f  

w a s h e r s   s u c h   as  a  p r e s s u r e   w a s h e r   a r e   a l s o   known  in  t h e  

a r t .  

C u r r e n t l y ,   t h e   r o t a r y   v a c u u m   drum  or  c y l i n d e r   o r  

v a c u u m   w a s h e r   i s   more   t y p i c a l l y   u s e d .   As  i s   known  t o  

t h o s e   f a m i l i a r   w i t h   t h e   a r t ,   t h e   v a c u u m   w a s h e r   i s  

g e n e r a l l y   a  w i r e   c y l i n d e r   or  d rum  t h a t   r o t a t e s   in  a  v a t  

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

m i x t u r e ) .   The  l o w e r   s e c t i o n   of   t h e   drum  i s   i m m e r s e d   i n  

t i l e   b rown   s t o c k .   Vacuum  is   a p p l i e d   i n s i d e   t h e   drum  a s  

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

t h r o u g h   t h e   s u r f a c e   of   t h e   w i r e   drum  i n t o   t h e   i n t e r i o r ,  

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

Dr rum.   The  l a y e r   of  p u l p   i s   h e l d   in  p l a c e   by  t h e   v a c u u m  

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



a w a y .  
The  l a y e r   of  p u l p   c o n t i n u e s   to  b u i l d ,   f o r m i n g   a  m a t  

or   s h e e t ,   as  t h e   s u b m e r g e d   p o r t i o n   of  t he   drum  r o t a t e s  

t h r o u g h   t h e   brown  s t o c k   in  t h e   v a t .   L i q u o r   c o n t i n u e s   t o  

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

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

and  t h e   vacuum  w i t h i n   t h e   c y l i n d e r .  

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

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

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

on  t h e   drum  as  t he   drum  c o n t i n u e s   to  r o t a t e .   The  v a c u u m  

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

t h e   l i q u o r .   The  l i q u o r   d r a i n s   o u t   t h e   o t h e r   s i d e   of  t h e  

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

away   to  a  f i l t r a t e   s t o r a g e   t a n k   f o r   r e u s e ,   f o r   e x a m p l e  

as  wash  w a t e r   f o r   a  more   c o n t a m i n a t e d   s h e e t   wh ich   h a s  

f o r m e d   on  a n o t h e r   of  t h e   w a s h e r s   in  t he   s e r i e s .  

F i n a l l y ,   t h e  p u l p   s h e e t   i s   r e m o v e d   f rom  t he   f a c e   o f  

t h e   w i r e   by  a  d o c t o r   b l a d e .  

The  s u r f a c e   of   t h e   s h e e t   w h e r e   t he   wash  w a t e r   i s  

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

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

w a t e r   b e c o m e s   more   c o n c e n t r a t e d   in   l i q u o r   as  i t   p a s s e s  

t h r o u g h   t h e   s h e e t .   C o n s e q u e n t l y ,   w h e r e   a  s e r i e s   o f  

w a s h e r s   i s   u t i l i z e d ,   t h e   p u l p   s h e e t   o b t a i n e d   f rom  t h e  

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

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

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

r e p e a t e d   b e t w e e n   e a c h   v a c u u m   w a s h e r   in  t h e   s e q u e n c e .  
In  t h e   r e p u l p i n g   s t e p ,   t he   p u l p   f i b e r s   a r e   a g i t a t e d  

a t   a  low  c o n s i s t e n c y   ( i . e .   t h e   p u l p   is   v e r y   d i l u t e )   i n  

o r d e r   to  f a c i l i t a t e   s c r u b b i n g .   The  low  c o n s i s t e n c y   a l s o  

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

s o l i d s ,   p r i o r   to   c o l l e c t i o n   o f   t h e   p u l p   on  t h e   n e x t  

w a s h e r   in,  t he   s e r i e s .   Low  c o n s i s t e n c y   p r o m o t e s   d i f f u -  

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

r e p u l p i n g   s t e p . .  

In  a  s e q u e n c e   of  w a s h e r s ,   t h e   p u l p   medium  and  t h e  



wash  w a t e r   a r e   g e n e r a l l y   a r r a n g e d   to  f l o w   c o u n t e r c u r r e n t  

to   each   o t h e r .   F r e s h   w a t e r   i s   t y p i c a l l y   used   to  w a s h  

t h e   p u l p   s h e e t   on  t h e   l a s t   s t a g e   w a s h e r .   The  f i l t r a t e  

t h a t   was  p u l l e d   t h r o u g h   p u l p   s h e e t   on  e a c h   w a s h e r   i s  

u s e d   to  wash  t h e   p u l p   on  t h e   p r e c e e d i n g   w a s h e r .   T h i s  

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

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

c a l s   or   c o o k i n g   c h e m i c a l   r e s i d u e s   a r e   to  be  r e c o v e r e d ,  

as   d e s c r i b e d   h e r e i n a f t e r .  

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

k n o w n   in  t h e   a r t .   B r i e f l y ,   t h e   c o o k i n g   s y s t e m   i s  

g e n e r a l l y   e i t h e r   k r a f t   or   s u l f i t e .   O t h e r   c o o k i n g   s y s t e m s  

a r e   a l s o   known  in  t h e   a r t .  

The  k r a f t   s y s t e m   g e n e r a l l y   i n v o l v e s   t h e   u s e   o f  

s o d i u m   h y d r o x i d e   and  s o d i u m   s u l f i d e   in  the   d i g e s t e r   t o  

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

p u l p .   The  s o d i u m   may  be  a d d e d   as  s o d i u m   s u l f a t e ,   s o d i u m  

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

s y s t e m   t y p i c a l l y   i n v o l v e s   t h e   u se   o f   S02  and  m a g n e -  

s i u m ,   c a l c i u m ,   s o d i u m   o r   a m m o n i a .   The  k r a f t   m i l l  

g e n e r a t e s   " b l a c k   l i q u o r " ,   w h i l e   t he   c o u n t e r p a r t   in  t h e  

s u l f i t e   m i l l s   is   r e f e r r e d   to   as  " r e d   l i q u o r " .   For   t h e  

p u r p o s e   of  t h i s   d e s c r i p t i o n ,   t h e   t e r m   " l i q u o r "   r e f e r s   t o  

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

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

m e t h o d s   s u c h   as  t h o s e   d e s c r i b e d   b e l o w .  

Some  p u l p i n g   m i l l s   f o r m   p u l p   f r o m   wood  p r o d u c t s  

w i t h o u t   t h e   u s e   o f   c o o k i n g   c h e m i c a l s .   S e v e r a l   s u c h  

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

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

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

p r o c e s s e s   r e l y   on  h e a t   and  m e c h a n i c a l   a c t i o n   to  b r e a k  

down  t h e   wood  f i b e r s .   O t h e r   p r o c e s s e s ,   such   as  t he   NSSC 

p r o c e s s ,   r e l y   on  b o t h   c h e m i c a l   and  m e c h a n i c a l   a c t i o n .  

W h i l e   t h e s e   m e c h a n i c a l ,   t h e r m o m e c h a n i c a l ,   or   s e m i -  

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

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



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

o r g a n i c   c o n t a m i n a n t s .  

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

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

e x c e s s   c o o k i n g   c h e m i c a l s   and  s p e n t   c o o k i n g   c h e m i c a l s  

( w h e r e   c h e m i c a l s   a r e   used   in  t h e   p u l p i n g ) ,   and  a l s o   a  

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

f a t t y   a c i d   s o a p s   and  the   l i k e   o r i g i n a t i n g   in  wood.   T h e  

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

p r e s e n t   in  t h e   a q u e o u s   p h a s e   of   t he   brown  s t o c k .   I t  

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

b l a c k   l i q u o r   and  the   c o r r e s p o n d i n g   p u l p   a r e   p r i n c i p a l l y  

a l k a l i   l i g n i n ,   h y d r o x y   a c i d s   and  l a c t o n e s ,   and  s o d i u m .  

G e n e r a l l y ,   b l a c k   l i q u o r   is   a l s o   c o n t a m i n a t e d   w i th   a c e t i c  

a c i d ,   f o r m i c   a c i d ,   s u l f u r ,   e x t r a c t i v e s ,   and  m e t h a n o l .  

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

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

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

g a l a c t o s e ,   g l u c o s e   and  a r a b i n o s e ) ,   p o l y   and  o l i g o s a c -  

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

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

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

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

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

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

I t   i s   h i g h l y   d e s i r a b l e   to   r e c o v e r   or  r e c l a i m   t h e  

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

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

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

t h e   p u l p i n g   p r o c e s s   a r e   g e n e r a l l y   no t   r e c o v e r e d ,   a n d  

c o n t a m i n a t e   t h e   p u l p   p r o d u c t s .   T h o s e   r e s i d u e s   w h i c h   a r e  
c a r r i e d   by  t h e   l i q u o r   t e n d   to  be  r e c o v e r a b l e .   T h e r e -  

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

c h e m i c a l s   c a r r i e d   by  or  o c c l u d e d   to  the   p u l p   and  i n -  

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

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

t h e   p u l p   to  t h e   l i q u o r .  

Such  a  t r a n s f e r   can  be  a c h i e v e d   to  a  g r e a t   e x t e n t  



by  t h e   w a s h i n g   of  t he   p u l p .   H o w e v e r ,   f o r   p r o d u c t i o n  

l e v e l   w a s h i n g   to  o b t a i n   l a r g e   q u a n t i t i e s   of   p u l p   at  a  

h i g h   q u a l i t y   l e v e l   or  l e v e l   of   p u r i t y ,   v a s t   q u a n t i t i e s  

o f   wash  w a t e r   a r e   r e q u i r e d .   The  wash  w a t e r   d i l u t e s   t h e  

l i q u o r   and  c h e m i c a l s   w a s h e d   f r o m   t h e   p u l p .   S i n c e  

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

e v a p o r a t i o n   of   t he   a q u e o u s   c o m p o n e n t ,   i t   can   be  s i g n i f -  

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

more   d i l u t e   s o l u t i o n ,   o f f - s e t t i n g   the   c o s t   b e n e f i t s   t o  

be  a c h i e v e d   by  r e c o v e r y .   T h u s ,   a  s u b s t a n t i a l   n e e d  

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

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

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

c a u s i n g   e x c e s s i v e   d i l u t i o n .  

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

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

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

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

as   r e s i n   a c i d s ,   f a t t y   a c i d   s o a p s ,   e t c .   in  wood  c h i p s .  

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

a r e   e c o n o m i c a l l y   or  c o m m e r c i a l l y   v a l u a b l e ,   f o r   e x a m p l e ,  

when   r e c o v e r e d   as  t a l l   o i l s .   In  a d d i t i o n ,   p u l p   w h i c h  

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

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

r e n d e r i n g   t h e   b l e a c h i n g  s t e p   more  c o s t l y .   A  need   e x i s t s  

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

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

c o l o r e d   p u l p   w h i l e   m i n i m i z i n g   t he   a m o u n t   o f   d i l u t i o n   o r  
w a s h   w a t e r   r e q u i r e d   to   o b t a i n   t h e s e   r e s u l t s .  

B r i e f   D e s c r i p t i o n   of  t h e   I n v e n t i o n  

I  h a v e   f o u n d   t h a t   t h e   a d d i t i o n   of   a  n o n i o n i c  

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

t h e   wash  w a t e r   or  t h e   brown  s t o c k   i t s e l f   w i l l   r e s u l t   i n  

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

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

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

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

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



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

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

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

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  

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

p r o c e s s   of   a  n o n i o n i c   s u r f a c e   a c t i v e   a g e n t   or  s u r f a c t a n t  

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

s o l v e n t .   The  s u r f a c t a n t   c o m p r i s e s   an  o x y e t h y l e n e   g l y c o l  

c h a i n ,   w h e r e i n   one  t e r m i n a l   h y d r o x y l   of  t he   c h a i n   h a s  

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

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

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

h y d r o x y l   of  t h e   c h a i n   has  been   r e p l a c e d   w i t h   an  e t h e r  

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

p r o p y l e n e   g r o u p   and  a  b e n z y l   e t h e r   g r o u p .   A  t y p i c a l  

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

w o u l d   be  as  f o l l o w s :  

w h e r e i n   a  i s   z e r o   or  1 ,  

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

m o n o c y c l i c ,  

R  r e p r e s e n t s   an  a l i p h a t i c   g r o u p ,  

n  h a s   a  v a l u e   f r o m   a b o u t   3  t o   a b o u t   5 0 ,  

m  h a s   a  v a l u e   f r o m   a b o u t   z e r o   to   a b o u t   5 0 ,  

a n d  

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

h y d r o x y   and  b e n z y l   e t h e r   and  i s   b e n z y l   e t h e r   when  m 

e q u a l s   0 .  

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

l e a s t   6  c a r b o n s .   When  a  e q u a l s   z e r o ,   R  c o n t a i n s   f rom  6 

t o   24  c a r b o n s ;   when  a  e q u a l s   1,  R  n o r m a l l y   c o n t a i n s   n o  

more   t h a n   18  c a r b o n   a t o m s .   In  s h o r t ,   t h e   R ( A r ) a   g r o u p  
c o n t a i n s   at   l e a s t   6  a l i p h a t i c   c a r b o n   a t o m s   and  up  to  a  
t o t a l   of  24  c a r b o n   a t o m s .  

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

to   e n c o m p a s s   two  m a j o r   c l a s s e s   of  s u r f a c t a n t s ,   i . e .   ( a )  

a l k y l e n e   o x i d e   a d d u c t s   of  a l k y l p h e n o l s ,   a n d   (b)  a l k y l e n e  



c x i d e   a d d u c t s   o f   h i g h e r   ( g r e a t e r   t h a n   C5)  a l i p h a t i c  

a l c o h o l s   or   a c i d s .   A c i d s   w h i c h   can   be  u t i l i z e d   in  t h e  

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

o l e a i c ,   l i n o l e n i c ,   p a l m i t i c   and  s t e a r i c .   W h e r e   t h e  

a d d u c t   of  an  a l i p h a t i c   a c i d   i s   u s e d ,   t y p i c a l l y   R  w i l l  

c o n t a i n   f rom  6  t o   24  c a r b o n   a t o m s ,   and  may  c o n t a i n   s o m e  

u n s a t u r a t i o n .  

The  s u r f a c t a n t s   c o n t e m p l a t e d   f o r   use   in  t h e   i n v e n -  

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

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

s y s t e m .  

T h e s e   s u r f a c t a n t s   a r e   d e s c r i b e d   i n   d e t a i l   i n  

c o m m o n l y   a s s i g n e d   U n i t e d   S t a t e s   P a t e n t   A p p l i c a t i o n  

S e r i a l   No.  0 9 3 , 7 4 4   f i l e d   N o v e m b e r   13 ,   1979   on  b e h a l f   o f  

o f   R i c h a r d   E.  F r e i s ,   J a m e s   E.  M a l o n e y   and   T h o m a s   R .  

O a k e s ,   e n t i t l e d   " M e t h o d s   o f   D e i n k i n g  S e c o n d a r y  F i b e r s "  
t h e   e n t i r e   d i s c l o s u r e   of   which (and of its equivalent 6B-A-2063236) is  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 .   A  c o n t i n u a t i o n   of   U . S .   S e r i a l   N o .  

0 9 3 , 7 4 4   was   f i l e d   on  J a n u a r y   1 7 ,   1 9 8 3 ,   a n d   h a s   b e e n  

a s s i g n e d   U . S .   S e r i a l   No.  4 5 8 , 4 3 2 .  

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

p o l y e l e c t r o l y t e   d i s p e r s a n t s .   A  " p o l y e l e c t r o l y t e   d i s -  

p e r s a n t "   as  t h e   t e r m   i s   i n t e n d e d   h e r e i n   m e a n s   any  h o m o ,  

c o ,   t e r ,   e t c . ,   p o l y m e r   of   t h e   s t r u c t u r e :  

w h e r e i n   R) ,   R2,  R4  and  R5  a r e   i n d e p e n d e n t   and  c an   b e  

h y d r o g e n ,   C l - C 4   l o w e r   a l k y l ,   a l k y l c a r b o x y   ( e . g . ,  

-CH2COOH)  or   m i x t u r e s   t h e r e o f ;   R3  and  R6  c a n   b e  

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

and  X  can  be  c a r b o x y   ( i n c l u d i n g   s a l t s   o r   d e r i v a t i v e s  

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

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

( e . g . ,   - C 6 H 5   i n   s t y r e n e ) ;   a  +  b  h a v i n g   a  v a l u e   i n  



t h e   r a n g e   of   15  to   a b o u t   1 , 0 0 0 .  

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

f o r m u l a   i n c l u d e   p o l y m a l e i c   a c i d ,   p o l y a c r y l i c   a c i d ,  

p o l y m e t h a c r y l i c   a c i d ,   p o l y a c r y l i c   a c i d / i t a c o n i c   a c i d  

c o p o l y m e r s ,   p o l y a c r y l i c   a c i d / h y d r o l y z e d   m a l e i c   a c i d  

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

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

p o l y a c r y l i c   a c i d / a c r y l a m i d e   c o p o l y m e r s ,   p o l y a c r y l i c  

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

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

p o l y m a l e i c   a c i d / m e t h a c r y l i c   a c i d   c o p o l y m e r s ,   m a l e i c   a c i d  

t e l o m e r s ,   m a l e i c / a l k y l   s u l f o n i c   c o p o l y m e r s .  

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

p o l y e l e c t r o l y t e s   f o r   u s e   in   t h e   p r a c t i c e s   o f   t h e  

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

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

of   t h e   s t r u c t u r e :  

and   t h e i r   d e r i v a t i v e s ,   w h e r e i n   R2,   R5,  X,  a  and  b  

a r e   d e f i n e d   as  a b o v e .  

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

t i o n ,   X  i s   - C O O Z ,   w h e r e i n   Z  i s   H,  o r   a  m o n o v a l e n t  

c a t i o n ,   e . g .   N a + ,   K+,  o r   N H t .   T h u s ,   t y p i c a l   o f   t h e  

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

p o l y a c r y l i c   a c i d ,   p o l y m e t h a c r y l i c   a c i d   and  c o p o l y -  

m e r s   of  a c r y l i c   a c i d / m e t h a c r y l i c   a c i d   ( e . g . ,   AQUATREAT 

a v a i l a b l e   f rom  ALCO  C h e m i c a l ) .  

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

w a t e r   s o l u b l e .   G e n e r a l l y   s p e a k i n g ,   to  be  w a t e r   s o l u b l e ,  

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

COOH)  fo r   t h e   m o l e c u l e   to  i n t e r a c t   w i t h   t he   p o l a r   w a t e r  

m o l e c u l e s .   T h i s   means   t h a t   in  c o p o l y m e r s ,   t e r p o l y m e r s ,  

t e t r a m e r s ,   e t c . ,   w i t h   u n s a t u r a t e d   m o n o m e r s   wh ich   a r e  



p r e d o m i n a n t l y   or   e n t i r e l y   h y d r o c a r b o n   ( e . g . ,   s t y r e n e )  

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

p o l y m e r   to  d i s s o l v e   in   room  t e m p e r a t u r e   or  b e l o w   w a t e r .  

G e n e r a l l y ,   a t   l e a s t   a b o u t   10  mole   p e r c e n t   of  t h e   m o n o -  

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

t i o n a l i t y   ( e . g . ,  

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

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

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

l e s s   t h a n   a b o u t   5 0 , 0 0 0   w i t h   p r e f e r r e d   m o l e c u l a r   w e i g h t s  

in   t h e   r a n g e   of   a b o u t   500  to  2 5 , 0 0 0 ,   m o s t   p r e f e r a b l y   o f  

750  to   5 , 0 0 0 .   T h u s ,   the   sum  of  a  +  b  a b o v e ,   g e n e r a l l y  

f a l l s   in  r a n g e   of  5  to  1 , 0 0 0 ,   p r e f e r a b l y   10  to   500  a n d  

m o s t   p r e f e r a b l y   12  t o   450 .   One  s k i l l e d   in  t h e   a r t   w i l l  

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

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

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

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

r a n g e   of   s e v e r a l   m i l l i o n   or   m o r e .   F l o c c u l a n t s   p e r f o r m  

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

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

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

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

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

t h e   a r t   as  " d i s p e r s a n t s " .  

The  i m p r o v e m e n t   o f   t he   p r e s e n t   i n v e n t i o n   o p t i o n a l l y  

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

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

and   s u r f a c t a n t s .   The   s o l v e n t s   u n e x p e c t e d l y   p r o v i d e  

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

in  t he   c o n t e x t   of   t h i s   i n v e n t i o n   and  use  of  s u c h   s o l -  

v e n t s   i s   r e c o m m e n d e d .   The  s o l v e n t s   can  be  e t h o x y l a t e d  

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

t r a d e m a r k s   C e l l o s o l v e   and  C a r b i t o l .   P r e f e r r e d   e x a m p l e s  



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

h y d r o f u r a n ,   t e t r a h y d r o f u r f u r y l   a l c o h o l ,   and  e t h o x y l a t e d  

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

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

f i c i a l   in   t h e   c o n t e x t   o f   t h e   i n v e n t i o n ,   and   i t   i s  

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

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

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

i n v e n t i o n .  

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

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

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

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

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

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

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

d i s p e r s a n t   r a t i o   f rom  a b o u t   0 . 5 : 1   to   2 : 1 .   Where   t h e  

s o l v e n t   i s   u s e d ,   I  h ave   f o u n d   t he   more   e f f e c t i v e   r a t i o s  

of   s u r f a c t a n t :   s o l v e n t   to  be  f rom  a b o u t   0 . 5 : 1   t o   1 : 1 .  

As  u sed   in  b rown  s t o c k   w a s h i n g ,   I  h a v e   f o u n d   t h e  

d e s i r e d   c o n c e n t r a t i o n   of  the   n o n i o n i c   s u r f a c t a n t s   in  t h e  

c o n t e x t   of  t h i s   i n v e n t i o n   to  be  g e n e r a l l y   in  t h e   r a n g e  
o f   a b o u t   0 . 0 1   t o   30  l b s / t o n   o v e n   d r i e d   p u l p ,   w i t h  

c o n c e n t r a t i o n s   in  t h e   r a n g e   of  a b o u t   0 . 1 5   t o   5  l b s / t o n  

b e i n g   p r e f e r r e d .   The  c o n c e n t r a t i o n s   of   t h e   p o l y e l e c t r o -  

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

a b o u t   0 . 0 1   t o   30  l b s / t o n ,   o r   p r e f e r r a b l y   0 . 1   t o   4 

l b s / t o n .   Wi th   r e s p e c t   to   t h e   s o l v e n t ,  t h e   c o n c e n t r a t i o n  

s h o u l d   f a l l   in   t h e   r a n g e   of  a b o u t   0 - 2 5   l b s / t o n ,   or   m o r e  

p r e f e r a b l y ,   0 . 1   t o   4  l b s / t o n .   As  k n o w n   in   t h e   a r t ,  
' p o u n d s   p e r   t o n "   r e f e r s   to  t h e   w e i g h t   of  t h e   a d d i t i v e s  
in  p o u n d s ,   as  c o m p a r e d   to   t h e   w e i g h t   in  t o n s   o f   o v e n  
d r i e d   p u l p   w h i c h   i s   w a s h e d .  

The  a d d i t i v e s   can   be  s u p p l i e d   to  v a r i o u s   l o c a t i o n s  
w i t h i n   t he   p u l p i n g   s y s t e m ,   s u c h   as  any  of   t h e   s h o w e r  
h e a d s   f o r   t h e   w a s h e r s ,   the   w a s h e r   v a t s ,   t h e   f i l t r a t e  

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



o r   t h e   l i k e .   I  h a v e   f o u n d   t h a t   t h e   a d d i t i v e s   a r e  

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

w e l l   when   t h e y   a r e   a d d e d   to   t h e   s h o w e r   h e a d   of   a n  

i n t e r m e d i a t e   w a s h e r   in  a  s e r i e s   of  w a s h e r s ,   s u c h   as  t h e  

s e c o n d   in  a  s e r i e s   of  t h r e e .  

The  a d d i t i v e s   can  be  added   i n d i v i d u a l l y ,   or   can   b e  

p r e m i x e d   and  a d d e d   as  a  m i x t u r e .   P r e f e r a b l y ,   f o r   r e a s o n s  

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

a r e   p r e m i x e d .   In  a  p r e f e r r e d   e m b o d i m e n t ,   a  m i x t u r e   o f  

f rom  10  to   60%  n o n i o n i c   s u r f a c t a n t ,   10  to   60%  p o l y e l e c -  

t r o l y t e   d i s p e r s a n t ,   and  0  to  50%  s o l v e n t   to   t o t a l   100% 

i s   u t i l i z e d   a t   a  l e v e l   of   f rom  a b o u t   0 . 1  -   5 0 . 0   p o u n d s  

p e r   t on   of  p u l p   ( o v e n   d r i e d )   to   be  w a s h e d .   More  p r e f e r -  

a b l y ,   t h e   m i x t u r e   w i l l   c o m p r i s e   f rom  30  to   50%  n o n i o n i c  

s u r f a c t a n t ,   f rom  20  to  40%  p o l y e l e c t r o l y t e   d i s p e r s a n t ,  

and  f r o m   20  to   40%  s o l v e n t   to   t o t a l   100%.  W i t h   r e s p e c t  

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

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

c o n c e n t r a t i o n   w i l l   r a n g e   f rom  a b o u t   0 . 5  -   5 . 0   p o u n d s   p e r  

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

an  i n t e r m e d i a t e   w a s h e r   in  a  s e r i e s   of   w a s h e r s .  

The  t e m p e r a t u r e   of  t he   wash  w a t e r   can   r a n g e   f r o m  

a b o u t   100°  to   212°  F . ,   p r e f e r a b l y   in  t h e   r a n g e   of   a b o u t  

140°   to   180°   F .  

W h i l e   n o t   w i s h i n g   to   be  l i m i t e d   to   any  t h e o r y ,   I  

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

m e t h o d   of   t h i s   i n v e n t i o n   may  r e s u l t   f r o m   t h e   p r e v e n t i o n  

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

w a t e r   a c t u a l l y   p e n e t r a t e s   t h e   mat   and  more   e f f i c i e n t l y  

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

c o o k i n g   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 .  

The  i n v e n t i o n   w i l l   be  f u r t h e r   u n d e r s t o o d   by  r e f e r -  

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

e m b o d i m e n t .  

Example   I  

E x a m p l e   I  was   p e r f o r m e d   a t   a  t y p i c a l   s u l f i t e  

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

in  s e q u e n c e .   P r e - t r i a l ,   t r i a l   and  p o s t - t r i a l   p r o d u c t i o n  



r u n s   were   m o n i t o r e d .   The  " p r e - t r i a l "   d a t a   a r e   t a k e n  

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

of   t w e n t y - o n e   d a y s .   The  t r i a l   o c c u r r e d   o v e r   a  t w e n t y -  

s e v e n   day  p e r i o d   w h e r e i n   t h e   i n v e n t i o n   was  u t i l i z e d   a t  

t h e   m i l l   u n d e r   o t h e r w i s e   s t a n d a r d   c o n d i t i o n s .   P o s t -  

t r i a l   d a t a   were   t a k e n   d u r i n g   a p p r o x i m a t e l y   t w e n t y - o n e  

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

s t a n d a r d   p r o d u c t i o n   w i t h o u t   use  of   t he   i n v e n t i o n .   T h e  

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

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

of   t h e   m e t h o d   of  t he   i n v e n t i o n .  

The  t r i a l   p r o c e d u r e   was  as  f o l l o w s :  

The  a d d i t i v e   u sed   d u r i n g   t h e   t r i a l   was  in  a l l   c a s e s  

p r o v i d e d   to  t h e   #2  s h o w e r .   I t   c o m p r i s e d   a  m i x t u r e   o f  

40%  by  w e i g h t   of  a  m o d i f i e d   a l c o h o l   e t h o x y l a t e   w i t h   a  

s p e c i f i c   g r a v i t y   o f   0 . 9 7 ,   and   an  a c t i v i t y   o f   1 0 0 % ,  

30  wt-%  of  a  low  m o l e c u l a r   w e i g h t   p o l y a c r y l i c   a c i d   i n  

t h e   f o rm  of  a  48  to   50%  a q u e o u s   s o l u t i o n ,   h a v i n g   a  pH  a t  

100%  of  1 . 5 - 2 . 0 ,   and  a b o u t   30  wt-%  t e t r a h y d r o f u r f u r y l  
a l c o h o l   h a v i n g   a  m o l e c u l a r   w e i g h t   of   a b o u t   1 0 2 ,   a  

s p e c i f i c   g r a v i t y   a t   2 0 / 2 0 °   C.  o f   a b o u t   1 . 0 5 4 3 .   T h e  

t e m p e r a t u r e   of   t h e   #2  s h o w e r   s o l u t i o n   r a n g e d   f r o m  

1 2 0 - 1 6 0 °   F.  d u r i n g   t h e   t r i a l .  

T e s t   r e s u l t s   w e r e   as  f o l l o w s :  





The  k n o t t e r   TDS  r e f e r s   t o   t h e   t o t a l   d i s s o l v e d  

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

w a s h i n g   of  t h e   p u l p .  

The  #1  w a s h e r   f i l t r a t e   TDS  r e f e r s   to   t h e   t o t a l  

d i s s o l v e d   s o l i d s   o f   t h e   f i l t r a t e   r e c o v e r e d   f rom  t h e  

f i r s t   r o t a r y   c y l i n d e r   vacuum  w a s h e r   in  t he   s e r i e s   o f  

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

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

Number  3  w a s h e r   mat  TDS  r e f e r s   to  t he   t o t a l   d i s -  

s o l v e d   s o l i d s   o f   t he   mat  i t s e l f   w h i c h   f o r m s   on  w a s h e r  

# 3 .   T h i s   i s   c a l c u l a t e d   by  s q u e e z i n g   l i q u i d   f rom  t h e  

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

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

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

ma t   i t s e l f .   A  l o w e r   number   i n d i c a t e s   a  more  p u r e   m a t  

and   i s   p r e f e r r e d .  

Number   3  w a s h e r   s h o w e r   f l o w   r e f e r s   to  the   g a l l o n s  

p e r   m i n u t e   of  wash  w a t e r   f l o w i n g   f r o m   t he   head   of  s h o w e r  

n u m b e r   3 .  

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

s o l i d s   c o m p a r e d   to   t h e   t o t a l   w e i g h t   of  t h e   r ed   l i q u o r .  

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

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

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

w a s h i n g .   A  h i g h e r   n u m b e r   i n d i c a t e s   t h a t   more   i m p u r i t i e s  

h a v e   b e e n   r e m o v e d   f rom  t h e   p u l p   and  w i l l   be  r e c o v e r a b l e .  

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

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

a r e   l o s t   to  r e c o v e r y ,   t h a t   i s ,   w h i c h   h a v e   been   c a r r i e d  

o v e r   w i t h   t h e   p u l p   and  a re   t h e r e f o r e   u n r e c o v e r e d .   A 

l o w e r   v a l u e   i s   p r e f e r r e d .  

O v e r a l l   e f f i c i e n c y   i s   e x p r e s s e d   as  a  p e r c e n t a g e .   A 

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



g r e a t e r   w a s h i n g   e f f i c i e n c y   and  i s   more  d e s i r a b l e .   I t  

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

In  t h e   f o r m u l a ,   "TDS"  r e f e r s   to   " t o t a l   d i s s o l v e d  

s o l i d s " .   The  TDS  41  v a t   r e f e r s   to   t h e   t o t a l   d i s s o l v e d  

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

s e r i e s   of  w a s h e r s .   TDS  #3  mat  i s   a  v a l u e   o b t a i n e d   b y  

a n a l y s i s   of   t h e   s q u e e z i n g s   of  t he   mat   f o r m e d   on  t h e   i 3  

w a s h e r .   TDS  #3  s h o w e r   r e f l e c t s   t h e   t o t a l   d i s s o l v e d  

s o l i d s   of  t h e   wash  w a t e r   s p r a y e d   t h r o u g h   t h e   #3  s h o w e r  

h e a d .  

Number   3  w a s h e r   mat   e x t r a c t a b l e s   i s   e x p r e s s e d   a s  

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

t o t a l   w e i g h t   of   t h e   m a t .   T h i s   t e s t   was  p e r f o r m e d  

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

t o l u e n e   and  a l c o h o l   f o r   t h e   e x t r a c t i o n   p r o c e s s ,   r a t h e r  

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

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

Wi th   r e s p e c t   to   t h e   d a t a ,   N  i n d i c a t e s   t h e   n u m b e r   o f  

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

t h e n   a n a l y z e d   v i a   S t u d e n t   T  t e s t   to  p r o v i d e   t h e   v a l u e  

g i v e n   in  T a b l e   I .   S  r e p r e s e n t s   t he   s t a n d a r d   of  d e v i a t i o n  

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

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

v a l u e .  

D i s c u s s i o n   of   R e s u l t s  

R e g r e s s i o n   e q u a t i o n s   w e r e   d e v e l o p e d   u s i n g   p r e - t r i a l  

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

d e s c r i b e d   in   t h e   e x a m p l e   a t   a  l e v e l   o f   1 . 5   l b / t o n .   A l l  

work   was  d o n e   t h r o u g h   m u l t i p l e   l i n e a r   r e g r e s s i o n .   T e r m s  

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

(P  ≤   0 . 0 5 ) .   The  r e g r e s s i o n   e q u a t i o n s   a r e   as  f o l l o w s :  

Red  L i q u o r   S o l i d s   =  9 . 8 1 3   +  1 . 3 5 2   x #  Mat  TDS 

+  1 . 1 9 0   x  l b . / t o n   a d d i t i v e   m i x t u r e   u s e d   in  E x a m p l e  

+  0 . 0 7 7   x  #1  V a t   T D S  -   0 . 1 6 7   x  C o o k s   ( N o . / d p y ) .  
R2  =  0 . 8 1 0 2 .  

S u r g e   T a n k   S o l i d s   L o s s   =  1 1 7 . 1 2   +  ( 2 . 6 8   x 



Cooks   ( N o . / d a y ) )   +  ( 0 . 0 2 2   x  K n o t t e r   f l o w )  -   ( 1 . 7 8   x 

E f f i c i e n c y )   +  ( 0 . 1 2 0   x  d a i l y   p r o d u c t i o n ) .   R 2  

0 . 5 5 3 5 .  

#3  Mat  TDS =   6 . 5 5 2   +  ( 0 . 0 3 0   x  K n o t t e r   T D S )  -  

( 0 . 0 6 6   x  E f f i c i e n c y )  -   ( 0 . 0 4 1   x  l b . / t o n   a d d i t i v e  

m i x t u r e   u s e d   i n   E x a m p l e ) .   R 2  =   0 . 6 6 5 8 .  

Red  L i q u o r   s o l i d s   i n c r e a s e d   d u r i n g   t h e  . t r i a l   a n d  

d e c r e a s e d   t h e   p o s t - t r i a l   p e r i o d .   The  r e g r e s s i o n   e q u a -  
t i o n   c o n f i r m s   a  p o s i t i v e   e f f e c t   on  r e d   l i q u o r   s o l i d s  

e q u i v a l e n t   t o   .19%  p e r   1  p o u n d / t o n   of   t h e   a d d i t i v e  

m i x t u r e ,   or   a p p r o x i m a t e l y   0 .30%  at   t h e   a v e r a g e   t r i a l  

f e e d   r a t e   of  1 . 5   p o u n d s / t o n .  

R e s u l t s   o f   t he   #1  w a s h e r   f i l t r a t e   t o t a l   d i s s o l v e d  

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

m a r k e d l y   b e t t e r   w a s h i n g   r e s u l t s   w i t h   u se   of  t h e   a d d i t i v e  

m i x t u r e .   K n o t t e r   t o t a l   d i s s o l v e d   s o l i d s   a l s o   i n c r e a s e d  

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

The   t o t a l   d i s s o l v e d   s o l i d s   in   t h e   #3  w a s h e r   m a t  

d e c r e a s e d   17%  d u r i n g   t he   t r i a l ,   c o m p a r e d   to   t he   p r e -  
t r i a l   and   p o s t - t r i a l   a v e r a g e .   T h i s   v a l u e   i n d i c a t e s  

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

e q u a t i o n   i n d i c a t e s   t h a t   t h e   e f f e c t   o f   t h e   a d d i t i v e  

m i x t u r e   on  #3  w a s h e r   mat   t o t a l   d i s s o l v e d   s o l i d s   is   a  
d e c r e a s e   of  .0615%  when  t h e   a d d i t i v e   m i x t u r e   i s   u s e d   a t  

1 . 5   p o u n d / t o n .  

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

to   be  s i g n i f i c a n t l y   i n c r e a s e d   d u r i n g   the   t r i a l .   T h e  

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

t h e   p r e - t r i a l   v a l u e   due  to   t h e   s m a l l   s a m p l e   s i z e   f o r   t h e  

p r e - t r i a l   d a t a .   E f f i c i e n c y   was  c a l c u l a t e d   f rom  o v e n  

d r i e d   t o t a l   d i s s o l v e d   s o l i d s .  

N u m b e r   3  w a s h e r   m a t   e x t r a c t a b l e s   s h o w e d   a  12% 

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

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

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

E x a m p l e   I I  

E x a m p l e   I I   was  p e r f o r m e d   as  was   E x a m p l e   I ,   i n  

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



d u r e s .   The  same  a d d i t i v e   was  a l s o   u s e d .  

The  f i r s t   p r e - t r i a l   l a s t e d   8  c o n s e c u t i v e   d a y s ,  

f o l l o w e d   l a t e r   by  an  a d d i t i o n a l   12  day  p r e - t r i a l   p e r i o d ,  

w h e r e   d a t a   were   c o l l e c t e d   r e g a r d i n g   the   s t a n d a r d   m i l l  

o p e r a t i o n .   The  t r i a l   p e r i o d   i m m e d i a t e l y   f o l l o w e d   t h e   1 2  

day   p r e - t r i a l ,   and  l a s t e d   5  d a y s ,   w h i l e   t he   p o s t - t r i a l  

p e r i o d   i m m e d i a t e l y   f o l l o w e d   t h e   t r i a l   and  l a s t e d   3 

d a y s .  

The  t r i a l   p r o c e d u r e   f o r   E x a m p l e   I I   was  as  f o l l o w s :  

S q u e e z i n g s   w e r e   t a k e n   f r o m   mat   #3  a t   v a r i o u s  

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



" s a m p l e   r u n " ,   and  were   in  some  c a s e s   a n a l y z e d   f o r   w a t e r  

s o l u b l e   i n o r g a n i c s   u s i n g   the   TAPPI  t e s t i n g   p r o c e d u r e ,  

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

b e n z e n e   and  a l c o h o l .   The  r e s u l t s   of   t h e   #3  mat  s q u e e z -  

i n g s   a n a l y s i s ,   in   p a r t s   p e r   m i l l i o n ,   i s   as  f o l l o w s :  

T h e   a v e r a g e   o f   t h e   #3  m a t   d i s s o l v e d   s o l i d s ,  

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

s q u e e z i n g s   as  a  w h o l e ,   was  as  f o l l o w s :  

R e s u l t s  

D i s s o l v e d   s o l i d s   in   t h e   #3  m a t   w e r e   d e c r e a s e d  

f r o m   an  a v e r a g e   of   0 . 4 9 %   to   0 . 4 2 %   d u r i n g   t h e   t r i a l ,  

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

g a n i c s .   W a t e r   a n a l y s i s   o f   t h e   #3  mat   c o n f i r m e d   t h e  

s i g n i f i c a n t   r e d u c t i o n   of  i n o r g a n i c s   d u r i n g   the   t r i a l .  

T h e s e   r e s u l t s   show  a  t r e n d   i n d i c a t i n g   an  u n e x p e c t e d l y  



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

in  t he   #3  mat  d u r i n g   the   use  of   t h e   a d d i t i v e   m i x t u r e   i n  

t h e   #2  s h o w e r .  

The  f o r e g o i n g   d e s c r i p t i o n   and  E x a m p l e s   a r e   e x e m p -  

l a r y   of   t h e   i n v e n t i o n .   H o w e v e r ,   s i n c e   p e r s o n s   s k i l l e d  

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

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

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

a p p e n d e d .  



1.  An  i m p r o v e d   m e t h o d   of  r e m o v i n g   s p e n t   or  e x c e s s  

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

c h e m i c a l l y   or   m e c h a n i c a l l y   p r e p a r e d   v i r g i n   p u l p ,   w h i c h  

c o m p r i s e s :  

( a )   f o r m i n g   a  f i b e r   ma t   of   c h e m i c a l l y   o r  

m e c h a n i c a l l y   p r e p a r e d   v i r g i n   p u l p ;   a n d  

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

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

and  a  w a t e r   s o l u b l e   low  m o l e c u l a r   w e i g h t   p o l y e l e c -  

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

m a t .  

2.  The   m e t h o d   of   C l a i m   1  w h e r e i n   f o r c i n g   t h e  

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

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

d r a w i n g   t h e   s o l u t i o n   i n t o   and  t h r o u g h   t h e   mat  w i t h   a  

v a c u u m   f o r c e .  

3.  The   m e t h o d   of  C l a i m   2  w h e r e i n   a p p l y i n g   t h e  

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

a q u e o u s   s o l u t i o n   o n t o   a  u r f a c e   of  t he   m a t .  

4.  The  m e t h o d   of any of Claims 1 to 3 wherein  t h e   f i b e r   mat  i s  

f o r m e d   u s i n g   a  r o t a r y   drum  vacuum  w a s h e r .  

5.  The  m e t h o d   of any of Claims 1 to 4  w h e r e i n   t h e   t e m p e r a t u r e  

o f   t h e   a q u e o u s   s o l u t i o n   i s   f r o m   a b o u t   1 0 0 °   to   2 1 2 °  

F .  

6 .   The   m e t h o d   of any of Claims 1 to 5 wherein  t h e   a q u e o u s  
s o l u t i o n   f u r t h e r   c o m p r i s e s   an  e t h o x y l a t e d   s o l v e n t .  

7.   The   m e t h o d   of any of Claims 1 to 5 wherein  t h e   a q u e o u s  
s o l u t i o n   f u r t h e r   c o m p r i s e s   t e t r a h y d r o f u r f u r y l   a l c o h o l ,  

e t h o x y l a t e d   d e r i v a t i v e s   or  m i x t u r e s   t h e r e o f .  

8.  The  m e t h o d   of  C l a i m   6  w h e r e i n   t h e   s u b s t i t u t e d  

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

s o l u b l e   low  m o l e c u l a r   w e i g h t   p o l y e l e c t r o l y t e   d i s p e r -  

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

c o n c e n t r a t i o n   of  f rom  a b o u t   0.1  to  5 0 . 0   p o u n d s   p e r   t o n  

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

c o m p o s e d   o f   10  t o   60%  by  w e i g h t   s u r f a c t a n t ,   10  t o  

60%  by  w e i g h t   d i s p e r s a n t ,   a n d   0  t o   50%  by  w e i g h t  



s o l v e n t .  

9.  The   m e t h o d   of  C l a i m   8  w h e r e i n   t h e   t o t a l  

c o n c e n t r a t i o n   is   f rom  a b o u t   0 .5   to  5 .0   p o u n d s   per   t o n   o f  

o v e n   d r i e d   p u l p .  

10.   The  m e t h o d   of any of Claims 1 to 9 wherein  t h e   p o l y e l e c -  

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

and  v i n y l   a c e t a t e .  

11.   The  me thod   of any of Claims 1 to 9 wherein  t he   p o l y e l e c t r o -  

l y t e   d i s p e r s a n t   c o m p r i s e s   a  p o l y a c r y l a t e   c o m p o u n d .  
12.   The  m e t h o d   of  C la im  11  w h e r e i n   t h e   p o l y a c r y -  

l a t e   c o m p o u n d   has  a  m o l e c u l a r   w e i g h t   in  t he   r a n g e   o f   5 0 0  

to   2 5 , 0 0 0 .  

13.  The  m e t h o d   of any of Claims to 9 wherein  t h e   p o l y e l e c t r o -  

l y t e   d i s p e r s a n t   i s   of  t he   s t r u c t u r e :  

w h e r e i n   R l ,   R2,  R4  and  R5  a re   i n d e p e n d e n t   a n d  

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

C l - C 4   l o w e r   a l k y l ,   a l k y l c a r b o x y   or   m i x t u r e s   t h e r e o f ,  

R3  and  R6  a r e   i n d e p e n d e n t   and  s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of  h y d r o g e n ,   c a r b o x y ,   a l k y l c a r b o x y ,  o r  
m i x t u r e s   t h e r e o f ,   X  i s   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t -  

i n g   o f   c a r b o x y ,   s a l t s   and  d e r i v a t i v e s   o f   c a r b o x y ,  

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

r a d i c a l   m o n o m e r s ,   COOZ  w h e r e   Z  i s   H,  a  m o n o v a l e n t   m e t a l  
i on   o r   ammonium,   or  m i x t u r e s   t h e r e o f ;   and  t h e   t o t a l   of   a  
+  b  f a l l s   in  t he   r a n g e   of  15  to  1 , 0 0 0 .  

1 4 .   T h e   m e t h o d   o f   C l a i m   13  w h e r e i n   R 1 ,   R 3 ,  

R4  and  R5  a r e   h y d r o g e n ,   R2  and  R5  a r e   h y d r o g e n  

or   m e t h y l ,   and  x  is   c a r b o x y .  

15.   A  m e t h o d   of  r e c o v e r i n g   e x c e s s   or   s p e n t   c o o k i n g  



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

a q u e o u s   p u l p i n g   medium  c o m p r i s i n g   c h e m i c a l l y   or  m e c h a n i -  

c a l l y   p r e p a r e d   v i r g i n   p u l p   and  e x c e s s   or   s p e n t   c h e m i c a l  

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

(a )   c o m b i n i n g   the   a q u e o u s   p u l p i n g   medium  w i t h  

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

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

p o l y e l e c t r o l y t e   d i s p e r s a n t ;  

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

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

a q u e o u s   p u l p i n g   medium;   a n d  

(c)   a f t e r   s t e p   ( b ) ,   r e m o v i n g   e x c e s s   or  s p e n t  

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

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

16 .   The  m e t h o d   of  C l a i m   15  w h e r e i n   in  s u b s t a n t i a l l y  

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

v i r g i n   p u l p   f rom  the   a q u e o u s   p u l p i n g   m e d i u m ,   t h e   c h e m i -  

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

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

17 .   The  m e t h o d   of  Claim 15 or 16  w h e r e i n   t he   c h e m i c a l l y  

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

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

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

1 8 .   The  m e t h o d   of any of Claims 15 to 17 wherein  a d d i t i o n a l l y  

c o m b i n e d   w i t h   t he   a q u e o u s   p u l p i n g   medium  in  (a)   i s   a  

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

y l a t e d   d e r i v a t i v e   or   m i x t u r e s   t h e r e o f .  

19  The  m e t h o d   of  C l a i m   18  w h e r e i n   t h e   s u b s t i t u t e d  

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

s o l u b l e   low  m o l e c u l a r   w e i g h t   p o l y e l e c t r o l y t e   d i s p e r -  

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

c o n c e n t r a t i o n   of  f rom  a b o u t   0 .1   to  5 0 . 0   p o u n d s   p e r   t o n  

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

c o m p o s e d   of   10  t o   60%  by  w e i g h t   s u r f a c t a n t ,   10  t o  

60%  by  w e i g h t   d i s p e r s a n t ,   a n d   0  t o   50%  by  w e i g h t  

s o l v e n t .  

2 0 .   T h e .  m e t h o d   of  C l a i m   19  w h e r e i n   t h e   t o t a l  

c o n c e n t r a t i o n   is   f rom  a b o u t   0 . 5   to   5 .0   p o u n d s   p e r   ton   o f  



o v e n   d r i e d   p u l p .  

21.   The  m e t h o d   of any of Claims 15 to 20 wherein  t h e   p o l y e l e c -  

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

and   v i n y l   a c e t a t e .  

22.   The  m e t h o d   of any of Claims 15 to 20 wherein  t h e   p o l y e l e c -  

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

23.   The  m e t h o d   of  C l a i m   22  w h e r e i n   t h e   p o l y a c r y -  

l a t e   c o m p o u n d   has  a  m o l e c u l a r   w e i g h t   in  t h e   r a n g e   o f   5 0 0  

t o   2 5 , 0 0 0 .  

24.   The  m e t h o d   of any of Claims 15 to 20 wherein  t h e   p o l y e l e c t r o -  

l y t e   d i s p e r s a n t   i s   of  t he   s t r u c t u r e :  

w h e r e i n   Rl ,   R2,  R4  and  R5  a r e   i n d e p e n d e n t   a n d  

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

C1-C4   l o w e r   a l k y l ,   a l k y l c a r b o x y   or  m i x t u r e s   t h e r e o f ,  

R3  and  R6  a r e   i n d e p e n d e n t   and  s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of  h y d r o g e n ,   c a r b o x y ,   a l k y l c a r b o x y ,   o r  
m i x t u r e s   t h e r e o f ,   X  i s   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t -  

i n g   o f   c a r b o x y ,   s a l t s   and   d e r i v a t i v e s   o f   c a r b o x y ,  

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

r a d i c a l   m o n o m e r s ,   COOZ  w h e r e   Z  i s   H,  a  m o n o v a l e n t   m e t a l  
i o n   o r   a m m o n i u m ,   or   m i x t u r e s   t h e r e o f ;   and  t h e   t o t a l   of  a  
+  b  f a l l s   in  t h e   r a n g e   of  15  to   1 , 0 0 0 .  

2 5 .   T h e   m e t h o d   o f   C l a i m   24  w h e r e i n   R l ,   R 3 ,  

R4  and  R5  a r e   h y d r o g e n ,   R2  and  R5  a r e   h y d r o g e n  

o r   m e t h y l ,   and  x  i s   c a r b o x y .  
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