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There  is  disclosed  a  process  for  the  delignification  of 
lignocellulosic  material  by treatment  with  an  alkaline  liquor  in 
the  presence  of  a  cyclic  keto  compound  such  as  anthra- 
quinone.  The  lignocellulosic  material  in  subdivided  form  is 
first  impregnated  with the  alkaline  liquor containing  a  suitable 
amount  of  the  cyclic  keto  compound  whereafter  any  excess 
liquor  is  drained.  The  impregnated  material  is  then  cooked  by 
heating.  The  delignified  products  are  suitable  for  the  man- 
ufacture  of  paper. 



This  i n v e n t i o n   r e l a t e s   to  a  p roces s   for  the  d e -  

l i g n i f i c a t i o n   of  l i g n o c e l l u l o s i c   m a t e r i a l   such  as  wood,  

s t raw,   b a g a s s e ,   e t c .   and  in  p a r t i c u l a r   r e l a t e s   to  an  i m -  

proved  vapour  phase   a l k a l i n e   pu lp ing   p roces s   for  the  p r o -  

d u c t i o n   of  a  chemica l   c e l l u l o s i c   p u l p .  

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

p roduce   c e l l u l o s e   s u i t a b l e   for  the  manufac tu re   of  p a p e r  

p r o d u c t s   i n v o l v e s   the  removal  of  l i g n i n   and  o the r   n o n -  

c e l l u l o s i c   components   such  as  gums.  Reagents   t h a t   a t t a c k  

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

are  p r e f e r r e d   for  t h i s   pu rpose .   It  is  s t i l l   a  g e n e r a l  

p r a c t i c e   today  to  use  t hese   r e a g e n t s   in  the  form  of  a q u e o u s  

s o l u t i o n s   and  to  e f f e c t   the  cooking  of  l i g n o c e l l u l o s i c   ma-  

t e r i a l   in  such  s o l u t i o n s   under  c o n d i t i o n s   of  t e m p e r a t u r e  

and  p r e s s u r e   chosen  to  p r o v i d e   an  a c c e p t a b l e   l i g n i n   to  c e l -  

l u l o s e   r a t i o .   Depending  upon  the  na tu re   of  the  r e a g e n t s  

used,   t h i s   l i q u i d   phase  p roces s   is  known  as  the  soda  p r o c e s s  

where in   the  r e a g e n t   is  sodium  hydrox ide   a lone ,   the  k r a f t  

p r o c e s s   where in   the  r e a g e n t s   are  sodium  hydrox ide   and  sod ium 

s u l p h i d e ,   the  p o l y s u l p h i d e   p roces s   where in   the  r e a g e n t s   a r e  

sodium  h y d r o x i d e ,   sodium  s u l p h i d e   and  p o l y s u l p h i d e s ,   or  t h e  

n e u t r a l   s u l p h i t e   s emichemica l   p roce s s   in  which  the  r e a g e n t s  

are  an  a l k a l i   meta l   base  such  as  sodium  hydrox ide   and  a n  

a l k a l i   meta l   s u l p h i t e   such  as  sodium  s u l p h i t e .   All   t h e s e  

r e a g e n t s   have  in  common  t ha t   they  give  a l k a l i n e   a q u e o u s  

s o l u t i o n s   and  thus   c o n s t i t u t e   a l k a l i n e   cooking  l i q u o r s .  

In  a t t e m p t s   to  improve  on  the  above  l i q u i d   p h a s e  

p r o c e s s ,   c e r t a i n   m o d i f i c a t i o n s   have  been  p roposed .   One  such  

m o d i f i c a t i o n ,   known  as  the  vapour  phase  p r o c e s s ,   c o n s i s t s  

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



d i v i d e d   form  wi th   an  a l k a l i n e   cooking  l i q u o r ,   w i t h d r a w i n g  

any  excess   of  cooking   l i q u o r   and  then  cooking  the  i m p r e g n a t e d  

m a t e r i a l   under  the  same  time  and  t e m p e r a t u r e   c o n d i t i o n s   a s  

in  c o n v e n t i o n a l   l i q u i d   phase   p u l p i n g .   An  example  of  t h i s  

p r o c e s s   w h e r e i n   k r a f t   l i q u o r   is  used  as  the  i m p r e g n a t i n g  

l i q u o r   is  d e s c r i b e d   by  K l e i n e r t   in  Uni ted   S t a t e s   P a t e n t  

No.  3 , 2 1 5 , 5 8 8   i s s u e d   on  2nd  November,  1965.  As  compared  w i t h  

the  l i q u i d   phase   p r o c e s s ,   the  vapour  phase  p r o c e s s   a f f o r d s  

an  i n c r e a s e d   p u l p i n g   r a t e   and  lower  chemica l   r e q u i r e m e n t s .  

Another   r e c e n t l y   p roposed   m o d i f i c a t i o n   is  d e -  

s c r i b e d   in  B r i t i s h   a p p l i c a t i o n   No.  5374/77  f i l e d   on  9 t h  

F e b r u a r y ,   1977  (Uni ted   S t a t e s   P a t e n t  N o .   4 , 0 1 2 , 2 8 0 ,   i s s u e d  

on  15th  March,  1977)  as  we l l   as  in  Uni ted   S t a t e s   a p p l i c a t i o n  

S e r i a l   No.  750 ,441 ,   f i l e d   on  14th  December,  1976,  and  U n i t e d  

S t a t e s   P a t e n t   Nos.  4 , 0 3 6 , 6 8 0   and  4 , 0 3 6 , 6 8 1 ,   i s s u e d   on  1 9 t h  

J u l y ,   1977.  In  t h e s e   a p p l i c a t i o n s ,   i t   i s .  t a u g h t   to  e f f e c t  

the  cooking  of  l i g n o c e l l u l o s i c   m a t e r i a l   in  a  l i q u i d   p h a s e  

p r o c e s s   wi th   an  a l k a l i n e   p u l p i n g   l i q u o r ,   t h e r e   be ing   p r e s e n t  

in  sa id   l i q u o r   from  0.001%  to  10.0%  by  weight   based   on  t h e  

l i g n o c e l l u l o s i c   m a t e r i a l   of  a  c y c l i c   ke to   compound  s e l e c t e d  

from  the  group  c o n s i s t i n g   of  n a p h t h o q u i n o n e ,   a n t h r a q u i n o n e ,  

a n t h r o n e ,   p h e n a n t h r e n e q u i n o n e ,   the  a l k y l ,   a lkoxy  a n d  a m i n o  

d e r i v a t i v e s   of  t h e s e   compounds,  6 , 1 1 - d i o x o - 1 H - a n t h r a [ 1 , 2 - c ]  

p y r a z o l e ,   a n t h r a q u i n o n e - 1 , 2 - n a p h t h a c r i d o n e ,   7 , 1 2 - d i o x o - 7 , 1 2 -  

d i h y d r o a n t h r a [ 1 , 2 - b ] p y r a z i n e ,   1 , 2 - b e n z a n t h r a q u i n o n e ,   1 0 -  

m e t h y l e n e   a n t h r o n e   and  the  u n s u b s t i t u t e d   and  lower  a l k y l  

s u b s t i t u t e d   D ie l s   Alder   adduc t s   of  n a p h t h o q u i n o n e   and  b e n z o -  

qu inone .   As  compared  wi th   the  c o n v e n t i o n a l   l i q u i d   phase   p r o -  

ce s s ,   t h i s   m o d i f i c a t i o n   which  c o n s i s t s   in  the  a d d i t i o n   to  t h e  

cooking  l i q u o r   of  any  one  of  the  above  c y c l i c   ke to   compounds 



r e s u l t s   in  a  i n c r e a s e d   r a t e   of  cooking  as  wel l   as  in  a  

b e t t e r   pulp  y i e l d .   One  g r e a t   advan tage   of  t h i s   m o d i f i c a -  

t i on   when  a p p l i e d   to  the  soda  p roce s s   is  t h a t   i t   makes  t h e  

l a t t e r   as  e f f i c i e n t   as  the  c o n v e n t i o n a l   k r a f t   p r o c e s s   i n  

the  p u l p i n g   of  s o f t   wood.  

I t   has  now  been  found  t ha t   t h e r e   are  a d v a n t a g e s   t o  

be  ga ined   by  us ing  the  above  c y c l i c   keto  compounds  as  a d d i t i -  

ves  in  the  vapour  phase  p r o c e s s .   It   is  thus  p roposed   a c c o r d i n g  

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

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

form  with  an  a l k a l i n e   p u l p i n g   l i q u o r   c o n t a i n i n g   a  s u i t a b l e  

amount  of  a  c y c l i c   keto  compound  as  h e r e i n a b o v e   d e f i n e d ,  

w i thd rawing   any  excess  of  l i q u o r   and  f i n a l l y   h e a t i n g   to  a  

t e m p e r a t u r e   and  for  a  time  s u f f i c i e n t   to  ob t a in   the  d e s i r e d  

degree  of  p u l p i n g .   In  p r o d u c i n g   pulps  of  e q u i v a l e n t   r e s i d u a l  

l i g n i n   l e v e l s   under  e q u i v a l e n t   cooking  s chedu le s   ( t i m e /  

t e m p e r a t u r e   p r o f i l e ) ,   t h i s   novel   vapour  phase  p r o c e s s ,   a s  

compared  with  the  above -men t ioned   l i q u i d   phase  p r o c e s s  

u t i l i z i n g   c y c l i c   keto  compounds,  r e s u l t s   in  h ighe r   p u l p  

y i e l d s   whi le   at  the  same  time  r e q u i r i n g   l e s s e r   amount  o f  

c a u s t i c   and  c y c l i c   keto  compounds  and  r e t a i n i n g   the  a d v a n -  

tages   of  the  c o n v e n t i o n a l   vapour  phase  p r o c e s s .  

The  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n   c o m p a r i s e s  

the  s t eps   o f :  

1.  i m p r e g n a t i n g   l i g n o c e l l u l o s i c   m a t e r i a l   in  s u b -  

d i v i d e d   form  with  an  a l k a l i n e   p u l p i n g   l i q u o r   c o n t a i n i n g   f rom 

0.001%  to  10.0%  by  we igh t ,   based  on  the  l i g n o c e l l u l o s i c  

m a t e r i a l ,   of  a  c y c l i c   keto  compound  s e l e c t e d   from  the  g r o u p  

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

p h e n a n t h r e n e q u i n o n e ,   the  a l k y l ,   alkoxy  and  amino  d e r i v a t i v e s  



of  t h e s e   compounds,  6 , 1 1 - c l i o x o - 1 H - a n t h r a  [ 1 ,  2 - c ] p y r a z o l e ,  

a n t h r a q u i n o n e - l , 2 - n a p h t h a c r i d o n e ,   7 , 1 2 - d i o x o - 7 , 1 2 - d i h y d r o -  

a n t h r a [ 1 , 2 - b ] p y r a z i n e ,   1 , 2 - b e n z a n t h r a q u i n o n e ,   1 0 - m e t h y l e n e  

a n t h r o n e   and  the  u n s u b s t i t u t e d   and  lower  a l k y l   s u b s t i t u t e d  

D i e l s   Alder  adduc ts   of  naph thoqu inone   and  b e n z o q u i n o n e ,  

2.  removing  any  excess   of  l i q u o r   from  the  i m -  

p r e g n a t e d   m a t e r i a l ,   a n d  

3.  cooking  sa id   impregna t ed   m a t e r i a l   by  h e a t i n g  

to  a  t e m p e r a t u r e   in  the  range  of  150°C  to  200°C  for  a  

p e r i o d   of  0.5  to  480  m i n u t e s .  

The  cooked  l i g n o c e l l u l o s i c   m a t e r i a l   p r o d u c e d  

by  the  above  t h i r d   s tep  is  then  washed  as  in  the  c o n v e n t i o n a l  

p r o c e s s e s   with  water   or  an  aqueous  l i q u o r   i n e r t   to  t h e  

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

m a t e r i a l   which  may  be  used  w i t h o u t   f u r t h e r   t r e a t m e n t   or  may 

be  s u b j e c t e d   to  c o n v e n t i o n a l   b l e a c h i n g   s t e p s .  

When  the  l i g n o c e l l u l o s i c   m a t e r i a l   employed  is  wood,  

i t   is  f i r s t   c o n v e r t e d   in to   the  form  of  c h i p s .   Of  c o u r s e ,  

t h i s   s t ep   is  not  r e q u i r e d   when  the  l i g n o c e l l u l o s i c   m a t e r i a l  

is  of  f i b r o u s   f o r m .  

The  p r o c e s s   of  t h i s   i n v e n t i o n   can  be  used  to  d e -  

l i g n i f y   e i t h e r   c o n i f e r o u s   or  dec iduous   s p e c i e s   of  wood.  

By  c o n i f e r o u s   is  meant  spec i e s   such  as  p ine ,   sp ruce   and  

ba l sam  f i r .   By  dec iduous   is  meant  s p e c i e s   such  as  b i r c h ,  

aspen ,   e a s t e r n   co t tonwood,   maple,  beech  and  oak.  When 

t r e a t i n g   a  high  d e n s i t y   dec iduous   wood  such  as  b i r c h ,   i t   i s  

p r e f e r a b l e   to  employ  a  longer   time  to  r each   maximum  c o o k i n g  

t e m p e r a t u r e   in  the  t h i r d   s t e p .  

Pu lp ing   l i q u o r s   s u i t a b l e   for  use  in  the  f i r s t   s t e p  

of  the  p r o c e s s   are  the  soda,  k r a f t ,   p o l y s u l p h i d e   and  a l k a l i n e  

s u l p h i t e   l i q u o r s .   However,  the  soda  l i q u o r   is  much  p r e f e r r e d  



b e c a u s e   i t   does  not  con t a in   any  su lphur   compounds  and  i s  

t h e r e f o r e   c o n s i d e r a b l y   less   p o l l u t i n g   than  the  t h r e e   o t h e r  

l i q u o r s .  

The  soda  l i quo r   c o n t a i n s   from  8%  to  20%  by  w e i g h t  

of  a l k a l i   metal   base  expressed   as  p e r c e n t   e f f e c t i v e   a l k a l i ,  

based   on  the  weight   of  the  l i g n o c e l l u l o s i c   m a t e r i a l ,   and  

n o r m a l l y   a l so   c o n t a i n s   a l k a l i   metal   c a r b o n a t e .  

The  k r a f t   l i q u o r   c o n t a i n s   from  8%  to  15%  b y  

w e i g h t   of  a l k a l i   metal   base  exp res sed   as  p e r c e n t   e f f e c t i v e  

- a l k a l i   (TAPPI  T-1203  S-6)  and  from  5%  to  40%  by  weight   o f  

a l k a l i   metal   s u l p h i d e   expressed   as  p e r c e n t   s u l p h i d i t y   (TAPPI 

T-1203  OS-61),   based  on  l i g n o c e l l u l o s i c   m a t e r i a l .   This  p u l p -  

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

a l k a l i   metal   c a r b o n a t e .  

The  p o l y s u l p h i d e   l i q u o r   is  e s s e n t i a l l y   a  k r a f t   l i q u o r  

as  d e f i n e d   immedia te ly   above,  c o n t a i n i n g   excess  s u l p h u r ,   i . e .  

p o l y s u l p h i d e s .   The  p re sence   of  p o l y s u l p h i d e s   r e s u l t s   in  an 

improved  y i e ld   and  an  amount  of  1.0%  to  5.0%,  p r e f e r a b l y   2% 

t h e r e o f   ( expressed   as  su lphur   and  based  on  weight   of  l i g n o -  

c e l l u l o s i c   m a t e r i a l )   in  the  l i q u o r   is  t h e r e f o r e   a  d e f i n i t e  

a d v a n t a g e .  

The  a l k a l i n e   s u l p h i t e   l i quor   is  a  l i q u o r   which  c o n t a i n s  

an  a l k a l i   metal   hydroxide   p r e f e r a b l y   sodium  h y d r o x i d e   and  an  

a l k a l i   metal   s u l p h i t e   p r e f e r a b l y   sodium  s u l p h i t e .  

E f f e c t i v e   a l k a l i   is  the  sum  of  a l l   a l k a l i   h y d r o x i d e  

in  s o l u t i o n   exp re s sed   as  Na20  i n c l u d i n g   t h a t   formed  by  h y d r o -  

l y s i s   of  the  a l k a l i   s u lph ide ,   a lso  expressed   as  Na2O. 

S u l p h i d i t y   is  the  t o t a l   s u l p h i d e ,   e x p r e s s e d   as  Na2O, 

c a l c u l a t e d   as  a  p e r c e n t a g e   of  t o t a l   t i t r a b l e   a l k a l i ,   i n c l u d i n g  

t h a t   formed  by  h y d r o l y s i s .  



As  ment ioned   above,  the  compounds  which  a r e  

s u i t a b l e   for   use  as  a d d i t i v e s , i n   the  p r o c e s s   of  the  i n v e n t i o n  

are  the  c y c l i c   ke to   compounds  s e l e c t e d   from  the  g r o u p  

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

p h e n a n t h r e n e q u i n o n e ,   the  a l k y l ,   a lkoxy  and  amino  d e r i v a t i v e s  

of  t he se   compounds,  6 , 1 1 - d i o x o - 1 H - a n t h r a [ 1 , 2 - c ] p y r a z o l e ,  

a n t h r a q u i n o n e - 1 , 2 - n a p h t h a c r i d o n e ,   ? , 1 2 - d i o x o - 7 , 1 2 - d i h y d r o -  

a n t h r a [ 1 , 2 - b ] p y r a z i n e ,   1 , 2 - b e n z a n t h r a q u i n o n e ,   1 0 - m e t h y l e n e  

a n t h r o n e ,   1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 - o c t a h y d r o a n t h r a q u i n o n e   and  t h e  

u n s u b s t i t u t e d   and  lower  a l ky l   s u b s t i t u t e d   D ie l s   Alder   a d d u c t s  

of  n a p h t h o q u i n o n e   and  benzoqu inone .   By  a l k y l   d e r i v a t i v e s  

of  t hese   compounds,  i t   is  meant  to  i n c l u d e   any  of  the  f o u r  

compounds  n a p h t h o q u i n o n e ,   a n t h r a q u i n o n e ,   a n t h r o n e   and  p h e n -  

a n t h r e n e q u i n o n e ,   s u b s t i t u t e d   with  one  or  two  a l k y l   g r o u p s  

c o n t a i n i n g   1  to  4,  p r e f e r a b l y   1  to  2,  ca rbon   atoms.  Among 

the  a lkoxy  d e r i v a t i v e s   of  the  same  four  compounds  which  a r e  

s u i t a b l e   for   use  as  a d d i t i v e s ,   are  those   which  have  at  l e a s t  

o n e   a lkoxy  s u b s t i t u e n t   c o n t a i n i n g   1  to  4,  p r e f e r a b l y   o n e ,  

carbon  a toms.   Among  these   a l k y l ,   a lkoxy  and  amino  d e r i v a t i -  

ves ,   t hose   of  a n t h r a q u i n o n e   are  p r e f e r r e d   and  e x a m p l e s  

t h e r e o f   are  1 -me thy l   a n t h r a q u i n o n e ,   2 - m e t h y l   a n t h r a q u i n o n e ,  

2 - e t h y l   a n t h r a q u i n o n e ,   2 , 6 - d i m e t h y l   a n t h r a q u i n o n e ,   2 , 7 -  

d i m e t h y l   a n t h r a q u i n o n e ,   2 , 3 - d i m e t h y l a n t h r a q u i n o n e ,   1 - m e t h o x y  

a n t h r a q u i n o n e   and  2-amino  a n t h r a q u i n o n e .  

The  u n s u b s t i t u t e d   Die ls   Alder  adduc t s   s u i t a b l e  

for  use  as  a d d i t i v e s   in  the  p r o c e s s   of  t h i s   i n v e n t i o n   a r e  

those   o b t a i n e d   by  r e a c t i n g   1  or  2  moles  of  b u t a d i e n e   w i t h  

n a p h t h o q u i n o n e   and  benzoqu inone   r e s p e c t i v e l y .   By  l o w e r  

a l k y l - s u b s t i t u t e d   adduc t s   i t   is  meant  the  adduc t s   o b t a i n e d  

where  in  the  above  r e a c t i o n   e i t h e r   one  or  both   of  t h e  



r e a c t a n t s   are  s u b s t i t u t e d   wi th   the  a p p r o p r i a t e   lower  a l k y l  

groups .   Such  lower  a l k y l   groups  may  range  in  number  f rom 

1  to  4,  may  each  c o n t a i n   from  1  to  4  carbon  atoms  and  may 

be  the  same  or  d i f f e r e n t .   Examples  of  Diels   Alder  a d d u c t s  

are  1 , 4 , 4 a , 5 , 8 , 8 a , 9 a , l 0 a - o c t a h y d r o a n t h r a q u i n o n e ,   2 , 3 , 6 , 7 -  

t e t r a m e t h y l - 1 , 4 , 4 a , 5 , 8 , 8 a , 9 a , 1 0 a - o c t a h y d r o a n t h r a q u i n o n e ,  

1 , 4 , 4 a , 9 a - t e t r a h y d r o a n t h r a q u i n o n e ,   2 - e t h y l - 1 , 4 , 4 a , 9 a - t e t r a -  

h y d r o a n t h r a q u i n o n e ,   2 ,  3 - d i m e t h y l - l , 4 , 4 a , 9 a - t e t r a h y d r o a n t h r a -  

quinone  and  1 , 3 - d i m e t h y l - 1 , 4 , 4 a , 9 a - t e t r a h y d r o a n t h r a q u i n o n e ,  

The  c y c l i c   ke to   compound  as  above  de f ined   is  added  

to  the  pu lp ing   l i q u o r   p r i o r   to  impregna t ion   of  the  l i g n o -  

c e l l u l o s i c   m a t e r i a l   and  is  employed  in  p r o p o r t i o n s   of  f rom 

0.001%  to  10.0%,  p r e f e r a b l y   0.01%  to  1.0%  by  weight   b a s e d  

on  the  l i g n o c e l l u l o s i c   m a t e r i a l .  

Where  the  a l k a l i n e   pu lp ing   l i quor   is  t h e  s o d a  

l i q u o r ,   i t   has  been  found  advan tageous   to  use  as  a  s e c o n d  

a d d i t i v e   in  combina t i on   wi th   any  of  the  above  c y c l i c   k e t o  

compounds,  a  n i t r o   a r o m a t i c   compound  s e l e c t e d   from  the  g r o u p  

c o n s i s t i n g   of  mono  and  d i n i t r o b e n z e n e s   and  the  amino,  c a r b o x y ,  

hydroxy,   and  methyl  d e r i v a t i v e s   t h e r e o f .   Examples  of  t h e s e  

compounds  are  n i t r o b e n z e n e ,   2 - n i t r o a n i l i n e ,   4 - n i t r o a n i l i n e ,  

4 - n i t r o b e n z a l d e h y d e ,   4 - n i t r o b e n z o i c   acid,  2 - n i t r o r e s o r c i n o l ,  

4 - n i t r o s t y r e n e ,   2 - n i t r o t o l u e n e ,   4 - n i t r o t o l u e n e ,   1 , 2 - d i n i t r o -  

benzene ,   1 , 3 - d i n i t r o b e n z e n e ,   1 , 4 - d i n i t r o b e n z e n e ,   2 , 4 - d i n i t r o -  

t o l u e n e ,   3 , 5 - d i n i t r o b e n z o i c   ac id ,   4 , 6 - d i n i t r o - o - c r e s o l   and 

2 , 4 - d i n i t r o r e s o r c i n o l .   Among  the  above  compounds,  n i t r o -  

benzene  is  p a r t i c u l a r l y   p r e f e r r e d   because  of  i t s   f a v o u r a b l e  

c o s t : b e n e f i t   r a t i o .   The  n i t r o   a romat ic   compound  is  employed 

in  p r o p o r t i o n s   of  from  0.01%  to  10.0%,  p r e f e r a b l y   0,10%  t o  

2.0%,  by  weight ,   based  on  the  l i g n o c e l l u l o s i c   m a t e r i a l .  



I t   shou ld   be  wel l   u n d e r s t o o d   t h a t   the  use  o f  

n i t r o   a r o m a t i c   compound  as  second  a d d i t i v e s   in  c o m b i n a t i o n  

wi th   c y c l i c   ke to   compounds  is  o p t i o n a l   and  only  a p p l i c a b l e  

to  t h e  c a s e   where  the  pu lp ing   l i q u o r   is  soda  l i q u o r .   A l l  

c o m b i n a t i o n s   formed  from  any  one  of  the   above  d e f i n e d   c y c l i c  

ke to   compounds  with  any  one  of  the  above  d e f i n e d   n i t r o  

a r o m a t i c   compounds  are  s u i t a b l e   for  use  in  t h i s   p a r t i c u l a r  

embodiment   of  the  i n v e n t i o n .   P r e f e r r e d ,   however,   is  t h e  

c o m b i n a t i o n   compr i sed   of  a n t h r a q u i n o n e   and  n i t r o b e n z e n e .  

The  a l k a l i   metal   base  employed  as  r e a g e n t   in  t h e  

a l k a l i n e   p u l p i n g   l i q u o r s   may  be  sodium  h y d r o x i d e ,   p o t a s s i u m  

h y d r o x i d e ,   sodium  c a r b o n a t e   or  p o t a s s i u m   c a r b o n a t e .  

The  p r o c e s s   of  the  i n v e n t i o n   is  c a r r i e d   out  in  a  

c l o s e d   v e s s e l   to  which  l i g n o c e l l u l o s i c   m a t e r i a l   in  s u b -  

d i v i d e d   form,  p u l p i n g   l i q u o r   c o n t a i n i n g   the  a b o v e - d e f i n e d  

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

are   fed  in  the  amounts  r e q u i r e d   to  g ive   the  d e s i r e d   e f f e c t i v e  

a l k a l i .   I m p r e g n a t i o n   is  e f f e c t e d   under   gas  or  m e c h a n i c a l  

p r e s s u r e   and  at  a  t e m p e r a t u r e   of  25°C  or  h i g h e r .   Once  

f u l l   i m p r e g n a t i o n   has  taken  p l a c e ,   exces s   p u l p i n g   l i q u o r ,  

i f   any,  is  d r a i n e d   off   and  the  i m p r e g n a t e d   l i g n o c e l l u l o s i c  

m a t e r i a l   is  h e a t e d   e i t h e r   d i r e c t l y   w i t h   s team  or  i n d i r e c t l y  

by  e . g .   e l e c t r i c a l   h e a t i n g   to  a  t e m p e r a t u r e   of  150°C  to  200°C 

for   a  p e r i o d   of  0.5  to  480  m i n u t e s .  

The  m a t e r i a l   r e s u l t i n g   from  s tep   (3)  of  t h e  

p r o c e s s   may  be  b l e a c h e d   by  any  c o n v e n t i o n a l   b l e a c h i n g  

p r o c e s s .   A  c o n v e n t i o n a l   sequence   c o m p r i s i n g   c h l o r i n a t i o n ,  

a l k a l i n e   e x t r a c t i o n ,   c h l o r i n e   d i o x i d e   t r e a t m e n t ,   a l k a l i n e  

e x t r a c t i o n ,   c h l o r i n e   d iox ide   t r e a t m e n t   (C-E-D-E-D)  w i l l  

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

85-90  u n i t s   ( E l r e p h o ) .  

The  i n v e n t i o n   is  i l l u s t r a t e d   by  the  f o l l o w i n g  



Examples  but  i t s   scope  is  not  l i m i t e d   tc  the  embodiments  

shown  t h e r e i n .  

In  the  Examples,  the  kappa  number  and  v i s c o s i t y  

d e t e r m i n a t i o n s   were  c a r r i e d   out  by  the  fo l lowing   m e t h o d s .  

Kappa  number  TAPPI  method  T-236  M-60 

V i s c o s i t y   TAPPI  method  T-230  SU-66 

EXAMPLE  1 

16  samples  a  b l a c k   spruce   chips  were  s u b j e c t e d  

to  p u l p i n g   t r e a t m e n t   employing  k r a f t   l i q u o r   (samples  1 -8 )  

or  soda  l i q u o r   (samples  9 -16) .   Runs  1  to  4  and  9  to  12 

i l l u s t r a t e   p u l p i n g   by  the  c o n v e n t i o n a l   l i q u i d   phase  p r o c e s s  

with  (runs  2,  4,  10  and  12)  or  w i t h o u t   (runs  1,  3,  9  and  11) 

a n t h r a q u i n o n e   as  an  a d d i t i v e  a n d   are  p rov ided   for  c o m p a r i s o n  

p u r p o s e s .   Runs  5  and  13  i l l u s t r a t e   pu lp ing   by  the  c o n v e n -  

t i o n a l   vapcur   phase  p r o c e s s   and  are  a lso  p rov ided   f o r  

compar ison  p u r p o s e s .   Runs  6  to  8  and  14  to  16  i l l u s t r a t e  

pu lp ing   by  the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n   emp loy ing  

k r a f t   or  soda  l i q u o r s   c o n t a i n i n g   va ry ing   amounts  of  a n t h r a -  

quinone  as  an  a d d i t i v e .   In  runs  6  to  8  and  14  to  16  a s  

well  as  in  runs  5  and  13,  the  ch ips   were  impregna ted   w i t h  

the  p u l p i n g   l i q u o r   for  30  minutes   at  about  25°C  u n d e r  

a  p r e s s u r e   of  75  pounds  per  square   inch  gauge  of  n i t r o g e n  

gas.  Af t e r   i m p r e g n a t i o n ,   the  excess   l i q u o r   was  d r a i n e d  

off   and  saved  for  a n a l y s i s   of  e f f e c t i v e   a l k a l i ,   s u l p h i d i t y  

and  r e s i d u a l   a d d i t i v e .   The  c h a r a c t e r i s t i c s   of  the  16 

pu lp ing   runs  and  the  r e s u l t s   o b t a i n e d   are  shown  in  t h e  

fo l lowing   Table  I .  







EXAMPLE 2 

In  four  runs,   samples  of  b l a c k   sp ruce   c h i p s  

were  s u b j e c t e d   to  pu lp ing   t r e a t m e n t   employing  k r a f t   l i q u o r .  

In  each  run,  two  samples  of  the  ch ips   were  t r e a t e d ,   one  by  

vapour   phase   cooking  and  the  o t h e r ,   for  p u r p o s e s   of  c o m p a r i s o n ,  

by  c o n v e n t i o n a l   l i q u i d   phase  cook ing .   The  r e s u l t s   o b t a i n e d  

are  shown  in  Table   I I .   As  w i l l   be  seen  in  sa id   Tab le ,   no 

a d d i t i v e   was  used  in  the  cooking  of  run  1  whereas   in  r u n s  .  
* 

2. to  4,  the  a d d i t i v e   a n t h r a q u i n o n e   (AQ)  was  u s e d .  

I m p r e g n a t i n g   of  the  chips   for  the  vapour   p h a s e  

cook ing   was  made  as  f o l l o w s :  

a)  the  c h i p s ,   chemica l s   and  d i l u t i o n   wa t e r   were  added  t o  

a  600  ml  volume  m i c r o d i g e s t o r   t o g e t h e r   wi th   a  p r e d e t e r -  

mined  amount  of  AQ  in  a  50%  aqueous  d i s p e r s i o n   f o r m ;  

b)  the  m i c r o d i g e s t o r   was  c l o sed   and  the  c o n t e n t s   w e l l  

m i x e d ;  

c)  the   c o n t e n t s   were  s u b j e c t e d   to  the  f o l l o w i n g   t r e a t m e n t :  

i )   a p p l i c a t i o n   of  20  mm  Hg  vacuum  for   1  m i n u t e ;  

i i )   a p p l i c a t i o n   of  75  ps ig   n i t r o g e n   p r e s s u r e   for   2 . 5  

m i n u t e s ;  

i i i )   vacuum  a p p l i c a t i o n  -   20  mm  Hg  for  1  m i n u t e ;  

iv)  p r e s s u r e   a p p l i c a t i o n  -   75  p s i g   n i t r o g e n   for  2 , 5  

m i n u t e s ;  

v )   vacuum  a p p l i c a t i o n  -   20  mm  Hg  for  1  m i n u t e ;  

vi)  p r e s s u r e   a p p l i c a t i o n  -   75  p s ig   n i t r o g e n   for  5  m i n u t e s ;  

v i i )   vacuum  a p p l i c a t i o n  -   20  mm  Hg  for  1  m i n u t e ;  

v i i i )   p r e s s u r e   a p p l i c a t i o n  -   75  p s i g   n i t r o g e n   for   10 

m i n u t e s ;  

ix)  r e l e a s e   of  p r e s s u r e ;  

x)  mixing   of  c o n t e n t s .  

*  t r a d e   mark  



This  t r e a t m e n t   was  i n t e n d e d   to  s i m u l a t e   m i l l  

s c a l e   p r o c e s s e s   of  p r e s t e a m i n g   to  remove  a i r   fo l lowed  b y  

p r e s s u r e   i m p r e g n a t i o n .   The  p r o c e d u r e   was  c a r r i e d   out  at  22°C.  

The  excess   l i q u o r ,   not  abso rbed   by  the  ch ips ,   was  

poured  of f   and  c o l l e c t e d   for  a n a l y s i s   by  a u t o m a t i c   t i t r a t e r ,  

to  de t e rmine   the  e f f e c t i v e   a l k a l i   and  s u l p h i d i t y   l e v e l s   o f  

the  wi thdrawn  l i q u o r ,   and  by  GC-MS  (gas  c h r o m a t o g r a p h y -  

mass  s p e c t r o s c o p y )   to  measure  i t s   c o n t e n t   of  a d d i t i v e .  

Simple  c a l c u l a t i o n s   were  then  c a r r i e d   out  to  de t e rmine   t h e  

cha rges   of  chemica l s   and  a d d i t i v e   in  the  chips   dur ing   t h e  

cooking  p r o c e s s .  

All  o the r   o p e r a t i o n s   were  c a r r i e d   out  in  t h e  

manner  d e s c r i b e d   in  Example  1.  For  l i q u i d   phase  c o o k s ,  

the  a d d i t i v e s   and  chemica l s   were  charged   to  the  chips  i n  

the  m i c r o d i g e s t o r   f o l l o w e d  b y   c l o s u r e   and  c o o k i n g .  

L iquid   phase  cooks  were  c a r r i e d   out  wi th   t h e  

e f f e c t i v e   a l k a l i ,   s u l p h i d i t y   and  a d d i t i v e  l e v e l s   l i s t e d  

in  Table  II  under  the  heading  " I m p r e g n a t e d   L i q u o r " .  







EXAMPLE  3 

In  8  runs ,   samples  of  b l a c k   sp ruce   c h i p s   w e r e  

s u b j e c t e d   to  p u l p i n g   t r e a t m e n t   employing  soda  l i q u o r .   I n  

each  run,   two  samples   of  the  chips  were  t r e a t e d ,   one  by  v a p o u r  

phase   cooking  and  the  o the r   by  c o n v e n t i o n a l   l i q u i d   p h a s e  

c o o k i n g .   The  r e s u l t s   o b t a i n e d  a r e  s h o w n   in  Table   I I I .   As  w i l l  

be  seen  in  s a id   Table ,   no  a d d i t i v e   was  used  in  run  1  w h e r e a s  

t h e r e   was  used  as  an  a d d i t i v e ,   a n t h r a q u i n p n e   (AQ)  in  runs   2 ,  

3  and  4;  2 - m e t h y l   a n t h r a q u i n o n e   (2-MeAQ)  in  runs  5  and  6 ;  

and  l , 4 , 4 a , 9 a   a n t h r o q u i n o n e   (THAQ)  in  runs   7  and  8 .  

I m p r e g n a t i o n   of  the  chips  for  the  vapour   p h a s e  

cook ing   was  e f f e c t e d   as  f o l l o w s :  

In  run  1,  the  chips   were  i m p r e g n a t e d   as  per   -- 

Example  2 .  

In  runs   2,  3  and  4,  the  c h i p s   were  i m p r e g n a t e d   a s  

per   Example  1 .  

In  runs  5  and  6,  the  ch ips   were  i m p r e g n a t e d   e s s e n t i a l l y  

as  per  Example  2  excep t   t h a t   the  m i c r o d i g e s t o r   c o n t e n t s   w e r e  

p r e h e a t e d   at  80°C  for  1  hour  b e f o r e   i m p r e g n a t i o n   at  8 0 ° C .  

This  m o d i f i c a t i o n   was  n e c e s s a r y   to  a l l ow   the  2MeAQ  to  be  r e d u c e d  

and  pass   i n to   s o l u t i o n   to  ach ieve   a  s u p e r i o r   p e n e t r a t i o n .  

In  r u n s  7   and  8,  i m p r e g n a t i o n   was  e f f e c t e d   a s  

f o l l o w s :  

a)  The  ch ips   were  charged  to  the  m i c r o d i g e s t o r ,   the   l a t t e r  

c l o s e d   and  the  c o n t e n t s   s u b j e c t e d   to  10  c y c l e s   of  75  p s i g  

n i t r o g e n   p r e s s u r e   for  1  minute  f o l l o w e d   by  20  mm  Hg  vacuum 

for   1  minute   to  remove  a i r   from  the   wood .  

b)  THAQ  was  added  to  d i l u t i o n   water   in  a  f l a s k ,   pu rged   of  a i r  

w i t h   n i t r o g e n   fo l lowed   by  the  a d d i t i o n   to  the  a d d i t i v e  

of  p a r t   of  the  o x y g e n - f r e e   c a u s t i c   soda  charge   for   the  c o o k .  



c)  The  above  was  hea ted   at  95°C  under  n i t r o g e n   u n t i l   t h e  

THAQ  passed  c o m p l e t e l y   i n to   s o l u t i o n ,   forming  an  o r a n g e -  

red  s o l u t i o n .   This  was  cooled  under   n i t r o g e n   and  f i n a l l y  

the  f l a sk   was  s e a l e d   under  n i t r o g e n   by  means  of  s t o p -  

c o c k s .  

d)  The  m i c r o d i g e s t o r ,   d i s s o l v e d   a d d i t i v e   and  r e m a i n i n g  

pu lp ing   chemica l s   were  p l a c e d   in  a  n i t r o g e n - f i l l e d  

glove  box  fo l lowed  by  the  assembly   of  the  cook  u n d e r  

n i t r o g e n .  

e)  The  t r e a t m e n t   d e s c r i b e d   in  Example  2  (c)  was  t h e n  

c a r r i e d   out  on  the  c o n t e n t s   of  the  m i c r o d i g e s t o r .  

The  excess   l i q u o r ,   not  absorbed   by  the  c h i p s ,  

was  poured  off   and  c o l l e c t e d   for  a n a l y s i s   as  in  Example  2 .  

All  o the r   o p e r a t i o n s   were  c a r r i e d . o u t   in  t h e  

manner  d e s c r i b e d  i n   Example  1.  For  l i q u i d   phase   c o o k s ,  

the  a d d i t i v e s   and  chemica l s   were  charged   to  the  chips  i n  

the  m i c r o d i g e s t o r   fo l lowed   by  c l o s u r e   and  c o o k i n g .  

Liquid   phase  cooks  were  c a r r i e d   out  with  t h e  

e f f e c t i v e   a l k a l i   and  a d d i t i v e   l e v e l s   shown  in  Table  I I I  

under   the  heading  " I m p r e g n a t e d   L i q u o r " .  







EXAMPLE  4 

In  two  runs ,   samples  of  b l a c k   sp ruce   chips   w e r e  

s u b j e c t e d   to  pu lp ing   t r e a t m e n t   employing  a  p o l y s u l p h i d e   l i q u o r .  

In  each  run,  two  samples  of  the  chips  were  t r e a t e d ,   one  b y  

vapour   phase   cooking  and  the  o t h e r ,   for  p u r p o s e s   of  c o m p a r i s o n ,  

by  c o n v e n t i o n a l   l i q u i d   phase  cook ing .   The  r e s u l t s   o b t a i n e d  

are   shown  in  Table  IV.  As  w i l l   be  seen  in  sa id   t a b l e ,   no 

a d d i t i v e   was  used  in  run  1  whereas   in  run  2,  the  a d d i t i v e  

a n t h r a q u i n o n e   was  u s e d .  

I m p r e g n a t i o n   of  the  chips   for  the   vapour   p h a s e  

cooking   was  e f f e c t e d   by  the  same  t e c h n i q u e   as  used  for  r u n s  

5  and  6  of  Example  3,  except   t h a t   the  one  hour  p r e h e a t i n g  

o p e r a t i o n   (to  form  the  p o l y s u l p h i d e   s o l u t i o n )   and  the  s u b -  

s e q u e n t   i m p r e g n a t i o n   were  c a r r i e d   out  at  50°C  i n s t e a d   o f  

8 0 ° C .  

All  o the r   o p e r a t i o n s   were  c a r r i e d   out  in  t h e  

manner  d e s c r i b e d   in  Example  1 .  







EXAMPLE  5 

In  seven  runs ,   samples  of  b l a c k   spruce   c h i p s  

were  s u b j e c t e d   to  p u l p i n g   t r e a t m e n t   employing  an  a l k a l i n e  

s u l p h i t e   l i q u o r .   In  each  run,   two  samples  of  the  ch ips   w e r e  

t r e a t e d   one  by  vapour  phase  cooking  and  the  o t h e r ,   f o r  

compar i son   p u r p o s e s ,   by  c o n v e n t i o n a l   l i q u i d   phase  c o o k i n g .  

The  r e s u l t s   o b t a i n e d   are  showin  in  Table  V.  As  w i l l   b e '  

seen  in  said  t a b l e ,   no  a d d i t i v e   was  used  in  run  1  w h e r e a s  

in  the  o the r   runs  a  c y c l i c   ke to   compound  was  used  as  an  

a d d i t i v e .  

I m p r e g n a t i o n   of  the  chips   for  the  vapour  p h a s e  

p u l p i n g   was  e f f e c t e d   by  the  same  t e c h n i q u e   as  used  f o r  

runs  5  and  6  of  Example  3. 

All  o the r   o p e r a t i o n s   were  c a r r i e d   out  in  t h e  

manner  d e s c r i b e d   in  Example  1 .  







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

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

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

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

f r o m   0 . 0 0 1 %   t o   1 0 . 0 %   by  w e i g h t   b a s e d   on  t h e   l i g n o c e l l u l o s i c  

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

a n t h r o n e ,   p h e n a n t h r e n e q u i n o n e ,   t h e   a l k y l ,   a l k o x y   a n d  

a m i n o   d e r i v a t i v e s   of  t h e s e   f o u r   c o m p o u n d s ,   6 , 1 1 - d i o x o -  

1 H - a n t h r a   1 , 2 - c   p y r a z o l e ,   a n t h r o q u i n o n e - 1 , 2   n a p h t h a c r i -  

d o n e ,   7 , 1 2 - d i o x o - 7 , 1 2   d i h y d r o a n t h r a   1 , 2 - b   p y r a z i n e ,   1 , 2 -  

b e n z a n t h r a q u i n o n e ,   1 0 - m e t h y l e n e   a n t h r o n e   and   t h e   u n -  

s u b s t i t u t e d   and   l o w e r   a l k y l   s u b s t i t u t e d   D i e l s   A l d e r  

a d d u c t s   o f   n a p h t h o q u i n o n e   and   b e n z o q u i n o n e ,  

i i .   r e m o v i n g   any  e x c e s s   of   l i q u o r   f r o m   t h e  

i m p r e g n a t e d   m a t e r i a l ,   a n d  

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

.  t o   a  t e m p e r a t u r e   i n   t h e   r a n g e   of   1 5 0 ° C   t o   2 0 0 ° C   f o r   a  

p e r i o d   of   0 . 5   t o   480  m i n u t e s .  

2.   A  p r o c e s s   as  c l a i m e d   i n   c l a i m   1  w h e r e i n   t h e  

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

n a p h t h o q u i n o n e ,   a n t h r a q u i n o n e ,   a n t h r o n e   a n d  p h e n a n t h r e n e -  

q u i n o n e   r a n g e   f r o m   1  t o   2  i n   n u m b e r   a n d   e a c h   h a v e   f r o m  

1  t o   4  c a r b o n   a t o m s ,   and   t h e   a l k o x y   g r o u p s   i n   t h e   a l k o x y  

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

n u m b e r   a n d   e a c h   h a v e   f r o m   1  t o   4  c a r b o n   a t o m s .  

3.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   1,  w h e r e i n  

t h e   a l k y l   g r o u p   i n   t h e   a l k y l   s u b s t i t u t e d   D i e l s   A l d e r  

a d d u c t s   r a n g e   f r o m   1  t o   4  i n   n u m b e r   a n d   e a c h   c o n t a i n   f r o m  

1  t o   4  c a r b o n   a t o m s .  

4.   A  p r o c e s s   as  c l a i m e d   i n   c l a i m   1  w h e r e i n   t h e  

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

5.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   1  w h e r e i n   t h e  

c y c l i c   k e t o   c o m p o u n d   i s   a n t h r o n e ,   a n t h r a q u i n o n e ,   2 - m e t h y l -  

a n t h r a q u i n o n e ,   2 - e t h y l a n t h r a q u i n o n e ,   2 , 6 - d i m e t h y l a n t h r a -  



q u i n o n e ,   2 , 7 - d i m e t h y l a n t h r a q u i n o n e ,   2 , 3 - d i m e t h y l a n t h r a -  

q u i n o n e ,   1 - m e t h o x y a n t h r a q u i n o n e   or  2 - a m i n o a n t h r a q u i n o n e .  

.  6.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   1  w h e r e i n  

t h e   c y c l i c   k e t o   c o m p o u n d   i s   a  D i e l s   A l d e r   a d d u c t   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   of  1 , 4 , 4 a , 5 , 8 , 8 a , 9 a , 1 0 a - o c t a -  

h y d r o a n t h r a g u i n o n e ,   2 , 3 , 6 , 7 - t e t r a m e t h y l - 1 , 4 , 4 a , 5 , 8 , 8 a ,  

9 a , 1 0 a - o c t a h y d r o a n t h r a q u i n o n e ,   1 , 4 , 4 a , 9 a - t e t r a h y d r o -  

a n t h r a q u i n o n e ,   2 - e t h y l - 1 , 4 , 4 a , 9 a - t e t r a h y d r o a n t h r a q u i n o n e ,  

2 , 3 - d i m e t h y l - l , 4 , 4 a , 9 a - t e t r a h y d r o a n t h r a q u i n o n e ,   2 , 3 -  

d i m e t h y l - 1 , 4 , 4 a , 9 a - t e t r a h y d r o a n t h r a q u i n o n e   and   1 , 3 -  

d i m e t h y l - 1 , 4 , 4 a , 9 a - t e t r a h y d r o a n t h r a o u i n o n e .  

7.  A  p r o c e s s   as  c l a i m e d   i n   any   one  of   t h e  

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

c o n t a i n s   f r o m   0 . 0 1 %   to   1 .0%  by  w e i g h t   b a s e d   on  l i g n o -  

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

8.  A  p r o c e s s   as  c l a i m e d   i n   any  one  of  t h e  

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

a  s o d a   l i q u o r .  

9.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   8  w h e r e i n  

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

f r o m   0 . 0 1 %   to   1 0 . 0 %   by  w e i g h t   b a s e d   on  t h e   l i g n o c e l l u l o s i c  

m a t e r i a l   of  a  n i t r o a r o m a t i c   c o m p o u n d   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   of  n i t r o b e n z e n e ,   2 - n i t r o a n i l i n e ,   4 - n i t r o -  

a n i l i n e ,   4 - n i t r o b e n z a l d e h y d e ,   4 - n i t r o b e n z o i c   a c i d ,   4 -  

n i t r o r e s o r c i n o l ,   4 - n i t r o s t y r e n e ,   2 - n i t r o t o l u e n e ,   4 - n i t r o -  

t o l u e n e ,   1 , 2 - d i n i t r o b e n z e n e ,   1 , 3 - d . i n i t r o b e n z e n e ,   1 , 4 -  

d i n i t r o b e n z e n e ,   2 , 4 - d i n i t r o t o l u e n e ,   3 , 5 - d i n i t r o b e n z o i c  

a c i d ,   4 , 6 - d i n i t r o - o - c r e s o l ,   2 , 4 - d i n i t r o r e s o r c i n o l   and  t h e  

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

c o m p o u n d s .  

10 .   A  p r o c e s s   as  c l a i m e d   i n   c l a i m   9  w h e r e i n   t h e  

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

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

11.   A  p r o c e s s   as  c l a i m e d   i n   any  one  of  c l a i m s  

1  t o   7,  w h e r e i n   t h e   a l k a l i n e   p u l p i n g   l i q u o r   i s   a  k r a f t  

l i q u o r .  



12.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   11 ,   w h e r e i n  

t h e   k r a f t   l i q u o r   c o n t a i n s   f r o m   1 . 0 %   to   5 .0%  by  w e i g h t  

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

p o l y s u l p h i d e s   e x p r e s s e d   as  s u l p h u r .  

13.   A  p r o c e s s   as  c l a i m e d   i n   any  one  of   c l a i m s  

1  t o  7   w h e r e i n   t h e   a l k a l i n e   p u l p i n g   l i q u o r   i s   a n  

a l k a l i n e   s u l p h i t e   l i q u o r .  

14 .   A  p r o c e s s   as  c l a i m e d   i n   any  one  of   t h e  

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

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

1 5 .   D e l i g n i f i e d   l i g n o c e l l u l o s i c   m a t e r i a l  

w h e n e v e r   p r e p a r e d   by  a  p r o c e s s   as  c l a i m e d   i n   a n y  o n e   o f  

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




	bibliography
	description
	claims
	search report

