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THE VISCOSITIES OF UNBLEACHED ALKALINE PULPS 

G.J. Kubes, J .M. MacLeod, B.I. Fleming and 8.1. Bolker  
P u l p  and Paper  Research I n s t i t u t e  of Canada, 

570 S t .  John's Boulevard,  
P o i n t e  C l a i r e ,  Quebec, Canada. H9R 359. 

ABSTRACT 

The v i s c o s i t i e s  of unbleached k r a f t ,  kraft-AQ, soda ,  and soda- 
AQ p u l p s  were determined ove r  a wide range of a d d i t i v e  c o n c e n t r a -  
t i o n s  and s u l p h i d i t i e s ,  b u t  a t  c o n s t a n t  e f f e c t i v e  a l k a l i  and H- 
f a c t o r .  There was no s i g n i f i c a n t  e f f e c t  of AQ o r  s u l p h i d e  ion on  
v i s c o s i t y .  A s  e x p e c t e d ,  e f f e c t i v e  a l k a l i  h a d  a l a r g e  e f f e c t  on 
v i s c o s i t y ,  w h i l e  H-factor  had a lesser i n f l u e n c e .  V i s c o s i t y  is no t  
a r e l i a b l e  i n d i c a t o r  of t h e  s t r e n g t h s  of u n b l e a c h e d  p u l p s  made by 
r e d u c t i v e  a l k a l i n e  p rocesses .  

INTRODUCTION 

We have r e c e n t l y  expanded t h e  c o n c e p t  o f  r e d u c t i v e  a l k a l i n e  

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

p r o c e s s e s ,  i n c l u d i n g  k r a f t  . Our mechanism c o n s i d e r s  t h e  pulp- 

i n g  a d d i t i v e ,  be  i t  sodium s u l p h i d e  o r  a r educed  q u i n o n e ,  t o  be  a 

r e s e r v o i r  of r educ ing  power which a c c e l e r a t e s  d e l i g n i f i c a t i o n .  In 

t h i s  a r t i c l e ,  we re la te  t h e  v i s c o s i t i e s  of b l e a c h a b l e - g r a d e  p u l p s  

from d i f f e r e n t  a l k a l i n e  p r o c e s s e s  t o  two v a r i a b l e s ,  a l k a l i  and 

cook ing  t ime. The s t r o n g  e f f e c t  of  a l k a l i  c h a r g e  on v i s c o s i t y  i s  

known f o r  k r a f t  pulping , b u t  i t  i s  now g e n e r a l i z e d  t o  i n c l u d e  

o t h e r  a l k a l i n e  p r o c e s s e s .  R e d u c i n g  a d d i t i v e s  a p p e a r  t o  h a v e  no 

e f f e c t  on p u l p  v i s c o s i t i e s .  The p r e v i o u s  o b s e r v a t i o n  t h a t  t h e  
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2 KUBES ET AL. 

v i s c o s i t i e s  of unbleached k r a f t  pu lps  do n o t  c o r r e l a t e  w i t h  t h e i r  

s t r e n g t h s  i s  a l s o  extended t o  pulps  from d i f f e r e n t  a l k a l i n e  pro- 

c e s s e s .  

EFFECT OF ADDITIVES ON PULP VISCOSITY 

In our  ear l ier  p u b l i c a t i o n s ,  t h e  v i s c o s i t i e s  of v a r i o u s  soda- 

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

t h e  pulp y i e l d  o r  d e g r e e  of d e l i g n i f i c a t i o n  ( u s u a l l y  expres sed  a s  

Kappa number), and appeared t o  show t h a t  d i f f e r e n t  a d d i t i v e s  l i k e  

e thy lened iamine  (EDA) , an th raqu inone  (AQ) 6 3 7  o r  even Na2S i t -  

s e l f ,  had a n  impor t an t  e f f e c t  on p u l p  v i s c o s i t y .  F i g u r e  1 shows  

v i scos i ty -kappa  number p l o t s  f o r  b l a c k  s p r u c e  p u l p s  p r e p a r e d  by 

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

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

When t h e  cooking c o n d i t i o n s  ( e f f e c t i v e  a l k a l i  cha rge  and cook- 

i n g  t ime) were k e p t  c o n s t a n t ,  however, pu lp  v i s c o s i t y  w a s  f o u n d  t o  

b e  independen t  of t h e  dose  of a d d i t i v e  ( F i g u r e  2 ) .  I n d i c a t i o n s  o f  

t h i s  phenomenon in kraft-anthraquinone-2-sulphonate pu lp ing  of p i n e  

have  been pub l i shed  * . 
kappa numbers between t h e  pulps  r e p r e s e n t e d  by t h e  r i g h t -  and l e f t -  

hand d a t a  p o i n t s  i n  F i g u r e  2 (showing t h e  impact of AQ o r  s u l p h i d e  

i o n  on t h e  d e l i g n i f i c a t i o n  r a t e ) ,  t h e  a d d i t i v e s  had  no e f f e c t  on 

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

soda  and soda- AQ p u l p i n g  of s p r u c e  wood m e a l  c o r r o b o r a t e  t h i s  con- 

c l u s i o n  9-11 . 
s u l t  from t h e  v a r i e t y  of a l k a l i n i t i e s  and cooking t i m e  l e v e l s  need- 

e d  t o  r e a c h  a g i v e n  kappa number - a consequence  of  t h e  d i f f e r i n g  

d e l i g n i f i c a t i o n  rates of t h e  p rocesses .  

Although t h e r e  were l a r g e  d i f f e r e n c e s  i n  

The v i s c o s i t y  d i f f e r e n c e s  a p p a r e n t  i n  F i g u r e  1 re- 

F i g u r e  3 shows t h a t  i t  w a s  t h e  a l k a l i  c h a r g e  t h a t  had  a pro-  

found e f f e c t  on pu lp  v i s c o s i t y .  A t  c o n s t a n t  t empera tu re  and  cook-  

i n g  t i m e ,  and independent  of t h e  p u l p i n g  p r o c e s s ,  p u l p  v i s c o s i t y  

d e c l i n e d  r a p i d l y  as t h e  e f f e c t i v e  a l k a l i  (EA) c h a r g e  w a s  r a i s e d .  

T h i s  r e l a t i o n s h i p  w a s  o b s e r v e d  d e s p i t e  l a r g e  d i f f e r e n c e s  i n  t h e  
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UNBLEACHED ALKALINE PULPS 3 
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FIGURE 1. Viscosity-kappa number r e l a t i o n s h i p s  of pu lps  prepared 
i n  k r a f t ,  soda,  soda-AQ, and kraft-AQ l i q u o r s .  The unbleached 
p u l p s  were completely d e l i g n i f i e d  i n  mild a c i d  c h l o r i t e  s o l u t i o n s  
b e f o r e  v i s c o s i t i e s  were measured. 
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FIGURE 2 .  R e l a t i o n s h i p  of v i s c o s i t y  t o  a d d i t i v e  charge.  KraEt-A(!:  
14% e f f e c t i v e  a l k a l i  on 0 .d .  wood, 25% s u l p h i d i t y ,  95 minutes  
cooking t i m e  a t  170'C; convent iona l  k r a f t :  18% e f f e c t i v e  a l k a l i ,  
80 minutes  cooking time a t  1 7 O o C ;  soda-AQ: 15.3% e f f e c t i v e  a l k a l i  
and 95 minutes  cooking t i m e  a t  1 7 O O C .  AQ is  repor ted  as % on 0 .d .  
wood. 
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UNBLEACHED ALKALINE PULPS 5 

kappa numbers of t h e  pu lps  a t  g i v e n  EA c h a r g e s .  F o r  e x a m p l e ,  a t  

23% EA,  a l l  f o u r  p rocesses  y i e l d e d  pu lps  w i t h  v i s c o s i t i e s  of 1 5  2 2 

mPa.s, w h i l e  t h e  Kappa numbers v a r i e d  f rom 1 6  f o r  kraf t -AQ t o  6 5  

f o r  soda pulp.  

A s  can  be seen  from t h e  small s l o p e  of t h e  l i n e s  i n  F i g u r e  4 ,  

cooking t i m e  had a l e s s e r  e f f e c t  o n  p u l p  v i s c o s i t y .  Once a g a i n ,  

c l o s e  co inc idence  of t h e  d a t a  p o i n t s  of a l l  f o u r  p r o c e s s e s  i s  e v i -  

d e n t .  Over t h e  e n t i r e  cooking t i m e  range of 70-120 m i n u t e s ,  p u l p s  

produced w i t h  a c h a r g e  o f  1 5 . 3 %  E A  had h i g h e r  v i s c o s i t i e s  t h a n  

t h o s e  a t  18% EA. 

The c o n v e n t i o n a l  me thod  o f  c o m p a r i n g  p u l p  v i s c o s i t i e s  a t  a 

g i v e n  y i e l d  o r  l i g n i n  c o n t e n t  r e l a t e s  two d e p e n d e n t  v a r i a b l e s .  

While t h i s  i s  u s e f u l  f o r  comparing t h e  s e l e c t i v i t i e s  of p r o c e s s e s ,  

i t  can  be mis l ead ing  i f  one i s  look ing  f o r  t h e  e f f e c t  o f  a n  a d d i -  

t i v e  on c e l l u l o s e  s t a b i l i t y  i n  a l k a l i n e  m e d i a .  The p r o b l e m  h a s  

u s u a l l y  been t h a t  i n  o r d e r  t o  compare  p u l p s  a t  t h e  same l i g n i n  

c o n t e n t ,  when made wi th  and wi thou t  a n  a c c e l e r a t i n g  a d d i t i v e ,  t h e  

pu lp ing  c o n d i t i o n s  had t o  be d i f f e r e n t :  t h e  a c c e l e r a t e d  cook  had 

t o  have l e s s  a l k a l i  o r  less pulping t ime ,  and t h u s  two p a r a m e t e r s  

( e i t h e r  a d d i t i v e  p l u s  cooking t i m e  o r ,  a d d i t i v e  p l u s  a l k a l i )  had t o  

b e  a l t e r e d  s imul t aneous ly .  

s o n ,  and  c o n c l u d e d  t h a t  b e c a u s e  P. r a d i a t a  soda-AQ p u l p  had  a 

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

quinone w a s  p r o t e c t i n g  t h e  c a r b o h y d r a t e s  from a l k a l i n e  a t t a c k .  In 

f a c t ,  soda-AQ p u l p s  have h i g h e r  v i s c o s i t i e s  o n l y  b e c a u s e  c o o k i n g  

t i m e  is much s h o r t e r  when t h e  a c c e l e r a t o r  i s  p r e s e n t .  I t  i s  w e l l  

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

hydrox ide  i o n  a t t a c k  l 3 y L 4  ; however, t h i s  shou ld  not  be confused 

w i t h  v i s c o s i t y  p r e s e r v a t i o n .  Quinone a d d i t i v e s  which o x i d i z e  end- 

g roups  and s t o p  t h e  p e e l i n g  r e a c t i o n  would no t  n e c e s s a r i l y  i n h i b i t  

hydrox ide  i o n  a t t a c k  o n  t h e  c e l l u l o s e  c h a i n  l i n k a g e s  - t h e  m a j o r  

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

c h a r i d e s .  

A lga r  e t  a l .  l2 made such a compari- 
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FIGURE 4. 
t h e  s o d a o ,  k r a f  to, k r a f  t-AQ A , and soda-AQ A p r o c e s s e s .  
cha rge  v a r i e d  from 0 . 1  t o  0.25% on 0 .d .  wood; s u l p h i d i t y  of t h e  
l i q u o r  i n  a l l  k r a f t  pu lp ing  w a s  30%. 

R e l a t i o n s h i p  of  v i s c o s i t y  t o  cooking t i m e  a t  1 7 O O C  f o r  
AQ 

VISCOSITY AS A MEASURE OF UNBLEACHED PULP STRENGTH 

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

e s p e c i a l l y  of bleached pulps .  Among u n b l e a c h e d  p u l p s ,  t h e  re la-  

t i o n s h i p  is not obvious.  For  example, we have observed t h a t  t h e  

v i s c o s i t i e s  of h i g h - t e a r - s t r e n g t h  soda-EDA pu lps  were somewhat low- 

e r  t h a n  t h o s e  of  k r a f t  pulps .  Kraft-AQ s o f t w o o d  p u l p s ,  h o w e v e r ,  

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

numbers,  w h i l e  v i s c o s i t i e s  of soda-AQ p u l p s  w e r e  t y p i c a l l y  l o w e r  

t h a n  t h o s e  of k r a f t  ( F i g .  1). It was u n c l e a r  whether  any c o r r e l a -  

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

o f  v a r i o u s  a l k a l i n e  pulps .  

Tear-vs-breaking l e n g t h  d a t a  were p l o t t e d  f o r  unbleached soda- 

EDA, k r a f t ,  kraft-AQ, soda-AQ, and soda pu lps  spanning a wide r ange  

o f  kappa numbers (and hence, v i s c o s i t y  v a l u e s ) .  T e a r  v a l u e s  a t  a 

c o n s t a n t  b reak ing  l e n g t h  ( v i z . ,  10 km) were d e t e r m i n e d  f rom t h e s e  

p l o t s ,  t h e r e b y  p u t t i n g  a l l  t h e  p u l p s  on t h e  same c o m p a r a t i v e  

s t r e n g t h  b a s i s .  These tear v a l u e s  were t h e n  p l o t t e d  a g a i n s t  t h e  
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22 
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10 

cor re spond ing  pu lp  v i s c o s i t i e s ,  as shown i n  F i g u r e  5. T h i s  p l o t  

c l e a r l y  shows t h a t  when making s t r e n g t h  c o m p a r i s o n s  among a l k a l i -  

a d d i t i v e  pu lps ,  a p a r t i c u l a r  v i s c o s i t y  v a l u e  may b e a r  no r e l a t i o n -  

s h i p  whatsoever  t o  pu lp  s t r e n g t h .  For example,  a v i s c o s i t y  of  30 

mPa.s co r re sponds  t o  f i v e  d i f f e r e n t  t e a r  s t r e n g t h s  (in mN.m2/g) f o r  

t h e s e  f i v e  d i f f e r e n t  k i n d s  of  p u l p :  soda-EDA, 2 2 ;  k r a f t ,  1 9 ;  

kraft-AQ, 16 ;  soda-AQ, 14;  and soda ,  11. 

- 
- 

- 

- 
- 

- 

- 

I n  o t h e r  words,  t h e  r e l a t i v e  s t r e n g t h s  o f  p u l p s  made by d i f -  

f e r e n t  a l k a l i n e  p r o c e s s e s  canno t  be deduced from t h e  v i s c o s i t i e s  of 

t h e  pulps .  Ra the r ,  i t  is n e c e s s a r y  t o  b u i l d  up a r e l i a b l e  c o l l e c -  

t i o n  of v i s c o s i t y  and pu lp  s t r e n g t h  d a t a  f o r  each p r o c e s s ,  and make 

UNBLEACHED BLACK SPRUCE PULPS 
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FIGURE 5. 
ous soda -add i t ive  p u l p s .  
were o b t a i n e d  from t e a r - t e n s i l e  g raphs  of each  pu lp .  The same 
r e l a t i o n s h i p s  were obse rved  f o r  tear v a l u e s  a t  13 km b r e a k i n g  
l e n g t h .  EDA is e thy lened iamine .  The p u l p s  were d e l i g n i f i e d  by 
a c i d  c h l o r i t e  b l e a c h i n g  b e f o r e  t h e  v i s c o s i t i e s  were de te rmined .  

The r e l a t i o n s h i p  between s t r e n g t h  and v i s c o s i t y  of  vari-  
The tear v a l u e s  a t  10 lon b r e a k i n g  l e n g t h  
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8 KUBES ET AL. 

i n f e r e n c e s  from t h e  former t o  t h e  l a t te r  only w i t h i n  o n e  p r o c e s s .  

Even then ,  tear s t r e n g t h  a t  c o n s t a n t  b reak ing  l e n g t h  may p e a k  a t  a 

p a r t i c u l a r  v i s c o s i t y  l e v e l  (e .g . ,  28 mPa.s f o r  k r a f t ) ,  o r  may r e -  

main r e l a t i v e l y  unchanged ove r  a wide range of  v i s c o s i t i e s  ( e . g . ,  

soda-AQ o r  kraft-AQ). Thus, v i s c o s i t y  may be  a s a t i s f a c t o r y  r o u g h  

i n d i c a t o r  of optimum unbleached pulp s t r e n g t h  w i t h i n  t h e  k r a f t  pro- 

cess, b u t  n o t  w i t h i n  e i t h e r  t he  soda-AQ o r  kraft-AQ p r o c e s s e s .  

CONCLUSIONS 

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

y i e l d  o r  l i g n i n  c o n t e n t  r e l a t e s  two dependent v a r i a b l e s ,  and can  be 

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

c e l l u l o s e  s t a b i l i t y  in a l k a l i n e  media .  Under  c o n d i t i o n s  o f  con- 

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

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

v i s c o s i t i e s ;  t h u s ,  w h i l e  profoundly changing t h e  y i e l d  a n d  l i g n i n  

c o n t e n t ,  t h e  a d d i t i v e s  AQ and sodium s u l p h i d e  had no e f f e c t  on un- 

b l eached  pulp v i s c o s i t y .  Only t h e  e f f e c t i v e  a l k a l i  cha rge  s t r o n g l y  

a f f e c t e d  pu lp  v i s c o s i t y ,  which is i n  agreement w i t h  a r e c e n t  r e p o r t  

on kraft-AQ p u l p i n g  . Cooking t i m e  had a lesser i n f l u e n c e .  

V i s c o s i t y  proved no t  t o  be a u s e f u l  i n d i c a t o r  of t h e  s t r e n g t h s  

o f  unbleached pu lps  made by a l k a l i n e  p r o c e s s e s  such  a s  s o d a ,  soda -  

AQ, soda-EDA, k r a f t  and kraft-AQ. Ne i the r  w a s  i t  of  any v a l u e  f o r  

p r e d i c t i n g  unbleached pulp s t r e n g t h s  w i t h i n  o n e  o f  t h e .  a b o v e  pro-  

c e s s e s ,  w i t h  t h e  p o s s i b l e  e x c e p t i o n  of k r a f t .  

EXPERIMENTAL 

Black  s p r u c e  m i l l  c h i p s  (250 g 0 . d .  and 1 kg o -d .  r e s p e c t i v e -  

l y )  w e r e  pulped i n  2-L bombs o r  a 20-L d i g e s t e r ;  t h e  e q u i p m e n t  and  

c o n d i t i o n s  were d e s c r i b e d  i n  e a r l i e r  work1, e x c e p t :  

e f f e c t i v e  a l k a l i  c h a r g e  (as  N a 2 0 ) ,  % on 0.d. wood . . 1 3  - 23 

g/L of l i q u o r  . . 32.5 - 57.5 

s u l p h i d i t y ,  (% Na2S based on a c t i v e  a l k a l i  cha rge )  . . 2 - 24 

a n t h r a q u i n o n e ,  % on 0.d. wood . . . . . . . . . . . . 0.05 - 0.50 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
4
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



UNBLEACHED ALKALINE PULPS 9 

The 2-L bombs c o n t a i n e d  a i r  e q u i v a l e n t  t o  o n l y  1.6 mmol 02/100 g 

d r y  wood16. 

Cooking t i m e  t o  t e m p e r a t u r e  was 9 0  m i n u t e s  f o r  a l l  c o o k s ,  and  

t i m e  a t  maximum t e m p e r a t u r e  (170°C) w a s  i n  t h e  r a n g e  70 -120  min- 

u t e s ,  which c o r r e s p o n d s  i n  t h e  k r a f t  p r o c e s s  t o  "H" f a c t o r s  i n  t h e  

r a n g e  1000-2200, Liquor-to-wood r a t i o  w a s  4 L/kg. 

P u l p  p r o p e r t i e s  were measured a c c o r d i n g  t o  t h e  CPPA a n d  PPRIC 

s t a n d a r d  methods d e s c r i b e d  i n  R e f e r e n c e  1. Befo re  t h e  v i s c o s i t i e s  

w e r e  d e t e r m i n e d  ( T a p p i  T-230), t h e  u n b l e a c h e d  p u l p s  were 

d e l i g n i f  i e d  by a c i d  c h l o r i t e  b l each ing17 .  
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