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VISCOSITIES OF UNBLEACHED ALKALINE PULPS. 111. 
WOOD SPECIES. 

G.  Kubes and B . I .  Fleming 
Pulp and Paper Research I n s t i t u t e  of Canada 

570 S t .  John ' s  Boulevard 
Poin te  Claire,  Quebec, Canada H9R 359 

ABSTRACT 

A v a r i e t y  of hardwoods and softwoods were cooked under iden-  
t i c a l  condi t ions  (cons tan t  a l k a l i  charge,  temperature  and time) 
and y ie lded  pulps  of widely vary ing  Kappa number b u t  e s s e n t i a l l y  
c o n s t a n t  v i s c o s i t y .  Wood s p e c i e s  i s  t h e r e f o r e  n o t  a s i g n i f i c a n t  
f a c t o r  i n  determining t h e  v i s c o s i t y  of unbleached pulp .  This  ob- 
s e r v a t i o n  i n d i c a t e s  t h a t  t h e  G-factor equat ion  f o r  v i s c o s i t y  pre-  
d i c t i o n  ( so  f a r  examined only  f o r  spruce)  may have a wide a p p l i c -  
a b i l i t y  . 

We r e p o r t e d  previous ly  t h a t  t h e  d e l i g n i f i c a t i o n  a c c e l e r a t o r s ,  

anthraquinone (AQ) and sodium s u l p h i d e ,  have no e f f e c t  upon pulp  

v i s c o s i t y  provided t h a t  t h e  cooking parameters  ( e f f e c t i v e  a l k a l i  

charge (EA). cooking t i m e  and temperature)  are h e l d  cons tan t  . 
We a l s o  measured t h e  a c t i v a t i o n  e n e r g i e s  f o r  v i s c o s i t y  loss  i n  

a l k a l i n e  cooking and found t h a t ,  aga in ,  AQ and s u l p h i d e  have no 

i n f l u e n c e  , The v i s c o s i t y  of unbleached pulp w a s  found t o  be de- 

termined by only  3 parameters: t h e  e f f e c t i v e  a l k a l i  charge,  t h e  

cooking t i m e  and t h e  temperature .  Of t h e s e ,  t h e  a l k a l i  charge was 

t h e  most important  f a c t o r .  The work r e f e r r e d  t o  w a s ,  how- 

e v e r ,  confined t o  b lack  spruce .  

1 

2 

In  t h i s  r e p o r t  w e  d e s c r i b e  t h e  k r a f t  pulping of  a number of 

d i f f e r e n t  wood s p e c i e s  w i t h  a range of a l k a l i  charges ,  o t h e r  con- 

d i t i o n s  being f ixed .  The Kappa numbers of t h e  r e s u l t i n g  pulps  

4 59 
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460 KUBES AND FLEMING 

were d i s t r i b u t e d  o v e r  a wide range.  This  type o f  pu lp ing  d i f f e r s  

from t h a t  normally p r a c t i s e d  where a t a r g e t  Kappa number i s  sought .  

I n  convent iona l  pu lp ing ,  hardwoods are always cooked w i t h  a r e l a -  

t i v e l y  low a l k a l i  charge because,  compared t o  sof twoods,  they are 

easy t o  d e l i g n i f y .  Consequently, it is  never p o s s i b l e  t o  t e l l  

whether t h e  high v i s c o s i t y  pulps  o b t a i n e d  from hardwoods ( e s p e c i a l l y  

aspen ) are due t o  i n h e r e n t l y  d i f f e r e n t  c e l l u l o s e ,  o r  whether they  

are due t o  t h e  decreased hydroxide i o n  c o n c e n t r a t i o n .  

3 

RESULTS AND DISCUSSION 

When cooked w i t h  a f i x e d  a l k a l i  charge and H-factor, hardwoods 

and softwoods produced p u l p s  of similar v i s c o s i t y *  but  w i t h  a wide 

range of Kappa numbers (F igure  1, Table  I).  A t  a charge 13.1% EA, 

f o r  example, a l l  wood f u r n i s h e s  gave pulp of v i s c o s i t y  53.6 i4 mPa.s 

a l though Kappa numbers ranged from 11 (aspen)  t o  76 (balsam f i r ) .  

The pulp v i s c o s i t y  was s t r o n g l y  dependent on t h e  a l k a l i  charge ,  bu t  

not  on t h e  wood s p e c i e s .  

d a t a  a t  t h e  h i g h e s t  v i s c o s i t i e s  ( lowes t  a l k a l i  c h a r g e s ) .  T h i s  i s  t o  

be expected,  s i n c e  t h e  r e p e a t a b i l i t y  of t h e  v i s c o s i t y  t e s t  i s  given 

as ?4% of t h e  mean v a l u e  . 

There w a s  more sca t te r  i n  t h e  v i s c o s i t y  

5 

The r e s i d u a l  e f f e c t i v e  a l k a l i  i n  t h e  s p e n t  l i q u o r  from r e d  cedar  

was c o n s i s t e n t l y  low:  about  3 g/L below t h e  mean v a l u e  f o r  o t h e r  

softwoods. 

a l k a l i  than o t h e r  softwoods f o r  d e l i g n i f i c a t i o n  t o  a t a r g e t  perman- 

ganate  number. Whatever t h e  reason  f o r  t h e  a l k a l i  consumption, t h e  

red cedar  c e l l u l o s e  w a s  exposed t o  a lower average a l k a l i  charge than 

was t h e  c e l l u l o s e  of  t h e  o t h e r  wood s p e c i e s .  It is  t h e r e f o r e  n o t  

s u r p r i s i n g  t o  f i n d  (Table I )  t h a t  t h e  v i s c o s i t y  of t h e  cedar  pulp was 

c o n s i s t e n t l y  above t h e  mean. I n  r e t r o s p e c t  i t  seems t h a t  t h e  s tandard  

d e v i a t i o n  of t h e  v i s c o s i t y  d a t a  might have been less had t h e  e x p e r i -  

ment been designed t o  a l low f o r  d i f f e r e n t  a c i d i t i e s  i n  t h e  wood 

Horng and Krasnowski noted6 t h a t  r e d  cedar  r e q u i r e d  more 

4 * All t h e  pulps  were s u b j e c t e d  t o  a c i d - c h l o r i t e  d e l i g n i f i c a t i o n  
p r i o r  t o  p r e p a r a t i o n  of t h e  0.5% cuene s o l u t i o n .  
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FIGURE 1. Viscosity is plotted against the Kappa number of kraft 
pulp from numerous wood species cooked at the same 
H-factor and several different effective alkali levels 
(figures in parentheses). 

furnishes. One way to do this is to keep constant not the applied 

effective alkali, but the effective alkali measured at the end of 
7 9 8  the rise-to-temperature (FA 1700). 

is in commercial use with batch digester Work now in 

This type of control strategy 

progress is designed to correlate pulp viscosity with initial ef- 

fective alkali concentration, and with EA1700 values. 
tion coefficients so obtained should demonstrate which parameter 

relates better to pulp viscosity. 

The correla- 

CONCLUSION 

The observations presented in Figure 1 and in Table I indicate 
that the cellulose molecule behaves much the same in alkaline pulp- 

ing regardless of whether it derives from hardwoods or softwoods. 

This fact is normally disguised by the different pulping conditions 

which are needed to achieve adequate delignification. The high vis- 

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



~~
 

~ 
~ 

T
A

B
L

E
 I 

P
ul

pi
nr

 C
on

di
tio

ns
 a

nd
 P

ul
p 

Q
va

lr
ty

 

IS
3

X
E

.4
. 

30
%

 S
u

lp
h

d
it

y 

Y
ie

ld
 

K
a

p
w

 
V

uc
os

rt
y 

W
oo

d 
m

PI
l 
s 

4
8

 6
 

33
 8

 
4

3
 3

 
4

4
 4

 
34

 8
 

39
 7

 
4

8
 4

 
34

 7
 

4
4

 6
 

42
 I 

40
 4

 
40

 I 
48

 2
 

4
8

 0
 

41
 8

 
40

 8
 

38
 0

 
45

 I 

52
 I 

Y
4

 
41

 I 
5

2
 4 

1
7

8
 

4
2

 5 
46

 5
 

12
 6

 
42

 0
 

47
 0

 
3

7
 9

 
42

 2
 

45
 8

 
39

 4
 

45
 0

 

To
ta

l m
p

 

%
o

n
O

D
 

No
 

W
oo

d 
Sp

ec
ie

s 

19
 6

%
 E 

A 
. 

To
t0

1 
P

u
g

 

Io
n

O
D

 
N

o 

30
%

 Su
lp

hl
di

ry
 

Y
ie

ld
 

K
ap

pa
 

V
is

co
si

ty
. 

W
oo

d 
m

P
a 
s 

4
2

 8
 

16
 I

 
1

7
8

 
41

 7
 

17
 7

 
19

 6
 

44
 I 

16
 9

 
I8

 5
 

38
 4

 
19

 5 
I8

 2
 

4
s 

2 
21

 8
 

18
 5

 
37

 6
 

I8
 I 

20
 3

 

51
 2

 
9

4
 

I8
 0

 
4

8
 0

 
12

 7
 

19
 7

 
43

 4
 

I0
 6

 
1

7
9

 

44
 0

 
I9

 8
 

I9
 5

 
41

 9
 

23
 3

 
19

 8
 

4
8

 7
 

I0
 8

 
20

 2
 

B
lo

ck
 s

pr
uc

e 
Ja

ck
 p

in
e 

W
es

te
rn

 h
em

lo
ck

 
D

ou
gl

a5
 f

tr
 

B
al

sa
m

 fi
r 

R
ed

 r
ed

or
 

P
op

la
r 

W
hi

te
 b

ir
ch

 
S

ur
nr

 m
ap

le
 

E
a

te
rn

 s
of

tw
oo

d 
m

ix
tu

re
 

W
es

te
rn

 s
of

tw
oo

d 
m

ix
tu

re
 

H
ar

dw
oo

d 
m

ix
lu

re
 

M
ca

n 
kr

sc
os

ir
v 

76
 Y

 

S
la

nd
or

d 
D

ev
m

ri
on

 o
f 

V
is

co
si

tv
 

5 
07

 

I1
 4

%
 E

.A
.. 

25
%

 S
ul

ph
id

it
y 

T
O

U
l P

u
g

 

5
3

 6 
42

 5
 

I
Y

 (I
 

2 
79

 
I7

7
 

0 
X

Y
 

Y1
rW

 
%

o
n

O
D

 
W

oo
d 

54
 3

 
51

 3
 

54
 9

 
51

 3
 

54
 6

 
4

7
 I 

55
 8

 
54

 8
 

43
 4

 

52
 6

 
50

 8
 

54
 2

 

K
a

p
w

 
V

is
co

ri
r>

. 
No
 

m
fa

 s
 

77
 2

 
7

3
 4 

95
 4

 
7

3
 8 

76
 8

 
84

 8
 

77
 7

 
78

 5
 

91
 3

 
73

 2 
98

 4
 

86
 9

 

12
 6

 
73

 0
 

21
 0

 
74

 6
 

20
 6

 
69

 8
 

77
 4

 
77

 5
 

88
 I

 
82

 6
 

20
 8

 
74

 8
 

13
.1

%
 E

.A
.. 

T
o

ta
l P

ul
p 

Y
ie

ld
 

K
ap

pa
 

w
oo

d 

50
 0

 
56

 3
 

45
 9

 
55

 9
 

51
 0

 
5

7
6

 
45

 9
 

63
 8

 
5

3
 5

 
76

 2
 

45
 2

 
64

 8
 

55
 4

 
10

 6
 

52
 7

 
20

 2
 

49
 3

 
15

 5
 

%
o

n
O

D
 

N
o 

25
%

 Su
lp

hr
di

ry
 

V
uc

os
rt

y.
 

m
Pa

 I 

54
 0

 
5

9
 8

 
51

 9
 

51
 5

 
5

4
 8

 
55

 6
 

5
7

0
 

5
7

0
 

55
 9

 

I 
5

1
8

 
I5

 3
 

48
.9

 

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



VISCOSITIES OF PULPS 111 463 

c o s i t y  pulps  o b t a i n a b l e  from aspen3 are a r e s u l t  o f  t h e  low a l k a l i  

charges  used t o  d e l i g n i f y  t h i s  s p e c i e s ,  r a t h e r  than  from any s p e c i a l  

a t t r i b u t e  of  i t s  c e l l u l o s e .  

The v i s c o s i t y - s p e c i e s  r e l a t i o n s h i p  has  so  f a r  been t e s t e d  o n l y  

a t  1 7 O o C ,  b u t  it seems l i k e l y  t h a t  t h e  v i s c o s i t i e s  of t h e  p u l p s  from 

v a r i o u s  s p e c i e s  w i l l  c o i n c i d e  a t  o t h e r  pu lp ing  tempera tures  a l s o .  

I f  t h i s  proves t o  be t r u e ,  then t h e  G-factor e q u a t i o n  ( p r e v i o u s l y  

t e s t e d  only  f o r  spruce  ) w i l l  have a wider  a p p l i c a b i l i t y ;  a s i n g l e  

r e l a t i o n s h i p  w i l l  cover  a range of s p e c i e s  as w e l l  as a range  o f  

2 

a l k a l i n e  processes'.  

It may also be  p o s s i b l e  t o  i n t r o d u c e  a term f o r  t h e  e f f e c t i v e  

a l k a l i  charge i n t o  t h e  G-factor  e q u a t i o n  t o  produce a u n i f i e d  equa- 

t i o n  f o r  t h e  v i s c o s i t y  of unbleached pulp .  Such an e q u a t i o n  would 

be u s e f u l  i n  process  models f o r  a l k a l i n e  pulping.  T h i s  work i s  now 

i n  progress .  

EXPERIMENTAL 

Wood c h i p s  prepared from i n d i v i d u a l  s p e c i e s  were cooked sep-  

a r a t e l y  i n  s t a i n l e s s  s t e e l  bombs ( 2  L c a p a c i t y )  r o t a t i n g  i n  an o i l  

b a t h .  A l l  cooks were done a t  c o n s t a n t  pu lp ing  c o n d i t i o n s :  maximum 

cooking temperature  w a s  17OoC, t h e  t i m e  t o  maximum cooking tempera- 

t u r e  w a s  90 minutes  and t h e  H-factor w a s  1550. Liquor-to-wood 

r a t i o  f o r  a l l  cooks w a s  4 : l  L/kg. The only v a r i a b l e s  were e f f e c t i v e  

a l k a l i  charge and s u l p h i d i t y  and they are recorded in Table I .  

The pulp v i s c o s i t i e s  were t e s t e d  accord ing  t o  TAPPI Standard 

Method T-230 a f t e r  d e l i g n i f i c a t i o n  by a c i d  c h l o r i t e  b leaching  a t  

2 5 0 ~ ~ .  
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