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HIGH TEMPERATvRe LEACHING OF LIGNLN FROM 

UNBLEACHED KRAFT PULP FIBERS 

B.D.  Favis,  J.H. Willis and D.A.I .  Goring 

Pulp and Paper Research I n s t i t u t e  of Canada and 
Department of Chemistry, McGill University,  

Montreal. Quebec, Canada H3A 2A7 

ABSTRACT 

When an unbleached k r a f t  pulp w a s  suspended i n  water a t  various 
temperatures between 2OoC and 90°C the rate of the leaching of l i gn in  
from the f i b e r  wa l l  increased with the temperature. From 20°C to  70"C, 
the  change i n  the  i n t r a f i b e r  d i f fus ion  coe f f i c i en t  with temperature 
var ied  d i r e c t l y  as  the  r a t i o  of the absolute temperature to  the visco- 
s i t y  of water,  a s  expected f o r  a d i f fus ion  process. Above 70°C. there  
%-as a much l a r g e r  dependence of the d i f fus ion  coe f f i c i en t  on temperature 
than was observed a t  the  lower temperature. The change occurred near the 
g l a s s  t r a n s i t i o n  temperature of the hemicellulose sa tu ra t ed  v i t h  water,  
and may have been due t o  physical  changes i n  the s t r u c t u r e  of the  f i b e r  
caused by the thermal sof ten ing  of the  hemicellulose. Even a t  temperatures 
of 155"C, the  handsheet proper t ies  of the. pulp were not  adversely a f fec ted  
by the leaching process. 

INTRODUCTION 

When unbleached k r a f t  pulp f i b e r s  a r e  suspended i n  water and gently 

s t i r r e d ,  so luble  l i g n i n  macromolecules a re  leached out  of the f ibe r .  I n  

a previous inves t iga t ion '  i t  w a s  shown t h a t  the  process could be in t e r -  

p re ted  quan t i t a t ive ly  as a d i f fus ion  of t he  macromolecules through the 

f i b e r  w a l l  i n t o  the sash  l i qu id .  However, the d i f fus ion  coe f f i c i en t  ob- 
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2 FAVIS. WILLIS, AND GORING 

served was seve ra l  o rders  of magnitude smaller than t h a t  corresponding 

t o  the  range of molecular weights of the dissolved l i p i n ’ .  I t  was there- 

fore  concluded t h a t  i n t e r a c t i o n  with the ce l lu lose  hydrogel must be the 

dominant r e s t r i c t i o n  to  t h e  d i f fus ion  of t he  lignin macromlecules out  of 

the  f i b e r .  

I f ,  indeed, the  leaching of l i g n i n  from pulp f i b e r s  i s  a dif-  

fusion cont ro l led  process,  then h igher  temperatures should r e s u l t  i n  

f a s t e r  leaching from the f i b e r  w a l l .  Moreover, the increase  i n  the r a t e  

of d i f fus ion  should be propor t iona l  t o  the absolute temperature and 

inverse ly  propor t iona l  t o  the so lvent  v i s c o s i t y  according to  the 

8 tokes-Eins t e i n  equation’). The purpose of the work described i n  the 

present paper was t o  test t h i s  hypothesis.  Unbleached k r a f t  pulp f i b e r s  

were suspended i n  water a t  d i f f e r e n t  temperatures and the  leaching of 

l i gn in  w a s  observed by the technique described previously’. The change 

of the d i f fus ion  coe f f i c i en t  with temperature was then compared with 

the temperature dependence governing the  f r e e  d i f fus ion  of macromolecules 

i n  so lu t ion .  Leaching behaviour a t  temperatures up t o  155°C were in- 

ves t iga ted  and the e f f e c t  of leaching on the handsheet proper t ies  of the 

f i b e r s  w a s  determined. 

EXPERIMENTAL 

The f i b e r  s tock  used w a s  an unbleached k r a f t  pulp of 52% y ie ld  
1 prepared from black spruce chips a s  described previously . 

Leaching experiments were ca r r i ed  out  a t  various temperatures by 
1 means of t h e  procedure and apparatus described e a r l i e r  . A 9.5 g (dry 

weight) sample of f i b e r s  was s t i r r e d  gent ly  i n  1 L of d i s t i l l e d  water 

and the concentration of l i g n i n  leached ou t  of the f i b e r  measured a t  

s u i t a b l e  t i m e  i n t e rva l s .  The temperature range w a s  between 20°C and 

90°C a t  10°C i n t e rva l s .  Because of poss ib le  e r r o r s  due t o  evaporation 

experiments were l imi ted  t o  5 h dura t ion .  

The concentration of leachable  lignin i n  the f i b e r ,  Csd(t) ,  

a f t e r  a c e r t a i n  time, t and the  d i f fus ion  coe f f i c i en t ,  D were computed 

as  described previously . 1.2 

Some experiments w e r e  ca r r i ed  out  a t  temperatures above 100°C in 

a pressure  ves se l  equipped with a s t i r r e r .  The conditions w e r e  not w e l l  

enough cont ro l led  t o  allow ca lcu la t ion  of the  d i f fus ion  coe f f i c i en t  and 

the  da t a  were compared with r e s u l t s  a t  lower temperatures by measurement 

of the concentration, C ( t )  of l i&n i n  the wash l i qu id  a f t e r  t i m e  t .  f 
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I1IGIi "EIPEBATURE LEACliING OF LIGNIN 3 

I n  order t o  t e s t  whether handsheet p rope r t i e s  w e r e  a f fec ted  by 

the  leaching treatment a t  higher temperatures, a few experiments were 

done on a scale of kilograms in a pilot d iges t e r .  Conditions of cooking 

w e r e  the samc as those for the  52% y i e l d  pulp used i n  the  laboratory 

experiments. 

RESULTS AND DISCUSSION 

I n  Fig. 1 the change in the leachable l i g n i n  concentration with 

time is  shown f o r  20°C. 60°C and 90°C. Curves w e r e  based on the d i f fus ion  

theory described i n  an e a r l i e r  paper'. It can be seen from Fig. 1 t h a t  

there  is a good co r re l a t ion  between theory and experiment. S i m i l a r  be- 

haviour was observed a t  the o ther  temperatures. This agreement suggests 

t h a t  a d i f fus ion  mechanism was r a t e  con t ro l l i ng  a t  temperatures between 

2OoC and 90°C. 

From the  leachable l i g n i n  concentrations i n  the  f i b e r  a t  30 minutes, 

the  d i f fus ion  coe f f i c i en t s  a t  temperatures between 20'C and 90'C were 

ca lcu la ted  by means of the equations derived previously . In Fig. 2 ,  the 

d i f fus ion  coe f f i c i en t  is p lo t t ed  aga ins t  the  temperature. It  can be seen 

1 

10 - 
EXPERIMENT - 

--- THEORY 

6 0°C 

2ooc 

6 -  90°C 

I I 1 1 

5~ 60 120 180 240 
t (min) 

FIGURE 1. Experimentally determined curves of leachable l i g n i n  
concentration, Csd(t) .  versus time, t. a t  3 temperatures. 
The theo re t i ca l ly  derived curves a re  included f o r  comparison. 
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4 FAVIS, WILLIS. AND GORING 

I THEORETICAL VISC., TEMP - 
CURVE 

EXPERIMENTAL D I 
I 
I 
I 
I 
I 
I 
I 

O h  2 0  40 60 80 1 
( T  " C )  

FIGURE 2 .  P lo t  of the i n t r a f i b e r  d i f fus ion  c o e f f i c i e n t .  D versus the 
temperature T. The s o l i d  l i n e  corresponds t o  the increase  
with temperature of D expected from the Stokes-Einstein 
equation. 

t ha t  there  is a gradual increase  in the  d i f fus ion  coe f f i c i en t  with tem- 

pera ture  up to  about 7 O o C ,  a f t e r  which D increases  much more rapidly.  

In f r ee  d i f fus ion ,  the r e l a t ionsk ip  of the d i f fus ion  coe f f i c i en t  t o  

the absolu te  temperature is given by the Stokes-Einstein3 equation i n  the 

form 

RT D = -  6n q r  N 

where D = di f fus ion  coe f f i c i en t  

R = gas constant 

T = absolu te  temperature 

r - e f f e c t i v e  hydrodynamic r ad ius  of the macromolecule 

n = so lvent  v i scos i ty  

N - Avogadro's number 

If i t  is assumed t h a t  r does not change wi th  temperature, w e  may 

w r i t e  
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Q20 
= D20 '1293 

5 

where the subscr ip t  20 denotes the value a t  20°C. 

The s o l i d  l i n e  i n  Fig. 2 w a s  ca lcu la ted  by sub t i  tu t ing  i Eqn. 2 

the appropr la te  values of n. T, and the  experimcntal d i f fus ion  coe f f i c i en t  

a t  2O'C. Up to  7OoC. t he  change i n  the experimentally observed d i f fus ion  

coe f f i c i en t s  co r re l a t ed  w e l l  with the change i n  v i scos i ty  and temperature 

as expected f o r  a d i f fus ion  process. Beyond 7 O o C  there  is a marked in- 

crease i n  the temperature dependence of D. The or ig in  of t h i s  e f f e c t  is 

not  known. However, i t  is i n t e r e s t i n g  t o  note t h a t  the ac t iva t ion  energy 

ca lcu la ted  a t  temperatures 2 70'C (using the  d i f fus ion  c o e f f i c i e n t s ) ,  was 

only 18  kca l  m0le-l (75 kJ mole-') which is  small f o r  the  breaking of co- 

va len t  bonds. Hence, i t  is l i k e l y  t h a t  a physical  e f f e c t  as opposed to  a 

chemical one is causing the rap id  increase  of D above 70°C. I f  the d i f -  

fusion process i s  cont ro l led  by some s t r u c t u r a l  r e l a t ionsh ip  between the 

s i z e  of the  l i g n i n  macromolecules and the size of the pores,  then small  

changes i n  the s t r u c t u r e  of the f i b e r  could have a l a rge  e f f e c t  on the 

d i f fus ion  coe f f i c i en t .  It is s i g n i f i c a n t  t h a t  hemicellulose sa tura ted  v i t h  

water undergoes a g l a s s  t r ans i t i on  a t  about 55'C . The increased dependence 

of the d i f fus ion  coe f f i c i en t  with temperature above 70°C may be due to  

physical  changes i n  the  s t r u c t u r e  of the f i b e r  assoc ia ted  with the thermal 

sof ten ing  of the hemicellulose i n  the f i b e r  w a l l .  

4 

I n  Fig. 3 we have p lo t t ed  the l i gn in  concentration i n  the wash l i quor  

versus time f o r  the experiments conducted a t  temperatures between 20°C and 

155°C. I t  is qu i t e  c l e a r  tha t  the marked increase  i n  the r a t e  of d i f fus ion  

shown i n  Fig. 2 f o r  temperatures higher than 70°C is more pronounced when 

the leaching is ca r r i ed  out above 100°C. I n  the  experiments a t  155'C. i t  

w a s  found t h a t ,  a f t e r  4 hours. over one t h i r d  of the l i g n i n  i n  the f i b e r  

could be removed. 

The r e s u l t s  of t he  p i l o t  scale experiments are shovn i n  Table 1. 

Here times of leaching under prcssure w e r e  sho r t e r  than i n  the laboratory 

experiments. The r e m v a l  of l i g n i n  is indica ted  by the lovering of the 

kappa number, i n  some cases over 10 poin ts .  Comparison of the weight of 

the pulp before  and a f t e r  leaching ind ica ted  t h a t  l i t t l e  or no hemi- 

ce l lu lose  w a s  removed by the  leaching treatment. Handsheet t e s t s  on the 

unbeaten pulps (Table 1) showed t h a t  the f reeness  increased s l i g h t l y ,  

and the  b u r s t  and breaking length w e r e  s l i g h t l y  lowered while the t e a r  

w a s  improved. Brightness increased s l i g h t l y  but  the s t r e t c h  w a s  un- 

changed. Taken toge ther ,  the r e s u l t s  suggest t h a t  leaching of the  l i g n i n  
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, 0 0 3  

r 1 
, 2O0C 

I 

0 60 120 180 240 
0 

t ( min.) 

FIGURE 3.  Cf( t )  versus t f o r  various temperatures of leaching. 

TABLE 1. 

Handsheet Proper t ies  of Unbeaten Pulps Before and After 

Leaching a t  Elevated Temperatures 

aching Treatment 

T y p .  Time 
C min . 

t rea ted  

60 60 

L 35 20 

135 60 

-55 20 

55 60 

Kappa 
N o .  

61.2 

55.9 

52.2 

51.1 

51.8 
49.4 

Burst Tear Breaking 
Freeness Index Index Length 

kPa.m2/g $-4.m2/a m 

664 5.2 17.0 7230 

703 4.6 19.2 6480 

698 4.5 19.8 6820 

706 4.5 21.6 6760 

702 4.6 20.6 6680 

698 4.4 21.7 6420 

Brightness 
I S 0  

% 

22.0 

24.0 

24.0 

23.5 

23.8 

23.1 

out  of the f i b e r  lowers the  kappa number while producing l i t t l e  change 

i n  o t h e r  pulp proper t ies .  

CONCLUDING WMARlcS 

Stre tch  
I 

2.2 

2 .1  

2.2 

2.1 

2.2 

2.2 

The r e s u l t s  show that the r a t e  of leaching of l i gn in  from unbleached 

k r a f t  pulp increases  with an increase  in the  temperature. Up to  70'C. the 
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RIGH TEMPERATURE LEACHING OF LICNIN 7 

increase  i n  rate is in accordance wfth the c l a s s i c a l  l a w s  governing the 

dependence of the d i f fus iov  coe f f i c i en t  on the  temperature and v i scos i ty  

of the l iqu id .  Above 70'C. a very l a rge  increase  i n  the r a t e  occurs u n t i l ,  

a t  155°C. the l i s i n  is leached out of t he  f i b e r  quickly and i n  subs t an t i a l  

quan t i t i e s .  Apparently only small changes i n  the s t r eng th  proper t ies  of 

the pulps a r e  produced by the  leaching treatment a t  high temperatures. 

These r e s u l t s  may have implications f o r  improved washing prac t ices  

i n  k r a f t  mi l l s .  I f  i t  were poss ib le  t o  i n s t a l l  a high temperature (>lOO°C) 

leaching s tage  a f t e r  t he  conventional washers, we might achieve a s ign i -  

f i c a n t l y  lower kappa number on the pulp going i n  t o  the f i r s t  s tage  of 

bleaching. As shown in a subsequent paper, however, t h e  e l e c t r o l y t e  

concentration i n  the  m i l l  water supply could i n h i b i t  s i g n i f i c a n t l y  the 

l i g n i n  leaching. 
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