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Klgher viscos ty of eucalypt k r a f t  black l.quor 
is apparently caused by a condensation of the poly- 
phenolic ex t rac t ives  with l ign in  during pulping. 
=tract ion of the chips w i t h  0.1-0.2 N NaOH at 115- 
125.C for 4 hours is suggested, prior t o  pulping, for 
removing most of t h e  tannin-like material  cons t i tu t ing  
about 10% of p lan ta t ion  grown eucalypt (E.Tereticornis 
hybrid, &.lo years old) .  Pulp yield,  K a p p a  nlnnber and 
s t rength  of a control coak with 16% ac t ive  a l k a l i  a r e  
maintained with 13-14X chemical charge for t he  extrac- 
ted chips. Viscosity data for black liquors at 80 - 
100°C for concentrations up t o  61% show 1- values for 
extracted chips. The viscos i ty  for 5C% black l iquor  
a t  100.C decreases by one-third and two-third a f t e r  
pulping CUPS extracted with 0.1 and 0.2 N NaOH, 
respectively.  
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18 VEEERAMANI ET AL. 

Plan ta t ion  grown eucalypts are increas ingly  used 
i n  var ious countries for producing chemical pulps. 
Watson and Cohen' have surveyed the d e v e l o p e n t s  i n  
pulping technology u n t i l  1968 for the u t i l i z a t i o n  of 
n a t i v e  and p l an ta t ion  grown eucalypts.  E. grandis,  E. 

t e r e t i c o r n i s  and E. globulus are used i n  t h i s  country 

€or making paper and rayon grade pulps. 
deals w i t h  a lkal i  pretreatment and pulplng of E. tereti-  
cornis from 8-10 years  old p l an ta t ions  i n  t h e  state of 
U t t a r  Pradesh. 

T h i s  study 

BLACK LIf&OR PRCCESSING PROBLPlS 

~ l l  eucalypt  species conta in  a s i g n i f i c a n t  amount 
of extraneous polyphenolic oompounds of varying c h i -  
cal composition, concentrat ion and d i s t r i b u t i o n  depen- 
dent  upon species, age and growth f ac to r s .  P l an ta t ions  
supply r e l a t i v e l y  uniform pulp  w o o d  un l ike  t h e  na t ive  
mixed mature/over-mature Australfan euca lypts  r i c h  i n  
polyphenolic extractives (kinos) .  The  p l an ta t ion  grown 
euca lypts  also contain an appreciable concentrat ion of 
a lka l i  soluble extraneous c o n s t i t u e n t s  presumably of  
monomeric and o l igane r i c  polyphenolic tannin- l ike 
ccmpounds. 

Wood cons t i t uen t s  are s e l e c t i v e l y  solubilised 
during k r a f t  pulping as sodfun s a l t s  of degraded p l y -  
disperse l i g n i n  and polysaccharlde degradation products 
i n  black liquor. Some polyphenolic extractives w i l l  
hydrolyse in a l k a l i  t o  form ellagic and g a l l i c  ac ids  
and other The la t ter  may oxidtse 
f u r t h e r  or condense w i t h  l i g n i n  and probably modify 
the  physico-chemical p rope r t i e s  of black l iquor .  
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EFFECT OF A L U L X  PRETREATMWT 19 

During chemical recoveryI black l iquor  i s  concen- 
t r a t e d  i n  the evaporation plant  t o  6044% dissolved 
s o l i d s  and burned in the  recovery furnace t o  reclaim 
pulping chemicals and energy. The concentrated black 
liquor is introduced as a coarso spray into the 
recovery boiler and the droplets undergo dehydration, 
swelling, volati l isation and pyrolysis  raact ions as 
t h e y  f a l l  towards the hearth bed countercurrent t o  t h e  
hot furnace gases through the  reducing atmosphere. 

o r  operating parameter governing f l u i d  flow pattern and 
heat t r a n s f e r  r a t e s  i n  the evaporation plant  and spray 
droplet  cha rac t e r i s t i c s  i n  t h e  recovery boiler. Some 
of t h e  major problems of processing eucalypt black 
liquors relate t o  the following aspects: 

Viscosity of black l iquor  is an important design 

inventory of pulping chmicals 
load to recovery furnace 
v iscos i ty  ( w i t h  possible temperature dependent 

Bingham p l a s t i c  behaviour above 45%) 
l i gn in  separation as granules o r  lumps 

characteristics of spray droplets 
shape, size dis t r ibu t ion ,  swelling and canbustion 

The  higher viscosi ty  of eucalypt black liquor adversely 
a f f e c t s  t h e  e f f i c i e n t  and Continuous operation of the  

recovery section. 
a bottle-neck i n  chemical recovery and seriously l i n r i t s  
pulp production. Thc above problems are similar t o  
t h e  Australian experiences i n  processing black l iquors  
from nat ive eucalypts . 
l iquors  (4OX)caapiled i n  Table 1 shows the! species 
depndaacys9, F i g u r e  1 shcrws the v iscos i ty  da ta  of 
southern pine and various eucalypt black liquors at 
50.C. Th4 graphs show a sharp rise in t h e  viscosi ty  

The evaporation plant  of ten  becomes 

3.4 

Typical viscosi ty  da ta  a t  40% f o r  various black 
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20 VEERAMAN1 ET At. 

TABLE 1 

V i s c o s i t y  of  Kraft  Black Liquors 

Species 

E. deglupta, 3 y r  15 
E. 3eglupta8 13 y r  19 
E. deglupta, 19 y r  20 

E. T e t  radont a 35 

E. regnans 10 

Mixed eucalypts 
(mature/overmature) 
Mixed hardwoods 

Southern pine 14 

Bamboo 10 
Bagasse k r a f t  92 

Bagasse soda 115 
E. t e r e t i c o r n i s  hybrid 

(8-10 y r )  160 
E. grandis  ( 8  y r )  
(prehydrolysis-kraft)  500 
Straw 200 

16-500 

(upto 28 species) 25-470 

73 

72 
69 

7 0  
7 0  

70173 

76-79 

7 1  

57 

66 
59 

7 0  

~~ 

9 

9 

9 

9 

9 

A 

L 

C 
C 

9 

8 

8 

7 

Sample: A - Autoclave, C- Commercial 
L - ro ta ry  digester ( laboratory)  

of eucalypt black l iquor  above 35-459c. oye and Co- 

workers' also have reported abnormally high viscosi ty  
values at  20-60.C for black liquor from laboratory 
pulping of several eucalypt species. W h i l e  the graph8 
ln Figure 1 are not s t r i c t l y  Comparable due to  the 
d i v e r s i t y  of speciesr geographical gmwth f ac to r s  and 
var i a t ions  i n  pulping conditions, t w o  o f  the eucalypt 
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EFFECT OF ALKALI PRETREATMENT 21 

0 20 40 60 
Concon t r at i on ,% solid s 

pine bhck liquors a t  50.C 

A 0ver-matu-e eucalypt(9) 
0 Southern pine ( 5 )  
a This work-eucalypt, 8 years 
o Eucalypt, 13  years ( 9 )  

Fig .  1: Viscosity data of various eucalypt and 

black liquors possess higher v i scos i t i e s  than the pine 
black liquor, 
show an abnormal increase in viscosity above 50% 
Smith 
black liquor canpared to pine black liquor, 

The over-raature Australian eucalypts 

3 also has observed higher v i scos i t i e s  for eucalypt 

It is believed that the presence of sl lagitannins,  
ellagic acid and g a l l i c  acid and their possible conden- 
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22 VEERAMAN1 ET AL. 

sa t ion  products w i t h  polymeric degraded l ign ins  contr i -  
bu te  t o  the  r e l a t ive ly  large values of v i s c o s i t y  of 
eucalypt black l i ~ o r s ~ ' ~ .  
pulping of s o f t w o o d s  l i k e  pine, spruce and f i r  are 
r e l a t i v e l y  free of any processing problem during 
evaporation and combustion. It would Seem logical  
t h a t  removal of the polyphenolic ex t rac t ives  from 
eucalypts p r i o r  to pulping should give a black liquor 
of sa t i s f ac to ry  processing characteristics canparable 
t o  t h e  softwood black liquors. The polyphenolic 
extraneous cons t i tuents  a r e  a l k a l i  labile and it should 
be feas ib le  to remove them from eucalypt chips by 
a l k a l i  pretreatment p r io r  t o  normal k r a f t  pulping. 

of canmercial eucalypt chips and its e f f e c t s  on vis- 
cos i ty  of t h e  k t a f t  black l iquors  and the  s t rength of 
t h e  corresponding pulps. 
have reported preliminary r e s u l t s  on a l k a l i  extract ion 
of over-mature west Australian eucalypts to  reduce the 
v iscos i ty  of ancen t r a t ed  k r a f t  black liquors. 

Kraft  black l iquors  from 

This invest igat ion dea ls  w i t h  a l k a l i  pretreatment 

Oye and caworkersl0 also 

EXPERIMENTAL 

Mill chips  ( 4 0  kg) f r e e  of knots and other 
abnormalit ies w e r e  f ract ionated manually using square 
w i r e  mesh screens t o  obtain the following f ract ions;  
(a) -25 + 18 nun (b )  -18 + 12 mm and (c) -12 + 6 mn. 

Fraction (c )  w a s  used for tests w i t h  300 g chips 
(preliminary experiments and Series A) w h i l e  f rac t ions  
(a)  and ( b )  w e r e  used f o r  t r i a l s  w i t h  2.5-3 kg chips 
(Series 8 ) .  

Alkali Pretreatment 
A - S e r i e s  

Preliminary experiments w e r e  done at  100°C in a 
3 liter flask equipped w i t h  a reflux condenser and a 
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EFFECT OF ALKALI PRETREATMENT 23 

Pam autoclave (2 l i ter)  w a s  used for subsequent w o r k  
a t  115 and 125.C. The spent liquor w a s  Cancentrated 
in a ro ta ry  vacuun evaporator to a f f e r e n t  ooncentration 
levels and used f o r  obtaining viscosi ty  da t a  a t  50.C 
w i t h  a capillary viscaneter. 
&Series 

Chips (2.503 kg) with a l k a l i  a t  115/125*C. The t h e  to 
temperature w a s  6-0 m i n  and time a t  temperature 340 

min. Details of the pretreatment conditions are given 
in T a b l e  2. 

A ro t a ry  d iges te r  (17 l i ter)  w a s  U8ed t o  treat 

pulping 

hl lp ing  w a s  done i n  Parr autoclave or  rotary 
d iges te r  using o r ig ina l  and extracted chips and the 

conditions adopted are given i n  T a b l e  2. Pulp y i e l d  
and Kappa number or pennanganate number w e r e  determined 
for a l l  t h e  runs. The black liquor w a s  concentrated 
t o  5 0 4 C %  i n  a ro ta ry  vacuum evaporator and used as 
stock solution for obtaining v iscos i ty  data. A range 
of cap i l l a ry  viscometers (Cannon mnske type) w e r e  
used f o r  a l l  the determinations above 70% €or the 
concentration range of 20160%. Pulp fnrn the  ro ta ry  
digest ions beaten t o  40 'SR in a Valley beater w a s  
used €or strength evaluation. 

Proximate Analysis 

Debarked logs (d im.  = 7-20 an, length .I 140 an) 
picked a t  random from the  m i l l  wood Y a r d  were cut  t o  
small pieces in a s a w  m i l l  and t h e  sawdust was collected, 
air dried and screened t o  obtain the -4-0 me6h 

f rac t ion .  -tractive free wood meal w a s  prepared by 
sequent ia l  treatment w i t h  0.5% NaOH, acetone and w a t e r  
and used for proximate analysis  by Tappi standard 
procedures. 
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24 VEERAMANI ET AL. 

TABLE 2 

Experimental Conditions for Alkali Pretreatment 
and K r a f t  Pulping of Eucalypt Chips 

prelim. 
Condition expt 9. Series A Series B 

1. ALKALI PRETREATMENT 
Chip size8 mm -12 + 6 

CUPS. kg (0.d.) 0.3 
NaOH Conc. . N 0 .05 -0 .5  

Tamp., *C 100 
The8 hr 24, 48 
Liquor:chips,g/g 581 
Equipnent 3-lit 

Flask 

2. PULPING 

Temp. 
Sulfidity,  X 
Time t o  temp., min 
Time at temp., nin 
Liquorrwood, g/g 
Chemical charge ( X  as  N a Z O )  

( a )  Normal chips (control) 
(b) Pretreated chips 

0.1N NaOH 
0.2N NaOH 

-12 + 6 

0.3 
0.1.0.2 
115, 125 
4 
5rl 
2-lit 
Autoclave 

170 
20 
90 
60 
5:l 

16 

14 
13 

-25 + 18 
-18 + 12 
2.5-3 
0.1. 0.2 
100, 115 
4 

3-52 1-4 8 1 
17-lit 
Rotary 
digester 

170 
20 

90-120 
60 

381-481 

16 

14 
13 
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EFFECT OF ALKALI PRETREATMENT 

RESULTS AND DISCUSSION 

25 

Alkal i  Solubles 

The proximate analysis" i n  T a l e  3 shows that 
about one-sixth of t h e  wood meal axresponds to t h e  

a t t raneous const i tuents ,  which normally consis t  of 
tannin-like polyphenolic CqCllpoUnds, leesin and f a t t y  
ac ids  and other soluble polysaccharides. Hot water 
and a l k a l i  solubles correspond t o  5 and 13-18% respec- 
t ive ly .   he tannin-like canponents presumably poly- 
merise during acid hydrolysis of t h e  polysaccharides 
for l ign in  determination and add t o  t h e  K l a s o n  l ign in  
residue.   he Klason l ign in  contents of t he  or ig ina l  
and a l k a l i  extracted residues a r e  34-36 and 2 6 2 7 %  for 
-40 + 60 mesh f ract ion;  the corresponding values for 
ths f i n e  f rac t ion  ( 4 0  mesh) are 39 and 21%. The 
difference (10118%) i n  t h e  Klason l ign in  conten ts  of 
t h e  o r ig ina l  and a l k a l i  extracted w o o d  meals approxi- 
mately corresponds t o  the  a l k a l i  s o l u b i l i t y  values 
and may be considered as an index represenking the 

10 p lypheno l i c  ex t rac t ives  . p he l a t t e r  is  present to  
t h e  extent of 18% i n  t h e  f i n e  wood meal ( 4 0  mesh) and 
1oX i n  the  -40 + 60 mesh fract ion.  Thus pretreatment 
of eucalypt chips w i t h  a l k a l i  p r i o r  t o  pulping should 
remove the p lypheno l i c  tannin-like ex t rac t ives  and 
el iminate  or reduce possible condensation reactions 
during del ignif  ication. 

Alkal i  Pretreatment 

A summary of t h e  pmtreatment conditions and 
results i s  given I n  Table 4. The y ie ld  of  extracted 
chips  w a s  7 5 4 7 %  depending upon tk s e v e r i t y  of t h e  
ex t rac t ion  conditions. 
r e l a t i v e l y  m i l d  conditions representing t h e  predaninant 
removal of t h e  extraneous con8titucnts corresponding 

The y i e ld  w a s  8747% with 
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26 VEERAMANI ET AL. 

TABLE 3 

11 Proximate Analysis of Eucalypt Wood Meal 

Con st i t u e n t  sample A' sanple  B' 

x mesh mesh mesh 
(0.d. basis) (-40 + 6 0 )  (-4-0) (-60) 

Wood Meal 

1. Solubilities: 
Water (cold) 
Water (hot) 
Ethanol 
Methanol 
0.5% NdOH 

1.0% NaOH 
Acetone 
Total  e x t r a c t i v e s  

2 
3 

I 

4.6 
5.1 
6.2 
13.3 
I 

3.6 
16.4 

5.1 
5.8 
3. 1 
3.9 
10.1 
12.5 
3.2 
12.9 

2.9 
5.2 
3.6 
4.4 
16.3 
18.3 
2.1 
18.0 

2. Klason l i g n i n  33.5 35.9 39.1 

Extractive Free Wood Meal 
4 Klason l i g n i n  23.7(28.5! 26.6(30.5) 20.7(25.3) 

d: -Cellulose 41.4(49.8) 42.7(51.9) 42.5(49.l) 
Pentosan 13.7(16.5) 14.7(16.9) 13.1( 16.0) 

Holocellulose 58.8(70.8) 6 l A 7 0 o 2 )  61.1(74.5) 

1 Samples A and B Collected h Apr i l  1976 and 
Apr i l  1978 from 6 and 10 lags respect ively.  

2 A f t e r  alkali ex t r ac t ion  
3 =traction sequence: 0.5% NaOH, acetone, hot water 
4 N u m b e r s  in parenthesis represent  extractive free 

basis 

std. dev. - Klason l ign in  ( 0.6 1, Holocellulose ( 1.3) 
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EFFECT OF ALKALI PRETREATMENT 

TABLE 4 

27  

Effect of Alkali Pre t rea tment  Conditions 
on ths Y i e l d  of Eucalypt Chips 

Exkraction conditions Spent l i q u o r  Y i e l d  
NaOH Time Temp. csonc. x RUn 

no* Normality b u r  *C x 
1 
2 
3 
4 
5 

6 
3 
8 
9 
10 
11 
12 
13 
14 
15 
16 

0.05 
0.05 

0.125 
0.125 
0.25 
0.25 
0.50 
0.50 

0.10 
0.10 
0.20 
0.20 

0.10 
0.20 

0. I0 
0.20 

24 
40 
24 
48 
24 
48 
24 

48 
4 
4 
4 

4 

4 

4 
4 
4 

100 
100 
100 
loo 
100 

100 
100 
loo 
115 
125 
115 
125 
100 
100 
115 
115 

0.5 
0 

0.8 

0.9 

3.0 
4.7 

5.2 

- 

0 - - 
- 

1.4 
2.4 
1.8 
2.8 

96.6 

95.2 
94.6 

91.3 
89.0 

87.0 

7 7 . 0  

75.6 

94.1 
93.0 
92.3 
91.8 
96.3 
94.4 
95.0 
92.0 

series ~t Runs 1-12, series B * Runs 13-16 
Runs 9-12 i n  autoclave and Runs 13-16 in rotary digester 

t o  t h e  s o l u b i l i t y  in alkal i  observed i n  proximate 
a n a l y s i s .  The y i e l d  of p r e t r e a t e d  c h i p s  decreased t o  
about 75% on prolonged (24-48 hour) treatment a t  100.C 
w i t h  0.5 N NaOH wi th  the part ia l  degradation of p l y -  
saccharide const i tuents ,  eSpec ia l ly  hemicellulose.  The 
proximate a n a l y s i s  of four alkali pretreated ch ips  

(O.l/0,2N NaOH, 115/125'C, 4 h r )  showed e s s e n t i a l l y  no 

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



28 VEERAMAN1 ET AL. 

change in aC-cellulose content (average - 42.2%). The 

y i e l d s  obtained frcm pretreatment of a l a r g e r  batch 
(2.5 kg) of chips based on spcnt l iquor  ana lys i s  are in 
good agreement with the results of autoclave detenni- 
nations,  
Series A and B was 0.7 - 7.5% and 1-2.5X (0.d. chips  
basis), mspectively. 

The mount of a l k a l i  (as N%0) used i n  

viscosity of spent pretreatment Liquors 

Viscosity data a t  50.C f o r  spent liquors of 
a l k a l i  ex t rac t ion  a t  100.C sumwised in  Figure 2 

shows the dependence on a l k a l i  concentration,disaolved 
so l id s  in e x t r a c t  and extract ion time. A t  lower con- 
centrat ions,  a l k a l i  is consuaed i n  d isso lu t ion  of 
polyphenolic compounds w h i c h  presumably r e t a i n  their 
oligomeric or condensed structure and contr ibute  to  a 
higher v iscos i ty  of t h e  spent solution. An increase i n  
a l k a l i  concentration would tend t o  favour the hydrolysis 
of condensed tannin- l ike mater ia ls  and r e s u l t  i n  a lower 
v iscos i ty  of the spent liquor. It is also observed t h a t ,  
in a l l  cases, a t  a given a l k a l i  concentration, a shorter 
ex t rac t ion  t i m e  gave a lower viscosi ty  a t  a given ex t r ac t  
concentration. Alkali  is depleted w i t h  longer durat ians  
and p a r t i a l  recondensation of tb dissolved frapments 
probably contr ibutes  to  the observed hlgher viscosity.  
The extent  of del igni f ica t ion  reactions,  though not 
measured, would be rather smal l .  The spent liquor 
organics would cons is t  mainly of extraneous components 
and an increasing proportion of hemicellulose fragments 
depending upon tho a l k a l i  concentration used far 
extraction. 

PUlPinq 

A l k a l i  ex t rac ted  chips w e r e  pulped using t h e  
conditions shown In Table 2 and the r e s u l t s  are sunma- 
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EFFECT OF ALKALI PRETREATMENT 29 

0 10 20 30 40 
Concentration .% solids 

Fig. 21 Viscosity data a t  50.C for spent liquors 
frun a lka l i  pretreatment of eucalypt chips 
at  100.C 

0 X n O 0 .  
N NaOH 0.05 0.05 0.125 0,125 0.25 0.5 0 . 5  

24 48 24 40 48 24 Extraction 48 
time, hr 

r i sed  i n  Table 5. A control cook was conducted with 
an active alkali charge of 16% (as N%O). Tha chemical 
charge for pulping chips extracted with 0.1 and 0.2 N 
NaOH was 14 and 13% respectively 

the  tests with extracted and control chips pulped to 
nearly equal degree of del igni f icat ion.  The strengths 

Pulp yield differences are generally mall for 
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30 VEERAMANI ET AL. 

TABLE 5 

Rraft pulping of Normal and Extracted Eucalypt Chips 

=P EXtraction pulping 
Yield penn. Kappa 

x no. no. 
no. Temp. 

x 
A. ROTARY DIGESTER 
1 115 0.1 16 
2 - 0 18 

3 - - 16 
4 115 0.1 14 
5 115 0.2 13 

6 - - 16 
7 115 0.1 14 
8 115 0.2 13 
9 115 0.1 14 

10 - - 16 
11 115 0.2 13 

12 100 0.1 14 
13 100 0.2 13 
14 - - 16 

B . AUTOmAVE DIGESP IONS 
15 - - 16 
16 100 0.05 15 
17 100 0.125 14 

14 
14 

18 115 
19 125 0.1 
2 0  125 0.2 13 

41.7 
43.1 

46.8 
45.7 
46.2 

47.9 
45.7 
45.4 
45.4 
45.4 
45.6 

48.6 
47.2 
45.6 

47.3 
47.5 
46.6 

43.7 
46.2 
45.3 

19.0 
20.6 

22.5 
19.2 
23.5 

18.1 
16.9 
16.8 
15.1 
15.9 
15.0 

17.3 
17.4 
17.7 

- - - 
- - - 

0 - 
26.5 - - 
26.8 
25.9 
25.7 
24.3 
26.1 
26.0 

- - 
24.2 

27.8 
26 04 
26.1 

24.2 - - 
Pretreatment tine - 4 hours for a l l  runs0 48 b u r s  for 

Liquorrwood ratio; 411 for ( 1 1 8  (2 ) ;  311 for (3)-(5); 

Perm. no. - Pennanganate number 

(16)  and (17)  

3,581 for (6)-(14); and 581 for 
(15)-(20). 
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EFFECT OF ALKALI PRETREATMENT 32 

of the corresponding pulps at 4 0 O S R  are given i n  
Table 6 .  
standard dev ia t ion  values shmS nearly s i m i l a r  strength 
for pulps obtained from t h e  contro l  and extracted 
chips. 

A comparison of t h e  observed mean and 

Viscos i ty  of Black Liquors 

Viscos i ty  data were obtained fo r  black liquors 
f r o m  normal and extracted chips at concentrations upto 
61% a t  80, 90 and 100.C. Preliminary correlat ion of 
viscosity versus black liquor concentration showed the  

TABLE 6 

Strength of Kraft Pulps at 40OSR frUn Normal 
and Alka l i  Extracted Chips 

Extraction Burst Tear T e n s i l e  Do,,,,le 
index f o l d s  N NaOH indac index 

ma mZ/g m~ m2/g N d g  

0 

0.1 
0.2 
0 

0.1 
0.2 
0.1 
0 

0.2 
0 

5.9 
6.2 
5.4 
6 04 

6.3 

6 .2  
5.9 
6 -2  

5 06 

s .I 

8.8 

8.3 

8.3 
8 06 

8.9 
8.6 

- 

7.8 
8.8 
7 04 

92.4 
87.0 
81.1 
90.9 
88.3 
84.0 
81.5 
87.3 
79.5 
88.1 

87 3 
772 
370 
750 
69 3 
5 54 
380 
494 
300 
395 

Mean 6.0 8.4 86.0 558 
s t d  .dev. 0.3 0.5 4 . 3  200 
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32 VEERAMAN1 ET AL. 

expected decreasing t r end  for a l k a l i  ex t rac ted  Chips, 

w i t h  some overlapping a t  15-3596, It appears that t h e  
residual a l k a l i  probably inf luences  v i scos i ty  and it 
would have been desirable to  ad jus t  the a l k a l i n i t y  t o  

a constant  l e v e l  for a l l  t he  samples. Al te rna t ive ly ,  
t h e  expected v i scos i ty  behaviour could be depicted 

c l e a r l y  by p l o t t i n g  v i scos i ty  versus t h e  concentrat ion 
of t h e  d i sso lved  organics  i n  t h e  black l i quor  s ince  
t h e  cont r ibu t ion  of t h e  inorganic cons t i t uen t s  is small. 
Figure 3 sumarises t h e  viscosi ty  da t a  of black l i quor s  

20 25 30 35 40 
Dissolvrrd organics in black liquor,% 

Fig. 3: Viscosity data at 100.C for h a f t  black 
liquors from pulping of normal and a l k a l i  
pretreated eucalypt chips 

0 N o r m a l  chip8 
0.1R NaOH treated Chip8 

D 0.2N NaOH treated chips 
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EFFECT OF WWI PRETREATMENT 33 

a t  100'C. The graphs include d a t a  for black l i quor s  
from both ro ta ry  and a u t o c l a w  d iges t ions .  The r e s u l t s  
show t h a t  the! v i scos i ty  of black l iquor  decreases wi th  
a l k a l i  ex t r ac t ion  of the  chips.  

s e r ious  a t  t o t a l  solids concentrat ion levels of 45-55% 

( 27-33% dissolved organics) .  A t  these  Concentration 
levels t h e  v i scos i ty  of black liquors is of t h e  order  
of 18-70, 13-40 and 7-21 cp a t  100aC f o r  t h e  c o n t m l  
and fo r  ch ips  ex t rac ted  wi th  0.1 and 0.2 N NaOH, 

respect ively.  The v iscos i ty  of black liquor a t  100°C 
and 30% dissolved organics  (about 50% to ta l  solids) 
decreases by one-third and two-third, respect ively,  
f o r  chips ex t rac ted  wi th  0.1 and 0 . 2  N NaOH. 

The problems in t h e  evaporation plant  become more 

CONTrUDING REMARKS 

Alkal i  ex t r ac t ion  of eucalypt  chips  can reduce the  
v iscos i ty  of black l i quor s  from k r a f t  pulping. The 
condi t ions selected for extraction are 0.1 - 0.2 N N ~ H ,  
115-125.C and 4 hours. A l k a l i  reqyired f o r  p re t r ea t -  
ment corresponds t o  &15K of the  nomal chemical charge 
for pulping. 
black liquor or o t h e r  weak wash liquors would decrease 
f r e sh  a l k a l i  requirement. The e f f luen t  from chip  
extraction s t e p  probably has a law po ten t i a l  as a 
tanning agent and would necessitate s u i t a b l e  d isposa l  
methods. Additional d i g e s t e r  capaci ty  w i l l  be necessary 
t o  include t h e  pretreatment step. The y i e l d  and Kappa 
number of unbleached pulps  can be maintained at  t h e  
normal l e v e l s  with a reduced chemical Charge during 

pulping of extracted chips. The removal of some of 
t h e  polyphenolic cons t i t uen t s  of chips will decrease t h e  
c a l o r i f i c  value of black liquor s o l i d s  and possibly 
modify the  swelling c h a r a c t e r i s t i c s  of the s p r a y  drop 

The poss ib le  use of white l iquor ,  weak D
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34 VEERAHAN1 ET AL. 

lets i n  the  recovery boiler. The above f ac to r s  need 
f u r t h e r  study t o  assess t he  ma- and energy balances 
of the  pulp mill and t o  m a h t a i n  sa t i s f ac to ry  operation 
of the  chemical recovery section. 
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