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Laboratory of Wood Chemistry, Helsinki University o f  

Technology, SF-02150 Espoo 1 5 ,  Finland 
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ABSTRACT 

Wood meal and chips  of pine (Pinus s y l v e s t r i s )  were 
p r e t r e a t e d  with oxygen i n  ethanol-water solut ions of sodium 
hydroxide and then subjected t o  soda-anthraquinone pulping. 
was found t h a t  t h e  p r e t r e a t e d  wood was d e l i g n i f i e d  much f a s t e r  
than t h e  unt rea ted  wood. Additional e f f e c t s  were t h e  improved 
y i e l d  and higher  br ightness  of t h e  r e s u l t i n g  pulp. 
d e l i g n i f i c a t i o n  could be extended near ly  t o  the  same kappa number 
as by k r a f t  pulping and subsequent oxygen bleaching (about 151, 
although t h e  v i s c o s i t y  of  t h e  pulp w a s  comparatively low. The 
e f f e c t  o f  pretreatment  and pulping conditions on the  
d e l i g n i f i c a t i o n  and carbohydrate y i e l d  i s  discussed. 

It 

The 

INTRODUCTION 

To avoid p o l l u t i o n  problems much i n t e r e s t  has been d i r e c t e d  

toward the  p o s s i b i l i t i e s  of minimizing t h e  use of s u l f u r  and 

ch lor ine  i n  pulping and bleaching processes.  

unbleached k r a f t  pulps having a low res idua l  l i g n i n  content i s  

Production of 
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4 3 2  HAGSTROM AND SJOSTROM 

one way t o  decrease t h e  consumption of  bleaching chemicals and 

t o  reduce t h e  e f f e c t  of bleaching e f f l u e n t s  on t h e  e n ~ i r o n r n e n t l - ~ .  

However, t h e  n o n s e l e c t i v i t y  of d e l i g n i f i c a t i o n ,  e s p e c i a l l y  during 

t h e  r e s i d u a l  d e l i g n i f i c a t i o n  phase, r e s u l t s  i n  high carbohydrate 

l o s s e s  and depolymerization of c e l l u l o s e  . 8 

The r e s i s t a n c e  of polysaccharides toward peel ing by hot 

a l k a l i  i s  increased  by converting t h e i r  reducing end groups t o  

caxboxylic acids9 although e a r l i e r  experiments on t h e  use of 

oxygen f o r  t h i s  purpose were not successfu l ' " .  

Sj6str6m1 

t h a t  t h e  s e l e c t i v i t y  of oxygen was g r e a t l y  improved when the  

oxidat ions were c a r r i e d  out i n  solvents  l e s s  p o l a r  than water,  

such as alcohol-water mixtures. They found t h a t  t h e  

d e l i g n i f i c a t i o n  by soda anthraquinone was markedly acce lera ted  

when the  chips  ( p i n e )  had been p r e t r e a t e d  with oxygen i n  a l k a l i n e  

ethanol-water s o l u t i o n s .  This also r e s u l t e d  i n  a more extensive 

d e l i g n i f i c a t i o n .  

t h i s  d e l i g n i f i c a t i o n  system i n  g r e a t e r  d e t a i l .  

Vuorinen and 

r e c e n t l y  found i n  experiments with hydrocel lulose,  

The purpose of t h e  present  work w a s  t o  study 

RESULTS M D  DISCUSSION 

F i r s t ,  t h e  e f f e c t  of t h e  ethanol  concentrat ion i n  t h e  

pretreatment  on t h e  d e l i g n i f i c a t i o n  i n  soda-anthraquinone pulping 

of  pine wood meal w a s  s tudied.  

pulping s t a g e  w a s  chosen high t o  maintain a near ly  constant  a l k a l i  

concentrat ion throughout t h e  cook. The p r e t r e a t e d  wood m e a l  could 

be d e l i g n i f i e d  t o  a lower l i g n i n  content  than t h e  reference sample 

without pretreatment  even when t h e  pretreatment  was c a r r i e d  out i n  

a l k a l i n e  water s o l u t i o n s  ( i n  the  absence of e thanol  - see Table 1 ) .  

However, as can be seen from Fig. 1 , t h e  d e l i g n i f i c a t i o n  was 

markedly improved when ethanol-water was used f o r  pretreatment.  

Almost a m a x i m u m  e f f e c t  was reached at a 50 % ethanol  

The liquor-to-wood r a t i o  i n  t h e  
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Resul ts  from t h e  Soda-A& Cooking of Pine Wood Meal P r e t r e a t e d  
with 02-NaOH at Various Ethanol Concentrations. 
Conditions as i n  Fig.  1. 

Other Reaction 

Ethanol,  Kappa Tota l  Lignin-free 
weight-% number y i e l d ,  % y i e l d  , % 

~ _ _ ~  ~ ~~ ~ 

27.0 42.1 40.4 

0 23.6 42.3 40.8 

20 19.2 43.1 41.8 
50 15.5 41.8 40.8 
80 15.0 41.0 40.1 

a - 

Soda-A& pulping of untreated wood meal. a 

1 I I 1 

20 LO 60 80 
ETHANOL .weight -'/a 

FIGURE 1. 
0 -NaOH at  var ious ethanol  conce t r a t i o n s .  Pretreatment 
condi t ions:  
d ry  wood, 0 
at 65 '~ .  Cooking condi t ions:  
AQ 1 % on wood N d 2  150 min at  173 C. 

Del igni f ica t ion  of pine wood meal p r e t r e a t e d  with 

66.7 g wood mealldm .0.25 MoNaOH, 1 % %SO4 on 
pressure 600 kPa, 20 C .+ 65 C 20 Tin,  120 min 

10.0 g wgod/ dm 00.5 M NaOH,  

2 9 
2 

pressure  200 kPa, 20 C -+ 173 C 40 min, 
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TABLE 2 

HAGSTROM AND SJOSTROM 

Yields of Various Wood Const i tuents  (Calculated on D r y  Wood) 
a f t e r  Pretreatment with 02-NaOH i n  Ethanol-Water Solut ion.  
Pretreatment Conditions: 100 g wood/dm3 0.2 M N a O H ,  Ethanol 
500 g/dm3, 1 % MgSO on Wood, 02 Pressure 400 kPa, 20+65OC i n  
30 min, 120 min a t  2 5OC. 

Wood Const i tuents  Pine Wood P r e t r e a t e d  Pine 
Wood 

C e l l d o s e ,  % 
Glucomannan, % 
w a n ,  % 
Other carbohydrates and 

var ious components , I 
Lignin,  % 
E x t r a c t i v e s ,  % 
Sum of components 

( t o t a l  y i e l d ) ,  % 

39.6 
16.8 

9.0 

38.5 

15.3 
8.0 

2.8 

27.6 

4.2 

100.0 

1.6 

0.6 

23.8 

87.8 

concentrat ion.  

hydrate  y i e l d  w a s  observed with a constant  cooking t i m e ,  it w a s  

about 2 % higher  when compared at t h e  same degree of 

d e l i g n i f i c a t i o n  (Table 1 ) .  

Although no s i g n i f i c a n t  increase  i n  t h e  carbo- 

Fur ther  pretreatment  experiments were c a r r i e d  out  with t h i n  

pine chips .  

t reatments  appear i n  Table 2. 

were almost completely dissolved during t h e  pretreatment .  

carbohydrate l o s s e s  were about 5 %, which i s  a t t r i b u t a b l e  t o  t h e  

removal of a c e t y l  groups and t o  pee l ing  reac t ion  which proceeds 

before  t h e  oxida t ive  s t a b i l i z a t i o n  of t h e  carbohydrates takes  

p lace  through formation of a ldonic  a c i d  end groups. 

d i s s o l u t i o n  of l i g n i n  was about 4 %. 

The y i e l d s  of t h e  wood components a f t e r  these  pre- 

AS can be seen, t h e  e x t r a c t i v e s  

The 

The 
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1 OWTREATED CHIPS I 

1 I I 1 

60 120 180 2LO 
COOKING TIME, rnin 

FIGURE 2 .  
i n  soda-A& pulping of  pine wood ch ips .  Pretreatme t condi t ions 
as i n  Table 2. Cooking condi t ions:  200 8 wood/dm 1.0 $ NaOH,  
AQ 0.2 % on wood, cooking temperature 170 C ,  t i m e  t o  170 C 110 
min . 

E f f e c t  of  pretreatment on t h e  r a t e  o f  d e l i g n i f i c a t i o n  

3 

The p r e t r e a t e d  (as wel l  as un t r ea t ed )  ch ips  were d e l i g n i f i e d  
0 by soda-anthraquinone pulping a t  170 C. A s  can be seen from 

Fig. 2 ,  t h e  p r e t r e a t e d  chips  could be d e l i g n i f i e d  t o  a 

considerably lower l i g n i n  content (kappa number) than t h e  

un t r ea t ed  chips  when t h e  cooking t i m e  w a s  kept  constant .  

example, t o  ob ta in  a kappa number of  30 t h e  cooking t i m e  fo r  pre- 

t r e a t e d  chips  was only 60 minutes, whereas 120 minutes w a s  

r equ i r ed  f o r  un t r ea t ed  chips.  

however, l o s t  i f  t h e  a l k a l i  charge i s  reduced t o  avoid 

depolymerization of ce l lu lose .  

be d e l i g n i f i e d  t o  a lower r e s i d u a l  l i g n i n  content  than t h e  un- 

t r e a t e d  chips .  

For 

The cooking t i m e  advantage i s ,  

The p r e t r e a t e d  chips  could a l s o  

The pretreatment  o f  chips r e s u l t e d  i n  about 1 % higher  pulp 

y i e l d  (compared at  equal kappa numbers) (F ig .  3 ) .  As revealed 

by t h e  carbohydrate analyses ,  t he  h ighe r  y i e l d  w a s  caused by t h e  

inc reased  proport ion of  glucomannan i n  t h e  pulp (Table 3) .  
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436 HAGSTROM AND SJOSTROM 

0 PRETREATED CHIPS 
0 UNTREATED CHIPS 

I I I 

30 LO 50 
KAPPA NUMBER 

FIGURE 3.  
soda-AQ pulping of pine wood ch ips .  
as i n  Table 2. Cooking condi t ions as i n  Fig.  2 .  

E f f e c t  of pretreatment on t h e  t o t a l  pulp y i e l d  i n  
Pretreatment  condi t ions 

TABLE 3 

Yields of Various Pulp Components (Calcu la ted  on Dry Untreated 
Wood) a f t e r  Soda-AQ Cooking of P r e t r e a t e d  and Untreated Pine 
Chips. Pretreatment  Conditions as i n  Table 2. Cooking 
Conditions as i n  Fig.  2. 

~~ 

Pulp Component Yield,  5 Yield,  % 
Pre t rea ted  Untreated 
Chips Chips 

Cel lu lose  35.8 36.4 

Glucomannan 6.0 4.0 

Rflm 2.2 2.2 

Li @in- f r e e  y i e l d  44.0 42.6 

Lignin 1.9 1.9 

Tota l  pulp y i e l d  45.9 44.5 
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0 PRETREATEO CHIPS 
0 UNTREATED CHIPS 

FIGURE 4. 
in soda-AQ pulping of pine wood chips. 
as i n  Table 2 .  Cooking conditions as in Fig. 2 .  

Effect of pretreatment on the intrinsic viscosity 
Pretreatment conditions 

35 
0 PRETREATED CHIPS 
0 UNTREATED CHIPS 0 

v, 

?!  I I I 

ff.. ;o 30 LO 50 
KAPPA NUMBER 

FIGURE 5. 
soda-A& pulping of pine wood chips. 
a s  in Table 2 .  Cooking conditions as in Fig. 2. 

Effect of pretreatment on the pulp brightness in 
Pretreatment conditions 
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IIAGSTROM AND SJOSTROM 

NaOH CHARGE .% on wood 

FIGURE 6. 
during pretreatment  of pine wood chips .  
condi t ions as i n  Table 2. 

E f f e c t  of a l k a l i  charge on the  m a t e r i a l  l o s s e s  
Other r e a c t i o n  

Del igni f ica t ion  of  p r e t r e a t e d  chips  r e s u l t e d  i n  a 

depolymerization of t h e  polysaccharides during an e a r l y  s t a g e  of 

t h e  cook (Fig.  4 ) .  A t  d e l i g n i f i c a t i o n  degrees corresponding t o  

kappa numbers 25 and higher  t h e  pulp v i s c o s i t i e s  were about 

100 u n i t s  lower than  obtained from t h e  reference cooks, which 

r e s u l t e d  i n  a d r a s t i c  depolymerization below t h i s  kappa number. 

For p r e t r e a t e d  chips  a sharp drop i n  v i s c o s i t y  w a s  not  obtained 

u n t i l  t h e  kappa number decreased below 20. A t  kappa numbers 

lower than 25 t h e  v i s c o s i t i e s  of t h e  pulps produced from t h e  

p r e t r e a t e d  chips were thus  higher  compared with t h e  re ference  

pulps.  

were a l so  s i g n i f i c a n t l y  b r i g h t e r  than t h e  re ference  p u l p s ,  as 

can be seen from Fig.  5. 

The pulps obtained a f t e r  cooking of p r e t r e a t e d  chips  

To minimize t h e  a l k a l i n e  degradation of carbohydrates,  

a d d i t i o n a l  experiments were done t o  optimize t h e  a l k a l i  charge 

i n  both t h e  pretreatment  and cooking s tages .  

increased a l k a l i  charge i n  t h e  pretreatment r e s u l t e d  i n  higher  

Although an 
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TABLE 4 

Results from Soda-AQ Cooking o f  Pine Wood Chips P r e t r e a t e d - w i t h  
02-NaOH at Varying Alka l i  Charges. 
100 g Wood/dm3, 1 % MgSO4 on Wood, Ethanol 500 g/dm3, 02 P res su re  
400 kPa, 20°C + 65% i n  30 min, 120 min a t  6 5 O C .  
Conditions:  200 g Wood/dm3 1 M NaOH,  A& 0.2 % on Wood, N2 Pres su re  
200 kPa, 20OC + 170°C i n  110 min, 180 min at 17OoC. 

Pretreatment Conditions : 

Cooking 

N a O H ,  % Kappa T o t a l  Lignin-free V i s c o s i t y ,  
on Wood number y i e l d ,  % y i e l d ,  % dm3/kg 

39.7 46.8 44.0 1023 a - 
0 37.1 46.3 43.7 1018 

2 34.3 45.2 42.8 944 

6 26.1 45.0 43.2 858 
8 18.5 44.3 43.0 738 

4 30.3 45.0 42.9 a74 

a Soda-A& cooking o f  un t r ea t ed  chips .  

% j:/ \ 

Y 

20 

.r I 1 I I 
60 120 180 2LO 

COOKING TIME, min 

FIGURE 7 .  Effec t  of a l k a l i  charge (cooking stage) on t h e  
d e l i g n i f i c a t i o n  o f  p r e t r e a t e d  p ine  wood ch ips .  

chips .  Open symbols: P r e t r e a t e d  ch ips .  Pretreatment  
cond i t ions  as in Table 2. 
Fig.  2. 

0 16 % N a O H ,  
0 20 % NaOH,  a 25 % NaOH.  F i l l e d  symbols: Untreated 

Other cooking cond i t ions  as i n  
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440 HAGSTROM AND SJOSTROM 

50 - 

C 
0 

KAPPA NUMBER 

FIGURE 8.  
d ry  un t r ea t ed  wood) and kappa number f o r  pulps cooked a t  
d i f f e r e n t  a l k a l i  charges .  For explanat ion o f  symbols, see 
Fig.  7.  

Re la t ionsh ip  between y i e l d  of  pulp ( c a l c u l a t e d  on 

material l o s s e s  i n  t h i s  s t age  (F ig .  6 ) ,  it has no s i g n i f i c a n t  

e f f e c t  on the  carbohydrate y i e l d  i n  t h e  fol lowing soda-anthra- 

quinone pulping s t a g e  (Table 4). On t h e  o t h e r  hand, higher  

a l k a l i  charges r e s u l t e d  i n  both reduced v i s c o s i t y  and lower 

kappa number. 

F i n a l l y ,  t h e  effect  of t h e  a l k a l i  charge i n  t h e  cooking 

s t a g e  w a s  s t u d i e d  (Fig.  7) .  Only 16 % a l k a l i  ( c a l c u l a t e d  on 

p r e t r e a t e d  wood o r  14 % on wood) w a s  needed t o  ob ta in  t h e  same 

rate o f  d e l i g n i f i c a t i o n  as f o r  t h e  r e fe rence  cook with 20 % 
a l k a l i  charge. 

used, t h e  t o t a l  a l k a l i  charge was 22 % (based on wood). 

However, t h e  a c t u a l  a l k a l i  consumption was lower,  s i n c e  about 

3 % of a l k a l i  remained unconsumed after t h e  pretreatment .  

t h e  a l k a l i  charge i n  t h e  cooking s t a g e  was decreased t h e  pulp 

Because i n  t h e  pretreatment  s t a g e  8 % a l k a l i  was 

When 
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t 800 
v) 
0 
V 

’ 700 
0 
z 
2 600 
v) 

I I I I 
20 30 LO 50 

KAPPA NUMBER 

FIGURE 9 .  
f o r  pulps cooked at d i f f e r e n t  a l k a l i  charges.  
of symbols, see Fig.  7 .  

Relat ionship between pulp v i s c o s i t y  and kappa number 
For explanation 

y i e l d  w a s  markedly improved (Fig.  8 ) .  
a l k a l i  f o r  p r e t r e a t e d  ch ips ,  t h e  t o t a l  pulp y i e l d  was 47.0 % 
(kappa number 30) compared t o  44.5 % i n  t h e  reference cook with 

20 % a l k a l i  ( t h e  same kappa number). The pulp v i s c o s i t i e s  were 

a l s o  improved when t h e  a l k a l i  charge w a s  decreased (Fig.  9 ) .  
When 16 $ a l k a l i  was used t h e  v i s c o s i t y  a t  higher  kappa numbers 

almost reached t h e  v i s c o s i t y  l e v e l  of t h e  reference pulp cooked 

with 20 % a l k a l i .  

For example, with 16 % 

CONCLUSIONS 

When pine chips  a r e  p r e t r e a t e d  with oxygen i n  a l k a l i n e  

ethanol-water s o l u t i o n s  t h e  d e l i g n i f i c a t i o n  i n  t h e  subsequent 

soda-anthraquinone cooking s tage  is acce lera ted  s i g n i f i c a n t l y .  

The p r e t r e a t e d  chips  can a l s o  be d e l i g n i f i e d  t o  a lower res idua l  
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l i gn in  content than untreated chips.  

obtained f o r  pre t rea ted  chips i s  15, which i s  near ly  the  same as 

obtained by s u l f a t e  pulping and subsequent oxygen bleaching. 

The lowest kappa number. 

Although extensive peel ing of wood polysaccharides cannot 

be avoided, t h i s  pretreatment r e s u l t s  i n  a 1-2 % higher pulp 

y i e ld  than the  reference cooks without pretreatment (compared 

at the  same degree of de l ign i f i ca t ion ) .  

increases  can be obtained when the  a l k a l i  charge i n  the  cooking 

s tage i s  decreased. However , del igni f ica t ion  of pre t rea ted  

chips r e s u l t s  i n  a depolymerization of polysaccharides during 

an ear ly  s tage  of  t he  cook, r e f l ec t ed  by lower pulp v i s c o s i t i e s  

than f o r  t he  reference pulps at kappa numbers higher than 25. 

On the  other  hand, t he  sharp drop i n  v i scos i ty ,  which occurs 

below t h i s  kappa number, i s  not obtained u n t i l  t he  kappa number 

decreases below 20. The v iscos i ty  loss associated with the  

pretreatment can be avoided by lowering the  a l k a l i  charge i n  the 

cook a t  the  expense of de l ign i f ica t ion  r a t e .  

produced from pre t rea ted  chips a re  a l so  s ign i f i can t ly  br ighter  

than the  reference pulps. 

Additional y i e l d  

The pulps 

Studies on the  e f f e c t  of t h i s  pretreatment on the  l i g n i n  
12 

a re  now i n  progress and w i l l  be reported in another paper . 

EXPERIMENTAL 

The wood mater ia l  consis ted of  pine chips (Pinus s y l v e s t r i s )  

used e i t h e r  as such o r  a f t e r  gr inding i n  a Wiley m i l l .  

wood m e a l  was screened and the  0.25-0.50 mm f r ac t ion  was  used 

f o r  t he  pretreatment experiments. 

The 

The pretreatments of wood m e a l  were car r ied  out i n  te f lon-  

l i ned  autoclaves (50  m l )  equipped with magnetic s t i r r i n g .  
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Air-dried wood meal corresponding t o  2.00 g of dry wood and 

MgS04 ( 1  % on wood) were mixed i n  t h e  autoclave with sodium 

hydroxide so lu t ions  (0 .25  m o l / l ) ,  containing var ious amounts of 

ethanol.  The autoclaves were then closed and t h e  air removed by 

introducing oxygen u n t i l  a pressure  of  600 kPa was reached a f t e r  

which t h e  pressure  w a s  re leased.  

twice before adjustment of t h e  f i n a l  oxygen pressure (600 kPa).  

The pressur ized  autoclaves were placed i n  a preheated polyglycol 

bath ( 6 5 O c ) .  After  a proper r e a c t i o n  time t h e  autoclaves were 

cooled i n  cold w a t a r  and opened. The p r e t r e a t e d  wood meal was 

f i n a l l y  washed c a r e f u l l y  with hot water and dr ied .  

This procedure w a s  repeated 

The pretreatment  of pine chips  was c a r r i e d  out i n  an 

e l e c t r i c a l l y  heated r o t a t i n g  autoclave (8000 m l )  of s t a i n l e s s  

s t e e l .  

wood were introduced t o  t h e  autoclave.  Af te r  addi t ion  of 

3000 m l  sodium hydroxide s o l u t i o n  (0.20 m o l / l )  , containing 

1500 g ethanol  and 3.0 g MgS04, t h e  autoclave w a s  c losed and 

olrygen introduced u n t i l  a pressure o f  400 kPa was reached. 

autoclave was heated t o  65 C i n  30 minutes and maintained at 

t h i s  temperature f o r  2 hours. The pressure w a s  then re leased  

and t h e  autoclave opened. 

chips were a i r - d r i e d ,  and weighed f o r  y i e l d  determination. 

Air-dried chips  ( 1  x 20 mm) corresponding t o  300 g dry 

The 
0 

After  washing with hot water t h e  

Wood meal (2.00 g) o r  p r e t r e a t e d  wood meal (corresponding 

t o  2.00 g unt rea ted  wood meal) were cooked under ni t rogen 

atmosphere i n  a te f lon- l ined  autoclave (500 m l )  equipped with 

a magnetic stirrer i n  a polyglycol bath.  

were as  fol lows:  

The cooking condi t ions 

Wood:liquor 

Maximum temperature 

Time t o  max. temp. 

10 g/dm3 

173OC 

40 min 
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444 HAGSTROM AND SJOSTROM 

Time a t  max. temp. 

NaOH concentration 

AQ charge 

N pressure 2 

150 min 

0.5 moll1 

1 % on wood 

200 kPa 

After the  cook t h e  autoclave w a s  cooled i n  cold water and 

The re su l t i ng  pulps were f i l t e r e d  o f f  on a Rlass opened. 

f i l t e r  ( G 2 )  and washed with hot water, hot ethanol ( t o  remove 

A&) and f i n a l l y  with hot water. 

(103'C) fo r  24 hours and the  yields  and kappa nunbers determined. 

The pulps were then oven-dried 

Pine chips (20 g, o r  pretreated chips corresponding t o  

20 g untreated chips) were cooked i n  s t a in l e s s  s t e e l  autoclaves 

(150 ml) using 100 m l  l iquor  with various sodium hydroxide 

concentrations.  

0.2 % based on dry wood. 

A& and NaOH charges were calculated on dry pre t rea ted  wood. 

The autoclaves were heated i n  a polyglycol bath,  i n  which 8 
cooks could be car r ied  out a t  the  same t i m e  thus ensuring equal 

temperature conditions.  The m a x i m  temperature w a s  170 C and 

the  heating up time 110 mirrutes. 

w a s  varied.  After the  cooks the  autoclaves were cooled i n  cold 

water and t he  r e su l t i ng  pulps washed with hot water overnight. 

The pulps were f iber ized  i n  a d i s in tegra tor ,  centrifuged and 

weighed. 

The AQ charge i n  all cooking experiments w a s  

When pre t rea ted  chips were cooked the 

0 

The time at maximum temperature 

The pulp y i e ld  w a s  determined as  the  weight of 0.d. pulp on 

0.d. wood. When pre t rea ted  chips were cooked the  y i e l d  w a s  

determined on 0.d.  untreated wood. For determination of the 

dry-matter content t he  pulps were oven-dried (24  h ,  103OC), 

conditioned i n  a desiccator  and weighed. 

The l i gn in  contents of wood, pre t rea ted  wood and pulps were 

calculated as sums of gravimetric l ignin13 and acid-soluble 
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lignin, the latter measured by UV spectrophotometry at 203 nm, 
using an absorptivity value of 128 l.g-’-cm -1  14 

The content of extractives of wood and pretreated wood was 

estimated from the material losses in the extraction (24 h) with 
methano1:benzene (1:1) made before the gravimetric lignin 

determination. 

The lignin-free yield of the pulps was calculated as the 

difference between the total yield and the lignin yield. 

S u g a r  analyses were carried out according to the method of 

SjZstrBm et al. l 5  and polysaccharide composition was calculated 
after Janson . 16 

The kappa number, viscosity and IS0 brightness of the pulps 

were determined according to SCAN standards, SCAN-C 1:77, 
SCAN-C 15:62, and SCAN-C 1 1  :75 ,  respectively. 
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