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MODIFICATION OF ALKALINE PULPING TO 
FACILITATE THE ISOLATION OF ALIPHATIC A C I D S  

P a r t  2 .  Sodium hyd rox ide  
p re t rea tmen t  o f  b i r c h  wood 

Raimo A lgn ,  Klaus N i e m e l l ,  and Eero SjBstrBm 
Labora to ry  o f  Wood Chemis t ry ,  H e l s i n k i  U n i v e r s i t y  

o f  Technology, SF-02150 Espoo, F i n l a n d  

ABSTRACT 

A m o d i f i e d  p u l p i n g  system o f  b i r c h  wood (Betula verrucosa / 
Betula pubescens) i n v o l v i n g  a l k a l i n e  p re t rea tmen t  o f  t he  ch ips  was 
s t u d i e d  as a p o s s i b i l i t y  for  a f a c i l i t a t e d  recovery  o f  the  carbo-  
hyd ra te  degradat ion  p roduc ts  (a1 i p h a t i c  a c i d s ) .  A l though a proper  
p re t rea tmen t  r e s u l t e d  i n  a f a i r l y  e x t e n s i v e  fo rma t ion  o f  a l i p h a t i c  
a c i d s  compared w i t h  t h e  l i g n i n  d i s s o l u t i o n ,  d e l i g n i f i c a t i o n  was 
r e t a r d e d  in t h e  p u l p i n g  s tage ( k r a f t  or  soda-anthraquinone) and the  
p u l p  y i e l d  was somewhat lower ( 0 . 5  - 1 'Z o f  wood). Data a r e  
r e p o r t e d  f o r  t he  compos i t ion  o f  a l i p h a t i c  a c i d s  i n  l i q u o r s  a f t e r  
p r e  t rea  tmen t s  . 

INTRODUCTION 

Pre t rea tment  o f  p i n e  ch ips  w i t h  sodium hyd rox ide  p r i o r  t o  

o r d i n a r y  d e l i g n i f i c a t i o n  i n  o r d e r  t o  f a c i l i t a t e  the  recovery  of 

a l i p h a t i c  ac ids  was s t u d i e d  e a r l i e r  . A l though the  l i q u o r  a f t e r  

p re t rea tmen t  con ta ined  h i g h  amounts o f  a l i p h a t i c  a c i d s  i n  r e l a t i o n  

t o  l i g n i n ,  t he  d e l i g n i f i c a t i o n  r a t e  i n  t h e  p u l p i n g  s tage was 

decreased and the  p u l p  y i e l d  was somewhat lower compared w i t h  cooks 

w i t h o u t  p re t rea tmen t .  

1 

A f a i r l y  e x t e n s i v e  removal o f  x y l a n  and glucomannan i n  the  

i n i t i a l  s tage of b i r c h  k r a f t  pu lp ing '  i n d i c a t e s  t h a t  i n  t h i s  case 
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336 ALEN, NIEHELA, AND SJOSTROM 

t oo  a two-stage cook ing  may be f a v o r a b l e  f o r  the  recove ry  o f  

a l i p h a t i c  ac ids ,  a l t hough  n o t  enough i n f o r m a t i o n  i s  a v a i l a b  

degrada t ion  of b i r c h  wood carbohydra tes  by m i l d  a l k a l i .  Th 

was undertaken t o  e v a l u a t e  s u i t a b l e  p re t rea tmen t  c o n d i t i o n s  

a reasonab ly  e x t e n s i v e  fo rma t ion  o f  a l i p h a t i c  a c i d s  takes  p 

e on the  

s work 

i n  which 

ace, 

and t o  s tudy  how t h i s  p re t rea tmen t  a f f e c t s  t h e  r a t e  o f  d e l i g n i f i c a t i o n  

and the  p u l p  y i e l d .  I n  a d d i t i o n  t o  o r d i n a r y  k r a f t  p u l p i n g ,  the  soda 

cook ing  method i n  the  presence of anthraqu inone was a p p l i e d .  

EXPER I MENTAL 

Wood M a t e r i a l  

The wood m a t e r i a l  was a i r - d r i e d  i n d u s t r i a l  c h i p s  o f  b i r c h  wood 

(jretulu verrucosa / Betula pubescens). 

W i l l i a m  screen and t h e  f r a c t i o n  of 2 - 4 mm s i z e  was accepted .  The 

c o n t e n t  o f  l i g n i n  and e x t r a c t i v e s  o f  t he  wood m a t e r i a l  was 2 2 . 0  % and 

4 . 6  % ,  r e s p e c t i v e l y .  

The c h i p s  were screened on a 

A l k a l i n e  P re t rea tmen ts  

A l k a l i n e  p re t rea tmen tswere  performed u s i n g  a i r - d r i e d  ch ips  

acco rd ing  t o  the  procedure  descr ibed e a r l i e r  . A d d i t i o n a l  p r e t r e a t -  

r e n t s  (no t  g i ven  i n  Tab le  1 )  were made u s i n g  e i t h e r  lower temperatures 

(80 - 140 OC) o r  more d r a s t i c  c o n d i t i o n s  ( h i g h e r  tempera ture ,  170 OC, 

and a l k a l i  charges, 12 and 14  % NaOH on Hood). 

1 

Oel i g n i f i c a t i o n  a f t e r  Pre t rea tment  

The p r e t r e a t e d  c h i p s  ( a i r - d r i e d )  were charged i n t o  au toc laves  

( t h e  same as used f o r  p re t rea tmen ts )  and pu lped under the  f o l l o w i n g  

c o n d i t i o n s :  
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338 ALEN, NIEHELA, AND SJOSTROM 

T o t a l  a l k a l i  charge 20 o r  22 8 a c t .  a l k a l i  

S u l f i d i t y  30 % 
Anthraquinone charge 

L iquor - to -wood r a t i o  4 L /kg  

Time t o  max. tempera ture  (168 c )  85 min 

0 . 1  % on wood 

0 

The co r respond ing  s i n g l e - s t a g e  k r a f t  and soda-AQ cooks were 

made fo r  re fe rence .  

A n a l y t i c a l  De te rm ina t ions  

I i 9  uor-!!!a!Y r is  

The hydroxy  a c i d s  were de termined as t r i m e t h y l s i l y l  d e r i v a t i v e s  
1 ,  3 

by gas-1 i q u i d  chromatography (GLC) as aesc r ibed  Prev iOus lY  

GLC d e t e r m i n a t i o n ,  as desc r ibed  e lsewhere4 '  '. 
5880 A gas chromatograph equipped w i t h  a f lame i o n i z a t i o n  d e t e c t o r  

and a S i l a r  10 C g l a s s  c a p i l l a r y  c o l u m  (0.32 mm i . d .  x 2 5  m) was 

used. 

130 OC. 

f low r a t e  o f  c a r r i e r  gas (H ) was 7 mL/min. The i n j e c t i o n  volume 

was 0.5 /uL and t h e  s p l i t  r a t i o  20:l. The r e l a t i v e  molar  response 

f a c t o r s  (benzy l  p r o p i o n a t e  = 1) used for  benzyl  fo rmate  and benzyl  

a c e t a t e  were 0.75 and 0.89, r e s p e c t i v e l y .  

. 

f o r m i c  and a c e t i c  a c i d  were conver ted  t o  benzyl  e s t e r s  b e f o r e  
A Hewle t t -Packard  

The tempera ture  program was 4 min a t  100 OC and 1 0  'C/min t o  

The i n j e c t i o n  p o r t  and m a n i f o l d  were kept  a t  260 OC. The 

2 

Methanol was ana lysed by i n j e c t i n g  a d i l u t e d  spent l i q u o r  sample 

( 1  /uL) d i r e c t l y  t o  a GLC c o l u m  (3.175 mm x 2 m) packed w i t h  12 % 
Carbowax 20 M on Chromsorb  W-HMDS (80 - 100 m e s h ) .  A Perk in -E lmer  

900 gas chromatograph equipped w i t h  a f lame i o n i s a t i o n  d e t e c t o r  was 

used. Oven tempera ture  was kep t  a t  50 C .  The temperatures o f  the 

i n j e c t i o n  p o r t  and m a n i f o l d  were 140 

The flew r a t e  O f  c a r r i e r  gas (N2) was 30 mL/min. 

were de termined by u s i n g  r e f e r e n c e  s o l u t i o n s  o f  known methanol 

c o n c e n t r a t i o n s .  

0 

0 
C and 200 OC, r e s p e c t i v e l y .  

Methanol con ten ts  

The l i g n i n  c o n c e n t r a t i o n s  were measured by uv spec t rophoto-  

met ry  u s i n g  a h i s s  PHQ I I Spectrophotometer ( I -cm s i I  i ca  c e l  i s ) .  

The sample s o l u t i o n s  were d i l u t e d  w i t h  wa te r  t o  g i v e  a uv absorbance 
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ALKALINE PULPING I1 3 39 

o f  0 .3  - 0.5 a t  278 nm. 

u s i n g  an a b s o r p t i v i t y  va lue o f  15 .0  L/g cm . 
The I i g n i n  concen t ra t i ons  were c a l c u l a t e d  

6 

The molecular -weight  d i s t r i b u t i o n  o f  the l i g n i n  f r a c t i o n s  was 
1 

determined by gel  permeat ion chromatography as descr ibed p r e v i o u s l y  . 
Residual  a l k a l i  was t i t r a t e d  w i t h  0.1 N H C I  and the  f i n a l  pH 

values were measured w i t h  a Metrohm-Herisau E 436 po ten t i og raph .  

The e x t r a c t i v e s  contents  were determined accord ing t o  SCAN-C 

7:62. The l i g n i n  de te rm ina t ions  for un t rea ted  c h i p s  were made g r a v i -  

m e t r i c a l l y  as descr ibed by Jayme et d7 and the  va lues were 

c o r r e c t e d  f o r  a c i d - s o l u b l e  l i g n i n  (UV determinat ions a t  203 nm, 

a b s o r p t i v i t y  128 L/g cm). 

The kappa numbers o f  pu lps were determined accord ing t o  SCAN-C 

1:77. 

RESULTS AN0 DISCUSSION 

Al though no s t r i k i n g  changes were observed i n  the t o t a l  amount 

o f  m a t e r i a l  d i sso l ved  d u r i n g  pret reatments,  a prominent format ion o f  

hydroxy ac ids  was ob ta ined  o n l y  a t  temperatures above 150 OC (F ig .  1 

and Table I ) .  The r a p i d  increase i n  hydroxy a c i d  contents  was 

probably  due t o  the degradat ion o f  xy lan,  which obv ious l y  appears 

a t  lower temperatures (80 - 140 OC) i n  the pret reatment  s o l u t i o n s  

mos t l y  i n  the form o f  po lysacchar ides . 

p i n e  ch ips ' ,  the d i s s o l u t i o n  of  l i g n i n  occured main ly  d u r i n g  the 

f i r s t  30 minutes '  t reatment  and the  average molecular  weights o f  the 

l i g n i n  f r a c t i o n s  were very l o w  (nw approx imate ly  1500 i n  the pre-  

t reatments performed a t  150 and 160 OC). 

150 - 160 

whereas under these c o n d i t i o n s  o n l y  50 - 70 % o f  e x t r a c t i v e s  were 

d i sso l ved .  Based on the weight  r a t i o  o f  the t o t a l  amount o f  hydroxy 

8, 9 

In agreement w i t h  the r e s u l t s  f rom the a l k a l i n e  pret reatment  o f  

A t  temperatures o f  
0 C most hydroxy ac ids  were formed a f t e r  60 minutes,  
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340 ALEN, NIEMELA, AND SJOSTROM 

PRETREATMENT TIME (mid 

FIGURE 1 .  Format ion o f  hydroxy a c i d s  d u r i n g  a l k a l i n e  p r e t r e a t m n t s  
( 1 0  % NaOH on wood). 

ac ids  t o  l i g n i n ,  g e n e r a l l y  v a r y i n g  w i t h i n  the  l i m i t s  o f  0 . 8  - 1.2 

(..j'. Table l), t he  l i q u o r  ob ta ined  a f t e r  p re t rea tmen t  a t  160 OC f o r  

60 minutes  w i t h  an a l k a l i  charge o f  8 - 10 % NaOH on wood was 

cons idered t o  be most s u i t a b l e  f o r  i s o \ a t i o n  of hydroxy a c i d s .  

A l though these va lues  were c l e a r l y  lower than those ob ta ined  f rom 

the  p re t rea tmen ts  o f  p i n e  wood, the  cor respond ing  we igh t  r a t i o s  o f  

a l i p h a t i c  a c i d s  ( f o r m i c ,  a c e t i c ,  and hydroxy  a c i d s )  t o  l i g n i n  were, 

however, a lmost  equal  ( 1 . 8  - 2 . 5 ) .  

Almost 40 d i f f e r e n t  a l i p h a t i c  a c i d s  were i d e n t i f i e d  i n  the  

l i q u o r s  a f t e r  p re t rea tmen t .  Most o f  the  components (Tab le  2 )  have 

been p r e v i o u s l y d e t e c t e d  i n  the  spent l i q u o r s  f rom the  a l k a l i n e  

p u l p i n g  o f  b i r c h  wood l o  - ". 
( 4 . 0  - 4 .6  % o f  wood) o r i g i n a t e s  from the  a c e t y l  groups o f  xy lan ,  

wh ich  a r e  e a s i l y  s a p o n i f i e d  d u r i n g  these p re t rea tmen t  c o n d i t i o n s .  The 

fo rm ic  a c i d  and methanol con ten ts  were, r e s p e c t i v e l y ,  0 . 7  - 1.4 % and 

0 . 2  - 0 . 3  % on wood. 

The h i g h  a c e t i c  a c i d  con ten t  

The r e s u l t s  f rom the  s ing le -s tage  re fe rence  and two-stage k r a f t  

cooks show t h a t  t h e  p re t rea tmen t  r e s u l t e d  i n  a re ta rded  
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ALKALINE PULPING 11 34 1 

TABLE 2 

R e l a t i v e  Composi t ion o f  A l i p h a t i c  Ac ids  i n  the  Spent L iquor  f rom 
Pre t rea tment  (160 OC, 60 min, 10 % o f  NaOH on wood) 

Ac id  Content,  
% o f  a l i p h a t i c  ac ids  

Formic 

A c e t i c  

G l y c o l i c  

L a c t i c  

2-Hydroxybutanoic 

2 -Deoxy te t ron ic  

3-Deoxy t e  t ron i c 

2,S-Di hydroxypentanoi  c 

3-Deoxypen ton  i c 

2 .3 -D ideoxypentar ic  

Xy l o i  sosdcchar i  n i c 

3,6-Dideoxyhexonic 

Anhydroi  sosacchar i n i c 

a -G luco isosacchar in i c  

O-Gluco isosacchar in ic  

3-Deoxy-2-C--hydroxymethylpentaric 

Misce l laneous 

8.8 
3 8 . 1  

5.9 
7 .7  
9.1 

0.9 
2.0 

3 . 6  
2.1 

1 . o  
3 .8  
1.9 
0.7 

1 . 8  

3 .1  
1.2 

8.3 

d e l i g n i f i c a t i o n  and lower p u l p  y i e l d s  (0.5 % a t  a kappa number l e v e l  

o f  20 - 35 ;  F igs .  2 and 3 ) .  However. t he  y i e l d  losses i n  two-stage 

cooks compared w i t h  conven t iona l  k r a f t  cooks were somewhat lower than 

those observed i n  the  cor respond ing  p u l p i n g  o f  p i n e  ch ips  . F i n a l l y ,  

s i m i l a r  r e s u l t s  were ob ta ined  when t h e  p r e t r e a t e d  ch ips  were 

d e l i g n i f i e d  w i t h  an thraqu inone as a d d i t i v e  (F igs .  4 - 5 ) .  

1 

CONCLUSIONS 

Most o f  t he  hydroxy  ac ids  from b i r c h  wood a r e  de r i ved  from 

t h e  xy lan .  The a c e t y l  groups a r e  r e a d i l y  removed by a l k a l i  from 
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I I I 

15 25 35 LS 
KAPPA M R  

%I I 

FIGURE 2 .  Y i e l d  v s .  kappa number f o r  the k r a f t  cooks. Open symbols: 
cooks a f t e r  p r e t r e a t m e n t .  Sol i d  symbols: r e f e r e n c e  cooks (without 
p r e t r e a t m e n t ) .  U ,- 20 % and 9, 0 22 % act .  a l k a l i  (as NaOH) 
on wood. 
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FIGURE 3 .  Kappa number u s .  cooking time fo r  t h e  k r a f t  cooks. 
F i g .  2 f o r  e x p l a n a t i o n  o f  symbols. 
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I I I 1 

1s 2s 35 45 55 ' 
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FIGURE 4 .  Y i e l d  u s .  kappa number f o r  the soda-AQ cooks. See F i g .  2 
fo r  explanat ion of  symbols. 
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FIGURE 5 .  Kappa number u8. cooking time f o r  the  soda-AQ cooks. See 
F i g .  2 for  explanat ion o f  symbols. 
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the  xy lan ,  whereas i t s  f u r t h e r  deg rada t ion  to  hydroxy ac ids  

r e q u i r e s  more d r a s t i c  p re t rea tmen t  c o n d i t i o n s  than i s  needed f o r  

t he  galactoglucornannans i n  p i n e  wood . Never the less ,  compara t ive ly  

l o w  amounts o f  l i g n i n  were p resen t  i n  t h e  s o l u t i o n s  a f t e r  p re-  

t rea tment .  A l though the  a l k a l i n e  p re t rea tmen t  i s  f avo rab le  when 

c o n s i d e r i n g  the  recovery  o f  t he  ca rbohydra te  deg rada t ion  produc ts ,  

a drawback i s  t h a t  t h e  d e l i g n i f i c a t i o n  i n  the  f o l l o w i n g  p u l p i n g  

s tage proceeds more slowly and r e s u l t s  i n  somewhat lower p u l p  

y i e l d s .  

1 
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