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

P a r t  1. Sodium hyd rox ide  
p re t rea tmen t  o f  p i n e  wood 

Raimo Aldn, Klaus Niemels,  and Eero S j a s t r h  
Labora to ry  o f  Wood Chemist ry ,  H e l s i n k i  U n i v e r s i t y  

o f  Technology, SF-0.2150 Espoo 15, F i n l a n d  

ABSTRACT 

P r e t r e a t i n g  p i n e  c h i p s  (Pinus s y h e s t r i s )  w i t h  sodium hy - .  
d r o x i d e  p r i o r  t o  t h e  a l k a l i n e  d e l i g n i f i c a t i o n  ( k r a f t ,  k r a f t -  
anthraquinone,  and soda-anthraquinone) can f a c i  1 i t a t e  t h e  recov-  
e r y  o f  t h e  carbohydrate deg rada t ion  p roduc ts  f rom a l k a l i n e  p u l p i n g  
l i q u o r s .  Under s u i t a b l e  p re t rea tmen t  c o n d i t i o n s  l a r g e  amounts of 
carbohydrate deg rada t ion  p roduc ts  (a1 i p h a t i c  ac ids )  were formed 
r e l a t i v e  t o  l i g n i n .  The l i g n i n  f r a c t i o n  was composed o f  compara- 
t i v e l y  low-molecular -weight  fragments. A l though t h e  d e l i g n i f i -  
c a t i o n  was cons ide rab ly  r e t a r d e d  and t h e  y i e l d  (based on wood) 
was decreased by 1 - 3 %, t he  p r o p e r t i e s  o f  t he  r e s u l t i n g  p u l p  
were e s s e n t i a l l y  ma in ta ined  d e s p i t e  p re t rea tmen t .  F i n a l l y ,  d a t a  
a r e  g i ven  f o r  t he  composi 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  re -  
s u l t i n g  f rom p re t rea tmen ts .  

INTRODUCTION 

I n  a d d i t i o n  t o  the degraded l i g n i n .  k r a f t  b l a c k  l i q u o r s  con- 

t a i n  another  l a r g e  f r a c t i o n  composed o f  a v a r i e t y  o f  a l i p h a t i c  

a c i d s  formed as degrada t ion  products  o f  po l ysacchar ides  , 3ecause 

o f  seve ra l  f a c t o r s  ( i n c l u d i n g  the  low heat  v a l u e s ) ,  i n t e r e s t  has 

been d i r e c t e d  a t  t h e  p o s s i b i l i t y  o f  r e c o v e r i n g  these a c i d s  . The 

main o b s t a c l e  i s  t he  l ack  o f  reasonably  s imple methods o f  s e p a r a t i n g  
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406 ALEN, NIEMELA, AND SJOSTROM 

them from l i g n i n  and o ther  cons t i tuents ,  and the need t o  recover 
3 i norgan i c chemi ca 1 s . 

To circumvent separation problems, process streams conta in ing  

less l i g n i n  than i s  present i n  black l i q u o r s  could be used, f o r  

example l i q u o r  withdrawn from the d iges ter  a t  ea r l y  stages o f  the 

cook because the m s t  extensive degradation o f  carbohydrates takes 

place dur ing  the heating-up per iod  . Another way t o  ob ta in  f rac -  

t i ons  o f  low l i g n i n  content would be to modify the cooking pro- 

cedure, f o r  example by p re t rea t i ng  the  chips w i t h  sodium hydrox- 

ide alone p r i o r  t o  the d e l i g n i f i c a t i o n  stage. Besides carbohydrate 

degradation products, ex t rac t i ves  e a s i l y  so lub le  i n  a l k a l  i4 could 

possibly be recovered a f t e r  pretreatment. Because r e s u l t s  could 

no t  be pred ic ted  from the l i t e r a t u r e ,  a study was made i n t o  the e f -  

fec ts  o f  such a pretreatment on d e l i g n i f i c a t i o n  and pu lp  y i e l d  and 

pulp p roper t ies .  

1 

The ob jec t  was t o  de f ine  pretreatment cond i t ions  tha t  maximize 

the formation o f  carbohydrate degradation products and minimize the 

d i sso lu t i on  o f  l i g n i n .  A f t e r  pretreatment the chips were d e l i g n i f i e d .  

In  add i t i on  t o  o rd inary  k r a f t  pulping, k r a f t  and soda pu lp ing  i n  the 

presence o f  anthraquinone were appl ied.  

RESULTS AND D I S C U S S I O N  

Pre t  reatmen t s  

A number o f  pretreatments was made ( a l k a l i  charge from 8 
t o  14 4; NaOH on wood, temperature 140 - 160 O C ,  and t ime 

3 0  - 120 min) and on ly  the most useful  r e s u l t s  are co l l ec ted  i n  

Table 1 .  No s t r i k i n g  d i f fe rences  were found e i t h e r  i n  the d i s -  

so lu t i on  o f  l i g n i n  o r  i n  the formation o f  a l i p h a t i c  acids.  Most 

o f  the d i sso lu t i on  o f  l i g n i n  had occurred a f t e r  30 minutes' 

treatment, whereas the formation o f  hydroxy acids continued and 
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408 ALEN, NIEMELA, AND SJOSTROM 

l e v e l l e d  o f f  a f t e r  60 minutes.  E x t r a c t i v e s  were a l s o  d i s s o l v e d  

a lmost  complete ly  (90 - 95 %) d u r i n g  t h e  e a r l y  s tage o f  p re -  

t reatments.  The average mo lecu la r  we igh ts  o f  the  l i g n i n  f r a c -  

t i o n s  were very l o w  (Table 2 ) .  

The h i g h e s t  r a t i o  of t he  t o t a l  amount o f  hydroxy a c i d s  t o  

l i g n i n  in  l i q u o r s  a f t e r  p re t rea tmen t  was 1.5 - 1.6, which i s  much 

h i g h e r  than f o r  k r a f t  b l a c k  l i q u o r s  (about 0 . 6 )  . No a t tempts ,  

however, were made t o  i s o l a t e  t h e  a l i p h a t i c  a c i d s .  The spent  

l i q u o r  ob ta ined  a f t e r  p re t rea tmen t  a t  150 C f o r  60 minutes w i t h  

an a l k a l i  charge o f  8 % a c t .  a l k a l i  (as NaOH) on wood was s e l e c -  

t e d  f o r  f u r t h e r  process ing.  

3 

0 

About 35 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  t h e  

l i q u o r s  a f t e r  p re t rea tmen t .  A l l  a r e  known a l k a l i n e  degrada t ion  

products  o f  po l ysacchar ides  analyzed e a r l i e r  i n  b l a c k  l i q u o r s  . 
The major components a r e  presented in  Table 3 .  
t h e  v a r y i n g  c o n d i t i o n s  d i r e c t  t h e  degrada t ion  rou tes ,  l a r g e r  

5-3 

P o s s i b l y  because 

TABLE 2 

Average Molecular  Weight o f  A l k a l i  L i g n i n s  D isso lved  a t  150 OC 

- 
MW 

Pret reatment  t ime,  A l k a l i  charge, L i g n i n  d i s s o l v e d ,  
m i n  % NaOH on wood % o f  t o t a l  l i g n i n  

30 

60 

60 

60 
60 

90 
120 

0 
8 

10 

12 

14 

8 
3 

13.7 1046 

15.9 1266 

19.6 1215 

22.1 1214 

23.2 1770 

15.5 1173 

16.6 1099 
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PULPING MODIFICATION I 409 

amounts of 2,s-dihydroxypentanoic acid and less glucoisosac- 

charinic acid were present than in black liquors from pulping. 
Acetic acid was formed early because of the deacetylation of 

galactoglucomannansl , whereas the amount of formic acid increased 
continuously during pretreatment. 

Del i gn i f icat ion 

The pretreated chips were del ignified more slowly than the 
untreated chips (Fig. 1, where the cooking time is plotted 

TABLE 3 

Relative Composit 
from Pretreatment 

on of A 
(150 OC 

iphatic Acids in the Spent Liquor 
60 min, 8 % act. alkali on wood) 

Acid Con tent , 
% of aliphatic acids 

Formic 18.6 
Acetic 19.4 
Glycolic 5.2 

Lactic 7.9 
2-Hydroxybutanoic 1.9 
2-Deoxytetronic 1.7 
3-Deoxytetronic 1.9 

3-Deoxypentonic 2.2 
Xyloisosaccharinic 1.1 

3,6-Dideoxyhexonic 0.6 
Anhydroi sosaccharin ic 1.2 
a-Glucoisosaccharinic 6.6 
6-Glucoisosaccharinic 11.7 
Miscellaneous 9.6 

2,5-Di hydroxypentanoi c 10.4 
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410 ALEN, NIEMELA, AND SJOSTROM 

I I I 

60 80 100 120 
%, ' 

COOKING TIME (m id  

FIGURE 1 .  Kappa number u s .  cook ing  t ime  for the k r a f t  cooks. 
Open symbols: cooks a f t e r  p re t rea tmen t .  S o l i d  symbols: 
re fe rence  cooks ( w i t h o u t  p re t rea tmen t ) .  0 , 20 % and 
0 ,  22 % a c t .  a l k a l i  (as NaOH) on wood. 

a g a i n s t  kappa number a f t e r  k r a f t  p u l p i n g ) .  

p r e t r e a t i n g  the  c h i p s  r e s u l t e d  i n  a lower  p u l p  y i e l d ,  t he  d i f -  

ference b e i n g  about 1 % a t  a kappa number l e v e l  o f  35 - 40. 

S i m i l a r ,  o r  somewhat more pronounced, e f f e c t s  f o r  b o t h  the  r a t e  

o f  d e l i g n i f i c a t i o n  ( F i g .  3)  and p u l p  y i e l d  ( F i g .  4) were ob- 

served when the  p r e t r e a t e d  c h i p s  were d e l i g n i f i e d  w i t h  sodium 

hyd rox ide  i n  the  presence o f  anthraquinone.  The e f f e c t  o f  

p re t rea tmen t  was most s t r i k i n g  a f t e r  k r a f  t -an t h r a q u i  none 

p u l p i n g  (F igs .  5 and 6 ) .  

F ig .  2 shows t h a t  

F i n a l l y ,  Table 4 shows the  r e s u l t s  from t h e  cook ing  exper-  

iments on a l a r g e r  s c a l e  a f t e r  which p u l p  enough f o r  b l e a c h i n g  

and t e s t i n g  was ob ta ined .  As can be seen the  e f f e c t  o f  p re -  

t reatment  on the  d e l i g n i f i c a t i o n  r a t e  and y i e l d  was s i m i l a r  as 

be fo re .  I t  was f u r t h e r  observed t h a t  t h e  re fe rence  p u l p  was 

bleached somewhat more e a s i l y  than the  p u l p  from t h e  m o d i f i e d  

cook, b u t  p r a c t i c a l l y  no d i f f e r e n c e s  were found as regards t h e  

p u l p  p r o p e r t i e s .  
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2 4 4 c  [ 
I 1 I -  

30 40 50 60 
KAPPA NUMBER 

% ’ 

FIGURE 2 .  Y i e l d  us .  kappa number f o r  the  k r a f t  cooks. See 
F i g .  1 f o r  explanat ion o f  symbols. 

i601 f 50 

a 30 
Y 

I I 1 I 

6 0  80 100 120 
COOKING TIME (mid 

FIGURE 3 .  Kappa number u s .  cooking t ime f o r  the soda-AQ cooks. 
See F i g .  1 f o r  explanat ion o f  symbols. 
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412 ALEN, NIEMELA, AND SJOSTROM 

I I I 

30 40 50 60 
KAPPA NUMBER 

+ I 
FIGURE 4. Y i e l d  us .  kappa number f o r  the  soda-AQ cooks. See 
F ig .  1 f o r  exp lanat ion  o f  symbols. 

6 30 a 

Y 

60 80 100 120 
COOKING TIME ( m i d  

FIGURE 5 .  Kappa number us .  cooking t ime f o r  the kraft -AQ cooks. 
See F i g .  1 f o r  explanat ion o f  symbols. 
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PULPING MODIFICATION I 413 

KAPPA NUMBER 

FIGURE 6. Y i e l d  v s .  kappa number for the k r a f t - A Q  cooks. See 
F ig .  1 f o r  exp lana t ion  o f  symbols. 

CONCLUSIONS 

The degradat ion o f  wood po lysacchar ides  t o  a l i p h a t i c  a c i d s  

proceeds much f a s t e r  than d e l i g n i f i c a t i o n  when p i n e  c h i p s  a r e  

t r e a t e d  a t  moderate temperatures w i t h  sodium hyd rox ide  a lone .  

To a i d  separa t i on ,  t h e r e f o r e ,  i t  might  be advantageous t o  pe r -  

form the cook i n  two stages and i s o l a t e  the  a l i p h a t i c  a c i d s  f r o m  

t h e  l i q u o r  a f t e r  p re t rea tmen t  i ns tead  f rom the  f i n a l  b l a c k  l i q u o r  

which c o n t a i n s  h i g h  amounts o f  l i g n i n  i n  a d d i t i o n  t o  sodium s u l -  

f i d e  and o t h e r  s u l f u r  compounds. However, t he  decreased 

d e l i g n i f i c a t i o n  r a t e  seems t o  be unavoidable and t h i s  m o d i f i e d  

p u l p i n g  system r e s u l t s  i n  pro longed cook ing  t imes and somewhat 

lower p u l p  y i e l d s .  

EXPERIME3TAL 

Wood M a t e r i a l  

The wood cons is ted  o f  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  Scots 

p i n e  (Pinus sy loes t r i s )  which were sub jec ted  t o  f u r t h e r  screening.  
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414 ALEN, NIEMELA, AND SJOSTROM 

TABLE 4 

Comparison between Convent ional  ( A )  and M o d i f i e d  (Two-Stage) 
( B )  K r a f t  Pu lp inga  

I 

Ab BC 

0 Time a t  max. temperature (170 C ) ,  m i n  

T o t a l  y i e l d ,  % o f  wood 

Kappa number 

Re jec t ,  % o f  wood 

Bea t ing  t ime  (20' S R ) ,  min 

T e n s i l e  index (20' SR), Nm/g 

Tear index (20' S R ) ,  Nm /kg 

Bleaching y i e l d ,  % 
IS0 br igh tness ,  % 

2 

90  
45.1 

36 
1.6 

3.1 (19) 
110 (84) 
11.4 (6 .8)  

93.9 
91.0 

150 
45.6 

47 

3.4 (19)  
1 0 1  (85)  
11.6 (7.1) 
94.1 
89.2 

1 .o 

a 

bCooking c o n d i t i o n s :  23.3 % a c t .  a l k a l i  (as NaOH) on wood, 

The va lues i n  parentheses r e f e r  t o  bleached pu lps .  

s u l f i d i t y  30 %, l i quo r - to -wood  r a t i o  4 L/kg, t ime  t o  max. temp. 
120 min. 

'A f te r  p re t rea tmen t  (8 % NaOH on wood, 150 OC, 60 min) 40 % o f  
t he  l i q u o r  was withdrawn. Temperature was then r a i s e d  from 
150 OC t o  170 OC (20 min) and w h i t e  l i q u o r  (30 % s u l f i d i t y )  was 
added (13.9 % a c t .  a l k a l i  as NaOH). The l iquor- to-wood r a t i o  
was kep t  cons tan t  (4  L/kg) d u r i n g  t h e  p re t rea tmen t  and 
d e l i g n i f i c a t i o n  stages. 

The f r a c t i o n  pass ing the  4 mm screen and r e t a i n e d  on t h e  2 mm 

screen was used. The l i g n i n  and e x t r a c t i v e s  con ten t  o f  t he  wood 

m a t e r i a l  was 27.6 % and 3.9 %,  r e s p e c t i v e l y .  

A l k a l i n e  Pret reatments 

A l k a l i n e  p re t rea tmen ts  o f  a i r - d r i e d  ch ips  were c a r r i e d  o u t  

i n  r o t a t i n g  s t a i n l e s s  s t e e l  au toc laves  of about 1.8 L c a p a c i t y  
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PULPING MODIFICATION I 415 

and were heated i n  a p o l y g l y c o l  bath.  The h e a t i n g  o f  t h e  l i q u o r  

i n  the  au toc laves  up t o  maximum temperature took  l e s s  than 10 

minutes. The l iquor- to-wood r a t i o  was 4 L/kg; t h e  o t h e r  con- 

d i t i o n s  employed a r e  g iven i n  Table 1. A d d i t i o n a l  p re t rea tmen ts  

( n o t  g iven i n  the  t a b l e )  were made u s i n g  e i t h e r  lower  temperature 

(140 OC) or more d r a s t i c  c o n d i t i o n s  ( l o n g e r  t imes (120 m i n ) ,  

h i g h e r  temperatures (160 O C ) ,  and a l k a l i  charges up t o  14 % 

on wood). 

i n  c o l d  wa te r  and the p r e t r e a t e d  c h i p s  were washed w i t h  wa te r  and 

a i r - d r i e d  t o  a cons tan t  we igh t .  

A f t e r  sample p re t rea tmen t  t h e  au toc laves  were coo led  

Oel i g n i f i c a t i o n  a f t e r  P re t rea tmen t  

The p r e t r e a t e d  ch ips  ( a i  r - d r i e d )  were charged i n t o  au toc laves  

( t h e  same as used for p re t rea tmen ts )  and pulped under t h e  f o l -  

l o w i n g  c o n d i t i o n s  (see a l s o  F ig.  1 ) :  

T o t a l  a l k a l i  charge 

Sul f i d i  t y  

AQ-c ha rge  

L i q u o r -  to-wood r a t i o  

Time t o  max. temperature (170 C) 0 

20 o r  22 8 a c t .  a l k a l i  
(as NaOH) on wood 

30 % 
0.2 % on wood 

4 L/kg 

85 min 

To o b t a i n  p u l p  for t e s t i n g  t h e  f i b e r  p r o p e r t i e s ,  a s t a i n l e s s  

s t e e l  d i g e s t e r  o f  about 2 5 - l i t e r  c a p a c i t y ,  f i t t e d  for  l i q u o r  

c i r c u l a t i o n  and i n d i r e c t  h e a t i n g ,  was used. A f t e r  p re t rea tmen t  

w i t h  sodium hyd rox ide ,  about 40 % o f  t h e  l i q u o r  was wi thdrawn 

f rom the d i g e s t e r  and, f o l l o w i n g  the charge o f  sodium hyd rox ide  

and sodium s u l f i d e ,  t he  p r e t r e a t e d  c h i p s  were pulped. The con- 

d i t i o n s  employed bo th  f o r  p re t rea tmen t  and p u l p i n g  a r e  g i ven  i n  

Table 4.  
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416 ALEN, NIEMELA, AND SJOSTROM 

Ana 1 y t i ca 1 Dete r m  i na t i on s 

The e x t r a c t i v e s  con ten ts  were determined acco rd ing  t o  

SCAN-C 7:62 and t h e  l i g n i n  de te rm ina t ions  f o r  u n t r e a t e d  ch ips  

were made as desc r ibed  by Jayme e t  aZ. . The l i g n i n  c o n t e n t  

o f  p r e t r e a t e d  c h i p s  was c a l c u l a t e d  f rom t h e  c h l o r i n e  number 

(determined acco rd ing  t o  SCAN-C 29:72), which was m u l t i p l i e d  

by a f a c t o r  o f  0.86. 

t a i n e d  f rom separate experiments on p r e t r e a t e d  c h i p s  (9 sam- 

p l e s ) ,  f o r  which t h e  t o t a l  l i g n i n  con ten t  was determined 

g r a v i m e t r i c a l l y  i n  t h e  same way as f o r  u n t r e a t e d  chips' and 

t h e  values 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 de te rm i -  

n a t i o n s  a t  203 nm, a b s o r p t i v i t y  128 L/gcm). 

c h l o r i n e  number de te rm ina t ions  were f i r s t  ground t o  a p a r t i c l e  

s i z e  l ess  than 40 mesh i n  a Wi ley  m i l l .  

9 

T h i s  c o r r e l a t i o n  c o e f f i c i e n t  was ob- 

The samples f o r  

The kappa numbers were determined acco rd ing  t o  SCAN-C 1 : 77. 

The t e a r  and t e n s i l e  s t r e n g t h s  were determined on handsheets 

a f t e r  b e a t i n g  i n  a P F I  m i l l  by s tandard methods (SCAN-P 11:73 

and SCAN-P 16:76). 

The hydroxy a c i d s  were separated f rom t h e  l i q u o r s  a f t e r  pre-  

t reatment  by anion exchange". 

passed through a 20x100 mm column f i l l e d  w i t h  an ion exchange r e s i n  

(Dowex 1x8, 50 - 100 mesh, a c e t a t e  form). The n e u t r a l  components 

were f i r s t  d i s p l a c e d  from t h e  column w i t h  wa te r  (200 mL) and then 

the  hydroxy a c i d  f r a c t i o n  was e l u t e d  w i t h  3 M a c e t i c  a c i d  (100 mL). 
An i n t e r n a l  s tandard ( 1  mg 2-mannono-1 , b l a c t o n e )  was added t o  

the  r e s u l t i n g  e f f l u e n t  and the  s o l u t i o n  was evaporated t o  dryness 

A l i q u o r  sample ( 0 . 5  mL) was 
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PULPING MODIFICATION I 417 

0 
in vacuum a t  35 C .  To t h e  hydroxy a c i d  r e s i d u e  was added 

0 .5  mL p y r i d i n e  and 0.25 mL trifluorobis(trimethy1si 1y l )ace tamide  

(BSTFA) c o n t a i n i n g  5 % o f  c h l o r o t r i m e t h y l s i  lane (TMCS) , and t h e  
1 1  m i x t u r e  was shaken for approx ima te l y  30 m i n  a t  room temperature . 

GLC separa t i ons  were performed a f t e r  t r i m e t h y l s i l y l a t i o n  on 

a Hewlet t -Packard 5880 A i ns t rumen t  equipped w i t h  a d i f f e r e n t i a l  

f lame i o n i s a t i o n  d e t e c t o r  and an OV-101 f u s e d - s i l i c a  c a p i l l a r y  

column (0.32 mn i . d .  x 25 m). 

a t  100 OC, 20 OC/min to  200 OC, and 5 min a t  200 OC. 

p e r a t u r e  o f  b o t h  t h e  i n j e c t i o n  p o r t  and m a n i f o l d  was 260 OC. 

The f l o w  r a t e  o f  c a r r i e r  gas (H2)  was 2 mL/min. 

volume was 0.1 - 0.5 /uL. 

The temperature program was 2 min 

The tem- 

The i n j e c t i o n  

A Hewlett-Packard 5992 inst rument  (70  eV) f i t t e d  w i t h  t h e  

same column as b e f o r e  was used f o r  GLC-MS i d e n t i f i c a t i o n  o f  t he  

t r i m e t h y l s i  l y l a t e d  samples. 

a t  100 OC,  8 OC/min t o  200 OC, and 1 0  min a t  200 OC. 

a t i o n  o f  t he  mass spec t ra  was based on t h e  d a t a  p u b l i s h e d  by 

Pete rsson 1 3 .  The corresponding r e t e n t i o n  t ime  data14 were 

used t o  i d e n t i f y  d ias te reomer i c  compounds. 

The temperature program was 4 min 

I n t e r p r e t -  

15 
Formic and a c e t i c  a c i d s  were determined as benzy l  e s t e r s  

16 by GLC 

The r e s i d u a l  a l k a l i  was t i  

f i n a l  pH va lues were measured w 

p o t e n t  iograph. 

The molecular -weight  d i s t r  

r a t e d  w i t h  0 .1  N HCI  and the  

t h  a Metrohm-Herisau E 436 

b u t i o n  o f  t he  l i g n i n  f r a c t i o n  was .- 
determined by ge l  permeation chromatography" i n  a column 

(1x122 cm) packed w i t h  Sephadex G-50 and u s i n g  0.5 M sodium 

hyd rox ide  as e l u e n t  ( f l o w - r a t e  0.4 mL/min). The peaks were 

de tec ted  by UV measurements a t  280 nm (Pharmacia dua l  p a t h  moni- 

tor  UV-2). The column was c a l i b r a t e d  u s i n g  a k r a f t  l i g n i n  
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418 ALEN, NIEMELA, AND SJOSTROM 

sample o f  known molecular-weight d i s t r i b u t i o n  as a reference, 

and the r e l a t i v e  re ten t i on  volume scale was obtained by 

measuring the re ten t i on  volume o f  sodium ch lo r i de  (Metrohm- 

Herisau E 365 B conduc t i v i t y  de tec tor ) .  
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