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CHARACTERIZATION OF LIGNINS FROM ORGANOSOLV PULPING ACCORDING 

TO THE ORGANOCELL PROCESS 

PART 1. ELEMENTAL ANALYSIS, NONLIGNIN PORTIONS AND FUNCTIONAL 

GROUPS 

A l b e r t  L indner  and Gerd Wegener 

I n s t i t u t e  f o r  Wood Research 

U n i v e r s i t y  o f  Munich 

Winze re rs t rasse  45 ,  8000 Munich 40 

Federa l  Repub l i c  o f  Germany 

ABSTRACT 

The Organoce l l  process i s  t h e  most advanced organosolv  p u l p -  
i n g  process on a s e m i - t e c h n i c a l  s c a l e .  D e l i g n i f i c a t i o n  i s  per formed 
by two-stage cooking i n v o l v i n g  methanol /water  i n  t h e  f i r s t  s tage  
w i t h  a d d i t i o n a l  NaOH i n  t h e  second s tage .  I n  t h i s  s tudy  spruce and 
p i n e  l i g n i n s  f rom t h e  Organoce l l  p i l o t  p l a n t  and f rom l a b o r a t o r y  
cookings i n  a 20 1 ba tch  d i g e s t e r  were c h a r a c t e r i z e d  by means o f  
e lemen ta l  a n a l y s i s ,  d e t e r m i n a t i o n  o f  n o n l i g n i n  p o r t i o n s  such as 
p r o t e i n s ,  sugars and ash, and o f  f u n c t i o n a l  groups (OH, CO, COOH, 
O W 3 ) .  Whi le  f i r s t  s tage  samples c o n t a i n e d  a c o n s i d e r a b l e  amount 
o f  i m p u r i t i e s  i d e n t i f i e d  as o rgan ic  n o n l i g n i n  substances, second 
stage l i g n i n s  showed c h a r a c t e r i s t i c  changes i n  e lemen ta l  composi t -  
i o n  and f u n c t i o n a l  groups, except  f o r  t h e  m e t h o x y l g r o u p s , a s  r e a c t -  
i o n  t i m e  progressed.  

An accu ra te  chemical  c h a r a c t e r i z a t i o n  o f  t hese  s u l f u r f r e e  l i g -  
n i n s  i s  t h e  e s s e n t i a l  p r e r e q u i s i t e  f o r  t h e i r  p o t e n t i a l  conve rs ion  
i n t o  more v a l u a b l e  p r o d u c t s .  

INTRODUCTION 

Worldwide about 75 % of t h e  chemical  p u l p  a r e  a t  p resen t  be ing 

produced by t h e  k r a f t  process.  Desp i te  t h e  s u p e r i o r  q u a l i t y  o f  k r a f t  
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LINDNER AND WEGENER 324 

pulps var ious problems such as environmental p o l l u t i o n ,  low pu lp  

y i e l d s  and h igh  investment costs have s t imu la ted  t h e  search f o r  

a l t e r n a t i v e  pu lp ing  processes. 

I n  t h e  Federal Republic o f  Germany, where no k r a f t  m i l l s  ex i s t ,  

chemical 

o r  magnesium as a base. Therefore, West Germany is cu r ren t l y  i n  no 

p o s i t i o n  t o  produce pulps w i t h  k r a f t l i k e  p roper t i es  and thus  complete- 

l y  dependenton k r a f t  pulp imports.  S u l f i t e  pu lp ing ,  having been on the  

dec l ine  f o r  years, has general ly a t t rac ted  new i n t e r e s t  with the  develop- 

ment of new pu lp ing  techniques. With t h e  a d d i t i o n  o f  anthraquinone (AQ) 

softwoods can be transformed i n t o  high q u a l i t y  pulps by n e u t r a l  

or  a l k a l i n e  s u l f i t e  processes . An i n t e r e s t i n g  mod i f i ca t i on  o f  a l -  

k a l i n e  s u l f i t e  pu lp ing  i s  t h e  so-cal led ASAM (A lka l i ne  S u l f i t e  p lus  

Anthraquinone and Methanol) process, which can cook a l l  k inds o f  
2 l i g n o c e l l u l o s i c  raw mater ia ls  down t o  low kappa numbers . This 

process i s t  cu r ren t l y  being t rans fe r red  from labo ra to ry  t o  p i l o t  

p lan t  scale i n  West Germany. Soda pulping i n  i t s  var ious mod i f i -  
1 cat ions,  espec ia l l y  su i tab le  f o r  hardwoods and nonwood f i b r e  mater ia ls  

i s  t h e  on ly  establ ished s u l f u r f r e e  process so f a r .  More recen t l y  Gasche 

repor ted  good r e s u l t s  f o r  softwoods by extending soda-A0 pu lp ing  w i t h  

an add i t i ona l  oxygen stage. 

pu lp ing  i s  r e s t r i c t e d  t o  s u l f i t e  pu lp ing ,  w i t h  calcium 

1 

3 

Another approach t o  s u l f u r f r e e  chemical pu lp ing  i s  organosolv 

pulping, i . e .  using organic solvents as d e l i g n i f y i n g  agents. I n  re- 
cent years research on organosolv pulping has been i n t e n s i f i e d  y ie ld -  

i n g  a v a r i e t y  o f  d i f f e r e n t  pu lp ing  systems i n c l u d i n g  a lcoho ls ,  phe- 
n o l i c  compounds, organic acids e tc .  4 , 5 , 6 , 7  

Ear ly  i n t e r e s t  has focused on alcohols and alcohol /water m i x -  

t u r e s  as d e l i g n i f y i n g  agents according t o  t h e  p r i n c i p a l  i n v e s t i g a t -  

i ons  by Kleinert'". The most advanced development on t h i s  bas is  i s  

t he  Organocell process by Organocell  GmbH i n  Munich1o111, I n  t h i s  

two-stage process a l l  wood species, i nc lud ing  e x t r a c t i v e - r i c h  p ine  

can be d e l i g n i f i e d  by a methanol/water mix tu re  ( 1 : l )  i n  t h e  f i r s t  
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CHARACTERIZATION OF LIGNINS. I 325 

stage, whereas sodium hydroxide i s  added i n  the  second stage. Pulps 

w i t h  almost k r a f t - l i k e  p roper t i es  and kappa numbers as low as about 

30 can be obtained. The process inc ludes  the  recovery o f  sodium hy- 

droxide and l i g n i n  by e lec t ro lys is ' * .  A f t e r  a thorough p i l o t  p l a n t  

operat ion per iod  the  Organocell  process i s  now being tes ted  i n  a 

continuously working 5 tons/day demonstration p l a n t .  

Whether t h e  Organocell  o r  any o the r  new process is dest ined 

t o  gain ground i n  West Germany w i l l  depend, i n t e r  a l i a ,  on t h e  

fo l l ow ing  fac to rs :  

- the  process should operate i n  r e l a t i v e l y  smal l  p roduc t ion  u n i t s  

- the  process should be su i tab le  f o r  a l l  k inds o f  raw mate r ia l s  

- the  process should meet extremely r e s t r i c t i v e  a i r  and water 

regu la t ions  

- k r a f t - l i k e  s t rength  proper t ies  and easy b l e a c h a b i l i t y  of t h e  

pulps are requ i red  

- the  product ion of valuable and marketable by-products from po ly -  

oses and l i g n i n  should be possible.  

The t rans format ion  of mainly s u l f i t e  and k r a f t  l i g n i n s  i n t o  

p o t e n t i a l  new market products has been pursued i n  t h e  pas t ,  y i e l d -  

i n g  a va r ie t y  o f  p o s ~ i b i l i t i e s ' ~ ' ~ ~ '  l5*l6. However, on account o f  

mainly economic considerat ions the  u t i l i z a t i o n  of l a r g e r  amounts o f  

t echn ica l  l i g n i n s  f o r  non-energy purposes has no t  become es tab l i shed 

p rac t i ce  so f a r .  

Our study i s  aimed a t  a systematic i n v e s t i g a t i o n  o f  semi-tech- 

n i c a l  Organocell  l i g n i n s  and l i g n i n s  obtained from 20 1 batch cook- 

i ngs  according t o  the  Organocell  process. The l a t t e r  experiments 

serve a survey of t he  d e l i g n i f i c a t i o n  course and t h e  i n v e s t i g a t i o n  

o f  l i g n i n s  from d i f f e r e n t  cooking stages. 

EXPERIMENTAL 

Laboratory L ign ins  

These l i g n i n s  were obtained by cooking spruce ch ips  (Picea 

abies L .  Karst . )  i n  two stages i n  a 20 1 batch d iges te r  equipped 
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326 LINDNER AND WEGENER 

with l i q u o r  c i r c u l a t i o n .  I n  t h e  f i r s t  s tage 2.2 kg  of  i n d u s t r i a l  

s i z e  ch ips  were heated t o  17OoC i n  17 1 o f  e q u a l  amounts of me- 

t h a n o l  and water .  A f t e r  reach ing  17OoC and a p r e s s u r e  o f  approx. 

17 b a r  300 m l  o f  l i q u o r  were removed (s tage  l / O ) .  F u r t h e r  samples 

o f  300 m l  each were taken  a t  10 min i n t e r v a l s  d u r i n g  t h e  e n t i r e  

d i g e s t i o n  p e r i o d  o f  40 min f o r  each s tage.  

I n  t h e  second stage t h e  c h i p s  were cooked i n  a me thano l lwa te r  

m i x t u r e  (40:60) w i t h  a d d i t i o n  o f  30 % NaOH, based on d r y  wood. 

React ion temperature and sampling method were i d e n t i c a l  t o  s tage one 

w h i l e  pressure reached o n l y  16  bars.  Samples f r o m  f o u r  cookings were 

combined and used as f o l l o w s :  By evapora t i ng  t h e  methanol  t h e  f i r s t  

s tage l i g n i n s  were p r e c i p i t a t e d  f rom t h e  s o l u t i o n  w h i l e  t h e  p r e c i -  

p i t a t i o n  o f  t h e  second stage l i g n i n s  was accomplished by adding 

phosphor ic  a c i d ,  t h u s  l o w e r i n g  t h e  pH v a l u e  t o  4.0.  The l i g n i n s  

were c e n t r i f u g e d ,  t ho rough ly  washed w i th  water  and f r e e z e  d r i e d .  

P i l o t  P l a n t  L i g n i n s  

I n  c o n t r a s t  t o  l a b o r a t o r y  c o n d i t i o n s  s tage  one cooking t i m e  

i n  t h e  p i l o t  p l a n t  was o n l y  20 min. The analyzed l i g n i n s  were t h e  

f o l l o w i n g :  

Spruce 1 / P  

Spruce A/P 

Pine 1/P 

Pine A/P 

Pine  E/P 

: spruce l i g n i n ,  f i r s t  s t a g e / p i l o t  p l a n t  

: spruce l i g n i n ,  second stage,  p r e c i p i t a t e d  w i t h  

a c i d / p i l o t  p l a n t  

: p i n e  l i g n i n ,  f i r s t  s tage ,  p i l o t  p l a n t  

: p i n e  l i g n i n ,  second stage,  p r e c i p i t a t e d  w i th  a c i d /  

p i l o t  p l a n t  

: p i n e  l i g n i n ,  second stage,  p r e c i p i t a t e d  by e l e c t r o -  

l y s i s /  p i l o t  p l a n t  

Elemental Ana lys i s  

E lementa l  a n a l y s i s  was performed i n  an au tomat i c  a n a l y z e r  

(CHN-0-Rapid, Heraeus). The oxygen c o n t e n t  was c a l c u l a t e d  by sub- 

t r a c t i o n  o f  t h e  sum of carbon, hydrogen and n i t r o g e n  f rom 100 %. 
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CHARACTERIZATION OF LIGNINS. I 327 

Sugar A n a l y s i s  

A f t e r  h y d r o l y s i s  w i t h  t r i f l u o r o a c e t i c  ac id17  t h e  sugars were 

determined i n  an automat ic  sugar a n a l y z e r  (LC 2000, B i o t r o n i k ) .  

18 T i t r a t i o n  o f  C a r b o x y l i c  Groups and Pheno l i c  OH Groups 

40 - 50 mg of l i g n i n  were d i s s o l v e d  i n  f r e s h l y  d i s t i l l e d  DMF. 

A f t e r  a d d i t i o n  of 10 mg of p-hydroxybenzoic  a c i d  as i n t e r n a l  s t a n -  

dard t h e  s o l u t i o n  was t i t r a t e d  p o t e n t i o m e t r i c a l l y  w i th  0.05 n t e -  

tra-n-butylammonium hyd rox ide .  To make s u r e  t h a t  t h e  COOH groups 

a re  q u a n t i t a t i v e l y  i n  t h e  non- ion i zed  s t a t e ,  t h e  s o l u t i o n  was ad - 

j u s t e d  p r e v i o u s l y  t o  pH 1 . 5  wi th  HC1. The g l a s s  e l e c t r o d e  was p r e -  

pared acco rd ing  t o  Pobiner  . 18 

Content of T o t a l  OH Groups 

The a c e t y l a t e d  l i g n i n  samples were analyzed a c c o r d i n g  t o  t h e  
19 procedure desc r ibed  by Mansson . 

C o n d i t i o n s  o f  t h e  gas chromatograph (Fractovap 4160, C a r l o  E rba ) :  

Temperature program: 

l n j e c t o r  temperature:  25OoC 

D e t e c t o r  temperature:  25OoC (FIO) 
Column : ov 1 

5 min a t  80°C, g r a d i e n t  t o  130°C (5OC/min) 

Carbonyl  Groups 

The c a r b o n y l  groups were determined by hydrazone f o r m a t i o n  

w i t h  pentaf1uorophenylhydrazine2'. 100 mg of l i g n i n  were d i s s o l v e d  

i n  aqueous a c i d i c  dioxane ( d i o x a n e / w a t e r / a c e t i c  a c i d  = 9 : l : l )  and 

100 mg of pentafluorophenylhydrazine were added. l h e  m i x t u r e  was 

k e p t  under n i t r o g e n  f o r  10 days a t  5OoC. 'The hydrazone was t h e n  p r e -  

c i p i t a t e d  i n t o  e t h y l  e t h e r .  A f t e r  washing t h r e e  t i m e s  w i t h  e t h y l  

e t h e r  and once w i t h  pet ro leum benzene, t h e  hydrazone was d r i e d  i n  

vacuum ove r  P205. l h e  CO c o n t e n t  was c a l c u l a t e d  acco rd ing  t o  t h e  

f o r m u l a  : 
% N  

% co = x 100 
100 - 6.4286 % N 
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LINDNER AND WEGENER 

Methoxyl Groups 

The analyses were pertormed according t o  Viebock and Schwap- 
21, 22 pach 

I s o l a t i o n  of M i l l e d  Wood L ign in  (MWL) 
23 l h e  procedure i s  described i n  d e t a i l  elsewhere . 

RESULTS AND DISCUSSION 

Table 1 presents the  elemental composi t ion of t h e  i nves t i ga ted  

l i g n i n s .  I n  the  f i r s t  stage the re  i s  a continuous increase i n  oxy- 

gen content with progressing r e a c t i o n  t ime .  The extremely high va l -  

ues f o r  carbon and p a r t i c u l a r l y  hydrogen a t  t h e  beginning of stage 

1 can be considered a f i r s t  i n d i c a t i o n  of t h e  presence of h i g h  

amounts of non l i gn in  substances other than  p r o t e i n s ,  sugars and ash 

i n  the  p r e c i p i t a t e .  Washing w i t h  water d i d  no t  remove these compo- 

nents which account f o r  almost 50 % o f  t h e  p r e c i p i t a t e  a t  t h e  onset 

of d iges t i on  ( t ime O),but drop r a p i d l y  t o  about 10 % a f t e r  40 min. 

They cannot be a t t r i b u t e d  t o  degradation products such as ace t i c  or  
l a c t i c  acids which would have been removed du r ing  t h e  washing a t  t h e  

l a t e s t ,  but are probably ex t rac t i ve  compounds and sugar degradat ion 

products. This view f i nds  f u r t h e r  support when examining t h e  content 

of t he  methoxyl groups. Since i n  t h e  e a r l y  phase o f  stage 1 no n o t i -  

ceable cleavage o f  methoxyl groups appears probable,  t h e  low OCH3 

values f o r  t he  f i r s t  3 samples must be a t t r i b u t e d  t o  t h e  l i g n i n  

accompanying i m p u r i t i e s  mentioned above. Therefore t h e  Cg-formulae 

of t h e  e a r l y  f i r s t - s t a g e  l i g n i n s  were n o t  ca l cu la ted  and a l l  the  

func t i ona l  groups of t he  stage 1 l i g n i n s  are expressed i n  percent 

r a t h e r  than as func t i ona l  group per Cg un i t .The  presence o f  n o n l i g n i n  

po r t i ons  was a l so  reported by Chua and WaymanP4 i n  t h e i r  i n v e s t i g a t i o n  

o f  autohydrolysis aspen l i g n i n s .  These authors pos tu la ted  t h e  i nco rpo r -  

a t i o n  of hemicel lu lose degradation products i n t o  t h e  l i g n i n  dur ing 

autohydrolysis.  
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CHARACTERIZATION OF LIGNINS. I 329 

TABLE 1 

Elementa l  Composit ion, Methoxy l  Content ,  C9-Formulae and C -Molecu- 

(Values a r e  c o r r e c t e d  fo r  p r o t e i n s ,  sugars and ash) 

l a r  Weight of L i g n i n s .  9 

Lignin Cy-formulae Molecular 
weight 

Stage 1/ 0 
Stage 1/10 
Stage 1/20 
Stage 1/30 

Stage 1/40 

Stage 2/ 0 

Stage 2/10 

Stage 2/20 

Stage 2130 

Stage 2/40 

Spruce 1 / P  

Spruce C/P 

Pine 1/P 

Pine AIP 

Pine E/P 

Spruce MWL 

68.52 7.30 24.18 9.50 
67.74 6.88 25.38 12.24 
67.15 6.77 26.08 13.77 
66.89 6.60 26.51 14.35 

66.80 6 . 5 1  26.69 14.95 

65.49 5.95 28.56 15.76 

65.53 6.02 28.45 15.99 

65.94 5.97 28.09 15.93 

65.69 5.95 28.36 15.74 

64.14 5.91 29.95 15.67 

69.23 6.45 24.32 11.85 

67.05 5.95 27.00 15.87 

66.97 6.31 26.72 15.00 

67.03 5.75 27.22 15.76 

66.24 5.76 28.00 15.70 

62.99 5.72 31.29 15.34 

C9H9.0702. 10(°CH3)0,8Z 

C9H8.8902.10'0CH310.85 

C9H7.9802.32(0CH310.92 

'9% .05'2. 30(°CH3)0. 94 

'gH7. 92'2. 24(0cH3)0.93 

C9H7.9402.29(OCH310.92 

CgHa.090z. 54(°CH3)o. 94 

176.23 

177.16 

182.00 
182.15 

180.83 

181.37 

186.13 

117.47 

176.73 

177.40 

179.77 

189.46 

I n  t h e  second stage t h e  s i t u a t i o n  i s  more complex. The oxygen 

c o n t e n t  drops t o  a minimum o f  28.1 % a f t e r  20 m i n ,  t h e n  r i s e s  r a p i d -  

l y  t o  a lmost  30 % towards t h e  end of d i g e s t i o n  ( F i g . l ) . T h e  methoxy l  

c o n t e n t  remains cons tan t  a t  about 0.93 OCH3/Cg u n i t .  As Nakano 

had demonstrated t h e  me thy la t i on  of b e n z y l a l c o h o l i c  h y d r o x y l  groups 

o f  l i gn in  model substances w i th  a f r e e  p h e n o l i c  OH group i n  methanol /  

wa te r  systems, an i nc rease  i n  methoxy l  c o n t e n t  d u r i n g  t h e  second 

s tage  was expected. And, indeed, a p a r t i a l  m e t h y l a t i o n  o f  t h e  L C - O H  

25 
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First Stage 

LINDNER AND WEGENER 

Second Stage 

t i n e  

21 
0 10 20 30 min LO 

time 

FIGURE 1: Oxygen con ten ts  o f  t h e  l a b o r a t o r y  and p i l o t  p l a n t  
l i g n i n s .  

group can be deduced f rom 'H-NMR spec t ra .  However, t h e  chemical 

analyses demonstrate t h a t  t h e  f o r m a t i o n  o f  new methoxv lgroups d u r i n g  

organosolv  p u l p i n g  acco rd ing  t o  t h e  O r g a n o c e l l  process shou ld  be 

r a t h e r  low.  The lower  oxygen con ten ts  fo r  t h e  second stage p i l o t  

p l a n t  l i g n i n s  i n d i c a t e  a somewhat h i g h e r  degree o f  condensat ion i n  

comparison w i t h  t h e  l a b o r a t o r y  l i g n i n s .  However, an i n t e r p r e t a t i o n  

of t h e  p i l o t  p l a n t  l i g n i n s  i s  as y e t  ambiguous inasmuch as t h e y  a r e  

merely s i n g l e  random samples w i t h  p a r t l y  u n c e r t a i n  cooking cond i -  

t i o n s .  

Apar t  f rom t h e  n o n l i g n i n  p o r t i o n s  mentioned above, t h e  l i g n i n s  

con ta ined  f u r t h e r  i m p u r i t i e s  such as p r o t e i n s ,  sugars and ash. Tab- 

l e s  2 and 3 p resen t  corresponding da ta .  
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TABLE 2 

N i t rogen ,  P r o t e i n  and Ash con ten ts  of t h e  l a b o r a t o r y  L i g n i n s  
( P r o t e i n  = 6.25 x N).  

F i r s t  Stage Second Stage 

Time N P r o t e i n  Ash N P r o t e i n  Ash 
min % %  % % %  % 

0 0.35 2.2 

10 0.33 2 . 1  0.4 

20 0.22 1.4 0.1 - 15.2 

30 0.20 1 . 3  - 17.9 

40 0.20 1.3 - 16.3 

TABLE 3 

N i t rogen ,  P r o t e i n  and Ash Contents of t h e  P i l o t  P l a n t  L i g n i n s  
( P r o t e i v  = 6.25 x N ) .  

L i g n i n  N P r o t e i n  Ash 
% % % 

Spruce 1 / P  0.30 1 . 9  0.1 

Spruce A/P 0.24 1 . 5  0.9 

P ine  1 / P  0.36 2 .2  0.1 

P ine  A/P 0.19 1 . 2  10.8 

Pine t / P  - 7 . 4  

Wi th  t h e  excep t ion  o f  p i n e  A / P  and spruce A/P l i g n i n s  t h e  

p r o t e i n s  a r e  e x c l u s i v e l y  c o n f i n e d  t o  t h e  f i r s t  s tage.  The h i g h  ash 

con ten ts  found i n  t h e  second stage a r e  ma in l y  due t o  r e s i d u a l  NaOH 

and H3POq. 

The po lysacchar ide  compos i t i on  and p o r t i o n s  a r e  l i s t e d  i n  

Tables 4 and 5 .  
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TABLE 4 

LINDNER AND WEGENER 

Sugar Contents o f  t he  Laboratory L ign ins  

First Stage Second Stage 
Sugar 0 10 20 30 40 0 10 20 30 40 

min. min. 

Rhamnose. X 0.02 0.02 0.02 0.02 0.01 - 0.01 

Arabinose, X 0.16 0.17 0.14 0.16 0.21 0.08 0.09 0.10 0.10 0.10 
Galactose. X 0.23 0.22 0.19 0.23 0.17 0.23 0.31 0.39 0.46 0.49 
Xylose. % 0.06 0.07 0.07 0.11 0.08 0.35 0.47 0.78 0.60 0.63 
Glucose. X 0.79 0.60 0.50 0.50 0.30 0.15 0.09 0.10 0.16 0.12 

Mannose, X 0.43 0.37 0.33 0.43 0.32 0.13 0.17 0.18 0.20 0.21 

"'gars. X 1.69 1.46 1.24 1.45 0.99 0.92 1.15 1.58 1.51 1.56 . polyaacch. X 1.51 1.31 1.11 1.30 0.89 0.82 1.02 1.41 1.35 1.39 

TABLE 5 

Sugar Contents o f  t h e  P i l o t  P lan t  L ign ins  and Spruce MWL. 

Spruce Spruce Pine Pine Pine Spruce 
Sugar U P  A I P  1 /P  A/P E I P  )*1L 

Rhamnose. X - 0.01 0.01 - 
Ibnnose. X 0.26 0.36 0.88 0.31 0.28 0.74 
Araainose. X 0.07 0.09 0.10 0.12 0.15 0.13 
Galactose. X 0.16 0.48 0.42 0.58 0.53 0.14 
Xylose. 5 0.12 0.50 0.30 0.50 0.42 0.37 
Glucose, X 0.28 0.21 0.50 0.21 0.16 0.77 

Total  sugars, X 0.95 1.66 2.21 1.73 1.55 2.15 
" polysacch. % 0.84 1.54 1.98 1.55 1.39 1.93 

Except for  l i g n i n  p ine  1/P a l l  samples have lower sugar con- 

t e n t s  than spruce MWL. The i n d i v i d u a l  sugar compositions o f  f i r s t  

stage l i g n i n s  resemble t h a t  o i  spruce MWL, wh i le  i n  second stage 

l i g n i n s  low amounts of glucose, a remarkable increase i n  xylose 

and, t o  a lesser extent,  a lso  i n  mannose and galactose were obser- 
ved. These data suggest t h a t  xylans and also galactoglucamannans 

are predominantly a f fec ted  i n  t h e  second h a l f  of stage 2. 
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TABLE 6 

To ta l  and Phenolic OH, Carboxyl ic and Carbonyl Groups o f  MWL 
Laboratory and P i l o t  P lan t  L ign ins .  

Total OH Phanolic OH COOH co 
% per Cg X per Cg X per Cg X per Cg Lignin 

Stage I /  0 7.39 - 1.94 - 6.06 - 2.29 - 

Stage 1/20 9.49 - 2.83 - 4.36 - 1.82 - 
Stage 1/10 9.14 - 2.56 - 5.13 - 2.45 - 

Stage 1/30 9.34 0.97 3.17 0.33 4.27 0.17 1.81 0.11 
Stage 1/40 9.46 0.99 3.13 0.33 3.94 0.16 1.41 0.09 

Stage 2/ 0 11.26 1.21 2.92 0.31 5.17 0.21 1.15 0.07 
Stage 2/10 11.10 1.19 2.93 0.31 4.54 0.18 1.07 0.07 
Stage 2/20 10.15 1.08 2.68 0.29 4.21 0.17 0.91 0.06 
Stage 2/30 11.31 1 .21  2.95 0.31 4.73 0.19 0.91 0.06 
Stage 2/40 11.47 1.26 3.02 0.33 5.57 0.23 1.04 0.07 

Spruce 1/P 10.08 - 3.44 - 4.95 - 2.13 - 
Spruce A/P 11.20 1.17 3.22 0.34 5.36 0.21 1.43 0.09 
Pine 1 /P 9.99 1.04 2.97 0 .31  4.34 0.17 1.85 0.12 
Pine AIP 9.55 1.00 2.80 0.29 5.79 0.23 1.83 0.12 
Pine E /P  9.63 1.02 2.43 0.26 6.27 0.25 2.12 0.14 

Spruce WL 10.31 1.15 1.61 0.18 1.55 0.06 2.63 0.18 

The r e s u l t s  o f  OH, CO and COOH determinat ions are summarized 

i n  Table 6. 

The COOH groups and t h e  phenol ic OH groups were q u a n t i f i e d  by 

a simultaneous t i t r a t i o n  o f  weak (COOH) and very weak (pheno l ic  OH) 

ac ids .  Applying t h i s  method, Scalbert  and Monties26 concluded t h a t  

some o f  t he  phenol ic OH groups were "hyperacidic"  and t i t r a t e d  w i t h  

t h e  COOH groups as a consequence. To f i n d  out whether t h i s  phenome- 

non in f luences  t h e  ana lys is  of t h e  organosolv l i g n i n ,  t he  phenol ic 

OH groups of th ree  p i l o t  p l a n t  l i g n i n s  were a l so  analyzed by t h e  

UV d i f f e r e n t i a l  spectroscopy method2'. Table 7 revea ls  t h a t  t h e  po- 

ten t i omet r i c  t i t r a t i o n  y i e l d s  almost t he  same r e s u l t s  as t h e  UV me- 

thod. If p a r t  of t he  phenol ic OH groups a re  t i t r a t e d  as COOH groups 

the  po ten t iomet r ic  t i t r a t i o n  would g i ve  lower values. Furthermore 
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3 34 LINDNER AND WEGENER 

TABLE 7 

Comparison o f  UV D i f f e r e n t i a l  Spectroscopy and T i t r a t i o n  o f  Phenolic 
OH Groups 

L ign in  UV Method T i t r a t i o n  

Phenolic OH 

% % 

Pine 1 / P  

Pine A /P  

Pine E /P  

3.01 

2.69 

2.42 

~~ 

2.97 

2.80 

2.43 

the  

c9) 

content o f  COOH groups obtained by t i t r a t i n g  spruce MWL (0.06/ 
28 proved t o  be almost i d e n t i c a l  t o  r e s u l t s  publ ished by Harton 

(0.05/Cg) who had used t h e  methylat ion method. 

Another source of e r r o r  may be uron ic  ac ids  from degraded car- 

bohydrates, which would be t i t r a t e d  together  w i t h  the  weak ac ids .  

Although uron ic  acids were no t  detected by sugar ana lys is ,  t races  

might i n t e r f e r e  w i t h  the  COOH groups determinat ion,  

The decrease i n  COOH content dur ing  t h e  f i r s t  20 min o f  t he  

second stage (Fig.  2) i s  presumably due t o  reasons of s o l u b i l i t y .  

Par t  o f  t h e  carboxy l i c  groups may be formed i n  the  f i r s t  stage a l -  

ready and become so lub le  due t o  the  i o n i z a t i o n  e f fec t  under t h e  a l -  

ka l i ne  condi t ions o f  t he  second stage. 

As a consequence COOH groups are pre ferab ly  being s o l u b i l i z e d  

a t  t h e  beginning o f  stage 2 which exp la ins  t h e  h igh  contents a t  0 

and 10 min. The generation of new carboxy l i c  groups i s  responsible 

f o r  t h e  d i s t i n c t  increase i n  t h e  second h a l f  o f  stage 2. The r e -  

s u l t s  o f  t h e  f i r s t  th ree  samples of stage 1 are again s t rong ly  i n -  
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first Stage Secend Stage 

FIGURE 2: Carboxyl ic groups o f  t he  l abo ra to ry  and p i l o t  p l a n t  
l i g n i n s .  

f luenced by non l i gn in  por t ions .  The e l e c t r o l y t i c a l l y  p r e c i p i t a t e d  

sample (pine E / P )  shows an extremely h igh  COOH content,  bu t  many 

more samples of t h i s  type w i l l  have t o  be i nves t i ga ted  t o  under- 

stand t h e  inf luence o f  e l e c t r o l y s i s  on the  chemical composit ion of 

these orgmoso lv  l i g n i n s .  

The frequency of phenol ic OH groups occurrence can g i v e  i n f o r -  

mation on t h e  degree o f  e ther  cleavages and, i n  combination w i t h  

molecular weight determination, comparative deductions on t h e  de- 

gree o f  condensation are poss ib le .  Softwood MWL has thoroughly been 

inves t i ga ted  f o r  i t s  phenol ic OH content,  ranging between 0.16 and 

0.30 groups/Cg 28’ 29. Spruce MWL from t h i s  study y ie lded 0.18 groups/ 

Cg. F igure  3 shows both t h e  phenol ic and t o t a l  hydroxy l  contents.  

The s i m i l a r  courses of t he  graphs i n  both stages i s  s t r i k i n g .  I n  t h e  

second stage the re  is again a minimum a t  20 min, as f o r  t he  oxygen 
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336 LINDNER AND WEGENER 

First Stage Second Stage 

t ime 

1.5 
0 10 20 30min 40 

t ime 

FIGURE 3: P h e n o l i c  and  t o t a l  OH g r o u p s  of t h e  l a b o r a t o r y  and 
p i l o t  p l a n t  l i g n i n s .  

c o n t e n t .  Reasons of s o l u b i l i t y  can be h e l d  r e s p o n s i b l e  for  t h e  de- 
c r e a s e  w i t h i n  t h e  first 20 min. Also, t h e  m o l e c u l a r  s i z e  o f  t h e  l i g -  
n i n s  i n f l u e n c e s  t h e  number o f  OH g r o u p s .  With o t h e r  p a r a m e t e r s  re- 
maining c o n s t a n t ,  smaller l i g n i n  m o l e c u l e s  w i l l  i n e v i t a b l y  y i e l d  
h i g h e r  amounts of OH groups .  P r e l i m i n a r y  i n v e s t i g a t i o n s  on t h e  mo- 

l e c u l a r  we igh t  d i s t r i b u t i o n  i n d i c a t e  t h a t  t h e  h i g h e s t  m o l e c u l a r  
w e i g h t s  are  found a t  10 and 20 min. I n  t h e  second  h a l f  of s t a g e  2 

an  i n t e n s i f i e d  c l e a v a g e  of e t h e r  bonds d i m i n i s h e s  t h e  m o l e c u l a r  
w e i g h t s  and ra i ses  t h e  OH c o n t e n t s .  An i n t e r p r e t a t i o n  of t h e  first 
s t a g e  results is very d i f f i c u l t  b u t  t h e  s t e e p  i n c r e a s e  i n  t h e  num- 
b e r  of OH g r o u p s  d u r i n g  t h e  first 20 min i s  c e r t a i n l y  due t o  t h e  
n o n l i g n i n  p o r t i o n s .  
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On t h e  whole t h e  p i l o t  p l a n t  l i g n i n s  i n  t h i s  s tudy  do n o t  d i f f e r  

much from t h e  l a b o r a t o r y  l i g n i n s .  The s l i g h t l y  l o w e r  c o n t e n t  o f  a l i -  

p h a t i c  OH groups ( c a l c u l a t e d  by s u b t r a c t i o n  o f  p h e n o l i c  f rom t o t a l  

OH) i n d i c a t e  a h i g h e r  degree of s i d e  c h a i n  deg rada t ion .  

The most e x t e n s i v e l y  used d e t e r m i n a t i o n  o f  t h e  CO c o n t e n t  is  
ox ima t ion  with hydroxylamine h y d r o c h l o r i d e  and subsequent t i t r a t i o n  

o f  t h e  r e l e a s e d  HC1 . 28 

Low r e a c t i o n  speed and a weakly a c i d i c  pH r e q u i r e d  f o r  a quan- 

t i t a t i v e  r e a c t i o n  are,  however, t h e  s e r i o u s  drawbacks i n  t h i s  r e a c -  

t i o n  t y p e .  The a c i d i c  pH, i n  p a r t i c u l a r ,  g i v e s  s o l u b i l i t y  problems 

w i th  t h e  p i l o t  p l a n t  l i g n i n s .  The r e d u c t i o n  method w i t h  KBH4 

causes no s o l u b i l i t y  problems but may y i e l d  u n c h a r a c t e r i s t i c a l l y  

h i g h  values31. As we f i n a l l y  managed t o  d i s s o l v e  a l l  O rganoce l l  l i g -  

n i n s  by a p p l y i n g  u l t r a s o n i c s  i n  a weakly  a c i d i c  d ioxane/water  m ix -  

t u r e  (d ioxane /wa te r /ace t i c  a c i d  = 9 : l : l )  t h e  CO d e t e r m i n a t i o n  v i a  

hydrazone f o r m a t i o n  wi th  pentafluorophenylhydrazine (PFPH) was f e a s -  

ible2'. S tud ies  on model compounds, i n c l u d i n g  phenylpropane-1 ,2- 
d ione  as a s l o w l y  r e a c t i n g  d , f l - d i k e t o n e  were s u c c e s s f u l ,  and sp ruce  

MWL y i e l d e d  0.20 CO groups/OCH3, a v a l u e  a l s o  r e p o r t e d  by Marton e t  

a l . 3 ?  The CO va lues i n  Table 6 make i t  obvious t h a t  t h e  f i r s t  s t a g e  

l a b o r a t o r y  l i g n i n s  and t h e  p i l o t  p l a n t  l i g n i n s  have comparable CO 

con ten ts  whereas t h e  second stage l a b o r a t o r y  l i g n i n s  y i e l d e d  con- 

s i d e r a b l y  l o w e r  CO values. 

30 

The minimum values o f  a l l  f u n c t i o n a l  groups o f  t h e  second s tage  

a t  20 min correspond t o  t h e  l ow  oxygen con ten ts  o f  co r respond ing  l i g -  

n i n s  a t  20 min due t o  t h e  c o n s i d e r a b l e  amount o f  oxygen i n  t h e s e  func -  

t i o n a l  groups. 

CONCLUSIONS 

Apart f rom n o t i c e a b l e  d i f f e r e n c e s  i n  c a r b o n y l  c o n t e n t s  i n  t h e  

second s tage  t h e  chemical  compos i t i on  of t h e  p i l o t  p l a n t  l i g n i n s  

i s  s i m i l a r  t o  t h a t  o f  t h e  l a b o r a t o r y  samples. 
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338 LINDNER AND WEGENER 

- F i r s t  stage l i g n i n s  conta in  a considerable amount o f  i m p u r i t i e s  

due t o  organic ingred ien ts ,  p a r t i c u l a r l y  a t  t he  beginning of 

t h e  d iges t ion  process. 

The carbohydrate po r t i ons  o f  a l l  i nves t i ga ted  samples are r e -  

markably low. 

With t h e  exception o f  t h e  methoxyl groups t h e  f u n c t i o n a l  groups 

o f  t h e  second stage e x h i b i t  s i m i l a r  concent ra t ion  pa t te rns ,  w i t h  

a minimum a t  20 min. 

I n  t h e  second stage methy la t ion  o f  t h e  I C - O H  group is n e g l i g i b l e ,  

as can be deduced from the  constant methoxyl values. However, 

methylat ion does occur t o  some ex ten t  i n  t h e  f i r s t  stage. 

For a b e t t e r  understanding o f  t he  Organocell  process f u r t h e r  

research i nc lud ing  i nves t i ga t i ons  o f  t he  r e s i d u a l  l i g n i n  and 

t h e  use o f  add i t i ona l  techniques such as spectroscopic methods, 

the  ana lys is  of ox ida t i ve  degradation products and t h e  determinat ion 

of the  molecular weight d i s t r i b u t i o n  i s  requ i red .  The r e s u l t s  w i l l  

be repor ted  i n  the  subsequent pa r t s  o f  t h i s  ser ies .  

- 

- 

- 

- 
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