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The process of thermal degradation of lignins of hard wood (birch, aspen, oak), 
obtained under  the wood t reatment  with 66 % sulphuric acid in the form of acid-in- 
soluble and soluble fractions, has been investigated by thermal methods. Activat ion 
energy values of lignin pyrolysis have been determined at the stage of increasing rate 
of weight loss. It has been established that  the difference in their thermal  properties 
is conditioned by the structural changes in the process of isolation from wood. It  
has been suggested that  acid-soluble lignins have a higher density than  acid-insoluble 
ones. Sulphuric acid lignins of birch, in particular acid-soluble lignin, are assumed to 
possess a more homogeneous structure than  sulphuric acid l ignins of other species 

Lignin, which goes into acid solution during wood treatment with concentrated 
acids and is precipitated by water from the acid solution, has been little investi- 
gated. Some time ago even its carbohydrate character was under consideration. 
However, at present the aromatic nature of this lignin is fully proved, but there is 
very little information in the literature on the structure of acid-soluble lignins. 

As is known, the thermal properties of polymer materials are directly related 
to their stereochemistry and even slight changes of atomic arrangement in the 
basic and side chains of a macromolecule affect its thermal stability, mechanism 
and kinetics of degradation. We have used this thesis for establishing whether 
there are differences in the structures in acid-soluble lignins and lignins insoluble 
in sulphuric acid. A derivatographic technique was used in the present work, as 
this is one of the most sensitive methods for indicating structural changes in a 
substance, lignin in particular, as was shown in our recent investigation [1 ]. The 
kinetics of lignin degradation was studied at the definite stages of the process on 
the basis of DTA data. 

Various kinds of hard woods were used to yield lignin preparations, since they 
provide a considerable yield of acid-soluble lignin as compared with coniferous 
woods. 

Experimental 

Lignin preparations were obtained by treatment of sawdust (birch, aspen, oak), 
previously extracted with alcohol and water, with 66% sulphuric acid (48 hours, 
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room temperature). Lignin insoluble in sulphuric acid solution was filtered out of  
the undiluted hydrolysate ("acid-insoluble"). Lignin, which was in acid solution 
and went into the filtrate, was precipitated by water ("acid-soluble" lignin). The 
characteristics of  lignin preparations are gi'ven in Table 1. 

Table 1 

Characteristics of sulphuric acid !ignins (based on abs.-dry substance, ~) 

W o o d  
species 

Birch 

Aspen 

Oak 

Lignin  prepara t ion  

acid-insoluble 
acid-soluble 
acid-insoluble 
acid-soluble 
acid-insoluble 
acid-soluble 

Elementary  
compos i t ion  Con- 

Yield tent 
f r o m  of  
wood  meth -  

oxy 
groups  

C H 

9.3 61.70 5.39 
6.6 61.53 6.10 

12.1 62.35 4.82 
3.3 64.32 5.13 

12.4 66.80 5.32 
5.8 65.56 7.35 

20.63 
21.87 
20.35 
21.21 

i 

20.41 
21.29 

Yield 
of  

Con-  aro- 
mat ic  

tent  aide- 
o f  Concent ra t ion  

gener- hydes / o f  free radi-  
al after i cals, 

acid nitro- 
g roups  benzene 

i oxi- , 
da t ion  

6.96 0.11 
7.00 0.07 
5.65 2.06 
5.75 0.45 
6.28 1.51 
7.38 0.11 

1.04 1017 
1.35 10 I7 
1.75 1017 
2.90 1017 
2.85 1017 
1.95 1017 

The measurements were carried out with a P a u l i k - P a u l i k - E r d e y  MOM 
derivatograph [2]. Some of the deri~atograms were taken of samples placed in a 
crucible without a lid, where the v a p o u r - g a s  mixture produced during thermal 
decomposition was removed by passing air through the system, and some of 
samples in a crucible with a lid, i.e. in an atmosphere of vapours and gases pro- 
duced by heating. The heating rate was 12~ up to 600 ~ the weight of sample 
being 100 to 200 rag. 

The activation energy (E) for the thermal degradation of Iignins was calculated 
from the results of  the derivatographic measurements by the H o r o w i t z -  Metzger 
[3] method using the formula:  

In In Wo - w[  R T ~  
W t - -  W f  

E =  0 

where w0 = initial weight of  sample, g 
w t = weight of  sample at the given temperature 7; g 
w{ = final weight of  sample after pyrolysis, g 
R = gas constant 
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T s = pyrolysis temperature  (~ at which 

W s - -  W /  

W 0 - -  W )  f - -  Cs 

where w~ = weight of sample remaining at this temperature 
C s = 0.368 - concentra t ion at max imum slope when the reaction is 

known  to be of the first order 

69= T -  T~, ~ 

AT 

36O 

I I i ~ 440 
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Fig. 1. DTA curves of sulphuric acid lignins of birch (1), aspen (2) and oak (3) when vapours 
and gases are removed 
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Table 2 

Characteristics of thermal degradation 

W o o d  species Lignin  prepara t ion  

Stage I 

I t 
Tempera tu re  range ,  

~ weight  loss, 
ra te  o f  weight  
loss, ~ / m i n .  

Birch 

Aspen 

Oak 

Birch 

Aspen 

acid-insoluble 
acid-soluble 
acid-insoluble 
acid-soluble 
acid-insoluble 
acid-soluble 

acid-insoluble 
acid-soluble 
acid-insoluble 
acid-soluble 

200--255 
200--325 
200--280 
200-- 305 
200--285 
200-- 310 

200-- 320 
200--345 
200-- 260 
200-- 340 

when vapours and 

2.5 0.8 
8.1 1.1 
4.1 0.8 
6.4 1.0 
4.6 0.9 
8.1 1.3 

i 

in vapour--gas 

8.2 1.0 
9.6 1.0 
2.0 0.4 
8.4 1.0 

W 0 - -  W {  
A plot of In In against O should give a straight line whose 

W t - -  W f 

slope is then 

E = tg ~ �9 RT~ 

Molecular weight distributions for lignin preparations of birch and aspen were 
determined by the gel filtration method through Sephadex G - 5 0  in dimethyl- 
sulphoxide. The measurements were carried out by means of  a photoelectrocolor- 
imeter F E K I -  57. 

Discussion 

A great similarity in chemical characteristics (Table 1) and identity of IR  spectra 
of  acid-insoluble lignins prove the similarity of these preparations. However, as 
can be observed from DTA and DTG curves in Figs 1, 2, 3 and from the data 
given in Tables 2 and 3, the mechanism of thermal degradation of sulphuric acid 
lignins is different. 

Pyrolysis of lignins in air and at normal pressure proceeds in three stages accord- 
ing to the rate of  weight loss: 1. Stage of short side chains with small bond energy 
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of sulphuric-acid lignins 

stage II stage III 

rate of rate of Total weight 
Temperature range,! weight weight loss, Temperature range weight weight loss, 

~C i loss, ~ ~/min. ~ loss, ~ loss, 
l %/rnin. 

gases are removed 

255--325 11.7 
325--375 28.0 
280--345 11.6 
305--410 19.2 
285-- 345 13.3 
310--405 19.8 

4.0 
11.6 
4.4 
3.0 
5.1 
3.3 

325-- 600 
375--600 
345--600 
410-- 600 
345--600 
405-- 600 

50.7 
33.2 
52.5 
25.5 
56.0 
29.2 

2.1 
1.6 
2.3 
1.5 
2.5 
1.8 

67.9 
73.7 
71.1 
56.7 
77.9 
61.6 

atmosphere 

320--430 
345--425 
260--440 
340--435 

19.6 
18.3 
28.0 
18.1 

2.3 430-- 600 
4.5 425-- 600 
2.2 440-- 600 
3.0 435-- 600 

[ 

19.0 
21.8 
21.3 
15.6 

1.4 
1.3 
1.6 
0.8 

49.0 
52.3 
53.3 
47.2 

breaking off a macromolecule;  this results in pr imary condensat ion processes. 
2. Zone  of  active pyrolysis with bond  breaking between structural units. A great 
quant i ty  o f  volatile products  is isolated and structural fragments o f  a free radical 
type are formed in solid phase [4]. A considerable amount  o f  heat is generated 
in the recombinat ion  o f  these fragments. For  this reason the exothermic effect can 
overlap endothermy of  bond  breaking on the thermogram.  3. A series o f  destruc- 
t ive-condensat ion processes proceeding with the format ion  o f  volatile products  
and accumulat ion of  condensed aromat ic  structures in solid phase [5]. 

Acid-insoluble lignins begin to decompose in the temperature range 250 ~ - 280 ~ 
reaching the max imum raLe of  decomposi t ion at 290 ~  340 ~ in pyrolysis, con- 
ducted in air with the removal  o f  volatile products.  Acid-insoluble lignin o f  birch 
has the lowest thermostabili ty o f  the lignins studied. Its main destruction proceeds 
at the rate o f  4 ~ / m i n .  at rather low temperature ranges (255 ~  325 ~ Fig. 2). 

The max imum rate o f  thermal degradat ion o f  acid-soluble lignins is found at 
higher temperatures (355~176 Acid-soluble lignin o f  birch decomposes at 
325~  ~ at the rate o f  l l , 6 ~ / m i n . ,  which is the highest value for sulphuric 
acid lignins. 

The pyrolysis o f  lignins in an atmosphere o f  v a p o u r - g a s  mixture (Fig. 3) is 
slowed down by the evolution o f  volatile products  and is characterized by a 
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Fig. 2. DTG curves of sulphuric acid lignins when vapours and gases are removed 

Tabte 3 

Activation energy of thermal degradation of sulphuric acid lignins at the temperature range 

from 200 ~ to the DTG maximum 

Wood species Lignin preparation 
j Temperature range, 

o C 
Weight loss, 

% E, kcal mole 

Birch acid-insoluble 
acid-soluble 

Aspen acid-insoluble 
acid-soluble 

Oak acid-insoluble 
acid-soluble 

when vapours and gases are removed 

200-- 290 
200-- 360 
200--320 
200-- 365 
200--320 
200-- 355 

10.2 
33.9 
11.1 
15.2 
12.1 
16.4 

25.8 
38.3 
24.5 
17.8 
26.1 
18.6 

Birch 

Aspen 

acid-insoluble 
acid-soluble 
acid-insoluble 
acid-soluble 

in vapour-gas 

! 
atmosphere 

200-- 385 
200--390 
200--370 
200--400 

18.5 
18.3 
17.1 
18.5 

19.6 
24.0 
19.1 
17.1 
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widening of the temperature range of degradation and by a shift of the basic exo- 
thermy towards higher temperatures. Evidently, under these conditions of pyro- 
lysis, recombination processes of high molecular fragments proceed with a greater 
yield than if the vapour- gas mixture is removed. This is confirmed by the total 
loss of the yield of volatile products and by decrease in the percentage degrada- 
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"~  %' I f 
-~ 150 ~ ," 

Temperafure, ~ 

Fig. 3. D T A  and DTG curves of sulphuric acid lignins of birch (1) and aspen (2) in vapour-gas 
atmosphere 

tion at stage 3 of pyrolysis. If the degradation at stage 3 for acid-insoluble lignins 
reaches 75% out of the total decomposition at the removal of volatile products, 
this figure is half as much in an atmosphere of vapour-gases. 

The stage with increasing rate of decomposition is characteristic of the thermal 
degradation of lignins. This stage lies in the temperature interval from 200 ~ to the 
maximum on the DTG curve. The percentage of lignin degradation increases 
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with widening of this temperature interval, but the average degradation rate is 
constant. The pyrolysis of  acid-soluble lignin of birch in air is an exception. Its 
degradation rate is twice as high as that of  other lignins at this stage (Table 3). 

At the stage of increasing rate of  degradation the values of total activation energy 
for pyrolysis of sulphuric acid lignins fall within the limits of 17,1 -3 8 ,3  which 
agrees with the data of other authors [6 - 8]. It should be noted that many different 
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Fig. 4. Curves for molecular weight distribution of sulphuric acid lignins of birch (1) 
and aspen (2) 

reactions take place simultaneously during the process of thermal degradation of 
lignins. The specific chemical changes that occur are obscure. Therefore, the 
values of activation energy obtained are to be regarded rather as comparative 
values which do not reflect the real thermal stability of the system. 

The process of degradation proceeds rather energetically in air. A chain char- 
acter of degradation may be assumed in some cases (pyrolysis of acid-soluble 
lignin of birch). Yet the loss of the activity of free radicals is possible in air owing 
to their oxidation. As a result recombination reactions of radicals are slowed 
down. That is why with the removal of vapour and gases the total activation energy 
is just above that in an atmosphere of vapour -gas  mixture. 
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In  l ignins subjected to s t rong the rmal  or  the rmochemica l  p re - t rea tment  the  
changes o f  the  or iginal  s t ructure  are reflected by the shift o f  the  bas ic  exothermic  
peak  towards  lower  t empera tu res  [9, 10]. I t  permi ts  the  a s sumpt ion  tha t  acid-  
soluble  l ignins have a different s tructure f rom tha t  o f  acid- insoluble  ones a l though 
they  are bui l t  o f  the  same s t ructura l  units.  As  is seen f rom the da t a  ob ta ined ,  the i r  
s t ructure is more  thermos tab le .  Acid-so luble  l ignin of  b i rch is an exception.  73,7% 
of  i t  is decomposed  and the na ture  o f  i ts the rmal  deg rada t ion  (a marked  the rmal  
effect) indicates  a definite regular i ty  o f  the chemical  structure.  Evident ly,  the  
pecul iar i t ies  o f  the  na tu Ia l  l ignin s t ructure  o f  birch,  which cause the  high yield 
o f  ac id-so luble  l ignin (Table  1), specify i ts s tructure.  

The increased homogene i ty  o f  su lphur ic  acid  l ignins o f  b i rch and especial ly 
o f  ac id-so luble  l ignin, is reflected by  the curves o f  molecu la r  weight  d i s t r ibu t ion  
o f  l ignins (Fig.  4), i l lus t ra t ing tha t  the homogene i ty  o f  ac id-soluble  l ignin amoun t s  
to 55%. 

Thanks are due to O. M. Sokolov, G. G. Kochergina, N. D. Babikova (Forest Technical 
Institute, Archangelsk) for their assistance in the determination of molecular weight distri- 
bution of lignins. 
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Rt~SUMI~. - -  On a fait l'6tude par ATD du processus de la d6gradation thermique des lignines 
de bois durs (chine, bouleau,) obtenues sous forme de fractions solubles et insolubles dans 
l'acide sulfurique fi 66 % utilis6 pour traiter le bois. On a d6termin6 les valeurs des 6nergies 
d'activation au moment o~ la vitesse de perte de poids augmentait. On a montr6 que tes 
diff6rences observ6es dans leurs propridtds thermiques 6taient une consdquence des change- 
ments de structure provoqu6s pendant le traitement du bois. On a 6tabli que les lignines 
solubles dans l'acide ont une structure plus dense que celles qui sont insolubles. Les lignines 
de bouleau isol6es par l'acide sulfurique, surtout celles qui sont solubles, montrent une struc- 
ture plus homog6ne que les lignines obtenues de mani6re comparable avec d'autres esp~ces. 
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ZUSAMMENFASSUNG - -  Die  the rmische  Z e r s e t z u n g  yon  L ign inen  aus  H a r t h o l z  (Eiche, Beber-  
esche,  Birke),  e rha l t en  in F o r m  yon  s~turel6slichen u n d  un l6s l i chen  F r a k t i o n e n  der  Holzbe-  
h a n d l u n g  mi t  6 6 ~ i g e r  Schwefels~ure ,  wurde  t h e r m o a n a l y t i s c h  un te r such t .  Die  Wer te  der  
Ak t iv i e rungsene rg ie  der  L ign inpyro lyse  w u r d e n  bei z u n e h m e n d e n  Gewich t sver lus tgeschwind ig-  
ke i ten  bes t immt .  Es  wurde  ge funden ,  dab  die U n t e r s c h i e d e  ihrer  t h e r m i s c h e n  Eigenschaf ten  
a u f  die wfihrend der  A b t r e n n u n g  aus  d e m  Holz  er l i t tenen s t ruk ture l len  .~nde rungen  zurfick- 
zuf f ihren  s ind.  

Sfiurel6sliche Lign ine  bes i tzen  e inen h 6 h e r e n  G r a d  von  Densit~it als  s~iureunl6sliche. Schwe- 
fels~iurelignine von  Birke,  be sonde r s  die s~iurel6slichen, zeigen b e d e u t e n d  homog/ ine re  St ruk-  
tu r  als die Schwefels / iurel ignine ande re r  Sor ten .  

Pe3roMe. - -  TepMrI~leC~HM MeTO~IOM /JCCYle~IOBaH npottecc TepMopacria~Ia ~nFHI4HOB, Bsr~esIen- 
nbix o6pa6oTKO~ nr~CTBertHbXX n o p o ~  ~peBecnm, l (6epe3a, OcHHa, ~y6) 66 ~ -nO~ cepno~ KnCnO- 
TO~ B qbopMe K~CJIOTOpaCTBOpI~MO~ ~ KHCJIOTOHepacTBOp~MO~ qbpaKun~. 3na~enr~  3neprHH 
aKTrlBallrlH rmpoJIrlBa a n r n n n a  olIpe~le:IeH~i Ha CTajIttH Bo3pacTalonlefi CKOpOCTIA IIOTeprI Beca. 
YCTaHOBJIeHO, ~ITO pa3I~mla B TepMl~qeCKrlX CBO~CTBaX 3THX qbpaxurI~ JII4rHIIHOB o6yc~oB~ena 
rt3MeHeHHnMrI fix cTpyr ryp  B npollecce B~i~leslei~nz I~3 ztpeBecrm~,I, g lpe~noaaraeTc~,  ~ITO I~HCSlO- 
TopaCTBOpHMbIe JlarHnHt,I nMeIOT 6oaee  yIIJIOTtteHltyIo cTpyKTypy, qeM KHCJIOTOHepaCTBOpH- 
Mble. CepHOKHCJIble JIHrHHBbI 6epe3bl, Oco6eHHO KHC2aOTOpaCTBOpnMbI~ JInrnHn, o6aaaaroT 3Ha- 
anTeal, nO 6oJIee m, icoI<o~ cTenem, io roMorenrTocrg, qeM cepHoIfflCJIOTHble YIItFHHI-IbI ~lpyrrlx 
nopoJL 
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