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Abstract

Wood cell walls have complex ultra-structures, in which cellulose microfibrils are surrounded by a hemicellulose—
lignin matrix. This is the first paper to discuss the effect of cell wall on the pyrolytic reactivity of hemicellulose and
cellulose in wood by using Japanese cedar (Cryptomeria japonica, a softwood) and Japanese beech (Fagus crenata,

a hardwood), along with isolated xylan and glucomannan. Pyrolysis was conducted by subjecting the samples to
temperatures in the range of 220-380 °C, at a heating rate of 10 °C/min, under a N, flow with the reactor quenched
as soon as the temperature reached the set value. The remaining hemicellulose and cellulose in the heat-treated
wood were evaluated by determining the yields of hydrolysable sugar. Isolated xylan containing the uronic acid
group, probably acting as a catalyst, was more reactive than isolated glucomannan, whereas the xylan in both woods
was remarkably stable and degraded across a similar temperature range to the glucomannan degradation. Thus, the
majority of the hemicellulose fractions in cedar and beech unexpectedly exhibited similar reactivity, except for glu-
comannan in beech that degraded at lower temperatures. Differing thermogravimetric (TG) and derivative TG (DTG)
profiles, measured for cedar and beech under similar heating conditions, were explained by the different cellulose
reactivity, rather than the hemicellulose reactivity; cellulose decomposed with hemicellulose in cedar, while such
decomposition was independent in beech. The observed reactivity is a new finding that is different from the currently
understood ideas and may originate from the effects of the cell walls. The research herein provides important infor-
mation on the kinetics and thermochemical conversion of lignocellulosic biomass.
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Introduction

The pyrolytic reactivity of wood polysaccharides has
been studied using isolated cellulose and hemicelluloses
[1-5]. Cellulose, a crystalline polysaccharide, exhibits a
higher thermal stability than amorphous hemicelluloses
and exhibits the maximum thermal degradation rate
at~350 °C, that yields volatile products and char [1, 2,
6]. Xylan and glucomannan are the major hemicellulose
of hardwood and softwood, respectively, whose struc-
tures are illustrated in Fig. 1. The pyrolytic reactivity of
hemicellulose has received a wealth of interdependent
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research by using isolated wood xylan [2-5, 7] and konjac
glucomannan [8-12], and in addition, numerous stud-
ies have concluded that the thermal stability of xylan is
lower than glucomannan [4, 5, 13]. With regard to xylan
instability, Wang et al. [14] reported that the 4-O-methyl-
D-glucuronic acid (4-O-MeGlcA) moiety and the Na
salts in demineralized and original commercial beech
xylan acted as acid and base catalysts, respectively, which
promote the thermal degradation of the xylose units in
xylan. The observed changes to the catalytic performance
were also supported from the different compositions of
the pyrolysis products; depolymerization/dehydration
products such as furfural and 4-hydroxy-5,6-dihydro-2H-
pyran-2-one were observed by acid catalysis, while frag-
mentation products were yielded by base catalysis.
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Conversely, the reactivity of hemicellulose and cellulose
in wood cell walls has not been discussed in the literature.
Only thermogravimetric (TG) and differential TG (DTG)
profiles of wood samples have been discussed with the
thermal reactivity of isolated hemicellulose and cellulose
[1-3, 6, 15]. The DTG curve of hardwood typically exhib-
its a shoulder in the lower temperature region along with
a peak, which has been reported to originate from xylan
and cellulose, respectively [16—18]. This assignment
appears to be reasonable because the shoulder is not
observed for the typical DTG curve of softwood that con-
tains only a smaller amount of xylan. Nevertheless, there
are no reports to evidence this explanation. For these rea-
sons, the work herein evaluates the pyrolytic reactivity of
hemicelluloses and cellulose in wood by using Japanese
cedar (Cryptomeria japonica, a softwood) and Japanese
beech (Fagus crenata, a hardwood).

To evaluate the pyrolytic reactivity of wood polysac-
charides in wood cell walls, hemicelluloses and cellulose
remaining in heat-treated woods must be quantified
during pyrolysis. Standard analysis methods for wood
polysaccharides include hydrolysis [19] and methanolysis
[20-23], which can be applied for this purpose. Herein,
Japanese cedar and Japanese beech woods were pyro-
lyzed by heating to set temperatures from 220 to 380 °C
(20 °C intervals and no holding period), and the thermal
degradations of xylan, glucomannan and cellulose were
evaluated from the remaining hydrolysable sugar content.
Comparisons with isolated xylan and glucomannan pro-
vide insight into how the pyrolytic reactivity is influenced
in wood cell wall. Finally, the obtained results allowed for
the assignment of the TG/DTG curves.

used without any further purification. Extractive-free
wood flour (80 mesh passed) was prepared from the sap-
wood of Japanese cedar and Japanese beech by extracting
with acetone using a Soxhlet extractor.

TG analysis

TG analysis was conducted using a TGA-50 instrument
(Shimadzu Corp., Kyoto, Japan). Oven-dried Japanese
cedar or Japanese beech wood (1 mg) was placed into
a platinum pan and heated from room temperature to
800 °C, at a heating rate of 10 °C/min under a N, flow of
10 mL/min (purity: 99.9998%, JAPAN FINE PRODUCTS,
Mie, Japan). N, was first passed through a deoxygena-
tion column (GL Sciences, Japan) to remove any oxygen
contamination.

Pyrolysis experiment

Figure 2 illustrates the experimental setup used in this
study. A quartz glass tube (internal diameter 15 mm,
length 400 mm, wall thickness 1.5 mm) was placed in an
electric furnace (Asahi-Rika Seisakusho Co., Ltd., Chiba,
Japan). For each experiment, the sample (20 mg) was
placed into a ceramic boat (As One Corp. Osaka, Japan),
and the ceramic boat placed within the glass tube. There-
after, the air inside the glass tube was displaced by a N,
flow (100 mL/min) for 5 min using a SEC-400MK3 mass
flow controller (Horiba, Kyoto, Japan), and the sample
subjected to heat treatment at a set temperature (220—
380 °C, at 20 °C intervals), at a heating rate of 10 °C/min,
which was the same heating rate used for TG analysis.
The sample temperature was directly measured during
the pyrolysis experiment by contacting the tip of a fine
thermocouple (0.25 mm in diameter, type K, Shinnetsu
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Co., Ltd., Ibaraki, Japan) to the sample whilst recording
with a thermologger (AM-8000, Anritsu Corporation,
Kanagawa, Japan). When the temperature reached the
designated temperature, the cover of the electric furnace
was opened and the glass tube was immediately cooled to
room temperature under a flow of air.

Hydrolysable sugar analysis

Acid hydrolysis and methanolysis were conducted
to determine the hydrolysable sugars from cellulose
and hemicellulose/pectin in the heat-treated woods,
respectively.

Hydrolysis was used to completely convert crystal-
line cellulose and was performed by treating the sample
in a ceramic boat with 0.3 mL of an aqueous 72% H,SO,
solution at 30 °C in a glass tube for 1 h in a water bath.
Thereafter, 8.4 mL of water was added to the mixture for
dilution and the solution was heated in an autoclave at
120 °C for 1 h to complete the hydrolysis reactions. After
quenching the system, the sample was filtered with filter
paper (Kiriyama Glass Works Co., Tokyo, Japan). An ali-
quot of the filtrate was taken and diluted 15 times with
water and neutralized with Dionex OnGuard II P car-
tridge (Thermo Fisher Scientific K.K., Tokyo, Japan).
The glucose yield was determined by high-performance
anion-exchange chromatography using a Dionex ICS-
3000 instrument under the following conditions: column,
CarboPac PA1l (4 mm x 250 mm); gas, Ny flow-rate,
1 mL/min; pressure, 1 atm; eluent, mixture of 0.2 M
NaOH and distilled water; gradient-program, 15/85
(0-20 min); detector, electron capture; detector tem-
perature, 35 °C. The eluent was degassed using an aspi-
rator for 45 min prior to purging with N, to prevent the
absorption of CO,,.

Milder methanolysis [20-23] was selected to determine
the hydrolysable sugars from hemicellulose, pectin, and
uronic acid groups. The ceramic boat containing heat-
treated wood was placed into 4 mL of a 2 M solution of
HCI in methanol in a glass tube comprising a screw cap
and a Teflon-lined septum and heated at 60 °C for 16 h
to complete the methanolysis reactions. After neutrali-
zation with 100 pL of pyridine, a portion of the mixture
was mixed with a glucitol/methanol solution as an inter-
nal standard and dried under vacuum. Then, pyridine
(100 pL), hexamethyldisilazane (150 pL) and trimeth-
ylchlorosilane (80 uL) were added and the mixture was
heated at 60 °C for 30 min under stirring. The resulting
trimethylsilyl derivatives were analyzed by GC—MS using
a Shimadzu-2010 Plus gas chromatograph (Shimadzu
Corporation) coupled to a Shimadzu QP 2010 Ultra mass
spectrometer (Shimadzu Corporation). The instrumen-
tal conditions comprised: column, Agilent CPSil 8CB
(length, 30 m; diameter, 0.25 mm); injector temperature,
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260 °C; split ratio, 1:50; column temperature, 100 °C
(2 min), 4 °C/min to 220 °C, 220 °C (2 min), 15 °C/min
to 300 °C, 300 °C (2 min); carrier gas, helium; flow-rate,
1.0 mL/min. The MS scan parameters included a scan
range of 35-600 m/z and a scan-interval of 0.3 s. The sig-
nals originating from methyl glycosides were assigned
based on the associated mass spectra and retention
times, as compared with literature data [24, 25].

Results and discussion
Hemicellulose and other minor saccharide reactivity
in wood cell walls
Figure 3 compares the pictures of heat-treated Japanese
beech and Japanese cedar woods subjected to tempera-
tures of 220-380 °C (10 °C/min). Discoloration of the
beech wood was initiated at 240 °C, with the color chang-
ing to brown and darkening further as the temperature
increased. Conversely, discoloration of the cedar wood
occurred at a higher temperature range of 320-340 °C.
Thus, in terms of discoloration, beech wood is more reac-
tive than cedar wood. These results may originate from
the different pyrolytic reactivity of the wood components,
which will be discussed in the following paragraphs.
Changes in the hydrolysable sugar content in the heat-
treated woods are shown in Fig. 4, focusing on six sugar
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Fig. 3 Pictures of the appearance of: a Japanese cedar and b
Japanese beech woods after being subjected to pyrolysis at various
temperatures (10 °C/min, no holding period), under a nitrogen flow
(100 mL/min)
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components: arabinose, glucose, galactose, mannose,
xylose and 4-O-MeGlIcA. The hydrolysable sugar content
is shown as the percentage of sugar recovered against
the yield from non-treated wood (normalized to 100%).
Sugars other than glucose were determined as the cor-
responding methyl glycosides obtained by acidic metha-
nolysis because of the instability of hemicellulose- and
pectin-derived sugars when subjected to more severe
hydrolysis conditions that hydrolyze stable crystalline
cellulose.

Table 1 [26] shows sugar compositions determined
from non-treated cedar and beech woods. The origins
of these sugars should be discussed, based on literature
[22, 27-33], prior to comparing the pyrolysis results. A
significant amount of glucose originates from cellulose,
however, glucose is also the constituent of glucoman-
nan. Different xylose and mannose contents in cedar
and beech woods are explained by the well-known com-
positional difference of hemicellulose in hardwood and
softwood: xylan and trace amounts of glucomannan
in hardwood, while softwood typically comprises glu-
comannan in major and xylan in minor amounts. Thus,
changes in the yields of mannose and xylose directly
indicate the degradation of glucomannan and xylan,
respectively, during wood pyrolysis. The decrease in the

recovery of glucose is related to cellulose degradation in
beech, however, the contribution of glucomannan degra-
dation must be considered for cedar.

Xylan in both cedar and beech woods contains
4-O-MeGIcA as an acidic sugar component that is
expected to act as an acid and base (as metal uronate)
catalyst [14], indicating that this unit may accelerate the
degradation of wood cell wall components. The effec-
tiveness of this acceleration effect in cell walls is par-
ticularly discussed in the present paper. Typically, the
4-O-MeGIcA content is greater in hardwood than soft-
wood, as recognized for beech (20 g/kg) and cedar (9 g/
kg), Table 1.

The origins of arabinose and galactose are more com-
plex. Arabinose is a component of softwood xylan, but
not of hardwood xylan. However, galactose is attached
to the glucomannan chain of both types of wood species.
For these minor sugars, the pectin content in the primary
cell wall, which contains arabinose and galactose as the
primary sugars [34—38], cannot be ignored. Accordingly,
understanding the pyrolytic degradation of arabinose
and galactose units is difficult with respect to the wood
components.

In Fig. 4, degradation of glucose units is observed in
the highest temperature region for both woods, which

Table 1 Monosaccharide compositions of beech and cedar woods (g/kg of the original oven-dried basis) [26]

Sample Glu Man Xyl UA Ara Gal
Japanese cedar 447 57 64 9 12
Japanese beech 417 14 213 20 36

Glu glucose, Man mannose, Xyl xylose, UA uronic acid, Ara arabinose, Gal galactose
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is consistent with the degradation of highly stable cel-
lulose. Conversely, the temperature range where xylose
and mannose units degrade is different; xylose and
mannose units degrade at similar temperatures for
cedar, however, in the pyrolysis of beech wood, the
mannose units degrade at significantly lower tempera-
tures than xylose. The xylose units in both woods are
observed to degrade at similar temperatures, where
mannose units in cedar also degrade. Consequently,
hemicelluloses in the cell walls of both wood species
are suggested to have similar reactivity, except for glu-
comannan in beech wood that is more reactive than
other hemicelluloses.

The pyrolytic reactivity of the sugar units in hemicel-
lulose in cedar and beech woods, as shown in Fig. 4, is
compared with those of isolated xylan and glucomannan
in Fig. 5, to elucidate the influence of the cell wall matrix.
The results of the isolated hemicelluloses are shown in
dashed lines. Commercial beech wood xylan, where the
majority of the uronic acid moieties exist as Na salts, was
used along with the demineralized (free carboxyl) sam-
ple as the isolated xylans, and their pyrolytic reactivities
were evaluated by a similar procedure used in the present
study [14]. Based on the analysis data of ten softwood
and hardwood species in our previous paper [23], most
of the free carboxylic 4-O-MeGlIcA groups in xylan would
form the salts with alkali and alkaline earth metal cations,
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although some are involved in the formation of ester
linkages with lignin as discussed later.

Glucomannan was isolated from Japanese cedar
wood according to a previously reported procedure that
includes the extraction of the residues obtained by the
pre-extraction of xylan from holocellulose (delignified
wood) using an aqueous solution of sodium hydrox-
ide (24%) and boric acid (5%). However, that procedure
concluded that the boric acid contaminant could not
be removed from the isolated glucomannan even when
using resins. For these reasons, konjac glucomannan was
used as the isolated glucomannan herein.

The degradation temperature of the xylose units in
both woods shifted to higher temperatures when com-
pared with the isolated xylans, suggesting that xylan in
the cell walls of both woods is significantly stabilized.
Furthermore, the reactivity is observed to be similar to
the glucomannan in cedar wood, as described above.
The 4-O-MeGIcA units are also stabilized in the woods,
however, the observed stability is different for cedar and
beech. These results indicate that the 4-O-MeGIcA units
attached to the xylan chain are restricted in the wood cell
walls, where 4-O-MeGlIcA fails to properly function as an
acid and base catalyst for xylan degradation. These find-
ings will provide new insight to research groups in the
area of wood pyrolysis because xylan is currently believed
to be more reactive than glucomannan in wood pyrolysis.
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The reactivity of the mannose units exhibit the oppo-
site trend for cedar and beech woods; mannose units
in cedar wood degraded at slightly higher temperatures
than konjac glucomannan, while the mannose units in
beech wood degraded at significantly lower tempera-
tures, although the glucomannan content is relatively
low in beech. These results suggest that the environment
where glucomannan exists is different in the cell wall
matrix of cedar and beech woods. A possible explanation
for the enhanced reactivity of beech wood glucomannan
is that the 4-O-MeGIcA groups act as acid/base catalysts
in the vicinity of glucomannan in the cell wall of beech
wood, as discussed later.

Arabinose and galactose units in beech wood degrade
at lower temperatures than those in cedar wood. The
greater reactivity of the galactose units in beech can be
explained by the reactivity of glucomannan, which was
greater in beech than cedar, because galactose is the
minor component of glucomannan in both woods. Nev-
ertheless, the contribution of pectin must be considered
for the reactivity of these minor sugar units. Discolora-
tion of beech wood that initiated at a lower temperature
of 240 °C, when compared with the cedar wood (Fig. 3),
may be related to the greater reactivity of arabinose and
galactose units along with glucomannan.
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Cellulose reactivity and assignment of TG/DTG curves
Figure 6 illustrates the TG/DTG profiles measured for
beech and cedar woods at the same heating rate (10 °C/
min), used for the above pyrolysis experiments, along
with the degradation behavior of cellulose and hemicellu-
loses, expressed as wt% based on the content in the wood,
which were roughly estimated from the yields of hydro-
lysable sugars. The xylan and glucomannan contents in
the pyrolyzed woods were calculated by multiplying the
respective content in the original wood by the recovery
rate of methyl xyloside and methyl mannoside obtained
by methanolysis, respectively. The cellulose content was
determined from the glucose yield obtained by hydroly-
sis by subtracting the yield from glucomannan, assum-
ing that the reactivity of the glucose and mannose units
in glucomannan is similar. Although the TG/DTG curves
appear at slightly higher temperatures than the degrada-
tion of wood polysaccharides, the data set comparison is
useful for TG/DTG curve assignment.

A shoulder is clearly observed in the beech DTG
curve along with a peak, while the DTG curve of cedar
exhibits only one broad peak. Such a difference has pre-
viously been believed to originate from the greater reac-
tivity of xylan that is more abundant in hardwood [29].
The present investigation, however, clarifies that the
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glucomannan in beech is significantly more reactive than
xylan, which suggests that the shoulder in the beech DTG
curve is not related to hemicellulose reactivity.

Contrary to this, the degradation behavior of cellulose
is different for cedar and beech woods. Cellulose in beech
is stable up to~320 °C, where xylan and glucomannan
almost degrade. Thus, thermal degradation of cellulose
occurs independently of hemicellulose degradation in the
beech wood cell wall. Conversely, cellulose in cedar wood
typically degrades together with xylan and glucoman-
nan degradation. Consequently, as indicated in Fig. 6,
the overlapping temperature ranges for the degradation
of cedar cellulose and hemicelluloses leads to one broad
DTG peak.

Influence of the cell wall ultra-structure

Esterification with lignin may partially explain the inef-
fective catalytic activity of 4-O-MeGIcA in the wood cell
wall. Three types of lignin—carbohydrate complex (LCC)
linkages, Cy-ester with 4-O-MeGIcA, benzyl ether, and
phenyl glycoside, Fig. 7, are reported in softwood and
hardwood cell walls [39-43]. This ester formation ren-
ders a portion of the 4-O-MeGlcA moieties inactive
as acid/base catalysts for hemicelluloses and cellulose.
Although the esterification rate is not clear presently, free
4-O-MeGIcA moieties are suggested to exist in the wood
cell wall based on the cation-exchange ability [23, 44, 45]
and distribution of alkali and alkaline earth metal cati-
ons within the cell walls [46]. Accordingly, some of the
4-0-MeGlIcA moieties in the cell wall are ineffective, even
without the formation of the ester linkages with lignin.

Acetyl groups are attached to xylan in beech and glu-
comannan in cedar, although the isolated hemicelluloses
in Fig. 5 do not contain any acetyl groups. Such acetyl
groups may affect the xylan and glucomannan reactivity
in wood cell walls. However, this would not be impor-
tant because xylans in both woods exhibited similar
reactivities.

Xylan and glucomannan are normally involved in
the formation of LCC linkages with lignin [39], indicat-
ing that hemicellulose and lignin exist in proximity by
the formation of chemical bonds. These structures in
the matrix of the wood cell wall may restrict the mobil-
ity of the 4-O-MeGIcA moieties, although this hypoth-
esis needs to be confirmed by further investigations on
the wood cell wall matrix and pyrolytic reactivity. The
greater reactivity of glucomannan in beech wood can
be explained by this hypothesis; glucomannan exists in
the vicinity of 4-O-MeGlIcA in the beech wood cell wall,
whereas an attack of the xylose main chain in xylan by
4-O-MeGIcA is not possible. These results will be of sig-
nificant interest to wood anatomists, as well as research-
ers in the field of pyrolysis.
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The pyrolytic reactivity of cellulose is intrinsically
determined by the crystalline nature. The molecules
that comprise the nano-crystallites (tens of nm in cross-
section) are stable, and hence, the thermal degradation
is initiated from the surface molecules [47-49]. Prior to
the decomposition, there is an “induction period” that is
observed to activate cellulose, which led to the concept
of “active cellulose” formation [50, 51]. The role of the
reducing end during the activation of cellulose for ther-
mal discoloration [52] and weight-loss behavior [53] is
also suggested. Thus, the cellulose crystallite surface and
hemicellulose-lignin matrix interface plays an impor-
tant role when determining the cellulose reactivity, as
illustrated in Fig. 8, which is suggested to be different
for cedar and beech woods. Degradation of hemicellu-
lose can activate the surface molecules of cedar cellulose,
however, this is not observed for beech.

The assembly of cellulose and hemicelluloses in the
wood cell walls has received significant attention in the
field of wood anatomy, and different arrangements are
proposed for softwood and hardwood cell walls, as illus-
trated in Fig. 9. Strong binding of glucomannan to cel-
lulose in softwood cell walls has been reported [54—57].
Based on the results of dynamic mechanical analysis with
FT-IR spectrometry, Akerholm and Salmén [54] reported
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to be different for Japanese cedar and Japanese beech woods

Fig. 8 Role of the hemicellulose-lignin matrix and cellulose microfibril surface interface for cellulose reactivity during pyrolysis, which is expected

Cellulose microfibril
Surface molecules

activation (cedar)

no effect (beech)

Interface
Hemicellulose-lignin matrix

a Softwood

Cellulose

Cellulose

Gluco-
mannan

b Hardwood

Cellulose

Cellulose

Fig. 9 Schematic view of the proposed cell wall arrangements of cellulose, hemicellulose and lignin for softwood and hardwood

the close connection between cellulose and glucomannan
in Norway spruce (Picea abies) wood fibers, although
xylan showed no mechanical interaction with cellulose.
Kumagai and Endo [55] utilized a quartz crystal micro-
balance for studying the action of cellulase during enzy-
matic hydrolysis of lignocellulose nanofibers prepared
from Japanese cedar (a softwood) and eucalyptus (a hard-
wood). The report concluded that cellulose is covered by
glucomannan in Japanese cedar, because the removal of
glucomannan by the mannanase treatment was neces-
sary for cellulase to bind to cellulose. Xylan and lignin are
considered to exist between glucomannan-coated cellu-
lose in softwood (Fig. 9a) [57].

Conversely, in the case of hardwood cell walls,
Dammstrom [58] reported the dynamic FT-IR analysis
data of aspen (Populus tremula), suggesting that xylan is
strongly associated with cellulose, instead of glucoman-
nan in the case of softwood. Association of xylan on
cellulose is also used to explain the helicoidal array of

cellulose microfibrils; negatively charged 4-O-MeGIlcA
moieties in xylan attached to the surface of cellulose
microfibrils help to maintain the space between the
microfibrils yielding a cholesteric mesophase [30, 59,
60]. However, there has been controversy because xylan
in solution forms a threefold helical screw conformation,
hindering xylan combining with cellulose having a two-
fold conformation [61, 62]. Simmons et al. [63] reported
clear evidence for the binding of xylan to cellulose by
solid-state NMR; xylan exhibiting a threefold helical
screw in solution flattens into a twofold helicoidal screw
to intimately bind to cellulose. These observations are
also supported by theoretical calculations [61, 64—66].
These lines of information indicate that xylan binds to
cellulose microfibrils instead of glucomannan in hard-
wood cell walls, as shown in Fig. 9b.

The cellulose reactivity of cedar and beech woods may
be influenced differently by the variation in the assem-
bly, although elucidation of the detailed mechanisms
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hitherto is not fully understood. Hence, further infor-
mation with respect to the wood anatomy is necessary.

Conclusions

The thermal reactivity of xylan, glucomannan and cel-
lulose in Japanese beech and Japanese cedar woods
was investigated. The TG/DTG profiles were assigned
from the results obtained herein. The results were also
compared with those of isolated xylan and glucoman-
nan, to understand the influence of the cell wall. Xylan
is observed to be significantly stabilized in the cell walls
of both woods, and the reactivity is similar to that of
glucomannan in cedar. Glucomannan becomes unsta-
ble in beech. The 4-O-MeGIcA moieties and the corre-
sponding salts do not act as acid/base catalysts in the
cell walls, except for glucomannan in beech. This obser-
vation is partially explained by the ester formation with
lignin. The observed differences in the cedar and beech
TG/DTG curves do not arise from the differences in
hemicellulose reactivity, but from the differences in cel-
lulose reactivity; cellulose decomposes together with
hemicellulose in cedar, however, the decomposition
occurs independently in beech. The nature of the hemi-
cellulose and cellulose microfibril assemblies for cedar
and beech cell walls is considered as a reason for the
different cellulose reactivity in cedar and beech woods.

Abbreviations
TG: Thermogravimetric; DTG: Derivative thermogravimetric; 4-O-MeGIcA:
4-O-Methyl-p-glucuronic acid; LCC: Lignin—carbohydrate complex.
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