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Abstract Thermogravimetry has been widely applied to
the study of wood and cellulose materials. There is a
general agreement that decomposition of hemicellulose,
cellulose, and ligning take place in a relatively narrow
range of temperature, partially overlapping. There is no a
definitive demonstration of which thermal feature corre-
sponds to each component. In this study, three hardwood
and two softwood species were considered: Castannea sa-
tiva, Eucaliptus globulus, Quercus robur, Pinus pinaster,
and Pinus sylvestris. Thermogravimetric analysis of wood
powder, ethanol-extracted wood, holocellulose, and lignin,
obtained from those species revealed some important dif-
ferences between hardwood and softwood holocelluloses
and an important role of the ethanol-extractives, which
explain the different behavior observed in both kinds of
wood. FTIR spectra obtained from the evolved gases
helped to clarify some degradation steps.
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Introduction

The major chemical components of wood are cellulose,

hemicelluloses, lignin, and extractives [1]. Thermal sta-
bility of wood is usually studied by thermogravimetry (TG)
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[2-11]. Wood materials are known to present different
degradation profiles depending on the wood composition.
Cellulose presents higher thermal stability than hemicel-
luloses and lignin. Holocellulose is a combination of cel-
lulose (a glucan polymer) and hemicellulose (mixtures of
polysaccharides) [12]. This behavior was related to the fact
that cellulose is highly crystalline and hemicelluloses and
lignin are amorphous [13]. Hemicelluloses are the least
thermally stable of the wood components, due to the
presence of acetyl groups [14]. It was also reported that
lignin degradation starts at relatively low temperatures,
proceeding over a wide range of temperature [15]. Several
extractives were obtained from wood with different sol-
vents and by different methods. The extractives fraction
usually includes lipids, phenolic compounds, terpenoids,
fatty acids, resin acids, steryl esters, sterol, and waxes [16—
19]. The amount of extractives is always small, usually in
the 2-5% range [20]. Nevertheless, they significantly
contribute to wood properties, such as mechanical strength
and color [21]. Thus, the amount and type of these
extractives generally affects the wood quality. The amount
of extractives differs between wood species and is also
influenced by several factors, including the growing con-
ditions and the amount of heartwood [22]. The influence of
some wood extractives on the thermal stability of wood has
been studied in some cases. Mészaros et al. [23] found
some differences between extracted and un-extracted wood
samples. They also studied thermal degradation of the
wood extractives from Robinia pseudoacacia. It was also
reported that the removal of extractives produces a
decrease in the fixed carbon content, a decrease in char
yield and a displacement of the entire thermogravimetric
curve toward higher temperatures [24]. The role of ethanol/
cyclohexane extractives on the thermal degradation of
wood from four species was investigated [2]. The aim of
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this study is to clarify the role of some of the main con-
stituents of wood through TG analysis of wood powder,
ethanol-extracted powder, holocellulose, and lignin. The
effect of ethanol-extractives is investigated in softwood
and hardwood species. In this context, Fourier transform
infrared (FTIR) and mass spectroscopy (MS) analysis of
the evolved gases may help to understand some degrada-
tion steps [9, 25-28].

Experimental

Wood samples from five species, namely Castannea sativa
and Pinus pinaster, Pinus sylvestris, Eucaliptus globulus
and Quercus robur, were investigated. The following
samples were prepared from the raw material: wood
powder, ethanol-extracted wood, holocellulose, and ligning
obtained from these species. Chunks of 2-year-old timber
were converted into powder by a Siebtechnik rotary disc
mill. Part of the powder was extracted for 6 h with ethanol
in soxhlet and then, holocellulose was obtained by the
Browning method. A fraction of the extracted powder was
destined to obtain lignin by the TAPPI222 standard.

Thermal stability studies were performed by TG in a TA
Instruments 2960 SDT with a 100 mL/min flow of Nitro-
gen. Sample sizes of about 10 mg were used in all case.
The samples were placed in open Alumina crucibles. The
thermal program consisted of a 10 min isothermal step at
115 °C, followed by a 20 °C/min ramp from 20 to 900 °C.
The isothermal step was aimed to remove hygroscopic
water, which could interfere with the low temperature
degradation steps. The SDT instrument was attached to a
Bruker Vector 22 spectrometer and FTIR spectra were
continuously obtained from the gases evolved in the
holocellulose experiments.

Results and discussion

Figure 1 shows the time derivative of TG curves (DTG)
corresponding to powder, extracted powder, and holocel-
lulose of both species. It is remarkable that the non-
extracted powder curves present a similar shape but with
two important differences: the main degradation appears as
an important peak with a shoulder on the low-temperature
side in both cases. This peak-shoulder may be in principle
assigned to the cellulose-hemicellulose, partially overlap-
ping with lignin. But this peak appears at about 50 °C
below in the case of Castannea than in the case of Pinus. It
indicates the presence of other components, different in
each species, which affect the thermal stability of cellulose
and hemicellulose. Another difference between both curves
is a shoulder at 250 °C on the Pinus curve. That shoulder
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Fig. 1 DTG curves obtained from, powder, ethanol-extracted
powder, and holocellulose of Castannea sativa (a) and Pinus pinaster

(b)

cannot be observed on the Castannea curve, but it may be
hidden by the main degradation process. On the other hand,
it can be observed that the ethanol-extracted samples
present approximately the same stability in both cases,
which is similar to that observed in the case of non-
extracted Pinus, with a peak at 375 °C and a shoulder at
315 °C. The different behavior observed before and after
the extraction in the case of Castannea indicates a degra-
dation promoting effect of the Castannea ethanol-extrac-
tives. In the case of Pinus the overall stability was not
improved by the extraction, but the shoulder at 250 °C
disappeared. Thus, that shoulder represents some ethanol-
extractives, different from those observed in Castannea,
which do not affect the thermal stability of cellulose and
hemicellulose. In the case of Castannea, the extractive
degradation takes place simultaneously to the degradation
of other compounds, which suggests that the extractives are
more intimately mixed with the other components of the
wood in the case of Castannea than in the case of Pinus.
Thus, in the case of Castannea, the extractives degradation
would promote the degradation of the other wood com-
ponents. A shoulder is observed at about 420 °C in all the
ethanol-extracted and non-extracted powder samples. This
high-temperature shoulder does not appear to be affected
by the extraction process and can be easily assigned to the
end of an overlapping degradation process of ligning. DTG
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plots of holocellulose are also shown in Fig. 1. The curves
obtained from both species are very alike, with a peak at
350 °C and a shoulder at 280 °C. Since holocellulose is
composed of cellulose and hemicellulose [12], the peak at
350 °C can be easily assigned to cellulose and the shoulder
at 280 °C to holocellulose. The main difference between
both species is that the peak is slightly narrower in the case
of Pinus and thus the shoulder is more evident in that case.
Figure 2 shows how the holocellulose DTG plots can be
grouped into two groups: softwoods (P. pinaster and
P. sylvestris) and hardwoods (C. sativa, E. globulus, and
Q. robur). The fact that the hardwood peaks are broader
and more asymmetric than the softwood ones indicates a
more complex degradation process, involving other com-
pounds whose degradation takes place in the middle of
hemicellulose and cellulose. A comparison of the holo-
cellulose and ethanol-extracted powder curves, in Fig. 1,
shows a much lower thermal stability of holocellulose
(about 50 °C). This is an indication of an important sta-
bilizing effect of lignin, which is structurally mixed with
cellulose and holocellulose in the ethanol-extracted sam-
ples. It can be also observed in Fig. 1 a small peak in the
range from room temperature to 120 °C. That peak is
present in all the curves, but it is higher in the case of
holocelluloses. Since all the samples were initially pre-
heated at 115 °C, the possibility of absorbed water is
excluded. That peak can be explained as desorption of
absorbed nitrogen, which was absorbed while cooling from
115 °C to room temperature under nitrogen atmosphere.
Since holocellulose was obtained by removal of the
cementing lignin, its structure is much less compact, with a
higher surface area for gas interaction.

Figure 3 shows the DTG plots obtained from the non-
extracted and ethanol-extracted powder samples. Consid-
ering the non-extracted samples, all of them differ among
themselves, especially the hardwood ones. On the other
hand, the ethanol-extracted samples can be classified into
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Fig. 2 Holocellulose DTG curves obtained from five wood species
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Fig. 3 DTG plots obtained from the non-extracted (a) and ethanol
extracted (b) powder samples

two groups: hardwoods and softwoods. The main differ-
ence between the two groups is a shoulder at about
290-300 °C. That difference is a consequence of the dif-
ferent nature of deciduous and conifers lignins [29], which
are chemically bonded to hemicellulose. Figure 4 shows an
overlay of the lignin DTG plots obtained according to the
TAPPI222 standard. It is important to note that it is not
possible to obtain lignin without altering its structure and it
is difficult to obtain identical samples even using the same
method [30, 31].

Nevertheless, although the extracted lignins are altered
with respect to their native conditions, it can be observed in
Fig. 4 that hardwood lignins experience a faster degrada-
tion in the 290-300 °C. This fact explains the different
behavior of softwood and hardwood ethanol-extracted
samples. The ranges of degradation are approximately the
same for all the samples, although a long-degradation
process was observed at high temperature in Q. robur.
Nevertheless, these results do not represent the behavior of
lignin in wood since the separation process modifies the
structure of lignin and removes the interactions between
fractions [32].
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Fig. 4 DTG plots of the lignins obtained from five wood species

Since the aforementioned DTG results of holocelluloses
in Fig. 2 indicate the presence of a compound different
from hemicellulose and cellulose, FTIR spectra of the
evolved gases were analyzed. Guaiacol was identified
along some degradation steps in all cases. This aromatic
compound cannot be originated from cellulose or hemi-
cellulose and is a typical degradation product of lignin. It
means that a part of the lignins remained with holocellulose
after extraction by the Browning method. A typical
absorption band of guaiacol is 1,263 cm™'. That band does
not interfere with CO, CO,, or any other compound of the
evolved gases. Figure 5 shows the P. pinaster and C. sativa
absorbance traces at 1,263 crn*l, which represent the
degradation of the remaining lignins. The shape relation of
these curves is similar to that observed in the DTG curves
of Fig. 2. Thus, the different behavior of both kinds of
holocelluloses does not come from the holocelluloses
themselves, but from the remaining lignins, which are
different and behave differently. It is important to notice
that these remaining fractions of the lignins are intimately
bonded to hemicellulose so that their behavior is different
than that observed in Fig. 4 for extracted lignins. On the
other hand, Fig. 6 shows the absorbance traces at 2,104 and
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Fig. 5 P. pinaster and C. sativa absorbance traces at 1,263 cm™'
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Fig. 6 P. pinaster and C. sativa absorbance traces at 2,104 and
2,351 cm™!. Different scale was used for each wavenumber

respectively. Both traces show a maximum at the same
temperature, which can be easily related to cellulose.
Nevertheless, the CO, trace shows a shoulder at lower
temperature, which is not present in the CO trace. This
means that CO, is produced by the degradation of both
hemicellulose and cellulose, but CO comes mainly from
cellulose. A quick comparison of the CO, shoulders indi-
cates that hemicellulose degrades earlier in the case of P.
pinaster than in the C. sativa one.

Conclusions

Comparison of powder, ethanol-extracted powder, and
holocellulose DTG traces obtained in Nitrogen atmosphere
allowed to identify features corresponding to cellulose,
hemicellulose, and extractives.

A different effect of ethanol-extractives was observed in
thermal stability of softwoods and hardwoods. The soft-
wood extractives degrade at lower temperature than the
other wood components and do not affect their thermal
stability. In the case of hardwood, the extractives clearly
promote the degradation of the other components.

While the unextracted samples of hardwood powder
behave very differently, the ethanol extracted ones behave
similarly. The unextracted samples of softwood powder
also behave differently, but after ethanol extraction their
behaviors become much alike. Nevertheless, even after
extraction, the hardwood and softwood samples behave
differently. A higher stability of softwood with respect to
softwood was observed in ethanol-extracted samples. That
difference was explained as a consequence of the different
nature of deciduous and conifers lignins.

The study of holocelluloses revealed a more complex
degradation process in the case of hardwoods, indicating
the presence of other compounds whose degradation takes
place simultaneously to that of hemicellulose and cellulose.

FTIR analysis of the gases evolved from holocelluloses
tests evidenced the presence of some remaining lignin,
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which behaves differently in the case of softwoods and
hardwoods, and which is responsible of the different
behavior of these holocelluloses. It was also found that
Pinus hemicellulose degrades at lower temperature than the
Castannea one.
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