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ABSTRACT: This work aims to evaluate the effect of thermal modification on the physical and mechanical properties of species
of wood, from an agroforestry system. The species evaluated were Parapiptadenia rigida (Benth.) Brenan, Peltophorum dubium
(Spreng.) Taub., Eucalyptus grandis x Eucalyptus urophylla and Schizolobium parahyba (Vell.) Blake, aged nine. The specimens
were submitted to thermal treatments (120, 150, 180 and 210 °C), in addition to the control samples. For the mechanical properties,
the modules of elasticity and rupture, tension in the proportional limit and maximum force were evaluated according to ASTM D
143-94. For the physical properties of basic density and shrinkage, the evaluation took place according to NBR 7190. The thermal
treatment modified the mechanical properties of the wood in a positive way up to 180 °C, with the highest values being observed
for E. grandis x E. urophylla and P, rigida. Likewise, the heat treatment has modified the physical properties of wood retractability
in a positive way up to 210 °C, with the anisotropic coefficient decreasing with increasing temperature. Thus, it is concluded that
the thermal modification alters the physical and mechanical properties of the four analyzed species. Furthermore, it is perceived
that for the case of mechanical characteristics these changes are positive up to a temperature of 180 °C, while for the physical
ones the best results are found at a temperature of 210 °C.
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Efeito da modificagao térmica nas propriedades tecnolégicas
da madeira de espécies de um sistema agroflorestal

RESUMO: Este trabalho teve como objetivo avaliar o efeito da modificagdo térmica nas propriedades fisicas e mecanicas de
madeira de espécies, provenientes de um sistema agroflorestal. As espécies avaliadas foram a Parapiptadenia rigida (Benth.)
Brenan, Peltophorum dubium (Spreng.) Taub., Eucalyptus grandis x Eucalyptus urophylla e Schizolobium parahyba (Vell.) Blake,
com nove anos de idade. Os corpos de prova foram submetidos a tratamentos térmicos (120, 150, 180 e 210 °C), além das
amostras controle. Para as propriedades mecanicas foram avaliados os médulos de elasticidade e ruptura, tenséo no limite
proporcional e forga maxima de acordo com a ASTM D 143-94. Para as propriedades fisicas de massa especifica basica e de
retratibilidade a avaliagdo ocorreu de acordo com a NBR 7190. O tratamento térmico modificou as propriedades mecanicas da
madeira de uma forma positiva até os 180 °C, sendo que os maiores valores foram observados para E. grandis x E. urophylla e
P rigida. Da mesma forma, o tratamento térmico modificou as propriedades fisicas de retratibilidade da madeira de uma forma
positiva até os 210 °C, sendo que o coeficiente anisotrépico diminui com o aumento da temperatura. Assim, conclui-se que
a modificagéo térmica altera as propriedades fisico-mecénicas das quatro espécies analisadas. Ainda, percebe-se que para
as caracteristicas mecanicas essas alteragdes séo positivas até a temperatura de 180 °C, enquanto que, para as fisicas séo
encontrados os melhores resultados na temperatura de 210 °C.

Palavras-chave: massa especifica; resisténcia mecanica; retratibilidade
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Effect of thermal modification on the technological properties of wood from species in an agroforestry system

Introduction

Over the years, we have seen an increase in the
implementation of new scenarios in the timber field, among
them the agroforestry systems (SAF’s), which are characterized
by a complex production set, associating individuals from
different cycles, which promotes the integration of various
timber species and the supply of the demand imposed by the
industry.

In this process, the aim is to use fast-growing trees with
physical-mechanical properties that are appropriate for the
various uses, such as high strength and flexibility. With this,
some genera, native and exotic, have been highlighted, such as
Eucalyptus, Parapiptadenia, Peltophorum, and Schizolobium,
for having desired characteristics for use in various purposes.

Thevastuse of woodis due tothe advantages of the material
for application in works, among these, in civil construction,
since it is a natural polymer that has structural function and
also organoleptic and technological characteristics that vary
according to the exposure environment (Paula et al., 2016).
One of the biggest challenges in the field of wood technology
has been finding resources to make it possible to control
dimensional change and product durability (Gallio et al.,,
2019). Therefore, the evaluation of the wood’s properties
becomes of utmost importance for the proper use and quality
in the final piece.

In order to increase the natural durability and improve the
appearance of species of low economic value, the use of heat
treatment is performed, which aims to modify the physical
and mechanical characteristics of the wood (Schulz et al.,
2020). The procedure is based on submitting the wood to high
temperatures, which can range from 100 to 220°C (Modes et
al., 2017), and in Brazil it is not used on a large scale, despite
the benefits proven by major applicators, among these,
Europe (Poubel et al., 2015).

Thus, the thermal treatment stands out in some points
when compared to the others, among these, the non-use
of substances that are toxic to the environment and the
reduced cost (Carvalho et al., 2019). In addition to improving
the properties of wood, the use of thermal modification
seeks to increase the quality, valuation of the product and,
consequently, the expansion of possibilities of use after
the useful period, when contrasted with other methods
of treatment (Paes et al., 2016). However, in contrast, it is
reported that the elevation in the treatment temperature can
lead to a reduction in the mechanical properties that make up
the material (Poubel et al., 2015).

Wood possesses numerous technological properties, with
specific mass, shrinkage, and mechanical strength, considered
determining indicators when it comes to the solid material
(Trevisan et al., 2016). Thus, the association of factors that
make up the characteristics cited, such as the morphological,
anatomical, and chemical constitution, imply directly in the
behavior of the material during industrial procedures.

Thus, by providing several improvements and increasing
the range of use of heat-treated wood, it is necessary to study
the influence of the procedure on the many peculiarities of the

Rev. Bras. Cienc. Agrar., Recife, v.16, n.3, e8882, 2021

material. Therefore, the present work aimed to evaluate the
effect of thermal modification on the physical and mechanical
wood properties of species from an agroforestry system.

Materials and Methods

Place of the experiment

The material used in the present study came from an
agroforestry system belonging to the Universidade Federal de
Santa Maria, Campus Frederico Westphalen (UFSM/FW), Rio
Grande do Sul, Brazil, at 27°22” S; 53°25” W, at 480 m altitude.
Also, according to the Képpen classification, the predominant
climate of the region is Cfa, characterized as sub-humid sub-
temperate, with an average annual temperature of 18.8 °C
and an average temperature of the coldest month of 13.3 °C.
For the development of the work, the forest species analyzed
were Parapiptadenia rigida (Benth.) Brenan, Peltophorum
dubium (Spreng.) Taub., Eucalyptus grandis x Eucalyptus
urophylla and Schizolobium parahyba (Vell.) Blake.

Sampling and evaluation

The sampling process consisted of felling three trees
of each species, which were approximately nine years old.
From each individual, a log two meters long was removed
from the position of the diameter at breast height (DBH) and
then the central planks were made and the specimens were
subsequently produced.

The evaluations were carried out in the Wood Technology
Laboratory at UFSM/FW. For the estimation of static bending,
specimens with the dimensions 2.5 x 2.5 x 41 cm (width x
thickness x length) were produced, taking into consideration
some criteria such as anatomical orientation and sizing. Thirty
samples per species were separated and identified, totaling
120 specimens.

For the implementation of the thermal modification, a
forced air circulation oven was used at temperatures: 120, 150,
180, and 210 °C, over a period of four hours. Six repetitions
were done for each treatment, including the control. After this
procedure, the samples were submitted to the static bending
test, performed in a universal testing machine (EMIC), model
DL-2000, adopting ASTM D 143-94 (ASTM, 2000), generating
values of modulus of elasticity (MOE) and rupture (MOR),
maximum force (MF), and tension at the proportional limit
(TPL).

To evaluate shrinkage, the samples were made in the
dimensions: 2.5 x 2.5 x 5 cm (width x thickness x length),
according to NBR 7190 (ABNT, 1997). The samples were
weighed on a precision balance of 0.01 g, and their dimensions
were checked with a digital pachymeter, accurate to 0.01 mm,
at marked and identified points on the samples. After this
step, the samples were immersed in water until the fiber was
completely saturated, in order to obtain the weights and the
dimensional variation, both saturated. From this, it was possible
to indicate the swelling values in the longitudinal, tangential,
and radial planes, due to the heat treatments employed.

The saturated specimens were exposed to air drying for
30 days, and then placed in an oven with forced air circulation
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at 103 °C until they reached a constant weight. The weight
and dimension values were collected again to perform
the shrinkage calculations for the species studied and the
treatments applied, in the longitudinal, tangential, and radial
planes. To obtain the coefficient of anisotropy, the data
collected only for the tangential and radial planes and the
treatments employed were taken into consideration.

After performing all the procedures, data from the
saturated dimensions and dry weight at 103 °C of the
specimens were used to determine the basic density of the
different species in accordance with NBR 7190 (ABNT, 1997),
the volume being determined by the stereometric method
and the weight by averages of a 0.01 g precision balance.

Experimental design and data analysis

For the statistical analysis of the data an entirely
randomized design was used, characterized by a 4 x 5
factorial arrangement, with four forest species and five heat
treatments, with six repetitions. The data were submitted
to statistical analysis using the Statistical Analysis System
Software (SAS, 2003), in which analysis of variance, F test,
analysis to verify normality of the data using the Shapiro-
Wilk test and heteroscedasticity using Bartlet test to verify
homogeneity of variance, and the Tukey test of averages at
5% error probability were performed.

Results and Discussion

From the analysis of variance, it can be observed that
the heat treatment significantly modified the mechanical
properties of the four species studied, noting that up to

the temperature of 180 °C there were improvements in the
characteristics (Table 1). The MOR showed a reduction for all
species analyzed, especially between the temperatures of 150
and 210 °C. For this same variable, it can be seen that the wood
of P. rigida stood out in relation to the others, presenting the
highest values for the corresponding property.

Ingeneral, the reductioninthe MOR property indicates that
the thermal process generates a more pronounced decrease
in hemicellulose content, since the reduction of this polymer
is one of the main causes for the loss of strength (Gallio et
al., 2019). Other authors (Poubel et al., 2015; Paneque et al.,
2016; Modes et al., 2017; Mbamu et al., 2020) also state this
behavior, explaining that the decrease in mechanical strength
is related to the mass loss resulting from the applied heat
treatment.

The MOE results did not differ statistically between the
control and the exposure to 210 °C temperature (Table 1).
Overall, the highest value was found for the E. grandis x E.
urophylla hybrid, where it was 12000.64 MPa. Concomitantly,
Ferreira et al. (2019) stated that for species treated at
temperatures up to 200 °C for a period of four hours, the
mechanical properties remained with values close to the
original ones.

A contradictory result to that observed in the present
research for MOE property was reported by Silva et al.
(2015), in which they reported that thermal modification
caused a decrease in the mechanical properties of wood. In
counterpoint, Esteves & Pereira (2009) observed that MOE was
less susceptible to the effect of temperature when compared
to MOR, coming to the conclusion that this is associated with
the role of cell wall constituents in these properties.

Table 1. Average static bending values of the mechanical properties of wood exposed to different thermal modification

treatments.

Where: MOE: Modulus of Elasticity (MPa); MOR: Modulus of Rupture (MPa); TPL: Tension at the Proportional Limit (MPa); MF: Maximum Force (N). Averages followed by lower case
letters in the row compare temperature treatments, and averages followed by upper case letters in the columns compare species, according to Tukey test at 5% error probability.
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In addition, an increase in the value of MOR and MOE
was observed in the first treatments applied for all species
evaluated with the exception of P. dubium. This initial increase
may be correlated to the condensation processes of lignin and
cellulose, thus new chemical bonds are formed resulting in
the elevation of the values of both properties (Modes et al.,
2017).

Regarding the TPL and MF properties, both showed
discontinuity of the values with increasing temperature (Table
1). The same was obtained by Fontoura et al. (2015), who in
their study of Hovenia dulcis, found an oscillation with no
stabilization trend, when they subjected the samples for a
period of four hours at temperatures of 100, 120, 140, 160, and
180 °C and control. In the analysis performed by Cademartori
et al. (2012), for E. grandis, the results did not corroborate
with those of this research, in which they obtained a gradual
decrease in the values for the MF property when temperatures
of 180, 200, 220, and 240 °C and control were used.

As for the effect of thermal modification in relation to
shrinkage, it was observed that in the longitudinal direction
the variations were smaller when compared to the other
directions (Table 2). In addition, for the radial and tangential
positions the best results are obtained when the samples are
submitted to 210 °C.

This occurs because wood is an anisotropic material,
causing dimensional variations in the transverse direction
(tangential and radial) to be greater than in the longitudinal
direction, because a large part of the cells are oriented
longitudinally (Cezaro et al., 2016). However, comparing the
transverse directions, it can be stated that the radial varies
less than the tangential because of the radii and the presence

of punctuations, which are present on the radial walls of the
fibers and tracheoids, causing a deviation of the cellulose
microfibrils in the S2 layer (Ferreira et al., 2019).

In addition, for the control treatment, the tangential and
radial contractions of P. dubium and S. parayba species had
the lowest values. For Cezaro et al. (2016), this occurrence can
be attributed to the low values of the basic density for the
respective species, which corroborates the results of this work
(Table 3).

The highest average value of the basic specific mass
obtained was 0.652 g cm?® equivalent to the species P.
rigida, followed by 0.509 g cm? for the hybrid E. grandis x
E. urophylla (Table 3). The result presented for P. rigida is in
agreement with that reported in the literature by Souza et
al. (2017), reporting a value of 0.683 g cm=. However, in the
case of E. grandis x E. urophylla, the average was higher than
that found by Eleotério et al. (2015), who presented a value
of 0.405 g cm?.

The difference in the values found for the basic density is
due to the biological characteristics of each tree, genotype-
environment interaction, and the place of growth (Rocha et
al., 2016). The highest density values can also be explained
by unfavorable environments for the plant, while the lowest
are found in trees exposed to environments that favor its
physiological activity (Zaque et al., 2018). According to Braz
et al. (2015), the basic density exerts influence on several
other wood properties, such as those studied in the present
research: shrinkage, swelling, mechanical and thermal
properties.

The longitudinal, tangential and radial swelling, showed
significant differences between the species and temperatures

Table 2. Average values of shrinkage and anisotropic coefficient of four analyzed species submitted to thermal modification

treatment.

Where: BLg: Longitudinal Shrinkage (%); BTg: Tangential Shrinkage (%); BRd: Radial Shrinkage (%); CaP: Anisotropic Shrinkage Coefficient. Lower case letters in the row compare
temperature treatments and upper case letters in the columns compare species, according to Tukey test at 5% error probability.
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Table 3. Average values of basic density (pb) of the witness of
the different species analyzed.

(Table 4). The lowest values, although not significant for
some species when compared between the control and the
submission to maximum temperature, were found in the
samples exposed to the treatment at 210 °C. In this way, it
is evident that the thermal modification process results in
less water absorption after thermal treatment, causing an
improvement in the dimensional stability of the specimen.

Similar behavior was cited by Huller et al. (2017) for the
species of E. cloeziana in which, the average value of radial,
tangential and longitudinal swelling of the control samples
were 8.84, 14.79, and 0.54%, respectively, decreasing to
6.78, 9.52, and 0.48% when exposed to 210 °C temperature.
This occurrence may be linked to the different basic density
values of each species, with denser woods presenting a higher
percentage of wall thickness and, thus, a greater site for water
absorption (Zaque et al., 2018).

The values of anisotropy coefficient for shrinkage (Table 2)
showed that the thermal modification significantly decreased
the anisotropic factor (tangential/radial ratio) only for the
species P. rigida and S. parahyba at the temperature of 180
°C, while for P. dubium the decrease was obtained at 150 °C.
Regarding the same property, but for swelling (Table 4), it did
not differ statistically among all treatments applied to the

species E. grandis x E. urophylla, P. rigida and S. parahyba.
For P. dubium, there was a decrease in the coefficient at the
temperatures of 150 and 210 °C.

According to Poubel et al. (2015), this result is explained
due to water absorption in the cell wall, which, is only
retained by virtue of the hydroxyl groups. Thus, when the heat
treatment is applied they are degraded, hindering absorption,
making the wood less hygroscopic and reducing the swelling
and anisotropic coefficient values.

Thus, this coefficient is of utmost importance to indicate
the shrinkage index, since the higher its value, the greater
the dimensional instability, making possible the occurrence of
defects, such as the formation of cracks and warping in the
wood. Durlo & Marchiori (1992) employed the anisotropic
coefficient for use in construction recommending that values
of 1.2 to 1.5 are excellent, 1.5 to 2.0 are taken as normal;
and above 2.0 as poor. According to this classification, for
shrinkage, only the species P. dubium and E. grandis x E.
urophylla showed a bad index, while for swelling, only P.
dubium wood is pointed out, the remaining specimens are
considered as normal for both properties.

Thus, due to the significant decrease in flexural strength
during the four hours for some heat treatments, the use of
the woods for structural purposes in civil construction is not
suitable. On the other hand, in general, the temperature
of 210 °C provided for all species, except for P. dubium, a
normal anisotropic coefficient, allowing the application of
these woods for external cladding, such as garden furniture,
decks, windows, etc. They can also be used internally as
kitchen furniture, flooring, bathroom interiors, among other
applications.

Table 4. Average values of swelling and anisotropic coefficient of four analyzed species submitted to thermal modification

treatment.

Where: alg: Longitudinal swelling (%); aTg: Tangential swelling (%); aRd: Radial swelling (%); Caa: Anisotropic swelling coefficient. Lower case letters in the row compare temperature
treatments and upper case letters in the columns compare species, according to Tukey test at 5% error probability.
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Conclusions

The heat treatments alters the physical and mechanical
properties of the four species studied.

The technical treatment modifies the mechanical
properties of wood in a positive way up to 180 °C. The highest
values of the mechanical properties are observed for the
species E. grandis x E. urophylla and P. rigida.

The technical treatment modifies the dimensional stability
of the wood in a positive way up to 210 °C. The values of
the anisotropic coefficient of wood decrease with increasing
temperature.

The dimensional variation in the longitudinal direction is
less than the variation in the radial and tangential directions.

The basic density influences the mechanical properties of
wood, and the species P. rigida presents the highest values.
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