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Research Progress and Prospects of Wood
High-temperature Heat Treatment Technology
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High temperature heat treatment is one of the main technologies with the
highest market conversion rate and broad future prospects in the
functional technology of wood. Chemical reagents are not added in the
production process. The treatment improves the dimensional stability,
biological durability, wood color, and acoustic properties without reducing
the environmental performance of the product. However, there are some
problems in heat treatment, such as the reduction of mechanical
properties and surface wettability of wood, high production energy
consumption, and large exhaust emissions. Therefore, understanding the
influence and mechanism of high temperature heat treatment technology
on wood properties is of guiding significance to further improve the quality
of heat-treated wood, improve production process, and develop new
equipment. This article reviews the effects of heat treatment on the
properties of wood and the mechanism of heat treatment. Then, some
applications of heat treatment of wood are introduced. Finally, the
development direction and prospect of high temperature heat treatment
technology in the future are forecasted.
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INTRODUCTION

As one of the traditional four major materials, wood is the only one of them that is
renewable and environmentally friendly. Due to its unique visual characteristics, high
specific strength, natural degradation, beautification of the indoor environment, and other
natural characteristics, as well as its strong plasticity, high practicability, good processing
performance, low processing energy consumption, and recyclability, it has become one of
the engineering materials with great development prospects. It plays an indispensable role
in construction, decoration, furniture manufacturing, and road transportation. With the
development of society, population growth, and improvement of living standards, the areas
of application continue to expand. The demand for heat-treated wood, such as outdoor
products, underfloor heating, and home manufacturing is showing a growing trend.
Meanwhile, forest harvesting is restricted because of strengthening and increasing national
forest protection. Under the pressure of increasingly rigid demand for wood, the
development of fast-growing forests is an important measure to solve the shortage of timber
supply. However, compared with natural forests, the wood from fast-growing forests has
many inherent shortcomings, such as poor dimensional stability and poor decorative
effects, which greatly limit the efficient use of fast-growing timbers. Therefore, researchers
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have carried out thermal modification treatment of fast-growing wood to improve all
aspects of its performance, achieve better use of inferior wood, and increase the use value
of fast-growing timbers.

Wood thermal modification involves physical methods, and it is meant to improve
or change the physical, mechanical, chemical properties, and structural characteristics of
wood. The purpose is to improve natural degradation (decay) resistance, acid resistance,
alkali resistance, mechanical strength, and dimensional stability, such that the performance
of the wood will meet people's requirements. At present, heat treatment technology has
been widely used in industrialization, and a variety of heat-treated wood products have
been sold in the domestic market.

Heat treatment is a relatively environmentally friendly modification method that
partly affects the chemical composition. Compared with chemical modification, the heat
treatment process is simpler and relatively pollution-free. Common heat treatment
technologies are carried out in gaseous media such as steam. An example is the Finnish
"Thermowood" patented technology (Viitanen ef al. 1994), and it can also be carried out
in a nitrogen environment, such as the "Rectification" thermal modification method
invented in France (Michel 2007), and the heat treatment in the smoking state that was first
developed and researched in Japan. In addition, there are hydrothermal methods that use
water as the medium, typical of which is the "Plato" process developed by Shell in the
Netherlands (Xie et al. 2002). In addition, the oil thermal method for heat treatment is
carried out in oil. The modification of timber by simple heat treatment method can improve
its dimensional stability and resistance to decay, but the chemical degradation after heat
treatment will also reduce the mechanical strength of wood, which limit its application.

This article focuses on the performance changes of modified wood by high
temperature heat treatment and its mechanism of action. Finally, the research and
application of heat treatment technology are summarized and prospected.

THE EFFECT OF HEAT TREATMENT ON PROPERTIES

Appearance (Color) Change

Research on color mainly has been carried out for light-colored woods and color-
changing woods. Through heat treatment, the overall color of the wood is deepened to
make the light-colored wood surface darker, for instance as “teak color,” which enhances
the appearance of the wood. The surface of color-changing wood is rendered more uniform,
to achieve the effect of eliminating discoloration. Color change is the most intuitive effect
of heat treatment on wood properties. The color change after heat treatment can be
determined according to the CIE standard color measurement method specified by the
International Commission on illumination (CIE). This system is composed of 3 basic
indicators: L* (lightness index), a* (red-green index), and b* (yellow-blue index), from
which are derived the saturation difference AC* and color difference index AE* to
characterize the color change of the treated wood. The treatment process is an important
parameter that affects the color change of wood. In addition, the color changes exhibited
by different species are also different.

Temperature has a significant effect on wood color indicators. With the increase of
processing temperature, the color changes more obviously. The lightness index L*
decreases significantly, the color saturation difference AC* decreases, and the total color
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difference AE* increases, which is manifested as the visual color of specimen deepening
(Kamperidou et al. 2013). Hidayat et al. (2017) studied the color characteristics of Korean
pine (Pinus koraiensis) and paulownia (Paulownia tomentosa) by heat treatment for 2 h at
160, 180, 200, and 220 °C, and obtained a similar conclusion. Through consumer
preference testing, it is known that heat-treated wood with a darker color is more popular
with consumers than wood without heat treatment with a lighter color. In order to achieve
a deeper “teak color,” Jiang et al. (2020) used the CIE L*a*b* system to determine the
effect of heat treatment process parameters (temperature, duration, and heating rate) on the
color of rubber wood (Hevea brasiliensis) before and after heat treatment in order to obtain
the best process parameters. The results showed that the temperature significantly affected
the colorimetric parameters of the heat-treated rubber wood, while the duration and heating
rate had no significant effect. The effect order of the three parameters was
temperature>duration>heating rate. The optimum process conditions were obtained as
follows: 190 °C, duration 4 h, heating rate 10 °Ceh’!.

Gonzalez-Pena and Hal (2009) used a colorimeter to analyze the surface color
changes and evolution of three thermally modified wood species of beech (Fagus sylvatica
L.), spruce (Picea abies L.) and Scots pine (Pinus sylvestris L.). During the heat treatment
process, all the three wood species first turned orange and then approached gray. At the
same time, the lightness L* was gradually decreasing. Ayata ef al. (2017) performed 1 and
2 h high temperature heat treatments on Afrormosia (Pericopsis elata), Doussie (Afzelia
bipindensis), Frake (Terminalia superba) and Iroko (Chlorophora excelsa) by steam heat
treatment at 212 °C to study the color changes. The results showed that the color difference
between untreated wood and treated wood was much higher than that between tree species.
The total color difference AE* of Frake was the highest, and that of Doussie was the
smallest. The lightness L* of all species decreased after treatment, and the magnitude of
the decrease increased with the increase of treatment time. Heat treatment caused a slight
decrease in a* of Doussie, a slight increase in b* of Frake, and the other three wood
specimens were opposite.

Light-colored woods such as poplar (Populus tomentosa Carr.) and birch (Betula
alnoides) will darken after heat treatment. Cao et al. (2021) heat-treated poplar at 180 °C
for 3 h. The result is shown in Fig. 1. The color changed from off-white to dark brown, and
the change was obvious. The L* of the heat-treated samples was 40.97, which was 38.18%
lower than the L* of the control, which indicated the lightness of poplar wood decreased
after heat treatment. The a* of the heat-treated samples increased by 71.97% compared to
the a* of the control and the b* were 18.10% lower than the b* of the control, which
indicated that the heat treatment increased the red-green index and decreased the yellow-
blue index of the poplar wood. Banadics and Tolvaj (2019) studied the color change of
poplar sapwood and heartwood after heat treatment. The initial redness (a*) of heartwood
and sapwood was low, and it increased with time. After 20 days of treatment at 110 °C, the
redness value can reach 4.5 times of the initial value. The redness of sapwood increased
more than that of heartwood and visible chromatic aberration was produced. The increase
of the yellow color coordinate (b*) was similar to the increase of the a* value, up to 1.9
times of the initial value, and the change of redness is more obvious than that of yellowness.
The color change of birch after heat treatment is similar to that of poplar. Yang et al. (2015)
heat-treated birch at -0.08 MPa vacuum at 160 to 200 °C for 1 to 4 hours. They found that
the color changed from light white to dark brown and uniform after vacuum heat treatment.
The wood clearly showed darker tones in all heat-treated conditions. The higher the
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treatment temperature, the longer the treatment time, the smaller the AL* value, the larger
the AE* value, and the darker the color.

(a) Control (b) Heat treatm ent

Fig. 1. Surface colors of the different samples

It should be pointed out that the wood’s color can change with the passage of time.
This is true for heat-treated wood, just as it is true for the untreated wood. So the effects
on color of heat treatment cannot be regarded as permanent.

Dimensional Stability and Moisture Absorption

Shrinkage and swelling are the inherent characteristics of lumber, in response to
various forms of water. When lumber is transported to different places and made into
furniture or heated floors, the moisture content will change, and the appearance and main
physical properties of wood will change, which will cause defects in the application of
wood. The most prominent improvement effect of wood heat treatment is to improve the
dimensional stability of the treated wood, such as increasing its hydrophobicity and
decreasing its equilibrium moisture content. Heat treatment significantly reduces the
moisture absorption of wood, which can play a fundamental role in stabilizing the
comprehensive performance of wood in the application process. It is also important for the
use of heat-treated wood in places where water resistance is important, such as lowlands,
fences, and for changing the indoor climate conditions for furniture, wall panels, or slats.
Bytner et al. (2021) heat-treated black poplar (Populus nigra L.) at 160, 190, and 220 °C
for 2 h and at 160, 190 °C for 6 h in a nitrogen atmosphere and measured the changes of
the equilibrium moisture content of the heat-treated wood under the conditions of relative
humidity of 34%, 65% and 98% in the simulated situation. It was observed that as the
relative humidity increased, the EMC decreased, and the water absorption rate of the heat-
treated wood at 190 and 220 °C decreased during the first 7 h of soaking in water.

Studies have shown that the heat treatment temperature and time have significant
impacts on the dimensional stability of wood; the hygroscopic property of wood decreases
gradually with the increase of temperature. When the temperature rises to a certain level,
the improvement of dimensional stability tends to be slow. With the extension of heat
treatment time, the dimensional stability of wood is improved (Priadi ef al. 2019). Heat
treatment can significantly reduce the moisture absorption equilibrium moisture content,
and the higher the treatment temperature, the greater the decrease in equilibrium moisture
content (Hidayat et al. 2018). Zhou et al. (2020) heat-treated mahogany wood (Swietenia
macrophylla King) at 150 to 210 °C at 15 °C intervals for 4 h to study the fiber saturation
point and surface wettability. The results showed that heat treatment reduced the fiber
saturation point (measured by nuclear magnetic resonance spectroscopy) and surface
wettability of the wood, resulting in a decrease in the hygroscopicity of the heat-treated
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wood. The wood treated at a higher temperature showed a more significant decrease in
hygroscopicity. Both Zhang et al. (2017) and Nourian and Avramidis (2021) reached
similar conclusions.

The surface wettability of heartwood and sapwood samples of teak (7ectona
grandis) were measured after heat treatment at 180 and 200 °C. The surface wettability of
the heartwood and sapwood decreased after the heat treatment, and the wettability of the
heartwood was lower than sapwood (Lopes et al. 2018). Chang et al. (2019) tested the
hygroscopicity of air-dried, kiln-dried, and heat-treated yellow poplar (Liriodendron
tulipifera) lumbers, and the results showed that kiln-dried wood had the highest
adsorption/desorption value, followed by air-dried wood. The heat-treated wood had the
lowest hygroscopicity. The decrease of hygroscopicity and the improvement of stability
are the most basic and important performance improvement of heat-treated wood. Other
performance changes of heat-treated wood are more or less related to the improvement of
hygroscopicity.

Physical and Mechanical Properties

The mechanical properties of wood are of great significance to the furniture and
felling industries. So far, the regularities found in the research on heat-treated wood have
shown that heat treatment has a significant impact on the mechanical properties of wood
(Guntekin et al. 2017; Icel and Beram. 2017; Rasdianah et al. 2018; Lo Monaco et al.
2020). The three components of wood, namely cellulose, hemicellulose and lignin, are
degraded and changed in different degrees by high temperature heat treatment, which
results in the change of its physical and mechanical properties. Durmaz et al. (2019) tested
the physical and mechanical properties of Scots pine (Pinus sylvestris L.) that was heat-
treated at 120, 150, 180, and 210 °C for 4 and 6 hours on a laboratory scale. It was
concluded that the compressive strength, bending strength, and modulus of elasticity
(MOE) of wood decreased with the increase of treatment temperature and time, and it was
suggested that the wood used in furniture, perches, and decoration projects exposed to
external influence areas should be subjected to long-term heat treatment at low
temperature.

The temperature and time parameters of heat treatment have a decisive influence
on the mechanical properties of wood, but the degree of influence is different. Percin et al.
(2015) heat-treated oak (Quercus petraea Liebl.) wood at 160, 190, and 220 °C for 2 and
4 h, and tested some mechanical properties. The results showed that the bending strength
(MOR), modulus of elasticity (MOE), tensile strength parallel to the grain (TS), and shear
strength parallel to the grain (SS) were all reduced after heat treatment, and the shear
strength decreased more than the tensile strength. It was pointed out that the influence of
heat treatment temperature on mechanical strength was greater than that of time. The
results of Sabino et al. (2021) also pointed out that compared with heat treatment time,
temperature has a greater impact on mechanical properties.

For heat treatment in open (atmospheric pressure) and closed (under pressure)
systems, Can et al. (2021) compared the effect of heat treatment at 190 and 212 °C for 2 h
on the shear strength of Scots pine (Pinus sylvestris L..) wood. The results showed that the
shear strength value of heat-treated wood all decreased, and the maximum reduction was
40% when heat treatment at 212 °C for 2 h at atmospheric pressure.

Compared with other mechanical properties of heat-treated woods, the surface
hardness of the treated woods is not greatly affected. Appropriate heat treatment conditions
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will improve the modulus of elasticity and make the wood have higher rigidity. After heat
treatment, the compressive strength parallel to grain will also improved. Herrera-Diaz et
al. (2019) found that after steam heat treatment on radiata pine (Pinus radiata D. Don) at
190 °C for 3 h, the modulus of elasticity increased by about 15 to 32%. Wu et al. (2019)
studied the hardness (H) and reduced elastic modulus (Er) of larch (L. gmelinii) and red
oak (Q. rubra) wood cell walls after heat treatment at seven temperatures including 200 to
500 °C for 10 minutes via nanoindentation. The randomly selected valid data concerning
reduced elastic modulus (£r) and hardness (H) in the secondary cell walls of the larch and
red oak wood are summarized in Fig. 2. Within the temperature range of 200 to 225 °C,
for larch wood, the modulus of elasticity (£r) value increased with the increase of
temperature. The maximum value was 22.4 GPa (225 °C), but it dropped sharply to 5.7
GPa when the temperature exceeded 300 °C. The hardness value (H) increased with an
increasing temperature.
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Fig. 2. E~temperature and H-temperature curves of larch and red oak wood specimens at
different temperatures

Biological Durability and Weather Resistance

Under certain conditions, wood cell wall components and various carbohydrates
contained in the cell cavity are susceptible to decay by various wood-rot fungi under certain
conditions, causing wood to rot and degrade. The free radicals produced in the course of
heat treatment have a certain inhibitory effects on fungi and molds, and the decay resistance
of wood is improved. Relevant studies have shown that heat-treated rubber wood has
improved decay resistance to brown rot fungi and white rot fungi (Shukla and Sharma
2018). The resistance of light red meranti (Shorea spp.) and Kedondong (Canarium spp.)
to white rot bacteria is improved after steam heat treatment (Dahali et al. 2020). Wang et
al. (2016) conducted oil bath heat treatment of poplar and Mongolia Seoteh pine (Pinus
sylvestris var. mongolica Litv.) with vegetable oil as heat conduction medium and studied
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the decay resistance of heat-treated wood in room. The results showed that after oil heat
treatment, the mass loss rate of poplar decreased from 19.4% to 5%, and that of Mongolia
Seoteh pine decreased from 8.2% to 3.2%. Oil heat treatment effectively improved the
decay resistance of wood.

However, although wood heat treatment imparts good resistance to both white rot
fungi and brown rot fungi, and strong resistance to blue rot fungi, it cannot prevent or
reduce the mildew on the wood surface. This is because the growth of mold mainly depends
on proteins and low-molecular-weight sugar of wood, and its pyrolysis products (such as
reducing sugar) may accelerate the growth of mold. In addition, high-temperature
thermally modified wood generally cannot resist termite attack, thus limiting its
applications. Candelier et al. (2020) tested the anti-termite activity of compounds extracted
from heat-treated ash wood and found that the anti-termite activity of heat-treated ash wood
extract was not significant. Esteves et al. (2021) also pointed out that heat treatment did
not increase Paulownia tomentosa wood durability against termites.

Compared with untreated wood, heat-treated wood has better UV resistance. After
the wood is treated at high temperature, it produces phenolic compounds that are resistant
to light aging. These compounds can inhibit the fading of the wood to a certain extent, so
after a period of strong sunlight, the heat-treated wood is better than the untreated wood in
terms of color stability. Tomak et al. (2018) studied the effect of 48 months of weathering
on the color of ash, iroko, Scots pine, and spruce wood relative to their heat-treated
counterparts. It was found that surface roughness increased as the weathering time
increased, surface quality and color stability were enhanced with the thermal modification
for all wood species, and hardwood performed better. However, they concluded that
thermal modification might not adequately protect the surface appearance and color
stability in long-term outdoor conditions. Godinho et al. (2021) also summarized and
pointed out that thermal modification was ineffective for restricting light-induced color
changes and the photodegradation of wood polymers. Cai et al. (2020) quantified the
amount of bound water, fiber saturation point (FSP), cell wall pores, and free water
distribution of thermally modified Scots pine, Norway spruce, and European ash. The
above thermally modified woods showed better performance than the unmodified woods
after weathering.

Acoustic Properties

Long-term natural aging will reduce the hygroscopicity of wood and improve its
acoustic quality. It was found that the specific dynamic elastic modulus of wood increases,
the loss factor decreases, and the transmission performance of wood mechanical vibration
is improved (Obataya 2016). Heat treatment can play a similar role of natural “aging”,
which improves the acoustic properties of wood and at the same time shortens the long
period required for normal “aging”. As a new interior material, the sound absorption
performance of heat-treated wood should be considered.

Chung et al. (2017) heat-treated Larix kaempferi wood commonly used in
construction at 200, 220, and 240 °C for 9, 12, 15, and 18 h. The sound absorption
coefficients of heat-treated wood samples were measured in a reverberation chamber at
250, 500, 1000, 2000, and 4000 Hz, respectively. The results showed that the sound
absorption coefficient increased with the increase of processing temperature and time. The
increased rate of the sound absorption coefficient in the high frequency range was higher
than that in the low frequency range. The sound absorption coefficient in the high
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frequency range of wood can be significantly improved by heat treatment. The results laid
the foundation for the future research of heat-treated wood as indoor materials.

The acoustic vibration energy of wood directly determines the acoustic quality of
wood as a musical instrument to a large extent. The energy loss of wood caused by friction
loss is expressed by logarithmic attenuation rate In(41/42)=a x To. The lower the

logarithmic attenuation coefficient of wood, the greater the acoustic vibration energy and
the better the acoustic performance. The specific dynamic elastic modulus is the ratio of
elastic modulus to density, which is one of the physical quantities representing the vibration
efficiency and quality of musical instrument soundboards. The greater the dynamic elastic
modulus of wood, the lower the density, that is, the greater the specific elasticity and the
vibration efficiency of wood. Therefore, the soundboard of a musical instrument with
excellent performance generally has a high specific dynamic modulus of elasticity. Kang
et al. (2016) evaluated the resonance frequency and logarithmic attenuation rate of
untreated and heat-treated Yezo spruce (Picea jezoensis), Northern red oak (Quercus
rubra), and Japanese red pine (Pinus densiflora S. et Z.) by the free vibration method. The
changes in the resonance frequency of the 1°' mode and other modes caused by the heat
treatment were evaluated, and the changes in the logarithmic attenuation rate caused by
heat treatment were evaluated. The results showed that the resonant frequencies of the 1
mode of all specimens were decreased after heat treatment. In the case of the specimen
with a higher resonant amplitude at the 2" mode resonance frequency, the resonant
amplitude of the 1 mode resonance frequency was increased more by heat treatment, so
that the sound became more stable. Karami et al. (2020) treated spruce wood specimens at
mild temperatures of 130 and 150 °C and different relative humidities of 0% to 25%, and
found that the vibration characteristics of the specimens improved with the decrease of
damping (tan 6). However, this type of heat treatment also has certain requirements with
respect to the environmental humidity, and the modification effect was better within the
relative humidity range of 60% to 75%. On the contrary, higher environmental humidity
will significantly reduce the acoustic quality of wood (Endo ef al. 2016).

Surface Finishing Properties and Processing Properties

The finishing property of the wood surface after heat treatment decreases, which is
due to the resin and other extracts inside the wood that ooze out and solidify on the surface
during the heat treatment process. Generally speaking, the bonding strength of wood and
adhesive will be reduced due to heat treatment (Kariz and Sernek 2010). Although the
improvement of the dimensional stability of wood after heat treatment may reduce the
stress caused by the shrinkage or expansion of the adhesive layer, the adhesion between
adhesive and wood will also change. The distribution of water-soluble adhesive on wood
surface, wettability, and penetration of pores will be weakened due to the decrease of
hygroscopicity of heat-treated wood. In addition, with the change of heat treatment time
and temperature, the pH value of wood will also change, thus affecting the finishing
performance of heat-treated wood. The decrease of pH value on the surface of heat-treated
wood may also affect the curing of the adhesive (Miklecic and Jirous-Rajkovic 2016). An
increase in the acidity of wood surface could affect the wettability of the wood and
adhesion of waterborne coatings on heat-treated wood (Altgen et al. 2014).

After heat treatment, the surface roughness values and toughness of the wood
decrease and the brittleness increases, which has a significant impact on its processing
performance (Budakgi ef al. 2013; Shukla 2019). It is easy to produce local splits during
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the cutting process, resulting in edge processing defects such as chipping, and the dust
generated during the cutting process is also smaller.

MECHANISM OF HIGH-TEMPERATURE HEAT TREATMENT

The main components of wood contain chromophoric groups such as carbonyl
groups, carboxyl groups, unsaturated double bonds and conjugated systems, and
auxochrome groups such as hydroxyl groups. During the heat treatment of wood,
polysaccharides are degraded to generate more carbonyl and carboxyl groups, resulting in
the gradual darkening of wood color (Hu ef al. 2012; Vybohova et al. 2018). Similar to
ordinary wood, the color of heat-treated wood will be also affected by the environment in
which it is used. Under the influence of factors such as temperature, humidity, light, and
rain, the lignin content gradually decreases, the holocellulose becomes the dominant
component of the cell wall, and the surface color gradually turns gray and white (Huang et
al. 2012).

Wood cellulose and hemicellulose molecules have a large number of hydroxyl
groups, and these are the most active and hygroscopic groups in chemical reactions. Heat
treatment can reduce the hydroxyl content, causing the wood to lose some of its moisture
exchange capacity, while also reducing the equilibrium moisture content of wood. During
heat treatment, certain polysaccharides of hemicellulose are first cracked into products such
as furfural, and these substances can be repolymerized as the heat treatment continues. It is
a water-insoluble polymer that improves the hydrophobicity of wood and reduces the
swelling and shrinkage of wood. Changes in the crystallinity of cellulose and chemical
changes or plasticization of lignin will also reduce the swelling properties of wood after
treatment. In addition, heating within a certain temperature range can eliminate the internal
growth stress of the wood and reduce the deformation of the wood in response to moisture
changes. Thus, the dimensional stability of the heat-treated wood is significantly improved.

The cross-linking reaction of cellulose, lignin, and xylan in the S2 layer of wood
cell wall will aggravate the pyrolysis reaction of high molecular polymers. This will reduce
the hygroscopic property of heat-treated wood but increase the brittleness and reduce the
mechanical strength. Due to the different contents of pentoses, which have a great impact
on the mechanical properties in hemicellulose in different wood species, the tensile
strength, impact bending strength and wood toughness of hardwood with more pentosan in
hemicellulose were significantly reduced in comparison to those of softwood with the same
treatment after heat treatment. Yin ez al. (2011) used imaging Fourier Transform Infrared
(FT-IR) microscopy and nanoindentation to track changes in the chemical structure and the
micromechanical properties of the secondary cell wall. It was found that the changes in
hygroscopicity and micromechanical properties that occur with the increase of steam
temperature were closely related to the degradation of polymer (hemicellulose and lignin)
components in the cell wall (Wang et al. 2018).

The reasons for the decay resistance of heat-treated wood are as follows: 1) After
heat treatment, the hygroscopicity decreases and the hydrophobicity increases, making the
humidity of the living environment of decay bacteria unsuitable for its growth; 2)
Hemicellulose is degraded during heat treatment process, making decayed bacteria lack
food for survival; 3) Heat treatment causes permanent chemical changes in wood cell wall
materials, which makes the enzymes involved in fungal degradation unable to recognize it
as a suitable substrate; 4) New extracts that can be used as fungicides are produced during
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the heat treatment. The study of Hao et al. (2018) showed that the hydrolysis of cellulose
in wood decreases at higher heating temperature, which explains why the decay resistance
increases with increasing degree of heat treatment.

APPLICATION OF HIGH-TEMPERATURE HEAT-TREATED WOOD

After the wood is modified by heat treatment, it is not easy to be deformed, the
water absorption rate is reduced (Bytner ef al. 2021), and the dimensional stability and the
weather resistance are improved (Shukla and Sharma 2018). These changes expand the
application field of wood. To a certain extent, the imbalance between the supply and
demand of wood in China has been alleviated, and its added value has been increased. The
modified wood has superior performance in architectural decoration. Whether it is for
ordinary interior architectural decoration or for special architectural decoration, there is a
large application space. In addition, high temperature heat-treated wood also shows many
advantages as packaging materials in trade transportation.

Decorative Materials

Heat-treated wood generally has the advantages of beautiful appearance, good
dimensional stability, and uniform moisture content. It is a preferred building material for
interior construction and decoration such as doors, windows, floor panels, and furniture.
After heat treatment, the wood color will change from light brown to dark brown, which
can play a better role in adjusting the color in architectural decoration, so as to achieve the
antique visual effect, and enhance the overestimated elegance of the building. For this
reason, heat-treated wood is also widely used in architectural decoration of floors and walls
to enhance the warmth of the interior (Cao et al. 2021).

Heat-treated wood has superior decay resistance and dimensional stability, so it is
also widely used in swimming pools, kitchens, and buildings with heavy water vapor, such
as the decorative materials in the sauna must have small shrinkage, good dimensional
stability, no bad smell, and good thermal insulation properties. The resin in fir and pine
wood is basically discharged to the surface of the wood and then gradually decomposes
under high-temperature heat treatment. At the same time, heat-treated fir and pine have the
characteristics of low water absorption, good dimensional stability, and high resistance to
biological degradation. These attributes meet the needs for sauna room materials, such that
heat-treated wood has become the first choice for sauna interior decoration (Domingos et
al. 2018). In addition, the construction of outdoor pavilions, tables and chairs, as well as
fences, is also extensively made of heat-treated wood.

Packaging Materials

As a common packaging material, wood is widely used in the transportation,
trading, and preservation of products. It plays a very good role in protection, support, and
loading. Especially in international trade, wood packaging has many advantages. It is very
suitable for the logistics of mechanical and electronic products. First of all, wood packaging
has a high strength, can resist certain mechanical damage, and can perform as part of a
buffer system during unloading. Secondly, the cost of wood packaging is lower and it has
better economic efficiency. Finally, wood packaging can be recycled and reused without
causing white pollution. It is an environmentally friendly natural green material. These
advantages are irreplaceable by other materials, especially cardboard and plastic. As
packaging materials, especially in cross-border trade and transportation, the emphasis
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should be on the treatment of pest wood, diseased, and dead wood, because once pests are
spread through trade and transportation, they will have a serious impact on the local
ecology. For a long time, fumigation treatment has been an important method for pests
treatment (Fu et al. 2012). However, the residues of the fumigation treatment may affect
the environment. At the same time, insects may also develop resistance to the drugs, which
may lead to problems such as incomplete elimination. Therefore, some scholars believe
that safe and efficient heat treatment technology also has considerable advantages in the
treatment of pest wood.

PROSPECTS OF HEAT TREATMENT TECHNOLOGY

With the continuous improvement of environmental protection awareness, the
wood industry is developing rapidly in the direction of green and environmental protection.
Heat treatment is a physical modification method. Compared with chemical modification,
the heat treatment process is simpler and it generates relatively little pollution. Only
temperature and water vapor are involved in the heat treatment of wood, and no chemical
agents are added. Therefore, heat treatment is quite environmentally friendly and safe.
Heat-treated wood is an environmentally friendly material. At the same time, heat-treated
wood has anti-decay and insect-proof functions, prolongs its service life, and greatly
improves its performance, such as reduced water absorption and moisture swellability,
improved dimensional stability, and almost no deformation or cracking of its products.

Although wood heat treatment has been continuously and deeply studied, and the
products have been widely used, there are still some problems that need to be solved at
present, and there is room for further improvement in basic research and product
performance:

1) Generally speaking, the improvement of wood durability by heat treatment is not
as significant as the improvement of dimensional stability. It is necessary to avoid contact
with the soil during use, and this improvement is at the expense of mechanical strength.
Related applications are mainly applied to non-structural applications. In terms of
mechanism, the improvement in stability and durability of heat-treated wood and the
decrease in strength are closely related to the degradation of hemicellulose, so this
contradiction is irreconcilable. But through process innovation and optimization, this
problem can be improved to a large extent. The heat treatment process can be finely
adjusted according to specific tree species and uses to further optimize product
performance. It is also possible to explore the combination of heat treatment and wood
surface densification to improve the mechanical properties and surface hardness of wood
(Cai et al. 2013).

2) There is a need to establish a comparison model and system of heat treatment
parameters and performance indicators. The goal is to predict and control the treatment
effect of the product, so as to design the high temperature treatment process more clearly
and efficiently.

3) The object of the heat treatment process is not limited to logs or sawn timber,
but it can also be used to promote the application of various wood-based panels and veneer
products. For example, heat-treated thin wood is applied to the surface veneer of composite
wood-based panels, or the surface of wood-based panels is carbonized to give a certain
surface hydrophobicity, decoration, and other properties and effects.
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4) There are opportunities to make comprehensive use of various micro-analysis
instruments, further explore the modification mechanism of high temperature heat
treatment technology, optimize the modification process of high temperature heat
treatment, improve the quality of heat treatment materials, and establish a unified
evaluation standard for heat treatment materials to standardize the heat treatment product
market.

5) The release level of volatile organic compounds during high temperature heat
treatment is much higher than that of conventional drying. Along with the heat treatment
modification, the exhaust gas pollution purification treatment and absorption device is
equipped to prevent the release of organic volatile compounds to pollute the air and harm
human health.
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