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Abstract: Oriented strand board (OSB) are widely marketed for several applications, from building
to packaging. The manufacturing of poplar OSB has recently started in Northern Italy, representing a
relevant innovation in the sector, given that this product is usually made of coniferous wood. Thermal
treatment is nowadays widely used for increasing the dimensional stability and the durability of
wood. The drawback is, however, that the mechanical performance of the treated wood product is
reduced. The objective of this research was to analyze the effect of thermo-vacuum treatment on the
characteristics of poplar OSB. To this purpose, boards 15 mm thick and with a density of 590 kg/m?3
were drawn from the standard production of the manufacturer and thermally treated under vacuum
conditions at 190 °C for 2 h. Their mass loss, bending strength, modulus of elasticity, internal bond
and swelling were determined. In addition, color change and wettability were studied before and
after a weathering test. The thermal treatment significantly changed the properties of poplar OSB.
The mass, the bending strength, the modulus of elasticity and the internal bond decreased with
different intensities. The swelling after immersion in water decreased. The color switched toward
a darker tone and the wettability decreased. After an accelerated weathering test (AWT), the color
lightened, and the wettability increased. Overall, this study broadened the knowledge about the
thermal treatment of this wood-based panel, which could enable new applications with particular
attention to non-structural uses in humid conditions.
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1. Introduction

The manufacturing of poplar (Populus spp.) Oriented Strand Board (OSB) started in 2012 in
Northern Italy, representing a relevant novelty for the national and European wood sector. OSB is
typically and entirely or largely made of coniferous wood [1]. Production of poplar OSB has steadily
increased over the years, reaching about 2% of the overall OSB volume manufactured in Europe [2].
In perspective, this product is also expected to contribute in supporting the poplar cultivation sector
in Italy, which in the past decades suffered a sensible reduction in plantations coverage [3]. This is
mainly due to the low value of poplar timber on the market and to the higher opportunity cost of
poplar plantations compared to agricultural cultivations, which are more supported by EU policies.
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New poplar clones with fast growth rates or higher mechanical properties [4] are suitable for OSB
production, representing an alternative to the traditional I-214. This latter, being widely preferred by
the plywood industry, covers, at the moment, 90% of the Italian plantations [5,6].

The manufacturing process of poplar and coniferous OSB is similar; paraffin is commonly used to
detach the boards from the plates of the continuous press during manufacturing and to limit swelling
of the finished boards. Differences exist depending on the wood used. Specifically, the density of
poplar OSB varies from 500 kg/m? to 620 kg/m?, depending on its thickness. This is about 15% lower
than the density of coniferous OSB [7]. Further, poplar wood also determines a whitish color of the
final board, which is lighter compared to that of coniferous OSB that generally presents a yellow tone.

According to the product standard EN 300 [8], poplar OSB is currently available in OSB/3 type
glued with a polyurethane (PU) adhesive, namely for load-bearing use in humid conditions. In general,
OSB is intended for final applications in building, packaging or furnishing [9]. Poplar OSB is suitable
for various uses in the above sectors, nonetheless the low natural durability of poplar wood [10] is a
limiting factor in case of exposure in service classes that determine the risk of fungal decay.

Several methods for improving the natural durability of wood exists [11]. Among these, thermal
treatment which consists of exposing wood to high temperatures, generally from 160 °C to 230 °C, in a
controlled environment. This causes a chemical degradation by heat transfer that modifies several
wood properties. In particular, durability and dimensional stability increase, whereas density and
mechanical properties are reduced; further, the color shifts towards darker tones [12,13]. Over the
past years several processes, mainly differing in inert atmosphere and curing conditions (gases, oil,
steam etc.) have been developed. In this context, the thermo-vacuum treatment is performed in
vacuum-conditions and is, nowadays, well-established on the market [14]. Recently its potential for
extracting chemicals from poplar wood has also been studied [15].

Overall, thermally modified wood is suitable for non-structural uses in humid or exterior
environments [16]. Thermal treatment is, therefore, often proposed as a means for valorizing wood of
species with low natural durability [17] or for finding new applications to timber and related materials
which have few market outlets [18,19].

Some relatively recent research has been performed on the thermal treatment of OSB. Mendes
et al. [20] showed that the physical properties of OSB made with Pinus taeda L. wood increased after
thermal treatment, while the mechanical properties decreased. Direske et al. [21] investigated the
effects of different percentages of methylene dyphenildiisocyanate (MDI) adhesive on the properties
of coniferous OSB kiln treated at 160 °C and 175 °C after production. To our knowledge, no research
on the thermal treatment of poplar OSB has been performed.

In this context, the effect of thermo-vacuum treatment on poplar OSB was analyzed. The objective
of the research was to find out physico-mechanical properties of poplar OSB after thermal treatment.
In particular, the focus was on mass loss, bending strength and modulus of elasticity, internal bond,
swelling, color change and wettability.

2. Materials and Methods

2.1. Thermal Treatment

Ten poplar OSB with a density of 590 kg/m? and with dimensions 1000 x 2000 x 15 mm (width
x length x thickness) were drawn from the standard manufacturing process of the producer. Boards
were subjected to thermal treatment under vacuum conditions using the Termovuoto® process (WDE
Maspell s.r.l., Terni, Italy). This is performed in a cylindrical reactor heated through diathermic oil.
Heat is transferred to wood by fans, i.e., by convection, whereas vacuum is used for reducing oxygen
content and for removing volatile compounds and water vapor [14]. The treatment temperature of
190 °C was maintained for 2 h (Figure 1).
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Figure 1. Appearance of poplar Oriented Strand Board (OSB) pre- (left) and post-thermal treatment (right).

2.2. Physico-Mechanical Characterization

The mass loss was determined by measuring the oven-dry density of specimens randomly cut
from one of the board types: Non-treated and thermo-treated. Ten specimens of each board type
were oven-dried in an oven at 103 £ 2 °C and their density was measured according to EN 323 [22].
The mass loss was then calculated as follows:

My — Mo % 100
mo

ML =

where ML is the average mass loss in percentage, m;, is the average mass of the oven-dry, treated
specimens and my is the average mass of oven-dry, non-treated specimens.

The bending strength (MoR) and the modulus of elasticity (MoE) were determined on the major
and the minor axis according to EN 310 [23]. As defined by EN 300 [8], the major axis is the direction
in the plane of the board with higher bending properties, whereas the minor axis is the direction in
the plane at right angles to the major axis. The swelling in thickness after immersion in water and the
tensile strength perpendicular to the plane of the board (internal bond, IB) were determined according
to EN 317 and EN 319, respectively [24,25].

Each test was performed on 10 non-treated and 10 thermo-treated specimens after conditioning
in a climatic chamber at 20 °C and 65% relative humidity until the equilibrium moisture content
was reached. MoR, MoE and IB were determined by means of universal testing machines PMA5
GALDABINI (Galdabini S.p.A., Cardano al Campo, Italy) and IMAL IB700 (Imal s.r.1., San Damaso,
Italy). The swelling was measured using a digital caliper with accuracy of +0.01 mm.

The color surface of poplar OSB before and after accelerated weathering test (AWT) was
determined on the middle spot of five specimens; five replicas have been performed. Color parameters
were measured by CR-400 CHROMA METER (Konica Minolta Sensing Americas Inc., Ramsey, NJ,
USA), which was connected at the Color Data Software SpectraMagic NX (Konica Minolta Sensing
Americas Inc., Ramsey, NJ, USA) for the expression of the results. The color parameters (L*, a*,
b*, and AE*) were determined by the CIE-L*a*b* color space system according to ISO 11664-4 [26]
(10° standard observer, D65 standard illuminate). The color variations after thermal treatment or
UV-exposure were evaluated by overall color change that was calculated according to ISO 11664-4 and
ISO 11664-6 [27]:

AE* = /AL*2 + Aa*2 + Ab*2

where AE* is the overall color change, AL*, Aa* and Ab* are the differences between the initial and the
final values (between thermo-treated and non-treated boards, before and after AWT).

For the analysis of the wettability, before and after AWT, the sessile drop method by Drop Shape
Analyzer System, Kriiss software module (Kriiss GmbH, Hamburg, Germany) was used to measure
the contact angle (CA) of distilled water on the OSB surface. Sessile drops of 2 uL. were deposited
on each specimen for 5 repetitions. Globally 15 replicas for both treated and untreated OSB boards
were done for a total of 150 drops. The contact angle was evaluated for a duration of 120 s for each
drop, while during that time the right and left angle of the drops on the wood surface were collected at
intervals of 0.5 s.
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The AWT of poplar OSB surface was performed using a QUV Accelerated Weathering Tester.
The aim was to mimic the alteration caused by sunlight, rain and dew. The exposure of the wood
surfaces of the samples lasted for 168 h. The cycle consisted of a condensation period followed by a
sub-cycle of water spray and UV-A 340 irradiation according to EN 927-6 [28].

2.3. Statistical Analysis

Differences between untreated and thermo-treated poplar OSB in terms of mass loss, bending
strength, Modulus of Elasticity, swelling, internal bond, color change and wettability were investigated
by independent-samples t-tests. Differences in color change and in wettability pre- and post-AWT
were investigated by two-way analysis of variance (ANOVA). The software IBM SPSS ver. 24 (IBM
Corp., Armonk, NY, USA) was used; significant differences were set at the 0.05 and at the 0.01 levels.

3. Results

Thermo-treated poplar OSB specimens had significantly (p < 0.01) lower mass (11.4%) than
non-treated ones. All the analyzed properties of poplar OSB were of lower value after the thermal
treatment (Table 1). The biggest difference (Figure 2) was observed in swelling (50.9%) and the smallest
in MoE along the minor axis (13.2%).

Table 1. Properties, reference standards, average values with standard deviation determined for
non-treated and treated boards, and results of the t-test (p-values).

Property Standard Non-Treated Thermo-Treated  p-Value
MoR major axis (N/mm?) EN 310 30.5£42 228 +£21 0.000
MOoE major axis (N/mm?) EN 310 4960 + 369 4230 + 450 0.000
MoR minor axis (N/mm?) EN 310 174 +£ 3.6 12.8+ 2.0 0.000
MoE minor axis (N/mm?) EN 310 2570 £ 290 2230 + 220 0.008
Swelling (%) EN 317 11.0£ 2.0 54£15 0.000
Internal bond (N/mm?) EN 319 0.34 £ 0.02 0.27 £ 0.03 0.000
60
50
< 40
1t
S 30
3
S 20
[
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Massloss  MoR MoR MoE MoE Internal  Swelling
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Property

Figure 2. Percentage reduction of the properties of treated specimens referred to non-treated
test specimens.

MoR and MoE decreased significantly (p < 0.01) and, in particular, the reduction is more relevant
for MoR, both along the major and the minor axis. Overall, MoR and MoE of thermo-treated
boards are higher than the limits of acceptability set by EN 300 for OSB-3 with thickness of 15 mm
(major axis: MoRggs > 20 N/mm?, MoEq s > 3500 N/mm?; minor axis: MoRg s > 10 N/mm?,
MoEg g5 > 1400 N/mm?).
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The thermal treatment significantly reduced (p < 0.01, 50.9%) the swelling (S) of specimens
after immersion in water. The S of treated specimens was lower than the threshold set by the EN
300 (Sp.95 < 15%). The IB was significantly reduced (p < 0.01) and resulted lower than the limit set by
the EN 300 (IBg 05 > 0.32 N/mm?).

Average color coordinates and color changes (AE¥) resulted significantly different (p < 0.01) after
both thermal treatment and AWT (Tables 2 and 3).

Table 2. CIELab* coordinates measured for tested specimens.

CIELab* Coordinates

Group Code L* a* b*
NT Pre AWT 77.52 4.45 21.61
T Pre AWT 52.16 10.28 21.38
NT Post AWT 68.55 6.82 18.78
T Post AWT 60.66 5.02 11.42

Table 3. AE* measured among group code.

AE*
Group Code NT T NT Post AWT
NT Pre AWT - - -
T Pre AWT 26.07 - -
NT Post AWT 9.90 16.95 -
T Post AWT 11.11 14.14 10.94

Thermal treatment determined a significant darkening (p < 0.01) of the surfaces (AL* = —25.35);
color also shifted towards red (Aa* = 5.83), whereas changes on the blue-yellow axis were limited
(Ab* = —0.23). Overall, the color change (AE* = 26.07) resulted mainly related to AL*.

Accelerated weathering determined a significant (p < 0.01) darkening of untreated specimens
(AL* = —8.97). Changes in a* and b* coordinates turned out limited (Aa* = 2.37, Ab* = —2.83), therefore,
the color change (AE* = 9.90) still resulted mainly due to AL*. On the other hand, the color of thermally
modified specimens was significantly lighter (p < 0.01) after AWT (AL* = 8.42). In this case, the changes
in a* and b* resulted higher (Aa* = —5.26, Ab* = —9.96), for a more relevant contribution in color change
(AE* =14.14).

AWT increased (28.1%) the contact angle of untreated OSB (Figure 3), whereas decreased (36.7%)
that of treated OSB (Figure 4).
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Figure 3. Contact angle variation in untreated OSB before and after weathering.
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Figure 4. Contact angle variation in treated OSB before and after weathering.

The thermal treatment determined a significant (p < 0.01) decreasing in wettability. In fact, after
120 s the pre-AWT CA of thermo-treated OSB (102.7°) resulted in almost twice the pre-AWT CA of
untreated OSB (68.3°).

For untreated OSB, after 120 s the pre-AWT CA (68.3°) resulted significantly lower (p < 0.01) than
the post-AWT CA (87.5°). On the contrary, for treated OSB after 120 s the pre-AWT CA (102.7°) is
significantly higher (p < 0.01) than the post-AWT CA (65.1°).

4. Discussion

The decrease in mass loss reflects the intensity of the performed treatment and is in line with the
values given by previous studies for the mass loss of thermally treated poplar wood [18].

With respect to the other phisyco-mechanical properties, the reduction in MoR and MoE can be
mainly attributed to the degradation of hemicelluloses, commonly considered the main factor for the
loss of mechanical strength of thermally treated wood [12]. The decrease in swelling is mainly due to
the chemical change and decrease of hydroxyl groups determined by thermal treatment. This increases
the cellulose crystallinity as well, making hydroxyl groups less accessible to water molecules [12].
Reduction in IB is also due to the thermal degradation of the PU adhesive. In perspective, it is
necessary to improve the bonding quality using different adhesives with higher thermal stability,
such as MDI [21]. These can also contribute to limiting the reduction in MoR and MoE induced by the
thermal treatment.

As for the darkening of the wood color, this is a typical consequence of thermal treatment,
which determines the formation of degradation products from hemicelluloses, the build-up of oxidation
products and the modification of lignin and extractives [10]. Further, it has been recognized that color
and treatment temperature are closely related [28,29].

Similar trends in color after UV exposure have already been reported [30,31] and show how UV
irradiation homogenizes the color of wood. In particular, the lightening of thermo-treated wood is
similar to that occurring in dark colored woods exposed to UV for long time. Overall, the color change
of untreated and thermo-treated specimens can be mainly attributed to the degradation of lignin,
which is extremely susceptible to UV irradiation [31,32]. The color of thermo-treated wood has various
advantages: Being uniform in the thickness allows machining without changing the color of the surface,
and stains are less visible [33]. Further, users generally appreciate the color of thermo-treated wood.
In this sense, a survey of Gamache et al. [34] reports that professional consumers consider the aesthetics
of thermally modified wood almost as relevant as its durability or environmental performance.

The lower wettability of the boards surface after thermal treatment can be mainly ascribed to
the phenomena of degradation occurring during the process. In particular, the main reasons are the
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migration of non-polar extractives to the surface during heating [35] and the cross-linking between
the lignin and polysaccharides, with a consequent reduction in free hydroxyl groups among the
hemicelluloses that changes during heating and may undergo oxidation reactions [36].

The decrease in wettability of untreated specimens after AWT can be attributed to the increasing
in the surface roughness of wood due to swelling and shrinkage, and to the migration of non-polar
extractives induced by AWT [37,38]. On the opposite, AWT determined an increase of wettability of
thermo-treated specimens. Swelling and shrinkage are reduced in thermo-treated wood, hence the
main effect of AWT is the photo-degradation of lignin, which increases the wettability [39].

It can also be noted that, after weathering, the CA line of untreated OSB shows a constant
trend in time (Figure 3), which could further decrease, whereas that of thermo-treated OSB becomes
rather stable after about 70 s (Figure 4). Overall, the exposure to UV irradiation can represent a
method for reactivating the surface of thermo-treated poplar OSB in view of industrial coatings and
finishing processes.

5. Conclusions

The manufacturing of poplar OSB started in 2012, valorizing part of the timber produced in
poplar plantations, otherwise destined to energy production, and completing the range of wood-based
panels produced in Italy.

This study assessed the feasibility of thermal treatment of poplar OSB to improve some of its
properties and to contribute to finding new applications for this product, today mainly addressed to
packaging and furnishing. Enhancing its dimensional stability and durability could be of particular
interest in building, where wooden products are reporting a considerable market growth. This could
support a local and strategical resource at the national and European levels.

It was found that the thermo-vacuum treatment at 190 °C for 2 h can be applied to poplar OSB/3
after industrial manufacturing. This determines significant reductions in swelling, even if associated
with decreasing in IB, MoR and MoE. After thermo-treatment, the color darkened and the hydrophobic
behavior increased, whereas the accelerated weathering test increased the wettability of thermally
treated boards.

Overall, poplar OSB with enhanced physical properties (lower hygroscopicity and swelling) can
be obtained by thermo-vacuum treatment, provided that the internal bonding is improved. This entails
adhesives with better thermal stability, such as MD], taking into account that their use would require
relative process adjustments. A fine-tuning of the treatment in terms of temperature and duration
should be further explored to meet the product requirements, also in terms of durability, of specific
end-uses. Different treatment temperatures could also confer a range of homogeneous darkened colors,
which could be exploited for aesthetic purposes.
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