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ABSTRACT

Over the last decade, the oriented strand board (OSB) market presented meaningful growth. However, as a wood-
based product, because of its anatomical structure and chemical composition, OSB can be damaged by biodeter-
ioration agents. Given that, the biodeterioration of OSB panels must be investigated to improve its durability. In
this way, this work analyses the biological resistance against termites (Cryptotermes brevis and Nasutitermes cor-
niger) of heat-treated OSB panels made with Eucalyptus wood glued with vegetable-based polyurethane-an eco-
friendly and sustainable adhesive derived from castor oil. Various panels were produced with different layers
compositions (face:core:face of 25:50:25 and 30:40:30) in wood mass proportion and were submitted to postpro-
duction heat treatment (at 175°C and 200°C) replacing the use of chemical insecticides. The influence of the
layers variation and heat treatment temperature were evaluated, and these results were compared with commer-
cial panels (made from pinus wood with insecticide). The results showed that the heat treatment did not improve
the resistance against termite attack. However, all the experimental panels presented a satisfactory performance
that was compatible with the commercial panels produced with insecticide available in the Brazilian market. The
combination of Eucalyptus wood and castor oil adhesive to produce OSB, in any variation of layer composition,
demonstrated natural resistance against termite attack compatible with the commercial panels, even without
using chemical additives to increase durability.
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1 Introduction

The building sector has a substantial social and economic impact; however, it can also be responsible for
important negative impacts concerning the environment. Thus, to improve these possible negative impacts,
sustainability strategies must be adopted by the industry [1]. The sustainable progress of the construction
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industry is conditioned by the environmental profile of the materials, requiring the development of innovative
sustainable materials that properly can be an effective alternative to traditional materials [2]. With the
expanding interest in environmental questions, producing lignocellulosic-based composites has conquered
extensive attention, and made satisfactory progress in the construction materials sector [3]. Thus, the use
of bio-based materials can contribute to decreasing the environmental impact and achieving sustainable
development [4].

Wood has been employed for construction for thousands of years and remains an important construction
material [5] favoring many aspects of human life as a versatile natural resource, not only used as a
construction material but also applied in a wide range of applications [6] in several industrial sectors [7].
Thus, wood products play a fundamental role in the circular economy, offering a renewable source of
materials with a commonly lower carbon footprint [§].

One of its principal applications is to produce oriented strand board (OSB), which is a panel composed
of wood strands bonded with an adhesive frequently used for structural purposes in the civil construction and
furniture industry [9,10].

Over the last decade, the OSB market presented meaningful growth [9] with an increase in worldwide
consumption [11]. The Brazilian wood panel market, in which the OSB panels are inserted, has also been
rising, but in Brazil, the OSB panels are still being only produced with pine wood [12]. Thus, to avoid a
lack of wood supply can be a critical issue in the future, researching alternative lignocellulosic raw
materials is essential [13] to produce quality products that meet usage requirements [14], when compared
to other products, however, with a more sustainable production [15].

Because of its anatomical structure and chemical composition, wood can be damaged by
biodeterioration agents, such as coleopteran, termites, fungi, and marine borers [7]. However, if treated
with proper techniques to resist decay, wood can last hundreds of years [16]. Given that, wood
biodeterioration processes must be investigated to apply the material correctly and reduce costs and waste
generation caused by the substitution of deteriorated materials [7].

The xylophagous organisms like subterranean, arboreal, or soil termites can invade urban centers and
deteriorate any objects fabricated with wood or wood products causing irreversible deterioration. Among
these, individuals of the Nasutitermes (arboreal or soil termites) and Cryptotermes (drywood termites), for
example, can be mentioned as principal sources of wood losses [17] causing problems to wood in service
with significant economic importance [18] and also affecting the structure, possibly exposing people to
risks [17]. In this sense, it is imperative to apply preservative treatments to protect wood from these agents.

In the chemical modification of wood, a reaction occurs between the wood constituents (lignin,
hemicelluloses, and cellulose) and the preservatives, forming a stable covalent bond between the
preservative and the cell wall [19]. But nowadays there are rising concerns involving the harmful
potential of traditional chemical wood preservatives [18]. Thus, the study of alternative treatment
methods is important both to reduce costs and impacts on the environment, since reducing damage to the
ecosystem and health is part of the interests of the wood treatment industry [7]. Therefore, heat
treatments can be applied as they can add qualities to wooden products to meet market demands [20].

The heat treatment is a wood modification method that applies temperature to cause a managed wood
degradation, in order to refine some of its properties [21] reducing the thickness swelling and making it
less hygroscopic [22]. In this way, the heat treatment of lignocellulosic materials proves to be an
alternative to improve biological resistance to fungi and termites, and the dimensional stability, however,
can affect the mechanical properties [14,23,24].

Even though the development of the interest of the scientific community in wood modification, heat
treatments still present far fewer studies compared to other techniques. Likewise, it turns out that, despite
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the number of publications about OSB panels, there is still a minor number of studies published aiming to
evaluate the effects of heat treatment on it [23]. In an analogous way is noted that although wood boards are
promising products for the furniture and building industries, there is still little information about their
resistance to attacks by xylophagous deterioration organisms [17].

Wood products will not achieve their greatest potential use until they are fully described and the
processes that control their performance properties are entirely understood so that it is possible to
manipulate these properties to achieve the desired optimal performance [16]. Regarding wood panels, the
susceptibility to termite attack is determined by the quality of the panel. This quality is affected by the
attributes related to the materials used (wood, adhesive, and additives) like particle moisture content,
geometry, and distribution [25], and other factors related to the process, such as temperature, time, types
of organisms to which are exposed, wood species, and use conditions [26].

Termite tests are usually evaluated considering mass loss, a visual rating scale for the intensity of
damage, and mortality. Mass loss is the simpler evaluation method since it is based on measuring the
weight samples at a constant moisture content before and after exposure. The degree of attack is visually
assessed by the human eye which can evaluate degrees of damage on materials, especially at low and
high levels. Finally, termite mortality provides a simple evaluation of termite survival. Some mortality is
normally expected in a termite test. However, the mortality must be smaller with untreated controls [27].

In this way, to fill knowledge gaps in the area related to the evaluation of biodeterioration of wood
panels, studies were carried out associated with particleboards [14,17,25,28,29], oriented structural straw
board (OSSB) [30], solid wood panels [26], thermally compressed wood panels [26], plywood [31-33],
hybrid sandwich panels [34], and bamboo-based panels [35].

Particularly to OSB panels, the study of Ferro et al. [36] assessed the termite resistance of OSB
manufactured with parica (Schizolobium amazonicum) wood and chromated copper arsenate (CCA) and
chromated copper borate (CCB) preservatives. Cheng et al. [37] evaluated the termite resistance of OSB
panels made with soy flour as a partial substitute for the resin methylene diphenyl diisocyanate (pMDI).
Lee et al. [38] studied the mechanical properties and termite and decay resistance performance of wood-
based panels used in wooden houses (OSB, structural particleboard, and particleboard). Tascioglu et al.
[39] researched the biological decay and termite resistance of five types of commercially available wood-
based composites (softwood and hardwood plywood, medium density fiberboard, OSB, and particle board
post-treated with alkaline copper quaternary (ACQ) and copper azole (CA).

However, the resistance against termite attack in OSB panels made by eucalyptus wood and adhesive
derived from castor oil and heat treated replacing the use of chemical insecticides has not yet been
analyzed by any previous study.

Another important concern is related to the use of formaldehyde-based adhesives in wood products,
which is a colorless gas that can possibly originate protein denaturation and may cause cancer [4]. Thus,
one of the alternatives to avoid resin toxicity is the employment of formaldehyde-free adhesives [40].
Consequently, formaldehyde-free bio-adhesives derived from renewable materials are receiving increasing
interest from industry and researchers due to strict emission regulations added to consumer preference for
healthier and sustainable products [41].

Researching innovative solutions that are environmentally cleaner than the existing ones has become
crucial [42]. In this sense, aiming to find alternatives that can overcome these possible environmental and
health problems, previous studies were carried out where OSB panels made with Eucalyptus wood and
adhesive derived from castor oil, subjected to postproduction heat treatment replacing the use of wood
chemical preservatives already presented technical viability to be used as a structural construction
material, since demonstrated physical and mechanical properties [43] compatible with requirements of the
European Standard-EN 300 [44].
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However, only the evaluation of the mechanical properties is not sufficient to classify the employability
of bio-based products. It is required to carry out studies that assess the effects of the attack by woody
organisms in diagnosing the quality of materials [17]. In line with this, the recently published Brazilian
Standard-NBR 16936-Light Wood Frame Buildings, Brazilian Association of Technical Standards—ABNT
[45], determines the minimum requirements for OSB panels, detailing not only values for the physical
and mechanical properties, but also for the resistance properties against termite attack and decaying fungi,
based on the requirements of the American Wood Protection Association-AWPA E1-22 and AWPA E30-
22 [46—47] standards, respectively.

Cryptotermes brevis is one of the most common drywood termites in Brazil. It can cause great economic
losses due to its geographic distribution and its feeding preference. It attacks manufactured wooden objects
and parts but does not infest living trees. This species lives inside the wood on which it feeds and where it
forms colonies [48].

Subterranean termites of the species Nasutitermes corniger develop their colonies and nests in or near
the soil. They build tunnels in the ground and around obstacles until they reach the wood, which is used for
feeding. The survival of these termites depends on humidity, with which they must always be in contact,
whether from the attacked wood or from the soil in which they live. They do not establish themselves in
buildings isolated from contact with the soil, nor are they transported inside furniture, like drywood
termites. They attack the wood by accessing it through the soil, maintaining their colonies in places
outside the attack site [48].

However, despite the differences between them, both species (Cryptotermes and Nasutitermes) attack
furniture and wooden structures in both rural and urban environments [18], leading to the weakening of
the wood and making the affected areas susceptible to collapse [25].

Considering the potential growth of the sector and the relative scarcity of studies in the area, it is
necessary to investigate the effectiveness of different methods of both OSB production and treatment, to
validate alternatives that could upgrade productivity, increase possibilities of raw materials supply, and
also reduce environmental concerns providing evidence to support decision-makers about the behavior,
feasibility, durability, and safety of these materials. Thus, this study investigates the biological resistance
to termites (Cryptotermes brevis and Nasutitermes corniger) of heat-treated OSB panels made with
Eucalyptus wood glued with vegetal polyurethane, an eco-friendly and sustainable adhesive derived from
castor oil.

2 Material and Methods

2.1 Production and Heat Treatment of OSB Panels

The panels were produced and heat-treated following the procedures adopted by Sugahara et al. [43]
with dimensions of 42 cm % 42 cm x 1.2 cm (length x width x thickness), the nominal density of
0.78 g cm >, using 1500 g of Eucalyptus grandis wood particles, from 7 years-old trees (from a planted
forest in the southwest region of the state of Sdo Paulo, Brazil, donated by the company Vale do Cedro®,
Ribeirdo Branco, Sao Paulo, Brazil), without application of preservative treatment, and glued with
bicomponent polyurethane adhesive derived from castor oil (AGT 1315, donated by the company
Imperveg®, Aguai, Sio Paulo, Brazil) in a proportion of 10% of adhesive based on the dry mass of the
particles in a 1:1 ratio between polyol and pre-polymer.

The experimental panels were manufactured with three layers, varying the proportions of particle mass
between the face:core:face layers in the compositions of 25:50:25 and 30:40:30 (Table 1), were also
evaluated generic commercial panels made in Brazil and purchased in a construction material store,
which uses chemical preservatives (insecticide against termite attack) in its production.
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Table 1: Treatments evaluated

Treatment Type of panel Temperature (°C) ' Composition 2
T1 Experimental Reference, without heat treatment > 25:50:25

T2 Experimental Reference, without heat treatment > 30:40:30

T3 Experimental 175 25:50:25

T4 Experimental 175 30:40:30

T5 Experimental 200 25:50:25

T6 Experimental 200 30:40:30

T7 Commercial Positive control (without heat treatment) -

Note: ' Temperature of heat treatment. > OSB layers ratio face:core:face. * For the experimental reference treatments (that were not
exposed to the process of heat treatment, namely T1 and T2), was adopted the symbolic temperature of 0°C to express the results.

The pressing (Hidral-Mac PHH 80T, Araraquara, Brazil) was carried out at a temperature of 120°C, a
pressure of 4.4 MPa in two cycles of 300 s of pressing with 30 s of pressure relief, as shown in Fig. 1.

Pressing program

HEIR

0 to 300 (s) 300 to 330 (s) 330 to 630 (s)
4,4 MPa Pressure relief 4,4 MPa
120°C 120°C

Figure 1: Pressing program

The heat treatment was carried out in a conventional oven (Marconi MA 035/3BX, Piracicaba, Brazil),
without replacing the atmosphere, where the panels were inserted with the oven still at room temperature
(25°C-30°C), and after reaching the temperature defined for each treatment (175°C and 200°C) they were
maintained for 60 min for heat treatment and after the oven was turned off (Fig. 2), the door was slightly
opened and the panels were removed from the oven only after it returns to room temperature (considering
room temperature between 25°C and 30°C).

Heat treatment program

Temp. (°C)

200,0

[ T(200°C) W T(175°C)

150,0

100,0

50,0

0,0
0 25 65 90 125 150 T (min)

Figure 2: Thermal modification program
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2.2 Drywood Termite Resistance Test (No-Choice Feeding Test)

The test was carried out in an adapted manner based on the procedures defined by the method of the
Institute of Technological Research of the State of Sao Paulo-IPT/DIMAD D-2 [49]. Which is similar to
that described by Maistrello [50], except for the number of termites and exposure time. Thus, the termites
were collected from school furniture attacked pieces in the municipality of Alegre and Jerdnimo
Monteiro, State of Espirito Santo, Brazil. A total of 10 samples were used per treatment, with dimensions
2.3 cm % 7.0 cm %X 1.2 cm (width X length x thickness).

The mass of the samples was measured after drying in an oven at 60°C + 2°C, until constant mass. The
samples (Fig. 3) were prepared in Petri dishes joined in pairs using adhesive tape at the ends and above each
pair, and a polyvinyl chloride (PVC) container measuring 3.5 cm x 4.0 cm (diameter x height) was connected
with paraffin.

(b) © (@

Figure 3: Forced feeding test with drywood termites
Note: (a) Complete apparatus at the beginning of the test. (b) Top view of the sample after disassembling the apparatus. (c) Side view
of the sample during termite counting. (d) Sample after counting termites.

In an equivalent way to that used by Gongalves et al. [14] and Paes et al. [17], 40 termites (39 workers
and one soldier) of the species Cryptotermes brevis Walker were inserted into each container. The top of the
tubes was covered with “tulle” type fabric to prevent termites from being eaten by predators, such as ants,
spiders, and wall geckos. The test was maintained for 45 days in an air-conditioned room at a temperature of
28°C + 2°C and relative humidity of 65% + 5%. After that, the samples were exposed, in an oven, under the
same cited conditions, and obtained the mass loss.

The quantity of termites given by each standard differs. However, it is important to use an adequate
amount compatible with the samples (exhibition area). The presence of soldiers helps guarantee an
intensity of attack analogous to that observed in a colony. At the same time, the number of workers
becomes important too since few workers will be incapable of holding off the social structure becoming
vulnerable to competing microorganisms, while too many termites can overburden the resources and
generate stresses that can change the feeding behavior [27].

Were considered in the assessment of the loss of mass, termite mortality, and damage caused by termites

where scores were adopted for visual assessments, being 0 (no damage); 1 (surface damage); 2 (moderate
damage); 3 (accentuated damage); and 4 (deep damage).

2.3 Subterranean (Arboreal) Termite Resistance Test (No-Choice Feeding Test)
Choice feeding tests closely replicate natural conditions being more appropriate for evaluating feeding
preferences or resistance to harmful substances than no-choice tests. Nevertheless, it is problematic to
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conclude if the mortality in a no-choice test is caused by nontoxic resistance factors or due to chemical
toxicity. In this way, no-choice tests are fundamentally hunger tests, so interferences in feeding result in
starvation and high mortality, whether samples are toxic or not [27].

In that way, no-choice feeding test with subterranean termites was carried out following the procedure
proposed by AWPA E1-22 [46] with conehead termites of the species Nasutitermes corniger Motsch.,
collected in the rural area of the municipality of Jerdbnimo Monteiro, Espirito Santo, Brazil. Ten samples
were used per treatment with dimensions of 2.5 cm x 2.5 cm x 1.2 cm (width x length x thickness),
dried in an oven at 60°C + 2°C until reaching constant mass.

The samples (Fig. 4) were placed in glass containers with a capacity of 600 mL, protected from direct
contact with sand by applying an aluminum foil with dimensions slightly larger than those presented by the
samples. The sand was previously washed, sieved, sterilized in an oven at 130°C, and moistened with
distilled water according to its water retention capacity in an analogous way used by Paes et al. [17].

(b) (@

Figure 4: No-choice test with subterranean (arboreal) termites
Note: (a) Side view of the container with the sample. (b) Top view of the container with the sample. (c¢) Sample before termite
counting. (d) Sample after counting termites.

Approximately 400 individuals (termites) were inserted into the containers (1.32 + 0.05 g), in the
proportion existing in the colony (12% soldiers and 88% workers). The test was carried out in an air-
conditioned room at 28°C + 2°C with a relative humidity of 65% + 5% for 28 days. Mass loss, termite
mortality, and visual damage caused by termites to specimens were evaluated by visual rating scale. For
damage, grades were assigned to the specimens, being: 10 (Sound, surface nibbles permitted), 9 (Light
attack), 7 (Moderate attack, with penetration), 4 (Heavy attack), and 0 (Failure). For mortality, the indices
were considered Slight (0%—-33%), Moderate (34%—66%), Heavy (67%—-99%) and Complete (Total,
100%), as in AWPA E1-22 [46].

2.4 Statistical Analysis

A completely randomized design, with a factorial arrangement, consisting of 10 replications per
treatment (three temperatures x two compositions plus one positive control) was used to analyze the
results from the no-choice feeding test of drywood and subterranean (arboreal) termites. Tukey’s mean
contrast test (p < 0.05) was used to check differences in the mean values of the properties evaluated
considering the seven treatments investigated. This approach makes it possible to compare the results of
manufactured panels while also considering the results of commercial panels.
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The Anderson-Darling test (AD; p < 0.05) and the multiple comparison test (MC; p < 0.05) were used to
verify the normality and homogeneity of variances between treatments, in order to validate (p-value < 0.05)
the results of the Tukey test as well as the results of the analysis of variance (ANOVA, F test p < 0.05). The
Johnson transformation (change of scale) was used in cases where normality in the distribution of ANOVA
residuals was not detected.

ANOVA (full factorial design 236 treatments) was also used to evaluate the influence (p-value < 0.05)
of temperature (T), layer composition (Comp) as well as interaction effects (T x Comp) between these two
factors in the three properties considered (loss of mass, damage, and mortality).

The results of the analysis of variance were presented using the Pareto chart, the effects of each isolated
factor, when significant, were presented graphically using main effects graphs, and the interaction effects
were presented using interaction graphs between factors. This approach, in which commercial panels are
not considered, makes it possible to identify the influence of factors in isolation as well as the interaction
between them.

3 Results and Discussion

3.1 Dry Wood Termite Resistance Test

Regarding loss mass (Fig. 5a), a significant difference was found only between T2 (highest mean), and
T4 (lowest mean), and the others did not show a significant difference between them. Therefore, the mass
loss of all treatments was less than 1%, which according to Gongalves et al. [14] is considered low.

90

3.0 CV (%) = [26.76; 62.54]
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Figure 5: Summary of results: no-choose feeding test with drywood termites
Note: (a) Loss of mass. (b) Damage (Scores). (c) Mortality. Equal letters imply different treatments associated with statistically
equivalent means using the Tukey mean contrast test (p < 0.05). Tr = Treatments.

About the visual damage score (Fig. 5b), T1, T2, and T4 can be classified as 1 (surface damage) while
T3, TS, T6, and T7 as 2 (moderate damage). However, there was no statistically significant difference
between the damage of all treatments evaluated, as well as the mortality values (Fig. 5c). The p-values of
the normality test and homogeneity of variances were higher than the significance level (p < 0.05) in all
responses, which validates the results of the Tukey test (p < 0.05).

Such results indicate that the experimental panels, with (T3, T4, TS, and T6) and without heat treatment
(T1 and T2) achieve damage and mortality properties with no significant difference to that obtained by the
commercial panels (T7), which usually have chemical preservatives in their composition to improve its
resistance to biological attack.

In this sense, it is possible to infer that the heat treatment does not improve the resistance against termite
damage and mortality. However, it can be assumed that, even without using a preservative method against
termites, the experimental panels presented performance compatible with the commercial ones. Indicating
that this result is related to the sum of the characteristics presented in the combination of wood
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(Eucalyptus) and adhesive (polyurethane derived from castor oil) used in the specific form of production
adopted.

This result is in line with the study of Ferro et al. [36] that evaluated the termite resistance of OSB
manufactured with parica (Schizolobium amazonicum) wood glued with castor oil-based resin treated with
CCA and CCB preservatives. In their work CCB treated and untreated panels did not present significantly
different means for termite mortality. Thus, they concluded by saying that OSB manufactured with
untreated particles and CCB treated together with castor oil adhesive presented the same resistance
against termite attack.

The AWPA E1-22 [46] defines the criteria for the approximate termite mortality as slight (0% to 33%),
moderate (34% to 66%), heavy (67% to 99%), and complete (100%). Thus, adopting this classification to the
drywood termites’ results obtained, it is verified that all treatments evaluated presented moderate termite
mortality (40% to 63.5%).

According to Rocha Medeiros [51], heat treatment of Eucalyptus clones did not affect drywood termite
attack in the no-choice feeding test. Conversely, according to Paes et al. [17] the temperature and pressing
time used to consolidate the boards might influence the results because these factors are responsible for
consolidating the material, and additionally, the castor oil adhesive used may influence the termites’
results reducing the attack due to its hydrophobic character. Composites made with polyurethanes based
on vegetable oils, such as castor oil, demonstrate exceptional properties attributable to their characteristic
hydrophobicity [52,53].

From Fig. 6a, it was found that the temperature (in isolation) and the interaction between the two factors
(T x Comp) significantly affected the loss of mass of the experimental panels, however, the composition (in
isolation) did not promote significant changes in this property.

L M it
Term oSO 00s Term Damage ) s Term Mortality 2.064
T T Comp
TxComp TxComp TxComp
Comp J i Comp J T
0.0 0.5 10 15 2:-0 25 0.0 05 10 15 20 25 0.0 0.5 10 15 2.6
Standard Effects Standard Effects Standard Effects
(a) (b) (c)

Figure 6: Pareto charts: no-choice feeding test with drywood termites
Note: (a) Loss of mass. (b) Visual damage (Scores). (c) Mortality.

Damage (Fig. 6b) was significantly affected only by temperature, and in relation to mortality (Fig. 6¢), it
did not suffer significant changes from the isolated effects or the interaction effect.

In Fig. 7a it is possible to observe that for the interaction of T x Comp in loss of mass, for the
temperatures of heat treatment of 0°C (reference) and 200°C the loss of mass decreased with the increase
of the proportion of wood particles in the core, while for the 175°C the opposite occurred.

About the influence of T in mass loss (Fig. 7b), 0°C presented a higher mean, as expected for the
untreated panels (0.55%), and differed statically of 175°C and 200°C that did not differ from each other
and presented means of 0.33% (smaller mean) and 0.36%, respectively. Related to the scores of visual
damage x T (Fig. 7c), the higher the temperature, the higher the damage, and the temperature of 200°C
differed statistically of 0°C and 175°C.
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Figure 7: Main significant effects and interactions of factors on properties evaluated (drywood
termite’s test)

Note: (a) Loss of mass x Comp. (b) Loss of mass x T. (¢) Damage x T. The compositions (Comp) were represented only by the
proportion of wood particles in the core.

3.2 Subterranean (Arboreal) Termite Resistance Test

The p-values of the normality test and homogeneity of variances were higher than the significance level
(p <0.05) in all responses, which validates the results of the Tukey test (p < 0.05), and it is worth noting that
the Johnson transformation was applied to the loss of mass and mortality results. Some studies indicate that
wood mass loss is the main criterion for assessing wood preservatives [27] being a good parameter to
evaluate the quality of the panels in relation to the resistance to biological attack.

For the evaluation of the no-choice feeding test with subterranean termites, were not found statistical
differences for loss of mass (Fig. 8a) and mortality (Fig. 8c) results for all treatments assessed. Given
this, since there were no statistical differences between the panels with chemical preservatives and the
others for these properties, it is considered that all the experimental panels, even that one is without any
treatment, presented good performance compatible with the panels available in the market.
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Figure 8: Summary of results: no-choice feeding test with subterranean termites
Note: (a) Loss of mass. (b) Damage (Scores). (c) Mortality. Equal letters imply different treatments associated with statistically
equivalent means using the Tukey mean contrast test (5% significance). Tr = Treatments.

This result is compatible with the founds of Ferro et al. [36] in which the authors concluded that the
castor oil resin is efficient against termite attack, once in their work the untreated and treated panels did
not show significant differences between the means of loss mass.

In [54], the termite resistance of the boards is affected by their constituent wood species. Thus, due to the
promising results, can be considered that the Eucalyptus wood had good behavior to be used to produce OSB
with castor oil adhesive, as most results did not demonstrate a significant difference between experimental
and commercial panels. Adapting the classification of the AWPA E 1-22 [46] to the subterranean termites’
results, it is verified that all treatments evaluated presented slight termite mortality (16.46% to 32.48%).
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Regarding damage (Fig. 8b), the results showed some statistical differences between them. For the
damage classification, the higher the score, the less damage caused by the attack. In this way, T4, T5, and
T7 had heavy attacks (score of 0—4) and no statistical difference between them. T1, T2, and T3 presented
moderate attacks (score of 4—7) and no significant difference between them. T6 also showed moderate
attack (score of 4-7) but with significant differences compared to T1, T2, and T3. In this sense, the
commercial panel (T7) is among the panels with the greatest damage, while the panels with any type of
thermal treatment (T1, T2) are among the ones with moderate attack.

In Fig. 9, the graphs and Pareto (ANOVA results) are presented regarding the properties evaluated in the
no-choice feeding tests with subterranean termites, highlighting the normality and homogeneity of variances

of the ANOVA residues (p-value < 0.05).

Loss of Mass Damage Mortality
Term 2.005 Term © 2,005 Term 2.005
Comp TxComp TxComp
TxComp T Comp
T Comp T
0.0 0.5 10 15 20 00 05 10 15 20 25 30 0.0 05 10 15 20
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Figure 9: Pareto charts of properties evaluated in no-choice feeding tests with subterranean termites
Note: (a) Loss of mass. (b) Damage (Scores). (c) Mortality.

From Fig. 9, mortality and loss of mass were not significantly affected by the two factors alone nor by
the interaction between them. However, it was noted that the interaction between the factors (T x Comp)
significantly affected the visual damage values (Fig. 10). For the temperatures of heat treatment of 0°
(reference) and 200°C the score of damage decreased with the increase in the proportion of wood

particles in the core, while for the 175° the opposite occurred.
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Figure 10: Interaction of significant factors on the visual damage (subterranean termites test)
Note: The compositions (Comp) were represented only by the proportion of wood particles in the core.

4 Conclusions

To drywood termite test, the mass loss was low (<1%). The visual damage was classified between
surface and moderate, and the mortality was moderate. The temperature of thermal modification and
temperature x composition of panels affected the loss of mass. For 200°C the loss of mass decreased with
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the increase of the proportion of wood particles in the core of panels. On the other hand, for 175°C the result
was divergent. The tested temperatures do not provide meaningful results in the biological resistance of the
panels tested. On the other hand, visual damage and mortality were not affected by the temperatures or
compositions tested.

To subterranean (arboreal) termite test, regardless of the treatment tested, it was observed slight termite
mortality. For visual damage, it was a moderate and heavy attack. Mortality and mass loss were not affected
by temperature and composition nor by the interaction between them. For 200°C, the visual damage
decreased with the increase in the proportion of wood particles in the core. On the other hand, for 175°C
the result was divergent.

In general, the heat treatment did not improve the resistance against termite attack. However, the
experimental panels had a performance similar to that presented by the commercial panels. Thus, these
results provide evidence to support decision-makers about the use of innovative raw materials,
environmentally friendly to produce OSB boards.
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