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Abstract

ahogany (Swietenia macrophylla King) is one of the most valuable
wood species found in the American Continent. This study is an
evaluation of the production of particleboards using wood residues
from the branches and trunk of a mahogany tree. It was designed to
test the feasibility of production and the mechanical and physical characteristics of
the finished particleboards, as well as to compare the results with similar studies
and the requirements of normative documents. The particles were generated from
the trunk and branches of a mahogany tree separately and mixed in different
proportions to test their influence on the final product. They were bonded using
12% polyurethane resin from renewable resources and pressed under 90° C and 3.5
MPa for 10 minutes. The specimens were prepared and tested according to the
guidelines established by the NBR 14810 regarding the static bending, internal
bond, stiffness and thickness swelling (24h) tests. The results indicated that there is
no significant correlation between the trunk-branches proportion and the Modulus
of Elasticity/Rupture values. The production of the particleboards using the
residues is feasible and the results of most of the tests fitted the normative
requirements, which means that with the refinement of the production process it is
possible to have a good product that fully complies with the technical standards.

Keywords: Reutilization. Swietenia macrophylla. Solid residues. Wood-based products.
Particleboard.

Resumo

A madeira de mogno (Swietenia macrophylla King) é uma das mais valiosas
encontradas no Continente Americano. Esse trabalho visou avaliar a
produgdo de painéis de particulas de residuos dos galhos e troncos dessa
espécie. Foram avaliados a viabilidade de produgdo, as propriedades fisicas e
mecdnicas e, além disso, foi realizada a comparagdo dos resultados com
estudos similares e requisitos de normas. Os painéis foram fabricados a partir
dos residuos do tronco e dos galhos, de forma separada e misturados em
diferentes proporgdes para testar sua influéncia no produto final. Foram
aglomerados usando resina de poliuretano e prensados a 90 °C e 3,5 MPa por
10 minutos. As amostras foram testadas para flexdo estdtica, aderéncia
interna, rigidez e inchamento (24 h), de acordo com as recomendagées da
NBR 14810. Os resultados indicaram que ndo houve correlagdo significativa
entre a proporgdo tronco-galhos e os valores de modulo de
elasticidade/ruptura. A produgdo dos painéis foi considerada vidvel e os
resultados da maioria dos testes atenderam aos requisitos normativos.

Palavras-chave: Reutilizagdo. Swietenia macrophylla. Residuos Solidos. Produtos em
madeira. Paineis de particulas.
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Introduction

Mahogany (Swietenia macrophylla King) is one of the most valuable wood species found in the American
Continent and in many sawmills. It occurs naturally over an area that comprises Central America,
Venezuela, Colombia, Ecuador, Peru and Brazilian States of Acre, Amazonas, Ronddnia, Mato Grosso and
Para with an average density of less than one specimen per hectare (GROGAN et al., 2008; LAMB, 1966),
being one of the finest materials in furniture market due to its aesthetic and mechanical characteristics
(RIZZINI, 1990).

High demand, high market prices and lack of surveillance contributed to developing a scenario of over-
exploitation that depleted many mahogany stocks (BLUNDELL; GULLISON, 2003; VERISSIMO et al.,
1995), and the outcome was its listing on CITES (Convention on International Trade in Endangered Species
of Wild Fauna and Flora) Appendix II in November 2002 (BLUNDELL, 2004).

Even when all measurements to comply with extraction laws are taken, Brazilian wood sector still faces the
problem of generating residues on large scales. According to the National Policy on Solid Residues
(BRASIL, 2010), only 30% of a tree is properly transformed into sawn wood, which means that 70% of the
material ends up as residue.

The final destination of such residues may vary (energy generation, animal bedding, kiln firing) and Rivela
et al., (2006) demonstrated that particleboard production is more environmentally beneficial than energy
generation. But, as shown by Gerwing, Johns and Vidal (1996) and Sasaki et al. (2016), in the north region
of Brazil, many sawmills don't even have an active recycling program and their wastes are often discarded in
natura or burnt without any commercial purpose.

The branches of a mahogany tree contribute to about 17% of its total biomass (ADINUGROHO;
SIDIYASA, 2006), and they are often discarded as residue, but Bertolini et al. (2014) showed that these
elements are also suitable for particleboard production.

Given the background of over-exploitation and waste generation and considering that recently a company
got a FSC certificate to legally extract mahogany from Para (FOREST..., 2016), this study comes as a way
to enlighten the reader to the possibility of using mahogany sawmill residues in addition to the branches
from pruning and limbing processes to produce high quality particleboards that could be used by furniture
industry or in building construction, therefore minimizing environmental impact of the extraction chain and
adding more value to mahogany's commercial cycle.

Also, it is important to highlight that, the use of an alternative resin such as castor oil polyurethane resin
meet the cleaner requirement when compared to urea-formaldehyde and phenol-formaldehyde adhesives,
using less energy on productive process and not release formalin gas along manufacture, toxic gas for human
being (SILVA et al., 2014; FERRO et al., 2018; MACEDO et al., 2019; YANO et al., 2020).

Materials and methods

Firstly, it is worth to make clear that the mahogany tree used in this study was part of the University’s flora.
It was a young tree (about 20 years old) that fell down during a windstorm and the Wood and Timber
Structures Laboratory (LaMEM) was given permission to use it for research purposes. The tree was limbed
and cut into smaller pieces that were let dry until a 12% humidity level was reached (the branches were
stored separately not to mix with the trunk wood).

Particles were generated using a cutting mill equipped with a separation sieve (Figure 1b) able to produce
particle dimensions ranging from 0.6 mm to 5 mm diameter and they were stored in sealed containers to
prevent contact with the external atmosphere.

Each particleboard was designed to have a nominal volume of 784 cm® (28 x 28 x 1 c¢m) and to be medium
density according to the NBR 14810 (ABNT, 2018); the nominal density adopted as base for calculations
was 725 kg/m?, also there would be four different treatments varying the ratio of particles from the trunk and
from the branches according to Table 1.

A total of 507.5 g of wood particles (Figure 1a) was mixed with 60.9 g of the polyurethane resin (12% of
particles' dry weight) using an industrial mixer for 5 minutes (Figure 1d). The resin used was the castor oil-
based bicomponent polyurethane resin with polyol (1.2 g/cm ) made from castor oil (Figure 1c) and was
mixed in the 1:1 ratio (Polyol and Pre-Polymer) as done by similar previous studies (FERRO et al., 2014)
which obtained good mechanical characteristics and an adequate gel.
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Table 1 - Branch and trunk particle proportion for each treatment

Treatment | Branches | Trunk
T1 100% 0%
T2 50% 50%
T3 33% 67%
T4 0% 100%

Figure 1 - Wood particles (a); Cutting mill and sieves (b); Bicomponent resin (c); Mixing pan (d); Mold
(e); Matress (f); Hydraulic press (g); and Finished particleboard
B — '

@ S (b)

() (¢)] (h)

The particle-resin mix was put into a square mold (Figure le) and pre-pressed for 15 minutes at 1 MPa and
room temperature to form the mattress (Figure 1f), which then was taken to the hydraulic press under 3.5
MPa and 100 °C for 10 minutes (Figure 1g). Each treatment was repeated 4 times to produce a total of 16
particleboards that were stored for 72 hours until the complete cure of the resin (Figure 1h). Figure 1 below
shows the production processes.

Each board was cut according to parameters stated in the normative document NBR 14810 (ABNT, 2018)
that defines the setup and specimens' dimensions for the tests applied to grade the particleboard. The first
action was to cut four 50 x 250 mm specimens from each board to the static bending test; the specimens for
the density, internal bond, face and edge screw-holding and thickness swelling (2 and 24 hours) tests have
the same dimensions (50 x 50 mm) and were cut from the bent specimen, from the region between the
fractioned center and the tip of the piece. The specimen cut pattern and the quantities per test are shown in
Figure 2 and Table 2 respectively.

Physical properties evaluated were density (d), thickness swelling after 2 hours (TS2) and after 24 hours
(TS24). Mechanical properties evaluated were:
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(a) Modulus of elasticity (MOE);
(b) Modulus of rupture (MOR);

(¢) Internal bond (IB);

(d) Face screw-holding (FSH); and
(e) Edge screw-holding (ESH).

The data collected from the tests was analysed to investigate the behaviour of the mechanical and physical
properties of the particleboards as the percentage of wood from the branches was raised from 0% to 100% as
described before. A Tukey test was applied with 5% significance, and also a Bartlett and Anderson-Darling
tests were used to check homogeneity and normality of the residuals from ANOVA in order to validate the
Tukey test.

Results and discussion

Table 3 shows the mean values of the mechanical and physical characteristics obtained in the tests per
treatment, as well as the respective variance coefficients (VC) of each one.

Figure 2 - Specimen cut pattern

Particleboard Other specimens
[
[—
Static Bending Fracture
Specimen

Table 2 - Quantities and dimensions of specimens per test

Test Standard | Number of Specimens Dimensions
Static Bending 16 250 x 50 mm
Face screw-holding (FSH) NBR 16 50 x 50 mm
Edge screw-holding (ESH) 14810 16 50 x 50 mm
Internal Bond (IB) (ABNT, 16 50 x 50 mm
Density 2018) 16 50 x 50 mm
Thickness Swelling (TS) - 2 and 24 hours 16 50 x 50 mm

Table 3 - Results of physical and mechanical properties

Treatment Density MOE MOR 1B
(g/cm?) (MPa) (MPa) (MPa)
T1 (100B/0T) 0.79 1592 19.57 1.77
T2 (50B/50T) 0.81 1779 25.19 1.59
T3 (33B/67T) 0.76 1732 22.99 2.07
T4 (0B/100T) 0.80 1851 22.96 2.65
VC (%) [3.42; 9.84] [7.87;20.11] [7.07; 13.69] [9.40; 25.14]
Treatment FSH ESH TS2 TS24
N) N) (%) (%)
T1 (100B/0T) 710 930 4.84 12.81
T2 (50B/50T) 832 1248 5.04 12.95
T3 (33B/67T) 808 1615 5.93 13.53
T4 (0B/100T) 1003 1101 7.12 14.10
VC (%) [13.44; 18.90] [6.75; 16.98] [13.93;23.17] | [6.74; 20.06]
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Graphs illustrating the mean values and variance coefficients of the physical and mechanical properties are
shown in Figure 3 and Figure 4 respectively. The Tukey test was applied to investigate the influence of the
wood from the branches (%TB), following the disposed on Table 1, in the properties of the particleboards. A
represents the highest mean value and B the second highest mean value; equal letters represent means that
were statistically equivalents.

From Figure 3 it can be observed that density and TS24 weren't affect as much as TS2 by the percentage of
wood from the branches in its composition where the lowest value occurs when there is no wood from the
trunk. From Figure 4 where the mechanical properties were verified, only IB and FSH were significantly
affected by the variation of the composition, and the treatment with no wood from the branches (T4)
performed better.

It is interesting to notice that the properties of the particleboards made entirely of wood from the branches
(T1) have a smaller variance than the opposite case (T4), which indicates that there is more statistical
stability in the properties when working with particles from the branches, meaning that their results are more
predictable, containing fragile material, with green wood, weakening the particleboard.

Table 4 shows the requirements of the national standard NBR 14810 (ABNT, 2018) and the normative
documents from other countries such as A 208.1 (AMERICAN..., 2009), EN 312 (EUROPEAN..., 2003)
and CS 236 (COMMERCIAL..., 1968). Table 5 shows the results of similar studies.

From the comparison between Table 3 and Table 4 it is possible to notice that MOR and IB values obtained
in this study were high above the threshold established by the referenced normative documents, but the other
properties had values that fluctuated close to the threshold. This means that not all the particleboards
produced fit the requirements, but it also indicates that it is possible to refine the production process to
improve the final product and try to make it comply with at least one of the standards.

Since there were no previous studies regarding the production of particleboards with mahogany wood
residues, the results of this study were put side by side with those of similar researches that used wood from
branches or industrial timber residue to produce particleboards, disposed on Table 5.

Figure 3 - Mean values and variance coefficients of physical properties
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Figure 4 - Mean values and variance coefficients of mechanical properties
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Table 4 - Main properties listed in the normative requirements
Standard MOE | MOR IB TS24 | FSH | ESH
(MPa) | (MPa) | MPa) | (%) | (N @ (N)
NBR 14810* (ABNT, 2018) 1800 11 0.4 18 - -
A 208.1** (AMERICAN..., 2009) 1725 11 0.4 - - -
EN 312* (EUROPEAN..., 2003) 1800 13 0.4 18 - -
CS 236*** (COMMERCIAL..., 1968) 1750 12.6 0.4 - 1020 | 725

Note: *values corresponding to P2 grade; **values corresponding to M-1 grade; and ***values corresponding to 2B1 grade.

Table 5 - Results of literature studies

Study Density | MOE | MOR IB TS24

(g/em®) | (MPa) | (MPa) | (MPa) | (%)

Sam-Brew and Smith (2017) 0.66 3290 18.24 1.10 | 16.67
Sugahara et al. (2019) 0.88 3020 31.00 2.52 -

Yano et al. (2020) 0.71 2034 7.40 1.00 | 24.27

Silva et al. (2021) 0.89 1395 15.50 1.02 | 17.79
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The studies of Sam-Brew and Smith (2017) using flax shive and polymeric diphenil methane diisocyanite at
5% of flax shive mass particles, Sugahara et al. (2019), using industrial timber residue from Eucalyptus
(60%) and sugarcane bagasse (40%) and castor oil based bicomponent polyurethane resin (10% of wood
mass particles), Yano et al. (2020), using tropical hardwood industrial residues (50%), sugarcane bagasse
(50%) and castor oil based bicomponent polyurethane resin (10% of wood mass particles) and Silva et al.
(2021), using barks and branches of Eucalyptus (50%) and sugarcane bagasse (50%) and castor oil based
bicomponent polyurethane resin (10% of wood mass particles) showed values close to the obtained in this
research, with some particleboards results being classified for structural and non-structural use according
Brazilian Standard (ABNT, 2018) and American Standard (AMERICAN..., 2009).

The results in the present research indicates the use of particleboards made of mahogany branches and trunks
for non-structural purpose, such acoustic absorption and thermal insulation on buildings, being an alternative
for reuse of such waste on sawmill industries.

Conclusions

The main conclusion derived from the experiment was the feasibility of particleboard production using
mahogany wood residues as base material, and that the presence of wood from the branches in the
composition of the boards does not affect significantly most of the properties observed, which means that the
sawmill residues and the branches prevenient of the pruning process can be used together as a compound in
particleboard production.
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