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Abstract: This study aimed to evaluate the effect of mixing Acwcarpus fraxinifolins particles with Pinus oocarpa particles for the
production of medium-density particleboard (MDP). The three-layer MDPs (20/60/20) were produced at five different levels of
Acrocarpus fraxinifolius particle content (0, 25, 50, 75, and 100%) in association with Pinus wood. The adhesive urea-formaldehyde
was applied in amount 11% in the faces and 7% in the core, based on the dry mass of particles. The mixture of particles and
adhesive was placed in molds (50 x 50 x 1.5 cm) and hot-pressed under a pressure of 3.92 MPa and 160 °C of temperature for 8
minutes. Properties of panels such as density, modulus of rupture (MOR), modulus of elasticity (MOE), internal bond (IB), water
absorption (2 and 24h), and thickness swelling (2 and 24h) were evaluated. There were no statistical differences between the
densities of the particleboards. The contents 25 to 100% of Acrocarpus fraxinifolins obtained improvement in mechanical properties.
The MDP 100% Acrocarpus showed potential for some higher value uses, such as in dump environments. However, until more
testing is done, these panels are only recommended for dry-use applications. Using Acrocarpus fraxinifolins in combination with Pinus
wood, or even using only Acrocarpus fraxinifolius wood is suitable for the production of MDP.
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1. Introduction

In recent years, there was an increase in
competition among different industries with the
growing demand for wood [1]. As a raw material,
the industries of particulate panels use planted
forests wood, especially the genre Pinus and
Eucahptus. However, with advances in forest
science, some species regarded as unconventional
have been studied in order to also meet this demand
in the forest products market [2], once the

technology and territory available allow the use of
large fast-growing species plantations.

of possible potential non-
conventional species could offer high-quality raw
material to the final product and also mean an
incentive to introduce these species in large areas of
planted forests, increasing the diversification of raw
materials in industrial processes. In the literature, it
can be found some species with characteristics
similar to species already used for the production of
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wood panels, especially mentioned by the rapid
growth and specific density [3,4]. Among these, the
Acrocarpus fraxinifolins species is gaining notoriety in
the academic world, mainly due to its recognized
advantages in  agroforestry  systems, land
reclamation, regeneration capacity with high
productive activity, and wood quality [5-7]. High-
quality Acrocarpus  fraxinifolius wood should be
allocated preferentially for the production of
decorative veneers and other value-added uses.
However, mechanical wood processing generates
considerable quantities of waste, which can be used
for the production of reconstituted particle-based
wood panels [8]. To enable the use of wood species
with higher density in literature, some authors
suggest the mixture of species with higher and lower

2. Materials and Methods

Six trees of Acrocarpus fraxinifolins (20 years old)
and six Pinus oocarpa (25 years old) were selected and
harvested from an experimental area in the campus
of the Federal University of Lavras (UFLA), the
southern region of the State of Minas Gerais, Brazil,
with the geographic coordinates 21°13'21" S and
44°5826" W and approximate altitude 907 m. The
basic density of pinus wood and _Acrocarpus
fraxinifolius wood were determined according to the

methodology described in NBR 11941 [24]
standard.
2.1. Obtaining and processing of

lignocellulosic particles.

Pinus oocarpa and Acrocarpus fraxinifolins logs
were sectioned in small logs with length 55 cm,
being postetiotly steamed at 60°C for 24 hours, and
2.0 mm thick rotary cut veneers were obtained from
the steamed logs. The veneers were transformed
into particles by a hammer-mill containing a sieve
(opening 2 mm).

For each species, the particulates materials
were sepatately sieved through a combination of
three superposed sieves with the following opening:
1 mm (top), 0.5 mm (middle), and 0.25 mm
(bottom), in order to remove the fine content (lower
than 0.25 mm). Particles retained between the sieves
with opening 1 mm and 0.5 mm were used in the
core of the MDPs, while the particles retained
between the sieves of 0.50 mm and 0.25 mm were
used in the faces. All the particles were dried at 70°
C until they reach 3% moisture (dry basis) and
packed in polyethylene bags until the production of
the MDPs.

density to improve the bonding process and panel
formation. Also, mixing different species, clones, or
even agricultural wastes is common in panel
industries, aiming to improve the quality of the
panels and expand the supply of raw material [9 —
22].

Some early studies with the _Acrocarpus
[fraxinifolius  species  for the production of
conventional particleboard have great potential [23].
However, more studies are needed, evaluating
medium density particleboard (MDP) panels, in
order to obtain more consistent results with current
products of industries. In this context, this study
aimed to evaluate the effect of Acrocarpus fraxinifolins
particles in association with Piuus particles for the
production of MDP panels.

2.2. Production of the MDPs.

Fifteen panels were produced, corresponding
to the five treatments which evaluated the different
petcentages of Acrocarpus fraxinifolius particles (0, 25,
50, 75, and 100%) in the MDPs in combination with
Pinus particles. The panels were produced with a
nominal density of 700 kg.m and distribution of
the layers 20/60/20 (face/core/face). The adhesive
urea-formaldehyde (solid content 57%, viscosity
261.4 cP and pH 9.5) was separately applied in the
particles of the core and the faces of each panel,
being used 11% of adhesive in the faces and 7% in
the core. The adhesive was applied to the particles
by spraying in the rotary drum. After gluing, the
particles were deposited in a mold box (480 x 480
mm), layer by layer, for manual pre-pressing with
press 0.4 MPa. Subsequently, the mixture of
adhesive and particles was forwarded to a hot press
for 8 min at 160° C and pressure 3.94 MPa. The
panels were conditioned at a temperature of 20£2°
C and relative humidity of 65+5% in a climatized
room for 15 days.

2.3. Characterization of the MDPs and
statistical analysis.

The samples for physical and mechanical tests
were obtained using a circular saw. Apparent
Density (AP), water absorption after 2 and 24 h of
immersion (WA2h and WA24h), thickness swelling
after 2 and 24 h immersion (TS2h and TS24h) and
internal bond (IB) were determined according to the
described in ASTM D1037 [25] standard. Modules
of rupture (MOR) and elasticity (MOE) were
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determined following the DIN 52362 [26] standard.
The compaction ratio was obtained through the
relation between the panel density and the density
of the composition material. The results were

3. Results and Discussion

3.1. Physical properties of MDPs.

The apparent density of the panels ranged
from 632 to 683 kg.m?3 (Table 1). Therefore all
panels produced showed medium density from 551
to 750 kg.m?3, according to NBR 148109 [27]
standard. There was no statistical difference
between the average apparent densities of the panels
of different treatments. The values found for the
basic density of Acrocarpus fraxinifolins wood and
Pinus wood were 520 and 410 kg.m3, respectively.
These may interfere
significantly with particleboard properties. The
compaction ratio ranged from 1.26 to 1.62 among
the different treatments. Only the treatments with
25, 50, and 75% Acrocarpus fraxinifolins particles were
within the acceptable range (1.3 to 1.6) by Maloney
[9]. However, the values were close. According to
the author, the minimal compaction ratio should be
close to 1.3 to ensure adequate contact area between
the particles, resulting in suitable
densification for the panel consolidation.

basic  density values

minimum

Table 1. Average apparent density and compaction

analyzed by analysis of variance and regression
analysis, both at 5% significance level, in order to
investigate the effect of _Acvcarpus fraxinifolins
particle addition on the properties of the MDPs.

of wood available for binding with water, as seen for
WA of this study. However, in the woods with
higher densities, the cell wall is thicker, resulting in
lower-dimensional stability [28], due to the higher
wall fraction to absorb water, as observed in this

study for the TS.
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Figure. 1. Water absorption after 2h and 24h of
immersion at different levels of Acrocarpus fraxinifolius
particle content.

**Significant P-value at 1% significance level.
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sApparent density of MDP panels does not differ
statistically by the analysis of variance at 5% significance.

*Standard deviation.

The analysis of variance and polynomial
regression showed a significant difference between
the properties of water absorption and thickness
swelling both after 2 and 24 hours of immersion in
water for different panels (Figures 1 and 2).

In general, with the addition of _Acvcarpus
fraxinifolius particles in the composition of MDP
panels, there was a decrease in WA; however, the
has TS increased. With the decrease of the
compaction ratio, typically occurs an improvement
in physical properties due to the lower specific area

Acrocarpus fraxinifolius (%)

Figure 2. Thickness swelling after 2h and 24h of
immersion at different levels of Acrocarpus fraxinifolins
particle content.
**Significant P-value at 1% significance level.

Bufalino et al. [3], studying particleboard
composed by different percentages of Toona ciliata
in the panels (50 and 100%) in association with
pinus wood and eucalyptus wood, observed the
same trend for TS obtained in this research.
According to Gatchell et al. [29], the trend may be
due to a smaller surface area of wood in the same
unit volume which results in reduced contact points
between particles, increasing the thickness swelling.
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Another aspect that may have negatively
impacted the TS is the chemical composition

(10.6% extractive, 20.1% lignin and 69.3%
holocellulose)  of  Acrocarpus  fraxinifolius |30,
compared to chemical composition (5.2%

extractive, 28.3% lignin, and 66.2% holocellulose)
of Pinus oocarpa (SCATOLINO et al.,, 2013). Thus,
beyond the higher basic density of the wood of
Acrocarpus - fraxinifolins, the amount of lignin is
significantly lower than the Pinus. Lignin serves as a
binder, increasing the rigidity of the particles,
assisting in the particle-adhesive interface, and
increasing the dimensional stability of wood panels
[31]. The increasing of _Acrocarpus fraxinifolius
amount in the composition of MDP panels
worsened the thickness swelling; however, none of
the treatments in the study obtained the thickness
swelling lower than 14% after 24 hours of
immersion in water, so the utilization of these
materials is restricted to indoor environments
(including securities) according to EN 312 [32].

3.2. Mechanical properties of MDP panels.

The polynomial regression obtained for MOR,
MOE, and IB properties was significant and
showed an increase in the values of mechanical
properties with the increase of Acrocarpus fraxinifolins
particles in the MDP panels (Figures 3-5).

204

MOR = 0.051359x+8 328952 R*=066™
16 4

Modulus of rupture (MPa)
-

[') :“5 523 ?Iﬁ \(I]D
\crocarpus fraxinifolius (%)
Figure 3. Modulus of rupture at different levels of
Acrocarpus fraxinifolins particle content.
**Significant P-value at 1% significance level.

There was significant variation for the properties
MOR, MOE and IB. The MOR and MOE
properties showed a positive linear trend as that
increased the percentage of particles _Acrocarpus
fraxanifolius.  Panels produced with up to 50%
hardwood did not vary with the Pinus particles.
From 75% of the composition with particles of
Acrocarpus fraxinifolins, a significant increase in 1B
property was observed.

MOE = 5.61265x+1128 528857 R*=069"

Modulus of elasticity (MPa)

0= T T T T
0 25 50 75 100
Acrocarpus fraxinifolius (%)

Figure 4. Modulus of elasticity at different levels of
Acrocarpus fraxinifolins particles content
**Significant P-value at 1% significance level.
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Figure 5. Internal bonding at different levels of
Acrocarpus fraxinifolins particles content

“Significant P-value at 1% significance level.

The significant increase for MOR and MOE in
MDP panels with the increase in hardwood particles
can be explained by the wood Acrocarpus fraxinifolins
have higher density than the Pinus, thus higher
mechanical strength. Evaluating the compaction
ratio (see table 1), the panels with greater amounts
of Acrocarpus fraxinifolins particles have a smaller
surface area (particle number), receiving a greater
amount of adhesive per unit area, improving
adhesion and, therefore the mechanical resistance
of the panels [31].

The trend observed for IB property also can be
explained by the amount of adhesive per particle,
where the panels with lower compaction ratios are
favored with more adhesive per unit area. Another
important aspect is that the wood of Acrocarpus
[fraxinifolius has a pH close to 5.14, while the Pinus
wood has a pH close to 4.56 [2]. It is also known
that formaldehyde urea is polymerized in an acid
medium pH (3 - 3.5), then the panels with higher
concentrations of Pinus particles may have been
premature curing, damaging the mechanical
properties [23].

Similar results to those found in this study were
observed by Trianoski et al. [2], which evaluated the
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effect of different bark percentages in particleboard
produced with particles of _Acrocarpus sp. The
authors found MOR values, MOE and IB 13.09,
1861.25, and 1.12 MPa, respectively, for panels
produced with 100% of particles of Acrocarpus sp.
Only panels composed of 100% of particles
Acrocarpus did not reach the minimum required by

4. Conclusions

The use of Acrocarpus fraxinifolins particles
in MDP panels has decrease WA24h and
increased TS24h. Therefore, changes in the
laboratory production process can improve this
property for all the treatments. Panels with
higher amounts of _Acocarpus obtained a
significant  improvement in  mechanical
properties, indicating the feasibility of this raw
material in the production of MDP panels.
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