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Abstract The construction industry is one of the sector that most consuming natural resources and use energy intensively,
generating significant environmental impacts and loads of waste. The use of alternative products such as Oriented Strand
Board (OSB) appears as a possibility to reduce such impacts and has gained more space in the building. The addition of waste
in the constituent matrix of these panels represents an alternative reuse of discards produced by society and economics of
wood in the production process of these composites. The objective of this study was to determine the appropriate production
process of these panels by evaluating mechanical properties. It was produced nine OSB panels with their constituent matrix
composed of 70% "strands" Pinus sp. and 30% of the Bioriented Polypropylene Particles (BOPP), each three of the panels
produced by a different method. In Method 1, the BOPP particles were uniformly mixed together with the wood strands. In
the Method 2, the strands were bonded first with 70% of resin and the subsequent inclusion of particles BOPP (together with
30% of remaining adhesive), and in the Method 3, the BOPP particles were used in the internal layer of the panel. The
performance of the panels was evaluated by the modulus of elasticity (MOE) and bending strength (MOR). According to EN
300 standard, the MOR presented by the panels produced by the Method 1 met the required values for OSB type 1, and
approximately to the OSB 2 and 3. Regarding the MOE, the mean value was much higher than required for OSB 1 and very
close to that required by the standard for OSB type 2 and 3. The better performance of Method 1 can be explained by the more
homogeneous distribution of BOPP between the wood particles, which provides greater adhesion between the particles.
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prominence in market for multiple uses, mainly structural. In
countries of North America, 51% of OSB applications occur
in residential buildings. The great employment of this panel
in housing in the United States and Europe is due to speed
and installation ease, besides a great energy saving compared
to conventional buildings [4, 5].

Primary advantage of OSB manufacture relative to
plywood is no high quality requirement of wood used as raw
material, can be availed forestry wastes from sawmills and
silvicultural thinning and pruning in their production [6-10].

Although particleboard industry is already consolidated
worldwide, new materials and production techniques have
been developed for new products generation. Numerous
alternatives related to environmental issues have been

1. Introduction

Because of Amazon forest certification areas in Brazil,
large sizes native trees meant to sawmill are becoming less
and less available in national market. Exotic species
commercial planting is a good option, being Brazil
international highlight in forest sector by presenting one of
the largest planted commercial forests areas in the world. But,
for reach that larger diameter, these planting trees require
larger life cycles and management suitable for good quality
wood, which implies higher production values [1-3].

Wood panel production is a good alternative to replace
sawn timber in various Brazilian industry sectors, as
furniture and construction industry. Among reconstituted

wood panels, Oriented Strand Board (OSB) has great
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highlighted in world economy today. Packaging waste
addition from products for human consumption in wood
panels production constitutes an important alternative for
these materials proper disposal and wood economy during
panels manufacturing. As potential inputs for panels
manufacture, we can mention film bi-oriented polypropylene
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(BOPP), type of plastic widely used in food industry which
does not have post-consumption recycling on a large scale in
our country [11, 12].

In last decade, several studies have been conducted with
aim of testing and to encourage recyclable materials use in
new materials manufacture (sustainable materials), as waste
use originating in agriculture proposed by Soltani et al. [13],
Baharami et al. [14], and Baharami et al. [15]. Related to
association of plastic and lignocellulosic material on panels
production, we can cite the research’s developed by
Kamdem et al. [16], Maciel et al. [17], Adhikary et al. [18],
Ashori and Nourbakhsh [19], Santos ef al. [20] and Almeida
et al. [21]. However, no work using BOPP in particleboards
manufacture or any other plastic type added to OSB matrix
constituent has been found in the literature.

This research aimed to determine the best production
method, of three, for hybrid OSB with constituent matrix of
Pinus sp. and particles from packaging BOPP through
statistical evaluation of modulus of elastic and modulus of
rupture of the same.

2. Material and Methods

The method applied in this research was invented and
developed in Wood and Timber Structures Laboratory
(LaMEM), Structural Engineering Department (SET),
Engineering School of Sdo Carlos (EESC), University of Sdo
Paulo (USP).

In panels producing was used Pinus sp., castor oil based
polyurethane resin (PU) and polypropylene bi-oriented
(BOPP) particles. Panels were produced with three layers
and constituent matrix composed by 70% "strands" Pinus sp.
and 30% of BOPP particles. Pinus sp. wood species was
chosen due to its good interaction with BOPP noted in
preliminary tests and by fact that all national OSB
production be performed with this wood species.

During production process was used 15% castor oil based
polyurethane resin, based on 1400g in mattress panel
constituent particles dry weight. Temperature of 150°C, 4.5
MPa and 10 minutes of pressing determined in preliminary
tests were used.

Wood and packaging BOPP particles were generated with
help of particle generator and knife mill, respectively. Wood
particles thicknesses had between 0.50 and 0.90 mm and
BOPP particles dimensions between 0.60 and 5.5 mm
(Figure 1).

In Method 1, wood and BOPP particles were glued at the
same time in a gluing set (Figure 2). After resin was sprayed
by spray guns, particles were destined for panel mattress
assembly with particles guiding. Panel outer layers were
oriented in same direction, getting 20% of particle in each
one, while internal layer was oriented perpendicular to outer
layers, with 60% of particles. During mattress orientation,
fines originating from wood particles and most of BOPP
particles were in panel internal layer.
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(b)

Figure 1. Particle of wood (a) and BOPP (b), respectively, generated in
the production of the panels

Figure 2. Particles mixed together in bonder set

Method 2 is characterized by wood particles gluing with a
resin percentage of 70% in gluing set (Figure 3a). The other
30% of resin were used in BOPP particles gluing in a smaller
gluing set with shovel (Figure 3b). After complete gluing
process, panel was assembled, being glued BOPP particles
distributed together with glued wood particle, which were
oriented in the same direction for both outer layers.

Panel production by Method 3 is similar to the previous
method, difference is way that was composed panel internal
layer. From glued wood particles are formed oriented panel
outer layers with 35% of wood on each one. Glued BOPP
particles were used only in panel internal layer formation
(30%) (Figure 4).

Static bending testings were performed to determine
modulus of elasticity and modulus of rupture and compared
with values provided by EN 300 [22] code.

From 9 panels produced, 3 for each one of methods
proposed, 6 specimens were made for Static bending testing,
and 2 specimens for each panel apparent density
determination (Figure 5).
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Figure 3. Particles glued separately: wood particles wood (a) and BOPP
particles (b)

©

Figure 5. Specimens for Static bending testing’s, panels produced by
Methods 1 (a), 2 (b) and 3 (c), respectively

3. Results and Discussions

Table 1 shows mean values (X ) and variation coefficients
(Cv) for modulus of elasticity (MOE), modulus of rupture
(MOR) and apparent density (p) from each panels
manufactured according to three Methods proposed.

Figure 4. Panel produced with plastic central layer Table 1. Mean results and variation coefficients of panels produced
according to three Methods proposed

MOE (MPa) MOR (MPa)  p (g/cm’)

Methods _ _ _
X Cv X Cv X Cv
1 3168 12% 1948 13% 088 6%
2 2109  16% 1243 23% 086 3%
3 797  25% 1041 17% 085 5%

ANOVA results and their validation (normal distributions
and variances homogeneity among treatments per response)
for MOR, MOE and p according to manufacturing Methods
are presented in Table 2.
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Table 2. ANOVA results for MOE, MOR and p relative to panels
manufacturing Method
ANOVA validation P-value
Response
AD Bt Le (ANOVA)
MOE 0.526 0.392 0.421 0.000
MOR 0.381 0.183 0.196 0.000
p 0.763 0.318 0.276 0.173

Normality tests and homogeneity P-values between
variances were superior than 0.05 (Table 2), validating
ANOVA model, and ANOVA P-values for MOR and MOE
accused significance of manufacturing Method, this did not
occur with apparent density, which showed equivalent
values independent of Method used.

Table 3 shows Tukey's test (grouping) results for MOE
and MOR of panels manufactured. Letter A indicates group
with highest mean, B indicates with second, and so on, and
equal letters imply in treatments with equivalent means.

Table 3. Tukey test results for MOE and MOR of panels manufactured
according to three Methods proposed

Methods MOE MOR
1 A A
2 B B
3 C B

Results show that panels produced by Method 1
performed better, when compared MOE and MOR.
According to EN 300 [22] code, Panel from Method 1,
regarding MOR, was classified as OSB type 1 and, however,
values was close to OSB 2 and 3. Relative to MOE, mean
value was much higher than required for OSB 1, and very
close to required by code for OSB type 2 and 3.

[23] produced OSB with Pinus wood of six different
species with an apparent density varying from 0.76 to 0.83
g/cm®, compatible with values found for hybrids OSB
produced in this research, and variation coefficient ranging
from 5.51 to 10.47%. Modulus of elasticity and modulus of
rupture values were much higher than those presented by
hybrids panels produced with Pinus sp. and BOPP. MOE and
MOR interval presented by this authors was 4031.31 to
4800.74 MPa and 38.44 to 49.11 MPa, respectively.

4. Conclusions

- Panels manufactured had apparent density of 0.8 g/cm?;

- Panels produced by Method 1 showed MOR and MOE of
3168 MPa and 19.48, respectively;

- Panels produced by Method 2 showed MOE and MOR of
2109 and 12.43 MPa, respectively;

- Panels produced by Method 3 showed MOE and MOR of
797 MPa and 10.41, respectively;

- P-values from ANOVA accused significance by
production Method only for modulus of elasticity and
modulus of rupture;
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- According EN 300 [19] code, panels from Method 1
presented MOR values of OSB type 1, and MOE values
much higher than required for OSB 1.

Panels produced by Method 1 performed better, regarding
MOE and MOR. The better performance of this method can
be explained by the more homogeneous BOPP distribution
among wood particles, which indicates better particles
adhesion. Panels from Methods 2 and 3 had large BOPP
concentrations in certain parts of panels. Since temperature
used may not have been enough to melt plastic, these
concentrations can have generated low particles adhesion
within panel, which could have affected mechanical
properties tested.
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