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Use of Sugarcane Bagasse and Industrial Timber
Residue in Particleboard Production
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Use of lignocellulosic materials in particleboard has turned into an
alternative for the reuse of such materials, which are abundant and may
have precarious disposal techniques. The present study fabricated
particleboards using industrial sawmill waste from tropical hardwoods (a
mix of species) and sugarcane bagasse with castor oil-based bicomponent
polyurethane resin and evaluated the influence of the incorporation of
sugarcane bagasse (0, 10, 20, 30, 40, and 50%) on the physical and
mechanical properties of the composites. The particleboards were
produced according to the Brazilian Standard ABNT NBR 14810 (2018),
and performance requirements were assessed using Brazilian and
international standards. Some of the particleboards met standardized
requirements, with Treatment 5 (50% sawdust and 50% bagasse) showing
better performance, indicating the possibility for use indoors in dry
conditions. The addition of sugarcane bagasse increased dimensional
stability of particleboards when compared with panels manufactured with
timber residue. Statistical analysis indicated the percentage of bagasse
was significant, increasing physical and mechanical properties when
compared with the reference treatment.
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INTRODUCTION

The utilization of wood engineered products, such as medium-density particleboard
(MDP), medium-density fiberboard (MDF), and oriented strand board (OSB), has
increased as an alternative to timber use in structures, manufactured products, furniture,
and other items (Hiziroglu et al. 2008; Souza et al. 2014; Zhou and Pizzi 2014; Fink et al.
2018; Ribeiro et al. 2019). It is possible to highlight particleboards (PB) among wood
products that use processed wood and resin under conditions of elevated temperature and
pressure (Silva et al. 2015; Nascimento et al. 2016; Ihnéat et al. 2017; Lima et al. 2018).

To make particleboard manufacturing greener, an alternative is to incorporate
lignocellulosic waste in particleboards (Hazrati-Behnagh et al. 2016; Akgul et al. 2017;
Fiorelli et al. 2019; Ribeiro et al. 2019), such as corn cob (Paiva et al. 2012), flax and hemp
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(Sam-Brew and Smith 2017), poppy husks (Khazaeian et al. 2015; Kusumah et al. 2017),
bamboo (Melo et al. 2014; Valarelli et al. 2014), and sugarcane bagasse (Hazrati-Behnagh
et al. 2016; Oliveira et al. 2016; Fiorelli et al. 2018; Sugahara et al. 2019).

Brazil has a large sugarcane production, with around 620 million tons annually
(CONAB 2019). After sugarcane is manufactured for sugar and ethanol, a huge amount of
bagasse is produced, with a major part being used to produce energy by burning the waste
(Industria Brasileira de Arvores (IBA) 2017). This process releases greenhouse gases into
the atmosphere. A cleaner alternative to reuse such waste could be its use in wood panels.

Additionally, Brazil owns the largest vegetal cover on the world, with 494 million
hectares on its mainland (Steege et al. 2016; Beech et al. 2017). With a large forest cover,
wood is used to manufacture furniture, sports equipment, and structural members
(Christoforo et al. 2017). In wood manufacture, tree bark and branches are cut from trees
to obtain timber and lumber while also producing a considerable amount of wood waste in
sawmills, which is not used in industrial processes (Hofsetz and Silva 2012). Such waste
has impurities, demanding classification to be used in panel production.

In particleboard production, resin is an important component due its influence on
physical and mechanical properties of the final wood product, including grammage and
chemical composition. Commercial resins, such as urea-formaldehyde and phenol-
formaldehyde, release formalin gas during fabrication processes, which is toxic to
humankind (Pan et al. 2007; Muttil et al. 2014; Kusumah et al. 2017). A natural and
sustainable alternative is the use of a castor oil bicomponent polyurethane resin (PU),
which uses oil from ecological sources (Ferro et al. 2015; Fiorelli et al. 2018; Bertolini et
al. 2019a; Sugahara et al. 2019).

Use of particleboards for thermal and acoustical insulation has gained popularity
due to their porosity. The presence of air in internal voids provides high thermal resistance
and great acoustic absorption, providing environmental comfort for users (Bertolini et al.
2019Db).

The present research aimed to evaluate some physical and mechanical properties of
particleboards manufactured with wood waste (a mix of species) collected from industrial
sawmills, sugarcane bagasse, and castor oil-based bicomponent polyurethane resin, making
it possible to verify the application potential of these materials based on the standard
requirements.

EXPERIMENTAL

Materials

The particleboards were made from industrial sawmill waste from Cariniana
micrantha (Tauari), Goupia glabra (Cupiuba), Vochysia guianensis (Cambara), Tabebuia
Alba (Ipé), and Apuleialei ocarpa (Garapa) wood species with moisture content of 11%,
and sugarcane bagasse, which was collected from sugar and alcohol plants from the region
of S&o Jose do Rio Preto, Sdo Paulo, Brazil. The value of moisture content is close to what
is disclosed in the literature for Pinus and Eucalyptus particles and PU resin (Varanda et
al. 2013; Shirosaki et al. 2018). Moreover, this moisture value does not demand any further
drying process, saving energy in the manufacture process. The bagasse was dried in a
greenhouse for 72 h at 60 + 2 °C, until a moisture content of 8% was reached. The resin
used was the castor oil-based bicomponent polyurethane resin with polyol (1.2 g/cm3)
made from castor oil and polyfunctional isocyanate (1.24 g/cm3) ina 1:1 proportion (polyol
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and isocyanate) (Ferro et al. 2015). The adhesive proportion utilized to manufacture panels
was 10% wood particles mass (Sugahara et al. 2019).

Methods

The pretreatment of industrial sawmill consists of sifting the timber sawdust to
separate it from various residual impurities that are not sawdust, such nails, screws, bolts,
and rocks (Fig. 1a). This selection was made using a sieve set with meshes of 12.5, 9.52,
6.36, 4.36, and 2.36 mm (Fig. 1b). Sugarcane bagasse was crushed to reach 2-mm to 4-mm
granulometry. Table 1 presents the treatments to evaluate the influence of sawdust and
bagasse on the physical and mechanical properties of the particleboards.

Table 1. Treatments for Particleboards

Tr Sawdust (%) Bagasse (%) Total Mass (Q)
Ref. 100 0 1280

1 90 10 1280

2 80 20 1280

3 70 30 1280

4 60 40 1280

5 50 50 1280

(b)

Fig. 1. Objects separated on sawdust sift (a); Sieve set with vibratory device (b)

After the first sifting of the sawdust, the granulometric composition was analyzed,
determining the fineness module for the mixture with industrial waste and bagasse using
sieves 6.30, 4.76, 2.38, 1.19, 0.595, 0.297, 0.149, and 0.075 mm to evaluate how the
mixture behaves, particle size distribution, and the number of fines in the mixture.

Polyurethane resin was mechanically homogenized with wood particles and
sugarcane bagasse, and the mixture was then taken to mold the particle mattress to a pre-
pressing of 0.015 MPa pressure. Then, the panels underwent a hot pressing (Model PHH
80T; Capacity 80 t, PHS, Araraquara, Brazil) of 3.12 MPa at 100 °C for 3 min followed by
pressure relief for 30 s aiming towards gas elimination to avoid bubble formation on panels
and a final 7 min at last on pressure (Sugahara et al. 2019).

For each treatment, five panels were produced with nominal dimensions 40 cm x
40 cm x 1 cm (1600 cm3). After particle selection and consideration of heterogeneity, each
treatment was evaluated by considering the moisture content (MC) of sawdust and bagasse
and the final mixture used on each treatment, as displayed in Table 2. Mixture moisture
contents were evaluated by measuring the initial mass, then taking this mixture to oven at
103 + 2 °C for 10 h until the difference of mass are equal to zero. Then, the final mass of
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the mixture was compared to the initial mass of mixture before oven drying. The difference
of mass is the moisture content, displayed on Table 2.

Table 2. Moisture Content for Each Proposed Treatment

Tr Total Mass (g) | Mixture Moisture Content (%)
Ref. (0) 1280 11.32

1 1280 8.66

2 1280 7.85

3 1280 6.89

4 1280 6.38

5 1280 6.56

Observing Table 2, sawmill residue and bagasse exchanged humidity, influencing
the moisture content of the mixture. Considering these values, the use of castor oil-based
polyurethane resin is acceptable, and this adhesive admits moisture content on the particle
mixture ranging between 5% and 12% (Bertolini et al. 2014).

From each treatment, five specimens were extracted to evaluate mechanical
properties (strength modulus and modulus of elasticity) on static bending test and five
specimens were selected for internal bond (tension perpendicular to the faces). Physical
properties were also determined: apparent density, thickness swelling (2 h and 24 h), and
water absorption (2 h and 24 h) using five specimens. All properties were determined
following the Brazilian Standard ABNT NBR 14810 (2018).

To investigate the influence of the factors and the interaction between them on
physical and mechanical properties, an analysis of variance (ANOVA), at a level of 5% of
significance, was performed aided by the software Minitab® (Minitab, version 17, State
College, PA, USA).

For ANOVA validation (o = 5%) and Tukey’s test (a = 5%), the normality and
homogeneity of the residual distribution were evaluated using the Anderson-Darling test
and F test, respectively. For test formulation, a P-value equal or higher than 0.05 implies
the variances between treatments are homogeneous, which validates the ANOVA model.
From the Tukey test, ‘A’ denotes the treatment associated with the highest mean value, ‘B’
the second highest mean value, and so on, and equal letters imply treatments with
statistically equivalent means.

RESULTS AND DISCUSSION

Table 3 presents the results on granulometric composition according to each
treatment.

According to Table 3, fineness module decreased with the increment of bagasse in
the mixture, improving the particle amount between 2 mm and 4 mm (Sugahara et al.
2019).

Tables 4 [water absorption (WA), thickness swelling (TS), apparent density (AD)]
and 5 [strength modulus (MOR), modulus of elasticity (MOE), internal bond (1B)] present
the mean values, coefficient of variation (CV), and the result of the Tukey test considering
the percentage of sugarcane incorporation.
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Table 3. Resume of Granulometric Composition of Each Treatment

TO T1 T2 T3 T5
. Ma - Ma - Ma - Ma - Ma - Ma -
Sieve (MM) | 500109 | 502.10g | 494.00g | 503.25g | 505.20g | 521.60g
MRA (g) MRA (g) MRA (g) MRA (g) MRA (g) MRA (g)
6.300 0.000 0.000 0.000 0.000 0.000 0.000
4.760 0.500 3.750 2.450 2.650 3.400 6.950
2.380 349.3 304.35 301.50 224.64 196.10 167.15
1.190 102.3 119.05 96.75 104.20 94.65 96.10
0.595 37.50 37.50 41.15 50.45 66.70 73.60
0.297 7.400 22.85 37.15 54.80 70.80 94.40
0.149 0.500 7.400 11.25 42.80 46.05 53.30
0.075 1.900 7.200 3.750 23.70 27.50 30.10
Fineness
Module 4.6 4.4 4.3 3.7 3.3
Ma — mixture apparent mass; MRA - retained and accumulated mass
Table 4. Results of Physical Properties
WA 2 h (%) WA 24 h (%) TS 2h (%) TS 24 h (%) AD (g/cm?)
Tr (Tukey) (Tukey) (Tukey) (Tukey) (Tukey)
(V) (V) (V) (%) (V)
Ref 27.51 (A) 26.92 (A) 28.83 (A) 24.27 (A) 0.76 (A)
' (35.78%) (33.98%) (28.91%) (25.64%) (15.97%)
1 25.73 (A) 25.24 (A) 25.38 (A) 17.06 (A) 0.79 (A)
(33.28%) (32.15%) (27.36%) (14.61%) (13.78%)
) 24.36 (B) 24.11 (B) 23.12 (B) 18.46 (B) 0.82 (B)
(29.86%) (28.97%) (26.42%) (16.37%) (13.52%)
3 23.25 (B) 23.13 (B) 22.18 (B) 15.53 (B) 0.77 (B)
(27.81%) (26.97%) (24.48%) (16.49%) (11.93%)
4 23.12 (B) 22.85 (B) 21.53 (B) 17.93 (B) 0.79 (B)
(27.16%) (26.97%) (23.45%) (14.61%) (10.57%)
5 23.29 (B) 23.18 (B) 20.15 (B) 15.10 (B) 0.71 (B)
(26.96%) (26.58%) (23.53%) (16.42%) (9.37%)
Table 5. Results of Mechanical Properties
MOR (MPa) MOE (MPa) IB (MPa)
Tr (Tukey) (Tukey) (Tukey)
(V) () ()
Ref 7.40 (B) 1108 (B) 1.12 (B)
(5.68%) (35.15%) (25.39%)
1 8.57 (A) 1821 (A) 1.11 (B)
(4.38%) (32.54%) (23.38%)
) 9.13 (A) 1959 (A) 1.21 (A)
(3.58%) (31.56%) (22.55%)
3 11.44 (A) 1842 (A) 1.25 (A)
(2.35%) (29.41%) (20.89%)
4 9.29 (A) 1936 (A) 1.20 (A)
(1.13%) (28.36%) (19.38%)
c 11.09 (A) 2034 (A) 1.22 (A)
(0.43%) (27.38%) (19.23%)
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Observing the apparent density, the results ranged between 0.71 g/cm3 and 0.82
g/cm3, close to the values obtained by Oliveira et al. (2016) (0.62 g/cm?) using Pinus sp.
and Eucalyptus residues. Fiorelli et al. (2013) reached values between 0.88 g/cm3 and 0.95
g/cm3 using only sugarcane bagasse, which was higher than obtained by this research. All
these researches used castor oil-based PU resin.

Checking the physical properties (Table 4), it must be pointed out that the sugarcane
bagasse incorporation in panels significantly reduced the values of physical properties (WA
and TS) and their CV, indicating the combination of two residues brought dimensional
stability to the particleboards with the increase of bagasse proportion. In view of
mechanical properties (Table 5), the bagasse residue significantly increased the MOR,
MOE, and IB values and reduced their variability, providing a better performance in further
use.

The statistical analysis (Tukey test) demonstrated the good influence of use of
industrial timber sawdust on particleboard. Considering the results presented on Tables 4
and 5, most of treatments were classified on a different mean value when compared the
reference treatment, enhancing physical and mechanical properties of particleboards.

In the literature, there have been no studies using sugarcane bagasse and industrial
sawdust from tropical hardwood species and PU resin, making it impossible to directly
compare the results obtained in the present research. Also, it must be pointed out that this
is an exploratory study, which aimed to evaluate the performance of industrial timber
sawdust waste on particleboards. The increase of performance on particleboards with sawn
wood and sugarcane bagasse can be explained by the granulometry of sawdust, which
contains large number of fines. Further studies may focus on the behavior of fines on
physical and mechanical properties.

Table 6 presents the standard requisites used for MDP.

Table 6. Standard Requisites

Standard Thickness Apparent MOR MOE IB TS 24
(mm) Density (g/cm?3) (MPa) (MPa) | (MPa) | h (%)
NB('§011485)510 6-13 . 11 1800 | 035 | 22
ANS(; 9035’8'1 >0.8 16.5 2400 0.90 8
CS(1%)36%1)66 >0.8 16.8 2500 0.45 35

Considering the values presented in Table 6, Treatments 3 and 5 fully met the
requirements of Brazilian Standard ABNT NBR 14810 (2018). Considering the Standard
ANSI A 208.1 (2009) and CS 236:66 (1968), Treatments 1 and 2 only met AD and IB
requirements.

Evaluating physical and mechanical properties of Treatment 5 (T5) and other
treatments, it can be possible to affirm T5 is the best condition to produce particleboards
with sugarcane bagasse and industrial sawdust from tropical hardwoods according to the
results presented, demanding more studies to achieve the optimum proportion between
industrial waste and bagasse.

According to Brazilian Standard ABNT NBR 14810 (2018), T5 panels produced in
this research were classified as type P2, nonstructural panels for inner use on dry
conditions. Such conditions may enable their use as a wall coating to improve thermal and
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acoustic performance for buildings, being a greener alternative to the use of glass wool,
rock wool, and elastomeric foams, saving resources and reusing waste, demanding further
studies to evaluate this possibility.

CONCLUSIONS

1. Part of the particleboards made of industrial sawmill and sugarcane bagasse met the
standard requirements, with Treatment 5 being the best adjustment between the
residues to produce wood panels in this research.

2. The incorporation of bagasse promoted an improvement on properties of panels made
with timber residue and provided dimensional stability to the panels, reducing moisture
content.

3. Treatment 5 panels were classified as P2 type by the Brazilian Standard, a nonstructural
panel for indoor use in dry conditions, demonstrating the possibility of their use as
coating to improve thermal and acoustic performance for buildings.
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