
*e-mail: rivascefetma@gmail.com

Particleboard Manufactured from Tauari (Couratari oblongifolia)  
Wood Waste Using Castor Oil Based Polyurethane Resin

Washington Luis França Santosa,b, Antônio Jorge Parga da Silvac,  

Aluísio A. Cabrala,d, José Manuel Rivas Mercurya,e*

aPostgraduate Program in Materials Engineering – PPGEM, Federal Institute of Education,  
Science and Technology of Maranhão – IFMA, Av. Getúlio Vargas, 04, Monte Castelo,  

CEP 65030-005, São Luis, MA, Brazil 
bDepartment of Design – DDE, Federal Institute of Education,  

Science and Technology of Maranhão – IFMA, São Luis, MA, Brazil 
cDepartment of Civil Construction – DCC, Federal Institute of Education,  

Science and Technology of Maranhão – IFMA, São Luis, MA, Brazil 
dDepartment of Physics – DEFIS, Federal Institute of Education,  

Science and Technology of Maranhão – IFMA, São Luis, MA, Brazil 
eDepartment of Chemistry – DAQ, Federal Institute of Education,  

Science and Technology of Maranhão – IFMA, São Luis, MA, Brazil

Received: July, 23 2013; Revised: January 16, 2014

Several wood species from the Amazon region are used in the manufacture of furniture, which 
leaves behind large amounts of waste (slabs, sawdust, sanding dust and bark), thus causing serious 
environmental impacts. An interesting alternative for the use of these wastes is the manufacture of 
particleboards. However, few studies have focused on the behavior of Amazonian tree species and 
the wastes resulting from production with this type of material. This paper discusses the potential use 
of Tauari (Couratari oblongifolia) wood waste as a raw material for the production of particleboards, 
using castor oil-based bi-component polyurethane adhesive. Experimental boards were prepared with 
dry wood particles and a castor-oil polyurethane adhesive content of 16%. The boards, whose nominal 
density was 1000 kg⋅m–3, were subjected to uniaxial compression (5 MPa) at 90, 110 and 130°C for ten 
minutes. The particleboards were characterized by performing the following tests: Apparent density 
(DAP), Moisture (M), Water Absorption (WA), Thickness Swelling (TS), Static bending strength: MOR 
(Modulus of rupture) and MOE (Modulus of elasticity), Perpendicular Tensile Strength (IB – internal 
bonding) and Screw Pullout (SP), according to the Brazilian NBR 14.810:2006 standard. The results 
indicate that, regardless of the processing temperature, the average density of Tauari particleboard is 
930 to 941 kg⋅m–3, with higher IB and TS than those specified by the NBR 14810-2 and ANSI A208.1 
standards, enabling this product to be classified as high-density particleboard suitable for industrial 
and commercial use.
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1. Introduction
Community forest management is a sustainable practice 

that involves the rational exploitation of forest resources 
for the preservation of forests and ecosystems. The use 
of management as a tool for conservation has increased 
considerably in recent years in Amazonia1. This practice 
currently focuses on the reduction of logging, which is 
encouraged by NGOs and local governments through 
incentives and subsidies1. Selective logging and slash-and-
burn deforestation cause drastic environmental impacts, 
particularly the reduction of exploited species, affecting the 
natural regeneration of trees2,3.

An alternative that can contribute to reduce wasteful 
deforestation is to use the wastes (leaves, branches, twigs, 

chips, bark, sawdust or wood shavings) for the manufacture 
of composite materials called particleboards4-7 as a way to 
reduce costs and increase revenue in rural settlements8, 
since these wastes represent 50.7% of all log production9.

Tauari (Couratari oblongifolia) is a tree belonging to the 
family Lecythidaceae, which occurs throughout Amazonia, 
mainly in the states of Pará, Amazonas, Acre, Rondônia 
and Maranhão, and in neighboring countries such as French 
Guiana, Suriname, Peru and Venezuela10. Tauari wood has 
the following characteristics: moderately heavy (620 kg∙m–3) 
and easy to cut; heartwood and sapwood of undifferentiated 
color, pinkish tending to straw white; medium texture; 
straight grain; slightly glossy and smooth surface; and 
unnoticeable smell and taste11. However, records about the 
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use of this wood in the manufacture of particleboard are 
almost nonexistent in the literature.

According to Maloney12, the processing temperature is 
one of the most significant properties in the manufacture 
of agglomerated particleboards. Moreover, the following 
factors must be considered: the wood species, particles size 
and geometry, compaction pressure, type of resin and/or 
adhesive, and their mixing time.

The literature contains several studies on the 
manufacture of particleboards using particles or fibers from 
different lignocellulosic sources and synthetic binders or 
adhesives7,13-20 to bond the particles, often by applying heat21. 
Castor oil-based bi-component polyurethane adhesive22 has 
been widely used because it is renewable, biodegradable and 
has a low degree of toxicity23-25.

Dias and Lahr26 used castor oil-based polyurethane 
resin (COPR) as an alternative adhesive for the production 
of plywood panels with layers of Eucalyptus grandis wood 
species. The physical and mechanical tests indicated that 
the properties of plywood manufactured with COPR at low 
temperature (60°C) were superior to those of commercial 
panels fabricated with Brazilian tropical woods, using 
traditional adhesives at low temperature.

Campos et al.27, who produced and characterized 
medium density fiberboard (MDF) from alternative raw 
materials (Eucalyptus fibers) and COPR, showed that 
MDF produced with eucalyptus fiber and castor-oil-based 
polyurethane resin presents very satisfactory results when 
compared with standard Euro Class MDF boards.

Iwakiri et al.28 evaluated the influence of density on 
the mechanical properties of particleboards with nominal 
densities of 0.60, 0.70, 0.80 and 0.90 g/cm³, using Pinus 
spp particles collected from a particleboard manufacturing 
plant and urea-formaldehyde resin. Their results indicated 
a correlation between particleboard density and mechanical 
properties, and demonstrated the possibility of predicting 
these properties based on board density. Based on 
these results, they concluded that particleboards can be 
manufactured with an average density above 0.80 g/cm³ for 
specific applications that require high mechanical strength.

In another study, Fiorelli et al.29 investigated the 
production and properties of particleboards made of 
sugarcane bagasse and castor oil mono-component and 
bi-component resin. The characterized materials, which 
presented an average density of 0.93 g⋅cm–3, can be classified 
as high density material recommended for industrial use, 
showing that castor oil based resin was efficient as a polymer 
matrix for the production of composite boards made of 
sugarcane bagasse.

Paes et al.30 evaluated the combined effect of pressure 
(2.0, 3.0, and 3.5 MPa) and temperature (50, 60, 90°C) 
applied to Pinus elliottii wood and COPR particleboard on 
the response variables: DAP, TS and WA (0-2h, 2-24, 0-24h), 
MOR, SP and IB. They concluded that the combination 
of 3.0 MPa and 90°C and of 3.5 MPa and 60°C produced 
the best results, and that the temperature at which pressure 
is applied is the most important variable in particleboard 
quality.

The use of coconut fiber as raw material to produce 
particleboards, using COPR adhesive and urea-formaldehyde 
(UF) with two different densities (0.8 g/cm3 and 1.0 g/cm3), 
was investigated by Fiorelli et al.31 Their results indicated 

a decrease in TS and an increase in MOR of coconut fiber 
panels with polyurethane resin when compared to those of 
coconut fiber panels manufactured with urea-formaldehyde 
resin. These observations were explained based on scanning 
electron microscopy (SEM) micrographs, which indicated 
that castor oil-based polyurethane adhesive occupies the 
gaps between the particles, thus contributing to improve the 
physical and mechanical properties of the panels.

Iwakiri et al.32 used sawmill waste from nine tropical 
wood species from Amazonia, including Couratari 
oblongifolia (Tauari), to evaluate the quality of particleboards 
using urea-formaldehyde resin as adhesive (8% of solid in 
oven-dried wood particles), and applying a pressure of 40 
kgf/cm², a temperature of 160ºC and a pressing time of 
8 min. The characterization tests indicated that the best 
physical and mechanical properties were achieved with 
Ecclinusa guianensis (Caucho) wastes.

Bertolini et al.33 demonstrated that high density wood 
particles from urban tree pruning, including the bark, can 
be used to produce medium density particleboards (MDP) 
using COPR (prepolymer and polyol bi-component) at a 
ratio of 16% (based on wood mass).

Silva et al.34 examined the behavior of boards made 
of castor oil-based polyurethane resin with coconut and 
sisal as plain weaves, using unidirectional short fibers (10 
mm of length) and unidirectional long fibers. Their results 
revealed that the properties of sisal were superior to those 
of coconut fibers and that increasing the volume fraction of 
fiber improved the tensile strength, stiffness and WA of the 
boards but decreased their flexural strength.

Silva et al.35 investigated the physical properties of 
particleboards manufactured with castor oil bi-component 
polyurethane resins and Cambará, Canelinha and Cedrinho 
wood fiber, using a 22 full factorial design. The panels were 
produced with a particle moisture content of 5%, nominal 
density of 0.80 g/cm3, resin content of 15%, pressure cycle 
of 10 min, and a pressure of 5 MPa applied at 100°C. The 
resulting materials, which showed better mechanical and 
physical properties than those stipulated by the Brazilian 
NBR 14810:2002 standard, can be classified as high density 
particleboards.

Particleboards from leucena (Leucaena leucocephala) 
wood particles and COPR were also investigated by 
Silva et al.36. The particleboards were manufactured by hot-
pressing under 4 MPa and 90oC, using wood particles with 
a moisture content of 5% and 10% of mono-component and 
bi-component COPR. The bi-component COPR improved 
the physical properties (MOR and density) when compared 
to those recommended by the standard.

In this paper, we report on a study of the feasibility of 
producing particleboard made from Tauari wood waste 
agglomerated with castor oil-based polyurethane resin, 
and the influence of the processing temperature on the 
particleboard’s physical and mechanical properties.

2. Material and Methods

2.1. Material

Tauari (Couratari oblongifolia) wastes in the form 
of chips and flakes supplied by the furniture industry of 
the municipality of João Lisboa (Maranhão, Brazil) were 
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received in a laboratory and dried to a constant moisture 
content of 5% (dry basis). The wood wastes were milled in 
a vertical milling machine with fixed and movable blades 
(MARCONI model MA 680) to homogenize the sample. 
After milling, the particles were sifted through 14-18 mesh 
sieves, and the material retained in the 18 mesh sieve (1 
mm – ABNT) was used to fabricate the particleboards.

The wood particles were agglomerated with bi-
component castor oil-based polyurethane resin (COPR) 
with a density of 0.9 to 1.2 g/cm3, manufactured by KEHL 
Indústria and Comércio, São Carlos, SP, Brazil, containing 
0.1% of free formaldehyde after 24 h.

2.2. Preparation of the particleboards

The particleboards were manufactured with 16% of 
COPR (bi-component) adhesive based on the wood mass, 
using a 1:2 ratio (one part of diisocyanate prepolymer 
and two parts of polyol). The resin was added to the 
particles and homogenized in a blender for five min. After 
homogenization, the mixture was placed in a 400 x 400 x 
10 mm mold, compressed in a 50-ton hydraulic press and 
then hot pressed at 200°C (MARCONI model MA-098/50) 
for 10 min. Press cycles were performed at 90, 110 and 
130°C, applying a pressure of 5 MPa (pressure used in the 
industrial production of medium density panels), to reach 
a nominal density 1000 kg/m3. Four particleboards were 
fabricated for each treatment at the Laboratory of Wood 
and Timber Structures (LaMEM) of the University of São 
Paulo (USP) at São Carlos, SP, Brazil. Table 1 describes 
the experimental conditions employed in the manufacture 
of the particleboards in the laboratory and the nomenclature 
used to identify each of the composites.

2.3. Physical and mechanical characterization of 
the particleboards

The particleboards were allowed to rest at ambient 
temperature for 48 h. Twelve test specimens per treatment 
were then cut randomly from these particleboards for each 
physicomechanical test, as follows: i) Apparent Density 
(DAP) and Perpendicular Tensile Strength (IB) measurements 
were performed using 50x50x12 mm test specimens; ii) 
Thickness Swelling (TS) and Water Absorption (WA) tests 
were performed on 25x25x12 mm test specimens after 24 h 
of immersion in water; iii) Static bending tests (MOR and 
MOE) were carried out on 250x50x12 mm test specimens; 
and iv) the Screw Pullout (SP) test was performed with 
250x50x24 mm test specimens. All the experiments were 
performed as recommended by the ABNT NBR 14810-3 
standard37.

2.4. Statistical analysis

In the analysis of the tests, the variables (WA, DAP, M, 
MOR, MOE, TS and SP) were expressed as mean values 
and were analyzed by the Shapiro-Wilk normality test, at 
a 5% level of significance. An analysis of variance (one-
way ANOVA) followed by a Tukey post-hoc test were 
used to detect differences between the three treatments of 
the Tauari particleboards in each variable assessed with 
normal distribution. The variables of SP, WA and MOR 
were compared by the Kruskal-Wallis test at a 5% level 
of significance.

3. Results and Discussion

3.1. Physical characterization of the 
particleboards

The determination of physical and mechanical properties 
such as internal bond, static bending, screw pullout strength, 
density, water absorption and thickness swelling serve to 
indicate the quality of particleboards21. Figure 1 illustrates 
the densities of the particleboards.

As can be seen, the average densities of the particleboards 
at 90, 110 and 130ºC correspond to 930.3, 932.2 and 
941.8 kg/m3, respectively, with coefficients of variation 
not exceeding 4%. The analysis of variance revealed no 
significant difference (F=0.4813, p>0.05), indicating that 
the densities of the particleboards were statistically similar.

These values fall below the preestablished nominal 
density of 1000 kg/m3, but are higher than those reported 
by Dias and Lahr26 and similar to those obtained by 
Fiorelli et al.31, Bertolini et al.33, Silva et al.35,36, and 
Sartori et al.38, who studied particleboards made of bi-

Table 1. Treatment proposed for the manufacture of particleboards.

Treatment Temp. (°C) Code Particle-boards Pressure (MPa) Density (kg/m3) Resin Binder

1 90 MM90 04 5 1000 CORP*

2 110 MM110 04 5 1000 CORP

3 130 MM 130 04 5 1000 CORP

*-CORP = Castor Oil-based Polyurethane Resin.

Figure 1. Average density of the Tauari particleboards.
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component castor oil based polyurethane and several 
types of wood wastes. In every case, the compression ratio 
(CR) was about 1.5, which is higher than the CR of 1.3 
recommended by Moslemi39 and Maloney12.

The densities attained allow the particleboards to be 
classified as high-density, according to the ANSI A208.1-
1999 standard40. On the other hand, the difference between 
nominal and average density of particleboards has already 
been reported by other authors41,42, and has been attributed 
to the loss of raw material (wood particles and resin) during 
the manual mixing and pressing process.

The average moisture content of the particleboards 
varied from 5.51 to 8.29% (Figure 2), which falls within 
the range of 5 to 11% recommended by the NBR 14810-2 
standard43, and is lower than the minimum values of 8 ± 2% 
for dry particles recommended by Deppe & Erns, cited by 
Moslemi39.

The treatments at 110 and 130ºC resulted in significantly 
lower moisture contents than in the particleboards treated at 
90ºC (F=109.8, p<0.001). This difference may be explained 
by the increase in compression temperature responsible for 
the evaporation of water adhered to the particle surfaces 
during processing, which also causes resin to cure with 
better densification of the particleboard44. The initial particle 
moisture content of 5% did not affect the interaction with 
COPR and the homogeneity of the mixture, as was also 
observed by Silva et al.35.

Figure 3 illustrates the water absorption (WA) test results 
after 24 h of immersion of the particleboards in water. Note 
that the average WA of the particleboards compressed at 
90ºC exceeded 30%. Increasing the processing temperature 
from 90°C to 110°C and 130ºC led to a significant decrease 
in WA (from 22.49 to 19.87%), representing a statistically 
significant difference (F=56.6, p < 0.001).

The difference in the average values of WA of the 
particleboards is ascribed to the decrease in resin viscosity. 
Increasing the processing temperature enhances the 
impregnation of the particles with resin, which reduces the 
thickness of the particleboards during compression, thereby 
increasing the degree of polymerization of the resin.

Low WA values are associated with high densities of 
particleboards and a high compressibility ratio (1.61:1). It 
should be noted that the Brazilian NBR 14810-2 standard43 
does not specify WA requirements for particleboard. The 

average WA values of particleboards treated at 110ºC and 
130°C indicate that these temperatures are suitable for 
obtaining high density Tauari wood particleboards40. These 
results are consistent with those obtained by Fiorelli et al.45 
for particleboards made with COPR and sugarcane bagasse 
fiber and Pinus sp. and by Bertolini et al.46 and Iwakiri et al.32 
for boards made of Tauri wood using ureia formaldehyde 
resin as adhesive.

Figure 4 depicts the thickness swelling (TS) values after 
24 h of immersion in water. It should be kept in mind that 
the NBR 14810-2 standard43 does not establish TS values 
for particleboard. However, this test allows one to observe 
more clearly the differences between the treatments, as well 
as the bonding and strength conditions of the particleboard 
particles after 24 h of immersion in water.

It can be observed (Figure 4) that the mean values of 
TS after 24 hours are lower than 15%, which is consistent 
with the values obtained by Iwakiri et al.32 for Tauri wood 
using ureia formaldehyde resin. The particleboards treated 
at 130°C showed a significantly lower TS than those treated 
at 90 and 110°C (F=6.47, P < 0.05), indicating that the 
compression temperature was a predominant variable in 
curing the adhesive. However, the mean TS values obtained 
for all the particleboards were lower than those reported by 
Sartori et al.38 and Fiorelli et al.29.

Figure 2. Variation in average moisture content of Tauari 
particleboards.

Figure 3. Water absorption of Tauari particleboards after 24 h of 
immersion.

Figure 4. Thickness swelling of Tauari particleboards after 24 h 
of immersion.
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3.2. Mechanical characterization of the 
particleboards

Tables 2 and 3 list the results of the mechanical tests 
of static bending strength (MOR and MOE), perpendicular 
tensile strength (IB) and screw pullout (SP) and their 
respective coefficients of variation. Table 2 indicates that 
the MOR increased with increasing processing temperature. 
At 130°C, the average MOR (19.57 MPa) was similar to 
that obtained by Iwakiri et al.32 and exceeded the value 
recommended by the NBR 14810-2 standard43, showing a 
statistically significant difference from the first two MOR 
values. However, these values are higher than the 13 MPa 
recommended by the EN 312:2010 standard47. The results 
indicate that particleboards processed at 130°C using two-
component castor oil based resin and Tauari wood particles 
have a promising potential to be classified as high density 
particleboards indicated for commercial and industrial 
applications28.

The mean values of modulus of elasticity (MOE) of the 
particleboards (Table 2) did not reach the minimum value 
(2750 MPa) recommended by the A208-1-1999 standard44 in 
any of the treatments, and the MOE value obtained at 130°C 
(2378.5 MPa) was 15.62% lower than that recommended 
by the aforementioned standard; however, all the values 
exceeded those recommended by the EN 312:2010 standard. 
Several researchers have reported low MOE values16,26,30,41, 
attributing this behavior to poor distribution of the adhesive 
during the compression of particleboards. The static bending 
tests showed statistical differences between the modulus 
of rupture (MOR) and of elasticity (MOE) as a function of 
the temperature.

As for thickness swelling, the IB test results shown 
in Table 2 demonstrate that, regardless of the processing 
temperature, the mean values of this property varied 
from 1.55 to 1.70 MPa, which are higher than those 
recommended by the NBR 14810-2, A208.1:1999, and EN 
312:2010 standards43,44,47. The mean values of IB showed 
no statistically significant differences at a 5% level of 
probability and are in agreement with those reported by 
Iwakiri et al.32 for Tauri wood.

The mean screw pullout (SP) values of the particleboards 
produced in this study at all the temperatures were higher 

than the minimum of 1020 N at the surface and 800 N 
at the top, established by the NBR 14810-2 standard. 
The treatments at 90 and 110°C showed no statistically 
significant differences at the 5% level.

It is important to note that the coefficients of variation 
of the properties of MOR, MOE and IB were below the 
recommended 20%, and these values ensure the consistency 
of the manufacturing process.

4. Conclusions
Tauari wood particleboards agglomerated with bi-

component castor oil based polyurethane resin, with 
an average density ranging from 930 to 940 kg⋅m–3, 
can be produced in the laboratory with physical and 
mechanical properties suitable for commercial and industrial 
applications.

The compaction pressure of 5 MPa and a compaction 
ratio above 1.5 were suitable for the compression of Tauari 
particleboards with densities exceeding 900 kg⋅m–3 and a 
thickness of 10 mm, at all the processing temperatures.

The use of 16% (based on wood mass) of bi-component 
castor oil-based polyurethane resin results in IB values 
exceeding those recommended by the Brazilian NBR 
14810-2 standard.

The particleboards compressed at 130°C showed better 
physical and mechanical properties than those compressed 
at 90 and 110°C, indicating that this is the best compression 
temperature.

Regardless of the processing temperature, the 
particleboards showed higher values of tensile strength 
perpendicular to fibers (internal bonding) and screw pullout 
than those required by the Brazilian and American standards.
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Table 2. Mean values of the mechanical properties of the particleboards.

Treatment
Mean ± Standard error

MOR (MPa) MOE (MPa) IB (MPa) SP (N)

MM90 15.85 ± 0.25 a 1336.1 ± 34.43 a 1.55 ± 0.04 a 1668.9 ± 19.29 a

MM110 16.02 ± 0.47 a 2011.7 ± 53.04 b 1.56 ± 0.09 a 2098.8 ± 236.3 a

MM130 19.58 ± 0.57 b 2378.5 ± 89.86 c 1.70 ± 0.07 a 1719.1 ± 16.67 b
The same letters indicate that the treatments did not differ statistically after the one-way ANOVA followed by the Tukey post-hoc test (p <0.05).

Table 3. Coefficients of variation of the mechanical properties of the particleboards.

Treatments
Coefficient of variation (%)

MOR (MPa) MOE (MPa) IB (MPa) SP (N)

MM90 5.54% 8.93% 8.56% 4.00%

MM110 10.26% 9.13% 20.26% 39.00%

MM130 10.17% 13.09% 14.16% 2.12%
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