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ABSTRACT: This study aimed to evaluate the quality of particleboard panels made with wood from Pinus caribaea var. caribaea and
Pinus caribaea var. bahamensis, as obtained from forest stands. Experimental panels were produced with a nominal density of 0.70 g/cm3,
using urea-formaldehyde resin and wood particles of Pinus caribaea var. caribaea and Pinus caribaea var. bahamensis, at rates of
100%x0%, 75%x25%, 50%x50%, 25%x75% and 0%x100%. Pinus taeda wood was used as control sample. Panels were compressed at
aspecific pressure of 40 kgf/cm? and temperature of 160°C, for 8 minutes. Analysis results of water absorption, thickness swell, internal
bond, modulus of elasticity and modulus of rupture properties indicated feasibility of using wood from Pinus caribaea var. caribaea and
Pinus caribaea var. bahamensisfor production of particleboard panels, individually or combined at rates of 75%, 50% and 25%.
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UTILIZACAO DA MADEIRA DE Pinus caribaea var. caribaea E
Pinus caribaea var. bahamenss PARA PRODUCAO DE PAINEIS AGLOMERADOS

RESUMO: Objetivou-se, nesta pesquisa, avaliar a qualidade dos painé s aglomerados produzidos com madeiras de Pinus caribaea
var. caribaea e Pinus caribaea var. bahamensis provenientes de plantios florestais. Foram produzidos painéis experimentais com
densidade nominal de 0,70 g/cn®, utilizando a resina uréia-formaldeido e particulas de madeira de Pinus caribaea var. caribaea e Pinus
caribaea var. bahamensis, em propor¢des de 100x0%, 75x25%, 50x50%, 25/75% e 0x100%. A madeira de Pinus taeda foi utilizada
como testemunha. Os painéis foram prensados com presséo especifica de 40 kgf/cm?, temperatura de 160°C e tempo de prensagem de
8 minutos. Os resultados das avaliagBes de propriedades de absor¢do de dgua, inchamento em espessura, ligagdo interna, médulo de
elasticidade e modulo de ruptura indicaram a viabilidade de utilizagdo de madeiras de Pinus caribaea var. caribaea e Pinus caribaea var.
bahamensis, individualmente, ou em mistura nas propor¢des de 75, 50 e 25%, para producao de painéis aglomerados.

Palavras-chave: Pinustropicais, particulas de madeira, mistura de espécies.

1 INTRODUCTION the globe for reasons that include pursuit of superior wood
quality and production optimization. While hondurensis
variety has already been planted on a commercial scale
mainly in southeastern Brazil, experimental stands of

Pinus caribaea is a pine species that comprises
three natural varieties, namely caribaea, bahamensis and

hondurensis. They are native to Central America Central,
naturally occurring in Mexico, Cuba, Bahamas, Belize,
Guatemala, Nicaragua and some other local islands, at
atitudes ranging from sea level to 1,000 m. Known as
‘tropical pine’, these trees develop better in hot climates,
where they grow faster and better than other species,
including Pinus taeda and Pinus elliottii, the latter two
developing better in temperate climates with milder
temperatures (PORTAL MADEIRA TOTAL 2008).

All Pinus caribaea varieties have great potential
for use in reforestations of frost-free, hot climate zones,
thus being extensively researched in various regions across

caribaea and bahamensis varieties are found chiefly in
S&0 Paulo, Minas Gerais, Bahia and northern Parana states
(SOCIEDADE BRASILEIRA DE SILVICULTURA—SBS
2007). The wood of Pinus caribaeais particularly suitable
for production of sawnwood, laminations, plywood,
particleboard and MDF.

In Brazil, manufacturers of particleboard panels use
Pinus taeda, Pinus elliottii and some species of genus
Eucalyptus, grown in forest stands, as sources of raw
material. They require massive amounts of wood to produce
panels and thus need continuous, large-scale investments
to establish new forest production areas.
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Some physical and chemical properties of wood,
including density, pH and extractives, directly influence
the production process and the quality of finished
particleboard panels (MALONEY 1994, MARRA 1992).
According to these authors, the pH and al so extractives
present in the wood can influence the resin curing
process and, consequently, panel quality. Woods with
an excessively acidic pH can speed up the curing process
of urea-formaldehyde resin during the compression
phase, with implications for the finished panel properties.
From another standpoint, where phenol-formaldehyde
resinisused for production of structural panels, woods
with alow pH can delay the resin curing process (KELLY
1977).

Wood density isabasic requirement to meet when
selecting species for particleboard production, as it
directly influences the compaction ratio of panels.
According to Moslemi (1974), compaction ratio is the
relationship between panel density and wood density,
and it should be at least 1.3 to ensure sufficient
compaction for panel formation. Kelly (1977) argues that,
with finished panels of the same density, those produced
with lower density wood, while having less dimensional
stability, will have superior mechanical properties than
those produced with higher density wood. According to
the author, panels with a higher compaction ratio contain
a larger amount of wood particles and consequently
present greater compaction, resulting in improved
hygroscopic swell of the wood and better release of the
compression tension generated during the pressing
process.

Combining different speciesto form particleboard
panelsisavery important step in order to expand supply
possibilities of raw material to manufacturers requiring
large amounts of timber. Moslemi (1974) developed a
formulato calculate average wood density resulting from
a combination of species of different densities:

Wd=[Wdix (%) +Wd2x (%) +.. +Wdpx(%)]: n

Where:
W(d: density of resulting wood
Wwd , , :wood density of each species
(%): percentage of a speciesin the mixture
n: number of species

Application of the above formula can enable use of
wood species of higher densities in combination with wood
species of lower densities, yet ensuring the compaction
ratio is maintained within the acceptable range.
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Severa studies have been performed to evaluate
the quality of particleboard panels from combined species.
Iwakiri et al. (1996) analyzed the influence of combined
wood particles of Pinus taeda and Eucal yputs dunnii—at
rates of 100%, 75%, 50%, 25% and 0% of pine to
eucalyptus—on properties of experimental particleboard
panels. Results indicated the possibility of using
Eucalyputs dunnii at rates of up to 50% without affecting
their physical and mechanical properties.

The objective of this work is thus to evaluate the
quality of particleboard panels made with wood from Pinus
caribaea var. caribaea and Pinus caribaea var.
bahamensis at different combination rates.

2 MATERIAL AND METHODS

The material used in this study included woods
from Pinus caribaea var. caribaea and Pinus caribaea
var. bahamensis, at age 17 years, obtained from forest
stands in the municipality of Ventania, in Parana state.
Wood from Pinus taeda was used as control sample, asit
isthe most widely used speciesin industrial production of
particleboard panelsin Brazil.

Logs of Pinus caribaea var. caribaea and Pinus
caribaea var. bahamensis were processed into boards one
inch thick and then transported to the study site. Wood of
Pinus taeda was obtained in the form of fragments from
Berneck S/A Painéis e Serrados, a particleboard panel
manufacturer located in the municipality of Araucéria,
Parana state. For particle bonding, a urea-formaldehyde
resin was used with a solids content of 65%, apH of 7.8
and Brookfield viscosity of 420 cP.

The particleboard panels were produced on a
laboratory scale, following the experimental design
illustrated in Table 1.

Table 1 - Experimental design.
Tabela 1 — Plano experimental.

Treatment Species Rate of Content
T1 Pt 100%
T2 Pcc 100%
T3 Pcb 100%
T4 Pcc / Pch 75% | 25%
T5 Pcc / Pch 50% / 50%
T6 Pcc / Pch 25% / 75%

Pt: Pinustaeda; Pcc: Pinus caribaea var. caribaea; Pch: Pinus
caribaea var. bahamensis.
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Wood flakes were obtained using a disc chipper,
with nominal size of 25mm in length, 0.7mm in thickness
and variable width. Once dry to a moisture content of 3%,
the flakes were reduced using a hammer mill and then
graded using 0.6 mesh sieves. The Pinus taeda fragments
obtained from the panel manufacturer were a so reduced
using a hammer mill and then sieved using the same
procedures as used for Pinus caribaea, to standardize
particle size.

After being catalyzed with ammonium sulfate, the
liquid resin was applied to the particles at arate of 8% solids
content in relation to dry particle weight. A 50 x 50 cm
perforated forming box was used to form each particleboard
mat. Calculations were made to define the amount of material
required to form a panel, based on 0.70 g/cm of nomina
density and 50 x 50 x 1.5 cm panel size. The panels were
compressed at a temperature of 160°C and specific pressure
of 40 kgf/cm?, for 8 minutes. Two panels were made per
treatment, to atotal of twelve experimental panels.

Once pressed, panels were bracket sawn and stored
in an environmental chamber at 20 + 2°C and 65 + 3% RH
till they reached an average 12% moisture content.

To assess physical and mechanical properties, each
panel had four samples taken and submitted to static
bending tests, five samples taken and submitted to internal
bond tests, and five samples taken and submitted to water
absorption and thickness swell tests after 24 hours of
immersion in water. Tests were performed according to
procedures described in European Standards EN 310,
EN 319 and EN 317 respectively.

Statistical analysis was based on a completely
randomized design and results were assessed using
analysis of variance and the Tukey test at the 95%
probability level.

Table 2 — Wood density, panel density and compaction ratio.
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3 RESULTS AND DISCUSSION
3.1 Compaction ratio

Average densities of Pinus taeda, Pinus caribaea
var. caribaea and Pinus caribaea var. bahamensis were
0.420 g/cms®, 0.398 g/cm? and 0.429 glcm? respectively. Table 2
illustrates panel density and average density of combined
particles of var. caribaea and var. bahamensis at different
rates, based on the formula proposed by Moslemi (1974).

Treatment T4, with 75% of var. caribaea and 25%
of var. bahamensis, showed average wood density of
0.405 g/cms3. Treatments T5 and T6, with combined particles
at 50% x 50% and 25% x 75% of var. caribaea to var.
bahamensis, average wood densities were 0.413/cm? and
0.420 g/cm? respectively.

Compaction ratio values, as derived from the
relationship between panel density and wood density,
ranged from 1.526 to 1.726. Panels with 100% of var. caribaea
showed the highest compaction ratio value, while the lowest
compaction ratio value was provided by combined 25% of
var. caribaea and 75% of var. bahamensis. It is noted that
increasing rates of var. caribaeain relation to var. bahamensis
result in increased compaction ratio. While studying
particleboard panels from combined Pinus taeda and
Eucalyptus dunnii, Iwakiri et al. (1996) found compaction
ratio values ranging from 1.03 to 1.74 with increasing rates
of Pinustaeda in relation to Eucal yptus dunnii.

3.2 Physical properties of panels

Water absorption values after 24 hours of immersion
inwater areillustrated in Table 3 and indicate no statistically
significant differences between mean values of panelsfrom
Pinus taeda, Pinus caribaea var. caribaea and var.
bahamensis and between combinations of these two varieties.

Tabela 2 — Densidade da madeira, densidade dos painéis e razéo de compactacgao.

Treatment WD (g/cm?3) PD (g/cmg3) CR

T1-Pt 100 0.420 0.676 A 1.609
T2 - Pcc 100 0.398 0.687 A 1.726
T3-Pcb 100 0.429 0.694 A 1.618
T4—Pcc 75/ Pch 25 * 0.405 0.661 A 1.632
T5—Pcc 50/ Pch 50 * 0.413 0.685 A 1.658
T6—Pcc25/Pch 75 * 0.420 0.641 A 1.526

Pt: Pinus taeda; Pcc: Pinus caribaea var. caribaea; Pcb: Pinus caribaea var. bahamensis; WD: wood density; PD: panel density;
CR: compaction ratio. Means followed by the same letter in the column are statistically similar at the 95% probability level by the

Tukey test.
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Table 3 —Water absorption and thickness swell values after 24
hours of immersion.

Tabela 3 — Resultados de absor¢éo de &gua e inchamento em
espessura — 24 horas.

Treatment WA —24H (%)  TS—24H (%)
et 10 05TA e
T2-Pcc 100 ?fd?g’%‘ 3(1532?
T 100 S T
repcs e A 2778
T5-Pcc 50/ Pch 50 8&2%? 28(8&238
T6-Pcc 25/ Pcb 75 9(2509(219 2(‘;07(:3;:

Pt: Pinustaeda; Pcc: Pinus caribaea var. caribaea; Pcb: Pinus
caribaea var. bahamensis; WA: water absorption; TS: thickness
swell; (...) coefficient of variation (%).Means followed by the
same letter in the column are statistically similar at the 95%
probability level by the Tukey test.

Mean values of 83.74% to 92.00% for water absorption
are compatible with values found by Iwakiri et a. (2001) while
studying panels from five species of tropical pine with no
paraffin emulsion applied, which ranged from 75.04% to
80.05%. Dacosta et al. (2005a) found mean values of 75.67%
to 90.85% for water ahsorption after 24 hours while studying
particleboard panels from Pinus dliottii with densities of
0.60 and 0.70 g/cm3. Iwakiri et al. (2000) found means values of
29.24% to 67.32% for water absorption after 24 hours while
studying particleboard panels from Eucalyptus saligna,
Eucalyptus citriodora and Eucalyptus pilularis.

Asfor thickness swell after 24 hours, the highest mean
value was noted for panels made exclusively with Pinus
caribaeavar. caribaea. No statistically significant differences
were noted between panels from Pinus taeda and Pinus
caribaeavar. bahamensis. As for those made with combined
varieties of Pinus caribaea, the lowest thickness swell vaue
was noted for the combination 25% of caribaea and 75% of
bahamensis, with differences being statistically significant.

With panels from the above mentioned five species
of tropical pine, lwakiri et al. (2001) found mean values of
32.70% to 39.74% for thickness swell after 24 hours. Dacosta
et al. (20053) found mean values of 23.50% to 40.04% for
thickness swell in particleboard panels from Pinus elliottii
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with densities of 0.60 and 0.70 g/cm?. Iwakiri et al. (2000)
found mean va ues of 23.07% to 45.35% for thickness swell
after 24 hours in particleboard panels from Eucalyptus
saligna, Eucalyptus citriodora and Eucalyptus pilularis.

3.3 Mechanical properties of panels

Mean values of interna bond areillustrated in Table 4
and indicate a variation range of 0.58 MPato 1.30 MPa
among the six treatments in question. All values are above
the minimum 0.35 MPa requirement established by
European Standard EN 312-3 (European Committee for
Standardization 1993).

It should be noted that al panels made with Pinus
caribaea var. caribaea and var. bahamensis and with a
combination of the two derived mean values of internal
bond statistically higher than those made with Pinus taeda.
No significant differences were found between panels made
with 100% of var. caribaea and var. bahamensis, and
combinations of the two, except treatment T6 with 25% of
var. caribaea and 75% of var. bahamensis, which showed
a higher mean value of internal bond than panels made
with 100% of var. caribaea.

As reference parameters in existing literature, lwakiri
et al. (2001) found mean values of internal bond of 0.72
MPa to 1.05 MPa for panels made with five species of
tropical pine. Cabral et a. (2007) found mean values of
internal bond of 0.45 MPaand 0.56 MPafor panels made
with combinations of Eucalyptus urophylla and Pinus
elliottii, and Eucalyptus cloeziana and Pinus ellotti
respectively. Dacosta et al. (2005b) found mean values of
internal bond of 0.13 MPato 0.20 MPafor particleboard
panels of Pinus elliottii with densities of 0.60 and 0.70 g/
cm3. Therefore, results obtained in this study can be
considered highly satisfactory.

Modulus of elasticity (MOE) results are illustrated
in Table 4 and indicate that the mean value obtained for
Pinus caribaeavar. caribaea is statistically similar to var.
bahamensis and higher than for Pinus taeda. The mean
value of MOE for panels from Pinus caribaea var.
bahamensis was statistically higher than for panels from
Pinus taeda. No significant differences were observed
between mean values of MOE for panels made with
combined Pinus caribaea var. caribaea and var.
bahamensis. It should be noted that, in terms of absolute
means, the mean value of MOE for control panels made
with Pinus taeda (T1) was well below mean values obtained
for other treatments, except treatment T3 with 100% of var.
bahamensis.
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Table4 — Internal bond, modulus of elasticity and modulus of rupture results.

Tabela 4 — Resultados de ligagao interna, mddulo de elasticidade e médulo de ruptura.

Treatment IB (MPa) MOE (MPa) MOR (MPa)
e o s
s s s
s e s
s s s
T5— Poc 50/ Pcb 50 1(122 1A8)B 2'(1; ZGA) ° 238(1)2/;
s 2 azse

Pt: Pinustaeda; Pcc: Pinus caribaea var. caribaea; Pch: Pinus caribaea var. bahamensis; IB: internal bond; MOE: modulus of
elasticity; MOR: modulus of rupture; ( ... ) coefficient of variation (%).Means followed by the same letter in the column are
statistically similar at the 95% probability level by the Tukey test.

Mean values of MOE ranged from 1.887 MPato
2.515 MPa, which is above the minimum 1.600 MPa
requirement established by European Standard EN 312-3:
1996.

Reference MOE valuesin existing literature are very
wide ranging. Iwakiri et al. (1996) found mean values of
2.208 MPato 2.530 MPafor panels made with combined
Pinus taeda and Eucal yptus dunnii at rates 75%, 50% and
25%. In another study with five species of tropical pine,
Iwakiri et al. (2001) obtained mean values of MOE of 2.563
Mpato 3.214 MPa. Dacosta et a. (2005b) found mean values
of MOE ranging from 522 MPa to 650 MPafor particleboard
panels from Pinus elliottii with densities of 0.60 and
0.70 g/cms.

According to Table 4 data, mean values of modulus
of rupture (MOR) ranged from 12.03 MPato 16.65 MPa. Except
for panels from Pinus taeda, al other panels made with Pinus
caribaea var. caribaea and var. bahamensis showed mean
values of MOR above the minimum 13 MPa requirement
established by European Standard EN 312-3 (1996).

Mean values of MOR for panels made exclusively
with Pinus caribaea var. caribaea and var. bahamensis
were statistically higher than for Pinus taeda. No
statistically significant differences were found between
mean values of MOR for panels made exclusively with
Pinus caribaea var. caribaea and var. bahamensis or with
the two combined.

MOR values found in this study are compatible
with reference valuesin literature. Cabral et al. (2007) found
MOR values of 16.7 MPaand 17.9 MPafor panels made
with combinations of E. urophylla and P. dlliottii, and E.
cloeziana and P. dlliottii respectively. lwakiri et al. (2004)
obtained a mean value of MOR of 10.3 MPa for
particleboard panels from Grevilea robusta. Batista et al.
(2007) found a MOR value of 5.0 MPafor panels made
with combined P. elliottii wood and 10% of E. pellita
bark, avalue considered low due to the negative influence
of bark presence in their composition. In another study,
Iwakiri et al. (2001) found mean values of MOR of 17.18
MPato 21.54 MPafor panels produced with five species
of tropical pine.

4 CONCLUSIONS

Based on the above results, the following
conclusions can be drawn:

- the compaction ratio of particleboard panels made
with the two varieties of P. caribaea and with both
combined significantly influenced some thickness swell
and internal bond results. As for properties water
absorption, MOE and MOR under static bending, no
significant differences were observed;

- the physical properties of panels made with Pinus
caribaea var. caribaea and var. bahamensis were
satisfactory in comparison to control panels from Pinus
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taeda, except the thickness swell of panels made with 25%
of var. caribaea and 75% of var. bahamensis;

- panels made with Pinus caribaea var. caribaea
and var. bahamensis provided better internal bond, MOE
and MOR results than control panels from Pinus taeda;

- in comparing the two varieties of Pinus caribaea,
in terms of absolute means, var. bahamensis provided
higher values of physical and mechanical properties than
var. caribaea;

- results of mechanical properties for all
experimental panels, from both species and from the two
combined, did reach the minimum requirement established
by European Standard EN 312-3 (1996).
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