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Abstract: Repurposing agricultural and forestry by-products not only is beneficial for the environment
but also follows the principles of the circular economy. In southeastern Spain, the Canary Island
palm tree (Phoenix canariensis W.) is widely used in urban landscapes. Plantations affected by the
red weevil, a pest, generate an abundance of plant waste that must be crushed and transferred to
authorized landfills. The aim of this study was to manufacture boards using particles from trunks
of the Canary Island palm tree without adding any binders in order to obtain an ecological and
fire-resistant product. In order to manufacture the boards, three particle sizes (<0.25, 0.25–1, and
1–2 mm), a temperature of 110 ◦C, a pressure of 2.6 MPa, and a pressing time of 7 min were used. The
boards were pressed in a hot plate press for 7 min up to four times (7 min, 7 + 7 min, 7 + 7 + 7 min, and
7 + 7 + 7 + 7 min). The resulting boards showed good thermal performance, and the board´s reaction-
to-fire performance was classified as Bd0 (an Fs value of 70.3 mm). This study also showed that
boards with a particle size smaller than 0.25 mm that underwent four pressing cycles of 7 min each in
the press can be categorized as grade P2 according to the European Standards (MOR of 20 N/mm2,
MOE of 2589.8 N/mm2, and IB of 0.74 N/mm2). Therefore, these manufactured particleboards could
be used as a flame-retardant material for the interior enclosures of buildings (vertical and horizontal)
without the need for coatings.

Keywords: panels; mechanical; physical; pressing cycle; thermal properties; reaction to fire

1. Introduction

The construction sector is the sixth most polluting industry worldwide, generating
approximately 40% of the total CO2 emissions [1]. Renovating and constructing green
buildings while reducing contamination can be achieved in part through the use of low-
environmental-impact materials, such as bio-based materials. According to the Food and
Agriculture Organization of the United Nations (FAO)’s report on forestry and trade, wood-
based boards have witnessed a significant increase in production, with 25% growth over
the past five years. Their production exceeded 110 million cubic meters in 2022 [2].

The rising cost of wood, land scarcity, and supply shortages have driven research into
non-wood alternatives. Apart from having many other environmental benefits, the by-
products of agricultural activity can be utilized as raw material in the construction industry
for the manufacture of goods such as particleboards. Agricultural waste constitutes an
alternative source of income and a means of reducing expenses. From a technical perspec-
tive, non-wood plants possess a wide range of fiber qualities [3]. When properly managed,
they can be developed into wood substitute materials while following the principles of the
circular economy.

The residues of date palm trees are an interesting option as a substitute for wood in
particleboards due to their renewable nature and abundant availability. Globally, there
are approximately 120 million date palm trees [4], and each one generates approximately
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47.57 kg of palm waste annually [5], including petioles, rachises, leaflets, fibrillae, bunches,
pedicels, spathes, thorns, and trunks, most of which are gathered during seasonal pruning
as a fundamental agricultural practice.

The Canary Island date palm (Phoenix canariensis W.) stands as one of the most iconic
endemic plant species of the Canary Islands, where there are approximately 300,000 natural
individuals [6]. In southeastern Spain, it is one of the most abundant species in the area due
to its utilization in urban landscapes. These palm trees are also present in many countries
around the Mediterranean Sea, Mexico, and the United States, but the exact number of
individuals is unknown.

The red weevil (Rhynchophorus ferrugineus O.) is a pest that affects palm trees; it has
caused the deaths of a very large number of these trees, leaving behind a significant amount
of waste. During the mid-1980s, the red weevil invaded the Arabian Gulf nations, inflicting
severe damage to palm trees [7]. The transportation of infected palms, as well as other
gardening material, and the characteristics of the crop facilitated the rapid dissemination
of this pest. The spread of the weevils affected over sixty countries from the Middle East
and Africa to Europe. If timely curative measures are not taken, the presence of this
pest typically results in the death of the palm tree. Nevertheless, implementing curative
measures in the initial stage of an attack is often challenging due to the difficulty in detecting
early-stage infestations [8].

In this way, the numerous plantations affected by the red weevil generate large
amounts of plant waste that must be crushed and transferred to authorized landfills.
The use of this waste can contribute to the adoption of sustainable solutions for the control
and eradication of contaminated specimens and result in environmental improvements.

Numerous studies have focused on manufacturing particleboards from various types
of palm tree waste [9–18]. Additionally, palm tree pruning waste has been investigated for
its use as a reinforcement [19–21] and in the manufacture of various compounds [22,23].
These studies indicate that the outcomes vary based on the palm species and the plant part
used (typically the leaves or trunk). Furthermore, the results show that the particle size
and production parameters should be considered due to their importance, since they can
greatly affect the physical and mechanical properties of the developed materials.

Most of the binders currently used by the timber industry are derived from fossil
resources. They include formaldehyde-based resins, vinyl acetate resins, and isocyanate-
based resins. These adhesives, which were developed within the petrochemical sector,
exhibit outstanding performance, possess favorable properties, and are economically vi-
able. Nevertheless, the utilization of these adhesives in the industry will eventually face
limitations due to the depletion of fossil resource reserves. It has also been proven that
formaldehyde-based resins are toxic and can cause serious health problems, such as can-
cer [24], so their use is increasingly restricted [25]. Due to these problems, there is a
heightened interest in manufacturing formaldehyde-free boards, which has led to increased
pressure on particleboard manufacturers to stop using these binders. On this basis, new
studies on particleboards have been performed by utilizing natural resins and adhesives,
such as proteins, lignins, tannins, glutens, starches, citric acid, and bark, to replace synthetic
resins [10,26–33].

Currently, research on plant biomass aims to produce binderless particleboards
through various pre-treatment methods, and the self-bonding capacity of natural fibers
during the transition to the glassy state has been widely demonstrated [34]. Particleboards
can be processed without the need for binders; this process is facilitated by the effects of
water (molecule solubilization), the temperature, and the pressure, which enable particle
agglomeration [35]. The cell walls of plant particles are primarily composed of a mixture of
organic macromolecules, including pectins, cellulose, hemicelluloses, lignin, waxes, starch,
proteins, and aromatic compounds, along with a minor portion of mineral molecules such
as ash [36]. Therefore, cell walls can be regarded as biochemically complex compounds.
Cellulose, hemicellulose, and pectin molecules are polysaccharides (carbohydrate poly-
mers) that possess hydrophilic properties. Water-soluble compounds are typically pectins
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and small soluble molecules. Depending on the botanical species and the specific part of
the plant, the proportions of organic macromolecules change [37]. Furthermore, the size
and shape of the particles greatly influence the properties of binderless boards [38] due to
the higher number of contact points between the fibers and the more streamlined particle
arrangement system, which significantly improve the self-bonding of the particles [3].
Hence, determining the size range of the particles is a crucial factor for enhancing the
performance of binderless boards.

A significant concern regarding building materials derived from agricultural, forestry,
and plant residues is the limited knowledge concerning their reaction-to-fire performance.
While renewable building materials hold promise for substituting conventional materials
such as cement, they must follow essential standards. Fire safety considerations must align
with the EU Construction Products Regulation (CPR) [39]. Several studies have explored
the fire resistance of particleboards composed of or incorporating agricultural residues
such as flax [40], oil palm [41], kenaf [42], and rice straw [43]. However, there is a notable
gap in the literature regarding the reaction-to-fire performance of palm tree particleboards.

Particleboards are used in furniture and coverings in construction. To improve their
fire resistance properties, fire-retardant solutions are used. These compounds interfere with
a particular stage of the combustion process and are based on silicon, chlorine, bromine,
phosphorus, nitrogen, hydroxides, phosphates, carbonates, or sulfates [44]. Other studies
have assessed the emission of smoke and toxic gases produced by the widespread use of
epoxy resins and the use of different fire retardants that reduce these emissions [45,46].
There have also been studies on flame retardants with graphene to encapsulate the possible
toxic gases released [47].

Taking into consideration the need for new construction materials that can offer
environmental advantages, such as reducing air pollution and decreasing landfill wastes,
the aim of this work was to manufacture particleboards using trunks of the Canary Island
palm tree, without the use of binders, and evaluate the fire performance, mechanical
properties, and physical properties of the boards. The goal was to obtain an ecological,
biodegradable, fire-resistant product by following the principles of the circular economy.

2. Materials and Methods
2.1. Materials

The Canary Island date palm biomass was obtained from 5 palm trees affected by red
palm weevils at the EPSO of the Miguel Hernández University of Elche. One example is
illustrated in Figure 1. The 5 different trunks were cut, chopped, and dried outdoors for
six months. They were subsequently crushed in a blade shredder and filtered out through
a vibrating sieve, and three particle sizes were selected (<0.25, 0.25–1, and 1–2 mm). The
particles initially had a relative moisture content of 55%, so they were allowed to air dry
for an additional three months until a relative moisture content of 9% was reached with
a density of 196 ± 13 kg/m3. The water sprayed onto the boards was procured from the
public water supply network and had an average temperature of 20 ◦C.

2.2. Manufacturing Process of the Particleboards

Initially, the particle mat was formed using 1.50 kg of particles for each size (depending
on the type of board) in an iron mold with dimensions of 600 × 400 mm. Afterwards, water
was sprayed onto the surface in an amount equaling 10% of the weight of the particles,
and the mixture was homogenized by stirring it manually for 5 min. The mat was then
placed into a hot plate press with a temperature of 110 ◦C and a pressure of 2.6 MPa for
7 min (particleboard type 1). The selection of the parameters was based on the results of
previous studies [20]. Then, the panels were taken out from the hot press and left to cool
in a horizontal position. For particleboard types 2, 3, and 4, the preparation process was
repeated, with up to 4 pressing cycles of 7 min each. The particleboards were codified as
follows: A1, <0.25 mm particle size and one pressing cycle of 7 min; A2, <0.25 mm particle
size and two pressing cycles of 7 min; A3, <0.25 mm particle size and three pressing cycles
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of 7 min; A4, <0.25 mm particle size and four pressing cycles of 7 min; B1, 0.25 to 1.00 mm
particle size and one pressing cycle of 7 min; B2, 0.25 to 1.00 mm particle size and two
pressing cycles of 7 min; B3, 0.25 to 1.00 mm particle size and three pressing cycles of 7 min;
B4, 0.25 to 1.00 mm particle size and four pressing cycles of 7 min; C1, 1.00 to 2.00 mm
particle size and one pressing cycle of 7 min; C2, 1.00 to 2.00 mm particle size and two
pressing cycles of 7 min; C3, 1.00 to 2.00 mm particle size and three pressing cycles of 7 min;
and C4, 1.00 to 2.00 mm particle size and four pressing cycles of 7 min.
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Figure 1. (a) Canary Island date palm infested with red palm weevils; (b) the infested trunk after
being cut down.

The boards were made with a single layer and a thickness of approximately 7 mm.
Four particleboards of each type were made. The characteristics of the manufactured
boards are indicated in Table 1, and the boards with the 3 different particle sizes are shown
in Figure 2.

Afterwards, the particleboards were cut into specimens in order to carry out the
necessary tests for the characterization of the mechanical and physical properties of each of
the 48 studied boards, with the dimensions indicated by the European Standards [48,49].
Subsequently, the specimens were conditioned in a JP Selecta conservation chamber (model
Medilow-L, Barcelona, Spain) at a temperature of 20 ◦C for 24 h and a relative moisture
content of 65%.

Table 1. Types of manufactured particleboards.

Type of Board No. of Boards Particle Size (mm) Time (min) Pressing Cycle Temperature (◦C) Pressure (MPa)

A1 4 <0.25 7 1 110 2.6
A2 4 <0.25 7 + 7 2 110 2.6
A3 4 <0.25 7 + 7 + 7 3 110 2.6
A4 4 <0.25 7 + 7 + 7 + 7 4 110 2.6

B1 4 0.25 to 1.00 7 1 110 2.6
B2 4 0.25 to 1.00 7 + 7 2 110 2.6
B3 4 0.25 to 1.00 7 + 7 + 7 3 110 2.6
B4 4 0.25 to 1.00 7 + 7 + 7 + 7 4 110 2.6

C1 4 1.00 to 2.00 7 1 110 2.6
C2 4 1.00 to 2.00 7 + 7 2 110 2.6
C3 4 1.00 to 2.00 7 + 7 + 7 3 110 2.6
C4 4 1.00 to 2.00 7 + 7 + 7 + 7 4 110 2.6
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type C).

The properties of the particleboards were determined and evaluated while applying
the current European Standards [50,51], including those for the density [52], the water
absorption (WA) and thickness swelling (TS) after immersion in water for 2 and 24 h [53],
the modulus of elasticity (MOE), the modulus of rupture (MOR) [54], the internal bonding
strength (IB) [55], the thermal conductivity [55], and the reaction-to-fire performance using
a single flame source [56–59].

To determine the moisture content of the boards in this study, an Imal laboratory
moisture meter (model 200, from Modena, Italy) was utilized, while a heated tank with a
water temperature of 20 ◦C was employed for the water immersion test.

The mechanical tests were conducted on an Imal universal testing machine (model
IB600, Modena, Italy), and the thermal conductivity tests were performed on a heat-flow-
measuring instrument (NETZSCH Instruments Inc., Bulington, MA, USA). The fire reaction
tests were carried out on a flammability meter (model CEAST 1653, Turin, Italy).

Scanning electron microscopy (SEM) was used, and elemental analyses (qualitative and
semiquantitative) were performed using energy-dispersive spectroscopy (EDS). Micrographs
were taken from 0.5 × 0.5 cm fractured cross sections. An FEI brand Nova Nano SEM 200 field
emission scanning electron microscope was used with the following characteristics:

• A resolution of 1 ηm at 30 kv and 1.5 ηm at 10 kV (under a vacuum);
• A throttle voltage of 200 V to 30 kV;
• A high-vacuum working mode for conductive samples and a low-vacuum working

mode for semi- and non-conductive samples;
• An energy-dispersive X-ray microanalysis system (EDS or EDX), Oxford brand, model

INCA X-Sight;
• SPSS v.28 software (IBM, Chicago, IL, USA) for performing a statistical analysis of

variance (ANOVA) with a significance level of α < 0.05 and Pearson correlations in
order to measure the dependence of the manufacturing parameters.

3. Results and Discussion
3.1. Physical and Thermal Properties

The results for the density, thickness swelling, water absorption, and thermal conduc-
tivity of the manufactured boards are shown in Table 2.



Fire 2024, 7, 193 6 of 16

Table 2. Average results of physical properties.

Type of Board Density
(kg/m3)

TS 2 h
(%)

TS 24 h
(%)

WA 24 h
(%)

WA 2 h
(%)

Thermal
Conductivity

(W/m·K)

A1 882.32 (11.16) 45.65 (1.89) 58.78 (2.27) 63.57 (0.12) 84.10 (4.87) 0.075 (0.003)
A2 873.70 (28.63) 29.21 (2.28) 41.78 (1.27) 51.54 (4.70) 67.31 (0.64) 0.068 (0.004)
A3 1102.27 (26.07) 20.07 (1.94) 28.47 (2.49) 39.72 (1.27) 59.09 (1.29) 0.068 (0.003)
A4 1093.41 (61.32) 15.63 (3.61) 20.69 (0.62) 37.43 (13.75) 54.50 (8.69) 0.067 (0.004)

B1 840.98 (37.73) 19.13 (1.92) 38.73 (1.48) 61.57 (5.92) 94.48 (5.38) 0.070 (0.002)
B2 852.29 (68.66) 25.37 (10.30) 39.68 (9.61) 55.30 (10.69) 74.98 (7.75) 0.070 (0.001)
B3 935.46 (16.60) 16.02 (1.65) 29.05 (3.61) 37.52 (8.11) 75.46 (10.71) 0.060 (0.003)
B4 999.01 (53.90) 20.95 (10.42) 34.37 (20.90) 37.32 (7.91) 66.10 (11.19) 0.061 (0.002)

C1 750.94 (36.08) 16.70 (1.69) 21.60 (1.84) 63.96 (4.51) 89.20 (5.19) 0.064 (0.004)
C2 822.18 (62.91) 34.98 (6.24) 43.21 (4.89) 59.30 (13.72) 81.53 (3.88) 0.062 (0.004)
C3 1056.08 (40.64) 20.33 (4.53) 27.69 (6.41) 39.52 (7.78) 52.82 (7.73) 0.060 (0.003)
C4 1031.50 (37.97) 21.31 (3.32) 30.85 (1.43) 38.39 (5.73) 54.57 (2.49) 0.061 (0.002)

TS: thickness swelling; WA: water absorption; ( ): standard deviation.

The boards had a density between 750.94 kg/m3 and 1093.41 kg/m3, which was
categorized as medium–high. This aligns with the densities obtained by other researchers
for particleboards without binders [34]. A greater time in the hot plate press resulted in a
higher density. Some of the average values did not reflect these results accurately due to
the standard deviation, as certain data points may have skewed the mean value.

The panels subjected to a longer time in the press offered better results for thick-
ness swelling (TS) and water absorption (WA). However, the parameters obtained did
not allow these boards to be classified as P3 type (non-structural boards for use in dry
environments) [49], since a limit of 17% TS after 24 h must be achieved.

The thermal conductivity of the boards ranged between 0.060 and 0.075 W/m·K. These
were good results compared to those of commercial particleboards [47–49], with values
between 0.180 and 0.070 W/m·K (depending on their density), and were similar to those of
cork particleboards (0.065 W/m·K).

After performing an analysis of variance for the particle size and for the number of
cycles (Table 3), it was observed that the density, TS, WA, and thermal conductivity (δ)
depended on the number of pressing cycles and did not depend on the particle size. Ac-
cording to the Pearson correlation coefficient (PCC) values in Table 4, the density increased
and the TS, WA, and δ decreased with a greater number of cycles.

Table 3. ANOVA results for manufacturing variables (particle size and cycle number).

Factor Properties Sum of Squares d.f. Half Quadratic F Sig.

Particle size

Density 48,068.923 2 24,034.4 1.979 0.152
MOR 182.076 2 91.038 5.718 0.007
MOE 890,667.25 2 445,333.627 1.176 0.319

IB 0.935 2 0.467 27.595 0.000
TS—2 h 150.696 2 75.348 0.913 0.410
TS—24 h 118.200 2 59.100 0.390 0.680
WA—2 h 8.275 2 4.137 0.023 0.977

WA—24 h 1204.024 2 602.012 2.980 0.063
Thermal conductivity (λ) 0.000 2 0.000 0.218 0.808

Weight loss 0.056 2 0.028 11.754 <0.001
Flame height 123.111 2 61.556 8.878 0.003
Flame depth 5.422 2 2.711 0.664 0.529
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Table 3. Cont.

Factor Properties Sum of Squares d.f. Half Quadratic F Sig.

No. of cycles

Density 354,021.437 3 118,007.146 28.088 0.000
MOR 387.790 3 129.263 11.978 0.000
MOE 10,260,552.869 3 3,420,184.290 25.220 0.000

IB 0.325 3 0.108 3.202 0.034
TS—2 h 794.738 3 264.913 3.933 0.016
TS—24 h 1304.015 3 434.672 3.516 0.024
WA—2 h 4398.009 3 1466.003 23.378 0.000

WA—24 h 5259.819 3 1753.273 17.922 0.000
Thermal conductivity (λ) 0.000 3 0.000 11.470 0.003

Weight loss 0.012 1 0.012 2.314 0.148
Flame height (Fs) 0.222 1 0.222 0.016 0.902

Flame depth 14.942 1 14.942 4.620 0.047

d.f.: degrees of freedom; F: Fisher–Snedecor distribution; Sig.: significance.

Table 4. The Pearson correlation coefficient values obtained with respect to the manufacturing
variables.

Factor Density TS—24 h WA—24 h λ MOR MOE IB Fs

Particle
size

PCC −0.160 −0.100 −0.017 −0.190 −0.319 * −0.089 −0.670 ** −0.728 **
Sig. 0.317 0.534 0.917 0.555 0.042 0.582 0.000 <0.001

No. of
cycles

PCC 0.780 ** −0.393 * −0.747 ** −0.823 ** −0.376 * 0.784 ** 0.404 ** 0.031
Sig. 0.000 0.011 0.000 0.001 0.015 0.000 0.009 0.902

*: The correlation is significant at the 0.05 level (two-sided); **: The correlation is significant at the 0.01 level
(two-sided).

3.2. Mechanical Properties

In accordance with the European Standards [50], the minimum requirements for the
general use of particleboards with a thickness between 6 and 13 mm in dry environments
are an MOR value of 10.5 N/mm2 and an IB value of 0.28 N/mm2 (grade P1). An MOR
value of 11.0 N/mm2, an MOE value of 1800 N/mm2, and an IB value of 0.40 N/mm2 are
the minimum standards for the manufacture of furniture (grade P2). For a load (grade
P3), the minimum values of MOR, MOE, and IB are 15.0 N/mm2, 2.050 N/mm2, and
0.45 N/mm2, respectively.

The best mechanical performance (Figures 3–5) was achieved with the smallest particle
size and four pressing cycles (A4-type board), which resulted in an MOR of 20.0 N/mm2,
an MOE of 2589.8 N/mm2, and an IB of 0.74 N/mm2.
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Boards A3 and A4 could be classified as P2 as per the European Standards. They
could not be categorized as P3, as they did not meet the necessary minimum 24 h TS value.
Therefore, it would be recommended to apply a water-repellent product, similar to those
used in the wood industry, to attain this classification. The boards with a particle size of
0.25 to 1 mm or 1 to 2 mm did not reach the necessary IB values.

According to analyses carried out by several researchers [13,35,60], one of the most
important factors for the production of boards is the particle size. This is in line with the
conclusion of this study that the best mechanical properties are attained with a smaller
particle size.

Pintiaux et al. [34] indicated that, to manufacture vegetable fiberboards with other
ecological binders (tannins, lignin, etc.), high temperatures are required (higher than 180 ◦C).
However, in this work, the particleboards were manufactured from trunks of the Canary
Island palm tree with temperatures of 110 ◦C, and this was acceptable as reflected in the
specifications of the European Standards [48,49].

In a previous study [20], it was observed that the Canary Island date palm has large
amounts of sugars, and it seems that the self-bonding mechanism is due to these sugars
and the production of furfural. This indicates that the union of the particles is due to the
furan resins obtained in the manufacturing process.

As can be seen in Table 5, in comparison to the results of previous studies on binderless
palm tree trunk particleboards, the process of pressing cycles with lower temperatures
and lower pressures yielded better results in terms of the mechanical properties of the
resulting boards.
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Table 5. Average values for palm tree trunk particleboards studied by different authors.

Material Pressure
(MPa)

Temp.
(◦C) Time (min) Density

(kg/m3)
TS—24 h

(%)
MOR

(N/mm2)
MOE

(N/mm2)
IB

(N/mm2) Source

Oil palm+10% UF 40 160 8 810 41.5 5.80 1149.6 1.16 [40]
Oil palm 12 180 20 800 20 13.37 0.71 [61]

Canary palm 2.6 120 30 838.5 27.56 13 1467.8 0.40 [20]
Canary palm 2.6 110 7 + 7 + 7 + 7 1093.4 20.69 20 2589.8 0.74 This study

Type P2 - ≥11 ≥1800 ≥0.40 [47]
Type P3 ≤17 ≥15 ≥2050 ≥0.45 [47]

3.3. Reaction-to-Fire Performance

Three test specimens of the three-cycle and four-cycle boards were used to perform
the reaction-to-fire test. As per the European Standards [57], the samples were conditioned
to achieve a constant mass at a temperature of 23 ± 2 ◦C and a relative moisture content of
60 ± 5% RH before testing. Subsequently, the samples were vertically affixed to a frame
and a flame was applied for 60 s at a 45◦ inclination, positioned 40 mm above the lower
edge. Figure 6 shows some of the tested specimens.
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Figure 6 shows that the burned area appeared to be superficial across all the tested
specimens.

The results of the reaction-to-fire test are shown in Figures 7–9. The flame spread (Fs)
is the measure of the flame height, and in all the specimens, it was from 60.3 to 70.4 mm.
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Statistically, the analysis of variance (ANOVA; Table 3) indicated that the particle size
influenced the weight loss and the flame spread (Fs) of the specimens, but the flame depth
was influenced by the number of pressing cycles. Moreover, according to the bivariate
Pearson’s correlations (Table 4), the Fs decreased as the particle size increased; therefore, it
did not have a direct relationship with weight loss. In addition, the values were within the
admissible range. They corresponded to products obtained from a heterogeneous material,
such as plants, and to the use of specimens from inside and outside the board for testing,
as established by the European Standards [48].

Regarding the reaction-to-fire performance, the European Standards [58] establish that,
when the Fs is less than 150 mm in 60 s, the boards are categorized as B. If there are also no
burning drops or ignitions in any specimen, as was the case in this study, the boards are
classified as d0. Therefore, the palm trunk particle boards without adhesives were classified
as Bd0. To classify them as a higher class, flammability tests must be carried out.

Silicon-based chemical compounds are used as environmentally friendly fire retar-
dants [62,63], and silica is recognized for its fire-retardant properties [42]; thus, the favorable
behavior of the boards against fire could be attributed to the material’s high silicon content.
Silicon-based compounds form physically strong carbon/silica surface layers. These layers
protect the substrate and serve as a barrier to prevent the migration of thermal degradation
products to the surface [64,65].

By comparing the values obtained with those reported by other authors, as indicated
in Table 6, we observed that the Canary palm boards had better properties against fire
compared to other plant residues without any type of flame retardant, except vine prunings,
which had large amounts of silica as well.
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Table 6. Comparison of single-flame-source test results of particleboards in different studies.

Particleboard Material Binder Board Thickness
(mm) Flame Retardant Flame Height

(mm) Source

Vine prunings 9% UF 7.5 - 41–67.78 [66]

Wood 10% UF 14 Phosphate-modified
cellulose microfibers 132 [67]

Cotton stalks 10% UF 14 Diammonium phosphate
(NH4)2HPO4 and boric acid 85.7 [68]

Corn stalks 10% UF 14 Diammonium phosphate
(NH4)2HPO4 and boric acid 88.4 [68]

Sawdust 10% UF 14 Diammonium phosphate
(NH4)2HPO4 and boric acid 91.1 [68]

Rice straw 10% UF 14 Diammonium phosphate
(NH4)2HPO4 and boric acid 92 [68]

Canary Island palm
trunks - 7 - 60.3–70.4 This study

The thickness and density of boards influence their time to ignition and weight loss:
the lower the thickness, the shorter the time to ignition [69]. The boards in this work had a
thickness of 7 mm, so it would be necessary to check whether the fire properties improve
with thicker boards.

3.4. Evaluation of the Material Microstructure

In the micrograph of the longitudinal section of a Canary Island palm trunk
(Figure 10a), the typical characteristics of vascular bundles were observed, consisting
of fibers, vessels, and phloem embedded in the parenchymatic tissue. The SEM micro-
graphs of the trunk samples indicated the presence of vascular bundles covered with large
amounts of aligned siliceous phytoliths. This probably contributed to the lower thickness
swelling in the boards made of Canary Island palm particles. In the EDS analysis, it was
observed that the palm tree trunks had a high content of silicon phytoliths, and these silicon
phytoliths were still arranged on the outside of the fibers in the boards manufactured with
larger particles (Figure 10b). Therefore, these boards had better properties against fire.
Figure 11 shows the characteristic shape of the Canary Island palm phytoliths.
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4. Conclusions

In this study, binderless particleboards made from Canary Island palm trunks were
successfully manufactured. The mechanical, physical, and thermal properties were ana-
lyzed, and the study concluded that, by using a manufacturing process with a low pressing
temperature, particleboards can be manufactured from ecological materials. This variety
of particleboard is a potential substitute for the traditional wood-based panels commonly
utilized in construction, in addition to being environmentally friendly and following the
principles of the circular economy.

The test results showed that the density, TS, WA, MOR, IB, thermal conductivity, and
flame depth depended on the number of pressing cycles. The MOR, IB, Fs, and weight
loss due to fire depended on the particle size used. To obtain more resistant boards, small
particle sizes should be used; however, to make boards with better thermal and fire-resistant
performance, larger particles and a lower number of pressing cycles should be considered.
Therefore, in future research, two- and three-layer particleboards should be tested in order
to combine both applications.

A3- and A4-type boards fall under the P2-grade classification (non-structural particle-
boards for indoor use) and exhibit favorable thermal performance. Hence, they could serve
as interior enclosures for buildings, both vertically and horizontally, without requiring coat-
ings. In future studies, consideration should be given to applying a water-repellent product
or adjusting the dosages to enhance the properties of these boards for outdoor usage.

All the tested boards exhibited a good reaction-to-fire performance and were classified
as Bd0, and those with a larger particle size had better properties. Moreover, the perfor-
mance of the manufactured particleboards in this study was better than that of wood-based
boards without fire retardants.

By using pressing cycles for the manufacture of boards, binderless boards with good
properties were obtained. To improve this manufacturing process, it would be necessary to
conduct additional tests by varying the time of each cycle, the temperature of the press,
and the pressure. Moreover, subsequent aging and durability tests against environmental
and biological factors should be performed.

The utilization of waste from Canary Island palm tree trunks to manufacture ecological
and fire-retardant materials such as particleboards could offer environmental advantages
by reducing air pollution and decreasing landfill waste accumulation.
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