Pre prints.org

Article Not peer-reviewed version

Physical and Mechanical Analysis of
Fiberboard Made Of MDF Residues and
Phase Change Materials

Gustavo E. Rodriguez , Cecilia Bustos Avila , Alain Cloutier i

Posted Date: 18 April 2024
doi: 10.20944/preprints202404.1205.v1

Keywords: MDF residues; fiberboard; PCMs; physical-mechanical properties; thermal energy storage

Preprints.org is a free multidiscipline platform providing preprint service that
is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/3165431
https://sciprofiles.com/profile/2525532
https://sciprofiles.com/profile/467698

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 April 2024 d0i:10.20944/preprints202404.1205.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Physical and Mechanical Analysis of Fiberboard
Made of MDF Residues and Phase Change Materials

Gustavo E. Rodriguez 1, Cecilia Bustos Avila 12 and Alain Cloutier 3*

! Centro de Biomateriales y Nanotecnologia, Departamento de Ingenieria de Maderas, Facultad de
Ingenieria, Universidad del Bio Bio, Concepcién 4030000, Chile;
gustavo.rodriguez1901@alumnos.ubiobio.cl (G.E.R.); cbustos@ubiobio.cl (C.B.A.)

2 CENAMAD: Centro Nacional de Excelencia para la Industria de la Madera, Santiago, Chile

3 Renewable Materials Research Center (CRMR), Department of Wood and Forest Sciences, Université
Laval, Québec, QC G1V 0A6, Canada

* Correspondence: alain.cloutier@sbf.ulaval.ca (A.C.)

Abstract: The wood-based panel industry is experiencing an excessive accumulation of solid residues from the
production of medium-density fiberboard (MDF) panels and moldings. It is possible to create new MDF
products with acceptable physical and mechanical properties by revaluing MDF residues. Additionally, those
products’ thermal properties can be improved by incorporating phase change materials (PCMs). This study
aims to develop a wood-based fiberboard made of MDF residues, capable of storing thermal energy. Two types
of PCMs, two PCM ratios, and two types of adhesives were used to produce eight different types of panels.
The vertical density profile, thickness swelling, water absorption, internal bond (IB), and static bending
properties — modulus of elasticity (MOE) and modulus of rupture (MOR) — were determined for each panel
type. The specific heat of the panels was also determined. The results show the panels” densities were greater
than 700 kg/m?®. Thickness swelling in water improved by 23% compared to the reference value of the control
panel PCMs after PCM incorporation. The highest IB value was 1.30 MPa, which is almost three times the
minimum required by regulation standards. The incorporation of PCMs reduced the panels’ bending
properties compared to the properties of the control panels. Even though the values obtained are sufficient to
comply with the minimum values set out in ANSI standard A208.2 with a MOE value of 2072.4 MPa and the
values obtained are sufficient to comply with the minimum standards with a MOE value of 2072.4 MPa and a
MOR value of 16.4 MPa. When microencapsulated PCM is used, the specific heat of the panels is increased by
more than 100% over that of the control panels. This study develops a feasible alternative for using MDF
residues: to create fiberboard that is capable of storing thermal energy and has adequate physical and
mechanical properties.

Keywords: MDF residues; fiberboard; PCMs; physical-mechanical properties; thermal energy
storage

1. Introduction

The demand for wood-based panels is increasing year after year. The wood-based panel
industry is innovating to develop panels with better performance. According to the Food and
Agriculture Organization (FAO), medium-density fiberboard (MDF) is the most widely used type of
wood-based panel in the world, with around 111 million m? produced in 2021 [1]. MDF is
traditionally used to produce furniture, shelves, moldings, and other products. However, it can be
used in flooring, ceiling, and wall cladding [2]. It is generally reserved for indoor uses due to its
hydrophilic nature.

The MDF panel is a prevalent product derived from wood. Nevertheless, growing demand for
these panels often poses challenges in terms of securing sufficient raw materials to manufacture them.
Researchers are exploring alternative lignocellulosic materials to address this supply constraint.
Some of the fibers being considered are soybean straw [3-5], rice straw [6-8], and coconut fiber [9-
11]. Nonetheless, these fibers pose challenges when it comes to their suitability for large-scale
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industrial production. An alternative involves using MDF residues from the panel manufacturing
process and the creation of products from these panels. Approximately 25% of global annual MDF
production results in residues [12]. Notably, in Chile, molding production generates substantial

quantities of MDF residues — 2500 tons monthly [13]. This subproduct is minimally utilized as a filler
in new panel manufacturing, and most of it goes unutilized, which leads to logistical issues for
industrial operations.

There has been extensive research into alternative management strategies to revalue MDF
residues. One potential approach that has not yet been explored involves creating fiberboard that is
made entirely of MDF residues from molding production and can store thermal energy. However,
the smaller size of residue fibers present theoretical feasibility challenges when compared to standard
manufacturing processes. Currently, there is no evidence confirming that panels made of MDF
residues meet the physical and mechanical properties requirements of the ANSI standard A208.2. To
enable the panels to store thermal energy, phase change materials (PCMs) must be incorporated
during the manufacturing process. The unique characteristics of the PCM used will determine the
panels’ storage capacity, as thermal energy is stored when the PCM melts.

Fernandez et al. [14] studied the incorporation of PCMs in plywood panels. Their process
consisted of mixing different proportions of PCM microcapsules into the adhesive and forming
boards that were then compared with a control. Their results indicated that the addition had no
negative effect on the mechanical properties of the panel. Moreover, incorporating PCM in the
adhesive increased the thermal mass of the panels by 19%. Qi et al. [15] developed a hollow wood-
based fiberboard that has PCM-filled PVC tubes in its structure. Their results indicated their
fiberboard’s bending properties increased, which was attributed to the tubes making the panel stiffer.
The authors carried out heat transfer simulations to study their product’s thermal properties and
concluded that the composite developed can store latent heat and reduce indoor temperature
fluctuations. Can [16] impregnated poplar wood with microencapsulated palmitic acid to improve
its thermal properties. Their study revealed that the treated wood had a latent heat of 60 ] g' and a
43% greater thermal conductivity compared to untreated wood. Li et al. [17], for their part, developed
a phase change composite using an immersion process to incorporate polyethylene glycol in poplar
wood. Their results showed the thermal conductivity of their composite was 190% greater than that
of their control. Their composite’s latent heat of fusion was 25.1 ] g. The authors concluded that the
composite has great potential for use as an insulating board in construction applications. Wood has
been minimally explored as a substrate for PCMs compared to other construction materials.
Rodriguez et al. [18] conducted a detailed review of PCM use in wood and wood-based composites.
Their analysis provides a comprehensive understanding of how different PCMs behave when
integrated in various types of wood.

To date, there is no information in the literature on using PCMs in fiberboard, particleboard, or
oriented strand board (OSB). More specifically, there is no research investigating using MDF residues
from the production of MDF moldings as raw material to produce fiberboard containing PCMs. This
study aims to create a new type of fiberboard that is made entirely from MDF residues and can store
thermal energy since it contains PCM while meeting the ANSI standard A208.2 requirements for
physical and mechanical properties.

2. Materials and Methods

2.1. Materials

MDF residues produced in the manufacturing of moldings from MDF panels made of Pinus
radiata sourced from the Bio Bio region of Chile were used. A granulometric analysis was performed
on the residues by taking a representative sample of 300 g and sieving it in a RO-TAP sieve shaker,
model RX-29 (Mentor, OH, USA). The analysis was replicated five times. The residue particles
measured 0.15-1.19 mm in length and looked like wood flour. Two types of bio-based PCMs were
incorporated in the panels. One was PureTemp 15X (PCM1), which is a liquid PCM that has a phase
change temperature of close to 15°C and was purchased from PureTemp (Bloomington, MN, USA).
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The other was Nextek 18D (MPCM), which is microencapsulated white dry powder with > 97% solids
that contains PureTemp 18 and has a phase change temperature of close to 18°C and particles
measuring 15-30 um. MPCM was purchased from Microtek Laboratories Inc. (Dayton, OH, USA).
Both products are USDA certified 100% biobased and produced from agricultural sources. The PCMs
were thermally characterized using a 10-mg sample of each product and a differential scanning
calorimeter from Mettler Toledo, model DSC823e (Mississauga, ON, Canada). The thermal
characterization results are shown in Table 1. Urea-formaldehyde (UF) and phenol-formaldehyde
(PF) adhesives containing 70.4% and 50% solids, respectively, were provided by Hexion Canada Inc.
(the UF adhesive was produced in St-Romuald, QC, Canada, and the PF adhesive, in Calgary, AB,

Canada).
Table 1. Thermal properties of the PCMs used.
PCM Fusion Latent Heat of Crystallization Latent Heat of
Type Temperature (°C) Fusion (J g Temperature (°C) Crystallization (J g7)
PCM1 15.3 184.3 8.2 177.0
MPCM 19.4 178.0 12.4 183.8

2.2. Manufacture of Fiberboard Made of MDF Residues and PCMs

The residues were dried at 103 + 2°C using a Cathild semi-industrial dryer until they reached a
moisture content (by oven-dry weight) of 2%. The residues were then placed in a house-made
horizontal blender (see Figure 1) to blend in the adhesive and PCMs separately. The rotation speed
of the blender’s blades was 3600 rpm. The adhesives and PCM1 were incorporated via nozzles
connected to pipes and propelled by a pump. Air pressure of 80 psi was used to spray both adhesives
and PCM1. MPCM was added directly to the mixer alongside the residues and mixed in before the
adhesive was added to the blender.

Before being added, the UF adhesive was brought to 30°C, and its pH was adjusted to 7 by
incorporating ammonium chloride (NH4CI) at 25% v/v as a catalyst. The resin content used was 14%
and 16% (based on the oven-dry weight of the wood) for the PF and UF adhesives, respectively. Two
PCM ratios, 2% and 6%, were used for each PCM. The glued residues were placed in a mold to form
a mat and then hot pressed at 190°C for 240 s using a Dieffenbacher North America hot press
(Windsor, ON, Canada). After pressing, the panels were placed in a conditioning room at 20°C and
65% relative humidity until an equilibrium moisture content of 8% was reached. The final dimensions
of the panels were 780 mm x 780 mm x 10 mm. The panels were not sanded. Each combination of
PCM (2), adhesive (2), and PCM ratio (2) was an independent treatment (8 different combinations x
3 panel replicates each). In addition, two control panels were made, one with residues and PF
adhesive, and the other with residues and UF adhesive. Table 2 shows all the combinations
considered. A detailed schematic of the panel production process can be found in Figure 2.

Table 2. Composition of the manufactured panels. CPF is the control panel made with PF adhesive;
CUF is the control panel made with UF adhesive; PCM1 is PureTemp 15X; MPCM is Nextek 18D; T1-
T8 are the different combinations developed.

Panel Type PCM Type Adhesive PCM Ratio
CPF - PF -
CUF - UF -

T1 PCM1 PF 2%
T2 PCM1 PF 6%
T3 PCM1 UF 2%
T4 PCM1 UF 6%
T5 MPCM PF 2%
T6 MPCM PF 6%
17 MPCM UF 2%

T8 MPCM UF 6%
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Figure 1. House-made horizontal blender. A) The rotating blender blades; B) The MDF residues before
blending; C) Addition of MPCM to the MDF residues before blending; D) The system used for
spraying and incorporating the adhesives and PCM1.
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Figure 2. The process used to manufacture the MDF residue-PCM panels.
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2.3. Panel Characterization

2.3.1. Physical and Mechanical Properties of MDF residue-PCM panels

The vertical density profile (VDP) of the panels was assessed using a QDP-01X densitometer
from Quintek Measurement Systems Inc. (Knoxville, TN, USA). The test specimens measured 50 mm
x 50 mm x 10 mm. Ten specimens were tested for each panel replicate, for a total of 30 specimens per
treatment. The panels’ thickness swelling and water absorption after 24 h of immersion in water were
determined in accordance with ASTM standard D1037-12 [19]. The test specimens measured 152 mm
x 152 mm x 10 mm. Five specimens were tested per panel replicate, for a total of 15 specimens per
treatment. The IB of the panels was determined in accordance with ASTM standard D1037-12 and
using the same specimens that were used in the VDP test. The static bending modulus of elasticity
(MOE) and modulus of rupture (MOR) were determined in accordance with UNE standard EN 310
[20]. The test specimens’ width was 50 mm, and their length was 20 times the nominal panel thickness
(10 mm) plus 50 mm, for a total of 250 mm. The span used was 20 times the nominal sample thickness
(200 mm). Nine specimens were tested for each panel replicate, for a total of 27 specimens per
treatment.

All the mechanical properties of the panels were determined using an MTS QTest-5 universal
testing machine (Eden Prairie, MN, USA) with a capacity of 5 kN (see Figure 3). The values obtained
for the physical and mechanical properties (thickness swelling, IB, and static bending properties) of
the panels were compared with the values specified in ANSI standard A208.2 [21].

,
-
B| o

Figure 3. A) The MTS QTest-5 universal testing machine; B) IB testing; C) Static bending testing.

2.3.2. Thermal Properties of MDF Residue-PCM Panels

The specific heat of the panels was measured in accordance with ASTM standard C1784-14 [22].
A FOX 314 heat flow meter from TA Instrument-LaserComp Inc. (Wakefield, MA, USA) was used.
This test method involves taking a series of measurements to determine the thermal energy storage
capacity of a test specimen over a temperature range of 5-25°C for PCM1 and 8-28°C for MPCM. The
specimens were placed between two isothermal plates at set temperatures, and their heat flux was
measured. The dimensions of the test specimens were 10 mm x 300 mm x 300 mm, and two specimens
were tested for each treatment.

2.4. Statistical Analysis

A two-way analysis of variance was carried out on the data obtained. The analysis was
performed using IBM Corp.’s SPSS version 27 statistical software (Armonk, NY, USA). The
significance was determined based on p <0.05 for all the treatments considered.

3. Results
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3.1. Vertical Density Profile

The VDP of each manufactured panel type is shown in Figure 4A. There were minor differences
in the VDPs of the panels. The density values decrease from the panel’s surface to its center. Panel T4
had the highest surface density, at 1021 kg/m?3, and a 36% lower core density, which is the most
pronounced VDP. Density profile characterization serves as a determinant for assessing a panel’s
mechanical performance. Panels that exhibit a flat VDP tend to have lower bending property values
but a higher IB value [23]. Hence, the pronounced VDP observed for Panel T4 indicates that it will
have high MOR and MOE values. The other types of panels exhibited consistent VDPs with minor

variations.
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Figure 4. Density of the MDF residue-PCM panels. a) The VDPs of the manufactured panels; b) The
average density of the manufactured panels according to the QDP-01X densitometer. The panel type
acronyms are defined in Table 2. The lowercase letters represent statistically significant differences
between panel types according to the Tukey test.
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Panel T4 has the highest average density of all the panels produced, at 774.8 kg/m?, followed by
Panels T2 and T8, at 752.4 and 741.9 kg/m3, respectively (see Figure 4B). Tukey’s multiple
comparisons test reveals statistically significant differences among the densities of the treatments.
Each factor investigated —PCM type, PCM ratio, and adhesive type—has a significant influence on
panel density. The interaction between the type of PCM and the PCM content also has a significant
effect on density. Table 3 shows the ANOVA p-values for panel density.

Table 3. ANOVA p-values for panel density.

F-value p-value

Model 5.654 <.001
PCM type - A 8.229 .005

PCM ratio - B 14.703 <.001
Adhesive - C 5.407 .021
AB 5.405 .021
AC .589 443
BC 2.307 130
ABC 2.939 .088

3.2. Thickness Swelling and Water Absorption

Figure 5 shows the values obtained for thickness swelling and water absorption after 24 h
immersion in water. Panel T6 exhibited the least thickness swelling at 5.9%. This panel was
manufactured using PF adhesive and exhibited 23% less swelling than its control panel (CPF). Panel
T3, which was manufactured using UF adhesive, exhibited the most swelling, at 8.3%, which
represents 4.4% less swelling than was observed for its control panel (CUF). Overall, all the
treatments were found to swell less than their respective control samples (considering the adhesive
type employed). The ANOVA results indicate that only the type of adhesive has a significant effect
on the average swelling value of the treatments (see Table 4). The Tukey test results suggest that there
are significant differences between the treatments studied. The highest water absorption value was
exhibited by Panel T1, at 59.5%, which is slightly higher than the absorption value observed for its
control panel CPF. On the other hand, Panel T8 absorbed 61.5% less water than its control panel CUF.
Panel T8 had the lowest absorption value of all the panels produced, at 18.9%. In contrast to swelling,
water absorption is significantly affected by all the factors studied (see Table 5). The multiple
comparison test indicates the differences between the treatments evaluated are statistically
significant. All panel types except T1 had lower water absorption values than those obtained for the
control panels.
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Figure 5. Thickness swelling and water absorption after 24 h immersion in water. The panel type
acronyms are defined in Table 2. The lowercase letters represent statistically significant differences
between panel types according to the Tukey test.

Table 4. ANOVA p-values for panel thickness swelling.

F-value p-value

Model 11.478 <.001
PCM type - A 3.471 .065
PCM ratio - B 1.204 275

Adhesive - C 65.613 <.001
AB .836 .362
AC 7.972 .006
BC .638 426
ABC .614 435

Table 5. ANOVA p-values for panel water absorption.

F-value p-value
Model 24.157 <.001
PCM type - A 13.370 <.001
PCM ratio - B 126.728 <.001
Adhesive - C 13.521 <.001
AB 6.259 .014
AC 2.396 124
BC 4.857 .030
ABC 1.696 163

The thickness swelling values obtained suggest greater dimensional stability than was reported
by Najahi et al. [24], who used rapeseed stalks, which are agricultural waste, as a raw material to
produce resin-free fiberboard. They used lignocellulosic nanofibers (LCNFs) instead of adhesive. The
thickness swelling values they obtained were slightly higher than 10% but lower than that of a
commercial fiberboard. However, their values are higher than those obtained for all the treatments
developed in this study, including the control panels. Similar research was conducted by Diop et al.
[25]. They used thermomechanical pulp and lignocellulosic nanofibrils to develop MDF. They
reported thickness swelling values above 20% at different pressing temperatures and various
percentages of LCNF. All the thickness swelling values obtained in this study are below 1.65 mm,
which is the maximum acceptable value in ANSI standard A208.2 for panels that are less than 15 mm
thick.

The water absorption values obtained in this study markedly contrast with Diop et al.’s findings
[25]. They reported water absorption values of 120% to 160%, which is more than twice that of Panel
T1 (59.5%). On the other hand, Boran Torun [26] obtained water absorption values between 20% and
25% for MDF made using a mixture of beech and pine fibers. Note that while water absorption is
commonly reported in the literature, it is not considered in ANSI standard A208.2. The thickness
swelling and water absorption values obtained in this study demonstrate that all the fabricated panels
exhibit commendable dimensional stability. Incorporating PCMs in the panels does not increase their
water absorption or thickness swelling.

3.3. Internal Bond

The internal bond (IB) strength of all the treatments considered, including the control panels,
surpassed the minimum values set out in ANSI standard A208.2 for grades 115, 130, and 155. Panel
T4 exhibited the highest IB strength, at 1.30 MPa, followed by Panel T3 and T2 at 1.21 MPa and 1.13
MPa, respectively. The lowest IB strength was observed for Panel T6 at 0.83 MPa, which is 23.2%
lower than that of its control panel CPF. Figure 6 shows that the treatments containing PCM1
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demonstrated higher IB strength values than their respective control panels. Conversely, the
treatments with MPCM exhibited lower IB strength values than did their respective control panels
(T5 and T6 < CPF; T7 and T8 < CUF). However, the differences between the panels are not significant,
and, moreover, the values remained above the minimum requirements set out in ANSI standard
A208.2. According to the ANOVA results, the type of PCM and the type of adhesive significantly
affect the IB strength (see Table 6). The Tukey test results indicates that there are significant
differences between the treatments evaluated.
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Figure 6. IB strength of the MDF residue-PCM panels. The lines represent the requirements that are
set out in ANSI standard A208.2 for MDEF. The panel type acronyms are defined in Table 2. The
lowercase letters represent statistically significant differences between panel types according to the

Tukey test.
Table 6. ANOVA p-values for panel IB strength.
F-value p-value

Model 7.648 <.001
PCM type - A 42.176 <.001
PCM ratio - B .032 .858
Adhesive - C 6.504 011
AB 2.480 117

AC 1.391 239

BC 794 374

ABC 158 .692

The IB values obtained in this study are higher than those reported by Camlibel [27], who
developed fiberboard using a mixture of different types of wood and zeolite. The IB strength of Panel
T6 is 25.8% higher than the highest value he obtained, while that of Panel T4 is 97% higher. Aisyah
et al. [28] reported an IB value of 0.75 MPa for MDF panels made from kenaf using different amounts
of pressure during the refining process and two heating times. On the other hand, Hashim et al [29]
reported an IB value of 0.76 MPa for fiberboard with aluminum trihydrate incorporated as a fire
retardant. The authors observed the panels’ IB strength decreased with an increase in the proportion
of fire retardant used. In this context, Panel T6 performed better in terms of IB strength than did the
panels considered by Hashim et al.
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The addition of microcapsules to the panels resulted in the formation of small clusters in the
panel structure (see Figure 7). This occurrence may have disrupted adhesion between the fibers and
adhesive and led to the reduced IB values observed for Panels T5-T8 in comparison with the control
samples. Nonetheless, those panels’ IB values remained satisfactory (above grade 155 in ANSI
standard A208.2).

Figure 7. MPCM aggregates formed during panel fabrication.

3.4. Static Bending Properties

The bending MOE and MOR values of the manufactured panels are shown in Figure 8. Panel T4
had the highest MOE of the panels developed, at 2072 MPa, followed by Panel T3, at 1974 MPa. On
the other hand, Panel T5 exhibited the lowest value, at 1398 MPa, and there were significant
differences between panel types according to the Tukey test results. The ANOVA results indicate that
the type of PCM and type of adhesive used significantly influence the MOE (see Table 7). According
to Figure 8A, all the treatments had average MOE values that were below the MOE of their
corresponding control panel. Only the values for Panel T7 and CUF were significantly different. The
panels containing MPCM exhibited lower MOE values than those made with PCM1. Moreover, the
trend indicates an increase in MPCM content leads to an increase in panel bending MOE.

Panel T3 had the highest MOR value, at 16.4 MPa. This panel was made with UF adhesive and
exhibited a 16% lower MOR value than did its control panel CUE. On the other hand, Panel T7 had
the lowest MOR value, at 11.5 MPa, 41.4% lower than that of its control panel CUF. The ANOVA
results reveal that solely the type of PCM significantly influences the MOR of the fabricated panels

(see Table 8).
Table 7. ANOVA p-values for panel bending MOE.
F-value p-value

Model 3.509 .001

PCM type - A 10.301 .002

PCM ratio - B 2.458 118

Adhesive - C 6.637 011

AB 1.841 176

AC 2.505 115

BC .816 .367

ABC .002 .965
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Table 8. ANOVA p-values for panel bending MOR.

11

F-value p-value
Model 2.325 .026
PCM type - A 9.693 002
PCM ratio - B .707 401
Adhesive - C 497 482
AB 3.811 .052
AC 219 .640
BC .896 345
ABC 453 502
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Figure 8. Static bending properties of the panels. A) MOE; B) MOR. The lines represent the
requirements that are set out in ANSI standard A208.2 for MDF. The panel type acronyms are defined
in Table 2. The lowercase letters represent statistically significant differences between panel types

according to the Tukey test.
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A Tukey test to compare means revealed there are significant differences only between Panels
T3 and T7. According to Figure 8B, an increase in PCM1 content in the panels corresponds to a
decrease in MOR value. Conversely, an increase in MPCM content increases the MOR value. Similar
to the MOE trend, all the treatments had MOR values that were lower than that of their respective
control sample.

The MOE and MOR values obtained in this study are similar to those reported by Jazayeri et al.
[30], who developed MDF panels with modified graphene as an additive in UF adhesive. The authors
found that the MOE increases as the proportion of additive increases. Moslemi et al. [31] developed
MDF panels with a mixture of spruce and pine fibers. They used UF adhesive reinforced with
cellulose nanofibers obtained from rice straw. Their MOE and MOR values (2370 MPa and 23.3 MPa,
respectively) were higher than those achieved in this study.

Although the values obtained in this study are lower than those reported by other authors, all
the panels met the minimum bending MOE and MOR values required by ANSI standard A208.2 for
grade 115 (with the exception of Panel T7’s MOR value). No panel met the requirements for grades
130 (apart from CUF’s MOE value) or 155.

3.5. Specific Heat

The fusion-specific heat results for the panels made with PCM1 and MPCM are shown in Figure
9A,B, respectively. No increase in specific heat was observed for the panels containing PCM1, which
had similar or slightly lower specific heat values than the control panels. This observation could stem
from PCM possibly being lost during pressing, or perhaps the amount of PCM1 added was
insufficient to increase the specific heat of the panels. An alternative explanation could be that
incorporating the PCM during the blending process instead of first impregnating the residues, as
Rodriguez et al [32] did, resulted in PCM1 not achieving a sufficiently strong bond with the fibers. It
is worth mentioning that in this study, the adhesive utilized in the panel manufacturing process filled
the gaps between the residue fibers. This situation reduces the likelihood of a strong bond between
the residues and PCM1.

In contrast, the panels made with MPCM had higher specific heat values than the control panels
(see Figure 8B). The increase is directly proportional to the increase in the MPCM content. Notably,
Panel T6 exhibited the highest specific heat value, at 2842 J/kg K, which represents a 121.5%
improvement in specific heat over the control panel CPF. The next highest specific heat value
belonged to Panel T8 and was 2141 J/kg K, which marked a 54.3% improvement in specific heat
compared to the control panel CUF. Panels T6 and T8 both had an MPCM ratio of 6%. Furthermore,
the treatments containing 2% MPCM—Panels T5 and T7—had specific heat values that were 32.7% and
17.9% greater, respectively, than those of their respective control panel.

The results demonstrate that PCMs can improve the thermal properties of fiberboard made from
MDF residues. To strengthen these results, it is necessary to make panels with a higher proportion of
PCM1 and MPCM. This way, it will be possible to determine the extent to which the panels’ thermal
properties can be increased without affecting their physical and mechanical properties.

d0i:10.20944/preprints202404.1205.v1
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Figure 8. Specific heat of the panels. A) Panels made with PCM1; B) Panels made with MPCM.

4. Conclusions

The composites developed in this study demonstrate that it is possible to manufacture
fiberboard from MDF residues and that PCMs can be incorporated in the panels to improve their
thermal properties. The panels had densities greater than or equal to 700 kg/m?3. Their thickness
swelled in water 23% less than did the thickness of their respective control panel, and all the panels’
thickness swelling values were below 1.65 mm, which is the value suggested by the ANSI standard
A208.2. The maximum IB value obtained was 176% higher than the minimum required by the ANSI
standard A208.2. PCM1 did not decrease the IB values. On the other hand, MPCM decreased the IB
values slightly, but they were still 76% higher than the minimum required by the ANSI standard
A208.2. Bending properties decreased with the incorporation of PCMs; Panels T1-T8 had lower
bending MOR and MOE values than did their respective control panels. However, the values
obtained comply with the minimum values required by the ANSI standard A208.2. PCM1 did not
increase the specific heat of the panels. On the other hand, MPCM increased the specific heat of the
panels by up to 121.5%.

The results of this study demonstrate the feasibility of using MDF residues as raw material for
fiberboard production. Since the panels developed meet the minimum physical and mechanical
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property requirements in ANSI standard A208.2 for MDF and are able to store more heat than their
PCM-free control panels, the panels developed can be considered for construction applications. These
panels could help to regulate the indoor temperature in buildings by absorbing and releasing thermal
energy.

Future research should focus on optimizing the PCM ratios to obtain better thermal properties
without affecting the physical and mechanical properties of the panels. A more complete thermal
characterization would make it possible to determine the amount of heat absorbed by the panels, the
panels’ thermal conductivity, and how these characteristics could improve indoor thermal comfort.
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