Tecnura

2 https:/ /revistas.udistrital.edu.co/ojs/index.php/Tecnura/issue/view /1102
UNIVERSIDAD DISTRITAL DOI https:/ /doi.org/10.14483/22487638.17170

FRANCISCO JOSE DE CALDAS

INVESTIGACION

Homogenization Analysis in Particle Boards with Rice Husk
Reinforcement

Analisis de homogenizacién en paneles aglomerados con refuerzo de
cascarilla de arroz

Edwin Alexander Revelo Cuaran'*' 1, Nayive Nieves Pimiento 2 Carlos Augusto Toledo

Bueno 3

Fecha de Recepcién: 23 de junio de 2021 Fecha de Aceptacién: 20 de octubre de 2021

Coémo citar: Revelo-Cuardn., E.A. Nieves-Pimiento., N. y Toledo-Bueno., C.A. (2022). Homo-
genization Analysis in Particle Boards with Rice Husk Reinforcement. Tecnura, 26(71), 59-79.
https://doi.org/10.14483 /22487638.17170

Abstract

Objective: To morphologically analyze, by means of scanning electron microscopy (SEM), agglomerated boards made from
rice husk and Hidropul 400, as well as boards made from wood fibers and glue.

Methodology: For each 7,3 x 3,6 x 1,5 cm test piece, two samples were taken from the external and internal sections of each
one of the boards to be analyzed. Thin-layer graphite coatings were made to each one of them, and, by means of SEM,
micrographic shots were obtained in the range from 50x to 2000x.

Results: It was evidenced that the panel made from rice husk had damage to its internal structure due to its porosity, the
waxy layers of its coating, the high presence of silica, and the presence of water inside the adhesive, showing irregularities
in adhesion between particles and low mechanical properties.

Conclusions: Although the studied rice husk panel did not achieve the adequate structural properties, it has great applica-
tions for interior design. Additionally, due to its porous structure, its potential as a sound-absorbing material is considered.
In the same way, the material can be improved by pre-treating the husk or combining it with other, more woody plant fibers

such as wood waste, bamboo, coconut fiber, among others.
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Resumen

Objetivo: Analizar morfolégicamente, por medio microscopia electrénica de barrido (SEM), tableros aglomerados elabo-
rados con cascarilla de arroz e Hidropul 400, asi como tableros elaborados a partir de las virutas de madera y pegamento.
Metodologia: Para cada cada probeta de 7,3 x 3,6 x 1,5 cm, se tomaron dos muestras en las secciones externas e internas
de cada uno de los paneles a analizar. Se realizaron recubrimientos de capa fina de grafito a cada una de ellas y, mediante
SEM, se realizaron tomas micrograficas en rangos de 50x a 2000x.

Resultados: Se evidenci6 que el panel fabricado con cascarilla de arroz presentaba afectaciones en su estructura interna
debido a la porosidad, las capas cerosas de su recubrimiento, la alta presencia de silice y la presencia de agua dentro del
adhesivo, mostrando irregularidades en adherencia entre particulas y bajas propiedades mecénicas.

Conclusiones: Aunque el panel a base de cascarilla de arroz estudiado no obtuvo las propiedades estructurales adecuadas,
tiene grandes aplicaciones para el disefio de interiores. Ademads, por su estructura porosa, se considera su potencial como
material absorbente del sonido. De igual forma, se puede mejorar el material al hacer un pretratamiento de la cascarilla o

combinarla con diferentes fibras vegetales mas lefiosas como desperdicios de madera, bambtj, fibra de coco, entre otros.

Palabras clave: SEM, aglomerado, cascarilla, arroz, homogenizacién, tablero de particulas
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INTRODUCTION

Currently, population growth and the need to satisfy its subsequent demand generates an over-
exploitation of natural resources while waste production increases. In this context, one of the most
demanded natural resources is wood. The excessive use of this resource has caused deforestation,

soil erosion, and a drop in biodiversity, which has awakened the interest of the scientific community

Tecnura ® p-ISSN: 0123-921X e e-ISSN: 2248-7638 ¢ Volumen 26 Ntumero 71 ¢ Enero - Marzo de 2022 ® pp. 59-79
P 19%
[60]



Homogenization Analysis in Particle Boards with Rice Husk Reinforcement
Revelo-Cuaréan., E.A. Nieves-Pimiento., N. y Toledo-Bueno., C.A.

for implementing new materials that replace the use of wood, thus encouraging the use of natural
organic matter or agricultural waste.

Colombia, due to its great biodiversity and agriculture, possesses several organic materials based
on vegetal fibers such as cotton, sugarcane, fique, banana, yute, palm, and guadua, as well as a wide
range of residues from wheat, rice, peanut, coconut, corn, and coffee, among others. Therefore, this
country has great potential for generating high value-added products that would allow profiting and
achieving significant biotechnological developments.

There are several studies at the national level based on the exploitation of these raw materials.
For example, Alvarez ef al., 2007 analyzed the influence of a pre-treatment with banana fiber coming
from the central leaf vein with the purpose of developing composed materials. Through physical-
mechanical tests and SEM analyses, it was found that free radicals were generated on the surface of
the lignin and that they were coupled during the high-temperature pressing process, thus genera-
ting polymerization or crosslinking, which improves material properties. Vargas-Ortiz, 2015 studied
the physical and mechanical properties of Chontaduro palm fibers to determine the viability of their
use as an alternative material for civil works construction, concluding that they have a great poten-
tial as reinforcement of composed polymeric-matrix and cementile materials. Cuéllar & Mufioz, 2010
studied the effect of Guadua angustifolia fiber with and without chemical treatment, employing so-
dium hydroxide over the mechanical properties of a polymeric matrix reinforced with 10 and 20 %
in weight of fiber, thus concluding that it represents a viable alternative as a potential reinforcement
material for polymeric matrixes.

Regarding agricultural waste, there are numerous studies that could be applied as large-scale
technologies in the future. For example, Coral, 2019 made normal-concrete specimens with the ad-
dition of coffee husk vegetal fiber as a replacement for thick aggregates, which achieved a good re-
sistance for non-structural elements. Furthermore, Segura, 2019 fabricated ceiling panels reinforced
with peanut husk and eggshells. This study concluded that these panels slow down heat transferen-
ce, so they contribute to maintaining rooms warm.

Colombia ranks 21! in the world in the production of rice, considering that it is a fundamental
product in the domestic consumption of the country (Becerra ef al., 2018). According to DANE and
Fedearroz, rice production in Colombia is around 2.000.000 tons per year, and 400.000 of them co-
rrespond to rice husk residues, which are not used properly (Fedearroz, 2018). These residues are
generally used as fuel to be burned in grain drying processes, and commercialized for use in avicul-
ture, gardening activities, among others. Therefore, given the biomass available in the country, there
is currently an insufficient capacity for the total consumption of this product.

In Colombia, research on the use of agricultural residues as reinforcement of the polymeric matrix
on composed materials has been focused on the physical and mechanical properties of rice husk. As
an example, Serrano ef al., 2012 used rice husk with and without pretreatments to manufacture light
mortars, finding that, due to the morphology and water absorption of rice husk, the elaboration of

composites based on it requires the addition of tensoactive substances to the mixture. These mortars
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reached densities in the range of 1,1-1,3 g/ cm?, with mechanical resistances between 2 and 4 MPa,
which led to conclude that they do not have the mechanical properties of traditional mortars and
concretes, although they can still be utilized as light construction components. Proanos & Sandoval,
2010 manufactured compression-resistant acoustic panels made of rice husk, cement, and sand. They
established the technical feasibility of rice husk as an insulating material, given its ability to reduce
sound. These panels constitute an alternative for users with fewer resources in the acoustic insula-
tion of homes. Guti¢rrez-M.D. ef al., 2014 treated rice husk using starches to obtain a material with
adequate physical stability, without affecting its insulating capacity. They found that the composed
material shows a good resistance to bending. Bedoya-Hincapié ef al., 2009 developed the prototype
of an agglomerated composed material based on products from the coffee axis (Colombia), such as
rice husk, clay, sand, and aloe gel, thus establishing that its mechanical and thermal properties are
close to those of Sajo, Ciprés, Machare, or Nogal Cafetero woods; the agglomerated material showed
a modulus of elasticity similar to those of the aforementioned wood species.

Although there are several studies that characterize physical and mechanical properties, there are
very few that have thoroughly analyzed the distribution, homogenization, and internal structure of
the particles and fibers within these materials, as well as their interaction with different adhesives and
binders used in chipboard manufacturing. Analysis through homogenization allows identifying the
properties of composed materials that cannot be determined by mechanical tests, since it is necessary
to observe the behavior of the materials within their structure by using different technologies such as
optical microscopy, scanning electron microscopy, and other advanced methods that include X-ray
spectrometry and confocal scanning (Alemdar ef al., 2008, Badel ef al., 2008).

Some international researchers, such as (Kurokochi & Sato, 2015a), have analyzed the internal
structure of rice husk panels, mainly finding that their porous structure drastically affects its strength
due to the presence of trichomes and silica protuberances, as well as a thin layer of wax that prevents
the particles from making contact with each other. (Hwa-Hyoung & Kie-Sun, 200) found that the ela-
boration of a composed board with husk reinforcement required eliminating the trichomes and silica
to achieve a significant increase in its mechanical properties. Their research evinced that the panel
contained less lignocellulosic materials and more ashes and extracts with lighter-than-wood mole-
cular weights. Its hollow structure also affected the non-uniform resin distribution, thus resulting in
a disrupted glue line between the particles (Zhang ef al., 2011). The high content of ashes, mainly
silica, also contributed to the non-uniform resin distribution (Hiziroglu & Suzuki, 2007). Due to this
porous structure, panels composed of rice husk and sawdust are considered for their potential as
sound-absorbing materials (Kang ef al., 2012).

In light of the above, the purpose of this research is to analyze homogenization through scan-
ning electron microscopy (SEM), as well as to acquire data on the typology of external and internal
surfaces, weave organization, and particle distribution of a board manufactured from rice husk and
Hidropul water-based binder. A comparison with a traditional wood-based board is made, highligh-

ting main differences and similarities contributing to accept or improve the studied material.
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METHODOLOGY

Materials

For the homogenization analysis, two types of boards with adhesive resins were selected: one
made from rice husk and the other from wood fibers. These boards were of medium density. The rice
husk board was manufactured from a fine selection of particles coming from the mills and processing
plants of the municipality of Espinal, Tolima, Colombia. The selected residue was free of impurities,
with an average size of 4 to 12 mm. The binder used was Hidropul 400 HTR (water-based polyuret-
hane glue) plus a vulcanizing agent (AQ212 Polyisocyanate) for wood obtained from the Pegaucho
S. A. company (Alféres-Rivas, 2017). Table 1 presents the physical and mechanical properties of the
board agglomerated from rice husk.

For the agglomerated board made from wood fibers and adhesive resin, the manufacturer Ce-
lulosa Arauco S. A. was selected. This panel is of general use in dry environments, with physical
properties that meet the MDF standard. Table 2 presents the physical and mechanical properties of
the wood fiber agglomerated board.

Table 1. Technical sheet for the rice husk agglomerated board

TECHNICAL SPECIFICATIONS

PRODUCT DIMENSIONS

THICKNESS(mm) | LENGTH(m) = WIDTH(m)

15 2,44 1,83

RICE HUSK PARTICLEBOARD-
TOLERANCES

HIDROPUL-400HTR
THICKNESS(mm) | LENGTH(mm) | WIDTH(mm)

+/-0,2 +/-2 +/-2

PHYSICAL MECHANICAL PROPERTIES

PROPERTY UNIT VALUE
Density Kg/m? 649,3
Internal Bond N/mm? 0,7
M.O.E N/mm? 2.140,8
M.O.R N/mm? 15,67
Edge N 1.033,97
Side N 1.447,95

Source: Authors.
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Table 2. Technical sheet for the commercial agglomerated fiber board (MDF-Arauco)

TECHNICAL SPECIFICATIONS

PRODUCT DIMENSIONS

THICKNESS(mm) | LENGTH(m) = WIDTH(m)

15 2,44 1,83

ARAUCO STANDARD
TOLERANCES
MDEF- ADHESIVE RESIN

THICKNESS(mm) | LENGTH(mm) | WIDTH(mm)

+/-0.2 +/-2 +/-2

PHYSICAL MECHANICAL PROPERTIES

PROPERTY UNIT VALUE
Density Kg/m3 680
Internal Bond N/mm? 0,7
M.O.E N/mm? 2.400
M.O.R N/mm? 28
Swelling Yo <11
Edge(N) Kg >85
Side(N) kg >105

Source: Authors.

From the selection of agglomerated boards, as well as from the technical information supplied by

the manufacturers, the homogenization analysis of agglomerated particles was performed.

Morphology (SEM)

Observations were conducted on the probe specimens of both board types using a FE1 QUANTA
200 scanning electron microscope property of Universidad Nacional de Colombia, Bogotd branch.
Two samples were taken from each panel, corresponding to the internal and external surfaces of the
material, which allowed understanding the morphology and homogenization of the particles. The
samples were subjected to a thin layer coating of graphite approximately 0,1 mm thick in order to
achieve current conductivity between them. The SEM images were analyzed on various scales in a

range from 50x to 2000x. The equipment was calibrated for 50x to 2,00 mm, and for 2000x to 50 pum.
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RESULTS
Morphological analysis of the rice husk and Hydropul 400 panel (external section)

Test Specunen: Rice Husk Particleboard-
External section

* Silica

Protuberances

Figure 1. SEM micrographs of the external section of the rice husk + Hidropul 400 panel Magnification: A (50x,
2 mm); B (100x, 1 mm); C (500x, 300 pm); D (1000x, 100 pm); E (2000x, 50 pm)

Source: Authors.
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Figure 1 shows the morphological state of the external section of the panel. The probe specimen
was brought to dimensions of 11 x 8 x 4 mm. The micrographs were taken from the upper face of
the specimen. Figure 1a presents the structure from a general perspective, and Figure 1b is a detail of
1a at a 100x larger scale and shows a uniform dense mass throughout the structure, with some holes
due to the fact that the rice husk did not completely cover the spaces during hot pressing. Likewise,
in the lower zone of the Figure, it is possible to see the rice husk abaxial or the external surface of
the exocarp, which is characterized by a symmetrical structure constituted by convex cells, separated
by furrows, and grains composed of silicon that are dispersed over the entire surface (Arcos ef al.,
2007). Although porosities are observed within the structure, the sample externally presents a good
packing of the particles.

In Figures 1c, d, and e, observations were made on the same sample, but with larger scales. Figure
1c was taken at a 500X scale with a calibration of 300 um. The inner portion of this Figure (indica-
ted inside the circle) corresponds to the section of pressed husk covered with adhesive (Hidropul
400), and the white phase corresponds to adhesive extending along the ends of the irregular surface.
Finally, the dark-colored phases correspond to the rice husk particles.

In Figure 1d, a portion of 1c is observed with a scale of 1000x, presenting the same characteristics.
As for Figure 1e, in which the magnification is 2000x, dome-shaped protrusions are observed, which
correspond to the silica from the shell covered by uniformly dispersed adhesive with micro-cracks in

its grooves. This characteristic may be present when the used adhesive ages.

Morphological analysis of the rice husk and Hidropul 400 panel (internal section)

Figure 2 presents the morphological state of the internal section of the panel; it is the SEM micro-
graph of the panel’s structure, which is obtained at a depth of 5 millimeters from the outer surface.
Figure 2a shows porosities because the shell was not properly packed during hot pressing. Some of
these holes (yellow circles) tend to be characterized by having smooth inner surfaces, which, in this
case, corresponds to bubbles (Serrano ef al., 2012). These could be formed by the mixture of adhesive
(Hidropul 400) and the vulcanizing agent.

The internal agglomeration shows a non-homogeneus particle distribution due to the large num-
ber of irregularities and structures that collapsed under heat and pressure during pressing. de Barros
Filho et al., 2011 argue that the number of collapsed thin-walled fibers depends on the degree of da-
mage caused by hot pressing, which could lead to more intimate contacts between fiber and matrix.
This results in a better union and compaction in between fibers. Moreover, the collapse of the cell
walls can cause more mechanical damage, such as a reduction in the rupture modulus and, in some
cases, an increase in the thickness of the agglomerated piece.

Figures 2b, ¢, d, and e correspond to the internal samples of the test probe. These shots were
taken at larger scales (100x, 500x, 1000x and 2000x, respectively). In Figure 2b, porosities that can be
produced by a poor bond between particles and adhesives are observed. Likewise, the distribution
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Test Specimen: Rice Husk Particleboard-
Internal Section

Figure 2. SEM Micrographs of the internal section of the rice husk + Hidropul 400 panel Magnification: A (50x,
2 mm); B (100x, 1 mm); C (500x, 300 pm); D (1000x, 100 pm); E (2000x, 50 pum)

Source: Authors.

of the adhesive throughout the surface (white phase) can be seen in less detail. It was also present in
a greater proportion, tending to agglutinate at the edges of the surface of the compressed husk flakes.

Figure 2c presents a detailed view of a portion of Figure 2b, where the surface of the pressed husk
fibers is shown with a high concentration of adhesive at their ends. This due to the fact that the adhe-
sive penetrated mainly between the fiber walls’ regions and irregularities. In wood agglomerates, the

penetration of the adhesive between cell walls and intermolecular spaces is important since it invol-
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Probeta: Test Specimen: Commercial
Fiberboard-External Section

5 ] s Small Porosities
ey : iy 4 ;

I\I“L".aor§<. rooves

Figure 3. SEM micrographs of the external section of the commercial agglomerated panel Magnification: A
(50x, 2 mm); B (100x, 1 mm); C (500x, 300 pzm)

Source: Authors.

ves both physical and chemical bonds, which strengthens the adhesive bond (Singh ef al., 2015). For
this reason, the possibility of this same behavior for the rice husk particle board could be evaluated.

Figure 2d refers to 2c with a 1000x scale, which allows the detailed visualization of the cavities and
porosities present in the sample, clearly showing the layers of rice husk and adhesive, which were
applied simultaneously, one on top of another. Therefore, through hot pressing, its final sandwich
structure (Figure 2c) managed to form a better bond with the rice husk fiber, as well as a uniform
distribution in ad hesive threads. The manufactured sandwich structure, using compression molding
techniques, allows the fabricated material to be lightweight with practical mechanical properties (Li
et al., 2010).
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Figure 2e presents a portion of 2c at a scale of 2000x, in which the binder impregnated in the
husk nanoparticles is visualized at a higher concentration, due to penetration and absorption into
the irregular parts and walls. As explained in Figure 2b, there is better wetting in the fibers by the
adhesive, observing a tendency towards heterogeneous distribution as a consequence of a higher

binder content in this section.

Morphological analysis of commercial fiberboard (MDEF-Arauco) (external section)

Figure 3 shows the external section of the commercial fiberboard, with sample dimensions 10
x 9 x 4 mm. Figures 3a and b show very good homogenization and distribution of particles with
very small porosities on the surface and only a few roughnesses, thus allowing the visualization of a
good compaction technique. Surface characteristics in terms of roughness play an important role in
determining product quality of commercial MDE. The degree of surface roughness depends on the
characteristics of the raw material, such as species, particle size, fiber distribution; as well as on ma-
nufacturing variables, including pressing parameters, resin content, and other processes (Hiziroglu
& Suzuki, 2007). This shows the high-quality standards with which the panel was manufactured.

In Figure 3c (500x scale), the porosities become more evident, although they remain generally
small and of homogeneous size. Moreover, cell walls are distinguished between wood fibers, forming
elongated grooves that establish a network of wood fibers oriented in the direction of the cavities
between cell walls. (Sliseris ef al., 2016) state that a slight difference in the orientation of fiber can
significantly affect the mechanical properties of MDEF, so it is concluded that the panel shows good

properties if oriented in a single direction.

Morphological analysis of commercial Fiberboard (MDF-Arauco) (internal section)

Figure 4 corresponds to the sample from the internal structure of the commercial agglomerated
tiberboard, with a depth of 5 mm from the external surface. Figure 4a shows an almost compact struc-
ture, which contributes to a homogeneous distribution and a better interfacial bond, thus improving
the mechanical properties of the material (Madyan ef al., 2020). Although valleys are observed on the
surface, they are due to the geometry formed between fibers. As for the porosities, given their size,
they are almost imperceptible at this scale.

In Figure 4b, due to the increase in scale (100x), the valleys, as well as some porosities observed
in 4a, become more evident. In the same way, the cell walls can be seen in more detail, with large
volume that is slightly collapsed. This contributes to the good resistance of the wood particles against
pressing, thus obtaining good flexural properties (de Barros Filho ef al., 2011). In another zone of
this micrograph, the wood is seen to take the form of threads (gray circle). These are a result of the
detachment of particles when taking the sample from the original test piece, which means that they

are very well embedded into the matrix of the agglomerated panel. As for the adhesive, the resin is
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Test Specimen: Commercial Fiberboard-
Internal Section

Figure 4. SEM micrographs of the internal section of the commercial agglomerated panel Magnification: A
(50x, 2 mm); B (100x, 1 mm); C (1000x, 100 pm); D (2000x, 50 pm)

Source: Authors.

detailed as the bright spots that are distributed at a greater concentration at the ends of the chips,
particles, and cracks. However, in general terms, they are equally dispersed throughout the entire

surface of the sample.

Tecnura ® p-ISSN: 0123-921X © e-ISSN: 2248-7638 ® Volumen 26 Niimero 71 ® Enero - Marzo de 2022 ¢ pp. 59-79
[70]



Homogenization Analysis in Particle Boards with Rice Husk Reinforcement
Revelo-Cuaréan., E.A. Nieves-Pimiento., N. y Toledo-Bueno., C.A.

Figure 4c shows the zoned detail of 4b (a part of a chipped surface), clearly distinguishing thin
and long wood chips with good contact between them. The adhesive is distinguished by its white
phase at its ends, covering the spaces between particles. The formation of interlocking networks
by the particles can be observed. In general, the amount of adhesive distributes equally without
excessive concentrations.

Figure 4d shows the drops of adhesive in more detail, concentrated mainly in the cracks between
chips, with flat and cylindrical shapes of equal size and small and thin particles in a lower proportion,
where the adhesive tends to concentrate in larger quantities. According to previous research, fine

particles tend to absorb much of the resin in the particleboard (Evans ef al., 2010).

DISCUSSION

By comparing the external section of both materials on the same scales (50x and 100x), it was de-
termined that the commercial fiberboard presented a surface without holes and small porosities, whe-
reas the rice husk particleboard showed greater irregularities, holes, and large porosities. It should
be noted that both materials were manufactured in specialized plants for the manufacture of MDEF.
Therefore, they were subjected to high manufacturing standards. For Abdul Khalil ef a/., 2010 and
Fiorelli ef al., 2019, a greater contact between fibers during hot pressing reduces the content of holes
and porosities, thus yielding a higher material density. This is why, when reviewing the correspon-
ding technical sheets of the commercial and rice husk boards, densities of 680 and 649 kg/m? are
found, respectively. This suggests a relationship between the resulting imperfections of the rice husk
board and its low density. According to the literature, this is due to the silica in the form of grains (as
observed in Figure 1b) and a thin layer of wax, which prevent penetration of the adhesive (Hidropul
400) to bind with the hydroxyl groups of cellulose present in the husk (Cheng ef al., 2004, El-Kassas
& Mourad, 2013, Zheng et al., 2009).

Regarding the external distribution of the adhesive, the large amount of Hidropul 400 resin (white
phase in Figure 1c) used in the rice husk board becomes evident when comparing the two materials,
since no adhesive resin is observed at the same scale (500x) in the commercial board; a closer ap-
proach (1000x) to its internal part is therefore necessary to observe resin particles. For this reason,
it was determined that the amount of adhesive in the husk board is greater than in the commer-
cial one. Therefore, a greater amount of resin is needed for adequate penetration between particles,
since mechanical properties improve by increasing the levels of adhesive (Ye ¢f al., 2007). However,
rice particleboards do not have commercial acceptance due to the substantially higher amounts of
adhesive required to acquire acceptable properties (Kwon ef al., 2013).

The homogenization and distribution of particles on the external surface of the commercial board
is superior to that of the rice husk. This is due to the fact that it shows a strong and well-organized

fiber network structure, unlike the rice husk, represented only by a compact mass. The reason for
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this is the size of the wood fibers, which are finer and lengthier than rice particles (Kang ef al., 2012).
According to (Battegazzore ef al., 2018), fiber boards have proved to be more rigid than particleboards,
thus indicating their ability to maintain more than three times the load. This means that the shape of
the raw material affects its mechanical properties.

The internal section of the rice husk panel is more irregular than its surface, as it has a large num-
ber of holes and larger porosities. Likewise, the commercial panel has a different internal structure
since it is more compact and less fibrous than on its external side. However, the large amounts of in-
ternal imperfections present in the rice husk panel are due to the silica and wax present in the husk,
thus causing the adhesion between particles to be poorer internally than externally. This is because,
internally, there are more layers of husk. Moreover, at the time of hot pressing, the press acts directly
over the panel’s surface, making the adhesion better on the surface. The size of the holes present is
due to the fact that the rice particles, being wider, form holes of greater dimensions than those formed
by the wood fibers (Kang ef al., 2012).

Wood and rice husk, as well as other plant fiber materials, are considered lignocellulosic mate-
rials, which consist mainly of three chemical components: cellulose, hemicellulose, and lignin. They
are responsible for the mechanical, structural, and durability behavior, thus giving good resistance,
rigidity, and stability to the fiber (Sanchez ef al., 2017). A high content of these components has desira-
ble properties for use as reinforcement in composite materials (Bogoeva-Gaceva ef al., 2007). As the
amounts of cellulose and lignin are lower in husk than in wood, they make the rice board supports
lower pressure at the moment of hot pressing. Consequently, the fiber walls collapse in a greater de-
gree than rice husk. This is due to its non-homogeneous structure, as discussed in the results section.
It is important to mention that, due to their porous structure, particleboards that comprise only rice
husk have 1/3 of the strength of wood-based particleboards (Kang ef al., 2012).

Internally, at scales of 1000x and 2000x, the distribution of adhesives in both materials could be
observed in more detail, where the wood-based panel obtained a better distribution of resin without
excessive concentrations and in the form of drops, unlike the adhesive (Hidropul), which tended to
agglutinate in great quantities on the irregularities of the cell walls of the husk. Therefore, a large
mass of glue was observed, due to the large amount of adhesive used. Additionally, a greater num-
ber of voids and porosities causes a greater consumption of adhesive, which consequently restricts
adequate contact between particles with lower IB (internal bond) (Klimek ef al., 2017). It is worth
noting that water-based adhesives such as Hidropul 400 decrease wettability by interacting with the
thin waxy layer, thus influencing the quality of the bond (Kwon ef al., 2013). According to Li ef al.,
2010, oil-based adhesives such as diphenylmethane diisocyanate (MDI) or polymeric diphenylmet-
hane diisocyanate (PMDI) are generally used to make high-quality straw-based particleboards.

As discussed above, the low properties of the board are evident judging from the homogenization
and SEM structural analyses, which is complemented by the values found in the main mechanical
tests of each material listed in the technical sheets (Tables 1 and 2), when comparing the rice husk

boards with the traditional wood boards. Regarding their MOE (moudulus of elasticity), values of
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2.141 and 2.400 N/mm? were obtained. In the same way, when comparing their MOR (modulus
of rupture), resistances of 28 and 15,67 N/ mm? were obtained, respectively. The low resistance to
rupture of the husk board was made evident, which is why it is not recommended for use as cons-
truction material that supports structural compression loads. The porous structure present within
the particleboard presents sound absorbing characteristics. Uses for this material could be valued in
wall cladding, ceiling panels, or other settings that require sound absorption properties, but do not
require robust mechanical properties, as well as other non-structural applications such as furniture
and interior accessories (Kang ef al., 2012).

Regarding the improvement of the studied rice husk board, and based on previous research, husk
pretreatments are said to decrease the amount of silica and eliminate the wax layer. These include
heat treatment, steam explosion (Ndazi ef al., 2007), acid or alkali treatment (Ajiwe ef al., 1998), and
the combination of alkaline treatments with hydrogen peroxide or bleaching (Salam et al., 2007, W6j-
ciak et al., 2007). However, in these studies, although the properties of rice husk increased, they did
not reach the potential of wood-based boards after treatment. Additionally, there is still a high adhe-
sive addition (Li ef al., 2013, Zhang & Hu, 2014). It is also possible to improve the material by combi-
ning it with more woody fibers such as wood, bamboo, coconut fiber, and other residues (Hiziroglu
& Suzuki, 2007, Yang ef al., 2003, Zhang & Hu, 2014). All of these works concluded that they could
be used as structural materials when they acquire the same capacities as commercial panels, since
few amounts of resin are required. Another recent study suggests the manufacture of panels without
binders by hot pressing, where the silica trichomes were removed by a very fine grinding, and the
wax was removed by extraction with organic solvents. However, these panels did not meet the tech-
nical specifications of MDF (Kurokochi & Sato, 2015b). In light of the above, for future research, it is

suggested that several of these techniques be combined for the improvement of the studied material.

CONCLUSIONS

The board made from rice husk particles and Hidropul 400 HTR showed a low resistance in
comparison with wood-fiber boards. This is due to its porous structure and its low bonding strength
between particles, as well as to the silica and waxy layer present in the material.

The large amount of porosities influenced the low density of the rice husk board and, therefore,
its low properties.

The rice husk particleboard used a higher amount of water-based adhesive compared to the com-
mercial fiberboard, thus clumping mostly in its irregularities. However, this was not enough, as it
did not completely cover the holes.

The packing and distribution of particles was better in the wood-based panel than in the husk
one, due to the shape of its lengthier and thinner fibers, which formed well-established networks.

Furthermore, its higher content of cellulose and lignin gives the fiber strength and rigidity to withs-
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tand greater pressure during the hot pressing procedure and avoid the collapse of its cell walls. The
rice husk panel lacked these properties.

The use of a water-based adhesives such as Hidropul 400 HTR prevents penetration by interacting
with the waxy layer of the rice husk, which is why, to improve the material, the use of an oil-based
binder for the manufacturing of agglomerated rice husk panels is recommended for future research.

Although the studied rice husk board did not achieve adequate resistance properties for working
as a structural material, it has great applications for interior design, due to its acoustic absorption
and its low weight. Furthermore, because it was manufactured from small particles in a specialized
plant, it has a great surface finish.

For the improvement of the studied rice husk panel, some of the different techniques evaluated
for the pretreatment of rice husk can be implemented to eliminate the silica grains and wax, in com-
bination with other types of natural fibers that contain larger amounts of lignin and cellulose such as
bamboo, coconut fiber, and other residues, in addition to the use of equipment for the manufacturing
of MDF in specialized plants, thus acquiring the properties of traditional fiberboards.

These results were obtained by performing homogenization analysis by means of SEM micro-
graphs in combination with information from the literature. They are consistent with the properties
found quantitatively in the different mechanical tests, which makes these types of analysis helpful

when observing the structural behavior of any material.

REFERENCES

[Abdul Khalil et al., 2010] Abdul Khalil, H. P. S., Firdaus, M. Y. N., Jawaid, M., Anis, M., Ridzuan,
R., & Mohamed, A. R. (2010). Development and material properties of new hybrid medium den-
sity fibreboard from empty fruit bunch and rubberwood. Materials and Design, 31(9), 4229-4236.
https://doi.org/10.1016/j.matdes.2010.04.014 {Ver pagina 71

[Ajiwe et al., 1998] Ajiwe, V. 1. E., Okeke, C. A., Ekwuozor, S. C., & Uba, I. C. (1998). A pilot plant for
production of ceiling boards from rice husks. Bioresource Technology, 66(1), 41-43. https://doi.
0rg/10.1016/50960-8524(98) 00023-6 TVer pagina 73

[Alemdar et al., 2008] Alemdar, A., Zhang, H., Sain, M., Cescutti, G., & Miissig, J. (2008). Determi-
nation of Fiber Size Distributions of Injection Moulded Polypropylene/Natural Fibers Using X-
ray Microtomography. Advanced Engineering Materials, 10(1-2), 126-130. https://doi.org/10.
1002/adem.200700232 tVer pagina 62

[Alféres-Rivas, 2017] Alféres-Rivas, L. E. (2017).  Produccion ~ de  Tableros  Aglo-
merados  a  partir  de  un Desecho  Agricola (Ist  ed.). https://www.
eae-publishing.com/catalog/details/store/gb/book/978-620-2-23241-8/

Tecnura ® p-ISSN: 0123-921X © e-ISSN: 2248-7638 ® Volumen 26 Niimero 71 ® Enero - Marzo de 2022 ¢ pp. 59-79
[74]


https://doi.org/10.1016/j.matdes.2010.04.014
https://doi.org/10.1016/S0960-8524(98)00023-6
https://doi.org/10.1016/S0960-8524(98)00023-6
https://doi.org/10.1002/adem.200700232
https://doi.org/10.1002/adem.200700232
https://www.eae-publishing.com/catalog/details/store/gb/book/978-620-2-23241-8/producci�n-de-tableros-aglomerados-a-partir-de-un-desecho-agr�cola
https://www.eae-publishing.com/catalog/details/store/gb/book/978-620-2-23241-8/producci�n-de-tableros-aglomerados-a-partir-de-un-desecho-agr�cola
https://www.eae-publishing.com/catalog/details/store/gb/book/978-620-2-23241-8/producci�n-de-tableros-aglomerados-a-partir-de-un-desecho-agr�cola
https://www.eae-publishing.com/catalog/details/store/gb/book/978-620-2-23241-8/producci�n-de-tableros-aglomerados-a-partir-de-un-desecho-agr�cola

Homogenization Analysis in Particle Boards with Rice Husk Reinforcement
Revelo-Cuaréan., E.A. Nieves-Pimiento., N. y Toledo-Bueno., C.A.

produccién-de-tableros—aglomerados—a-partir—-de-un—-desecho-agricola 1Ver

péagina 63

[Alvarez et al., 2007] Alvarez, C., Gafian, P., Arboleda, C., & Mejia, A. (2007). Desarrollo de materia-
les compuestos a partir de fibras de platano modificadas con enzimas ligninoliticas. Scientia Et
Technica, 1(36), 725-730. https://revistas.utp.edu.co/index.php/revistaciencia/
article/view/5105 tVer pagina 61

[Arcos et al., 2007] Arcos, C., Maciaz, D., & Rodriguez, J. (2007). La cascarilla de arroz como fuente de
SiO2. Revista Facultad de Ingenieria, 41, 7-20. https://revistas.udea.edu.co/index.php/
ingenieria/article/view/19012 tVer pagina 66

[Badel et al., 2008] Badel, E., Delisee, C., & Lux, J. (2008). 3D structural characterisation, deformation
measurements and assessment of low-density wood fibreboard under compression: The use of X-
ray microtomography. Composites Science and Technology, 68(7-8), 1654-1663. https://doi.org/
10.1016/j.compscitech.2008.02.013 1Ver pagina 62

[Battegazzore et al., 2018] Battegazzore, D., Alongi, J., Duraccio, D., & Frache, A. (2018). All Natural
High-Density Fiber- and Particleboards from Hemp Fibers or Rice Husk Particles. Journal of Poly-
mers and the Environment, 26(4), 16521660. https://doi.org/10.1007/s10924-017-1071-9
TVer pagina 72

[Becerra et al., 2018] Becerra, 1. C., Diaz, A. M., Garcia, E., Maluendas, A. V, Quintero, L. E., Reina,
D., Rios-Ortegén, M., Samaca, H. A., & Viveros, J. S. (2018). Andlisis situacional cadena productiva
del arroz en colombia. https://www.upra.gov.co/documents/10184/101496/20190709_
DOCUMENTO+ANALISIS+SITUACIONAL.pdf/9051a2a6-a998-4386-8c6b-ded8309e8f4f
tVer pagina 61

[Bedoya-Hincapié et al., 2009] Bedoya-Hincapié, C., Pineda-Gémez, P., & Rosales-Rivera, A. (2009).
Optimizacién de propiedades mecénicas y térmicas de un aglomerado sintético por el Método
de Taguchi. Ingenieria y Ciencia, 5(10), 155-170. https://dialnet.unirioja.es/descarga/
articulo/3198662.pdf fVer pagina 62

[Bogoeva-Gaceva et al., 2007] Bogoeva-Gaceva, G., Avella, M., Malinconico, M., Buzarovska, A.,
Grozdanov, A., Gentile, G., & Errico, M. E. (2007). Natural fiber eco-composites. Polymer Com-
posites, 28(1), 98-107. https://doi.org/10.1002/pc.20270 1Ver pagina 72

[Cheng et al., 2004] Cheng, E., Sun, X., & Karr, G. S. (2004). Adhesive properties of modified soybean
flour in wheat straw particleboard. Composites Part A: Applied Science and Manufacturing, 35(3), 297-
302. https://doi.org/10.1016/7j.compositesa.2003.09.008 tVer pagina 71

Tecnura ® p-ISSN: 0123-921X e e-ISSN: 2248-7638 ¢ Volumen 26 Ntumero 71 ® Enero - Marzo de 2022 ® pp. 59-79
P 19%
[75]


https://www.eae-publishing.com/catalog/details/store/gb/book/978-620-2-23241-8/producci�n-de-tableros-aglomerados-a-partir-de-un-desecho-agr�cola
https://www.eae-publishing.com/catalog/details/store/gb/book/978-620-2-23241-8/producci�n-de-tableros-aglomerados-a-partir-de-un-desecho-agr�cola
https://www.eae-publishing.com/catalog/details/store/gb/book/978-620-2-23241-8/producci�n-de-tableros-aglomerados-a-partir-de-un-desecho-agr�cola
https://revistas.utp.edu.co/index.php/revistaciencia/article/view/5105
https://revistas.utp.edu.co/index.php/revistaciencia/article/view/5105
https://revistas.udea.edu.co/index.php/ingenieria/article/view/19012
https://revistas.udea.edu.co/index.php/ingenieria/article/view/19012
https://doi.org/10.1016/j.compscitech.2008.02.013
https://doi.org/10.1016/j.compscitech.2008.02.013
https://doi.org/10.1007/s10924-017-1071-9
https://www.upra.gov.co/documents/10184/101496/20190709_DOCUMENTO+ANA LISIS+SITUACIONAL.pdf/9051a2a6-a998-4386-8c6b-ded8309e8f4f
https://www.upra.gov.co/documents/10184/101496/20190709_DOCUMENTO+ANA LISIS+SITUACIONAL.pdf/9051a2a6-a998-4386-8c6b-ded8309e8f4f
https://dialnet.unirioja.es/descarga/articulo/3198662.pdf
https://dialnet.unirioja.es/descarga/articulo/3198662.pdf
https://doi.org/10.1002/pc.20270
https://doi.org/10.1016/j.compositesa.2003.09.008

Homogenization Analysis in Particle Boards with Rice Husk Reinforcement
Revelo-Cuaréan., E.A. Nieves-Pimiento., N. y Toledo-Bueno., C.A.

[Coral, 2019] Coral, J. A. (2019). Comportamiento del concreto con cascarilla de café y posibilidades ante
textura y color [Master’s thesis, Universidad Naciona de Colombia]. http://bdigital.unal.
edu.co/74152/2/JennyCoralPatino.2019.pdf tVer pagina 61

[Cuéllar & Muiioz, 2010] Cuéllar, A., & Muifioz, I. (2010). Bamboo fiber reinforcement for polymer
matrix. DYNA (Colombia), 77(162), 138-142. https://revistas.unal.edu.co/index.php/
dyna/article/view/15843 fVer pagina 61

[de Barros Filho et al., 2011] de Barros Filho, R. M., Mendes, L. M., Novack, K. M., Aprelini, L. O,,
& Botaro, V. R. (2011). Hybrid chipboard panels based on sugarcane bagasse, urea formaldehyde
andmelamine formaldehyde resin. Industrial Crops and Products, 33(2), 369-373. https://doi.
0rg/10.1016/j.indcrop.2010.11.007 tVer pagina 66, 69

[El-Kassas & Mourad, 2013] El-Kassas, A. M., & Mourad, A.-H. 1. (2013). Novel fibers preparation
technique for manufacturing of rice straw based fiberboards and their characterization. Materials
& Design, 50, 757-765. https://doi.org/10.1016/j.matdes.2013.03.057 TVer pagina 71

[Evans et al., 2010] Evans, P. D., Morrison, O., Senden, T. J., Vollmer, S., Roberts, R. J., Limaye, A.,
Arns, C. H., Averdunk, H., Lowe, A., & Knackstedt, M. A. (2010). Visualization and numeri-
cal analysis of adhesive distribution in particleboard using X-ray micro-computed tomography:.
International Journal of Adhesion and Adhesives, 30(8), 754-762. https://doi.org/10.1016/7.
ijadhadh.2010.08.001 tVer pagina 71

[Fedearroz, 2018] FEDEARROZ (2018). Estadisticas arroceras, Proceso de industrializacion del arroz.

http://www.fedearroz.com.co/revistanew/arroz535.pdf {Ver pagina 61

[Fiorelli et al., 2019] Fiorelli, J., Bueno, S. B., & Cabral, M. R. (2019). Assessment of multilayer par-
ticleboards produced with green coconut and sugarcane bagasse fibers. Construction and Building
Materials, 205, 1-9. https://doi.org/10.1016/j.conbuildmat.2019.02.024 1Ver pagi-
na 71

[Gutiérrez-M.D. et al., 2014] Gutiérrez-M.D., ]., Cadena, C., & Bula Silvera, A.]. (2014). Thermal insu-
lation produced from rice husk agglomerated using starch produced by saccharomyces cerevisiae.
DYNA, 81(184),138. https://doi.org/10.15446/dyna.v81n184.37679 1Ver pagina 62

[Hiziroglu et al., 2007] Hiziroglu, S., Bauchongkol, P., Fueangvivat, V., Soontonbura, W. &
Jarusombuti, S. (2007). Selected properties of medium density fiberboard (MDF) pa-
nels made from bamboo and rice straw. Forest Products Journal, 57(6), 46-50. https:
//www.researchgate.net/publication/279602258_Selected_properties_of_
medium_density_fiberboard_MDF_panels_made_from_bamboo_and_rice_straw {Ver
péagina 62, 69, 73

Tecnura ® p-ISSN: 0123-921X e e-ISSN: 2248-7638 ® Volumen 26 Niimero 71 ® Enero - Marzo de 2022 ¢ pp. 59-79
[76]


http://bdigital.unal.edu.co/74152/2/JennyCoralPatino.2019.pdf
http://bdigital.unal.edu.co/74152/2/JennyCoralPatino.2019.pdf
https://revistas.unal.edu.co/index.php/dyna/article/view/15843
https://revistas.unal.edu.co/index.php/dyna/article/view/15843
https://doi.org/10.1016/j.indcrop.2010.11.007
https://doi.org/10.1016/j.indcrop.2010.11.007
https://doi.org/10.1016/j.matdes.2013.03.057
https://doi.org/10.1016/j.ijadhadh.2010.08.001
https://doi.org/10.1016/j.ijadhadh.2010.08.001
http://www.fedearroz.com.co/revistanew/arroz535.pdf
https://doi.org/10.1016/j.conbuildmat.2019.02.024
https://doi.org/10.15446/dyna.v81n184.37679
https://www.researchgate.net/publication/279602258_Selected_properties_of_medium _density_fiberboard_MDF_panels_made_from_bamboo_and_rice_straw
https://www.researchgate.net/publication/279602258_Selected_properties_of_medium _density_fiberboard_MDF_panels_made_from_bamboo_and_rice_straw
https://www.researchgate.net/publication/279602258_Selected_properties_of_medium _density_fiberboard_MDF_panels_made_from_bamboo_and_rice_straw

Homogenization Analysis in Particle Boards with Rice Husk Reinforcement
Revelo-Cuaréan., E.A. Nieves-Pimiento., N. y Toledo-Bueno., C.A.

[Hiziroglu & Suzuki, 2007] Hiziroglu, S. & Suzuki, S. (2007). Evaluation of surface roughness of com-
mercially manufactured particleboard and medium density fiberboard in Japan. Journal of Materials
Processing Technology, 184(1-3), 436-440. https://doi.org/10.1016/7. jmatprotec.2006.
11.011 tVer pagina 62, 69,73

[Hwa-Hyoung & Kie-Sun, 200] Hwa-Hyoung, L. & Kie-Sun, H. (2000). Study on the opti-
mum pre-treatment condition for manufacture of rice hull board. Journal of the Korean
Wood Science and Technology,28(3), 9-13. https://www.koreascience.or.kr/article/
JAK0200000238220660. jsp-kj=SSMHB4&py=2012&vnc=v27n6&sp=588 1Ver pagina 62

[Kang et al., 2012] Kang, C. W., Oh, S. W,, Lee, T. B., Kang, W., & Matsumura, J. (2012). Sound ab-
sorption capability and mechanical properties of a composite rice hull and sawdust board. Journal
of Wood Science, 58(3), 273-278. https://doi.org/10.1007/s10086-011-1243-5 1Ver pagi-
na 62,72,73

[Klimek et al., 2017] Klimek, P, Wimmer, R.,, Kumar Mishra, P, & Kudela, J. (2017). Utilizing
brewer’s-spent-grain in wood-based particleboard manufacturing. Journal of Cleaner Production,
141, 812-817. https://doi.org/10.1016/j.Jjclepro.2016.09.152 TVer pagina 72

[Kurokochi & Sato, 2015a] Kurokochi, Y. & Sato, M. (2015a). Effect of surface structure, wax and silica
on the properties of binderless board made from rice straw. Industrial Crops and Products, 77, 949-
953. https://doi.org/10.1016/7j.indcrop.2015.10.007 tVer pagina 62

[Kurokochi & Sato, 2015b] Kurokochi, Y. & Sato, M. (2015b). Properties of binderless board made
from rice straw: The morphological effect of particles. Industrial Crops and Products, 69, 55-59.
https://doi.org/10.1016/3.indcrop.2015.01.044 tVer pagina 73

[Kwon et al., 2013] Kwon, J. H., Ayrilmis, N., & Han, T. H. (2013). Enhancement of flexural properties
and dimensional stability of rice husk particleboard using wood strands in face layers. Composites
Part B: Engineering, 44(1), 728-732. https://doi.org/10.1016/j.compositesb.2012.01.
045 tVer péagina 71,72

[Liet al., 2010] Li, X., Cai, Z., Winandy, J. E., & Basta, A. H. (2010). Selected properties of particleboard
panels manufactured from rice straws of different geometries. Bioresource Technology, 101(12), 4662-
4666. https://doi.org/10.1016/j.biortech.2010.01.053 1Ver pagina 68, 72

[Liet al., 2013] Li, X., Wu, Y., Cai, Z., & Winandy, J. E. (2013). Primary properties of MDF using ther-
momechanical pulp made from oxalic acid pretreated rice straw particles. Industrial Crops and Pro-
ducts, 41(1), 414-418. https://doi.org/10.1016/7j.indcrop.2012.04.039 1Ver pagina 73

[Liet al., 2020] Li, Z., Wei, X., Gao, Z., Xu, J., Ma, P, & Wang, M. (2020). Manufacturing and me-

chanical characterisation of polyurethane resin based sandwich composites for three-dimensional

Tecnura ® p-ISSN: 0123-921X e e-ISSN: 2248-7638  Volumen 26 Niimero 71 ® Enero - Marzo de 2022 ¢ pp. 59-79
[77]


https://doi.org/10.1016/j.jmatprotec.2006.11.011
https://doi.org/10.1016/j.jmatprotec.2006.11.011
https://www.koreascience.or.kr/article/JAKO200000238220660.jsp- kj=SSMHB4&py=2012&vnc=v27n6&sp=588
https://www.koreascience.or.kr/article/JAKO200000238220660.jsp- kj=SSMHB4&py=2012&vnc=v27n6&sp=588
https://doi.org/10.1007/s10086-011-1243-5
https://doi.org/10.1016/j.jclepro.2016.09.152
https://doi.org/10.1016/j.indcrop.2015.10.007
https://doi.org/10.1016/j.indcrop.2015.01.044
https://doi.org/10.1016/j.compositesb.2012.01.045
https://doi.org/10.1016/j.compositesb.2012.01.045
https://doi.org/10.1016/j.biortech.2010.01.053
https://doi.org/10.1016/j.indcrop.2012.04.039

Homogenization Analysis in Particle Boards with Rice Husk Reinforcement
Revelo-Cuaréan., E.A. Nieves-Pimiento., N. y Toledo-Bueno., C.A.

fabric reinforcement. Materials Today Communications, 24, 101046. https://doi.org/10.1016/
j.mtcomm.2020.101046 TVer pagina

[Madyan et al., 2020] Madyan, O. A., Wang, Y., Corker, J., Zhou, Y., Du, G., & Fan, M. (2020). Clas-
sification of wood fibre geometry and its behaviour in wood poly(lactic acid) composites. Com-
posites Part A: Applied Science and Manufacturing, 133, 105871. https://doi.org/10.1016/7.
compositesa.2020.105871 tVer pagina 69

[Ndazi et al., 2007] Ndazi, B. S., Karlsson, S., Tesha, ]J. V., & Nyahumwa, C. W. (2007). Chemical and
physical modifications of rice husks for use as composite panels. Composites Part A: Applied Science
and Manufacturing, 38(3), 925-935. https://doi.org/10.1016/7.compositesa.2006.07.
004 tVer péagina 73

[Pifieros & Lozano, 2016] Pifieros, Y. & Lozano, J. T. (2016). Aprovechamiento de biomasa lignoce-
lulésica, algunas experiencias de investigacion en Colombia (1st ed.). http://avalon.utadeo.
edu.co/servicios/ebooks/2015/aprovechamiento_de_biomasa/files/assets/

basic-html/index.html#5 tVer pagina

[Proafios & Sandoval, 2010] Proafios, L. F. & Sandoval, M. L. (2010). Fabricacién de paneles aciisticos
resistentes a la compresion conformada por cascarilla de arroz, cemento y arena [Master’s thesis, Univer-
sidad Distrital Francisco José de Caldas]. http://hdl.handle.net/11349/1027 {Ver pagi-
na 62

[Salam et al., 2007] Salam, A., Reddy, N., & Yang, Y. (2007). Bleaching of Kenaf and Cornhusk Fi-
bers. Industrial & Engineering Chemistry Research, 46(5), 1452-1458. https://doi.org/10.1021/
ie061371c tVer pagina 73

[Sanchez et al., 2017] Sanchez, M. L., Morales, L. Y., & Caicedo, ]J. D. (2017). Physical and mecha-
nical properties of agglomerated panels made from bamboo fiber and vegetable resin. Cons-
truction and Building Materials, 156, 330-339. https://doi.org/10.1016/7.conbuildmat.
2017.09.003 tVer pagina 72

[Segura, 2019] Segura, R. S. (2019). Paneles fabricados con cascara de mani y cascara de huevo [Undergra-
duate thesis, Universidad la Gran Colombia]. https://repository.ugc.edu.co/handle/
11396/5577 tVer pagina 61

[Serrano et al., 2012] Serrano, T., Borrachero, M. V., Monz¢, J. M., & Paya, J. (2012). Lightweight
mortars with rice husk: Mix design and properties evaluation. DYNA (Colombia), 79(175), 128-
136. https://revistas.unal.edu.co/index.php/dyna/article/view/28275 1Ver pa-
gina 61, 66

Tecnura ® p-ISSN: 0123-921X e e-ISSN: 2248-7638 ¢ Volumen 26 Ntumero 71 ¢ Enero - Marzo de 2022 ® pp. 59-79
P PP
[78]


https://doi.org/10.1016/j.mtcomm.2020.101046
https://doi.org/10.1016/j.mtcomm.2020.101046
https://doi.org/10.1016/j.compositesa.2020.105871
https://doi.org/10.1016/j.compositesa.2020.105871
https://doi.org/10.1016/j.compositesa.2006.07.004
https://doi.org/10.1016/j.compositesa.2006.07.004
http://avalon.utadeo.edu.co/servicios/ebooks/2015/aprovechamiento_de_biomasa/files/ assets/basic-html/index.html#5
http://avalon.utadeo.edu.co/servicios/ebooks/2015/aprovechamiento_de_biomasa/files/ assets/basic-html/index.html#5
http://avalon.utadeo.edu.co/servicios/ebooks/2015/aprovechamiento_de_biomasa/files/ assets/basic-html/index.html#5
http://hdl.handle.net/11349/1027
https://doi.org/10.1021/ie061371c
https://doi.org/10.1021/ie061371c
https://doi.org/10.1016/j.conbuildmat.2017.09.003
https://doi.org/10.1016/j.conbuildmat.2017.09.003
https://repository.ugc.edu.co/handle/11396/5577
https://repository.ugc.edu.co/handle/11396/5577
https://revistas.unal.edu.co/index.php/dyna/article/view/28275

Homogenization Analysis in Particle Boards with Rice Husk Reinforcement
Revelo-Cuaréan., E.A. Nieves-Pimiento., N. y Toledo-Bueno., C.A.

[Singh et al., 2015] Singh, A. P., Nuryawan, A., Park, B. D., & Lee, K. H. (2015). Urea-formaldehyde
resin penetration into Pinus radiata tracheid walls assessed by TEM-EDXS. Holzforschung, 69(3),
303-306. https://doi.org/10.1515/hf-2014-0103 1Ver pagina 68

[Sliseris et al., 2016] Sliseris, J., Andrd, H., Kabel, M., Wirjadi, O., Dix, B., & Plinke, B. (2016). Esti-
mation of fiber orientation and fiber bundles of MDEFE. Materials and Structures, 49(10), 4003-4012.
https://doi.org/10.1617/s11527-015-0769-1 1Ver pagina 69

[Vargas-Ortiz, 2015] Vargas-Ortiz, N. (2015). Caracterizacién fisico-mecanica de las fibras de la
palma de chontaduro. Inventum, 10(19), 53-58. https://doi.org/10.26620/uniminuto.
inventum.10.19.2015.53-58 1Ver pagina 61

[Wojciak et al., 2007] W¢jciak, A., Kasprzyk, H., Khmelinskii, I., Krawczyk, A., Oliveira, A. S., Ferrei-
ra, L. F. V., Wesetucha-Birczyriska, A., & Sikorski, M. (2007). Direct Characterization of Hydrogen
Peroxide Bleached Thermomechanical Pulp Using Spectroscopic Methods. The Journal of Physical
Chemistry A, 111(42), 10530-10536. https://doi.org/10.1021/jp074169b 1Ver pagina 73

[Yang et al., 2003] Yang, H.-S., Kim, D.-]., & Kim, H.-J. (2003). Rice straw-wood particle composite
for sound absorbing wooden construction materials. Bioresource Technology, 86(2),117-121. https:
//doi.org/10.1016/50960-8524(02)00163-3 tVer pagina 73

[Yeetal., 2007] Ye, X. P, Julson, J., Kuo, M., Womac, A., & Myers, D. (2007). Properties of me-
dium density fiberboards made from renewable biomass. Bioresource Technology, 98(5), 1077-1084.
https://doi.org/10.1016/j.biortech.2006.04.022 tVer pagina 71

[Zhang & Hu, 2014] Zhang, L. & Hu, Y. (2014). Novel lignocellulosic hybrid particleboard composi-
tes made from rice straws and coir fibers. Materials and Design, 55,19-26. https://doi.org/10.
1016/j.matdes.2013.09.066 1Ver pagina 73

[Zhang et al., 2011] Zhang, Y., Gu, ]., Tan, H., Di, M., Zhu, L., & Weng, X. (2011). Straw based parti-
cleboard bonded with composite adhesives. BioResources, 6(1), 464-476. https://doi.org/10.
15376/biores.6.1.464-476 1Ver pagina 62

[Zheng et al., 2009] Zheng, Y., Pan, Z., Zhang, R., El-Mashad, H. M., Pan, J., & Jenkins, B. M. (2009).
Anaerobic digestion of saline creeping wild ryegrass for biogas production and pretreatment of
particleboard material. Bioresource Technology, 100(4), 1582-1588. https://doi.org/10.1016/
j.biortech.2008.08.048 tVer pagina 71

N0l

Tecnura ® p-ISSN: 0123-921X © e-ISSN: 2248-7638 ® Volumen 26 Niimero 71 ® Enero - Marzo de 2022 ¢ pp. 59-79
[79]


https://doi.org/10.1515/hf-2014-0103
https://doi.org/10.1617/s11527-015-0769-1
https://doi.org/10.26620/uniminuto.inventum.10.19.2015.53-58
https://doi.org/10.26620/uniminuto.inventum.10.19.2015.53-58
https://doi.org/10.1021/jp074169b
https://doi.org/10.1016/S0960-8524(02)00163-3
https://doi.org/10.1016/S0960-8524(02)00163-3
https://doi.org/10.1016/j.biortech.2006.04.022
https://doi.org/10.1016/j.matdes.2013.09.066
https://doi.org/10.1016/j.matdes.2013.09.066
https://doi.org/10.15376/biores.6.1.464-476
https://doi.org/10.15376/biores.6.1.464-476
https://doi.org/10.1016/j.biortech.2008.08.048
https://doi.org/10.1016/j.biortech.2008.08.048
https://creativecommons.org/licenses/by-sa/4.0/

	Introduction
	Methodology
	Materials
	Morphology (SEM)

	Results
	Morphological analysis of the rice husk and Hydropul 400 panel (external section)
	Morphological analysis of the rice husk and Hidropul 400 panel (internal section)
	Morphological analysis of commercial fiberboard (MDF-Arauco) (external section)
	Morphological analysis of commercial Fiberboard (MDF-Arauco) (internal section)

	Discussion
	Conclusions
	References

