E@

Manufacturing and characterization of particleboard as partition material
made of corn husk bonded using water soluble chitosan adhesive Section A-Research paper

Manufacturing and characterization of particleboard as partition
material made of corn husk bonded using water soluble chitosan
adhesive

Kurnia Wiji Prasetiyo?", Dede Hermawan®", Yusuf Sudo Hadi', Subyakto®
Putri Amanda?, Lilik Astari®® and Wida Banar Kusumaningrum?

'Forest Products Technology Department, Faculty of Forestry and Environment, IPB University, Bogor,
Indonesia
“Research Center for Biomass and Bioproducts National Research and Innovation Agency, Cibinong, Indonesia
*The Renewable and Sustainable Forest Product Group, The University of Melbourne, Burnley Campus, 500
Yarra Boulevard, Burnley, VIC, Australia

*Corresponding author: dedehe@apps.ipb.ac.id; jundiazzam@yahoo.com

Abstract

Partition materials based on wood particles and inorganic materials bonded with synthetic adhesives have a
negative impact. The purpose of this study was to evaluate the manufacturing and characterization of
particleboard as partition material using corn husk to substituted wood-based particles and water soluble
chitosan (WSC) as adhesive to replaced synthetic-based adhesive. The WSC content was varied of 6%, 8% and
10% wt. The particleboards were manufactured under the pressure temperature variations of 160, 180 and 200
°C for 15 min, press pressure of 2.5 MPa and target density of 0.8 g/cm®. The physical and mechanical
properties of particleboards improved in line with increasing WSC content up to 8% and pressure temperature
above 160 °C. The value of MOR and MOE from boards bonded with WSC 8% and pressure temperature of 180
°C fulfilled the requirement of JIS A 5908 (2003). The sound absorption coefficient of particleboard bonded
using WSC 6% was better than other boards. The particleboards absorbed sound at middle to high frequency ( >
1000 Hz) and reflected sound at low frequency (80 to 630 Hz). FTIR spectrum shows that the absorption area
around 3400 cm™ wavelengths is a little decrease in intensity due to with the increase of pressure temperature.
Corn husk particleboard not yet classified as a heat insulator panel. This study suggest that corn husk is feasible
to use for particleboard bonded using WSC adhesive as partition material.

Keywords: corn husk, particleboard, partition material, pressure temperature, water soluble chitosan

1 Introduction

Partition is a non-structural component of a building with the main function as a room divider or insulator that is
flexible, lightweight, movable, and related to the life cycle of a building. The partition thickness ranging from 6
to 150 mm with a density varying from 0.2 to 1.2 g/cm® depending on the partition material and other functions
of the partition installation [1-3].

Generally, partitions are consisting of frames and materials. Partition materials (PM) is able to resist sound
between rooms that are insulated so that they do not interfere with the adjoined room. The PM is also related to
its ability to resist noise, preventing sound from entering or leaving a room or building. The soundproofing level
of a partition wall is measured by the sound transmission class (STC) and absorption coefficient (AC) values.
On the other hand, research results conducted by Addis et al.[4] mentioned that the impact on the environment
related to the use of materials from non-structural components of buildings i.e. partitions (41%), floors (18%),
roofs (14%), windows and doors (12%), kitchen furniture (6%) and others (9%). The research shows that
partitions have a more negative impact on the environment than other building components.

As an information, the PM on the market based on two main types of raw materials i.e. inorganic and organic.
The products of PM made from inorganic materials such as asbestos, gypsum, cement, glass fiber, glass wool
and rockwool are not environmentally friendly, non-renewable and have a negative impact on health. The
sulfate components of gypsum board are degraded by sulfate-reducing bacteria to produce hydrogen sulfide
which is toxic, flammable and hazardous to health [5]. Partition materials for polymer-based sound insulation
panels such as polystyrene (PS), polyvinylchloride (PVC) and polyethylene (PE) are also less environmentally
friendly and take longer in the natural recycling process [6]. On the other hand, organic-based PM i.e. wood,
multiplex, fiberboard and particleboard as an alternative to substituted inorganic materials such as gypsum and
cement also have several disadvantages such as limited sources of wood raw materials, relatively low
dimensional stability and the presence of formaldehyde emissions.

Currently, particleboard as PM is produced using wood particles as main raw materials with formaldehyde-
based adhesives such as urea formaldehyde (UF) and phenol formaldehyde (PF). Formaldehyde-based adhesives
can cause health and environmental problems [7, 8]. To overcome the problem such as release of formaldehyde
emission, toxic substance and limited supply of solid wood as main raw particleboard manufacturing, alternative
non wood-based materials need to be produced using natural adhesives as PM products.
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Non-wood based materials for particleboard as PM can use natural fibers from cultivated plants as well as
agricultural by-products. In this context, several studies have succeeded in developing substitutes for wood
particles using non-wood and agricultural by-products. Karlinasari et al. [9] stated that the medium density
particleboard made of Betung bamboo particles (density of 0.8 g/cm®) was effective as a sound insulation board
compared to particleboard with density of 0.5 g/cm®. According to Kang et al. [10] particleboard composed rice
husk and wood sawdust is a potential sound absorbing material because it has a high sound absorption
coefficient value. The research results by Wong et al. [11] showed that the Betung bamboo and kenaf particles
for particleboard with density of 0.4 g/cm® had a higher NRC value which the higher percentage of Betung
bamboo particles resulted in a particleboard with a better sound-absorbing value.

Corn plant is one of an agricultural crop which is planted in many countries and can produces about 50% by-
products such as corn stalk, leaf, cob, and corn husk which are potential sources of non-wood natural fiber. As
an information, corn yields produce corn husk with weights ranging from 10 to 38.38% [12]. It is calculated
from the worldwide corn production in 2020/2021 is around 1129.29 million metric tons, so that around 112.92
to 433.42 million metric tons of corn husk can be obtained [13]. A study conducted by De Carvalho Mendes et
al. [14] reported that corn husk biomass has holocellulose (73.1%), a-cellulose (35.3%), hemicellulose (37.5%),
extractive and water soluble components (13.9%), lignin (7.9%) and ash content (5%). Meanwhile, Ibrahim et
al. [15] mentioned that corn husk contained cellulose at 45.7%, hemicellulose at 35.8%, lignin at 4.03% and ash
at 0.38%. Mohammed et al. [16] stated that corn husk and cob have the highest percentage of cellulose
compared with other natural fibers, such as wheat husk, rice husk, wheat straw, wheat bran and rice straw [17-
21].

Among the above identified agricultural by-products of corn plant, corn husk has an additional advantage in
terms of suitable application for alternative processed products because it does not collide with the worldwide
food stock and it is generally considered as agricultural by-products. Several studies on the use of corn husks
have been carried out by Yu et al. [22] for fiberboard bonded PLA, Theng et al. [23] for fiberboard, Sari et al.
[24] for sound absorber composite bonded with polyester, Lihua et al [25] for flame retardant composite
reinforced PLA.

Meanwhile, to overcome the problem of using formaldehyde-based adhesives and synthetic polymers in the
manufacture of particleboard, so that non-formaldehyde-based adhesives from polysaccharide polymers i.e.
water soluble chitosan (WSC) is used as substitute adhesive. The WSC is a chitosan derivative which is
substituted by a carboxymethyl group in the hydroxyl group (-OH) and an amine group (-NH,) [26]. WSC is
also an amphoteric derivative of chitosan due to its -COOH and -NH, groups, so that its application becomes
wider, such as antimicrobial, adsorbent, membrane and can be used to increase the mechanical and electrical
strength of paper [27-29].

The manufacture of WSC can be prepared by hydrolyzing method, which is a chemical decomposition process
using an aqueous solvent with the aim of breaking the chemical bonds of the substance i.e. chitosan [30, 31].
The functional group of WSC can be seen from the FTIR test results that showed a specific functional group
similarity with acid soluble chitosan (ASC) i.e. -OH, -NH and -CH groups. The WSC has a molecular weight
range from low to moderate and a high degree of deacetylation compared to ASC which generally have only a
high molecular weight. This makes WSC have a high solubility level.

Generally, WSC is soluble in water and it become more compatible in many sectors such as pharmaceutical,
medicine, and food industries. Several studies have been done to investigate the suitability of WSC at composite
film [32], sustainable materials [33], phytoremediation [34], coating material [35], hydrogel [36]. Yu et al. [37]
stated that WSC also potential to developed as active packaging film incorporated with cellulose. The properties
of WSC which are soluble at neutral pH or in water can increase the solubility and lead to a decrease in acidity,
which affects the wider use of WSC as a derivative of chitosan.

Chitosan and its derivatives such as WSC show great potential to be developed as binders or adhesives in the
gluing process, with or without additives or cross-linkers [38]. So far, the type of chitosan that has been
developed as an adhesive is ASC. lbrahim et al. [39] developed a cheap and safe adhesive formulation based on
mixture of modified lignin and ASC which was tested for its adhesion to wood joints. Meanwhile, Ji et al. [40,
41] has been used ASC as an adhesive that combined with glutaraldehyde for medium density fiberboard (MDF)
and with lignin made of sawdust. The study conducted by Ningsi et al. [42] showed that particleboard bonded
with ASC as an adhesive still has limited at dimensional stability, screw holding power and internal bonding
properties.

The existence of several limitations from ASC as an adhesive for wood panel and composite products has
encouraged the development of a chitosan derivative i.e. WSC as an adhesive for wood panel products i.e.
particleboard. Meanwhile, the study on the use of WSC as a particleboard adhesive to replace formaldehyde-
based adhesives has not yet been carried out. This has become an interesting research object by looking at the
specific and unique characteristics of WSC that described previously. For the reason mentioned, the
manufacturing of an environmentally friendly partition material made of corn husk particles bonded using water
soluble chitosan adhesive was presented in this research. The effect of WSC content and hot pressing
temperature on the physical, mechanical, acoustic, chemical and thermal properties of particleboards made of
corn husk as PM were evaluated.
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2 Materials and Methods
2.1 Preparation of materials

Agricultural by-products used in this research is corn husks. Corn husks were obtained from local agricultural
industry in Cibinong West Java Indonesia. Corn husks were processed into particles as particleboard raw
materials using a Pallmann ring knives flaker machine. The corn husk particles were screened using a sieving
machine to produce uniform size particles. Corn husk particles passing through the 4 mesh and retain at the 14
mesh sizes were dried at 100 °C for 12 h in a technical oven to obtain moisture content less than 5%. Water
soluble chitosan (WSC) used in this research as adhesive was provided by CV. ChiMultiguna Cirebon West
Java Indonesia (industrial grade; particle size < 150 mesh; moisture regaint < 9.75%; average molecular weight
of 153 kDa; degree of deacetylation > 95%; viscosity of 52.88 mPas).

2.2 Manufacture of partition material

Partition material was manufactured in this research is particleboard. Particleboard made of corn husk particles
was produced with a target density of 0.8 g/cm®. The WSC content for particleboard adhesive used were 6%, 8%
and 10% (w/w). The WSC as adhesive for particleboard manufacture was prepared by dissolving in distilled
water with a ratio of 1:10 (w/v). The corn husk particles mixed with WSC solution as adhesive using drum
mixer machine became completely and then put in a technical oven at temperature 80 °C for 12 h which aims to
reduce the moisture content of the mixture less than 5%. Furthermore, the mixtures were formed into mold using
a forming box. The dimensions of particleboards were 30 x 30 x 0.9 cm (length, width, thickness). The
manufacture of particleboard using a SHINTO hot-pressing machine was set under pressure temperature
variations of 160 °C, 180 °C, and 200 °C for 15 minutes and press pressure of 2.5 MPa.

2.3 Properties assessment of particleboard
2.3.1 Physical and mechanical properties

Test samples were prepared and conditioned for 1 week at room temperature of 22 to 24 °C and a relative
humidity of approximately 60 to 70%. Assessment of the physical and mechanical properties of particleboard
according to the JIS A 5908:2003 [43] and ASTM D 1037-1999 [44] standards. The physical properties of
particleboard such as density and thickness swelling were tested by the gravimetric method, and the mechanical
properties include bending strength i.e. modulus of rupture (MOR) and modulus of elasticity (MOE); internal
bonding (IB) and screw holding power (SHP) were tested by a SHIMADZU universal testing machine (UTM)
type AG-IS 50 kN. The test sample was carried out in 5 repetitions.

2.3.2 Determination of acoustic properties

Acoustic properties are expressed in the sound absorption coefficient (o). Acoustic test samples were selected
based on the best physical and mechanical properties at assessment 2.3.1 with 3 variations of WSC content i.e.
6%, 8%, 10% and pressure temperature of 180 °C. The process of acoustic testing referring to JIS A 1405-1963
(1990) [45] method. The test samples are carried out using an impedance tube with two microphones. Two types
sample size was used to measure the o i.e. sample with diameter at 10 cm was used in low frequency ranging
from 80 to 800 Hz and sample with diameter at 3 cm was used in middle to high frequency ranging from 1000
to 6300 Hz. This coefficient is calculated by measuring the sound value that comes on the surface of material;
which is absorbed; transmitted by partition material and reflected by the surface of particleboard.

2.3.3 Chemical structure analysis

The compatibility between WSC adhesive and corn husk particles in the particleboard was tested by FTIR to
determine whether there was a change in the functional groups after hot pressing process. Meanwhile, the corn
husk particle and WSC powder were also analyzed in the absorption band at various wave numbers using FTIR
All analysis was performed using Universal Attenuated Total Reflectance (UATR) FTIR (PerkinElmer 4000) by
placing 2 mg of the sample. All spectra will be recorded at a temperature of 24 °C.

2.3.4 Thermal properties

The thermal properties of corn husk, WSC and particleboard differs in temperature depending on the
characteristics of each. All materials were thermally analyzed by a Thermogravimetric Analyzer (TGA)
(PerkinElmer 4000). A sample of 7 mg was put into a ceramic pan for thermal analysis. The condition of the
tool is set and operated at a temperature of 25 to 500 °C with a heating rate of 10 °C/min. TGA measures the
mass loss over time as a function of temperature. Measurement of differential scanning calorimetry (DSC) was
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performed using the Differential Scanning Calorimeter (DSC) (PerkinElmer 4000). A sample of 7 mg was put
into an aluminum pan and operated at a temperature of 25 to 400 °C with a heating rate of 10 °C/min. In
addition to its main function as a partition, the particleboard can also be a heat insulator which can be
determined through a thermal conductivity test. The measurement of thermal conductivity from board samples
with dimension size of 120 x 25 x 0.9 cm (length, width, thickness) were tested by Conductometer (QTM-500)
Probe PD-11 at a room temperature of 22 to 24 °C and relative humidity of 60 to 70%.

3. Results and discussion
3.1 Physical and mechanical properties

Figure 1 show the actual density value of particleboard are obtained is varied from 0.68 to 0.80 g/cm3.
Meanwhile, the target density of particleboard was set on 0.8 g/cm?®. However, there is a target density value that
is achieved and not achieved. It can be seen that particleboard bonded with 8% of WSC and pressed at 180 °C
gave the best real density that same with target density among all boards. The study conducted by Veigel et. [46]
and Valarmathi et al. [47] mentioned that the amount and type of adhesive, particle size, and density distribution
affect the particleboards properties i.e. density and particles compatibility.
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Fig. 1 Rate of actual density from particleboard made of corn husk bonded using WSC

The properties of thickness swelling (TS) from particleboards after being immersed in water for 24 hours are
presented in Figure 2. The results shows that the board bonded using WSC of 8% gave the lowest TS (77%)
than other compositions. Overall, the TS value of the particleboards does not met JIS A 5908:2003 which
mention the maximum value of 12%. However, it can be said that the increasing of WSC content from 6 to 8%
and pressure temperature from 160 to 180 °C can decreased the TS properties of board even though increase
slightly at WSC content of 10% and pressure temperature of 200 °C. The graph illustrates that the temperature
with least TS value is 180°C and the increasing TS value trend occur on pressure temperature of 200°C. This
result is related to the density value that also increasing on the higher pressure temperature.
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Fig. 2 Thickness swelling of particleboard as partition material
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Dimensional instability of a particleboard is a change in the particles form due to compression, which occurs
temporarily during compression and will return to its initial form when the particles absorb water. Actually, the
TS mechanism of particleboard is more complex, because the particles are actually expected to bind with the
matrix, which can prevent TS. The occurrence of TS from particleboard is a combination of the potential
thickness recovery of the densified particles, and the breakdown of the matrix bond network.

The bending properties i.e. modulus of rupture (MOR) and modulus of elasticity (MOE) are presented at Figure
3 and 4. The MOR is an indicator of the strength from particleboards to hold and show the flexibility and
rigidity of particleboards. Meanwhile, the MOE describes the stiffness properties of the particleboards. Juliana
et al. [48] stated that in mechanics, the MOE measures the tendency of the material to bend. It can be seen, the
MOR and MOE values of particleboard had a similar trend that increased as the WSC content was increased
from 6 to 8% and pressure temperature from 160 to 180 °C and then decreased.
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Fig. 3 Modulus of ruptured value from particleboard made of corn husk bonded with WSC
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Fig. 4 Effect of WSC content and pressure temperature on the MOE of particleboard

The board bonded with WSC of 8% and pressure temperature of 180 °C had a better MOR (11.73 MPa) and
fulfilled the JIS A 5908:2003 which mention the minimum value of 8 MPa compared to other hoard
compositions. As well as the MOE value (3.43 GPa) that has also met the standard which mention the minimum
value of MOE is 2.0 GPa. The research conducted by Sekaluvu et al. [49] informed that particle size and
adhesive content affecting the particleboard density, MOE and MOR values from particleboard made of maize
cobs bonded synthetic Fevicol resin. The particleboard made of corn husk bonded with WSC also had a better
MOR and MOE values compared to particleboard made of maize cobs mixed with synthetic Fevicol resin [49],
corn stalk-wood chips particleboards using UF as adhesive [50] and hybrid particleboard made from bamboo
veneer waste and rubberwood mixed with UF at content of 12% [51]. It can be said, the WSC is suitable and
potential to develop as adhesive for particleboard manufacturing and can improve the bending properties.

Eur. Chem. Bull. 2023,12(5), 5658-5671 5662



Manufacturing and characterization of particleboard as partition material

made of corn husk bonded using water soluble chitosan adhesive Section A-Research paper
0.12 ——WSC6%
0,
01 A —m—WSC8%

—_ WSC10%
T

o

s 0.08 -

an

f=4

5 0.06

c

o

£

E 0.04

2

j=4

= 0.02 -

A 2
0 1 ‘ .
160 180 200
Pressing temperature (° C)

Fig. 5 Internal bonding average value of particleboard

As shown in Figure 5, the internal bonding (IB) values of particleboard ranged from 0.01 to 0.07 MPa. The IB
strength of particleboard bonded WSC of 10% and pressure temperature of 180 °C was slightly higher compared
to other board compositions. However, overall, the TS value of the boards does not met JIS A 5908:2003 which
mention the minimum value of 0.15 MPa. As we know, the WSC is a natural polymer based on polysaccharides
which has hydroxyl groups that are indicated to affect the bonding process between particles and compatibility
among WSC and corn husk particles. The IB value of particleboards describes the bonding strength between
particles, so it can be used as a parameter to determine the quality of the board where it is related to the applied
particleboard manufacturing system. Corn husk particleboard that produced in this study not yet shows a strong
bond with WSC in terms of IB values. Khazaeian et al. [52] argued that the IB value of the particleboard
affected by increasing particle size, particle content and press temperature. This condition can be seen in the
FTIR spectrum that presented in Figure 8.

The screw holding power (SHP) is the ability of the particle board to hold the screws embedded in the particle
board. The measurements of SHP show the maximum force exerted on the particleboard in a given area until the
screw is released. Figure 6 showed that the value of SHP from particleboard as partition material is varied from
54.17 to 138.02 N. Overall, the value of SHP does not fulfilled the minimum requirements of SHP strength in
the JIS A 5908:2003 standard is 300 N.
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Fig. 6 The value of screw holding power from particleboard as partition material

Similar trend with the MOR and MOE value that the particleboard bonded using WSC of 8% and pressure
temperature of 180 °C had a higher SHP value compared to other board compositions. Melo et al. [53] argued
that the value of SHP affected by the density and particle surface bonding area. Particles with a larger surface
bonding area caused the contact between the particles with the adhesive to be larger and compatible that causing
SHP value to increase. The completeness and ease of the adhesive distribution to the particles and particle
geometry were also affected the SHP value of particleboard [48, 54].

3.2 Acoustic properties
The acoustic properties of particleboard as partition material i.e. sound absorption coefficient (o) are given in

Table 1 (low frequency ranging from 80 to 800 Hz) and Table 2 (middle to high frequency ranging from 1000 to
6300 Hz).
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Table 1. Sound absorption coefficient (a) of particleboard bonded using WSC and pressure temperature of 180
°C that measured at low frequency (80 to 800 Hz)

Particleboard Frequency (Hz)
sample
80 100 125 160 200 250 315 400 500 630 800
WSC 6% 0.04 0.02 0.05 0.03 0.07 0.08 0.05 0.07 0.08 0.06 0.25
WSC 8% 0.00 0.04 0.03 0.01 0.04 0.06 0.04 0.02 0.02 0.08 0.10

WSC 10% 0.09 001 0.05 007 004 005 008 003 0.03 0.09 0.17

The sound absorption coefficient (o) values of particleboard as partition material at low frequency ranging from
80 to 800 Hz are fluctuated and ranged from 0.01 to 0.25. Mostly, the sound absorption coefficient value of the
particleboards were low and does not fulfilled the standard which require the minimum value is 0.15 except at
frequency of 800 Hz that met the standard. Based on these results, it can be said that particleboards made of
corn stalks bonded with WSC is more reflective of sound than absorbing of sound at low frequency. The trend
of fluctuation value from sound absorption in this study similar with the research conducted by Karlinasari et al.
[9] that studied the sound absorption from particleboard made of Betung bamboo bonded with isocyanate resin
of 12% and target density 0.5 and 0.8 g/cm®.

Table 2. Sound absorption coefficient () of particleboard bonded using WSC and pressure temperature of 180
°C that measured at middle to high frequency (1000 to 6300 Hz)

Particleboard Frequency (Hz)
sample 1000 1250 1600 2000 2500 3150 4000 5000 6300
WSC 6% 0.13 028 016 011 012 026 019 019 028
WSC 8% 0.21 025 011 011 011 020 015 017  0.22
WSC 10% 0.24 014 014 012 009 008 007 009 0.0

Meanwhile, the value of sound absorption coefficient that measured at middle to high frequency (1000 to 6300
Hz) presented in Figure 8. The sound absorption coefficient ranged from 0.07 to 0.28. The boards that
manufactured at WSC 0.6% and 0.8% are showed better values and satisfied the standard which mention the
minimum value is 0.15. All values are also fluctuated, however, it is more higher and better than the value at
low frequency. The values of sound absorption coefficient in this study are more better than research results
already done by Astari et al. [55] measured sound absorption coefficient from corn stalk particleboards using
UF, PF and isocyanate as adhesive which all values are also fluctuated and does not met the standard (ranging
from 0.001 to 0.016). This is because, corn husk that include thin fibers can move more easily than corn stalk or
bamboo which include thick fibers on sound waves. According to the results, the sound absorption coefficient of
particleboards made of corn husk bonded using WSC indicated that the boards absorbed the sound at middle to
high frequency.

3.3 FTIR characterization

Characteristics of FTIR spectra from WSC and corn husk are presented in Figure 7. The spectra of both
materials presented similar functional groups representing polysaccharide structure. The peak around 3300 cm™
represents the -OH stretching in corn husk whereas the peak around 3000 cm ™ in WSC represents -OH and -NH
vibration of the chitosan structure. The peak around 2900 cm™* and 1375 cm™ corresponds to alkane C-H
stretching and CHj stretching, respectively. The peak at 2893-2916 cm™* is due to the —CH, stretching from
WSC [56, 57].The peak around 890 cm ™ and 1050 cm™* can be attributed to the C-O stretching representing the
carbohydrate structure of the polymer. The characteristic peak around at 1620 cm™ and 1520 cm ™ can be
attributed to amine structure present in the WSC in line with the study conducted by Mourya et al. [58] that
WSC or carboxymethyl chitosan has strong FTIR absorption in the area around 1650 cm™ and 1420 cm™.
Meanwhile, the peak around 1408 cm™* found in WSC and corn husk can be attributed to the amide bond. The
absorption peak at 897 cm™ indicated the asymmetric deformation of cellulose and hemicellulose units. These
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data demonstrated that the structures of the main chain of corn husk and WSC were also similar with the
research conducted by Hemamalini et al. [59] that investigated the FTIR spectra of WSC and wood pulp.
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Fig. 7 FTIR spectra of WSC and corn husk as raw material for particleboard manufaturing

Meanwhile, the bonding mechanism of particleboard bonded WSC of 8% with various pressure temperature of
160 °C, 180 °C and 200 °C were evaluated using FTIR spectroscopy and showed in Figure 8. Infra-red spectrum
analysis show that the absorption area around 3400 cm™ wavelengths (hydroxyl group) is a little decrease in
intensity in line with the increase of pressing temperatures.
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Fig. 8 FTIR spectra of corn husk particleboard bonded with WSC at 8% and pressure temperature of 160 °C (a),
180 °C (b) and 200 °C (c).

According to Gul et al. [60] decrease in absorption intensity at wavelengths around 3400 cm™ signifies the
reduction of free hydroxyl groups that effect of the temperature. Absorption bands in the range 2750-3200 cm™
are due to stretching vibrations of CH, CH, and CHj; groups linked to double bonds. The peak at 2800-2900 cm”
! showed the absorption of CH, from WSC, indicating that WSC adhesive presence and reacted with corn husk
particles to form ester linkages. In the region between 2000 cm™and 1000 cm™* which is composed of several
bands ascribed to the carboxylate, and amide groups in addition to polysaccharide skeletons [61]. Absorption at
1500-1800 cm™ region show the presence of double bond C=0 and C=C show the residual lignin from corn
husk [62]. There is no detected significant effect of increasing pressing temperature on this wavelength.

3.4 Thermal characterization

The thermal behavior of corn husk particleboard (CPB) with WSC adhesive was determined in Figure 9 and
Table 3. TGA data shows that additional of the WSC to the corn husk as adhesive improve the thermal
resistance of particleboards. The data shows that the WSC adhesive had lower thermal degradation but had
higher thermal stability than corn husk. Corn husk raw material shows the highest weight lost compare WSC
and particleboard. Corn husk raw material had lower of residue as compared with the WSC and particleboard.
The residue of corn husk and particleboard were 31.67% and 39.82-41.96%, respectively. Addition of WSC
adhesive increasing thermal stability the particleboard, however, increasing pressing temperature in
particleboard production did not affect the particleboard’s thermal stability. The evaporation of water was
occurred in the range of 70 °C to 120 °C as the first stage of decomposition. The second stage of decomposition
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in case of corn husk, WSC and particleboard were seen between 280 °C to 400 °C. It can be related to the
degradation of amorphous region and dehydration of saccharide rings in case of cellulose and chitosan,
respectively [59].
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Fig. 9 TG from corn husk, WSC and particleboard that pressing at temperature of 160, 180 and 200 °C

Table 3 Comparison of thermal behavior from corn husk, WSC and particleboard that pressure temperature of
160, 180 and 200 °C bonded using WSC 8%

Sample Temperature range  Temperature peak Weight loss (%) Residue (%)
(’C) (’C)
Corn husk 211-374 346 58.13 31.67
WSC 192-324 306 36.26 44.15
CPB 160 °C 200.3-361 328 51.38 39.82
CPB 180 °C 200.9-363 326 51.12 40.38
CPB 200 °C 203-361 325 52.14 41.96

Based on the results, it can be said that the thermal characteristics of all materials showed a similar degradation
mechanism which proceeded at different rates. Hemamalini et al. [59] reported that the third stage of
decomposition emerged between 400 °C and 500 °C, this can be attributed to the breakdown of crystalline
region and degradation of glucosamine groups. It is seen that water soluble chitosan have higher char yield
indicating a higher weight residues after the decomposition of fibers. The last decomposition stage begins above
500 °C and is probably a thermo-oxidative process.

Dong et al. [63] mentioned that the DSC determines the enthalpy changes induced by both structural
rearrangement and cohesional entanglement in glassy polymer. It has been well known that the glass transition
behaviors of polymers are closely related to their thermal and mechanical histories. Therefore, their glass
transition behaviors will also change during physical aging.

The DSC thermogram of WSC can be seen in Figure 10. The melting point of WSC is around 130 °C. This peak
is related to the evaporation of residual water or solvent from WSC. The temperature which WSC began to melt
occurred at 55 °C and started to rise up into temperature at 130 °C. Based on the result, can be said that WSC
potential to used as adhesives at temperatures ranged from 150 to 200 °C and more efficient at below 150 °C.
Meanwhile, the melting energy (AHm) of WSC is obtained at 202.2681 J/g.
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Fig. 10 DSC thermogram of WSC as adhesive in particleboard manufacturing made of corn husk

The result of DSC thermogram similar trend with the study conducted by Ferreira et al. [64] reported that stable
heat flow in the chitosan sample was observed; afterward, the exothermic peak began at 270 °C. This indicates
the thermal decomposition process of chitosan (depolymerization, saccharide ring dehydration, decomposition
of deacetylated and acetylated chitosan units). Eulalio et al. [65] reminded that it must be taken into account that
chitosan is a semicrystalline polysaccharide obtained from a natural polymer and its crystallinity, deacetylation
degree and molecular weight influence Tg.

The thermal conductivity (TC) of the particleboards having variations of WSC content as and pressing
temperature was measured and showed at Figure 11. The TC values of particleboard ranging from 0.166 to
0.228 W/mK. Based on the results, the particleboard using WSC 10% and pressing at temperature of 200 °C was
0.166 W/mK and better than other board compositions.
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Fig. 11 Thermal conductivity of particleboard as partition material

Generally, the particleboard made of corn husk bonded with WSC in this study is still have a higher TC (0.166-
0.229 W/mK) compared to insulation materials such as hemp and flax is 0.052 W/mK; wood fiber is 0.048
W/mK; mineral wool and glass-wool is 0.039 to 0.046 W/mK [66] and particleboard made pine trees bark is
0.06 to 0.09 W/mK [67, 68]; black locust tree bark and poplar bark are around 0.06 W/mK [69, 70] are bonded
with formaldehyde based adhesive. In particleboard, radiation is the mode of the heat transfer since there are
voids and air pockets. The presence of high amount of voids and air pocket result in difficult heat transfer which
means less heat conductor and made the board good thermal insulator. Based on these results, it can be conclude
that particleboard bonded WSC not yet classified as a heat insulator panel than insulation panels made of hemp
and flax, wood fiber, bark wood particles, mineral and glass-wool that can be seen from the TC values.

4 Conclusion

The effect of the WSC content and pressure temperature on the particleboard properties made of corn husk were
already evaluated in this study. Based on the results obtained, the physical and mechanical properties of
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particleboards were enhanced in line with increasing WSC content up to 8% and pressure temperature above
160 °C. The boards made of a combination between WSC 8% and pressure temperature of 180 °C had the best
properties compared to other combinations. The bending strength (MOR and MOE) values of boards bonded
using WSC 8% and pressure temperature of 180 °C satisfied the requirement of JIS A 5908 (2003) standard. The
particleboards absorbed sound at middle to high frequency ( > 1000 Hz) and reflected sound at low frequency
(80 to 630 Hz). According to the data, the sound absorption coefficient of particleboards made of corn husk
bonded with WSC indicated that the boards absorbed the sound at high frequency and suitable to use as sound
partition material. FTIR analysis showed that the absorption area around 3400 cm™ wavelengths (hydroxyl
group) is a little decrease in intensity in line with the increase of pressure temperature. The peak at 2800-2900
cm™ showed the absorption of CH, from WSC, indicating that WSC adhesive presence and reacted with corn
husk particles to form ester linkages. Referring to the data of DSC, the WSC potential to use as adhesives for
particleboard manufacturing at temperatures ranging from 150 to 200 °C. Particleboard in this study not yet
classified as a insulator panel that can be seen from the TC value. Based on all the results, it can be conclude
that corn husk is feasible to use for particleboard manufacturing bonded using WSC adhesive as partition
material that sustainable and renewable.
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