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Abstract

This research is a preliminary study on the preparation of wood plastic
composites (WPC) from corn husk fiber (CHF) and recycled polystyrene foam
(rPS). The effects of fiber content and alkaline treatment on tensile, thermal,
water absorption and morphological properties of the composites were
investigated. The rPS/CHF composites were prepared using melt compounding
and compression moulding processes. The results showed that an increase of fiber
content increased the tensile strength, modulus, and thermal stability (Tasow%) of
composites. However, the water absorption of composites increased vastly as the
fiber content increases. The addition of more fiber also caused an earlier thermal
degradation to composites. Alkaline treatment has improved the tensile strength,
modulus, thermal stability (Ta10%), and also reduced water absorption of rPS/CHF
composites. The WPS prepared from rPS and treated CHF shows better tensile
and thermal properties with lower water absorption.

Keywords: Alkaline treatment, Corn husk fiber, Natural fiber composites, Recycled
polystyrene.
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1.Introduction

Wood-plastic composite (WPC) is a combination of wood waste and plastics
material [1]. WPC is an alternative way of reusing sawing wood and plastics and
the fiber raw materials can be collected from plywood mills, sawmills and wood
product mills [2]. In addition, being the fastest growing and largest market make
the demand on WPC to be high [3, 4]. Besides, WPC have many applications
ranging from industrial products to commercial building and home construction,
such as fencing in construction, cladding and decking [5, 6]. Previously, WPC was
made from wood fiber and plastic materials but now WPC can be made from natural
fiber obtained from agricultural waste and recycled plastic materials. Thus, WPC
is considered as a sustainable material because it is made from recycled plastic and
agricultural waste materials [7].

Nowadays, natural fibers made from agricultural waste are widely used in WPC
industry. This is because natural fibers exhibit similar properties as compared to
wood fiber, but are lower in cost and more eco-friendly as utilizing the waste
material [8, 9]. In Malaysia, natural fiber can be obtained from many of types of
agricultural by-products and crop wastes for example, rice husk [10], coconut shell
[7-9], palm oil empty fruit bunch [11], durian husk [12], and corn cobs [13].
Presently, natural fibers are widely used in almost everywhere in modern industries
from construction material to automotive part [14]. One example of famous WPC
product that can be found in the market today is the IKEA’s ODGER chair, which
was made from recycled plastic and wood flour composite through injection-
moulding process [8].

Corn or maize is the most widely planted crop in the world. Corn husk is the
leafy shell covering the corn. In general, corn husks are the leftovers after the corns
were harvested and corn husk is the non-food part of the corn and it is usually left
as waste material in corn field. The corn husk waste accumulated to about 45
million tons per year in the whole world. In addition, corn husk consists a high
content of lignocellulosic fiber (e.g., 1.9% protein, 2.8% ash, 6.6% lignin, 38.2%
cellulose, and 44.5% hemicellulose) [15]. Besides, corn husks fibers also show an
outstanding strength, high elongation, good pliability, moderate durability and
ready biodegradability. The fiber obtained from corn exhibited a specific strength
and specific modulus of 2.7 tenacity/g den'* and 70 modulus/g den, respectively
[16]. For this reason, corn husks can be utilized as natural fibers in WPC.

Polystyrene is a thermoplastic mostly used for storage and packaging in food
industry. It is also used in other industries such as foam, appliances and automotive
industry. Polystyrene foam, also known as expanded polystyrene, has many
advantages such as light weight, low cost, moisture resistance, high energy absorbing
efficacy and good heat insulator [17]. Thus, polystyrene foam is widely used in
industry for packaging. It is reported that more than 1000 tons of polystyrene foam
were disposed into the environment as waste material and the amount is increasing
annually [18]. Polystyrene foam is seldom recycled because it is made of 98% air and
has high size to weight ratio [19]. Recycling rate of polystyrene foam is low, due to
its bulk, polystyrene foam takes up storage space and costs more to transport and yet
yields only a small amount of polystyrene for re-use or remolding. Most of the time,
polystyrene foam will end up as landfills and it easily fill up the landfill site in a short
time since it is non-biodegradable [20]. Thus, the present research is underway to
recycle the polystyrene foam as raw material to produce WPC.
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This research is a preliminary study on preparing WPC from recycled
polystyrene foam and corn husk fibers. The studies focus on the effects of fiber
content and alkaline treatment on tensile, thermal, morphological and water
absorption properties of the composite.

2. Methodology
2.1. Materials

Polystyrene foam is mainly used as packaging material for electrical appliances. Thus, the
disposed polystyrene foam was collected from electrical shops. Corn husks were obtained
from wet market. The chemicals used in this experiment, such as sodium hydroxide
(NaOH) and acetone were supplied by Evergreen Engineering & Resources, Malaysia.

2.2.Preparation of recycled polystyrene

Firstly, the polystyrene foams cleaned from any contaminate. Then, it was cut into
small pieces and dissolved in acetone solvent. The dissolute polystyrene foam was
filtered and placed in an oven at 70°C to remove remaining acetone. After dried,
the recycled polystyrene (rPS) was in solid piece. Last, the rPS was cut into smaller
pieces and stored for further process.

2.3. Preparation of corn husk fiber

First, the collected corn husks were washed to remove any dirt and then cut into
small pieces. Next, they were dried in oven at 70°C until fully dried. The dried corn
husks were further ground into smaller short fibers using a grinder. The corn husk
fibers (CHF) were sieved using 100 mesh stainless steel sieve to obtain
homogenous size of short fibers. Part of the CHF was further treated with sodium
hydroxide (NaOH) solution using method suggested by Reddy and Yang [16]. The
CHF were immersed in 1 mole of NaOH solution for 1 hour at 24 °C. Then, treated
CHF were filtered and washed using distilled water until the pH became neutral.
Lastly, the treated CHF were dried in oven at 70°C until fully dried.

2.4. Preparation of composites

The rPS and treated/untreated CHF were compounded using Haake Rheomix 600p
(Brand: Thermo Fisher Scientific Inc., USA) at a temperature of 190°C and a rotor
speed of 80 rpm. The composites were prepared with fiber content of 30, 40, 50,
and 60 weight percentage (wt%). The total mixing time was 8 min. Then, the
compounds were moulded into sheet form using hot press machine (model: Moore,
Taiwan) at temperature similar to the compounding process and the pressure used
was 100 kPa. The thickness of the composite sheet was 1 mm. The operating steps
included: i) preheat the compound for 4 minutes, ii) fully compress the compound
for 1 minute, iii) cool the specimen to temperature below 50°C, iv) remove the
composite sheet from mold. The composite sheet was cut into tensile specimens
and the dimensions of the tensile specimens were following ASTM D638 standard.

2.5. Testing and analysis

Tensile test of rPS/CHF composites were carried out following ASTM D638
standard. The composites were tested for tensile properties using an Instron
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universal testing machine (model 5596, USA). A 15 kN load cell and cross-head
speed of 5 mm/min were used. A minimum of 7 specimens were tested for each
formulated composite.

The selected fracture rPS/CHF specimens were used for morphological studies
using scanning electron microscope (SEM), Model: FEI Quanta 400F, Thermo
Fisher Scientific Inc., USA. The specimens were coated with thin layer of
palladium before examination. The beam energy used in this experiment was 10kV.

Thermal analysis of untreated and treated rPS/CHF composites at selected fiber
content were studied using thermogravimetric analysis (TGA), brand: PerkinElmer,
USA. The weight of the specimen for TGA was about 5-7 mg. The specimens were
undergone thermal scan at a heating rate of 10°C/min and range of thermal scan
from 30°C to700°C under nitrogen atmosphere. The nitrogen gas flow rate was
fixed at 20 mL/min. Then, the weight loss against the temperature data were
obtained from TGA.

Water absorption test of rPS/CHF composites were performed according to
ASTM D570 standard. All rPS/CHF composites samples with dimensions 30 mm
X 25 mm x 2 mm were immersed in distilled water at room temperature. The water
absorption was determined by recording the weight change after immersed in
distilled water at times 25, 50, 200, 400 and 900 hours. A mass balance with the
precision of £ 1 mg was used to measure the sample weight. The percentage of
water absorption (Wa) at time (t) were calculated using Equation 1, where Wy and
W, are the original dried sample weight and weight of the sample after absorbing
water, respectively.

Wn-Wgq
Wa

W, =

x100% 1)

In addition, Fourier transmission infra-red spectroscopy (FTIR) was used to
characterize untreated and treated CHF. The FTIR spectra of specimens were
recorded with 32 scans for more precise average reading, in the wavenumber range
from 4000-600 cm™. A resolution of 4 cm™ was used for the FTIR analysis.

3. Results and Discussion

3.1. Tensile properties

Figure 1(a) shows the tensile strength of untreated and treated rPS/CHF composites.
The results show that increasing fiber content increased the tensile strength of the
composites. Comparing to literature, natural fiber composites typically exhibit a
higher tensile strength compared to conventional plastic materials [21]. Thus,
addition of natural fibers that enhanced the strength of composites was also reported
in many literatures [22, 23]. Besides, the mechanical strength of composites is usually
influenced by several factors, including interfacial bonding, aspect ratio of fiber, and
fiber orientation [21]. In this case, the CHF used in this research was short fibers and
it was randomly orientated. In general, fibers orientated either parallel or
perpendicular to direction of applied stress would have opposite mechanical behavior.
Fibers aligned parallel to the direction of stress normally contributed higher tensile
strength to composites. On the other hand, fibers oriented perpendicularly to the
direction of stress would reduce the tensile strength of the composites dramatically.
The amount of fibers that are parallel to the applied stress would increase as the fiber
content increases. Thus, the rPS/CHF composites show an increment in tensile
strength when added with more fiber. The tensile modulus of rPS/CHF composites
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also increased with increasing fiber content, as illustrated in Fig. 1(a). In general,
natural fiber has higher modulus compared to plastic materials [21]. Hence, the
presence of CHF that increased the modulus of composites was as expected [24, 25].
Furthermore, the chain mobility of rPS matrix was restricted by the presence of
friction between fiber and matrix. This is another reason the rPS/CHF composites
with higher fiber content exhibited high tensile modulus.

Figure 1(b), the tensile results also show that the treated rPS/CHF composites
exhibited higher tensile strength and modulus as compared to untreated rPS/CPH
composites. After treatment, the strength and modulus of rPS/CHF composites
have improved on average by 26% and 13%, respectively. Alkaline treatment has
removed part of lignin, hemicellulose and other components from CHF and it
increased the surface roughness of the fibers. The interfacial interlock was
improved between treated fibers and rPS matrix. For this reason, the stress transfer
between fiber-matrix was improved with stronger interfacial interlock and yielded
composites with higher strength and modulus. Similar observations was also
reported in other literature [26, 27].
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Fig. 1. (a) Tensile strength and (b) Tensile modulus
of rPS/CHF composites with different fiber content.

3.2. Water absorption

The water absorption results of untreated and treated rPS/CHF composites are
displayed in Fig. 2. The water absorption of rPS/CHF composites was significantly
increased as the fiber content increases. The CHF naturally absorbs water because
the chemical structure of cellulose, hemicellulose and lignin consist plenty of
hydroxyl groups. Thus, the hydroxyl groups from fiber can easily form hydrogen
bond with water molecules [7]. Figure 3 shows that water molecules were able to
diffuse into composite and were trapped in micro gaps present between fiber and
matrix. The micro gap at interfacial region was due to poor adhesion between fiber
and matrix. Therefore, the increase of fiber content increased the water uptake of
composites. This finding is also in agreement with other researchers, such as
Penjumras et al. [27]. Alkali treatment significantly reduced the water absorption
of rPS/CHF composites. From Fig. 4, the water absorption of treated rPS/CHF
composites is on average 29% lower as compared to untreated rPS/CHF
composites. As mentioned earlier, the addition of treated CHF has better adhesion
with rPS matrix. The gaps between treated CHF and rPS matrix became narrower.
Thus, less water molecules were trapped in the interfacial region. Previous studies
by the Chun et al. [25, 28] also found that composites with treated natural filler
would have lower water absorption
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Fig. 2. Water absorption against time curves of
(a) untreated and (b) treated rPS/CHF composites.
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Fig. 3. Water molecules trapped at fiber-matrix interface.
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Fig. 4. Water absorption of untreated and treated
rPS/CHF composites at 900 hours immersion time.

3.3. Morphological Properties

Figures 5(a) and (b) show the SEM micrographs of untreated rPS/CHF composites
at selected fiber content. There are small gaps found between fiber and the matrix.
This indicates that the CHF has poor adhesion with rPS matrix. This finding also
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supported the explanation for water absorption because these gaps were the region
where water molecules were trapped in the composites. Regarding to Fig. 5(b),
several holes caused by fiber pull out can be observed. This observation also
indicated that part of the fibers are aligned in parallel to the direction of the applied
stress, but the fiber was weakly bonded to the matrix. Thus, it pulled out from the
matrix forming a hole. The SEM micrographs of treated rPS/CHF composites are
illustrated in Fig. 6. The gaps that can be found between the fiber and the matrix
was reduced. In addition, no fiber pull out was observed. Some of the fibers were
found to be embedded and fully covered by the matrix. This evidenced that the
treated CHF have better adhesion with rPS matrix.

Fig. 5. SEM micrographs of untreated rPS/CHF composites
with (a) 40 wt% and (b) 60 wt% of fiber content.

Fig. 6. SEM micrographs of treated rPS/CHF composites
with (a) 40 wt% and (b) 60 wt% of fiber content.

3.4. Thermal properties

Figure 7 displays the TGA curves of untreated and treated rPS/CHF composites at
selected fiber content. The residue weight at 700°C, decomposition temperature at
10% (Tq10%) and 50% (Tqs0%) Obtained from TGA curves are listed in Table 1. The
results show that the Tqi00 Of rPS/CHF composites decreased as fiber content
increases. The major component of CHF is cellulose and it typically decomposes
at temperature above 350°C. However, CHF also consists of minor components
such as hemicellulose and lignin, which have lower thermal stability and start to
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decompose at temperature above 250°C. Thus, the untreated rPS/CHF composites
exhibited earlier thermal degradation and it was more obvious when fiber content
was increased. This earlier thermal degradation is attributed to the thermal
decomposition of moisture, volatile compounds, and hemicellulose in CHF. On the
other hand, the Tasos Of untreated rPS/CHF composites raised with additional fiber.
In general, polystyrene is a thermoplastic comprised of plenty of aromatic
molecules in a structure, which promotes the char yield of composite [29].

Besides, the natural fiber itself also contains many aromatic molecules that can
be found in lignin. Lignin also contributed to char during thermal decomposition
process [7]. The weight residue is the char left after thermal decomposition of
composites. From Table 1, the char residue of composites also increased with
increasing of fiber content. The char usually acts as thermal barrier for the
composite that can improve thermal stability [8, 9]. Hence, the composites with
higher fiber content usually show higher thermal stability at temperature above
400°C. Similar observation was found in composites with other types of natural
fibers [30, 31].

Table 1. TGA data of untreated and treated
rPS/CHF composites at selected fiber content.

Composites Ta10%(°C)  Tasow (°C) Residue weight (%0)
Untreated rPS/CHF:60/40 279 441 8.80
Untreated rPS/CHF:40/60 268 433 9.60
Treated rPS/CHF:60/40 319 422 6.40
Treated rPS/CHF:40/60 309 409 7.10
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Fig. 7. TGA curves of untreated and treated
rPS/CHF composites at selected fiber content.

The treated rPS/CHF composites show higher Taiow compared to untreated

rPS/CHF composites. As discussed before, most of the hemicellulose and lignin were
removed from CHF during the alkaline treatment. Moreover, the treated rPS/CHF
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composites also have less water absorption due to the improved interfacial adhesion and
weight loss due to the removal of water molecules was also reduced. Thus, the treated
rPS/CHF composite has better thermal stability at temperature below 300°C. However,
the Tasos Of rPS/CHF composites was reduced after alkaline treatment. This is because
most of the lignin was removed after alkaline treatment and the amount of char
generated during the thermal degradation was reduced. As can be observed from Table
1, the char residue of treated rPS/CPH composites was decreased. For this reason, the
thermal protection effect of char residue also reduced and thermal stability of treated
rPS/CPH composites at temperature above 400°C also reduced.

3.5.FTIR analysis

Figure 8 illustrates the FTIR spectrum of untreated and treated CHF. For untreated
CHF, the wide peak recorded at 3381.5 cm™ was due to the stretching of O-H,
which belongs to hydroxyl groups in fiber [12]. In the 3000-2800 cm'* range, the
peaks were caused by the stretching of C-H. Peak measured at 1727.1 cm is related
to ester carbonyl vibration in lignin [7, 8]. As can be seen the intensity of the peak
has reduced and the peak value shifted from 1727.1 to 1714.6 cm™. This is because
after the alkaline treatment, part of lignin has been removed from CHF. Then,
carbonyl group in hemicellulose and carbonyl aldehyde in lignin were represented
by the peak at 1638.4 cm™ [9]. After treatment, the peak shifted from 1638.4 to
1641.5 cm™and the peak intensity was slightly reduced. This indicated the contents
of hemicellulose and lignin were also decreased. The peaks at 1427.5 cm™ was
attributed to CH, stretching from cellulose, while the peaks at 1370.4 cm™ and
1320.5 cm* were assigned to C-H group vibration from cellulose [13]. The C-O
groups from acetyl group of lignin found at peak 1245 cm* [28]. The intensity of
the peak at 1245 cm reduced which indicated that some of the lignin has been
removed during the alkaline treatment. The broad peak ranging from 1000 to 1150
cmt corresponds to the anti-symmetrical vibration of C-O-C groups from cellulose.
The last peak at 903.18 cm™ was due to C-H stretching of lignin [26]. After alkaline
treatment, the peak shifted from 903.18 cm™ to 894.27 cm™. This is also evidence
that the part of the lignin was removed from CHF.

Treated CHF

Untreated CHF

40000 3000 2000 1500 1000 600.0
cm-1

Fig. 8. FTIR curves of untreated and treated CHF.
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4. Conclusions

In short, the tensile strength and modulus of rPS/CHF composites increased with
the increase of fiber content. The addition of more fibers has increased the water
absorption and contributed to earlier thermal degradation of rPS/CHF composites.
However, the presence of more CHF caused char formation effect to composites,
which lead to, increased thermal stability at higher temperatures. FTIR analysis
also evidenced that part of hemicellulose and lignin have been removed from CHF
after the alkaline treatment. After the treatment, tensile strength and modulus of the
composites were significantly improved and water absorption was reduced. The
SEM results also evidenced that the fiber-matrix adhesion was improved due to
alkaline treatment. The treated rPS/CHF composites with 60 wt% of fiber shows
tensile strength of 17 MPa and modulus of 2390 MPa, The strength is yet to reach
similar level as commercial WPC, such as WPC made from rice husk owning
tensile strength of 25 MPa, however, rPS/CHF is a potential WPC if further
modified with coupling agent. Besides, the thermal stability of treated fiber against
thermal degradation was improved, and thus, the effect of earlier thermal
degradation on treated composites was reduced. Then, the thermal stability of
composites at high temperature was reduced. However, it is more important to
improve the thermal stability of composites against earlier thermal degradation,
because composites are usually processed within the temperature 180°C to 250°C.

Nomenclatures

Ta10% Decomposition temperature at 10% weight loss
Taso% Decomposition temperature at 50% weight loss
t Time

W, Water absorption at time (t)

W Original dried sample weight

Wy Sample weight after water absorption

wt% Weight percentage

Abbreviations

ASTM American Society for Testing and Materials
CHF Corn Husk Fiber

FTIR Fourier Transmission Infra-Red
NaOH Sodium Hydroxide

rPS Recycled Polystyrene

SEM Scanning Electron Microscope

TGA Thermogravimetric Analysis
WPC Wood Plastic Composites
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