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Abstract

This study was constructed to examine the tensile properties and the microstructure of wood-plastic composites (WPCs) before and after
being subjected to UV irradiation. The pellet of the wood polymer composites consists of waste polypropylene as the matrix and rice-
husk flour as the reinforcing filler. They were mixed blended with virgin copolymer polypropylene through injection moulding and were
UV irradiated from 1000 hours to 3000 hours to study the effect of weathering on the tensile properties of the WPCs. The microstruc-
tures of the fractured surface of the specimens were examined under Scanning Electron Microscope (SEM). The tensile properties of the
composites decreased with the increase of UV irradiation due to photo degradation. Adding copolymer polypropylene by 10-30 wt% in

the composition helps improve the tensile properties of the WPCs.
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1. Introduction

Polymers can be defined as a substance which comprised of mole-
cules consisting of extended structure of one or additional num-
bers of types of atoms or group of atoms connected to one another
usually by means of covalent bonds. Naturally, polymers have
long existed as DNA, RNA, proteins and polysaccharides in which
they played major roles in the life of animals and plants. In the
early times, men have exploited these natural polymers as materi-
als for their daily needs. Regardless of that, the origin of today’s
polymer industry is highly due to the discoveries of modification
of certain natural polymers in the nineteenth century.

Nowadays, polymers are produced in massive quantity and range.
Film packaging, insulator for registration, body parts for cars and
TV cabinets are some of the many functions of polymer. Our
modern world is conceived by the presence of polymeric materi-
als. Polymers are considered as a necessity as they serve various
and sophisticated functions which act as a catalyst for a better and
much more comfortable life style [1].

However, due to widespread use, polymers are facing a huge hur-
dle which consists of material consumption and energy resources.
Apart from that polymers are also one of the contributors to the
increasing amount of solid waste [2]. One of the setbacks of pol-
ymers is that most of them are not biodegradable which means
that once they are disposed in a landfill, they can remain there for
quite a long period. Apart from that, additives used to improve the
properties of polymers are capable of leaching from the landfill
thus contaminating the soil and water table [3]. Burning of plastic
waste spawns toxic substances which eventually lead to air pollu-
tion [4].

Apart from their strength and durability, polymers are widely used
due to their versatile properties. Similar properties can be subju-
gated to be re-used in further applications [5]. Considered to be
environmental friendly, composite materials consisting of plant

fibre are currently receiving quite the attention. In general, wood
plastic composites (WPCs) consist of natural lignocellulosic filler
or fibers and thermoplastic materials (PE, PP, PVC and PS). Some
of the typically used filler in WPCs are wood fiber and/or flour,
kenaf fiber, hemp and rice husk. The manufacturing of composite
materials from industrial and agricultural waste has caught a
worldwide attention which is the result from the increasing de-
mand for more environmental friendly materials [6].

Rice husk is considered as an agricultural by-product from rice
processing. Problems with rice husk is its resistance against de-
composition in the ground and it’s low in nutrition and difficult
for animals to digest. Due to lower con-tents of lignin and hemi-
cellulose but similar cellulose content, rice husk can go through a
higher temperature process than wood which is why it has been
receiving attention [7]. With a weight composition of 35% cellu-
lose, 25% hemicellulose, 20% lignin and 17% ash (94% silica),
rice husk is known to be a major agro-waste product [8].

Even though it is common to use virgin plastics in WPCs, recy-
cled plastics are highly suitable for a substitute. The presence of
cellulose and hemicellulose in agro-fibers leads to certain setbacks
such as degradation at relatively low temperature [9] restricting to
only a few of thermoplastics that can be used together such as PE,
PP, PVC and PS [24]. The application of waste plastics alongside
lignocellulosic fibers might be able to overcome the setbacks and
at the same time reduce the environmental impact.

There are few studies conducted to investigate the effects of
weathering on certain aspects of wood polymer composites such
as appearance and mechanical properties. In [10] investigated the
effect of accelerated UV weathering on color changes of polypro-
pylene-aspen fiber composites. The color turned from brown to
chalky with the degradation depth being approximately 0.5mm. In
[11] noticed that when the wood content increased, the degrada-
tion of PP-based WPC also increased. In [12] studied the influence
of plastic grades (virgin and recycled polypropylene), loading of
wood flour and addition of UV stabilizers on the discoloration of
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WPC after natural weathering. It was observed that despite the
addition of stabilizers reduced the rate of discoloration, fading of
color on the composites was still inevitable and it increased along-
side wood content. This study was conducted to study the effect of
mixed blending virgin copolymer with recycled polypropylene
wood polymer composites through injection moulding and the
effects of UV irradiation.

2. Methodology

2.1. Materials

Materials used in this experiment were WPC pellets. These pellets
were mixed blended with virgin copolymer polypropylene through
injection moulding and turned into tensile specimens. The compo-
sitions were as follow.

Table 1: WPC pellets composition

Composition ( % Total Weight)

e WP + RH CO-PP
Al 100wp -
A2 90wp 10
A3 80w 20
A4 70wp 30
Bl -
2| o 2
B4 30
C1l -
gg 60w + 40g ;8
C4 30

WP - Waste polypropylene
RH- Rice Husk

CO-PP — Virgin copolymer polypropylene

2.2. Injection Moulding

Materials specimens for tensile testing were prepared by means of
injection moulding according to 1SO 527(5A) standard. The injec-
tion moulding was done using the Nissei NP7 real mini machine,
which was equipped with horizontal type screw. The parameters
for the injection moulding process were as shown in Table 2.

Table 2: Parameters for injection moulding

Parameter Nozzle Front Middle Rear 1 Rear 2 Feed
Temperature 220C 205C 215C 200C 175C 50C

Pressure 56.35 MPa

Velocity 35 cm¥s

The injection time, cool time and cycle time for the injection pro-
cess were 5.0s, 10.0s, and 2.0s respectively. The standard dimen-
sion of the dumbbell samples is shown in Figure 1.
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Fig. 1: Dimension of dumbbell samples according to 1ISO 527 (5A): R =
radius

2.3. Accelerated Weathering Tests of WPC

The UV light irradiation on the tensile specimens was conducted
by using the UV Accelerated Weatherometer Haida International
Equipment Ltd. The UV accelerated weathering test was carried
out according to the ASTM D 4587, which is a standard practice
for light/water exposure of paint. The UV Weatherometer consists
of UV fluorescent lamps that emit light ranging from 280 to 320
nm with a tail extending to 400 nm. The WPC samples were

placed on a rack holder and were UV irradiated at 50C. Each
composition of the dumbbell samples were analysed after 1000,
2000 and 3000 hours of UV exposure to determine the effect of
weathering on the mechanical properties of the WPCs. Figure 2
shows the illustration of the UV Accelerated Weatherometer.

Fig. 2: UV accelerated weatherometer
2.4. Tensile Test

After being subjected to UV irradiation from 0 to 3000 hours, the
WPC samples underwent tensile testing in accordance with 1SO
527-2. The parameters of the tensile test were load frame with
5kN load cell and a crosshead speed of 5mm/min. The strain was
measure over a 20 mm gage length by means of an extensometer.
A minimum of five samples for each composition were analysed
to obtain an average result.

2.4. Scanning Electron Microscope (SEM)

The morphological analysis on fracture surface of WPC is con-
ducted using Scanning Electron Microscope Hitachi. The image of
WPCs fracture surfaces before and after UV irradiation were
magnified to correlate the weathering effects on the tensile proper-
ties of WPC. The fractured surface samples of WPC were coated
first using Auto Fine Coater Machine where thin layer of gold is
coated on the surfaces of samples at 25 mA current plasma and 2
Pa of chamber pressure. Cellular structure images were examined
by using SEM of Hitachi operates at 10 kV at 100 um magnifier
under high vacuum.

3. Results and Discussion

3.1. Tensile Properties

The tensile strength of the WPCs is within the range of 12 MPa
and 20 MPa as shown in Table 3. The specimen which comprised
of 100% waste polymer shows higher tensile strength (19.52 MPa)
compared to the specimens consisting of waste polymer and rice
husk. This is likely due to stiffer polymer grades present in the
waste polymer. As the percentage of rice husk increases, the ten-
sile strength of the WPC decreases. The tensile strength of WPC
with 20% of rice husk is 16.39 MPa, whereas the tensile strength
of WPC with 40% of rice husk is 12.17 MPa. Every composition
of the WPC samples was mixed blended with 10%, 20% and 30%
of virgin polypropylene (PP) by injection moulding. As the per-
centage of virgin PP increases, the tensile strength of the WPCs
also increases.

Figure 3 shows tensile strength of all the wood polymer compo-
sites before and after being exposed to UV irradiation. The poly-
mer composite made from 100% waste poly-propylene exhibits
better yield stress compared to the polymer with rice husk, which
might be due to the presence of mixed type of polymer and chemi-
cal impurities present in the waste PP.

From Figure 3 and Figure 5, it can be observed that as the percent-
age of rice husk increased, the tensile strength and elongation at
break decreased. This is due to the strong influence of wood con-
tent towards WPC properties. Increase in the wood fraction in-
creases the elastic modulus, and at the same time decreases the
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tensile strength and elongation at break [13]. Specimen C1 which
consists of 40% weight of rice husk exhibits lower tensile strength
and elongation at break compared to specimen B1, which only
consists of 20% rice husk. Specimen Al on the other hand exhib-
its a higher value of tensile strength and elongation at break when
compared to specimen Bl and C1, since there is no presence of
rice husk in its composition.

One of the ways to optimize the properties of WPC samples is by
enhancing the ductility of the matrix itself [14]. Each of the basic
compositions was mixed with 10%, 20% and 30% of virgin poly-
propylene. With the addition of virgin PP to the composition, the
yield stress of the polymer composites with rice husk increased.
Figure 4-6 show modulus of elasticity, maximum strain and yield
stress of the specimens after being subjected to UV irradiation for
1000 hours, 2000 hours and 3000 hours respectively. Each figures
shows the decline of tensile properties of the specimen after being
subjected to UV irradiation due to photo degradation of both pol-
ymer and wood filler. Specimens with higher content of rice husk
experienced greater declination of tensile performance after UV
irradiation due to the presence of lignocellulosic. Specimens with
100% of waste polypropylene content decreased less in terms of
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Fig. 3: Tensile strength of WPC samples before and after UV
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Fig. 5: Maximum strain of WPC samples before and after UV

tensile properties compared to specimens incorporated with rice
husk.

As the percentage of wood filler increased, the tensile strength
decrease tremendously. It is reported that cellulose and stress
transfer efficiency are co-dependent, where the addition of cellu-
lose will increase crystallinity hence creating a rigid composites
[15]. As such, the crystallinity of the composites decreased along-
side increasing lignin loading levels which explains the low value
of tensile strength in specimen C1. In [16] stated that when ex-
posed to UV-irradiation, PP underwent chain scissions apart from
being capable of rearranging into a crystalline phase through
chemicrystallization. Apart from that, the micro cracks on the
weathered surfaces of cellulose fiber limit the stress transfer effi-
ciency from PP matrix to fibers, which result in poor tensile
strength. Composites which contained higher content of lignin
(Specimen C1) exhibits relatively high modulus of rigidity (MOR)
retention ratios after weathering which might be contributed by
the recrystallization and cross-linking in PP matrix and antioxida-
tion effect of lignin [17].
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Fig. 4: Modulus of elasticity of WPC samples before and after UV
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Fig. 6: Yield stress of WPC samples before and after UV

Table 3: Tensile properties of WPC samples

Sample Ultimate Strength (MPa) Maximum Strain (%) Modulus of Elasticity (MPa) Yield Stress (MPa)

0 hr 1000 | 2000 | 3000 0 hr 1000 | 2000 | 3000 | Ohr | 1000 | 2000 | 3000 0 hr 1000 | 2000 | 3000

hr hr hr hr hr hr hr hr hr hr hr hr

Al 19.52 | 19.34 | 18.92 | 18.37 | 15.24 | 15.02 | 1452 | 14.45 | 0.39 | 041 0.4 0.37 | 10.72 | 9.85 9.29 9
A2 19.87 | 19.66 | 19.37 | 18.67 | 15.54 154 15.39 | 15.27 | 041 0.43 0.42 0.4 10.47 9.95 9.37 9.21
A3 19.93 | 19.82 | 19.61 | 19.39 | 16.13 | 15.58 | 1555 | 15,52 | 0.42 | 0.45 0.44 0.43 | 10.33 | 9.87 9.4 9.35
A4 20.18 | 19.9 | 19.87 | 19.58 | 16.56 | 16.22 | 16.02 | 15.81 | 0.43 | 0.48 0.46 0.45 | 10.17 | 9.93 9.56 9.42
B1 157 | 1545 | 1451 | 1326 | 11.2 | 11.18 | 11.08 | 10.71 | 045 | 0.41 0.4 0.39 9.46 9.16 9.13 8.94
B2 16.39 | 15.66 | 14.85 | 14.56 | 12.78 | 12.7 11.9 114 | 047 | 0.46 0.44 0.43 9.6 9.39 9.26 9.07
B3 1741 | 16.12 | 1597 | 1549 | 1414 | 139 | 1321 | 1295 | 049 | 047 0.45 043 | 10.12 | 9.91 9.67 9.17
B4 1757 | 16.91 | 16.69 | 15.69 | 1433 | 14.04 | 13.65 | 13.13 | 0.52 0.5 0.48 0.47 10.37 | 10.16 9.84 9.43
C1 12.17 | 11.15 | 10.46 | 9.88 6.18 6.09 5.63 312 | 049 | 047 0.46 0.43 9.9 8.32 8.03 7.96
Cc2 14.87 | 13.26 | 1244 | 11.78 | 7.74 7.19 6.7 381 | 058 | 0.51 0.49 0.47 10.5 9.64 8.27 7.99
C3 15.98 | 1544 | 13.09 | 12.58 8.47 8.04 7.75 4.12 0.6 0.56 0.54 0.53 11.14 | 10.02 8.65 8.35
C4 17.44 | 16.15 | 1557 | 1461 | 9.24 8.63 8.01 445 | 0.62 | 059 0.58 057 | 11.27 | 11.03 | 9.88 9.55

3.2. Characterization of Fracture Surface

Figure 7 shows the microstructure of fracture surface of the spec-
imens after being subjected to tensile test before and after UV
irradiation.
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For specimens with 100% waste PP (Al), the nature of the frac-
ture surface is somewhat homogenous with matrix pulled-out. The
tensile fracture surface of the specimen with 20% rice husk (spec-
imen B1) exhibits several cavities and fibers breakage compared
to specimen Al. As the percentage of rice husk increased to 40%,
the presence of cavities and fibers breakage is more apparent. As
the percentage of rice husk increased, the interfacial bonding be-

2= (<X

Fig. 7: Microstructure of fractured surfaces
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tween the filler and the matrix polymer becomes poor and weak
[18]. The distinct cavities between the matrix and the fibers indi-
cate poor adhesion [19]. For specimen C1, the crack running
through the wood fiber is an indication of stress-transfer from the
weaker matrix to the stronger wood fiber. The interfacial bonding
between the filler and the waste PP matrix is improved due to the
esterification mechanism hence the occurrence of fracture at the
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filler itself [20]. In other words, stress is well propagated between
the filler and the matrix polymer which improves the modulus
when subjected to stress. The fracture surface of specimen C1
shows a very limited amount of torn matrix. This proves that the
specimen with higher content of rice husk percentage is much
more brittle.

Virgin PP was added to each of the composition (A1, B1 and C1).
Each composition was mixed blended with 10%, 20% and 30% of
virgin PP through injection moulding. As the percentage of virgin
PP increased, the bonding between rice husk and plastic matrix
were improved reasonably for specimens with rice husk. The SEM
images show that as the percentage of virgin PP in the wood pol-
ymer composites increase, the gaps between the wood flour and
polymer matrix become less apparent hence indicating a better
interface bonding.

Similar condition can be observed for specimen with 100% waste
PP composition. As the percentage of virgin PP in-creased, the
fracture surface indicates limited amount of torn matrix which
suggests that the composite becomes more brittle. Each of the
specimens was subjected to 1000, 2000 and 3000 hours of UV
irradiation to study the effect of weathering on the mechanical
properties and morphology of the fracture surface. After weather-
ing, all the composites were degraded.

After being subjected to 3000 hours of UV irradiation, the cavities
on the fracture surface of specimen Al become slightly apparent
alongside several matrixes pulled-out. There is not much fibers
pull-out on the fracture surface of specimen B1, since the content
of rice husk is only 20%. However, compared to specimen Al, the
effects of pull-out were seen on large fibers as the percentage of
rice husk increased to 40% (specimen C1). Protruding wood parti-
cles were likely caused by the swelling and shrinking of the wood
particles after moisture absorption and desorption [21]. The occur-
rence of surface cracking on the fractured surface of the specimens
was probably due to the photo degradation of both the polymers
and wood particle [22]. The amount of cellulose exposed on the
surface of fiber is the result of better mechanical interlocking.
Even though natural fibers are applied to produce composites with
several advantages, they are normally polar fibers which mean that
they have inherently low compatibility with non-polar polymer
matrices, specifically hydrocarbon matrices such as polypropylene
and polyethylene. This incompatibility can cause problems to
composites processing and material properties. Hydrogen bonds
may formed between the hydrophilic fibers, which can lead to
agglomeration of fibers into bundles and uneven distribution
throughout the non-polar polymer matrix during compound pro-
cess. Apart from that, insufficient wetting of fibers caused by non-
polar polymer matrices may result in weak interfacial adhesion.

4. Conclusion

In this work, WPCs consist of both recycled and virgin poly-
propylene alongside rice husk flour. For the purpose of product
utilization, aspects such as mechanical properties and the micro-
structure of the fracture surface with regards to the wood flour
content and types of plastic were examined. The following conclu-
sions are drawn from the current study.

The mechanical properties of the composites made fully from
recycled polypropylene are much better than the composites in-
corporated with rice husk flour. Increase in wood content reduces
the ultimate strength and strain of the composites. However, the
modulus of elasticity and the yield stress are improved as the
wood content increased. The addition of virgin PP helps enhanced
the mechanical properties of the WPCs.

However, these properties are affected due to weathering. Weath-
ering of WPCs resulted in the decrease of the mechanical proper-
ties. The SEM images of the fracture surface confirmed the degra-
dation in mechanical properties of the WPCs, especially those
incorporated with rice husk flour. Increase in the gaps size be-
tween wood fibers and plastic matrix and the increase of pulled-
out fibers were observed from the WPCs after being subjected to

3000 hours of UV irradiation. Photo degradation of the WPCs are
slightly improved with the addition of virgin PP to the composi-
tion.

The results of the present study clearly indicate that recycled pol-
ypropylene and rice husk wood flour can be successfully used to
create strong and stable WPCs. Increasing the polymer content of
the composites can help achieve the mechanical properties suitable
for product utilization of the composites. This study has shown
that the composites with higher content of virgin PP will be more
suitable to be used as building materials due to improvements in
mechanical stability.
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