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ABSTRACT: This research project investigates the mechanical properties of the
corn husk fibre reinforced unsaturated polyester composite (CHFPC) and hybrid fibre
(corn husk/flax) reinforced unsaturated polyester composite (HFPC) at different fibre
orientations. The tensile and flexural properties of CHFPC and HFPC were manipulated
by the different degrees of fibre orientations of 0°, 45°, and 90°. Both CHFPC and HFPC
with 0° of fibre orientation had the highest tensile strength and flexural strength. Moreover,
the tensile and flexural modulus of specimens with 0° orientation had the highest result
compared to 45° and 90° orientations. However, for the elongation at break during tensile
testing, 0° orientation had the highest strain, more than unsaturated polyester (UPR) and
other composites. The tensile and flexural strengths of HFPC specimens with 0° fibre
orientation were higher than that of CHFPC. Besides, the tensile modulus and flexural
modulus of HFPC also increased as compared to CHFPC. The elongation at break of
HFPC for tensile testing had the highest strain compared to CHFPC. The results showed
that the mechanical properties of the hybrid fibre composite performed better compared to
the single fibre composite. Moreover, the corn husk fibre (CHF) and flax fibre (FF) acted
as reinforcements to enhance the mechanical properties of the UPR composites.
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1. INTRODUCTION

Pollution related to environmental issue has become a significant topic around
the world. Increased construction causes deforestation of rain forest and wildlife,
which contribute to environmental issues, especially greenhouse effects, global
warming, and the thinning of the atmosphere due to fuel burning and deforestation.
Environmental pollution can be a threat to mankind as clean sources of air, food,
and water are vital to human health. As a result, people should pay more attention,
interest, and take faster action to save the environment and protect mother nature.!
There are a lot of ways to reduce pollution and one of the many ways is to adopt the
3R waste programme, which is the Reduce, Reuse and Recycle waste programme.
Another way is to replace synthetic fibres (e.g., glass fibre) composites with
agriculture waste in the fabrication of polymer composites.>™

In addition, agricultural development to feed people has created agricultural waste
from corn, flax, vegetables, oil palm and fruits. The agricultural waste is increasing
annually and if these environmentally friendly materials can be reused, pollution
can be reduced by reducing the amount of waste produced from agricultural
industries. Therefore, global awareness towards the reuse of agriculture fibres
and environmental-friendly materials has been studied by many researchers.”*
Furthermore, environmental impacts of agriculture such as agricultural waste,
land and water degradation, deforestation, climate change, soil degradation, and
biodiversity loss have been reduced by utilising valuable agricultural wastes found
in polyester composites.’ Therefore, corn husk fibre (CHF) and flax fibre (FF) have
been used as natural reinforcement fibres to be studied in this research.

CHF is a renewable resource and it consists of high content of lignocellulosic
fibre (e.g., 44.5% hemicellulose, 38.2% cellulose, 6.6% lignin, 2.8% ash, and 1.9%
protein).!® Furthermore, corn husks fibre has outstanding strength, high elongation,
moderate durability, and ready biodegradability.' Meanwhile, FF is most widely
utilised as renewable bio-fibres. According to Yan et al., flax is also one of the
first fibres to be extracted, spun, and woven into textiles.!" Therefore, these two
fibres can be used as cheap, sustainable, renewable, and easily found natural
fibre reinforced materials to produce hybrid natural fibre reinforced polyester
composites.

The natural fibre reinforcement material is usually harder, stronger, and stiffer than
the matrix and exhibits a diversity of physical and mechanical characteristics.'? The
purposes of composites are to obtain a more desirable combination of properties
such as low density, high strength and stiffness as well as good shear properties.'
However, the hybrid fibres polymer composite will greatly enhance mechanical
properties compared to single fibre reinforcement material polymer composite due
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to the different properties of reinforcement materials.'* From the study by Idicula
et al., it is claimed that banana and sisal fibres act as reinforcement in polyester
composite and then are hybridised with glass fibre to get good mechanical
properties.’> Besides that, the processes to prepare hybrid polymer composite
is relatively inexpensive, producing by-products that are lightweight as well as
corrosion resistant.'® Generally, the hybrid polymer composite is applied in various
structural components such as aircraft, transport vehicle, and civil and automotive
structures.'”'®

Therefore, unsaturated polyester (UPR) was combined with CHF to produce corn
husk fibre reinforced polyester composite (CHFPC). Besides, UPR with CHF
and FF are combined to produce hybrid fibre polyester composite (HFPC) via
the vacuum infusion technique. The objectives of this research are to study the
effect of different fibre orientations on the mechanical properties of CHFPC as
well as to evaluate the mechanical properties of HFPC. In addition, the mechanical
properties behaviour of fibre reinforced polyester composite can be defined by the
orientation of fibre such as 0°, 45°, and 90°. The tensile and flexural testing results
are shown to compare the mechanical properties between CHFPC and HFPC.

2. EXPERIMENTAL

2.1 Materials

UPR resin and Butanox hardener were supplied by Taurenz Resources Sdn.
Bhd., Kedah, Malaysia. The corn husk was collected from a wet market in Kuala
Lumpur, Malaysia, and the CHF was extracted from corn husk through the water
retting process. Besides, the unidirectional FF was purchased from Fiber Care
Enterprise, Kuala Lumpur, Malaysia. The acrylic binder resin (Acrodur DS 3530)
was purchased from BASF, Kuala Lumpur, Malaysia.

2.2 Water Retting Method to Extract CHF from Corn Husk

The CHF was extracted via a simple water retting method. Firstly, the corn husk
was collected, cleaned and soaked in water for two weeks to go through the micro-
bacterial degradation process. After two weeks, the corn husk became soft and
the fibre was easily extracted by combing with a brush to take out the remaining
particles from the surface of the fibre. After extracting the fibre from the corn husk,
the fibre was then oven-dried at 70°C for 24 h. Figure 1 explains the water retting
steps of corn husk.
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Figure 1: Water retting method of CHF.

2.3 Preparation of Single and Hybrid Fibres Mats

Twenty grams of the CHF was soaked into the Acrodur binder solution with a
ratio of 1:100 and oriented unidirectionally before being re-dried at 70°C for
24 h, as shown in Figure 2(a). After 24 h of oven drying, the fibres [Figure 2(b)]
were put through a compression moulding process at a temperature of 180°C. The
process took a total of 15 min to complete including 5 min of compression holding
time, and 10 min cooling process. The same procedures were used to prepare a
hybrid fibre mat with 10 g of CHF and another 10 g of FF. After compressing,
the fibres formed a unidirectional fibre mat. The unidirectional hybrid fibres were
produced by placing 10 g of CHF at the top and another 10 g of the FF placed at
the bottom, as shown in Figure 2(c).
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Figure 2: (a) CHF soaking in the binder solution, (b) dried unidirectional CHF, and
(c) hybrid fibres.

2.4  Preparation of Single and Hybrid Fibre Reinforced Polyester
Composites

The UPR was used as a polymer matrix in the CHFPC and hybrid fibre reinforced
unsaturated polyester composite (HFPC). Firstly, all the materials and apparatus
such as CHF mats, hybrid CHF/FF mats, UPR resin, Butanox hardener, vacuum
machine, nylon vacuum bagging film, peel ply, breathable fabric, sealant tacky
tape, acrylic mould, tube, were prepared and set up [refer to Figure 3(a)]. Next,
the UPR resin was mixed with 1% of hardener to produce the UPR solution. The
fibre mat was impregnated with UPR by vacuum infusion technique, as shown in
Figure 3(b).

The polyvinyl alcohol (PVA) release agent was first applied to the acrylic mould.
Then, the fibre mat was applied to the mould. After that, the peel ply followed by
breathable fabric was placed on the fibre mat. The vacuum bag was stacked to
the mould using sealant tacky tape. Next, the vacuum pressure was switched on
at approximately —0.5 bar allowing the UPR solution to infuse into the fibre mat.
The vacuum pressure was stopped when the fibre mat was fully soaked by the
resin and the UPR composite proceeded the curing process at room temperature
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for 24 h. Finally, the CHF reinforced polyester composites were prepared using
the same steps to produce the hybrid CHF/FF reinforced polyester composites. All
composites were prepared with a ratio of 55:45 (UPR: fibre).

UPR solution

G T 4 R 2\
| » R ¢
impregnating \
with UPR resin _

——
(a) |

@ Laminate UPR
composite

Laminate structure of UPR composite

Vacuum ba%ging film
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Release film (perforated) Mold
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"""" Corn husk fiber + polyester resin

Releasing coat
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Figure 3: (a) Vacuum infusion method and (b) laminated UPR composite.

2.5  Testing

2.5.1 Tensile test

A tensile test was used to determine the tensile strength, tensile modulus, and the
elongation of CHFPC and HFPC using the VICTOR (Ho Chi Minh, Vietnam)
material testing equipment (model VEW2302). The process of this test included
applying tension force by pulling apart the composite specimens until they failed
or broke. The tensile properties response to the stress was recorded to compare
between different orientations of CHFPC and HFPC such as 0°, 45°, and 90°.
Besides, 10 kN of load and 30 mm/min of cross-head speed were applied for
tensile test. The tensile test was performed at room temperature and according
to ASTMD 638. At least 10 tensile specimens from each fibre orientation of the
polyester composite were tested.

2.5.2 Flexural test

Flexural testing was performed to determine the flexural strength and flexural
modulus of CHFPC and HFPC using the VICTOR material testing equipment
(model VEW2302). The process of this testing applied the load to the centre of the
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composite specimens by the loading nose. The specimens were placed horizontally
over two points of contact known as lower support span until they reached fibre
break or fail. The flexural test was carried out according to the ASTMD 790. A
10 kN of load and 30 mm/min of cross-head speed were applied for the flexural
test. The flexural properties results were compared between UPR and the different
orientations (0°, 45°, and 90°) of CHFPC and HFPC.

2.5.3 Statistical analysis

The analysis of variance (ANOVA) of tensile and flexural properties results were
measured by Microsoft Excel 2013. ANOVA was carried out to measure the
significance in the difference between means and to detect the significant differences
in the single and hybrid fibre reinforced UPR composites. The significance level
was set to p<0.05.

3. RESULTS AND DISCUSSION

3.1  Tensile Properties

Figure 4 illustrates the stress-strain curves of neat UPR, CHFPC, and HFPC. Based
on Figure 4, it can be seen that HFPC underwent the largest plastic deformation
as compared to neat UPR and CHFPC. The increase in strengths can be observed
as the specimens began to strain to harden until reaching the point of failure.
Besides, the HFPC demonstrated relatively higher strength, stiffness, ductility, and
toughness as compared to neat UPR and CHFPC.
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Figure 4: Stress-strain curves of UPR, CHFPC, and HFPC.

Moreover, the tensile strengths were determined for the UPR and different CHF
orientations of CHFPC. Based on Figure 5, the tensile strength of all the CHFPC is
higher than UPR due to CHF acting as reinforcement in this UPR composite with
high stress transfer efficiency from matrix to fibre. Furthermore, the CHFPC with
0° orientation showed the greatest tensile strength compared to UPR and others
UPR composites. This is due to the reason that the fibres are continuously aligned
parallelly along the longitudinal axis to the loads. Therefore, the fibres support each
other to withstand the load or force applied. However, the CHFPC at 90° of CHF
orientation had the lowest tensile strength as compared to 0° and 45°. Moreover,
the tensile strength of CHFPC that orientated at 45° was slightly higher than 90°.
A minimum strength is obtained when the fibres orientated at 90° because the
fibres were perpendicularly aligned along the longitudinal axis to the loads. Later,
the fibres tend to not support each other and were prone to breaking easily as well,
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resulting in failure. According to Retnam et al., the tensile strength of the composite
materials is strongly affected by different fibre orientations in the composite.!* A
similar finding was recorded by Lasikun et al. It was informed that the high-density
polyethylene (HDPE)/Zalacca Midrib fibre composites showed the highest tensile
strength at the fibre orientation of 0° since the direction of fibre was parallel to
the loading direction.'” However, the lowest tensile strength occurred at the fibre
orientation of 90°. This is because the fibre was perpendicularly orientated to the
loading direction that occurred on the composites of the fibre orientation from 15°
to 90°.Y

According to Figure 5, the HFPC showed higher tensile strength than UPR and
CHFPC. The hybrid CHF/FF fibre provided better tensile strength (p<0.05) to
UPR composite than CHF. This result was aligned with the finding from Retnam
et al. They found that the tensile strength of hybrid bamboo/glass fibre polymer
composite was higher than bamboo fibre reinforced polymer composites.!
Accordingly, the mechanical properties of the composite can be enhanced by two
or more different types of fibres in a single matrix, leading to hybrid composites
with greater mechanical properties.'?
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Figure 5: Tensile strength of UPR, CHFPC, and HFPC.

The proposed possible failures of corn husk fibre reinforced unsaturated polyester
at different fibre orientations as shown in Figure 6. Based on Figure 6, the results of
the effect of fibre orientation of CHFPC recognised that the 0° of fibre orientation
had the greatest tensile properties compared to 45° and 90°. This is because the
fibre composite orientated at 0° was in longitudinal loading and would support each
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other to withstand higher loads or forces. However, fibre composites orientated at
90° was in transverse loading while 45° was in slant. Therefore, the fibres did not
support each other when the tensile loads were applied.

Tensile stress Tensile stress Tensile stress

t t t

45° 90°

= il 4 =

} ) |

Figure 6: Proposed possible failures of CHF reinforced UPR at fibre orientations of 0°,
45°, and 90°.

In addition, Figure 7 shows the tensile modulus of UPR and different fibre
orientations of CHFPC. The higher the tensile modulus, the higher the stresses
required to induce elastic deformation. UPR composites had higher tensile modulus
compared to neat UPR. This is due to the incorporation of the high stiffness CHF
into UPR composites. According to Wong and Chan, the increment in stiffness
of the composite was affected by the presence of high stiffness natural fibres.?
Therefore, UPR composites needed higher load to induce elastic deformation.
Furthermore, it can be observed that the tensile modulus had slightly decreased
from fibre orientations of 0° to 90° due to the same amount of the fibre that was
incorporated into the UPR composites. Nevertheless, the tensile modulus of the
hybrid UPR composite had significantly increased (p<0.05) as compared to single
fibre reinforced UPR composites due to the presence of two different fibres in the
composite.
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Figure 7: Tensile modulus of UPR, CHFPC, and HFPC.

Besides, the higher the elongation at the break, the length became longer than the
original length, which meant higher ductility. Based on Figure 8, the elongation
at break of CHFPC was higher than UPR. This might be due to the moisture
content in CHF which provided plasticised effect and improved the elongation at
break of UPR composites. From Figure 8, the elongation at break had decreased
at different CHF orientations from 0° to 90°. In addition, the hybrid CHF/FF had
enhanced (p>0.05) the elongation of UPR composite and the HFPC had shown
higher elongation at break as compared to CHFPC. This is because CHF and FF
had enhanced the elongation property of the UPR composites.
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Figure 8: Elongation at break of UPR, CHFPC, and HFPC.

3.2  Flexural Properties

Based on Figure 9(a), the flexural strengths of CHFPC that had orientated at 45°
and 90° were slightly weaker than UPR. However, the CHFPC that orientated at
0° was the best option to apply because it had improved the flexural strength of the
composite, which is greater than UPR composites. The addition of the hybrid fibre
showed an improvement (p<0.05) in flexural strength as compared to single fibre
reinforced UPR composite.

Figure 9(b) shows a slight decrease of the flexural modulus at different orientations
of CHFPC from 0° to 90°. The higher the flexural modulus, the stiffer and lower
deflection for the materials. HFPC has greater (p<0.05) flexural modulus as
compared to CHFPC. The result of flexural properties of UPR composites aligned
with the result of the tensile properties.

Another study, by Ezema et al., claimed that the composite strength in the
longitudinal direction (0°) was higher than the transverse direction (90°) or other
orientations like 45°.2! Consequently, the UPR composites with a fibre orientation
of 0° showed better mechanical properties as compared to UPR composite with
fibre orientation from 45° to 90°.
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Figure 9: (a) Flexural strength and (b) flexural modulus of UPR, CHFPC, and HFPC.

4. CONCLUSION

Derived from the results, different fibre orientations of CHFPC showed that the
specimens with 0° fibre orientation composites had the highest tensile strength and
flexural strength compared to 45° and 90°. It proved that the different orientations
of CHFPC had affected the tensile and flexural properties of the UPR composites.
The CHFPC that orientated at 0° showed the greatest tensile strength and flexural
strength due to the fibres that were oriented in longitudinal direction and the fibres
had supported each other, hence, it would withstand higher loads while testing.
On the other hand, 90° of fibre orientation had the weakest tensile strength and
flexural strength because the fibres were oriented in transverse directions, which
is perpendicular to the loading conditions and not in support of each other. As a
result, the 90° of fibre orientation in composite specimens will break easily or fail
easily. Other than that, the hybrid fibre had enhanced the mechanical properties
of the UPR composite because HFPC had two different fibre materials combined,
which was stronger in mechanical properties than one fibre composite material.
Therefore, the HFPC showed better mechanical properties than the CHFPC.
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