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Abstract. Composites of kenaf/unsaturated polyester containing 1layer up to 4 layers of kenaf
fibre were studied to evaluate the mechanical and thermal properties. These composites were
compared with a control system containing unsaturated polyester. The composite of different
fibre layers was prepared using compression moulding techniques. The composites with x
layers had the lowest tensile strength with slightly higher flexibility compared with those
systems containing higher number of layers. The tensile properties of composites containing x
layers demonstrated that the addition of fibre to the kenaf/unsaturated polyester composite was
affected more than the incorporation of the. Thermogravimetric analysis of pure kenaf,
unsaturated polyester and unsaturated polyester composite incorporated with 1, 2, 3 and 4
layers revealed significant differences in the decomposition temperature. Analysis by
differential scanning calorimetry, equally, showed a decrease in thermal transitions with the 1
through 4layers. The results of the mechanical and thermal properties tests suggest that kenaf
fibres improved the composite mechanical and thermal properties.

1. Introduction

The development of biodegradable material yet mechanically capable based on natural materials is
expected to grow for the next 2 to 3 decades [1,2]. The fibre based biodegradable polymer composite
materials with good mechanical and thermal properties has attracted the attention of research
communities recently (The trend interest is expected to grow in daily basis as the materials have high
potential for various applications [1-10]. Due to this requirements, there is need to improve it
degradability [11-18]. This degradability is improved by treated and several treatment approaches
have been proposed for example [6-8] have proposed hydrogen peroxide on Kenaf Fiber/Poly(Lactic
Acid) Composites, several have been reported such increase in crystallinity index and surface
roughness of the kenaf fiber which improved mechanical properties of the prepared composite,
however, this in essence of removing some vital parts in the composite such as lignin and
hemicellulose[19-30]. The development of biodegradable material yet mechanically capable based on
natural materials is expected to grow for the next 2 to 3 decades [1,2]. This is mainly due to their
environmental advantages over other materials [3]. In recently, natural fibre-based polymer
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composites have been proposed in several applications due to natural materials offering wonderful
properties such as lightweight [4], ease of fabrication [5], cheap and environmentally friendly [6]. The
mechanical properties of the material are suitable for many applications [6]. Its application are found
in many moving devices especially in aerospace where light and mechanical strength are crucial. The
kenaf fibre equally provides very high values of the hardness and strength [7]. Moreover, the material
has higher aspect ratio due to its orientation compared to other types of fibres [8]. It offers interlocking
ability where polymer molecular movement are hammocked (restraining the intermolecular sliding)
using as a polymer composites reinforcement is favourable and will allow mechanically suitable
composite [9]. The kenaf generally a Hibiscus cannabinus, the family of Malvaceae L. which contain
several longitudinal and transverse fibre crossing, it is a perennial plant in most part of Asian
countries and equally harvested twice depending on the weather condition and other climatic condition
[2, ]. Moreover, the fibres attracted the several interests due it potential features; it is inexpensive[5],
lightweight[9], high mechanical property and biodegradability which could be used for green
technology promotion[10]. However, the real kenaf interaction with polymer matrix and its natural
orientation has not been established because most of the researchers mixed it with the matrix after
grinding the kenaf which by then the effect of orientation is totally compromised. Therefore, this study
proposed integration of kenaf mat into polymer matrix in its natural orientation form to establish
mechanical and thermal behaviour to its mat layers in the polymer matrix. Moreover, proposed
reinforcement of kenaf unsaturated polyester composite with glass fibre, the study enhanced the
adhesion between the surface of fibre and the matrix which that allowed improving the mechanical
properties of the KG-UPE hybrid composites prepared, however, this might come with getting the
composite more toward nonbiodegradability [31-40]. Several researchers proposed alkaline treatment
on kenaf/epoxy composite and found alkali treatment increased the mechanical properties of the
composites by allowing improvement of fiber—matrix compatibility, similarly, the chemical treatment
bring about lignin and hemicellulose removal or degradation The compatibility between fibre—matrix
interface adhesion is the most significant parameter that determine the properties of composites[41-
45]. One of the important issues related to natural fiber is the hydrophilic property of cellulose which
has an impact on the weak interface bonding with hydrophobic polymer as a matrix[46]. The methods
of chemical surface modifications of natural fiber have been proposed by many studies, this include
chemical treatment such alkaline most of the this treatment removes lignin and hemicellulose [47-49].
however, this have overall effect on the overall mechanical properties of the composite, the search for
the alternative materials have occupied the mind researcher in the field. Recently zinc oxide have been
proposed to been used in killing bacteria. The treatment mechanism are as follow, immersing the the
zinc ion (Zn") into aqua ions, it formed water ligands with hexa and tetra-aqua ions, the reaction of
the ion with hydroxide through donation of a proton on the surface of the fibre [1,2, 46-51].

2. Methods

The section describe the methods and materials of this study. The buddle of pure Kenaf fibre was
obtained and purchased from Rahamatullah Sdn. Bhd (Kedah, Malaysia) in Petani, Kedah Malaysia.
The kenaf was in the mat form and used as received without any further treatment. A standard
unsaturated polyesters resin was supplied by Castmesch Technologies Sdn. Bhd. (Perak, Malaysia).
Methyl ethyl ketone peroxide (MEKP; solution in dimethyl phthalate) was obtained from Kaumjung
Akzo Nobel Peroxide Ltd. (Tianjin, China) by the trade name Butanox M60. unsaturated polyester
(UP), and MEKP UP had a hazy pinkish colour with a gel time of 18 min to 23 min at 25 °C with 2%
MEKP. The density of the UP was 1.4 g/cm’ with a specific gravity of 1.12 g/cm’ and a volumetric
shrinkage of 8%. The MEKP was colourless in appearance with a density of 1.15 g/cm’ with a melting
point of -8 °C and a boiling point of 109 °C. The fabrication and testing consisted of 7 major steps.
The initial step was the Kenaf fibre mat being cut into 20 cm x 20 cm dimensions. Matrix mixing was
done using high speed mixing with a Ragogna mixer custom built for FPInnovations by Custom
Machinery Ltd. (Ontario, Canada) with a speed up to 5,000 rpm was employed. To avoid
destabilization of the emulsion, a moderate mixing speed (up to 2,500 rpm) at room temperature. The
kenaf fibre layers were placed in a conventional oven to dry at 80 °C overnight.
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3. Results and Discussion

The figurel show FTIR analysis was carried out for the characteristics of the kenaf fibres properties.
From the graph, the Fourier transform infrared (FT-IR) spectrum of pure kenaf revealed sharp peak at
2973 cm™' which is mainly attributed to the single hydrogen bonded O-H which is stretching a lower
intermolecular revival phenomena (Lee et al, 2017). Moreover, the peak at 1323 cm™' as a results of
hydro carbonic interaction reaction which mainly due to the characteristic of C-H asymmetric and
symmetric stretching (Intan et al, 2014). This is related to the aliphatic groups in cellulose and
hemicellulose. Another peak at 1739 cm ' corresponds to ester carbonyl vibrations from the acetyl,
feruloyl and p-coumaryl groups in lignin. A stretching peak detected at 936 cm ™' is attributed to the
carbonyl group of the acetyl ester in hemicellulose and the carbonyl aldehyde in lignin. The broad
peaks at 1352 cm ™', 1451 cm ™' and 1641cm™" are corresponds to C—O vibration
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Figure 1. FT-IR spectrum of pure kekaf fibres (b) The pure kenaf prior to composite process
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Figure 2. (a) Flexural strength of composites for 0 layers, 1 layers, 2layers , 3 layers and 4 layers
kenaf (b) Modulus of elasticity of composites for 0 layers, 1 layers, 2layers , 3 layers and 4 layers
kenaf.

To the investigate the mechanical properties of the prepared composite, a flexural test was conducted.
The see the effect of kenaf mat layers, composite with 0 layers, 1 layers, 2layers, 3 layers and 4 layers
were tested, the zero kenaf system with only UP shows a flexural strength value of 43.1MPa. The
value of the flexural increased to 56.5 PMa with addition of 1 kenaf layer. The 2 layers composite
produced the 51.6MPa, with addition of other layers making it 3 layers increased the flexural strength
to 66.2PMa and likewise addition of additional layer observed similar trend with 73MPa. The
continual increase in flexural strength revealed a clear evidence that kenaf may have effect on the
mechanical properties of the kenaf, in the other hand, it shows the kenaf gives some compatibility
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between its with matrix. The process of cool compressed have equally greater effect in producing
non-voids composite, it allows homogenous compressed. The study conducted by Netnapa et al, 2016
does not show the trend of flexural increased due to voids in the composite. According to their study,
the reduction in flexural properties were observed and this might be due to void content and
inhomogeneous distribution kenaf in the matrix. Moreover, the flexural further decrease with thermal
retardant filler added, this might be the interfacial adhesion between natural fiber and polymer matrix
was thermal affected by the retardant filler and equally shows the Modulus of elasticity composites 0
layers, 1 layers, 2layers , 3 layers and 4 layers kenaf. The O layers, 1 layers, 2layers, 3 layers and 4
layers kenaf showed a similar trend as flexural strength seen in the previous section. The Modulus of
elasticity increased by increasing with 0 layers through the 4 layers kenaf. The addition of 1 layer
2514 to 3000 MP which almost 20% increase. Similar improvement can be observed from the 2 layers
to the 4 layers kenaf. By looking at the two extreme zero kenaf and maximum kenaf layers of 4. The
addition of can be seen with comparison of zero and 4 layers Modulus of elasticity was very much
different with 2514 MPa and 4993 MPa over 100% increase. The reason is due to promoted
compatibility and interfacial adhesion between KF and its matrix because of the cool compression.
The results of this finding show similar trend with many researchers [ 5, 7,9, 11].

Figure 3: The elongation at break of composites 0 layers, 1 layers, 2layers , 3 layers and 4 layers
kenaf. Figure 6 presents the effects of various of kenaf layers on the break elongation of the
composites. The 1, 2, 3, or 4 kenaf layers were prepared and as expected, the break elongation of these
composites generally decreased with increased kenaf layers. This suggested that the presence of the
kenaf fibres increased the stiffness of the composite and does not contribute to the elasticity or the
final composite flexibility as equally observed by Tawakkal et al. (2014) in their study. Zero kenaf
layers initially showed a 4.5% elongation in an untreated composite and gradually decreased from
4.5% to 4.2%, 3.8%, 3.3%, and 2.8% for 1 layer, 2 layers, 3 layers, and 4 layers, respectively. This
was due to an ability to withstand the load transfer from the matrix
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Figure 3. (a) Tensile strength composites of 0 layers, 1 layers, 2layers , 3 layers and 4 layers kenaf
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Figure 4: (a) show the tensile and max load Kenaf/ polyester composite for 0 layers, 1 layers, 2layers
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Figure 4a. Represents the tensile strength of the pure kenaf composite with the corresponding 0 layers,
1 layer, 2 layers, 3 layers, and 4 layers of kenaf mat. It was shown that the kenaf layer of 1 composite
showed highest tensile strength compared to the compared to other layers composite. This was
attributed to the fact that matrix entered into the fibril orientations of the kenaf, as well as the kenaf
polymer interface. This interference subsequently moderately improved the mechanical properties.
The tensile strength of the of composite was 55 x 10°Pa, the 0 layers, 48x 10° Pa for 1 layer, 40.4 x
10° Pa for 2 layers, 38 x 10°Pa for 3 layers, 28 x 10°Pa for 4 layers. With a linear decrease in tensile,
which made this an important attribute due to its effect on the biodegradability of the composite.
Moreover, the layers of the kenaf improve the stiffness of the composite., its shown the layers of the
kenaf have noticeable effect. The addition of a layer decrease the tensile strength from 55 x 10° Pa to
39 x 10 Pa to 28 x 10 Pa, almost a 50% decrease in tensile strength in nontreated composites. Figure
4b abd c show the tensile and max load Kenaf/ polyester composite for 0 layers, 1 layers, 2layers , 3
layers and 4 layers kenaf, the composite was successfully prepared with in five (5) different layer
arrangement 0 layers, 1 layers, 2layers , 3 layers and 4 layers kenaf. From the figure 8, it evident that
there is a decreasing of the tensile strain due to increasing in kenaf from 0 layers, 1 layers, 2layers, 3
layers and 4 layers kenaf. This might be as result of formation of intermolar boding becoming weak
and incompatibility of cellulose with the polymer matrix. However, the composite resistance to the
load increase, this strongly of affects layers on the mechanical properties of composites. The figure 8
is evident that Load resist to failure has been improved by the inclusion of kenaf fibre layers in the
composite.
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Figure 5. (a) Thermogravimetric DTG of 0 layers, 1 layers, 2layers , 3 layers and 4 layers kenaf (b)
thermo-gravimetric analysis (TGA).

The figure 5a show Thermogravimetric DTG of 0 layers, 1 layers, 2layers, 3 layers and 4 layers kenaf
analysis , it was done to observe weight loss occurring on natural fibres. The thermogravimetric
analysis curves of kenaf polymer composites pure kenaf composites displayed three peaks of weight
loss for 0 layers, 1 layers, 2layers , 3 layers. The first stage occurs at temperature range from 210°C
due to release of moisture which was absorbed by natural fibre. At the second stage, the major
degradation occurred with temperature range at about 290-370 °C, which was related to degradation of
hemi cellulose and cellulose of natural fiber. The third stage of weight loss occurred at temperature
range at about 460-600 °C, which was related to degradation of lignin. The TGA curves are shifted to
lower temperatures, showing a decrease in the thermal stability for both unsaturated polyester and its
composites. the kenaf composite thermal stability appears to improve from 140 to 230°C with increase
layers of kenaf from 1 to 4 layers. Although, there is a quite small however revealed noticeable trend
form the beginning of curve profiles of the composites. The degradation is appeared to be due to the
presence of water in the kenaf fibres. Moreover, the figure 10 shows the thermogravimetric analysis
profiles of neat kenaf composites containing 0, 1, 2, 3 and 4 layers of kenaf in the form mass
percentage as a function of temperature, with all the samples show three major positions of mass
losses in the temperature ranges of 280—-320°C, 350— 400°C, and 500-650°C. With 1-layer kenaf show
earlier loss, the thermal stable increased with number of kenaf layers increase. The 1-layer kenaf
composite show stability at temperature 0-200°C, beyond this, it stated to loss mass earlier compared
to other kenaf layers arrangement. The other kenaf arrangements show improved stability with the
kenaf layers increase, all the remaining three system show similar thermal behaviour. It can be
observed from the figure there is a mass% loss from 350— 400°C and with high decomposition
temperature of 370°C corresponding to the decomposition of the hydroxyl component of the fibre
while major decomposition occurring at the temperature at approximately 390°C corresponds to the
lignocellulosic components in the fibre.

4. Conclusion

The characterization kenaf fibres composites was successfully conducted. The characterization was
conducted based on mechanical and thermal. With different kenaf layers from 1 to 4 layers. The
results showed that as the number of layers increase, it imparts the mechanical properties positively.
the The tensile strength and stiffness of kenaf composites however increased with with increased
loadings thereby imparting a reinforcement effect within the composite. Moreover, it was found that
an acceptable tensile strength was attained by the only 1 layer of kenaf layer in the composites. The
TGA analyses. The TGA results also suggested that thymol can be released from the PLA/kenaf
matrix at relatively low temperatures and as such has the potential to impart AM activity. Further work
in the laboratory is currently under way to evaluate the water absorption from these systems and their
subsequent AM activity in order to develop effective active food packaging materials.
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