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ABSTRACT

Pultrusion is one of the polymer composite fabrication processes employing a
combination of pulling and extrusion processes. The composite profiles are obtained
by pulling resin-impregnated fibres through a series of heated dies. The ability of the
pultrusion technique to support a high volume of fibre fraction produces the high
stiffness of the composite profile. There are many parameters such as filler loading,
mould temperature and pulling speed to be considered and controlled during the
pultrusion process. In this paper, an investigation of the effect of the filler loading on
the tensile and flexural properties of the pultruded kenaf reinforced vinyl ester
composites is presented. As the filler loadings were increased to a significant amount,
the mechanical properties started to drop, which was attributed to the increase of
viscosity in the matrix and in turn the increase in porosity and decrease in the
wettability of the composites. Hence, increasing the amount of filler loading increased
the tensile and flexural properties of the pultruded composites in terms of strength and
stiffness. The tensile properties of the composites had increased by up to 50% of fibre
loading. The maximum flexural strength and modulus were obtained at 30 and 50%
of filler loadings respectively. The maximum compressive strength was observed to
take place at 40% of filler loading.

Keywords: Pultrusion; filler loading; vinyl ester; natural fibre composites; mechanical
properties.

INTRODUCTION

In recent years, natural fibres have been accepted as important reinforcement and filler
materials for polymer composites. Natural fibres have been observed to be more
environmentally friendly and are better in terms of recyclability, availability and
biodegradability compared to synthetic fibres such as carbon, glass and aramid fibres.
Not only are these synthetic fibres harmful to health, but it also takes a long time to
dispose of the materials [1-4]. Pultrusion is one of the known polymer composite
manufacturing processes, which operates by the combination of two techniques;
pulling and extrusion processes produce hard and solid composite profiles. It is
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reported by Nosbi et al. [5] that fabrication of high stiffness composite products using
a pultrusion process can utilize fibres in which the fibre content exceeds 70%.
Pultrusion is a simple technique that has low labour costs and a high production rate
[6]. In this process, continuous fibres are impregnated into a resin bath and then
squeezed in a guide plate before being cured in a heated die to form a final composite
profile. The pultrusion process has the capability to produce different types of
continuous profiles such as hollow tubes, bars, beams and any rectangular shape
profiles [7]. The pultrusion process uses less energy with a typical production rate of
about 3.1 MJ/Kkg [8].

Pultrusion has traditionally been used as a composite manufacturing process
utilizing synthetic fibres such as glass, carbon and aramid fibres. However, there have
been moves in recent years to use natural fibres as reinforcements for polymer
composites in the pultrusion process. In the pultrusion process, reinforcement fibres
are generally made in a continuous form and similarly so for natural fibres, where the
fibres have to be prepared in the form of continuous yarn. Kenaf and jute fibres were
reported to be dominating as reinforcements in the pultrusion process involving natural
fibres [9-11]. Zamri et al. [12] studied the effect of different types of kenaf yarn fibres
on the mechanical properties of pultruded kenaf composites. A study was carried out
by Nosbi et al. of compressive properties of pultruded kenaf unsaturated polyester
composites after being immersed in various solutions [6]. A study similar to that of
Nosbi et al. [5] was performed by Akil et al. [13], who determined the mechanical
properties of pultruded jute composites after being immersed in distilled water, sea
water and acidic solutions. Another study by Akil et al. [14] was concerned with the
effect of water immersion on the mechanical tensile and flexural properties of
pultruded jute and hybrid glass/jute fibre reinforced polymer composites. Both studies
by Akil et al. [9,10] show that pultruded jute polymer composites have great potential
to be used as engineering composite materials in various applications. Omar et al. [15]
carried out a study on the determination of the compression properties of pultruded
kenaf and jute composites. The compressive properties of pultruded jute composites
were found to be superior to those of their kenaf counterparts.

Limited work has been reported on the processing parameters of pultruded
natural fibre composites. However, some work has been reported on the processing
parameters of the pultrusion process employing conventional fibres like glass and
carbon. According to Coelho and Colado, the most critical parameter influencing the
pultrusion process is the curing temperature of the composites. Uncured composites
may lead to failure of the pultruded composite products. Other important processing
parameters include the size of the pultruded profile, the temperature setting, the
temperature flowing from the heater to the profile, and the exothermal reaction in the
composite molecules [16]. According to Konstantinos et al. [17], the filler type, the
amount of filler and the shape of products are the major factors influencing the
performance of pultruded composites. The addition of fillers (micro or nano size) in
the polymer composites has been found to improve the mechanical properties,
especially stiffness or moduli of the composites [7, 18, 19]. This finding was supported
by Bassam et al. [20], who state that adding inorganic materials such as calcium
carbonate and calcium phosphate will increase the stiffness of the composite materials.
Studies of the effect of filler loading on the mechanical properties of the composite
material have been carried out by several researchers. Bhattacharya and Bhowmick
[21] investigated the swelling behaviour and modulus of the polymer composites.
Different prediction formulas have been used to compare the findings with the
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experimental results. Qiang [22] studied the effect of the filler loading of calcium
carbonate (CaCQOg) in high density polyethylene (HDPE) and found an increment of
the impact toughness of the composite materials with increase in the filler loading.

Nurdina et al. [23] reported that the particles of the filler increased the tensile
strength and modulus in their study of polypropylene composites. Zhou et al. [24]
studied the effect of CaCOsz on the mechanical properties of polyether ether
ketone (PEEK) composites. The effect of the filler in the extrusion technique was
investigated by Fuad et al. [25], whose study showed the improvement in the tensile
behaviour of the composites. Hanim et al. [26] studied the behaviour of the filler
concentration in the polypropylene (PP) matrix and found improvements from 0 to
15% of fibre concentration. The result shows an increment of up to 35% in the
acrylonitrile-butadiene-styrene (ABS)-filled CaCOz [27]. The filler loading has also
been reported to affect the flexural strength and modulus [28]. From the above review,
it can be concluded that no work has been carried out in the past to study the effect of
filler loading on the mechanical properties of pultruded composites either for
conventional fibres (glass, carbon and aramid) or for natural fibres. Therefore, in this
paper, a study on the effect of the filler loading on the mechanical properties (tensile,
flexural and compressive) of the pultruded kenaf reinforced vinyl ester composites is
presented.

MATERIALS AND METHODS

Materials

Kenaf yarns with 1000 tax were purchased from the Republic of Bangladesh and vinyl
ester resin (Swancor 901-3) pultrusion grade was used as a matrix. The technical
specifications of the resin are presented in Table 1. Micro size calcium carbonate
(CaCOs3) was used to study the effect of filler loading on the mechanical (tensile,
flexural and compressive) properties of kenaf pultruded vinyl ester composites. This
filler is selected in the research as a commercial product used to reduce the cost of
composites in the industry. The vinyl ester resin was blended with five different filler
concentrations: 20%, 30%, 40%, 50%, and 60% CaCOz by weight ratio (e.g. 20% of
CaCOs and 80%). A portable Mettler Toledo scale, model WS150VR with maximum
capacity of 150 kg and readability of 0.02 kg was used to measure the filler and vinyl
ester resin. A motor power stirrer was used to mix the formulation matrices for 10
minutes.

Table 1. Properties of vinyl ester resin (Swancor 901-3).

Properties Unit Value
Viscosity Cps  450+/-100
Density glem® 1.04

Tensile strength  MPa  80-90
Tensile modulus GPa  3.2-3.5
Elongation % 5.0-6.0
Flexural strength MPa  125-152
Flexural modulus GPa  3.3-3.8
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Table 2. Composites filler/matrix compositions.

Sample Vinyl ester (%) Calcium carbonate

(CaCO3) (%)
1(20%) 8kg 2kg
2 (30%) 7 kg 3 kg
3 (40%) 6 kg 4kg
4(50%) 5Kkg 5 kg
5 (60%) 4 kg 6 kg

Composite Preparation

Kenaf reinforced vinyl ester composite rods with 10 mm diameter were produced
using the pultrusion process. A pultrusion machine with a capacity of 6 tons of pulling
force was used to fabricate the pultruded kenaf composite rods. The fibre
reinforcement was pulled through a 10 mm diameter heated die to produce solid
pultruded kenaf composite rods (see Figure 1). The typical composition of the
composites and their processing parameters are shown in Table 3.

Figure 1. Production of kenaf reinforced vinyl ester composite rod: resin-
impregnated fibres were pulled through a guide plate before entering a heated die
(courtesy of Innovative Pultrusion Sdn. Bhd., Seremban, Malaysia).

Table 3. Composition of composites and processing parameters.

Properties

Unit

Value

Percentage of matrix
Percentage of fibre
Number of kenaf yarn
Density of composite
Gelation temperature
Curing temperature
Pulling speed

% by volume
% by volume

Pieces
g/cm?®

°C
°C

m/min

60

40

50

1.24
120

160

4 m/min
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Mechanical Properties

Tensile tests

The tensile test refers to the ability of a composite material to withstand the forces
that tend to pull it apart and to determine to what extent the material stretches before
breaking. The tensile properties were determined using a 100 kN Instron 3382
universal testing machine. The tests were carried out at room temperature following
the testing method for tensile pultruded glass fibre reinforced plastic rod (ASTM D
3916-02 [29]). The sample length was 250 mm and the crosshead speed was 5
mm/min. The samples were prepared with different filler (CaCOs3) loadings of 20%,
30%, 40%, 50%, and 60% and 5 samples were replicated for each loading. The load
was applied to the pultruded kenaf composite rods until the maximum tensile load had
been obtained.

Flexural tests

Flexural strength is also known as the modulus of rupture, bead strength, or fracture
strength, while the flexural modulus is a measure of the stiffness during the first part
of the initial part of the bending process. Good flexural properties of pultruded kenaf
composites are very important for the engineering component to avoid failure. Three-
point bending tests were performed according to ASTM D4475-96 standard [30] at
room temperature using a 5 kKN Instron 4201 universal testing machine with the
crosshead speed of 1.3 mm/min. The sample length was 120 mm and span length was
100 mm. The samples were prepared with different filler (CaCO3) loadings of 20%,
30%, 40%, 50%, and 60% and 5 samples were replicated for each loading.

Compressive tests

Compression is the ability of the composite material to withstand the load tending to
resize it. The compressive test was performed at room temperature following the
ASTM D695 [31] test method. The pultruded kenaf composite rods were cut to 25.4
mm each and tested using the Instron 4201 universal testing machine with a crosshead
speed of 3 mm/min (see Figure 2). The samples were prepared with different filler
loadings of 20%, 30%, 40%, 50%, and 60% of CaCOs and 5 specimens were
replicated for each loading.

E

Figure 2. Testing of compressive strength of a pultruded kenaf composite.
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RESULTS AND DISCUSSION

Figure 3 shows the effect of filler loadings on the tensile strength of the pultruded
kenaf composites. Generally, the higher the value of tensile strength of a material, the
better the performance of the material will be. When the percentage of the filler was
increased, the tensile strength of the pultruded kenaf composites increased by 50% of
filler loading. Beyond that, the tensile strength slightly decreased. As the filler loading
was increased from 20 to 50%, the stress was transferred from the vinyl ester matrix
to the CaCOs filler [32] and this situation increased the tensile strength of the
pultruded kenaf composites. When the filler loading was increased beyond 50%, the
amount of the vinyl ester matrix was insufficient to create the bonding between the
kenaf fibre and the vinyl ester matrix. An interstitial volume or an empty gap between
spaces full of fillers that resulted from adding more filler caused the tensile strength
to decrease at 60% filler loading [33]. The reduction in strength was also due to the
squeezing stress during the fibre impregnation process. The increase of the fillers
caused the viscosity of the vinyl ester matrix to increase and it reduced the penetration
rate of the matrix into the kenaf yarn.
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Figure 3. The effect of filler loading on tensile strength of pultruded kenaf composites.

As far as the tensile modulus is concerned, Figure 4 shows that there has been
a constant increase in tensile modulus from 20 to 50% of filler loading, as in the case
of tensile strength. The filler acts as a barrier to the propagation of micro-cracks and
imparts a higher flexural modulus. The filler is stiffer than the matrix and it deforms
less, causing an overall reduction in matrix strain, especially in the vicinity of the
particles as a result of the particle matrix interface [33]. The maximum value of tensile
modulus for this pultruded kenaf composite is at 50% filler loading. Similar trends
were observed in the ABS filled with CaCOs, but the maximum stiffness was obtained
at 35% of filler loading and in PP filled with CaCO3, with the maximum modulus at
40% filler loading [23, 27]. However, beyond 50%, there was a slight decrease in the
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modulus. This finding is in agreement with results of Zhou et al. [24]. The addition of
filler increased the stiffness of the composites, but as the amount of filler was
increased beyond 50%, a reduction in the modulus was observed. In this situation, the
vinyl ester matrix became more viscous and, as in the case of tensile strength, it
reduced the penetration rate of the matrix into the kenaf yarn, thus reducing the
stiffness. In addition, increasing the amount of filler increased the porosity in the
composites [20], and it reduced the wettability between fibre and matrix, thus
reducing the stiffness of the composites. At very high filler loading, the behaviour of
composites changed from ductile to brittle, as reported by Fu et al. [18].
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Figure 4. Effect of filler loading on tensile modulus of pultruded kenaf composites.

Flexural strength or bending strength is defined as the maximum load applied
in the horizontal condition. The flexural strength behaviour in Figure 5 shows the
increment from 20 to 30% (maximum flexural strength) of filler loading and then
drops from 60% of the filler loading. The trend is similar to the finding of Tong et al.
[34], where the flexural strength increased from 0 to 30% of filler loading and then
the strength dropped from 40% of filler loading. Mitchell [35] explained that the
viscosity of the matrix affected the wettability of the composites in the pultrusion
process. At the filler loading from 20 to 30%, the viscosity of the matrix was still low.
The high viscosity of the matrix due to the addition of more filler caused the presence
of porosity in the composites and in turn caused the wettability between fibres and
matrix to become poor. The presence of more porosity had reduced the flexural
strength of the pultruded kenaf composites. The results of the flexural modulus are
shown in Figure 6. The flexural modulus increased when the filler loading was
increased to 50% (maximum modulus) and then the modulus decreased from 50 to
60%. A trend similar to that of the tensile modulus (Figure 4) is observed. The
increase of CaCOz in the matrix had increased the elastic moduli of the composites
due to the rigidity of the filler and the strong interaction between the filler and the
polymer matrix [36].
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Figure 5. Flexural strength of pultruded kenaf composites with different filler
loadings.
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Figure 6. Flexural modulus of pultruded kenaf composites with different filler
loadings.
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Figure 7. Compressive strength of kenaf pultruded composites with different filler
loadings.
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QUASI-S 15.0kV 7.3mm x1.50k

(b)
Figure 8. Scanning electron micrographs (SEM) of pultruded kenaf composites for
(@) 30% filler loading and (b) 50% filler loading.

Figure 7 shows the results of the compressive strength of pultruded kenaf
composites at different filler loadings. The compressive strength of the pultruded
kenaf composites increased from 20 to 40% of filler loadings. Filler particulates in
the composites had the function of impeding the movement of cracks, and this led to
the increase in the compressive strength of the composites [37]. The compressive
strength of the pultruded kenaf composite rod attained the maximum compressive
strength at 40% of filler loading. At this loading the maximum wetting between the
filler, matrix and fibre was observed. Then the compressive strength decreased
dramatically from 40 to 60% of the filler loading. This dramatic drop in strength may
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be related to the increase in the viscosity of the matrix (increase in surface energy of
the matrix), which reduced filler wetting and led to the emergence of a lot of flaws
and gaps within the composites [37]. The SEM images of the fractured surfaces of
tensile specimens of pultruded kenaf reinforced vinyl ester composites are shown in
Figure 8. In Figure 8(a) the CaCOs loading is 30% and in Figure 8(b) the filler loading
is 50%. Figure 8(a) shows the significant number of voids that occurred between the
kenaf fibres and the matrix. Even if some amount of CaCOsfiller had filled the voids,
there were still very many voids remaining in the samples. However, in Figure 8(b)
the majority of voids are filled with the filler.

CONCLUSIONS

In this paper, a study on the effect of filler loading on the mechanical properties of
pultruded kenaf reinforced vinyl ester composites is presented. The tensile, flexural
and compressive properties of the composites have been analysed and the results show
that increase in the filler loading improved the mechanical properties of the
composites. As the filler loadings were increased to a significant amount, the
mechanical properties started to drop, which was attributed to the increase of viscosity
in the matrix and in turn the increase in porosity and decrease in wettability in the
composites. The limitation on kenaf pultruded composites, especially in selecting and
defining the parameter values, needs to be overcome by collaboration between the
industry and research institutes for future study. Other parameters such as the curing
temperature, pressure inside the die length and pulling speed should also be
investigated and studied.
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