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ABSTRACT: Kenaf/unsaturated polyester composites
filled with montmorillonite (MMT) filler were produced.
Overall, the study showed that, for samples with kenaf fil-
ler only, the strength properties decreased as the kenaf fil-
ler loading was increased from 40 to 60%. The increase in
the kenaf filler loading reduced the amount of matrix ma-
terial. This subsequently lowered the ability of the sample
to absorb energy or distribute stress efficiently. However,
with MMT, the tensile properties improved because of the
high aspect ratio and surface area of the MMT. The study

of the effect of kenaf filler size on the tensile properties
showed that the samples with the smallest size (74 pum)
displayed the lowest tensile properties compared to the
larger ones. This was attributed to the agglomeration of
the kenaf fillers. The addition of MMT resulted in an over-
all increase in the tensile strength of the composites com-
pared to those without MMT. © 2010 Wiley Periodicals, Inc.
J Appl Polym Sci 119: 2549-2553, 2011
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INTRODUCTION

Recently, the use of lignocellulosic materials to make
composites has received considerable attention. This
has been attributed to several advantages offered by
lignocellulosic fillers, such as a lower density,
greater deformability, lower abrasiveness to equip-
ment, biodegradability, and lower cost. However, to
produce a polymer composite with acceptable me-
chanical and physical properties, the main obstacle
to be resolved is the compatibility between the ligno-
cellulosic material and the polymer matrix. Gener-
ally, there are two types of interaction at the interfa-
cial region, that is, covalent and hydrogen bonding.
In thermoplastic-wood composites, covalent bond-
ing at the interfacial region can be created with the
incorporation of a coupling agent.

Kenaf has gained research interest as a lignocellu-
losic filler in polymer composites. One of its advan-
tages is the absence of silica content, which is critical
in the reduction of abrasiveness to processing equip-
ment." The density of kenaf (0.1-0.2 g/cm®)* is much
lower than that of glass fiber (2.55 g/cm?),’ carbon
fiber (1.77 g/ cm?),? oil palm empty fruit bunch (0.7-
1.55 g/cm?),®> and hemp (1.48 g/cm?).* This low den-
sity gives the kenaf core an advantage to be used in
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applications, such as automotive interior paneling,
to reduce fuel consumption.”

The market price for lignocellulosic filler is much
cheaper than conventional fillers, such as Kevlar,
glass fibers, and carbon fibers.® However, the incor-
poration of a lignocellulosic filler has been shown to
adversely affect the strength of composites.” " This
situation may outweigh the importance of economy
posed by lignocellulosic composites. From various
studies in nanocomposites, nanofiller addition into a
polymer matrix increases the strength and the mod-
ulus of the composites.'*'® With their high surface
area and aspect ratio, nanofillers are expected to bal-
ance the adverse effect of the irregularities of the
lignocellulosic fillers. Thus, in this study, we focused
on the effect of a nanofiller on the tensile properties
of kenaf/unsaturated polyester composites (USPs).
The nanoclay was a montmorillonite (MMT), a lay-
ered aluminosilicate that comes from the smectite
group. It has individual platelets that measure on
the order of the micrometer scale diameter; this
gives them an aspect ratio of about 1000 : 1, and the
surface area of this clay can approach up to 760 m*/g."”
Although it naturally forms stacks of platelike
structure, it can still exhibit a high aspect ratio.

EXPERIMENTAL
Materials

Unsaturated polyester resin (P9728) was purchased
from Euro Chemo-Pharma Sdn. Bhd. Pte. Ltd,,
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(Pulau Pinang, Malaysia). The resin was an iso-
phthalic type with thixotropic properties and an acid
number of 26. tert-Butyl perbenzoate (Fluka 77200,
Germany) was purchased from Sigma-Aldrich (Malay-
sia). Zinc stearate was purchased from Liangtraco
Sdn. Bhd. Pte. Ltd., (Pulau Pinang, Malaysia). Kenaf
core was supplied by the Forest Research Institute of
Malaysia. The MMT filler (PGV grade) was purchased
from Nanocor, Inc., (USA) with a purity of 98%.

Composite production

All materials were weighted accordingly to obtain
the required formulation. Various formulations were
prepared involving three levels of kenaf filler load-
ings (40, 50, and 60%), three ranges of kenaf filler
size (the kenaf fiber was sieved according to mesh-
number range; these were 35-100, 100-200, and 200-
400; the filler size of each range was 500-250, 150—
75, and 75-38 pm, respectively), and three levels of
MMT (1, 3, and 5%). All compositions were based
on the volume of the mold to maintain the density
of the composite at 1 g/cm? (the total amount of the
compound in grams was based on the volume of the
mold). The unsaturated polyester resin was mixed
with tert-butyl perbenzoate [1 part per hundred resin
(phr)] in a mixing container. The mixing was carried
out with a high-torque mixer. Then, zinc stearate
(zinc stearate acted as a lubricant, and the 6 phr of
zinc stearate was constant in all formulations) was
added followed by the gradual addition of MMT to
ensure homogeneous mixing. Last, kenaf filler was
added. Overall, the mixing was carried out for 30
min. The mixture was then poured into a mold and
placed in a hot press. The curing was carried out at
135°C with a pressure of 400-500 kg/cm? for 5 min,
followed by cooling for 25 min (under pressure).

Tensile test

Tensile testing was conducted according to ASTM D
3039 with an Instron testing machine model 5580
(USA). Samples were cut into dimensions of 100 x
12 x 5 mm?® (Length x Width x Thickness). The test
was conducted at a crosshead speed of 2 mm/min
with a gauge length of 60 mm. A minimum of 10
samples were tested in each case.

Scanning electron microscopy (SEM) and energy-
dispersive X-ray spectroscopy (EDX) analysis

Samples were gold-coated to £20 nm thickness with a
Sputter Polaron model SC 515 (UK) before their mor-
phology was examined with a Leo Supra 50 VP
equipped with Oxford INCA 400 (Germany and
United Kingdom, respectively) scanning electron
microscope. The same samples for SEM analysis were
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Figure 1 Effect of the kenaf filler and MMT loading on
the tensile strength.

used in EDX analysis to qualitatively analyze the ele-
mental presence in the samples. The samples were
mounted on an aluminum stub with double-sided tape
and then gold-coated with a Polaron SEM coating unit
to prevent electrical charging during the examination.

RESULTS AND DISCUSSION

Figure 1 shows the tensile strength results for USPs
filled with 40, 50, and 60% kenaf filler with a size of
500 pm together with 0, 1, 3, and 5% MMT. For com-
posites without MMT, the tensile strength decreased
as the kenaf filler loading was increased from 40 to
60%. We believe that some interaction occurred
between the OH groups of the kenaf filler and the
oxygen atom from the C=O groups of USP. How-
ever, it seemed that this interaction was not suffi-
cient to exact an increase in the tensile strength.
Thus, this may have indicated the direct effect of the
depletion of the USP matrix as the result of kenaf fil-
ler addition because the weight of the sample was
kept constant to maintain the same density. This,
hence, reduced the continuous region of the matrix.
Furthermore, the depletion of the USP matrix
reduced the interaction and interfacial bonding qual-
ity between the kenaf filler and the matrix. This
affected the efficiency of stress distribution from the
matrix to the fillers. This result was in agreement
with previous study.'® Kenaf with irregular shapes
and sizes was unable to provide good stress distri-
bution from the matrix. This was further magnified
with the increase in the loading. The argument was
supported by previous studies.'®?® With MMT, the
tensile strength increased as the kenaf filler loading
was increased. This indicated that the incorporation
of MMT outweighed the effect of matrix depletion
as the kenaf filler loading was increased. This may
have been due to the high aspect ratio and surface
area of the MMT. These two attributes enhanced the
distribution of stress in the composites.***
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Figure 2 Effect of the kenaf filler and MMT loading on
the tensile modulus.

The tensile modulus results, shown in Figure 2,
follow the same trend as the tensile strength results.
For composites without MMT, the modulus
decreased as the kenaf filler loading was increased
from 40 to 60%. The matrix, which is a continuous
phase, is the main contributor to the modulus of a
composite. As mentioned in the tensile strength
results discussion, the addition of kenaf filler resulted
in the reduction of this continuous phase and its ho-
mogeneity, hence, the reduction in modulus. How-
ever, with MMT, the tensile modulus increased as the
kenaf filler loading was increased. It seemed that the
effect of MMT addition overshadowed the effect of
the reduction of the matrix and inhomogeneity in the
matrix. We believe that it was contributed by the high
aspect ratio and high surface area of the MMT, with
its high surface area, which meant more OH groups
on its surface accessible to interact with oxygen atoms
from the C=O of maleic residues of the USP. This
phenomenon was clear in the SEM micrograph
(shown later in Fig. 9). This may have restricted the
mobility of the matrix, which subsequently resulted in
an increase in stiffness.

Figure 3 shows the elongation at break (EB)
results. In general, the incorporation of MMT and
kenaf filler into the matrix resulted in the reduction
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Figure 3 Effect of the kenaf filler and MMT loading on EB.
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Figure 4 Effect of the kenaf filler and MMT loading on
the tensile toughness.

in EB for all of the samples. This was in agreement
with the results of the modulus shown in Figure 2.

The tensile toughness results (Fig. 4) show that,
for composites without MMT, the toughness
decreased as the kenaf filler loading was increased
from 40 to 60%. This indicated that as the matrix
component was reduced (with the addition of kenaf
filler); the ability of the sample to absorb energy was
subsequently reduced. This showed that the contri-
bution of the continuous phase of the matrix to
absorb energy was superior to any interaction and
interfacial bonding between the kenaf filler and the
matrix. However, with MMT, the tensile toughness
increased as the kenaf filler loading increased. It was
obvious that the incorporation of MMT increased the
energy absorption of the sample, albeit the matrix
component decreased as the kenaf filler loading was
increased. This may have been due to the high as-
pect ratio and surface area of the MMT. The former,
with more OH groups on its surface to interact with
oxygen atoms from the C=O of maleic residues of
the USP, produced more bridging between the com-
ponents. This helped in absorbing the energy being
distributed from the matrix to the fillers.
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Figure 5 Effect of the kenaf filler size and MMT loading
on the tensile strength.
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Figure 6 Effect of the kenaf filler size and MMT loading
on the tensile modulus.

Figure 5 shows the tensile strength results for the
USPs filled with 40% kenaf filler with sizes of 74,
150, and 500 pm, together with 0, 1, 3, and 5%
MMT. For those without MMT, the samples with the
smallest size in this study (74 pm) showed the low-
est tensile strength as compared to the larger ones.
By looking at the overall results, we believed this to
be due to agglomeration of the kenaf fillers. This is
understandable because, being a lignocellulosic
materials, kenaf had OH groups contributed by cel-
lulose, hemicellulose, and lignin. These groups were
able to form hydrogen bonds with each other,
which, hence, resulted in the agglomeration of the
particles. These agglomerations created stress points
in the matrix and made the stress transfer from the
matrix less efficient. For those with bigger size fill-
ers, with fewer OH groups, the ability to form
agglomerations was lower than those with smaller
ones. Thus, less stress points were expected in the
composites with larger size particles. This may
explain why the tensile strength of the samples with
larger size particles was higher than those with the
smaller ones. The addition of 1% MMT resulted in
an overall increase in the tensile strength of the com-
posite as compared to the composites without MMT.
Those with 3 and 5% had results comparable to
those with 1%. Thus, it was clear that the incorpora-
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Figure 7 Effect of the kenaf filler size and MMT loading
on EB.
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Figure 8 Effect of the kenaf filler size and MMT loading
on the tensile toughness.

tion of more MMT resulted in better stress distribu-
tion in the sample.

The tensile modulus results (Fig. 6) show the
same trend as the tensile strength results (Fig. 5).
The incorporation of MMT increased the modulus of
the composites. The modulus increased as the size
of the kenaf filler increased. This indicated the con-
tribution of the inherent modulus of the kenaf filler
in the composite.

Figure 7 shows the EB results. In general, the
incorporation of MMT and kenaf filler into the ma-
trix resulted in the reduction of EB for all samples.
This was in agreement with the results of the modu-
lus shown in Figure 6.

The tensile toughness results (Fig. 8) show that,
for all samples, the toughness increased with
increasing filler size. All samples with MMT dis-
played higher toughnesses than those without. This
indicated that the incorporation of MMT increased
the energy absorption of the sample. This may have
been because of the high aspect ratio and surface
area of the MMT. The MMT, with more OH groups
on its surface to interact with oxygen atoms from
the C=0O of maleic residues of the USP, produced
more bridging between the components. This helped
to absorb the energy being distributed from the ma-
trix to the fillers.

TABLE I
EDX Data for the MMT-UNT Particles Shown
in Figure 9
Element wt %
C 13.62
(@] 42.17
Na 0.71
Mg 1.99
Al 8.61
Si 28.14
K 2.19
Fe 2.57
Total 100.00
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Figure 9 SEM micrograph of the kenaf/USP with 50% fil-
ler (kenaf filler size = 500250 pm) and 3% MMT (magnifi-
cation = 1010x).

Figure 9 shows the micrograph of the sample with
a 50% filler loading (kenaf filler size = 500 pm) with
3% MMT. It was obvious that the MMT filler,
although in an agglomerated form, was coated with
the matrix material (arrow A). A good example of
compatibility is shown by the arrow A, which we
believe to be due to the interaction of OH groups on
the MMT surface with oxygen atoms from the C=0
of maleic residues of the USP. The proof that the
filler was MMT was shown in the EDX analysis
(Table I).

CONCLUSIONS

In general, this study showed that, for samples with
kenaf filler only, the strength properties decreased
as the kenaf filler loading was increased from 40 to
60%. This resulted in the reduction of the amount of
matrix material. This subsequently lowered the abil-
ity of the sample to absorb energy or distribute
stress efficiently. However, with MMT, the tensile
properties improved because of the high aspect ratio
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and surface area of the MMT. The study of the effect
of kenaf filler size on the tensile properties showed
that the samples with the smallest size, 74 pm,
showed the lowest tensile properties compared to
those with the larger ones. This was attributed to
agglomeration of the kenaf fillers. The addition of
MMT resulted in an overall increase in the tensile
strength of the composite as compared to those
without MMT.
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