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Abstract. In this study, the tensile properties such as tensile strength, modulus, and tensile
strain of thermoplastic natural rubber (TPNR) composites reinforced with different volume
fractions (vol%) of short nylon textile fibres (PA6) compositions were investigated. The TPNR
was prepared from blending of high-density polyethylene (HDPE), natural rubber (NR), and
liquid natural rubber (LNR) in the ratio of 50:40:10. The composites were prepared via the melt
blending process with an internal mixer, and the compression moulding machine was used to
mould the tensile test specimens. This study focuses on the effect of fibre loading with and
without compatibilizer, maleic anhydride-grafted polyethylene (MAPE) on the tensile and
morphological properties of the TPNR composites. Incorporation of fibre loading from 0 to 20
vol.% in TPNR resulted in increased tensile strength and tensile modulus to 16.11MPa and
287.67 MPa respectively, and the increments were 128.57% and 105.66 %, respectively. The
addition of 4 wt.% MAPE in the composites of 20 vol% fibres increased the tensile modulus of
the composites up to 26% compared to the composites without compatibilizer. The scanning
electron micrograph of tensile fracture surfaced showed good adhesion between the fibres and
polymer matrix with the presence of MAPE.
Keywords: thermoplastic natural rubber, compatibilizer, tensile strength, fracture surface,
surface morphology
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Introduction
Composites based on thermoplastic and elastomer blends (TPE) reinforced with particle
filler or fibres have become increasingly popular, including thermoplastic natural rubber blends
(TPNR). TPNR is classified as a thermoplastic elastomer and is prepared by melt blending
natural rubber with polyolefins such as polypropylene (PP) and polyethylene (PE) [1-8]. Its
properties combine the advantages properties of vulcanised elastomers and plastic. Therefore,
TPNR can be processed by conventional thermoplastic processing machinery [4-5, 8].
However, blending the natural rubber or elastomer with polyolefin may reduce the strength and
stiffness of polyolefin. Therefore, in order to obtain the unique mechanical properties of TPE,
attempts have been made to enhance the strength by incorporating particulate fillers, natural or
synthetic fibres such as glass-fibre into these blends [4-5, 9-12]. The reinforcement of short
fibres in the TPE composites usually manifested as increased tensile strength and modulus,
decreased elongation and swelling compared to the elastomer matrix [5, 11-12].
The short nylon fibres were chosen in this study to reinforce TPNR due to the
advantages of short fibres, such as easy processability, anisotropy in technical properties, high
stiffness, and short fibres can be incorporated directly into the polymer matrix during the
moulding process. Thus, this TPNR-Nylon composites will have properties similar to other
TPE composites. Therefore, becomes a very suitable material for various uses in the field of
engineering, such as in the automotive industry, for making shock-absorbing seals and bumper
stops that require the capability of withstanding weathering [13]. The mechanical properties of
these composites are also highly dependent on the adhesion of the matrix and fibres interfaces.
Therefore, to achieve maximum reinforcement, attempts have been made to promote
the interfacial adhesion of fibers to the matrix by using various compatibilizing agents [12, 1416]. Studies by other researchers showed there were an improvement in tensile strength and
modulus of thermoplastic elastomers composites with the addition of various compatibilizing
agent. The use of a compatibilizer improve the compatibility and dispersion between the filler
and the matrix by constructing a compatible hydrophobic coating of the polymer and the
surface of filler. The effects of compatibilizing agent maleic anhydride-grafted polyethylene
(MAPE) on the mechanical properties of recycled tire textile fibre (RTF) reinforced
thermoplastic elastomer composites prepared from regenerated tire rubber (RR) and recycled
high density polyethylene (rHDPE) blends have been studied by Ali and Denis [12]. Their
results showed an improvement in tensile properties with the addition of MAPE compatibilizer.
A morphological result showed the level of blend interaction surface of RR particles with
MAPE highly enhanced the interfacial adhesion between the fillers and rHDPE resulting in
improved homogeneity RR and RTF distribution.
The purpose of this article is to examine the effect of different loading of nylon short
fibre with and without MAPE compatibilizer on the tensile properties and morphological aspect
of TPNR-Nylon fibre composites. The fibre-matrix adhesion has been analysed by using
scanning electron microscopy studies.

Materials and methods
Materials. The high-density polyethylene (HDPE) material used in this study with a
density of 0.95 g/cm3 manufactured by Polyethylene Malaysia Sdn. Bhd. Natural rubber,
(SMR-L grade) was purchased from Guthrie (M) Bhd. The fibre used was short Nylon fibres
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(PA6) with 6 mm long with the density of 1.14 g/cm3 (product of Du Pont U.S.).
Compatibilizer, maleic anhydride-grafted polyethylene (MAPE), was purchased from Aldrich
Chemical Comp. Inc. Liquid natural rubber was prepared from SMR-L grade of natural rubber
by photochemical oxidation [6-7].
Preparation of TPNR composites. All the samples used in this study were prepared by
the melt blending method in an internal mixer (Haaker Rheomix, Model 600). The
thermoplastic natural rubber (TPNR)-Nylon fibres composites were prepared by using 0, 5, 10,
15 and 20 vol.% fibres. The composition of the TPNR blend was fixed at 50 wt% HDPE, 40
wt% NR and 10% LNR (liquid natural rubber). The Nnylon fibre was dried at 80 oC for 6 hours
before melt blending. The melt blending of TPNR was performed at the temperature of 160 oC
with rotor speeds of 60 rpm for 13 minutes. For the preparation of composites, at the start of
mixing, the NR, HDPE and LNR were added into the mixing chamber, followed by nylon
fibres after 3 minutes later. Whenever compatibilizer was required, a 4 wt.% MAPE was added
simultaneously with HDPE during the melt blending. Subsequently the composites compounds
were compress moulding into standard dumbbell shape of tensile test specimens at the
moulding temperature of 160 oC for 10 minutes and then cooled under pressure for 5 minutes.
Mechanical testing. Tensile test was performed according to ASTM D-638, at room
temperature. The test was measured using a universal tensile tester at a 50 mm/min crosshead
speed. The values of tensile modulus and tensile strength were determined. At least five
specimens of each composition were used for the tensile test, and the average values reported.
Scanning electron microscope. The fracture surfaces of the gold-coated tensile test
specimens were examined with a LEO 1450VP scanning electron microscope (SEM) at an
acceleration voltage of 5 kV to evaluate the possible differences in fracture behaviour and
analyse the dispersion of the fibres.

Results and Discussion
Tensile test. Tensile test was performed to determine the tensile modulus, strength and
tensile strain at break of this discontinuous fibre reinforced composites system. Fig. 1 shows
the effect of nylon fibres loading on the tensile strength of TPNR composites with and without
MAPE compatibilizer. The results show tensile strength of TPNR blends without MAPE
increased up to 128.57% with the incorporation of 20% fibres. It shows that nylon fibres
effectively enhanced the strength of the TPNR blend. This is due to the capability of fibres to
support stress transmitted from matrix. A similar study by Ghanbari et al. showed that
incorporation of glass fibres had increased the tensile strength of neat matrix prepared from
thermoplastic polyolefin elastomers up to 190% but accompanied by a 60% decrease in the
strain at yield [11]. Meanwhile, Figure 1 also indicates that the tensile strength of the
composites with 5 vol% nylon fibres had increased up to 10% with addition of MAPE
compatibilizer, and then gradually increased to 25% as increasing the fibre content to 20 vol.%.
These results indicate that MAPE successfully enhances adhesion between nylon fibres and the
TPNR matrix.
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Figure 1. Tensile strength as a function of fibre volume fraction
for TPNR-nylon fibre composites with and without MAPE.

Figure 2 shows the effect of nylon fibres on the tensile modulus of TPNR composites
with and without MAPE. The addition of 20 vol% nylon fibres to TPNR without MAPE results
in an increased in tensile modulus of the TPNR composites up to 105.66%. This indicates the
ability of nylon fibres to impart greater stiffness to the TPNR blend. Other researchers also
found that incorporating organic fibres gives rise to the more rigid material, showing a gradual
increase of the modulus value as fibre content in the composite was increased [5].
It also can be observed in Figure 2 that addition of 4 wt.% MAPE into composites
results in a substantial increase in stiffness at 5% fibre loading, while the rate of increase at
higher fibres loading was more pronounced. The tensile modulus of TPNR composites with 20
vol% fibre increases to 26% with the addition of MAPE compatibilizer as compared without
MAPE at the same fibre loading. The same trend was observed by Wang et al. [16] on the
effects of compatibilizing agent (PP-g-MAH) on the mechanical properties of glass-fibrereinforced polypropylene (PP) composites. They observed that the addition of a
compatibilizing agent increased the tensile strength due to the physical compatibility between
the compatibilizer and PP matrix. Other researchers studied MAPE compatibilizer’s effect on
the mechanical properties of fibres reinforced thermoplastic elastomer [12, 14-15]. Their
results showed that MAPE had significantly enhanced the tensile strength and modulus of the
composites.
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Figure 2. Tensile modulus as a function of fibre volume fraction
for TPNR- nylon fibre composites with and without MAPE.

Although the tensile results show that the addition of nylon fibre had significantly
improved the tensile strength and modulus of TPNR, the disadvantage was that the composites
lost the extensibility property of the rubber matrix. Figure 3 indicates that the strain at break of
TPNR decreases sharply with incorporation of nylon fibre at a very low fibres content (5%)
and drops off more slowly at the higher fibre content. The reduction in the strain at break was
contributed by embrittlement effect as the stiffness of the composites improved. Nevertheless,
the results show that the addition of MAPE was slightly improved the tensile strain at break of
the TPNR composites. Therefore, these results demonstrated that the mechanical properties are
very much system dependent for a short fibre reinforced composite.

Figure 3. Tensile strain as a function of fibre volume fraction
for TPNR-nylon fibre composites with and without MAPE.
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Morphological examination. The microstructural characterization of TPNR-nylon
fibres composites was examined using scanning electron microscopy (SEM). Observation via
SEM is one of the ways to study the effect of MAPE compatibilizer on the interaction of fibermatrix interface. The fibre–matrix interface properties are very important for the macroscopic
mechanical properties of composite materials. Observations were made on the tensile fractured
surfaces of the composite samples. Figure 4(a) shows the fracture of composites with 10 vol%
fiber loading. The circle marking in Figure 4(a) indicates the debonding of the fibers due to
poor adhesion of fibers to the matrix. Meanwhile, Figure 4(b) shows the micrograph of
composites with the addition of MAPE at the magnification of 100X indicating that the nylon
fibers (10 vol.%) are evenly distributed in the TPNR matrix.

(b)

(a)

Figure 4. SEM micrographs of facture surface TPNR-nylon fibres composites:
(a) without MAPE and (b) with MAPE at 100x magnification.

The fracture surface analysis of composites without MAPE compatibilizer at 500X
magnification is shown in Figure 5(a). The results show the loose fibre ends sticking out of the
surface of the TPNR matrix. The fibre surface is smooth and clean, and only a slight adhesion
effect with the matrix. This indicates there was a lack of adhesion between the fibres and the
matrix. Meanwhile, Figure 5(b) shows SEM micrographs of the fracture surface composite
with the addition of MAPE. The micrograph shows the fibers being pulled-out from the matrix,
where the surface of the fibres had been coated with a layer of the TPNR matrix. The fibres did
not fracture but were pulled out of the matrix caused by matrix failure.
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(b)

(a)

Figure 5. SEM micrographs TPNR-nylon fibres composites: (a) without MAPE
and (b) with MAPE compatibilizer at 500x magnification

This showed that the micro-failure of the interface caused by the failure of the adhesion
by the matrix was very close to the fiber and was not just debonding on the surface only. This
result indicates that the interface adhesion was adequate, and it can be considered that the
addition of MAPE was an effective way to promote better bonding between nylon fibers and
the TPNR matrix. Therefore, increased the strength and stiffness of these composites. This may
explain why the maximum stress of these composites was higher than that of composites
without MAPE. It is already known that the mechanical properties are highly dependent on the
composition of the composite as well as the interactions at the fiber and matrix interfaces.
Figure 6(a) and (b) shows the SEM micrograph of cross-section surface without and
with the addition of MAPE after being immersed in the toluene for 24 hours. The samples were
first cryofracture in liquid nitrogen prior to the immersion in the toluene. The dark voids in
Figure 6(a) indicate traces of rubber droplets that have dissolved during the extraction process
(shown with arrows). It can be seen that the thermoplastic forms a continuous phase and the
rubber as a dispersed phase in this composites system. The voids around the fibers also indicate
that the effect of the rubber was extracted out by toluene was poorly bonded to fibers.
Meanwhile, Figure 6(b) shows that the addition of MAPE caused the matrix to be even
denser with small and homogenous distribution of rubber particles compared to Figure 6(a) and
in turn helps better adhesion of matrix to the fibers. It can also be observed that the adhesions
formed at the lower end of the fibers (after extraction with toluene) were well anchored to the
TPNR matrix due to the presence of a compatibilizing agent. This observation was further
confirmed by the increase in tensile strength and modulus of the composites, as discussed
previously.
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(a)

(b)

Figure 6. SEM micrographs of TPNR-nylon fibres composites after immersion in
toluene (a) composite without the addition of MAPE and
(b) with MAPE at 1000x magnification.

Conclusion
In conclusion, the polymer composites of TPNR reinforced with nylon (PA6) fibre was
successfully prepared and investigated. It was found that the tensile strength and tensile
modulus of the TPNR composites have increased with the increase of nylon fibre content from
5 to 20 vol.%. However, the tensile strain at break decreased with the incorporation of fibres.
The result also shows that, the addition of compatibilizer (MAPE) increased the tensile
modulus and tensile strength of the TPNR composites. Scanning electron micrograph results
of the tensile fracture surfaces of TPNR composites indicated good adhesion between fibres
and the matrix, thus contributing to increase in tensile strength of the composites.
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