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Hybrid composites prepared by hand lay-up technique by reinforcing jute and oil palm fibres with epoxy
matrix. The tensile properties of hybrid composites were found to increase substantially with increasing
jute fibres loading as compared to oil palm–epoxy composite. The nature of fibre/matrix interface was
examined through scanning electron microscopy of tensile fracture samples. Addition of jute fibres to
oil palm composite increases the storage modulus while damping factor shifts towards higher tempera-
ture region. Cole–Cole analysis was made to understand the phase behaviour of the composite samples.
The hybrid composite with oil palm:jute (1:4) showed maximum damping behaviour and highest tensile
properties. The overall use of hybrid system was found to be effective in increasing tensile and dynamic
mechanical properties of the oil palm–epoxy composite probably due to the enhanced fibre/matrix inter-
face bonding. The potential applications of the oil palm based hybrid composites in automobiles and
building industry are going to increase in near future.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Natural fibres from renewable natural resources offer the po-
tential to act as a biodegradable reinforcing materials alternative
for the use of synthetic fibres. Natural fibres offer various advanta-
ges such as low density, low cost, biodegradability, acceptable spe-
cific properties, better thermal and insulating properties, and low
energy consumption during processing [1–3]. The incorporation
of two or more natural fibres into a single matrix has led to devel-
opment of hybrid composites. Various researchers have tried
blending of two fibres in order to achieve the best utilisation of
the positive attributes of one fibre and to reduce its negative attri-
butes as far as practicable [4]. The behaviour of hybrid composites
is a weighed sum of the individual components in which there is
more favourable balance between the inherent advantages and dis-
advantages. In an interesting study dynamic mechanical analysis of
natural fibre based hybrid composites was performed and ob-
served that the hybridisation of nature fibre improved thermal
and dynamic mechanical properties [5]. Glass/banana hybrid poly-
ester composites are subjected to dynamic mechanical analysis
over a range of temperature and three different frequencies [6].
Similar work on mechanical and dynamic mechanical properties
ll rights reserved.
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of sisal/glass hybrid composites reported increase in storage and
loss modulus with hybridisation of sisal/polyester with glass fibres
[7].

Mixing natural fibres like hemp and kenaf with thermoplastics
put Flex Form Technologies [8] on the map and in the door panels
of Chrysler’s Sebring convertible. In Germany, after authorisation
of hemp cultivation led to development of flax/hemp (50:50) nee-
dle felt for high-segment cars. A landmark agreement between
automobile giant Ford Automobiles supplier Visteon Automotive
system and Kafus biocomposites enhanced natural fibre compos-
ites applications in interior panels, linings and fittings. It is an
important step towards higher performance of hybrid composites
in automobiles applications. It is reported that presently, 27 com-
ponents of a Mercedes S class are manufactured from natural fibre
based composites with total weight of 43 kg [9]. The end of life
vehicle [10] directive in Europe states that by 2015, vehicles must
be constructed of 95% recyclable materials, with 85% recoverable
through reuse or mechanical recycling [11].

Present work deals about effect of jute fibre loading on tensile
and dynamic mechanical properties of oil palm empty fruit bunch
(EFB)-epoxy reinforced composites. Oil palm EFB/jute fibre
reinforced epoxy bi-layer hybrid composites fabricated by hand
lay-up technique having total fibre loading of 40% by weight. Ten-
sile and dynamic mechanical analysis of oil palm bi-layer hybrid
composites was studied. The effect of jute fibre loading on tensile,
storage modulus, loss modulus and damping properties of oil palm
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EFB-epoxy reinforced composites will be investigated and com-
pared to pure EFB and pure jute composites.
2. Experimental

2.1. Materials

Oil palm EFB fibres were supplied by Ecofibre Technology Sdn.
Bhd., Malaysia. Jute fibres were procured from Indarsen Shamlal
Pvt. Ltd., India. The epoxy A331 and hardener A062 was used in
this study. Both the epoxy resin and commercial curing agent were
obtained from Zarm Scientific Sdn. Bhd., Malaysia.
2.2. Preparation of hybrid composites

Bi-layer hybrid composites were developed by using hand lay-
up technique for making test sample. Keeping the different weight
ratio of oil palm EFB and jute and total fibre loading at 40% by
weight, bi-layer hybrid composites were prepared by hybridizing
of oil palm EFB fibres with jute fibres and, both fibres mat were
impregnated in epoxy matrix in a mould. Then, the mould was
closed for curing and the mould was left to cure at 105 �C for 1 h
in a hot press. The mould was compressed at a constant pressure
of 275 bars while squeezing out the excess resin. Once the compos-
ite was cured, it was removed from the mould and followed by
post curing in an oven at 105 �C for 30 min.
3. Characterisations

3.1. Tensile test (ASTM D 3039)

Tensile strength and modulus of bi-layer hybrid composites,
and pure composites were measured by using an Gotech Universal
Tester-GT-A1-7000L machine. This test was conducted as per the
ASTM D 3039 specifications. The rectangular samples of dimension
120 mm � 20 mm � 8 mm were cut by using circular saw. The
gauge length was set at 60 mm and testing speed used was
5 mm/min. In each case, five specimens were tested and the aver-
age value is tabulated.
3.2. Scanning electron microscope (SEM)

Morphology of the bi-layer hybrid composites were investi-
gated by using scanning electron microscope (Leo Supra, 50 VP,
Carl Ziess, SMT, Germany). The samples were mounted onto SEM
holder using double sided electrically conducting carbon adhesive
tapes to prevent surface charge on the specimens when exposed to
the electron beam. The fracture surfaces of the EFB, jute, and, hy-
brid composites obtained from tensile testing were sputter with
gold prior to their morphological observation.
Table 1
Effect of jute fibre loading on tensile properties of oil palm EFB composite at 40% fibre
by weight.

Composites Tensile strength (MPa) Tensile modulus (GPa)

EFB 22.6 ± 0.63* 2.23 ± 0.07*

EFB:Jute (4:1) 25.3 ± 0.26 2.62 ± 0.09
EFB:Jute (1:1) 28.3 ± 0.59 2.90 ± 0.05
EFB:Jute (1:4) 37.9 ± 0.76 3.31 ± 0.02
Jute 45.5 ± 0.14 3.89 ± 0.07

* Standard error.
3.3. Dynamic mechanical analysis (DMA)

Dynamic mechanical analyser Mettler Toledo was used for the
evaluation of storage modulus, loss modulus and damping factor
(Tand). Three point bending mode was used. The heating rate used
was 5 �C/min and frequency was 1 Hz under amplitude control. Li-
quid nitrogen was used as cooling agent and temperature range
was from �150 �C to 150 �C. The amplitude was set at between 7
and 10 mm depending on the thickness of the samples. The sample
sizes were a thickness of 4–5 mm, width 9–10 mm and length 50–
60 mm.
4. Results and discussion

4.1. Tensile properties

Table 1 shows the tensile strength and modulus of EFB, jute and
the oil palm EFB/jute fibre bi-layer hybrid composites having
weight ratio of oil palm EFB and jute of 4:1, 1:1, and 1:4 respec-
tively. It can be observed from Table 1 that tensile strength and
modulus of oil palm–epoxy composite increases with jute fibre
loading in all cases. Composites with weight ratio of oil palm EFB
and jute of 1:4 show higher tensile strength and modulus at all fi-
bre loading. Hence, as the weight fraction of jute fibres increased in
the bi-layer hybrid system, tensile strength and modulus of oil
palm–epoxy composite increased significantly. For oil palm EFB
and jute fibre bi-layer hybrid, EFB:jute (1:4) composite at 80%
weight fraction of jute fibres, the tensile strength of hybrid com-
posite is 37.9 MPa, which is comparable to tensile strength of jute
composite.

Similar study reported on tensile strength of the hybrid com-
posites and it showed a positive hybrid effect when the relative
volume fraction of the two fibres was varied, and the maximum
tensile strength was found to be in the hybrid composite having
a ratio of banana and sisal of 4:1 [12]. When the fibre content
and length of the roselle and sisal fibres were increased, the tensile
strength of the composite increased [13]. In another research they
reported that tensile properties of coir based hybrid increase with
increasing fibre content [14]. Researchers studied the tensile
behaviour of hybridisation of the oil palm EFB with glass fibres
and reported increase in tensile strength, and tensile modulus of
the hybrid composites [15]. In an interesting work, researchers re-
ported that mechanical properties of EFB/glass hybrid polyester
composite are found to be much higher than those of EFB compos-
ite. All these improvements in the hybrid composite properties are
mainly due to the high strength and modulus value of glass fibre
than the inferior properties of the EFB fibre itself [16].

In case of bi-layer hybrid composites, the load from the failed
jute fibre mat not directly transferred to the oil palm fibres. The
failed jute fibre mat though, are able to continue to carry the load
in the hybrid system and capable of undergoing multiple failures
throughout the loading process. Since the failed jute fibre mat
are still able to carry the load, the oil palm EFB fibres can effectively
transfer the load from the jute fibres without failing catastrophi-
cally. As the weight fraction of jute fibre increases in the hybrid
composites, jute fibres are able to withstand a higher load while
redistributing a lesser load to the oil palm EFB fibres resulting in
better tensile strength and modulus of the hybrid composites with
the addition of jute fibres. The tensile failure of a hybrid composite
though, is mainly depended on the breaking strain and modulus of
the individual reinforcing fibres [17,18]. The increase in tensile
strength of the hybrid composites is also due to the higher tensile
properties of jute fibres (400–800 MPa) compared to the low
strength nature of oil palm fibre (248 MPa) [4]. The incorporation
of jute fibre into EFB composite also increased the tensile modulus
of the hybrid composites. The enhancement in stiffness of bi-layer



M. Jawaid et al. / Composites: Part B 45 (2013) 619–624 621
hybrid composites is attributed to the higher modulus of jute fibre
(10–30 GPa) compared to oil palm EFB fibre (3.2 GPa) [4]. The
addition of jute fibres into EFB composite increases the load
bearing capability of the hybrid composites resulting in an
improved stiffness. Therefore, it is well understood that hybridisa-
tion of the EFB composite with jute fibre enhances the tensile
strength and modulus of the hybrid composites.

The scanning electron micrograph of oil palm EFB fibre compos-
ite show the poor adhesion between the oil palm EFB fibre and
epoxy matrix (Fig. 1A). It also evident from SEM micrograph that
oil palm EFB fibres pull out and cracks in epoxy matrix which leads
to a weak interfacial bonding between the epoxy matrix and the oil
palm EFB fibres. Due to weak interfacial interaction between oil
palm/epoxy caused failure of oil palm–epoxy composite at a lower
load as compared to the jute composite. Fig. 1B–D shows the scan-
ning electron micrograph of the tensile fracture surface of the bi-
(A)

(C)

(E)

Fig. 1. SEM micrographs of tensile fracture of (A) EFB composite, (B) oil palm EFB:jute
EFB:jute (1:4) hybrid composite, and (E) jute composite.
layer hybrid composite having weight ratio of oil palm EFB and jute
of 4:1, 1:1, and 1:4, respectively. Fibre/matrix debonding and fibre
pull out is also evident from oil palm EFB:jute (1:1) and oil palm
EFB:jute (4:1) hybrid composites (Fig. 1C and D). It is interesting
to note down that there is better fibre/matrix interaction in hybrid
composites with oil palm EFB and jute with ratio of 1:4 (Fig. 1D),
where fibre breakage can be seen in the fracture surface and effec-
tive stress transfer between fibres and matrix. Matrix is found to be
bonded to the fibre surface.

It is clear from SEM micrograph of tensile fracture of hybrid
composites that addition of jute fibre into EFB composites reduced
fibre pull out, fibre protruding from the surface as well as holes in
the matrix. The high tensile strength of jute fibres able to with-
stand the tensile stress while the oil palm EFB fibre absorbs the
stresses in the hybrid composites and distributes them evenly in
the composites. Jute/epoxy interface show better adhesion which
(B)

(D)

(4:1) hybrid composite, (C) oil palm EFB:jute (1:1) hybrid composite, (D) oil palm
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may be attributed to the multicellular nature of jute fibre, conse-
quently leading to better mechanical properties [19]. The SEM
micrograph of jute composite is shown in Fig. 1E. This micrograph
shows that fibre pullout is less than EFB composite. It can be
clearly seen that apart from some fibre pulled out from the matrix,
some places matrix skin formation on the fibres can be observed.
Further, at some places it was observed that some of the fibres bro-
ken instead of a pull out. Hence overall bonding between the jute
fibres and the matrix was found to be good.

4.2. Dynamic mechanical analysis (DMA)

4.2.1. Storage modulus (E0)
Storage modulus is a measure of how stiff or flimsy a sample.

Fig. 2 shows the effect of temperature on the storage modulus of
EFB, jute, and hybrid composites having ratio of relative weight
fraction of oil palm EFB:jute (4:1), EFB:jute (1:1), and EFB:jute
(1:4). Comparing the different hybrid composites, E0 value in-
creases with the increase in the weight fraction of jute fibres and
a maximum value is obtained for oil palm EFB:jute (1:4) in the
glassy region. This is due to fact that modulus of elasticity (Young’s
modulus) of jute fibres is greater than that of oil palm EFB fibres
[4].The storage modulus of EFB:jute (4:1), EFB:jute (1:1) at differ-
ent temperature is almost the same and slightly higher in EFB:jute
(1:1) above the glass transition temperature. The value of storage
modulus of EFB:jute (4:1) hybrid composite is lowest. Addition of
jute fibres to EFB composite, increases the E0 value due to hybrid
effect caused by the presence of stiffer jute fibres. Jute fibre as well
as hybrid fibre imparts more stiffness to composites.

Below glass transition temperature (Tg), the E0 value of EFB, jute,
and hybrid composites decrease as the temperature increases. In
the vicinity of the Tg, a sharp decrease in E0 value was observed,
it indicates that material is going through glass/rubbery transition
stage [20]. Above Tg, storage modulus of EFB is much lower than
that of jute, and hybrid composites, showing increase in molecular
mobility in EFB composite. This behaviour occurs due to increases
in molecular mobility of the polymer chains above Tg [21]. It was
already reported that E0 value is directly proportional to the inter-
face bonding [22]. The results show that jute composite and hybrid
composites have better interface bonding (Fig. 1B–E) as compared
to EFB composite (Fig. 1A). It is due to effective stress transfer be-
tween fibre and matrix take place in this composites. Previous
work reported that stiffness of the composites is dependent on
the inherent stiffness imparted by the fibres that allows efficient
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Fig. 2. Effect of varying weight fractions of jute fibre on storage modulus with
temperature of oil palm EFB composite.
stress transfer [23]. It also reported that with increase in oil palm
EFB content in oil palm EFB/glass hybrid composites, the storage
modulus decreases. In another interesting work on sisal/oil palm
hybrid composites, the storage modulus was found to increase
with weight fraction of fibres [5].
4.2.2. Loss modulus (E00)
Loss modulus is a measure of energy dissipated as heat/cycle

under deformation or it is viscous response of the materials [21].
Loss modulus also shows similar trend as in the case of storage
modulus with variation of relative weight fraction of oil palm
EFB fibres (Fig. 3). A highest value of E00 maximum is observed for
the hybrid composites having oil palm EFB:jute (1:1). However,
oil palm:jute (1:4) hybrid composite showed higher E00 values at
higher temperature. Here, the hybrid composites showed an
increasing trend in loss modulus upon increasing the jute fibre
content and then there is slightly decrease in rubbery stage.Glass
transition temperature (Tg) obtained from E0 curve is shown in Ta-
ble 2. It reported that Tg values obtained from the loss modulus
were more realistic as compared to those obtained from damping
factor [24]. The Tg obtained from loss modulus is found to be lower
than that of Tand curves. Below Tg, the hybrid composites curve
was much closer to EFB composite, where as after this point more
closer to jute composite curve. Use of EFB:jute (1:4) combination
as fibre reinforcement however causes a lowering in the Tg value.
Thus, expectedly infusing an enhanced toughening effect. It is
interesting to note that Tg of EFB:jute (1:4) is lower compared to
other composites.
4.2.3. Damping factor (Tand)
The Tand values of EFB, jute and hybrid composites having ratio

of relative weight fraction of oil palm EFB:jute (4:1), EFB and jute
(1:1), and EFB:jute (1:4) at 40% fibre by weight are shown in
Fig. 4. The hybrid composites having weight ratio of oil palm EFB
and jute 4:1, 1:1, and 1:4 show better damping factor compare
to EFB composite. Fibre/matrix interface effects can be understood
to very good extent from damping curves [25]. It was also reported
by them that the lower Tand values associated with the glass tran-
sition temperature reflects the improved load bearing properties of
the system. As the fibre/matrix interface bonding increases, mobil-
ity of the molecular chains at the fibre/matrix interface decreases
and a reduction in damping factor occurs. At the rubbery region,
the molecular segments are quite free to move and hence the
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Table 2
Peak height, Tand max (Tg) and E00 max (Tg) of EFB, hybrid, and jute composites.

Composite Peak height of Tand curve Temperature (�C)

Tg from Tand max Tg from E00max

EFB 0.29 85.37 73.82
EFB:Jute(4:1) 0.26 83.31 76.22
EFB:Jute(1:1) 0.25 83.96 75.25
EFB:Jute(1:4) 0.24 81.26 72.67
Jute 0.24 80.10 76.44
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Fig. 4. Effect of varying weight fractions of jute fibre on damping factor with
temperature of oil palm EFB composite.
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Fig. 5. Cole–Cole plots of the hybrid, EFB, and jute composites.
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damping is low and thus, upon increasing the jute fibre content
damping factor slightly decreases in rubbery stage.

The values of Tand peak and Tg from Tand max of hybrid and
unhybridized composites are given in Table 2. Tand peak height
is lower in jute composite, and hybrid composites as compared
to EFB composite, which shows lower damping and good fibre/ma-
trix adhesion in it. The Tand peak height is minimum in oil palm
EFB:jute (1:4) which indicate that as weight fraction of jute fibres
increases in the composites, the stress transfer between fibre/ma-
trix is increased and fibre/matrix interfacial bonding is also in-
creased (Fig. 1D). Therefore, higher the Tand peak value, greater
is the degree of molecular mobility [26]. Researchers reported that
incorporation of small amount of glass fibre to oil palm/phenol
formaldehyde composite enhances the damping characteristics of
the oil palm composites [23]. In another study on damping effect
of jute/glass fibre reinforced epoxy composite, researchers found
that use of jute fibre contributes to a lowering in damping factor
of the composite [27].

4.2.4. Cole–Cole plots
Fig. 5 shows Cole–Cole plot where the loss modulus (E00) data

are plotted as a function of storage modulus (E0) for EFB, hybrid,
and jute composites. The nature of the Cole–Cole plots is reported
to be indicative of the homogeneity of the polymeric system [28].
Semicircle diagram indicates that polymeric system is homoge-
neous [29]. It can be seen that jute fibre loading to EFB composite
changes the shapes of Cole–Cole plot. For EFB, jute, and oil palm
EFB:jute (1:1) composites, the Cole–Cole plot is imperfect semicir-
cular, while for oil palm EFB:jute (1:4), and oil palm EFB:jute (4:1),
the form of Cole–Cole plot changes from imperfect semicircular to
an irregular shape. Imperfect semicircular shape indicates that,
there is heterogeneity among EFB, jute and hybrid composites. It
is seen that the amount and type of fibres will affect the shape of
Cole–Cole plot, thereby influencing the dynamic mechanical prop-
erties of EFB, jute, and hybrid composites.
5. Conclusions

The tensile properties increased with the increase in ratio of
jute fibre in the hybrid composites. As the weight fraction of jute
fibre increases in the hybrid composites, jute fibres are able to
withstand a higher load while redistributing a lesser load to the
EFB fibres resulting in better tensile strength and modulus of the
hybrid composites with the addition of jute fibres. It is interesting
to note down that there is better fibre/matrix interaction in EFB:-
jute (1:4), where fibre breakage can be seen in the fracture surface
and effective stress transfer between fibres/matrix. The value of
storage modulus of EFB and jute (4:1) hybrid composite is lowest.
It shows that when jute fibre loading is increased, the effectiveness
of stress-transfer is increased. Hybrid composites showed an
increasing trend in loss modulus upon increasing the jute fibre
content but there is slightly decreasing trend in rubbery stage in
case of EFB:jute (4:1) hybrid composite. The Tg obtained from loss
modulus is found to be lower that of Tand curves. Tand peak height
is lower in jute composite, and hybrid composites compared to EFB
composite, which shows lower damping and good fibre/matrix
adhesion in it. It can be seen that jute fibre loading to EFB compos-
ite changes the shapes of Cole–Cole plots.

This new family of hybrid composite materials exhibits un-
ique properties as compared with EFB and jute composite, which
can explore potential applications of oil palm–epoxy composite
with jute fibres. Now most of automobile manufacturer try to re-
place synthetic fibres with natural fibres but it is not comparable
in properties while fabricating hybrid composites by the combi-
nation of two natural fibres give them advantage to replace syn-
thetic fibre. So, Hybrid composites consist of oil palm/jute also
possible to compete with synthetic composites if it properly de-
sign. The automotive and aerospace sectors have been identified
as future industries for oil palm based hybrid composites. Chal-
lenges still exist in the development of more suitable cost-effec-
tive fabrication techniques as well as composites having superior
mechanical properties using natural fibres as reinforcement.
Nevertheless, the progress so far obtained in this field has al-
lowed the application of natural-fibre based hybrid composites
in many sectors such as in construction, automotive and
aerospace industries.
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