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Effect of jute fibre loading on the
mechanical and thermal properties
of oil palm–epoxy composites
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Azman Hassan1 and Rudi Dungani4

Abstract

Bilayer hybrid composites fabricated by hand lay-up technique by impregnating oil palm empty fruit bunch and jute fibre

mats with epoxy resin and cured at 100�C for 1 h followed by post curing at 105�C. Bilayer hybrid composites were

prepared by varying the relative weight fraction of the two fibres. The mechanical, morphological and thermal properties

of oil palm/jute bilayer hybrid composites were carried out. When the jute fibre loading is increased in the bilayer hybrid

composites, flexural strength and modulus of the hybrid composites will be higher. The hybridization of the jute fibres

with oil palm composite decreased the impact strength of the bilayer hybrid composites. Analysis of variance statistical of

flexural and impact properties were also carried out; there is a statistically significant difference between the mean

flexural strength, flexural modulus and impact strength from one level of composite to another at the 95.0% confidence

level. Thermogravimetric analysis showed that thermal stability of oil palm composites increased with development of

bilayer hybrid composites. Scanning electron micrographs of impact fracture samples are taken to study the failure

mechanism, and fibre/matrix interface adhesion.
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Introduction

The combination of natural fibres, such as oil palm,
kenaf, hemp, flax, jute, henequen, pineapple leaf,
sisal, wood and various grasses with polymer matrices,
has been often proposed to produce composite mater-
ials.1–3 Hybrid composites reinforced with natural
fibres, combined with synthetic fibres such as glass
fibres, are also used in view of a sounder mechanical
performance and a better water absorption profile.4–8

Addition of natural fibre with other natural fibres rein-
forced polymer composites are also potentially useful
materials with respect to environmental concerns.3

Natural fibre reinforced hybrid composites are initially
aimed at the replacement of glass fibre reinforced com-
posites.9 In order to enhance mechanical and water
resistance of natural fibre thermoset composites, glass
fibres are used to hybridize the composites.4,10 Research
carried out on jute/glass hybrid composites indicated
that hybrid composites have intermediate mechanical
properties than those of jute and glass composites.11

Recently, work has been done to evaluate the flex-
ural and impact performances of glass/sisal hybrid
composites with different fibre loadings and different
volume ratios of sisal and glass fibres.12 The water
absorption behaviour of the sisal/cotton, jute/cotton
and ramie/cotton hybrid fabric reinforced composites
is also evaluated.13 The results obtained show that the
hybrid sisal/cotton fabric has a higher water affinity
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than jute/cotton and ramie/cotton fabrics. An attempt
to study the moisture uptake characteristics of
hybrid systems was performed and it was observed
that water uptake of hybrid composites were less than
that of unhybridized composites. In an interesting
study, thermal properties of sisal/oil palm hybrid fibre
reinforced natural rubber composites was performed,14

and thermal stability of the composites was seen
to increase upon fibre loading. Hybrid composites
with fibre/matrix ratio of 25:75wt% (25% bamboo
and 75% glass fibres) showed better physiomechanical
properties than other combination.15 Thermal proper-
ties of sisal/glass hybrid polypropylene (PP) investi-
gated by Jarukumjorn and Suppakarn,16 observed
that addition of glass fibre has improved the thermal
properties of sisal/PP composites. Similar study on
thermal properties of sisal/glass hybrid composites
was done, and it also confirm higher thermal stability
in the case of hybrid composites.17

Mechanical properties such as tensile and flex-
ural test of hybrid glass/natural fibre reinforced epoxy -
composites are reported to be enhanced by
hybridization of hemp/kenaf/flax with glass fibres.18

Santulli19 conducted comprehensive study on impact
properties of glass/plant fibres hybrid composites
to find structural applications of hybrid composites.
Recently reported work on sisal/glass reinforced
epoxy composites indicated that the mechanical
properties of sisal–epoxy composite improved by
hybridization with glass fibres.20 The flax/glass hybrid
composites based on continuous reinforcement showed
good tensile and flexural properties as compared to
flax composite.21 In another study, Hanifawati et al.22

evaluated the tensile and flexural strengths of banana/
glass hybrid composites and results indicated that the
incorporation of small fraction of glass fibres in
banana–polymer composite show enhancement in ten-
sile and flexural properties.

In this study a thorough investigation has been
carried on the effect of jute fibre on flexural, and
impact properties of oil palm empty fruit bunch
(EFB) epoxy composites. The studies were done by
varying jute fibre loading. Morphological studies have
been carried out to get an insight into fibre/matrix
interaction.

Experimental

Materials

Oil palm EFB fibre mat were supplied by Ecofibre
Technology Sdn. Bhd., Malaysia. Jute fibre mat was
procured from Indarsen Shamlal Pvt. Ltd (jute
house since 1948), Kolkata, India. The physical
and mechanical properties of oil palm EFB and

jute fibre are given in Table 1.1,23–30 The epoxy A331
(diglycidyl ether of bisphenol A) and epoxy hardener
A062 (reactive polyamide) were used in this study. Both
the epoxy resin and commercial curing agent were
obtained from Zarm Scientific & Supplies Sdn. Bhd.,
Malaysia. Benzyl alcohol used as diluents and silicone
oil used as releasing agent were supplied by Aldrich
Company.

Preparation of hybrid composites

For the preparation of composite, a stainless steel
mould with dimensions of 304� 203mm2 was used.
The mould cavity was coated with a thin layer of
silicone oil solution, which acts as a releasing
agent. In order to make the composites, epoxy resin
and polyamide with 100:60 ratios were mixed and
benzyl alcohol was added as diluents and the mixture
was mixed thoroughly by mechanical stirrer for 15min.
Hybrid composites were developed 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, bilayer hybrid composites
were prepared by hybridizing of oil palm EFB fibres
with jute fibres and, both fibre mats were impregnated
in epoxy matrix in a mould.

This process was continued until the filling of
the mould was complete. Air bubbles were removed
carefully with a roller. Then, the mould was closed
for curing and the mould was left to cure at 105�C
for 1 h in a hot press. An open mould method was
used in this research. The mould was compressed at a
constant pressure of 275 bars while squeezing out the
excess resin. Once the composite was cured, it was
removed from the mould and followed by post curing
in an oven at 105�C for 30min. Finally, bilayered lami-
nated composites were cooled in a cold press under

Table 1. Physical and mechanical properties of oil palm EFB and

jute fibre

Properties Oil palm EFB fibre Jute fibre

Density (g/cm3) 0.7–1.55 1.3

Tensile strength (MPa) 50–400 393–773

Young’s modulus (GPa) 1–9 10–30

Elongation at break (%) 8–18 1.5–1.8

Cellulose content (%) 49.6 58–63

Hemicellulose (%) 18 12

Lignin content (%) 21.2 12–14

Microfibril angle (�) 46 8

Lumen size (mm) 6.90 3.40

EFB: empty fruit bunch.
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constant pressure of 250 bars for 15min to prevent
warpage of the hybrid composites.

Characterizations

Flexural properties. Flexural analysis was carried out at
room temperature through three-point bending testing
as specified in ASTM D790, using Gotech universal
tester-GT-A1-7000L machine. The rectangular samples
of dimension 160� 20mm2 were cut using circular saw.
The speed of the crosshead was 2mm/min. Five com-
posite specimens were tested for each sample.

Impact properties. In this study, Izod notched impact
testing was carried out using Gotech testing machine,
Model GT-7045-MDL. The Izod impact test samples
with a dimension of 70� 15mm2 were cut by circular
saw. In each type, five samples were tested at ambient
condition according to ASTM D 256 and their average
load at first deformation was noted and average value
was tabulated as impact strength.

Thermal properties. A Perkin Elmer thermal gravimetric
analyzer (TGA-6) was used to investigate the thermal
stability of the composites. The powder of EFB, jute,
and hybrid composites (about 4–5mg) were heated
from 30�C to 900�C under nitrogen at a heating rate
of 20�C/min.

Morphological properties. Morphology of the impact
fracture of hybrid composites was investigated
using SEM (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 hybrid com-
posites obtained from impact testing were sputtered
with gold prior to their morphological observation.
The scanning electron micrographs were obtained
under conventional secondary electron imaging condi-
tions with an acceleration voltage of 5 kV.

Results and discussion

Flexural properties

The effect of fibre loading on flexural strength and
modulus of the hybrid composites having weight frac-
tion of oil palm EFB and jute of 4:1, 1:1, 1:4, EFB
and jute composites are given in Table 2. In the case
of bilayer hybrid composites, the flexural stress was
applied in such a manner that when bending took
place, the jute fibre layer was put as outer surface and
as a result the jute fibre had to take more stress. Jute
fibre has higher strength compared to oil palm EFB
fibre and because of that it will withstand higher
stress during flexural testing. Flexural strength is a
combination of the tensile and compressive strengths
which directly varies with the interlaminar shear
strength and flexural modulus is a measure of resistance
to deformation of the composite in bending.23,31 In flex-
ural testing, different mechanisms take place simultan-
eously such as tension, compression, shearing, etc.23

Hence, increased flexural strength and modulus of
bilayer hybrid composite with further loading of jute
fibres is mainly due to increased resistance to shearing
of the bilayer hybrid composites. Therefore, when
the jute fibre loading is increased in the bilayer hybrid
composites, flexural strength and modulus of the
hybrid composites will be higher. During flexural test-
ing, it was observed that none of the specimens were
completely broken at peak load. It may be assumed
that failure occurs due to matrix cracking or greater
extensibility of jute fibres compared to oil palm EFB
fibres.32

All hybrid composites are found to be stronger and
stiffer than the EFB composite but weaker than jute
composite. It is observed that the flexural properties
of the EFB composite was considerably lower than
jute composite and hence, with the addition of jute
fibre to the EFB composite increase the flexural
strength and modulus (Figure 1). Oil palm EFB fibre
is unable to withstand heavy load which leads to the
failure of fibre resulting in the lower flexural strength of
EFB composite. Flexural strength and modulus of

Table 2. Flexural and impact properties of oil palm EFB, hybrid and jute composites having 40% fibre by weight

oil palm, hybrid, and jute

Composites Flexural strength (MPa) Flexural modulus (GPa) Impact strength (J/m)

EFB 41.7� 0.43a 2.30� 0.05a 92.7� 1.32a

EFB:Jute (4:1) 45.5� 1.03 3.42� 0.08 58.2� 3.29

EFB:Jute (1:1) 56.3� 0.99 3.63� 0.11 44.7� 2.50

EFB:Jute (1:4) 59.4� 2.21 4.20� 0.21 39.7� 1.35

Jute 75.5� 1.11 4.32� 0.04 32.0� 0.85

EFB: empty fruit bunch.
aSE.
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hybrid composites increases as the jute fibre loading
increases in EFB composite due to better tensile proper-
ties of jute fibre and increased resistance to shearing.
At all fibre loading, flexural strength and modulus is
maximum when the relative weight fraction of oil palm
EFB and jute in the composite is 1:4. Flexural strength
of jute composite is much higher than oil palm EFB
and jute 1:4 hybrid composite. On the other hand,
flexural modulus values of jute composite are more or
less similar to that of the oil palm EFB and jute 1:4
hybrid composite. It would be possible to prepare high
strength materials from oil palm EFB and jute hybrid
composites with proper selection of fabrication tech-
niques. Flexural strength is found to be higher in oil
palm EFB and jute (4:1) bilayer hybrid composites
as compared to trilayer EFB/jute/EFB due to different
lamination mechanism in trilayer and bilayer hybrid
composites.33 Flexural modulus is also found to be
the highest in the bilayer composites as compared to
trilayer hybrid composites. Similar study conducted on
flexural strength and modulus of banana and sisal
hybrid composites has reported that the highest flexural
strength was found in the bilayer composite and the
lowest was in intimate mix composites.34

Statistical analysis has been carried out by one-way
analysis of variance (ANOVA) and the results are
presented in Tables 3 and 4 for the difference between
the samples regarding flexural strength and modulus,
respectively.

ANOVA analysis presented in Table 3 decomposes
the variance of flexural strength into two components:
a between group (BG) and within group (WG) com-
ponents. The F-ratio, which in this case equals 54.55,
is a ratio of the BG estimate to the WG estimate.

Since the p-value of the F-test is less than 0.05, there
is a statistically significant difference between the mean
flexural strength from one level of composite to another
at the 95.0% confidence level.

ANOVA analysis presented in Table 4 decomposes
the variance of flexural modulus into two components:
a BG and WG components. The F-ratio, which in this
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Figure 1. Flexural strength and modulus of oil palm EFB, hybrid and jute composites.

EFB: empty fruit bunch.

Table 3. ANOVA test for flexural strength of oil palm EFB,

hybrids and jute composites

Source SS DF MS F-ratio p-Value

BG 3569.74 4 892.434 54.55 0.0000

WG 327.182 20 16.3591

ANOVA: analysis of variance; EFB: empty fruit bunch; BG: between

group; WG: within group; SS: sum of squares; DF: degree of freedom;

MS: mean square; and F: F-test for ANOVA.

Number of observations¼ 25.

Number of samples¼ 5.

Table 4. ANOVA test for flexural modulus of oil palm EFB,

hybrids and jute composites

Source SS DF MS F-ratio p-Value

BG 12.9604 4 3.2401 46.47 0.0000

WG 1.3946 20 0.06973 – –

ANOVA: analysis of variance; EFB: empty fruit bunch; BG: between group;

WG: within group; SS: sum of squares; DF: degree of freedom; MS: mean

square; and F: F-test for ANOVA.

Number of observations¼ 25.

Number of samples¼ 5.
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case equals 46.47, is a ratio of the BG estimate
to the WG estimate. Since the p-value of the F-test
is less than 0.05, there is a statistically significant
difference between the mean flexural modulus from
one level of composite to another at the 95.0% confi-
dence level.

Impact properties

The impact strength is a measure of the fracture tough-
ness of materials when they are subjected to an impact
load. The impact properties of composite materials are
directly related to its overall toughness which is highly
influenced by the nature of the constituent materials,
fibre/matrix interface, construction and geometry of the
composites, and it also depend upon the test condi-
tions.35 The natural fibres play an important role in
the impact resistance of fibre-reinforced composites as
they interact with the crack formation and act as stress
transferring medium.

Table 2 presents the effect of jute fibre loading
on the impact strength of the hybrid composites. It is
observed that EFB composite show higher impact
strength compared to that of the jute composite.
Polymer composites with natural fibres having a high
microfibril angle indicated a higher composite fracture
toughness than those with small spiral angles.34 Bledzki
and Gassan32 also reported that microfibril angle of the
fibrils and the content of cellulose affect the mechanical
properties of cellulose-based natural fibres. EFB com-
posite containing oil palm EFB fibres (microfibril angle
46�) show good impact properties. The microfibril
angle of jute fibre is 8� (Table 1), which has got lower
fracture toughness compared to oil palm EFB fibre.
In the case of bilayer hybrid composites, the impact
load was applied in such a manner that when impact
took place, the EFB fibre layer was put as outer surface
because EFB fibre has better impact properties. It could
be observed that hybrid composites show less impact
strength compared to EFB composites, i.e. 92.7 J/m
because EFB and jute fibres are comprised primarily
of cellulose, hemicellulose and lignin. Hence, the chem-
ical composition and the architecture of cell wall
(primary wall, secondary wall and middle lamella)
that gives composites higher impact properties. The
lumen size of oil palm EFB fibre is higher than
jute fibres, as presented in Table 1, which increases
the porous nature of the fibre as well as the impact
strength. It is reported that sisal fibre reinforced poly-
mer composites have higher impact strength than
banana fibre based composite because sisal fibres
have higher spiral angle and lumen size compared to
banana fibre.36

The hybridization of the jute fibres with EFB
composite decreased the impact strength of the bilayer

hybrid composites significantly, as presented in Table 2.
It is observed that on increasing the relative weight
fraction of jute fibre, the impact strength of the oil
palm EFB/jute hybrid composite is decreased. In an
interesting study, it was reported that impact strength
of the oil palm EFB/glass hybrid composite increased
with the addition of glass fibres.4 The highest impact
strength is observed for hybrid composite having
oil palm EFB and jute fibre of ratio 4:1. Bilayer oil
palm EFB and jute fibre of ratio 4:1 shows higher
impact strength than jute/EFB/jute trilayer but lower
than EFB/jute/EFB trilayer hybrid composites.33 In
another interesting study, trilayer and bilayer banana/
sisal hybrid composites have almost the same impact
strength.34 It is already reported that high tensile
strength offered to jute composite due to better stress
transfer from fibre to matrix is the reason for the low
impact strength. Many studies have been reported on
the impact behaviour and factors affecting the impact
strength of hybrid composites.37–41

Statistical analysis has been carried out by one-way
ANOVA and the results are presented in Table 5 for the
difference between the samples regarding impact
strength.

ANOVA analysis presented in Table 5 decom-
poses the variance of impact strength into two compo-
nents: a BG and WG components. The F-ratio,
which in this case equals 23.78, is a ratio of the BG
estimate to the WG estimate. Since the p-value of
the F-test is less than 0.05, there is a statistically signifi-
cant difference between the mean tensile strength from
one level of composite to another at the 95.0% confi-
dence level.

Thermal properties

From TGA thermograms (Figure 2), it is observed
that decomposition of hybrid composites started at
higher temperature compared to EFB composite. All
composites show two-stage thermal degradation, the
thermal degradation temperature in both the stages
for the hybrid composites was comparatively higher
than EFB composite. It was observed that the initial

Table 5. ANOVA test for impact strength of oil palm EFB,

hybrids and jute composites

Source SS DF MS F-ratio p-Value

BG 11630.2 4 2907.56 23.78 0.0000

WG 2445.1 20 122.255

ANOVA: analysis of variance; EFB: empty fruit bunch; BG: between

group; WG: within group; SS: sum of squares; DF: degree of freedom;

MS: mean square; and F: F-test for ANOVA.

Number of observations¼ 25.

Number of samples¼ 5.
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degradation temperature of hybrid composites is within
the range 263–286�C as compared to EFB composite
(260�C). Final degradation temperature of EFB compos-
ites also increased from 433�C to 463�C due to hybrid-
ization with jute fibres. The result shows that the thermal
stability of the EFB composite increases as the jute fibre
content increased. Incorporation of jute fibre has
resulted in considerable increase in the thermal stability
of hybrid composites which is possibly due to higher
thermal stability of jute fibre than oil palm EFB fibre.

It can be seen from Table 6 that even after complete
degradation, char residue is around 12–15% for hybrid
composites whereas for EFB char residue is only 9.04%.
It may be due to the presence of thermally stable jute
fibre. The char residue remaining after 800�C is
increased with jute fibre content because the char residue
is mainly coming from the lignin component of oil palm
fibres in the case of EFB composite, whereas jute fibre is
also responsible in the case of hybrid composites.
Thermal stability of bilayer composites, oil palm EFB
and jute (4:1) show similar results as trilayer hybrid com-
posites of oil palm and jute hybrid composites.40 In an
interesting research on thermal properties of bamboo/
glass hybrid composites, it was reported that hybrid
composite system shows higher char residue as com-
pared to bamboo fibre reinforced composite due to
higher flame retardancy of the systems.41 Similar work
was reported on sisal/glass hybrid composites and it was
indicated that the increase in thermal stability of hybrid

composite is due to higher thermal stability of glass fibre
as compared to sisal fibre.42

Morphological properties

Scanning electron microscope (SEM) images of impact
fracture surface of EFB, hybrid and jute composites are
shown in Figure 3. Fibre/matrix interfacial failure is
evident from the SEM. Impact fracture of composites
shows both fibres pull out and breakage. Fibres pull out
are visible in Figure 3(b) and (c). The difference in the
impact fracture of oil palm EFB and jute fibre can be
seen from the SEM micrograph of hybrid composite
(Figure 3(d)). SEM observation of the fracture surfaces

Table 6. Thermal properties of oil palm EFB, jute and hybrid

composites

Degradation temperature (�C)

Char residue (%)Composites TIDT TFDT

EFB 260 433 9.04

EFB:Jute (4:1) 263 440 12.73

EFB:Jute (1:1) 283 459 13.25

EFB:Jute (1:4) 286 463 15.35

Jute 288 499 25.20

EFB: empty fruit bunch; IDT: initial decomposition temperature; and

FDT: final decomposition temperature.
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Figure 2. Variation of thermal degradation of oil palm EFB composite with varying weight fractions of jute fibre.

EFB: empty fruit bunch.
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of the oil palm EFB composite showed fibre fracture as
the predominant failure mechanism (Figure 3(a)). As
the oil palm EFB composite is subjected to a high
speed impact load, the sudden stress transferred from
the matrix to fibre exceeds the fibre strength, hence
resulting in the fracture of the oil palm EFB fibres at
the cracks plane without any fibre pull out.4 Oil
palm EFB fibre breakage is also observed. Compared
to EFB composite, jute fibre composite impact fracture
shows the presence of fibres pull out and broken fibre
(Figure 3(e)).

Conclusions

Flexural strength and modulus of bilayer hybrid
composite increased with the further loading of jute
fibres are mainly due to increased resistance to shearing
of the bilayer hybrid composites. Impact strength of
oil palm EFB: jute (4:1) is higher due to higher

microfibril angle and lumen size of oil palm EFB fibre
compared to jute fibre. Incorporation of jute fibre results
in considerable increase in the thermal stability of
the hybrid composites which is possibly due to higher
thermal stability of jute fibre than oil palm EFB fibre.
It is anticipated that these studies will optimize the use of
oil palm EFB fibres and its utilization in development of
unique cost-effective advanced composites possessing
good mechanical properties, dimensional stability,
appropriate stiffness and thermal stability.
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Figure 3. SEM micrograph of impact fracture of (a) EFB composite; (b) EFB and jute hybrid composite (ratio of 4:1); (c) EFB and jute

hybrid composite (ratio of 1:1); (d) EFB and jute hybrid composite (ratio of 1:4); and (e) Jute composite.

SEM: scanning electron microscope; EFB: empty fruit bunch.
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