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composites has received interest as an interior component in the automotive industry. The aim
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of this work to investigate the physical and mechanical properties of date palm fibre (leaf stalk,
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tree trunk, fruit stalk and leaf sheath) reinforced epoxy composites and date palm/bamboo
hybrid composites suitable for non-structural and semi-structural applications. The different
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composites were fabricated using a hand lay-up technique in combination with compression

Mechanical and physical properties

moulding method. Date palm fibre/bamboo hybrid composite, and pure composites were

Hybrid composite

characterized by various mechanical testing such as tensile, flexural and low-velocity impact

Date palm fibre

testing. Exposure to liquid water and environmental conditions affect the durability of bio-

Bamboo fibre

based composites. The water absorption behaviour and its effects on the thickness swelling,

Epoxy matrix

changes in density and physical performance of different composites were further investigated. The experimental results of the date palm fibre/bamboo hybrid composite exhibited the
highest mechanical properties compared to date palm fibre composite without hybridisation.
The tensile strength, flexural strength and impact toughness values for the date palm/bamboo
hybrid composite were recorded at 39.16 MPa, 61.10 MPa and 12.70 J/m, respectively. Interestingly, the physical test of thickness swelling and water absorption results has indicated that
date palm fibre/bamboo hybrid composite displayed 27.68% and 15.39% less when compared
with single date palm fibre composite. Therefore, the results have discovered that the date
palm fibre/bamboo hybrid composite has the prospective to be applied as a non-structural and
semi-structural components.
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1.

Introduction

The composite material studies have developed over the past
two decades to discover the various types of composite materials and benefit in mechanical, physical, and morphological
properties for numerous applications. Otherwise, natural fibres such as oil palm, date palm, jute, hemp, kenaf, sisal, and
pineapple leaf have many advantages to humans and nature
due to their characteristics such as non-abrasive nature, low
energy consumption, high specific mechanical properties and
biodegradability [1e4]. Meanwhile, petroleum-based polymers composite is continuously increasing in demand for diversity of applications and industries otherwise, petroleumbased material is non-degradable which will affect the environment and human health [5,6]. Apart from natural fibres,
agro-waste and agriculture residues have become a new interest for numerous products or applications. Moreover, the
residue or agriculture wastes could become another substitute
resource in many low-to-intermediate impact product applications [1,7].
The profound of plant fibres as reinforcing materials appears to be a sustainable source to alternative synthetic fibres
composites. The countries such as Arabian Peninsula, Persian
Gulf, Turkey, North-East Africa, Algeria, South America and
Mexico are rich with date palm (Phoenix Dactylifera, Arecaceae family) fibres with significantly high cultivating areas
and have potential for agricultural residues applications
[1,7e10]. Date palm tree (family Palmae Arecaceae) structured
were categories with several parts, known as the leaf stalk,
fruit bunch stalk, leaf sheath and tree trunk. Moreover, the
fibres from date palm tree consists of approximately 44%
polysaccharides cellulosic, 26% hemicellulose, 11.5% lignin,
and 18.5% content of wax, fat, pectin and inorganic substance
lignin which possess great binding properties [11,12].
The study by Ghori et al. [12], has discovered the date palm
fibre reinforced composites have shown suitable for many
types of applications owing their as attractive attributes i.e. an
alternative substitute material for synthetic fibres composite
for use in automotive modules, specifically, non-structural
and semi-structural interior applications [2]. Meanwhile, the
research study carried out by AlShuhail et al. [3] has demonstrated that the compressive strength of date palm fibre
reinforced soil bricks displayed positive influence in comparison to the wood chips on the soil brick's properties, i.e.
compressive strength and water repellence behaviours. The
investigation of residue/waste date palm fibre not only
enhanced the mechanical and physical properties, moreover,
Bellatrache et al. [4] in their study where they investigated the
contribution of date palm fibre on thermal and rheological
properties. Their study suggested that the agro-wste date
palm fibres significantly helped to modify the bitumen properties, thus results found the use of date palm fibres as filler
material in asphalt has improved the physico-mechanical
characteristics of bitumen matrix mixture. Furthermore, the

study by Swain et al. [13] of date palm leaf/glass fibre reinforced hybrid composite has shown that a date palm leaf with
alkaline treatment could improve the mechanical and thermal properties due to improved interfacial adhesion with
synthetic matrices.
Meanwhile, the natural bamboo plant fibre also exhibits a
comparable property to other conventional fibres showing
excellent mechanical properties of fibre tensile strength and
tensile modulus than other natural fibres. The bamboo fibre is
the most available natural plant fibre in Southeast Asia known
as ‘‘nature's glass fibre’ due to its high stiffness properties.
Furthermore, bamboo fibre also consists of the inferior
microfibrillar angle of the fibre axis with a longitudinal
configuration axis [14e18]. Bamboo fibres have low density
(1.4 g/cm3) properties and present excellent mechanical
properties in specific stiffness where it is much better than
synthetic glass fibres in bending load strength [8]. Traditionally, the bamboo tree has been used as a lightweight lattice
platform in construction. The study by Bahari et al. [9] has
produced strong natural fibres-based composites materials
from organic filler bamboo with thermoplastic composites
with the desire of composites materials toward green product
application. Meanwhile, Lopes et al. [10] analysis study of
bamboo fibre waste and castor oil-based polyurethane resin
compared with commercial Oriented Strand Board (OSB).
Their findings presented a higher mechanical performance i.e.
impact resistance, flexural strength, and flexural elastic
modulus compared to the commercial OSB.
In many studies of natural fibres properties, the specific
strength and specific stiffness are the main attractive features
to determine the mechanical performance of resultant composites. Similarly, the cellulose contents and microfibril angle
among others have significant influence as reinforcements in
the composite material for many purposes [19]. The development of naturalenatural hybrid composite has reflected with
the concern of the hybrid composite materials that contain
two or more types of fibre which in this study, the mixture of
hybrid material beneficially complement what is lacking in
the other, therefore it will bring the natural residue waste into
a sustainable environment resource and the economically
viable for various applications [20e24].
Therefore, this present study aims to fabricate the hybrid
composite material from agro-waste residue fibres in combination with bamboo fibre, which are paramount to the environmental and material performance point of view. Hence,
the bamboo fibres are expected to contribute to high specific
stiffness and the strength whereas the date palm fibres are
expected to contribute towards the toughness and compressive strength properties. Thus, the date palm/bamboo
reinforced-epoxy polymer hybrid composite material is expected to enhance the mechanical and physical properties of
agro-waste residue from date palm trees reinforced composites. The overall aims is to elevate the mechanical and physical properties compared to date palm fibre composite for nonstructural and semi-structural applications.
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Table 1 e Chemical constituent of date palm fibre (DPF) and bamboo fibre [12,27,33].
Fibre Specimen

DPF - Leaf
stalk (A)

DPF - Fruit
bunch stalk (AA)

DPF - Leaf
sheath fibre (G)

DPF - Trunk
fibre (L)

Bamboo
fibre

Cellulose (%)
Hemicellulose (%)
Lignin (%)

35.00
15.40
20.10

44.00
26.00
11.00

43.50
24.00
18.00

40.00
9.75
29.50

73.83
12.49
10.15

2.

Materials and method

2.1.

Materials

In this present study, the date palm/bamboo fibre reinforced
epoxy hybrid composite with a mixture of short date palm
fibres (DPF) sized from 0.8 to 1 mm, brought by King Abdul Aziz
University, Jeddah, Saudi Arabia was fabricated. The datepalm fibre has been categoriged as: from the extraction of
the date-palm leaf stalk (A), date-palm fruit bunch stalk (AA),
date-palm leaf sheath (G) and date-palm tree trunk (L).
Meanwhile, bamboo fibre was supply by Shijiangzhuang Bi
Yang Technology Co. Ltd. Hebei, China (Table 1). Furthermore,
the matrix resin used in this fabrication process of date-palm/
bamboo hybrid was epoxy resin D.E.R.™ 324 with epoxy
hardener Jointmine 905-3S which was supply by Tazdiq Engineering Sdn. Bhd., Selangor, Malaysia (Table 2). Moreover,
the physical and mechanical properties of date palm fibre,
bamboo fibre and date-palm fibre/bamboo hybrid composite
specimens are presented in Table 3.

2.2.

Fabrication of date palm/bamboo hybrid composites

Three types of specimens have been fabricated using a hand
lay-up technique, whereas the specimen's categories were
known as date-palm fibre composite, bamboo fibre composite
and date-palm/bamboo hybrid composite. As per categories of
the date-palm composite was consist of the date-palm leaf
stalk (A), date-palm fruit bunch stalk (AA), date-palm leaf
sheath (G), date-palm tree trunk (L), and bamboo mat (B) has
categorised under the single specimen. Meanwhile, the hybrid
date-palm/bamboo composite comprises a mixture of datepalm fruit leaf stalk/bamboo (A/B), date-palm fruit bunch
stalk/bamboo (AA/B), date-palm leaf sheath/bamboo (G/B) and
date-palm tree trunk/bamboo (L/B). The varieties of date palm
fibre/bamboo composite due to different chemical compositions of the extracted date palm fibre (cellulose, hemicellulose
and lignin) and vary of yields (Table 1) [14].

The composite specimen's fabrication has operated with
three stages, whereas in the initial stage was the preparation
of raw material such as fibre materials, where the fibres
were cleaned, washed, and dried at 60  C for 24 h to reduce
moisture content until the 6e8%. The next stage was the
steel
cast
mould
preparation
with
dimensions
150 mm  150 mm x 3 mm. Furthermore, in this stage, the
mixture of fibres and resin with hardener was stirred at
room temperature with a stoichiometric ratio of resin and
hardener ratio is 2:1, respectively. Subsequently, in the final
stage, the mixture was poured evenly into the steel cast
mould with 50:50 of weight ratio of fibre and epoxy with total
fibre loading of 50 wt% and moved to the hot press machine
and heated at a temperature of 110  C for 10 min and release
from the mould with cold press machine after 10 min cool
down. Afterwards, the specimens were removed and cut into
specific replicate sizes according to the standard size of each
experiment.

3.
Characterization of natural hybrid
composite
3.1.

Thickness swelling (TS) and water absorption (WA)

The fundamental analysis for composite panel materials for
dimensional stability will measure with the water soak
method known as thickness swelling (TS). Physical properties
of thickness swelling have significantly affected the mechanical properties of a composite structure [6]. The specimen
was cut equally with dimensions 20 mm  20 mm x 3 mm for
all replicates. The standard ASTM-D 570-98 [15] for hot motmoulded epoxy resin specimens has been used to guide the
relative rate of water absorption test. All specimens were
executed of a water soak test in distilled water at room temperature for 24 h. For each day, the specimens thickness data
has been recorded before and after steadily for seven days.
Therefore, Eq. (1) was applied to determine thickness swelling
of the specimens, where T0 indicate the specimen thickness

Table 2 e Epoxy resin type D.E.R.™ 324 [25] and Jointmine 905-3S properties [26].
Epoxy:
D.E.R.TM 324

Density
25  C (g/ml)

Binder gel time
(100 g) (min)

Tensile strength (MPa)

Flexural strength (MPa)

Compressive strength (MPa)

1.16

24

13.7

31.4

87.9

Jointmine 905-3S

Amine Value
(mg KOH/g)

Viscosity
(25 C, cPs)

Color
(Gardner)

Pot life
(mins)

Type

Properties/Applications

330 ± 20

200~400

<3

60~70

Cycloaliphatic
Amine Adduct

Solvent-free coatings,
architectural & maintenance
coatings, pipe & tank lining
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Table 3 e Physical properties of pure date palm and of hybrid date palm composites.
Length, L (mm)

Thickness, T (mm)

Mass, m (g)

Fibre volume friction, V
(g/cm3)

Density, r
(g/cm3)

20.50
20.48
20.54
20.60

3.66
3.78
3.25
3.20

1.94
1.82
1.71
1.71

1.54
1.59
1.36
1.34

1.26
1.15
1.26
1.28

B
19.85
19.88
Date-palm fibre/Bamboo fibre hybrid composite

3.31

1.63

1.31

1.25

A/B
AA/B
G/B
L/B

3.16
3.22
3.19
3.18

1.62
1.55
1.63
1.63

1.29
1.27
1.29
1.30

1.26
1.23
1.27
1.26

Specimen's type

Width, W (mm)

Date palm fibre composite
A
AA
G
L
Bamboo fibre composite

20.50
20.53
20.41
20.36

19.98
19.98
20.04
19.99

20.37
19.66
20.15
20.40

before soaking and T1 designate for specimen thickness after
soaking [21].
Thickness Swelling ð%Þ ¼

TI  T0
 100
TI

(1)

Meanwhile, the composite specimen on this present study
was also has been through a water absorption test which
tested similar to the TS standard (ASTM D 570-98) experiment.
All composite specimens have been recorded with the initial
weight of the test specimen (Wd ) and final weight of test
specimen (Wn ). The test specimens then will be immersed for
eight days in distilled water. Hence, the water absorption
value of the composites has been defined with Eq. (2),
Water absorption ð%Þ ¼

3.2.

Wn  Wd
 100
Wd

(2)

Density

Most of the composite's density has been affected by dimensional stability and has been classified into low, medium, and
high characterised. A low-density composite category has
reflected the material that can trap more moisture and hold
more water, besides the low-density natural fibre composite
will have more voids and porosities. Meanwhile, the high
composite density and high stiffness properties of the natural
composite were high with fibre compaction. Besides, hybrid
materials have a strong tendency to absorb moisture or water.
Therefore, for hybrid material studies, the function of material loading or fibre loading contributed to the dimensional
stability of the composites [16]. Thus, from a general composite rule of mixture in Eq. (3), composite specimens were
calculated,

¼ m=
Density; r ðg cm3 Þ ¼ Mass=
Volume
V

3.4.

Flexural properties

Flexural strength and stiffness are the behaviour effect in
tensile, compressive and shear material properties. Flexure
tests in composites require either a circular or rectangular
cross-section to have a failure mechanism result of bent
and fracture or yielded where the triggers shear stress along
the centre line [29e31]. The three-point bending testing
configuration has been performed by following the
ASTM D790 standards to acquire the flexural properties of
composite. Three replicate specimens with dimensions
120 mm  20 mm  3 mm using a three-point jig at a crosshead speed of 2 mm/min was tested for each type of composite specimen (Date palm fibre composite, bamboo fibre
composite and date palm fibre/bamboo composite). Therefore, the formula of absolute flexural strength and flexural
moduli will achieve by Universal Testing Machine of 20 kN
with the following equations.
Flexural strength : sf ¼

3Pf L
2bh2

(4)

ML3
4bh3

(5)

(3)

where, m is the weight of composite sample, and V is the
composite volume.

3.3.

evaluate the strength of composite material in structural applications. Furthermore, the general attribute of cellulose
content in natural fibre would contribute to better mechanical
properties in hybrid composite material [27e31]. The mechanical properties of the tensile testing test have followed
ASTM D3039 standards, and all replicates were measured by
120  20  3 mm3. Besides, the elongation at break can
determine by tensile testing. Three replicates were tested with
Blue Hill INSTRON UTM apparatus with a capacity of 5 kN, and
each sample of composite specimens was tested and recorded
to be analysed.

Tensile properties

Another experiment in composite material studies was a
tensile strength test. The tensile test is an important test to

Flexural modulus : Ef ¼

The sf and Ef are the ultimate flexural stress (MPa) and the
flexural modulus of elasticity (GPa) respectively. Meanwhile,
the Pf is a maximum load (N), L is the length of support span
(mm), b is the width of the beam (mm), M is the slope of the
tangent of straight-line of the load-deflection curve (N/mm)
and, h is the thickness of specimen (mm) [32].
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Fig. 1 e Thickness swelling for date palm fibre, bamboo, and date palm fibre/bamboo hybrid composites.

3.5.

Low-velocity impact testing

In this present study, the impact toughness behaviour of
composite specimens was determined using an Izod impact
testing machine (Geotech GT-7045-MD, Gotech, Taichung
City, Taiwan) by ASTM D256 standard. The composite specimens were measured 70  15  3 mm3 and three replications
for each type of composite material.

3.6.

Scanning electron microscopy (SEM)

The EM-30AX scanning electron microscope (Model: COXEM,
Daejeon, Korea) machine was used to analysing the fractured
surface morphology of the bamboo composite and hybrid
specimens. This apparatus was used to provide a graphical
interface and revealed a better distribution of fracture surface
morphology of failure bonding behaviour between matrix and
composite specimens.

4.

Results and discussion

4.1.

Thickness swelling (TS) and water absorption (WA)

The thickness swelling of the composite was mainly exposure
of the lignocellulosic fibre of the composite. The hydrophilic
properties of lignocellulosic materials will increase the
dimension of the composite during the water soaking process.
Due to that, the samples capillary has expanded thus, increase
the sample dimension [33]. Furthermore, the graph in Fig. 1
has shown a result of thickness swelling versus immersion
time of date palm fibre, bamboo fibre, and date palm fibre/
bamboo hybrid composites specimen. Moreover, thickness
swelling percentage (%) versus immersion time (Day) has
revealed three thickness swelling stages (Fig. 1). The first stage
displayed the rapid increase of thickness swelling within a
day of immersion time. Meanwhile, in the second stage, the
behaviour of the swelling process exhibits a low increment of
thickness within three days of immersion time. And at the
final stage, the thickness swelling is saturated where the
thickness was constant within three days.

From the information provided in Fig. 1, the movement of
the TS behaviour of the bamboo fibre composite (B) specimen
gained 16.92%, recorded as the highest TS properties.
Meanwhile, another TS results have indicated the hybrid
composite (G/B) with 13.79%, hybrid composite (A/B) 12.97%,
hybrid composite (AA/B) 10.25%, date palm fibre composite
(AA) 9.26%, date palm fibre (G) 8.92%, hybrid composite (L/B)
8.49% and date palm fibre (L) 6.52%. The highest result of TS
percentage shows that the bamboo fibre composite was
prominent in the internal diffusion of water molecules due to
micro gaps between polymeric composite chains [34,35].
Meanwhile, the date palm fibre (L) composite with 6.52% of
TS indicated the lowest value of TS percentage due to the less
hydrophilic nature of the materials. Therefore, the thickness
swell distribution of date palm/bamboo hybrid composite
polymer was positively correlated to the density on the
composite as a performance of date palm/bamboo hybrid
composite panels.
Another factor that influences the stability of composite
material was water uptake or water absorption [5,6,33]. A
research study by Jawaid et al. [33] has described that the
water absorption of composites material has been contributed
by several factors such as voids, fibre loading, matrix viscosity
and atmosphere environment. Thus, to evaluate the physical
and dimensional change and improve the stability of composite material, the water absorption assessment should
identify to determine the suitable applications to the material.
Figure 2 show the results of water absorption (WA) percentage, whereas the date-palm fibre composite (AA) indicated 17.38%, bamboo fibre composite (B) 12.75%, hybrid
composite (G/B) 12.44%, date-palm fibre composite (G) 11.27%,
hybrid composite (A/B) 10.73%, date-palm fibre composite (A)
10.58%, date-palm fibre composite (L) 10.56%, hybrid composite (AA/B) 10.19% and hybrid composite (L/B) with 9.79%
respectively. The higher percentage of water absorption was
due to several factors such as void content, fibre hydrophobicity, and matrix viscosity. Moreover, the WA uptake percentage also presume the presence of voids and cracks and
the hemicellulose [42]. The hemicellulose content of kenaf
(17.8%) is higher than bamboo (11.1%), making kenaf more
hydrophilic than bamboo.
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Immersion Time (Day)

Fig. 2 e Water absorption for bamboo, date palm, and date palm/bamboo hybrid composites.

4.2.

Density

The main constituents of mechanical performance in most
natural fibre composite material studies determine by density
value [17]. From Khalil et al. [36] have mentioned that the
density value of natural fibres material was ranging 0.5e1.5 g/
cm3, which is lower than synthetic fibres material with ranges
of 1e2.8 g/cm3. Meanwhile, the density value in Fig. 3 shown
that the density of single DPF composite material was ranging
in 1.15e1.28 g/cm3, bamboo fibre composite material was
1.25 g/cm3, and date-palm fibre/bamboo composite material
was varying from 1.23 to 1.27 g/cm3. Furthermore, Alshammari et al. [14] in the study have justified the density value for
DPF composites material as ranging from 1.61 to 1.90 g/cm3.
And from Table 3, the value density, stiffness and impact
behaviour of composite specimens in this study are
presented.

4.3.

Tensile properties

Generally, the ability or the refute of composite materials
under longitudinal tensile stress was determined as tensile
strength [37]. Therefore, in this present study, the longitudinal
tensile modulus of natural hybrid composite material is
dependent on fibre/matrix interfacial bonding, proportions of
the different kinds of fibres, fibre content/volume fraction,
fibre length and thickness of a hybrid material [1,35,38].
Moreover, the effect of hybrid natural fibre-reinforced epoxy
composites on tensile properties is depicted in Figs. 3 and 4.
The results expose the tensile strength and tensile modulus
attribute with the diverse characterizations of date palm fibre
extraction and bamboo fibre.
Figure 4 has shown the results of tensile mechanical
property from various composite material specimens. The
graph indicated the bamboo-composite material with a
40.18 MPa record as the highest tensile strength value, followed by the date-palm fibre/bamboo hybrid composite (DPFA/B: 33.88 MPa, DPF-AA/B: 31.70 MPa, DPF-G/B: 39.16 MPa and
DPF-L/B: 34.48 MPa) and date-palm fibre composite (DPF-A:
28.06 MPa, DPF-AA: 28.24 MPa, DPF-G: 36.17 MPa and DPF-L:
28.44 MPa) specimens respectively. Meanwhile, Ismail et al.

[39] has achieved the highest value of tensile strength of
kenaf/bamboo hybrid composite compared to single composite material due to high chemical constituent of cellulose
in bamboo material create bamboo-composite stronger and
stiffer. Furthermore, the study of natural fibre in the automotive bumper application by Muthalagu et al. [40] has indicated that the content of lignin and hemicellulose among
natural fibre will attribute to the binding properties of matrix
and fibres.
As shown in Fig. 5 shows the tensile modulus of the date
palm fibre (DPF) composite is prominent with high value
compared to hybrid composite and bamboo composite specimens. From the graph, the tensile modulus of date palm fibrereinforced composites obtained a higher tensile modulus
value due to better interfacial and incorporated mixture of
date palm fibre filler and the epoxy. Thus, date palm fibre (DPF)
specimen has attributed the highest tensile modulus value
(DPF-G: 6.32 GPa, DPF-AA: 5.96 GPa, DPF-L: 5.91 GPa and DPF-A:
5.58 GPa), followed by the bamboo-composite specimen (B:
5.46 GPa) and the lowest tensile modulus of date-palm fibre/
bamboo hybrid composite (DPF-A/B: 5.30 GPa, DPF-L/B:
5.18 GPa, DPF-AA/B: 5.02 MPa and DPF-G/B: 5.01 GPa) respectively. Generally, from the result obtained, Djafari [41] has
explained that the low modulus fibres values will result in
high elongation values. Furthermore, the research finding by
Saba et al. [37] of interfacial bonding of date-palm fibres
reinforced-polymer composites has explained that the datepalm stem fibres/epoxy has resulted in 50% higher in tensile
modulus compared to another part of DPF epoxy. Likewise,
the study by Ismail et al. [39] has reported that the low void
content of natural/natural hybrid composite will affect the
tensile properties and performance due to better interfacial
bonding between the constituent materials.
The elongation at break was known as fracture strain or
tensile elongation at the break, where it can determine by
tensile test [1,35,38]. From Fig. 5, the graph has expressed the
capability of natural plant fibre to resist changes within the
specific length. Meanwhile, Fig. 6 has indicated the elongation
at break of bamboo fibre composite (B: 1.00 mm), hybrid
composite specimens (DPF-G/B: 0.92 mm, DPF-AA/B: 0.84 mm,
DPF-A/B: 0.79 mm and DPF-L/B: 0.79 mm) and date-palm fibre
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Type of composites

Fig. 3 e Densities of date palm fibre, bamboo composite fibre and date palm fibre/bamboo hybrid composite.

degradation mechanism of the hemicellulose and lignin thus,
the straw biomass surface performs a good interfacial
bonding in fibre-matrix constituent.

4.4.

Flexural properties

In order to evaluate the effect of the modified composites
(form of fibre composite, effect of treatment, volume fraction and hybridization), Figs. 6 and 7 depict the flexural
strength and modulus of date palm fibre, bamboo, and date
palm fibre/bamboo hybrid. From Fig. 7, it has illustrated
that the bamboo composite specimen has a higher flexural
strength (B: 6.19 MPa), follow by hybrid composite specimens (DPF-A/B: 61.10 MPa, DPF-AA/B: 61.09 MPa, DPF-L/B:
60.81 MPa and DPF-G/B: 60.56 MPa) and date palm fibre
composite specimens (DPF-G: 58.20 MPa, DPF-A: 55.22 MPa,
DPF-AA: 48.86 MPa and DPF-L: 40.34 MPa). With the ratio of
date palm fibre and bamboo fibre was equal (50:50) in
weight fraction, the results from Fig. 7 indicated that hybrid
composite specimens demonstrated improvement of 17%
flexural strength of, compared with date palm fibre composites. Therefore, bamboo fibre has contributed a better
flexural properties of date palm fibre with hybridization
technique.

Tensile Strength (MPa)

composite specimens (DPF-G: 0.74 mm, DPF-A: 0.65 mm, DPFAA: 0.62 mm and DPF-L: 0.62 mm). The above variation of the
elongation at break values bamboo filler in hybrid date palm
fibre/bamboo has attributed remarkable reinforcing effect
relative to higher fibres loading. Thus, the mechanism of filler
particles will prevent the slippage of polyester chains of fibre
and matrix, thus will lead to an increase in the tensile properties of the composites.
Moreover, the previous investigation has shown a similar
result which describes that the improvement of tensile
strength in composite material could also enhance elongation
at the break where the higher fibres loading becomes more
effective to the stress transfer due to significant reinforcing
effect. A study by Saba et al. [37] has shown the DPF reinforced
polymer with recycled PP/LDPE/HDPE has improvements in
tensile strength and elongation at the break, whereas the
mixtures of ternary blends deliver a positive consequence on
ductile (elongation at break) and mechanical resistance (tensile strength) properties. Furthermore, the study by Chougan
et al. [42] has investigated the bio-based composites with pretreatment of the wheat straw has remarkable increases the
mechanical performance of tensile toughness, elastic
modulus and elongation at break. Due to the porosity of straw
biomass surface structure is high, it contributes to the

Type of composites

Fig. 4 e Tensile strength of date palm, date palm/bamboo and bamboo composite fibre.
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Fig. 5 e Tensile modulus of date palm, date palm/bamboo and bamboo composite fibre.

Studies by Ismail et al. [21] display that the hybridization
technique in kenaf/bamboo fibre reinforced-epoxy composite
with a 50:50 ratio of kenaf and bamboo fibre-filled has
increased the flexural strength compared to the single kenaf
fibre reinforced-epoxy composite. In the context of natural
fibres hybridization studies, Djafari [41] has stated that fibre
treatment for hybrid fibre attribute to interfacial adhesion in
the hybridization process, which contribute to excellent flexural strength and flexural modulus results. Furthermore, a
study by Naveen et al. [27] of Kevlar (K)/cocos Nucifera sheath
with additional graphene nanoplatelets (GNP) filler has been
influential in the interfacial adhesion and dispersion of fibres
and matrix.
Meanwhile, the other highlight of the mechanical properties in the composite material stiffness study were flexural
modulus. Furthermore, the comparison of date palm fibre,
bamboo fibre and date palm fibre/bamboo composites in Fig. 8
has illustrated that the bamboo composites (B: 6.19 GPa)
exhibit higher flexural modulus, follow by hybrid composite
specimens (DPF-AA/B: 6.04 GPa, DPF-G/B: 5.76 GPa, DPF-A/B:
5.57 GPa and DPF-L/B: 5.52 GPa) and date palm fibre composite specimens (DPF-L: 5.54 GPa, DPF-G: 5.31 GPa, DPF-A:

Date Palm

5.09 GPa and DPF-AA: 4.65 GPa). Besides, Fig. 7 shows the
impact of adding bamboo fibre on the tensile modulus has
found hybrid composites improved the tensile modulus of
different date palm filler.
Likewise, the study by Yusoff et al. [28] of bio-based
hybrid green composites from bamboo/kenaf/coir fibre
reinforced polylactic acid (PLA) polymer matrix has detailed
the improved results of flexural strengths, flexural modulus
and tensile properties. Moreover, the study by Pani et al. [29]
has highlighted the bamboo fibre function to delay the
degradation process and elevated the specific wear rate of
bamboo/kenaf/coir fibre reinforced-polylactic acid (PLA) in
seawater for 30 days. Besides, the bamboo fibre in hybrid
composite constituent has increased 42% the flexural
strength and 33% flexural modulus compared to jute/glass
hybrid composite.

4.5.

Impact strength

Another characteristic in structural material properties evaluation was the impact test, which was a mechanical test to
identify the strength of the material to absorb and dissipate

Date Palm/Bamboo

Bamboo

Elongation at break (mm)

1.20
1.00
0.80
0.60
0.40
0.20
0.00
A
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G

L

B

Type of composite

Fig. 6 e Elongation at break of date palm, date palm/bamboo and bamboo composite fibre.
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Fig. 7 e Flexural strength of date palm, date palm/bamboo and bamboo composite fibre.

Type of composite

Fig. 8 e Flexural modulus of date palm, date palm/bamboo and bamboo composite fibre.

findings in Fig. 9 showed the vary of impact strength was
dominant by bamboo fibre composite specimen (B: 13.87 J/m),
followed by hybrid composite specimens (DPF-L/B: 12.70 J/m,
DPF-AA/B: 12.33 J/m, DPF-G/B: 12.09 J/m and DPF-A/B: 11.56 J/

Impact strength (Joule/m)

energy from impact and load-bearing forces [13,43]. Mostly,
the natural fibres alone were low in mechanical and physical
properties, therefore its need to be reinforced with the resin
system to withstand internal or external forces [21]. The result

Type of composite

Fig. 9 e Impact strength of kenaf, bamboo, and kenaf bamboo hybrid composites.
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Fig. 10 e Scanning electron microscopy (SEM) micrographs flexural fracture surface of specimens (a) Bamboo composite, (b)
DPF- A/B hybrid composite, (c) DPF- AA/B hybrid composite, (d) DPF- G/B hybrid composite, and (e) DPF- L/B hybrid
composite.

m) and date-palm fibre composite specimens (DPF-AA: 10.69 J/
m, DPF-L: 9.18 J/m, DPF-A: 8.61 J/m and DPF-G: 8.56 J/m). From
Fig. 9 also, the hybrid composites (date palm fibre/bamboo
fibre) with a ratio of 50:50 has resulted in a high impact
strength compared to date palm fibre composites alone.
The contribution of bamboo fibre as filler to a hybrid
composite constituent in this present study have elevated
high fibre content and increase fibre loading, which positively
leads to better tensile properties. A study by Abdul Khalil et al.
[36] has defined the combination of the natural fibre in hybridization technique will provide the composite structure
with high strength-to-weight ratios and developments of
hybrid natural fibre composite with a constituent of bamboo
fibre generating high-end quality sustainable industrial
products.

4.6.

SEM morphology

The observation microstructural analysis (SEM) in Fig. 10 has
defined the fracture surfaces of bamboo fibre and date palm
fibre/bamboo hybrid composite specimens. Hence, Fig. 10(a)
was showed the pull-out fibril between the bamboo fibres and
matrix resin. Meanwhile, in Fig. 10(b)e(e), the fracture surface
morphology of various date-palm/bamboo hybrid composite
specimens unveiled void content between date-palm fibre and
matrix was high and not consolidated well. Otherwise,
bamboo fibre has displayed good consolidation in matrix
resin, besides it provides an interlock mechanism in hybrid
composite materials.
The study of alkali-treated coir/pineapple leaf fibres reinforced hybrid composites by Siakeng et al. [31] has shown the
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effect of fibre alkalised. The SEM analysis showed that the
bonding of fibre and matrix is unstable where the defect surface has marked void contents and micro-cracks in most of
the surface area. Meanwhile, SEM analysis by Elbadry [35] has
defined the agro-waste date-palm fibre (DPF) when chemical/
alkali-treated has generated that the grooves along with the
fibre pull-out structure which has weakened the fibre-matrix
interface.

5.

Conclusions

This study has explored and investigated the potential of
date palm fibre as reinforcements obtained from the natural
waste residue from various parts of date-palm fibres. The
incorporation of reinforcing stiffer bamboo fibre used in
hybrid composite material has enhanced the mechanical
and physical properties. Moreover, the findings from the
experimental results of the date-palm/bamboo hybrid
composite have exhibited improved properties compare to
date-palm fibre composite without hybridisation. The
contrast of characterization of the date-palm/bamboo
hybrid composite with single fibre composite specimens
can be concluded as follows:
 Various mechanical properties of date-palm/bamboo
hybrid composite were determined from different varying
chemical constituent of DPF and bamboo fibre.
 The morphologies of the fractured surface of the hybrid
composite have displayed that bamboo fibre and date palm
fibre was well hybridized with less of void appeared between mix fibre and matrix and as a result, the fibre pullout consequence was relatively less.
 Some parts of date palm fibre such as Trunk fibre (L)
when hybridize with bamboo fibre has displayed high
impact resistance, low in TS and WA, meanwhile the
other part of date palm fibre such as Leaf stalk (A)
and Leaf sheath fibre (G) have shown greater flexural
and tensile properties when hybridized with bamboo
fibre.
 The outcomes from the tests in this study inspire the potential of DPF when hybridize with other excellent fibre
filler to produce lightweight composites for various application and at same time minimizes agro-residue waste and
deposition.
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