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a b s t r a c t

Date palm fibre is considered as an agricultural waste suitable as reinforcement for polymeric

compositeshas received interestasan interior component in theautomotive industry.Theaim

of thiswork to investigate thephysical andmechanical properties of datepalmfibre (leaf stalk,

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

composites were fabricated using a hand lay-up technique in combination with compression

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

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

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

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

changes in density and physical performance of different composites were further investi-

gated. The experimental results of the datepalmfibre/bamboohybrid composite exhibited the

highest mechanical properties compared to date palm fibre composite without hybridisation.

The tensile strength, flexural strengthand impact toughness values for the datepalm/bamboo

hybrid composite were recorded at 39.16 MPa, 61.10 MPa and 12.70 J/m, respectively. Inter-

estingly, the physical test of thickness swellingandwater absorption resultshas 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

palmfibre/bamboohybrid composite has the prospective to be applied as anon-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 ma-

terials and benefit inmechanical, physical, andmorphological

properties for numerous applications. Otherwise, natural fi-

bres 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 poly-

mers composite is continuously increasing in demand for di-

versity of applications and industries otherwise, petroleum-

based material is non-degradable which will affect the envi-

ronment and human health [5,6]. Apart from natural fibres,

agro-waste and agriculture residues have become a new in-

terest for numerous products or applications. Moreover, the

residue or agriculturewastes could become another substitute

resource in many low-to-intermediate impact product appli-

cations [1,7].

The profound of plant fibres as reinforcing materials ap-

pears 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, Areca-

ceae 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 demon-

strated that the compressive strength of date palm fibre

reinforced soil bricks displayed positive influence in compar-

ison 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 prop-

erties, 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 rein-

forced hybrid composite has shown that a date palm leaf with

alkaline treatment could improve the mechanical and ther-

mal 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

themost 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]. Tradition-

ally, 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 highermechanical 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 themain attractive features

to determine the mechanical performance of resultant com-

posites. Similarly, the cellulose contents and microfibril angle

among others have significant influence as reinforcements in

the composite material for many purposes [19]. The develop-

ment 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 combi-

nation with bamboo fibre, which are paramount to the envi-

ronmental 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 compres-

sive strength properties. Thus, the date palm/bamboo

reinforced-epoxy polymer hybrid composite material is ex-

pected to enhance the mechanical and physical properties of

agro-waste residue from date palm trees reinforced compos-

ites. The overall aims is to elevate the mechanical and phys-

ical properties compared to date palmfibre composite for non-

structural 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 (%) 35.00 44.00 43.50 40.00 73.83

Hemicellulose (%) 15.40 26.00 24.00 9.75 12.49

Lignin (%) 20.10 11.00 18.00 29.50 10.15
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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 from0.8 to 1mm, brought by King Abdul Aziz

University, Jeddah, Saudi Arabia was fabricated. The date-

palm 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 En-

gineering 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 date-

palm 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 composi-

tions of the extracted date palm fibre (cellulose, hemicellulose

and lignin) and vary of yields (Table 1) [14].
Table 2 e Epoxy resin type D.E.R.™ 324 [25] and Jointmine 905

Epoxy:
D.E.R.TM 324

Density
25 �C (g/ml)

Binder gel time
(100 g) (min)

Tensile strength (

1.16 24 13.7

Jointmine 905-3S Amine Value
(mg KOH/g)

Viscosity
(25�C, cPs)

Color
(Gardner

330 ± 20 200~400 <3
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 me-

chanical 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 mot-

moulded 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 tem-

perature 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
-3S properties [26].

MPa) Flexural strength (MPa) Compressive strength (MPa)

31.4 87.9

)
Pot life
(mins)

Type Properties/Applications

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.

Specimen's type Width, W (mm) Length, L (mm) Thickness, T (mm) Mass, m (g) Fibre volume friction, V
(g/cm3)

Density, r
(g/cm3)

Date palm fibre composite

A 20.50 20.50 3.66 1.94 1.54 1.26

AA 20.53 20.48 3.78 1.82 1.59 1.15

G 20.41 20.54 3.25 1.71 1.36 1.26

L 20.36 20.60 3.20 1.71 1.34 1.28

Bamboo fibre composite

B 19.85 19.88 3.31 1.63 1.31 1.25

Date-palm fibre/Bamboo fibre hybrid composite

A/B 19.98 20.37 3.16 1.62 1.29 1.26

AA/B 19.98 19.66 3.22 1.55 1.27 1.23

G/B 20.04 20.15 3.19 1.63 1.29 1.27

L/B 19.99 20.40 3.18 1.63 1.30 1.26
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before soaking and T1 designate for specimen thickness after

soaking [21].

Thickness Swelling ð%Þ¼TI � T0

TI
� 100 (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 (ASTMD 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%Þ¼Wn �Wd

Wd
� 100 (2)

3.2. Density

Most of the composite's density has been affected by dimen-

sional 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 absorbmoisture or water.

Therefore, for hybrid material studies, the function of mate-

rial loading or fibre loading contributed to the dimensional

stability of the composites [16]. Thus, from a general com-

posite rule of mixture in Eq. (3), composite specimens were

calculated,

Density; r ðg � cm3Þ¼Mass=Volume ¼ m=V (3)

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

composite volume.

3.3. Tensile properties

Another experiment in composite material studies was a

tensile strength test. The tensile test is an important test to
evaluate the strength of composite material in structural ap-

plications. Furthermore, the general attribute of cellulose

content in natural fibre would contribute to better mechanical

properties in hybrid composite material [27e31]. The me-

chanical 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 replicateswere testedwith

Blue Hill INSTRONUTM apparatuswith a capacity of 5 kN, and

each sample of composite specimens was tested and recorded

to be analysed.

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 cross-

head speed of 2 mm/min was tested for each type of com-

posite specimen (Date palm fibre composite, bamboo fibre

composite and date palm fibre/bamboo composite). There-

fore, 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)

Flexural modulus : Ef ¼ ML3

4bh3
(5)

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.
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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 speci-

mens 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 betweenmatrix and

composite specimens.
4. Results and discussion

4.1. Thickness swelling (TS) and water absorption (WA)

The thickness swelling of the composite wasmainly 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 watermolecules 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 compositesmaterial 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 com-

posite material, the water absorption assessment should

identify to determine the suitable applications to thematerial.

Figure 2 show the results of water absorption (WA) per-

centage, whereas the date-palm fibre composite (AA) indi-

cated 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 com-

posite (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 hydropho-

bicity, and matrix viscosity. Moreover, the WA uptake per-

centage 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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Fig. 2 e Water absorption for bamboo, date palm, and date palm/bamboo hybrid composites.
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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 fibresmaterial 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, Alsham-

mari 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, fol-

lowed by the date-palm fibre/bamboo hybrid composite (DPF-

A/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 com-

posite 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 auto-

motive bumper application by Muthalagu et al. [40] has indi-

cated 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 spec-

imens. From the graph, the tensilemodulus of date palmfibre-

reinforced composites obtained a higher tensile modulus

value due to better interfacial and incorporated mixture of

date palmfibre filler and the epoxy. Thus, date palmfibre (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) respec-

tively. 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 date-

palm 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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composite specimens (DPF-G: 0.74 mm, DPF-A: 0.65 mm, DPF-

AA: 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 prop-

erties 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 (ten-

sile strength) properties. Furthermore, the study by Chougan

et al. [42] has investigated the bio-based composites with pre-

treatment 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
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Fig. 4 e Tensile strength of date palm, date pa
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 frac-

tion 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 speci-

mens (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 com-

posites. Therefore, bamboo fibre has contributed a better

flexural properties of date palm fibre with hybridization

technique.
composites

lm/bamboo and bamboo composite fibre.
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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 flex-

ural 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 proper-

ties 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 compos-

ite specimens (DPF-L: 5.54 GPa, DPF-G: 5.31 GPa, DPF-A:
0.00

0.20

0.40

0.60

0.80

1.00

1.20

A AA

El
on

ga
tio

n 
at

 b
re

ak
 (m

m
)

Type o

Date Palm Date Palm

Fig. 6 e Elongation at break of date palm, date p
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 eval-

uation was the impact test, which was a mechanical test to

identify the strength of the material to absorb and dissipate
G L B
f composite

/Bamboo Bamboo

alm/bamboo and bamboo composite fibre.
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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 towithstand internal or external forces [21]. The result
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Fig. 9 e Impact strength of kenaf, bamboo,
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/
f composite

and kenaf bamboo hybrid composites.
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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 hy-

bridization 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 rein-

forced hybrid composites by Siakeng et al. [31] has shown the

https://doi.org/10.1016/j.jmrt.2021.08.115
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effect of fibre alkalised. The SEM analysis showed that the

bonding of fibre and matrix is unstable where the defect sur-

face 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 be-

tween mix fibre and matrix and as a result, the fibre pull-

out 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 po-

tential of DPF when hybridize with other excellent fibre

filler to produce lightweight composites for various appli-

cation and at same timeminimizes agro-residuewaste and

deposition.
Declaration of Competing Interest

No conflict of interest.

Acknowledgements

This work is funded by Researchers Supporting Project num-

ber (RSP-2021/117), King Saud University, Riyadh, Saudi

Arabia.
r e f e r e n c e s

[1] Jawaid M, Khalil HPSA, Bakar AA. Mechanical performance of
oil palm empty fruit bunches/jute fibres reinforced epoxy
hybrid composites. Mater Sci Eng, A 2010;527:7944e9. https://
doi.org/10.1016/j.msea.2010.09.005.

[2] Getu D, Nallamothu RB, Masresha M, Nallamothu SK,
Nallamothu AK. Production and characterization of bamboo
and sisal fiber reinforced hybrid composite for interior
automotive body application. Mater Today Proc
2020;38:2853e60. https://doi.org/10.1016/j.matpr.2020.08.780.

[3] AlShuhail K, Aldawoud A, Syarif J, Abdoun IA. Enhancing the
performance of compressed soil bricks with natural
additives: wood chips and date palm fibers. Construct Build
Mater 2021;295:123611. https://doi.org/10.1016/
j.conbuildmat.2021.123611.

[4] Bellatrache Y, Ziyani L, Dony A, Taki M, Haddadi S. Effects of
the addition of date palm fibers on the physical, rheological
and thermal properties of bitumen. Construct Build Mater
2020;239:117808. https://doi.org/10.1016/
j.conbuildmat.2019.117808.

[5] Al-Oqla FM, Sapuan SM. Natural fiber reinforced polymer
composites in industrial applications: feasibility of date palm
fibers for sustainable automotive industry. J Clean Prod
2014;66:347e54. https://doi.org/10.1016/j.jclepro.2013.10.050.

[6] Chiang Tay Chen, Osman Mohd Shahril, H S. Water
absorption and thickness swelling behavior of sago particles
urea formaldehyde particleboard. Int J Sci Res 2014;3:1375e9.

[7] AsimM, Jawaid M, Khan A, Asiri AM, Malik MA. Effects of Date
Palm fibres loading on mechanical, and thermal properties of
Date Palm reinforcedphenolic composites. JMater Res Technol
2020;9:3614e21. https://doi.org/10.1016/j.jmrt.2020.01.099.

[8] Perremans D, Trujillo E, Ivens J, Van Vuure AW. Effect of
discontinuities in bamboo fibre reinforced epoxy composites.
Compos Sci Technol 2018;155:50e7. https://doi.org/10.1016/
j.compscitech.2017.11.033.

[9] Bahari SA, Krause A. Utilizing Malaysian bamboo for use in
thermoplastic composites. J Clean Prod 2016;110:16e24.
https://doi.org/10.1016/j.jclepro.2015.03.052.

[10] Lopes MDM, P�adua MDS, De Carvalho JPRG, Simonassi NT,
Lopez FPD, Colorado HA, et al. Natural based polyurethane
matrix composites reinforced with bamboo fiber waste for
use as oriented strand board. J Mater Res Technol
2021;12:2317e24. https://doi.org/10.1016/j.jmrt.2021.04.023.

[11] Dhakal H, Bourmaud A, Berzin F, Almansour F, Zhang Z,
Shah DU, et al. Mechanical properties of leaf sheath date
palm fibre waste biomass reinforced polycaprolactone (PCL)
biocomposites. Ind Crop Prod 2018;126:394e402. https://
doi.org/10.1016/j.indcrop.2018.10.044.

[12] Ghori W, Saba N, Jawaid M, Asim M. A review on date palm
(phoenix dactylifera) fibers and its polymer composites. IOP
Conf Ser Mater Sci Eng 2018;368. https://doi.org/10.1088/
1757-899X/368/1/012009.

[13] Swain PTR, Das SN, Jena SP. Manufacturing and study of
thermo-mechanical behaviour of surface modified date palm
leaf/glass fiber reinforced hybrid composite. Mater Today
Proc 2018;5:18332e41. https://doi.org/10.1016/
j.matpr.2018.06.172.

[14] Alshammari BA, Saba N, Alotaibi MD, Alotibi MF, Jawaid M,
Alothman OY. Evaluation of mechanical, physical, and
morphological properties of epoxy composites reinforced
with different date palm fillers. Materials 2019;12. https://
doi.org/10.3390/ma12132145.

[15] Klyosov AA. Wood-plastic composites. Wood Plastic Compos
2007;16:1e698. https://doi.org/10.1002/9780470165935.

https://doi.org/10.1016/j.msea.2010.09.005
https://doi.org/10.1016/j.msea.2010.09.005
https://doi.org/10.1016/j.matpr.2020.08.780
https://doi.org/10.1016/j.conbuildmat.2021.123611
https://doi.org/10.1016/j.conbuildmat.2021.123611
https://doi.org/10.1016/j.conbuildmat.2019.117808
https://doi.org/10.1016/j.conbuildmat.2019.117808
https://doi.org/10.1016/j.jclepro.2013.10.050
http://refhub.elsevier.com/S2238-7854(21)00942-X/sref6
http://refhub.elsevier.com/S2238-7854(21)00942-X/sref6
http://refhub.elsevier.com/S2238-7854(21)00942-X/sref6
http://refhub.elsevier.com/S2238-7854(21)00942-X/sref6
https://doi.org/10.1016/j.jmrt.2020.01.099
https://doi.org/10.1016/j.compscitech.2017.11.033
https://doi.org/10.1016/j.compscitech.2017.11.033
https://doi.org/10.1016/j.jclepro.2015.03.052
https://doi.org/10.1016/j.jmrt.2021.04.023
https://doi.org/10.1016/j.indcrop.2018.10.044
https://doi.org/10.1016/j.indcrop.2018.10.044
https://doi.org/10.1088/1757-899X/368/1/012009
https://doi.org/10.1088/1757-899X/368/1/012009
https://doi.org/10.1016/j.matpr.2018.06.172
https://doi.org/10.1016/j.matpr.2018.06.172
https://doi.org/10.3390/ma12132145
https://doi.org/10.3390/ma12132145
https://doi.org/10.1002/9780470165935
https://doi.org/10.1016/j.jmrt.2021.08.115
https://doi.org/10.1016/j.jmrt.2021.08.115


j o u r n a l o f m a t e r i a l s r e s e a r c h and t e c hno l o g y 2 0 2 1 ; 1 5 : 1 3 3 0e1 3 4 1 1341
[16] Taib MNAM, Julkapli NM. Dimensional stability of natural
fiber-based and hybrid composites. Elsevier Ltd; 2018.
https://doi.org/10.1016/B978-0-08-102292-4.00004-7.

[17] Medina LA, Dzalto J. Natural fibers. Compr Compos Mater II
2017;1:269e94. https://doi.org/10.1016/B978-0-12-803581-
8.09877-5.

[18] Kretsis G. A review of the tensile, compressive, flexural and
shear propertiesofhybridfibre-reinforcedplastics. Composites
1987;18:13e23. https://doi.org/10.1016/0010-4361(87)90003-6.

[19] Mahdi E, Ochoa DRH, Vaziri A, Dean A, Kucukvar M. Khalasa
date palm leaf fiber as a potential reinforcement for
polymeric composite materials. Compos Struct
2021;265:113501. https://doi.org/10.1016/
j.compstruct.2020.113501.

[20] Supian ABM, Sapuan SM, Zuhri MYM, Zainudin ES, Ya HH.
Hybrid reinforced thermoset polymer composite in energy
absorption tube application: a review. Def Technol
2018;14:291e305. https://doi.org/10.1016/j.dt.2018.04.004.

[21] Ismail AS, Jawaid M, Sultan MTH, Hassan A. Physical and
mechanical properties of woven kenaf/bamboo fiber mat
reinforced epoxy hybrid composites. BioResources
2019;14:1390e404. https://doi.org/10.15376/biores.14.1.1390-
1404.

[22] Sanjay MR, Arpitha GR, Yogesha B. Study on mechanical
properties of natural - glass fibre reinforced polymer hybrid
composites: a review. Mater Today Proc 2015;2:2959e67.
https://doi.org/10.1016/j.matpr.2015.07.264.

[23] Srivathsan A, Vijayaram B, Ramesh R, Gokuldass.
Investigation on mechanical behavior of woven fabric
glass/kevlar hybrid composite laminates made of varying
fibre inplane orientation and stacking sequence. Mater
Today Proc 2017;4:8928e37. https://doi.org/10.1016/
j.matpr.2017.07.244.

[24] Alothman OY, Kian LK, Saba N, Jawaid M, Khiari R. Cellulose
nanocrystal extracted from date palm fibre: morphological,
structural and thermal properties. Ind Crop Prod
2021;159:113075. https://doi.org/10.1016/
j.indcrop.2020.113075.

[25] Information P, Resin LE. D.e.r.TM 324 n.d.:1e5.
[26] LTD EIP. Cycloaliphatic amines. 2016. p. 757516.
[27] Naveen J, Jawaid M, Zainudin ES, Sultan MTH, Yahaya R.

Improved mechanical and moisture-resistant properties of
woven hybrid epoxy composites by graphene nanoplatelets
(GNP). Materials 2019;12. https://doi.org/10.3390/ma12081249.

[28] Yusoff RB, Takagi H, Nakagaito AN. Tensile and flexural
properties of polylactic acid-based hybrid green composites
reinforced by kenaf, bamboo and coir fibers. Ind Crop Prod
2016;94:562e73. https://doi.org/10.1016/j.indcrop.2016.09.017.

[29] Pani PR, Nayak RK, Routara BC, Sekhar PC. Flexural and
specific wear rate of seawater aged bamboo, jute and glass
fiber reinforced polymer hybrid composites. Mater Today
Proc 2019;18:3409e14. https://doi.org/10.1016/
j.matpr.2019.07.268.

[30] Supian ABM, Sapuan SM, Zuhri MYM, Zainudin ES, Ya HH,
Hisham HN. Effect of winding orientation on energy
absorption and failure modes of filament wound kenaf/glass
fibre reinforced epoxy hybrid composite tubes under
intermediate-velocity impact (IVI) load. J Mater Res Technol
2021;10:1e14. https://doi.org/10.1016/j.jmrt.2020.11.103.

[31] Siakeng R, Jawaid M, Asim M, Saba N, Sanjay MR,
Siengchin S, et al. Alkali treated coir/pineapple leaf fibres
reinforced pla hybrid composites: evaluation of mechanical,
morphological, thermal and physical properties. Express
Polym Lett 2020;14:717e30. https://doi.org/10.3144/
expresspolymlett.2020.59.

[32] Benkhelladi A, Laouici H, Bouchoucha A. Tensile and flexural
properties of polymer composites reinforced by flax, jute and
sisal fibres. Int J Adv Manuf Technol 2020;108:895e916.
https://doi.org/10.1007/s00170-020-05427-2.

[33] Jawaid M, Abdul Khalil HPS, Noorunnisa Khanam P, Abu
Bakar A. Hybrid composites made from oil palm empty fruit
bunches/jute fibres: water absorption, thickness swelling
and density behaviours. J Polym Environ 2011;19:106e9.
https://doi.org/10.1007/s10924-010-0203-2.

[34] Jonoobi M, Shafie M, Shirmohammadli Y, Ashori A, Zarea-
Hosseinabadi H, Mekonnen T. A review on date palm tree:
properties, characterization and its potential applications. J
Renew Mater 2019;7:1055e75. https://doi.org/10.32604/
jrm.2019.08188.

[35] Elbadry EA. Agro-residues: surface treatment and
characterization of date palm tree fiber as composite
reinforcement. J Compos 2014;2014:1e8. https://doi.org/
10.1155/2014/189128.

[36] Abdul Khalil HPS, Bhat IUH, Jawaid M, Zaidon A,
Hermawan D, Hadi YS. Bamboo fibre reinforced
biocomposites: a review. Mater Des 2012;42:353e68. https://
doi.org/10.1016/j.matdes.2012.06.015.

[37] Saba N, Alothman OY, Almutairi Z, Jawaid M, Ghori W. Date
palm reinforced epoxy composites: tensile, impact and
morphological properties. J Mater Res Technol
2019;8:3959e69. https://doi.org/10.1016/j.jmrt.2019.07.004.

[38] Supian ABM, Sapuan SM, Zuhri MYM, Zainudin ES, Ya HH,
Hisham HN. Effect of winding orientation on energy
absorption and failure modes of filament wound kenaf/glass
fibre reinforced epoxy hybrid composite tubes
under intermediate-velocity impact ( IVI ) load. J Mater Res
Technol 2020;10:1e14. https://doi.org/10.1016/
j.jmrt.2020.11.103.

[39] Ismail AS, Jawaid M, Naveen J. Void content, tensile,
vibration and acoustic properties of kenaf/bamboo fiber
reinforced epoxy hybrid composites. Materials 2019;12.
https://doi.org/10.3390/ma12132094.

[40] Muthalagu R, Murugesan J, Sathees Kumar S, Sridhar Babu B.
Tensile attributes and material analysis of kevlar and date
palm fibers reinforced epoxy composites for automotive
bumper applications. Mater Today Proc 2020. https://doi.org/
10.1016/j.matpr.2020.09.777.

[41] Djafari Petroudy SR. Physical and mechanical properties of
natural fibers. Elsevier Ltd; 2017. https://doi.org/10.1016/
B978-0-08-100411-1.00003-0.

[42] Chougan M, Ghaffar SH, Al-Kheetan MJ, Gecevicius M. Wheat
straw pre-treatments using eco-friendly strategies for
enhancing the tensile properties of bio-based polylactic acid
composites. Ind Crop Prod 2020;155:112836. https://doi.org/
10.1016/j.indcrop.2020.112836.

[43] Ahmed MM, Dhakal HN, Zhang ZY, Barouni A, Zahari R.
Enhancement of impact toughness and damage behaviour of
natural fi bre reinforced composites and their hybrids
through novel improvement techniques : a critical review
American Society of Testing Materials. Compos Struct
2021;259:113496. https://doi.org/10.1016/
j.compstruct.2020.113496.

https://doi.org/10.1016/B978-0-08-102292-4.00004-7
https://doi.org/10.1016/B978-0-12-803581-8.09877-5
https://doi.org/10.1016/B978-0-12-803581-8.09877-5
https://doi.org/10.1016/0010-4361(87)90003-6
https://doi.org/10.1016/j.compstruct.2020.113501
https://doi.org/10.1016/j.compstruct.2020.113501
https://doi.org/10.1016/j.dt.2018.04.004
https://doi.org/10.15376/biores.14.1.1390-1404
https://doi.org/10.15376/biores.14.1.1390-1404
https://doi.org/10.1016/j.matpr.2015.07.264
https://doi.org/10.1016/j.matpr.2017.07.244
https://doi.org/10.1016/j.matpr.2017.07.244
https://doi.org/10.1016/j.indcrop.2020.113075
https://doi.org/10.1016/j.indcrop.2020.113075
http://refhub.elsevier.com/S2238-7854(21)00942-X/sref26
https://doi.org/10.3390/ma12081249
https://doi.org/10.1016/j.indcrop.2016.09.017
https://doi.org/10.1016/j.matpr.2019.07.268
https://doi.org/10.1016/j.matpr.2019.07.268
https://doi.org/10.1016/j.jmrt.2020.11.103
https://doi.org/10.3144/expresspolymlett.2020.59
https://doi.org/10.3144/expresspolymlett.2020.59
https://doi.org/10.1007/s00170-020-05427-2
https://doi.org/10.1007/s10924-010-0203-2
https://doi.org/10.32604/jrm.2019.08188
https://doi.org/10.32604/jrm.2019.08188
https://doi.org/10.1155/2014/189128
https://doi.org/10.1155/2014/189128
https://doi.org/10.1016/j.matdes.2012.06.015
https://doi.org/10.1016/j.matdes.2012.06.015
https://doi.org/10.1016/j.jmrt.2019.07.004
https://doi.org/10.1016/j.jmrt.2020.11.103
https://doi.org/10.1016/j.jmrt.2020.11.103
https://doi.org/10.3390/ma12132094
https://doi.org/10.1016/j.matpr.2020.09.777
https://doi.org/10.1016/j.matpr.2020.09.777
https://doi.org/10.1016/B978-0-08-100411-1.00003-0
https://doi.org/10.1016/B978-0-08-100411-1.00003-0
https://doi.org/10.1016/j.indcrop.2020.112836
https://doi.org/10.1016/j.indcrop.2020.112836
https://doi.org/10.1016/j.compstruct.2020.113496
https://doi.org/10.1016/j.compstruct.2020.113496
https://doi.org/10.1016/j.jmrt.2021.08.115
https://doi.org/10.1016/j.jmrt.2021.08.115

	Mechanical and physical performance of date palm/bamboo fibre reinforced epoxy hybrid composites
	1. Introduction
	2. Materials and method
	2.1. Materials
	2.2. Fabrication of date palm/bamboo hybrid composites

	3. Characterization of natural hybrid composite
	3.1. Thickness swelling (TS) and water absorption (WA)
	3.2. Density
	3.3. Tensile properties
	3.4. Flexural properties
	3.5. Low-velocity impact testing
	3.6. Scanning electron microscopy (SEM)

	4. Results and discussion
	4.1. Thickness swelling (TS) and water absorption (WA)
	4.2. Density
	4.3. Tensile properties
	4.4. Flexural properties
	4.5. Impact strength
	4.6. SEM morphology

	5. Conclusions
	Declaration of Competing Interest
	aclink3
	References


