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a b s t r a c t

In this age of globalisation, decreasing synthetic resources have exhilarated global com-

munities to apply natural fibres as substitute materials for green technology development.

The growth of products from lignocellulose fibre-reinforced composites has been a wide

topic among material scientists and engineers due to their abundance, sustainability in

nature, biodegradability, and availability at low cost. A series of natural/synthetic hybrid

fibre-reinforced composites are prepared by reinforcing polyester resin as the matrix.

Natural fibres such as sugar palm/kenaf/bamboo with fibreglass/Kevlar hybrid composite

materials were used in this research to determine the mechanical and water absorption

properties. The difference between the weight content of natural fibres which were

0 (control sample), 15, 45, and 60 wt% influenced their strength of mechanical properties.

The Charpy impact and tensile test were performed following the ASTM D6110-10 and

ASTM D3039, respectively. A water absorption test in accordance with ASTM D570-98 was

also performed on three different natural fibre-reinforced hybrid composite materials to
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determine which composite had the best water resistance property. The results showed

that hybrid fibre-reinforced composite for 45 wt% kenaf fibre possessed better tensile

properties and 60 wt % sugar palm fibre performed better during the Charpy impact

strength test compared to other natural/synthetic hybrid fibre-reinforced composites. It

was concluded that sugar palm fibres demonstrated the best water resistance in this study.

© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Composite materials are made up of two or more products,

such as fibre and matrix. They are physically combined in

order to achieve the advantages of both materials while

overcoming the weaknesses of each element. Composite

materials are becoming more popular as they replace tradi-

tional materials with cheaper, lighter, stronger, and tougher

alternatives [1]. New composite material technology for

aerospace, automotive [2], wastewater treatment [3,4], elec-

trical conductive [5], medical [6] and high-performance in-

dustrial markets is demonstrated by advanced composites

[7,8]. However, it is the least in the marine field, such as boat

construction.

Natural fibre composites are environmentally friendly ma-

terials that have gained attention in the manufacturing sectors

of automotive and construction in the last decade. As a result,

many researchers’ and manufacturing industries' focus have

shifted to eco-friendly practices to reduce material costs while

preserving the environment [9e11]. The shift from synthetic

composite towards natural fibre composite has led to the cre-

ation of environmentally friendly products with biodegradable

and renewable sources. The expansion of next-generation

materials derived from renewable source materials is an

expanding field of study. When non-renewable sources are no

longer available to fulfil our needs in the upcoming century,

these materials can be used as a substitute [12].

Natural fibres generally outperform synthetic and mineral

fibres because of their low density, eco-friendliness, non-

toxicity, renewability, bio-standardisation, relative non-

abrasion, high specific strength and modulus, as well as ease

of processing [13]. Despite their numerous benefits, natural fi-

bres have a few drawbacks, including low strength, low

modulus, highmoisture uptake, and are easily combustible. To

counter this problem, a hybridisation technique is being

considered, which involves incorporating synthetic fibre rein-

forcement with natural fibres in a polymer matrix, leading to

the formation of a hybrid composite. The hybridisationmethod

allows for themodification of the composite's properties to suit

the application. Throughout most cases, hybridisation is done

to make a new class of material that maintains the benefits of

its constituent materials while overcoming some of their con-

straints [14]. To increase the physical and mechanical proper-

ties, the hybridisation of the composite is introduced

worldwide. Hybrid compositematerials are gaining attention in

many different industrial sections [15,16]. The hybridisation of

natural and synthetic fibres is an excellent method for

improving the mechanical properties and moisture resistance

of the resulting hybrid composite [17]. The hybrid composite
nowadays is highly recommended in many industries [18,19].

Recently, there has been an upsurge in global consumer inter-

est in green material concerns that substitute entirely or

partially synthetic fibre with natural fibre composites. The cost

can be partially reduced by using Kevlar and fibreglass as a filler

in the composites [20]. Based on previous reports, in compari-

son to single-fibre reinforcements, hybrid fibres in composites

can withstand higher loads [21]. The use of two types of short

fibres with different lengths and diameters in a single polymer

matrix offers some advantages over using either of the fibres

alone. The majority of researches are focused on the hybrid-

isation of natural fibres with glass fibres to improve their

properties [22].

Among the recently reported works on developing kenaf-

glass (KG) fibres reinforced unsaturated polyester hybrid com-

posite, it was found that using the sheet moulding compound

process gives the highest effect on themechanical properties. It

obtained the highest flexural, tensile, and impact strengths

from treated kenaf with 15/15 v/v kenaf/glass fibre hybrid

composite [23]. Other researchers introduced the hybridisation

between roselle fibre (RF)/sugar palm fibre (SPF)/thermoplastic

polyurethane (TPU) hybrid composites, and it was shown that

the hybridisation reduced the water absorption and increased

the thermal properties of hybrid composites [9]. Another effort

found that a combination of silica, liquid rubber, and epoxywas

used to toughen epoxy/kenaf hybrid composite for potential

automotive applications, and the mechanical properties

exhibited the highest impact and flexural strengths to a certain

extent [7]. Further studies on Kevlar/kenaf hybrid composites

reported the composites fabricated with a ratio of 78/22 that

exhibited better mechanical properties compared to other

hybrid composites [24]. Another study on epoxy matrix com-

posites reinforced by sisal/bamboo fibers by Chandramohan

et al. [25], showed an increase in mechanical strength such as

tensile and flexural properties. Another reported work

described that the engineered bamboo scrimbers were pre-

pared by impregnating bamboo bundles with phenol-

formaldehyde (PF) resin that increased the mechanical prop-

erties. Thus, to extend its application, some bamboo-based

products, such as plywood, laminated lumber, particleboard,

and fibre-reinforced polymer composites are produced and

widely used inmany areas such as furniture, flooring, building,

and civil engineering field [26].

From previous research, physical and chemical treat-

ments, as well as combinations of the two, have been used to

reduce the hydrophilicity of oil palm fibres [27]. These

methods have been thoroughly researched by Essabir et al.

[28], and Shinoj et al., [29]. Chemical treatment is widely used

in manufacturing composites because of its effectiveness.

Among the chemical treatments for natural fibres,
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Fig. 1 e Layer of composites. * Natural fibres used are sugar palm/kenaf/bamboo fibres.

Table 1 e Designation of natural fibre-reinforced
fibreglass/Kevlar hybrid composite materials.
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alkalinisation is one of the most cost-effective methods. It

removes non-cellulosic materials that cover cellulose fibres

and bind fibrils together, such as impurities, waxes, pectin,

and hemicellulose. The removal of these substances results in

a roughened fibre surface, which encourages surface contact.

The effects enhance mechanical properties by promoting

mechanical interlocking between polymers and fibres. Hy-

drothermal treatment, for example, has been used to modify

fibre surfaces, improve compatibility between fibres and

polymer matrices, and remove hemicellulose components

[27]. Several efforts have been made to improve the interface

between the hydrophilic bamboo fibre and the hydrophobic

polymermatrix. A silanisation surfacemodification treatment

was used to reduce the rate of water absorption in a bamboo-

reinforced polyester composite. Prior to silane treatment, the

bamboo fibres were mercerised to remove lignin and waxes

from their surfaces [30]. Another study by Atiqah et al. [23],

stated that to avoid high moisture absorption, the fibres were

treated after encapsulation in plastic, followed by mercer-

isation with a 6% sodium hydroxide (NaOH) diluted solution.

In this study, the use of natural fibres (sugar palm/kenaf/

bamboo) reinforced with fibreglass/Kevlar and polyester as the

matrix was studied. The 0, 15, 45, and 60 wt% of natural fibres

(sugar palm/kenaf/bamboo) hybrid with fibreglass/Kevlar were

fabricated. The effects of different weight percentages of every

natural fibre hybrid composite were investigated. The impact,

tensile, and water absorption tests were analysed. The objec-

tives of this research were to determine the physical and me-

chanical properties of three alternative natural fibres hybrid

with fibreglass/Kevlar-reinforced polyester composite mate-

rials. This experiment showed the best weight content per-

centage of each natural fibre, showing the correlation of

manufacturing defects that can affect the performance of

physical and mechanical properties and investigating the

interfacial adhesion between fibre-matrix. This fundamental

study was carried out to develop a new green composite ma-

terial in hull boat construction due to biodegradable materials

and it is not widely used in the marine field.
Percentage of materials % Designation of each
percentage loading materials

0% (Control
sample)

15% 45% 60%

Polyester þ catalyst 90 75 45 30

Natural fibres (Sugar palm/

Kenaf/Bamboo)

0 15 45 60

Fibreglass 5 5 5 5

Kevlar 5 5 5 5
2. Materials and methods

2.1. Material preparation

In this study, sugar palm and kenaf fibres were supplied by

Hafiz Adha Enterprise (Industri EnauMalaysia) and Innovative

Pultrusion Sdn. Bhd. Of Negeri Sembilan, Malaysia, while
bamboo was supplied by Hangterra Bamboo Company. Syn-

thetic fibres such as fibreglass (CSM 225) and Kevlar 29 were

supplied by MSET Inflatable Composite Corporation Sdn. Bhd.

Of Terengganu. The unsaturated polyester resin Reversol P-

9509 as the matrix was also supplied by MSET Inflatable

Composite Corporation Sdn. Bhd.

2.2. Fabrication

Firstly, the raw natural fibres which were sugar palm, kenaf,

and bamboo fibres were treated with 6 wt% of NaOH solutions

at room temperature for 3 h. After the treatment, the fibres

were thoroughly washed with running water and allowed to

dry at room temperature for 48 h. The fabrication of this

natural/synthetic hybrid composite was prepared by using

sugar palm, kenaf, and bamboo fibres, while polyester resin

acted as the matrix. The samples were prepared by different

weight percentage compositions of sugar palm, kenaf, and

bamboo fibres hybrid with fibreglass/Kevlar polymeric com-

posites such as 0, 15, 45, and 60 wt%. The hand layup tech-

nique in a steel mould was used to fabricate natural/synthetic

hybrid composites. The samples were then cured for 24 h at

room temperature. The ratio of resin and catalyst in this

research was 1:5. The polyester and methyl ethyl ketone

peroxide (MEKP) catalysts were mixed and thoroughly stirred

for about 5 min to ensure that the mixture was well mixed

before they were poured into the mould. The layer and

designation of different natural fibre-reinforced (sugar palm/

kenaf/bamboo) hybrid fibreglass/Kevlar composite materials

for different weight compositions are illustrated in Fig. 1 and

Table 1, respectively.

The provided mould measured 230 mm (length), 5 mm

(thickness), and 160 mm (width). The fibres of sugar palm,
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Fig. 2 e Fabrication process of natural fibres hybrid fibreglass/Kevlar composite materials.
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kenaf, and bamboo were cut by following the length of the

mould. To avoid the specimen from sticking to the surface of

the other mould, the steel mould was waxed and wiped. The

stacking layer of materials in the composite began with Kev-

lar, followed by natural fibres (sugar palm/kenaf/bamboo),

and lastly with fibreglass (CSM 225). To ensure that the ma-

terials were fully coated with resin, the resin was poured into

the mould alternately with the materials. To avoid voids from

forming, the surfaces of the matrix with surplus resin were

rolled, forcing air and bubbles away from the specimens. Fig. 2

shows the fabrication process of natural fibres hybrid fibre-

glass/Kevlar composite materials.

2.3. Tensile test

The tensile test was performed to determine the force

required to break a composite or plastic specimen and the

extent to which the specimen stretches or elongates to that

breaking point. The fabricated samples were cut according to

the standard tensile test which was ASTM D3039. Five repli-

cates from different natural fibres (sugar palm/kenaf/bamboo)

hybrid fibreglass/Kevlar composites in each weight percent-

age were tested and the mean values were taken. The tests

were performed in an INSTRON universal testing machine.

After tensile tests, fragments of the break specimens were

collected and analysed by Scanning Electron Microscopic

(SEM).
2.4. Impact test

The Charpy impact was performed to determine the amount

of energy absorbed by a material during fracture. The fabri-

cation samples were cut according to the Charpy impact test

and tensile test (ASTM D6110-10) standards. Five replicates

from different natural fibres (sugar palm/kenaf/bamboo)

hybrid fibreglass/Kevlar composites in each weight percent-

age were tested and the mean values were taken. The tests

were performed in an INSTRON instrumented pendulum.

After impact tests, fragments of the ruptured specimens were

collected and analysed by Scanning Electron Microscopic

(SEM).

2.5. Water absorption test

Water absorption testing was performed to study the per-

centage of water absorbed by the composite materials (Pala-

dugu et al., 2021). The fabricated samples were cut according

to the standard water absorption test ASTM D570-98. Five

replicates from different natural fibres (sugar palm/kenaf/

bamboo) hybrid fibreglass/Kevlar composites in each weight

percentage were weighed and the mean values were taken.

Firstly, the mass of samples was determined using a digital

weighing balance before they were immersed in distilled

water at room temperature. The weight of the samples was

taken every 24 h until day 15. Fig. 3 below shows how the
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Fig. 3 e The immersion of samples in distilled water.
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water absorption test was performed on the samples. The

samples were then weighed to determine the weight gain

before and after the test. Tissue paper was used to get rid of

any surface water from the samples before weighing the

mass. The following formula was used to calculate the per-

centage of water absorption:

Water absorption ð%Þ : Wt�Wo
Wo

� 100

Where,

Wo ¼ mass of the sample at the beginning.

Wt ¼ mass of the sample at different times.
3. Results and discussions

3.1. Tensile test

Because of their improved properties, natural fibre hybrid

composites are increasingly being used in a variety of fields.

This study on the hybridisation effect of natural fibres (sugar

palm/bamboo/kenaf) hybrid with fibreglass/Kevlar as rein-

forcement merits researchers' attention due to their advanced

mechanical properties. The tensile test result of natural fibres

(sugar palm/bamboo/kenaf) hybrid with fibreglass/Kevlar

reinforced composite is depicted in Fig. 4.

Three natural fibres were tested for mechanical properties

in this tensile test. This natural fibre hybrid with fibreglass/

Kevlar composites is tested in a universal testing machine

until the sample breaks and the ultimate tensile strength is

reached [31]. Fig. 4 (a) shows the result of the tensile strength

(MPa) and tensile modulus (GPa) of sugar palm fibre hybrid

fibreglass/Kevlar composite materials. The results indicated

that the tensile strength and tensile modulus of 15% of weight

content sugar palm fibres hybrid fibreglass/Kevlar composite

are 58.23 MPa and 3.53 GPa, respectively. The 15% weight

content of sugar palm showed the highest tensile strength

and modulus amongst other weight content percentages.

Meanwhile, the lowest tensile strength and modulus
represent 45% of the weight content of sugar palm fibres,

which were 45.74 MPa and 2.66 GPa, respectively. Sugar palm

fibres are available in the form of fibre bundles. Another

researcher stated that due to the non-homogeneous load

distribution in fibre bundles, fibres were not loaded uniformly,

and some individual fibres were not loaded at all. Moreover,

sugar palm fibres have different orientations, which means

that the orientation of the fibres is not consistent in only one

direction. As a result, the sugar palm fibres were unable to

successfully support the stress transferred from the polyester

matrix, resulting in the failure of sugar palm fibre composites

at lower loads [32]. The manufacturing defects in the fabri-

cation process also influence the physical and mechanical

properties of composites. A similar trend has shown that

increasing the fibre loading is necessary to achieve maximum

strength in the hybrid composite. Previous research found

that the properties of hybrid composites were primarily

determined by fibre content, length, orientation, arrange-

ment, intermingling extent, and matrix adhesion. The addi-

tion of synthetic materials into the natural fibres revealed an

increment in the tensile strength. The control sample has the

highest tensile strength and modulus because of the glass

fibre-reinforced composite, indicating a better adhesion be-

tween the fibreglass/Kevlar and polyester matrix. It is worth

noting, however, that the incorporation of glass fibre into the

sugar palm fibre composites has made the composite ductile

[32]. Apart from that, a counter from other researchers stated

that a result from previous research recorded the addition of

sugar palm fibre to form a hybrid roselle/sugar palm com-

posite caused a decrease in their tensile strength andmodulus

[33]. This could be due to poor adhesion, high void, fibre

pullouts, incompatibility, or agglomeration, all of which could

result in poor load transfer between the fibre and the matrix

[33].

From Fig. 4 (b), the result of tensile strength andmodulus of

bamboo fibres hybrid fibreglass/Kevlar composite materials

presented an increasing trend of the tensile strength and

modulus. The 15% weight content decreased after the control

sample because the control sample has higher tensile

https://doi.org/10.1016/j.jmrt.2023.04.055
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Fig. 4 e Tensile strength (MPa) and tensile modulus (GPa) of (a) sugar palm fibre, (b) bamboo, and (c) kenaf fibre hybrid

fibreglass/Kevlar composite materials.
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strength and modulus due to the glass fibre-reinforced com-

posite, indicating a better adhesion between the fibreglass/

Kevlar and polyester matrix, however, the 15% of weight

content was insufficient to produce an effective reinforce-

ment with a low percentage of fibre in the polyester matrix

due to brittle fracture [34]. The 45% of weight content showed

the maximum values of tensile strength and modulus which

was 101.07 MPa and 3.8 GPa, respectively. The 60% of weight

content bamboo fibres hybrid fibreglass/Kevlar composite

materials demonstrated decrement in tensile strength after

45%, which was 100.82 MPa. According to another researcher,

in their study on the characterisation of bamboo-fibreglass

reinforced polymer matrix hybrid composite, the mechani-

cal properties of the bamboo-fibreglass reinforced poly-

propylene hybrid systems depended on fibre weight ratios,

fibre length, and adhesion characteristics between the fibres

and the matrix [35]. The mould press method was used to

determine the results with different bamboo fibres of 3 and

6 mm, and 10e40% of bamboo fibres were loaded with and
withoutmaleated polypropylene (MAPP). They observedwhen

the bamboo fibre content was increased from 10 to 30%, the

average tensile strength only improved slightly [35].

Fig. 4(c) depicts the result of tensile strength and modulus

of kenaf fibre hybrid fibreglass/Kevlar composite materials.

The highest tensile strength and modulus are shown in the

sample of 45% kenaf fibre. The trend revealed an increment in

tensile strength and modulus and decrements of both in 60%

of weight-content fibre. The tensile strength values were

96.63, 106.41, and 93.45 MPa in samples 15, 45, and 60% of fibre

weight content. Another study found that increasing the

kenaf content in the weight of Kevlar/kenaf fibre in samples

26/74 wt% and above reduced the tensile properties of the

hybrid composites. An increase of 10 to 20 wt% in the kenaf

sample reduced hybrid composite tensile strength. A similar

trend was observed in the tensile modulus [24]. This could be

attributed to the presence of voids, as both tensile strength

and modulus decreased as void content increased. Based on

other studies, at low levels of fibre loading, thematrix was not

https://doi.org/10.1016/j.jmrt.2023.04.055
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Fig. 5 e Energy absorption of (a) sugar palm fibre, (b) bamboo, and (c) kenaf fibre hybrid fibreglass/Kevlar composite

materials.
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reinforced by enough fibres, causing the bond between the

matrix and fibre to break. The stress was more evenly

distributed and the composite strength increased at inter-

mediate loading levels (36 vol%). However, with further addi-

tion (i.e., to 62 vol%), the process became difficult with poor

results in properties due to insufficientmatrix resinwetting of

the fibres [36].

3.2. Charpy impact test

Fig. 5 (a) shows the energy absorption of sugar palm fibre

hybrid fibreglass/Kevlar composite materials. The highest

result of energy absorption of sugar palm fibre is shown in the

60% of fibre content sample sugar palm. The result revealed a

maximum of 6.35 J of energy absorbed, while the lowest en-

ergy was absorbed by the 15% sugar palm fibre sample, which

was 3.90 J. Compositematerials' impact properties were found

to be directly related to their overall toughness, which was

heavily influenced by interfacial bond strength, matrix prop-

erties, and fibre properties. Another researcher also found that

the impact strength of hybrid composites increased as the

fibre weight fraction increased. As this fraction increased,

more energymust be expended to break the coupling between

the interlaced fibres. Furthermore, the superior damage

tolerance capability and efficient crack-resisting characteris-

tics of fibreglass over sugar palm fibres had a significant
impact on this result. Furthermore, as the weight of the glass/

sugar palm fibres in the hybrid composites increased, addi-

tional impact absorption energy occurred between the fibres,

increasing the impact resistance of the hybrid composites.

Moreover, when the hybrid composites were impacted, the

glass fibres were able to withstand the high-impact load while

also absorbing a significant amount of impact energy via fibre

delamination. As a result, the energy required to start and

propagate the crack grew. Fibres play a crucial role in regu-

lating the impact resistance in fibre-reinforced composites

because they interact with the cracks formed in the matrix

and act as a stress-transferring medium. A good interfacial

region is created by the high bonding quality of the glass fibre

and matrix. This condition improves the composite system's
ability to absorb energy during fracture propagation and in-

creases the impact resistance of hybrid composites [32,37].

Fig. 5 (b) illustrates the energy absorption of kenaf fibre

hybrid fibreglass/Kevlar composite materials. The highest

energy absorbed in kenaf fibres was in the 60% fibre. It

possessed 4.72 J of the energy absorbed. The lowest of kenaf

fibre hybrid composite materials depicted in the 15% of fibre

content samplewas 2.35 J. According to a similar achievement

in other research, the level of maximum energy absorbed

attained by 60% kenaf fibre content was the highest value

under the same energy level. It might be attributed to an in-

crease in composite stiffness caused by increased fibre

https://doi.org/10.1016/j.jmrt.2023.04.055
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Fig. 6 e Water absorption properties of (a) sugar palm, (b) kenaf, and (c) bamboo fibre-reinforced hybrid fibreglass/Kevlar

composite materials.
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content in reinforced thermosetting plastics. It was

completely obvious that the composite samplewith 60% kenaf

fibre content had maximum impact strength values than the

other samples. In general, the impact energy is strongly

influenced by the percentage of fibre content. Furthermore,

low interfacial shear stress between natural fibres and poly-

mer resin may contribute to composite strength increase. In

other words, the incorporation of lignocellulosic fibres makes

the propagation of an initial crack longitudinally through the

interface following the specimen length direction more diffi-

cult [38].

Fig. 5 (c) depicts the result of energy absorption of bamboo

fibre hybrid fibreglass/Kevlar composite materials. The high-

est result was shown in the 45% of the fibre sample and the

lowest energy absorbed was shown in the 15% of the bamboo

fibre sample. The highest and lowest results were 5.64 J and

1.69 J, respectively. The 15% decrease in bamboo fibre from the

0% (control sample) sample is insufficient to produce an

effective reinforcement with a low percentage of fibre in the

polyester matrix due to brittle fracture. Another study [34]

stated that by visual analysis, a brittle fracture tendency in

specimens with 0% and 10 vol% was observed, which was

confirmed by the tested impact energy values. It showed a

higher increase of more than 6 times from 10 to 20 vol%

mallow fibres. It was perceived that the brittle fracture

mechanism by the presence of “river marks”, both in the

specimen with 100% epoxy as well as the composite with

10 vol% of fibre was present. These showed that there was no

effective reinforcement at a low percentage of fibre. It should

be noticed that, as in other works [34], an increase in average
energy values with the fibre volume fraction used in the

composite occurred. The 60% of fibre content exhibited

decrement after 45% of bamboo fibre content due to more

presence of natural fibre and more defects occurred in the

specimen. A similar outcome stated that the mechanical

properties of the bamboo-fibreglass reinforced polymer ma-

trix hybrid composite depend on fibre weight ratios and

length, as well as adhesion characteristics between the fibres

and the matrix. Numerous microfibril loadings of bamboo

were prepared. The impact strength of the composites was

found to increase with the loading of bamboo microfibrils,

reached an optimum, and then decreasedwith further loading

of bamboo microfibrils [35].

3.3. Water absorption test

The water absorption percentage increased with immersion

time and became stable after reaching saturation, and it was

also influenced by the weight content percentage of the

composite materials. The components of natural fibres

consist of cellulose, hemicellulose, lignin, pectin, waxes, and

water-soluble substances [39,40]. It is well known that nat-

ural fibre is hydrophilic because of the presence of the hy-

droxyl group. Each of the natural fibres has different

components. Among the factors to reduce water absorption

in composite materials are the chemical and physical treat-

ments of fibres. Hybridisation between a natural fibre and a

synthetic fibre in a single matrix can also improve the

physical and mechanical properties [37,41e44]. Fig. 6 shows

the water absorption percentage or weight gain in the
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natural fibre-reinforced (sugar palm/kenaf/bamboo) hybrid

fibreglass/Kevlar composite materials with different weight

content percentages which were 0 (control sample), 15, 45,

and 60 wt%.

The percentages of water absorption for all of the samples

are illustrated in Fig. 6. The rate of water absorption varied

and depended on the duration of immersions. This is due to

the different weight content percentages of natural fibres. The

high fibre content in the samples allowed more water pene-

tration into the interface via micro-cracks caused by the

swelling of fibres and the increasedwater absorption until day

15. The water uptake was faster in the beginning and became

slower when the immersion time was increased [45]. The 0%

(control sample) fibre content sample showed the lowest

weight gain percentage or water absorption since none of the

natural fibres was in the sample. The 0% (control sample) fibre

content sample reached the saturation point on day 15 which

was at 0.70% weight gain.

As observed in Fig. 6 (a), (b) and (c), many factors are linked

to the variations in water absorption such as the type of fibre,

the composition of polymer and fibre, and layering arrange-

ment [45]. From Fig. 6 (a), sugar palm fibres showed the lowest

amount of water absorbed on day 15 for 15% fibre content

which was at 2.94%. The percentage of fibre content in the

sample also influenced the water absorption or weight gain

percentage. This sample had the lowest fibre content, so the

weight gain was also the lowest among the other fibre content

percentages. From the previous research [9], it was observed

that the sugar palm fibres were used in the composite to

reduce water uptake as it has good water resistance. It was

stated that since it can reduce the water uptake of composite

materials, the combination of sugar palm fibres and other

natural fibre composites became one of the factors behind the

decline in the percentage of water absorption. Because of its

high water resistance, sugar palm fibres are used in compos-

ites to reduce water uptake. Also, the combination of sugar

palm fibre with roselle fibre resulted in a decrease in water

absorption for all hybrid composite compositions. Further-

more, sugar palm fibre is well known for its seawater resis-

tance. Because the fibre is resistant to seawater, it is

commonly used in shipping ropes [46]. Hence, in this research,

the 60% sugar palm fibre content showed decreased weight

gain after 45% of fibre content due to the presence of the op-

timum natural fibres in the composite materials that can

reduce water absorption. The 60% of fibre content sugar palm

indicated 4.12% water absorption or weight gain percentage

among other natural fibres on day 15. From this result, the

presence of natural fibres in the composite and poor impreg-

nated fibre with resin can also result inmorewater absorption

in the composites. A similar case which reported an increase

in moisture absorption content was found on other matrices

using sugar palm fibre as the reinforcement or filler. The in-

crease of sugar palm fibre incorporation increased the mois-

ture intake of the hybrid composite by up to 9% [47]. Another

study has proven that water molecules first enter the free

space of micro-voids formed by cavities and cracks in the

matrix during water immersion; at the same time, water

molecules can rapidly penetrate and diffuse along the inter-

face due to capillarity, increasing the weight of the sample

[48].
The kenaf fibres depicted the lowest water weight gain

percentage in 15% of fibre content in the composite whichwas

2.97%, as shown in Fig. 6 (b). The presence of less natural fibre

and the good bonding between fibre-matrix affected the water

uptake in the composites. The behaviour of the 45% fibre

content samples after the water immersion for 15 days was

examined. From the process of weight gain due to moisture

uptake, it was observed that the samples had a sharp linear

increase in their moisture absorption and reached a 9.26%

weight gain percentage. The weight gain percentage for 60%

fibre content was 9.39% of water absorption on day 15. The

poor wettability of resin due tomore presence of natural fibres

in the sample also affected the percentage of water absorption

or weight gain of composites. Previous research stated that

the high fibre content in the samples allowed more water

penetration into the interface via micro-cracks caused by the

swelling of fibres, resulting in composite failure [49]. The

fibreglass in this research also played a vital role in reducing

water absorption [50]. In other research [40], the water ab-

sorption behaviour of kenaf fibre-reinforced unsaturated

polyester composites was discovered to follow a Fickian's
behaviour, where equilibrium was reached at a specific im-

mersion time. They discovered that kenaf fibre-reinforced

composite had a different magnitude of absorption charac-

teristics in different solutions and that the moisture content

increasedwith immersion time. However, theweight increase

was not linear with the immersion time. Theweight increased

sharply at the start of the curve (up to 17 days of immersion),

illustrating the rapid moisture penetration into the composite

materials. This was true for all solutions considered in their

research. They stated that this phenomenon was caused by

water penetrability and capillary action, with water pene-

trating the interface through voids caused by swelling of the

kenaf fibres [40].

Fig. 6 (c) shows the bamboo fibres obtained the lowest

water absorption percentage in the 15% fibre content sample

which was at 8.74% on day 15. The 45 and 60% fibre content

samples showed that the weight gain percentage increased

linearly, which were 8.79 and 10.31%, respectively on day 15.

The treated natural fibre in this research had given better re-

sults in reducing water absorption by the composite. Alkali

treatment of bamboo fibres and silane treatment of merc-

erised bamboo fibres resulted in greater hydrophobicity and

less water absorption by the composite; lower initial rate of

water absorption and less water absorption at saturation,

according to various studies [50]. This is due to increased

wettability and adhesion. Among the possible causes of this

difference, the extraction of hemicellulose by alkali treatment

stood out because hemicellulose was thought to be primarily

responsible for water uptake due to its greater accessibility

than the crystalline regions of the cellulose [50]. Another

report stated that water absorption was reduced by alkali

treatment from 51 to 35%. Silane treatment resulted in even

more reduction.Water absorption ranged from 19 to 44%,with

bamboo composite with silane treatment absorbing the least.

The improved moisture resistance caused by the coupling

agent can be explained by improved fibre-matrix adhesion.

Alkali treatment activated inactive hydroxyl groups, resulting

in improved silane deposition and the possibility of a strong

chemical interaction between the fibre and matrix [42]. A
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Fig. 8 e Voids and fibre pull-out observed in the sample

45% of kenaf fibres hybrid fibreglass/Kevlar composite

materials.
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similar trend was reported by Widiastuti et al. [30] that at the

same temperature, the bamboo-epoxy composite absorbed

more water than the pure epoxy specimen. The water ab-

sorption of bamboo-epoxy composites varied with time for

different immersion temperatures. When considering service

application, the effect of temperature on the water absorption

process must be considered. Water sorption increased with

immersion time at all immersion temperatures.

3.4. Surface morphology

Morphological surfaces analysis determined by SEM was car-

ried out to comprehend further the relationship between

manufacturing defects and mechanical properties of natural

fibre hybrid fibreglass/Kevlar composite materials. For the

tensile test, the lowest tensile strength amongst three natural

fibres was depicted in the sample 45% of fibre content sugar

palm fibres of 45.74 MPa. This might be due to poor interfacial

adhesion between fibre-matrix. Fig. 7 below shows the

manufacturing defects that occur in the sample 45% sugar

palm fibre hybrid fibreglass/Kevlar composite materials. The

poor interfacial adhesion between the fibre and matrix

occurred in the region where the resin did not sufficiently wet

the fibres. There was a distinct gap observed between the fibre

and thematrix [38]. The other defects were also clearly seen in

the sample such as voids, misaligned fibres, and fibre pull-out.

The highest tensile strength amongst the three natural fibres

is illustrated in the sample of 45% kenaf fibres hybrid fibre-

glass/Kevlar composite materials. In Fig. 8, the least defects

were observed in the sample of 45% kenaf fibres hybrid

fibreglass/Kevlar composite materials. Fig. 8 shows obvious

voids and fibre pull-out. As previously stated, voids are typi-

cally defined as air bubbles stuck in the matrix during com-

posite fabrication, but voids can be caused by a variety of

factors. Voids can also form as a result of impurities in com-

mercial epoxy resins used for fibre-reinforced composites,

which can have a significant impact on the resin's cure

behaviour [38]. Thus, the defects that occurred in the
Fig. 7 e Poor interfacial adhesion between fibre-matrix,

voids, fibre pull-out, and misalignment of fibre observed in

the sample 45% of sugar palm fibre hybrid fibreglass/Kevlar

composites.
composite sample to some extent can impact the perfor-

mance of mechanical properties of hybrid composite

materials.

Generally, fibre content percentage strongly influenced the

impact energy of the composites. Furthermore, the low

interfacial shear stress between natural fibre and polymer

resin may lead to a composite strength increase. In certain

words, the utilisation of lignocellulose fibres presented chal-

lenges to the longitudinal spreading of an initial crack through

the interface following [38]. The Charpy impact sample also

carried out the SEM morphology test to observe the defects

that occurred in the sample. The lowest energy absorbed was

observed in the sample 15% of bamboo fibres hybrid fibre-

glass/Kevlar composite materials. Fig. 9 shows defects detec-

ted in the sample. The defects in the sample were obviously

seen such as voids, fibre pull-out, and weak interfacial adhe-

sion between fibre-matrix. The impact properties of the

composite were reduced due to more manufacturing defects

in the composites. Fig. 10 shows the SEM in the highest energy

absorption of 60% of sugar palm fibre hybrid fibreglass/Kevlar
Fig. 9 e Voids, fibre pull-out, and poor interfacial adhesion

of fibre-matrix occurred in the sample 15% of bamboo

fibres hybrid fibreglass/Kevlar composite materials.
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Fig. 10 e Voids and poor interfacial adhesion between the

fibre-matrix of 60% sugar palm hybrid fibreglass/Kevlar

composite materials.

Fig. 12 e The debonding between fibre and matrix in

specimen of sugar palm fibres hybrid

fibreglass/Kevlar composite materials after immersion.
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composite materials. The least occurred defects influenced

the highest energy absorption in the sugar palm specimen.

The example cross-section surface study of the laminated

sugar palm fibre hybrid with fibreglass/Kevlar composite after

the water sorption test is shown in Figs. 11 and 12. The cross-

sectional observation of the specimens was focused on the

interfacial of the natural fibres and the matrix. As shown in

this Fig. 11, the SEMphotograph of the cross-section surface of

the dry material indicates good adhesion between the natural

fibre hybrid composite and the polyester matrix. However,

large spaces were found in the specimens immersed in the

water. It is observed from Fig. 12 for immersion at room

temperature, that a debonding developed between the fibre

and matrix in the water-immersed specimens. The water

molecules penetrated the natural fibre laminate composite

and affects the interfacial adhesion between the fibre and the

matrix. The hydrophilic nature of natural fibre caused the

laminate composite to absorb more water. The sugar palm

fibre hybrid with fibreglass/Kevlar composite in Fig. 12 shows

that the water uptake caused swelling of sugar palm fibres.

The swelling created micro-cracks in the polymer matrix and

eventually led to debonding between the fibre and the matrix.

The sorption-induced swelling stress may also lead to
Fig. 11 e Dry specimen of sugar palm fibres hybrid

fibreglass/Kevlar composite materials.
composite failure, delamination and loss of structural integ-

rity, especially due to varying liquid content within the ma-

terial [30].
4. Conclusions

This study was conducted to discover the tensile, impact, and

water absorption properties that identify the tensile strength,

tensile modulus, energy absorption characteristics, and water

uptake percentage of different natural fibres, which are sugar

palm/kenaf/bamboo fibres hybrid fibreglass/Kevlar reinforced

with a polyester matrix. The tensile test amongst three nat-

ural fibres showed that the highest tensile strength and ten-

sile modulus were depicted in the sample of 45% kenaf fibres

hybrid fibreglass/Kevlar composite materials. It revealed

106.41 MPa of tensile strength and 5.17 GPa for tensile

modulus. The highest impact properties, which is the deter-

mination of the highest energy absorption were shown in the

60% sugar palm fibre hybrid fibreglass/Kevlar composite

sample amongst the three natural fibre composites, which

was 6.35 J. The water absorption result showed the least

weight gain in the sugar palm fibres hybrid fibreglass/Kevlar

composite materials. It demonstrated the result of a 2.94%

water absorption percentage. The least water absorption

percentage showed the best water resistance for the material

composites. Some of the factors that affect the performance of

natural fibre hybrid composite materials were uneven

dispersion of fibres in the specimen, causing the region that

was poorly wetted with resin to experience fibre pull-out, and

when the load is applied to the composite surface, composite

failure will likely occur. The composite also experienced

manufacturing defects due to weak interfacial adhesion,

voids, misaligned fibres, and fibre pull-out that directly influ-

enced the performance of tensile and impact properties.

Furthermore, manufacturing defects in the composite must

be taken seriously because they significantly affect the phys-

ical and mechanical properties of the composites. A good

composite primarily consists of the fewest manufacturing

defects. The highest manufacturing defects discovered in

composites during fabrication significantly reduced tensile
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and impact behaviour results and indicated high water ab-

sorption results.
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