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Abstract
Over several years, increasing environmental awareness and the reuse of waste materials have shown great interest in recent days
due to their superior properties and applications. An attempt was made to generate a material called “bio-hybrid composite” for
which applications like ropes and mats. In the present work, coconut and banana fibers are used as biodegradable composite
fibers. The sodium hydroxide was used as treatment to clean coconut and banana fibers to remove impurities, and hence it is
essential now in industries. This type of material meets all the requirements, and many industries are looking for more eco-
friendly materials that produce higher strength, light weight, and low material cost. The mechanical properties and the wear rate
are improved by the addition of 10% of banana fiber. Efforts to develop the advantages offered by renewable resources are
beneficial not only to the environment but also to the industrial sectors.
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1 Introduction

The rate of interest for natural fiber-reinforced polymer com-
posite products is expanding rapidly, both in terms of their
commercial applications and also in terms of the research
study. These are inexpensive, fully or partially recyclable,
and also eco-friendly. In addition to timber, plants such as
kenaf, sisal, flax, cotton, hemp, pineapple, and banana have
been used as a resource of lignocellulosic fibers for a long
time. They are typically used as the reinforcement of compos-
ites. Their renewability, low density, and also price along with
sufficient mechanical characteristics make them an appealing
eco-friendly option to glass, carbon as well as manufactured
fibers, which are used for the production of composites. The
environment friendly atmosphere for the future has initiated
the investigators with a raised rate of interest to go with an
option for synthetic fiber products that have been expanding

over the last few years. The manufacture and also use of en-
hanced natural composites have not begun yet for commer-
cialization widespread [1]. The natural fibers are conveniently
offered and are abundant in nature. To acquire the form of
fibers as well as to make into composite products is not a
difficult task due to the fact that it uses a small quantity of
input power. Hence, the composite with high strength and low
density are to be fabricated. The natural fiber including com-
posites are much more eco-friendly, and also are used in trans-
port (vehicles, train, and also aerospace) armed forces appli-
cations, structure and also building and construction markets
(ceiling paneling, dividing boards), product packaging as well
as custom products. Aruan Efendy and Pickering [2] reported
that sisal fiber was found to be 25% weaker in untreated con-
ditions than hemp fiber, and that a tough treatment was re-
quired to produce a fiber separation that was believed to have
been due to the higher lignin content of its composition. They
also observed, in contrast to untreated fibers, that the crystal-
linity index (CI) for all treated fibers increased significantly.
Researchers also concluded that improved thermal stabilities
were achieved by applying alkaline therapy, leading to more
homogeneous cellulose content with narrower peaks in DTA
thermograms. Faruk et al. [3] investigated the effect of basalt
fiber hybridization on the damage tolerance ability and harm
resistance of hemp fiber–enhanced composites through both
quasi-static and incremental flexural testing after impact load.
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They concluded that this work confirms concerns over the low
speed impact resistance of laminates from natural fiber. Both
residual characteristics are significantly enhanced when hy-
bridized in the sandwich configuration, with a lower strain
to failure fiber (basalt) and damage tolerances in the resulting
compounds, even though the sudden failure of the hemp fiber
core may be a limiting factor in their use, especially in high
energy effects. Mahato et al. [4] found that designers use flax
and hemp fibers increasingly as composite enhancements.
Researchers concluded that combining technical advantages
and attractive non-technical features, flax and hemp fiber
composites are increasingly used in consumer goods. A timely
response to the needs of composite industries, the many new
models of flax and hemp fibers that have recently become
available on the market would definitely accelerate the emer-
gence of flax and hemp composites. Ahmed et al. [5] stated the
properties of kenaf fiber in the fiber composite field of tech-
nology. We concluded that chloride-containing clean water is
not recommended for water recovery. Results from the analy-
sis of the data using the “method of conformity with the pro-
cess,” “the averaging method,” and “the regression” indicate
that the results are very similar. The tensile strength of kenaf
fibers also decreased by increasing the concentration level and
immersion time of NaOH solutions. Balaji et al. [6] studied
reinforced polyester composites in jute/sisal/glass fiber. The
mechanical characteristics of the hybrid composites, including
bending strength, tension, and toughness, have been evaluat-
ed. Scanning electron microscope also examined the interface
properties, internal cracking, and internal structure of the bro-
ken surfaces. The results showed that the integration of GFRP
composite jute/sisal fiber enhances properties and can be used
as an alternative material for glass fiber–enhanced polymer
composites. The mechanical characteristics of sisal-
reinforced polymer composites have been investigated by
Morassaei et al. [7]. Fiber is mostly undergoing several chem-
ical treatments, including glycidyl methacrylate, alkalization,
titanate strontium, and acetylation, in order to improve the
adhesion of fibers to polymers which lead to improvements
in thermal stability, mechanical characteristics, and water ab-
sorption. The increase in the content of fiber contributes to
better mechanical characteristics, but the hydrophilic character
of natural fiber leads to greater water absorption. The direction
to future work is also explained by manufacturing methods in
order to optimize fiber/polymer composite mechanical prop-
erties. The mechanical properties of polylactide composites
were tested by Razi et al. [8] as a result of modifying sisal
fiber with two separate macromolecular coupling agents.
Injection molding prepared polylactide composites reinforced
by sisal fiber, and dynamic mechanical analysis studied the
properties of composites. Results from mechanical tests
showed that surface-treated sisal fiber–reinforced composite
offers better mechanical properties than untreated polylactide-
reinforced composite. The images from the results of SEM

showed that surface modifications enhanced the adhesion of
the matrix of sisal fiber and polylactide. The properties and
applications of glass fiber composites have been studied by
Zinatloo-Ajabshir et al. [9]. There are discussions on the me-
chanical, environmental, thermal, vibrational, chemical, and
tribological characteristics of glass fiber–reinforced polymer
composites. The application includes electronics, mechanical,
maritime, aerospace, and medical technologies.

The main objective of this research work is to examine the
mechanical and tribological properties of the polymer com-
posites, which are strengthened by natural fibers using coco-
nut and banana. Tensile, flexural, and also toughness is con-
sidered as the primary standards to determine the mechanical
characteristics. The compression molding method of fabrica-
tion is used for preparing the composites.

2 Experimental details

2.1 Raw materials

In this study, coconut and banana reinforcements are used for
the production of composites. Matrix material selected for
composite production is cardanol formaldehyde (CFR) resin
[10]. The fibers used for composite manufacturing are shown
in Fig. 1. The physical properties of coconut and banana fiber
are shown in Table 1.

2.2 Surface treatment of natural fibers

Treatment of fibers is the essential importance in industries. It
is not a new process, but this process makes the resistance of
fiber improve. The sodium hydroxide was used to clean co-
conut and banana fibers for 8 h. The warm water is utilized to
free the treated fibers from dirt. However, finally fibers are
dehydrated in space temperature level for 2 days [11].

2.3 Mixture of cardanol resin from cashew nut shell
liquid

The process of treating surface heat is essential for improving
adhesion between the matrix and the fibers. For cleaning/
bleaching fiber surface, sodium hydroxide (NaOH) solution
is used. The NaOH solution disperses fascinating particles
such as coconut and banana throughout 8 h. The distilled
water washed the treated fibers to neutralize sodium hydrox-
ide excess. Thus, both banana and coconut fibers are dried for
48 h before the composite synthesis [12]. The following steps
for the preparation of Formaldehyde resin is given below:

& Cashew nut shell liquid (CSNL) + ammonium hydroxide
(NH4OH) treated at temperature of 60 °C/400 rpm for
30 min. CH2O is heated at 70 °C/400 rpm for 1 h.
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& Dark brown color is (unreacted resin) taken as top, and
mud-colored (reacted resin) is taken as bottom in separate
bowl.

& Mud-colored is kept in oil bath, maintained at temperature
of 110 °C and stirred at 400 rpm for 2 h. The solution ethyl
acetate (C4H8O2) is used to extract water (H2O) and to
eliminate of water done by treating the resin with sodium
sulfate for 10 h.

& Cardanol resin (thick solution) is obtained. Hence, it was
cooled and procured for further analysis.

2.4 Fabrication of biodegradable composites

For preparation of bio-hybrid composites, compression mold-
ing technique is employed in planning the experiments for this
work which involves reducing the disparity and create net
shape. The compression molding technique is used in the
present work to prepare hybrid composites and a 300 ×
300 × 300 × 3-mm rubber mold is taken. Cardanol and epoxy
resin differ in a funnel ratio of 3:8:1 once combined with a
connecting agent and are effectively stirred for 15 min.
Meanwhile, coconut and banana fibers are thoroughly mixed

and added to the matrix [13]. The compressed pressure in the
molding process is taken as 100 kgf/cm2, and 50 °C temper-
ature is chosen for 40 min. The preparation of hybrid compos-
ites is presented below, and the length of the fiber is taken as
10 mm. Figure 2 shows the steps involved in the preparation
of bio-hybrid composites in the flow diagram.

& Sample 1 — carnol + 10% coconut
& Sample 2 — carnol + 10% coconut + 5% banana
& Sample 3 — carnol + 10% coconut + 10% banana
& Sample 4 — carnol + 10% coconut + 15% banana

2.5 Tribology test

From the composites, specimens of size 10 × 10 mm were
prepared. Testing was done on pin-on-disk tester as per
ASTM (G-99) standard on the specimen. The tester has a
counter face (EN 31 steel disk) which gives wear loss on the
sample [14]. To simulate loading conditions, a set of dead
weights on the other end to act as a loading pan was loaded
with various loads. The tribology test was made from weight
loss measurement at room temperature by taking five different
loads from 10 to 40 N, and a sliding speed is taken as 1–4 m/s
with a sliding distance taken as 300–1200 m. Wear loss was
measured and coefficient of friction have been recorded
through digital tachometer for each sample. The wear test
conditions are labeled in Table 2.

Fig. 1 (a) Before treatment of
coconut and banana fiber. (b)
After treatment of coconut and
banana fiber

Table 1 Physical properties of coconut and banana fiber

Properties Coconut fiber Banana fiber

Moisture absorption (%) 5.11 4.2

Water absorption 310 306

Young’s modulus 39 35

Diameter of fiber 1.5–2.6 0.1–2.6

Color Brown Creamy-white
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2.6 Characterization of mechanical properties

The microhardness test was conducted by taking 80 N of
load with a length of 10 cm in accordance with ASTM E
384 standards [15]. Samples are cut (10-mm long and 5-

mm dia) to check Vickers microhardness, and average
values are reported from each composition. The analysis
of tensile is usually performed on flat samples. The mea-
surements were conducted on a computerized ultimate
tensile testing machine in a standard ASTM D 3039-76
with a load of 300 kN and 15 s [16]. All samples are cut
with a 10-mm wide rectangular shape and a total measur-
ing length of 120 mm. To examine flexural strength, all
specimens undergo short beam shear tests at room tem-
perature. The flexural strength is carried out according to
the requirements of ASTM D 59436-96 [17]. The rectan-
gular form of all the samples was 25-mm wide, 100-mm
long, and 4-mm thick. In this investigation, 40-mm span
length and 1-mm/min crosshead speed was taken. This
experiment holds the temperature and humidity at 22 °C
and 50%, respectively. The following formula (1)

Fig. 2 Preparation of bio-hybrid composite

Table 2 Wear test conditions

Material Specifications

Track radius 55–100 mm

Temperature Room temperature

Loads 10–40 N

Sliding speed 1–4 m/s

Sliding distance 300–1200 m

Disk material EN 31 steel disk
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conducts the flexural strength (FS).

Flexural strength FSð Þ ¼ δPL
2bt2

ð1Þ

2.7 Preparation of bio-hybrid composites

Mechanical and tribology were evaluated on bio-composites
by considering different weight fractions. Scanning electron
microscopy was also examined for the morphology of the
fracture surface. The bio-composites are processed, chemical-
ly etched, and mechanically polished using Kroll’s reagent (an
85-ml H2O, 5-ml HNO3, and-10 ml HF mixture). After the
tribology test is completed, each specimen is analyzed using a
scanning microscope.

3 Results and discussion

3.1 Initial microstructure analysis

To develop tribological and mechanical properties, banana
and coconut with CFR resin were investigated and developed.
The basic need for experimentation is the search for appropri-
ate increasing media in the inhibited growth environment.
Banana has become increasingly popular in Asia especially
in India [18]. Plant-based natural fiber such as coconut has
provided the composite with high strength and efficiency
transfer between matrix and fiber. The toughness and mechan-
ical properties of this type of fiber was improved. Initial co-
conut and banana fiber microstructure are presented in Fig. 3.
The length of fibers is taken as 10 mm.

3.2 Mechanical characterization

3.2.1 Tensile strength

Tensile testing is an essential substance in material sci-
ence. The tensile, flexure, and impact properties of bio-
composites were investigated by Saw et al. [19]. The ten-
sile and impact properties were improved by increasing
the percentage of coconut fiber. Similar observations were
made by Stalin and Athijayamani [20]. Onuegbu et al.
[21] suggested that banana fiber increases were due to
the increase in tensile strength. At present, however, the
creation of more interfaces in the matrix adds 10% coco-
nut, and 10% banana fiber up to 56 MPa are responsible
for achieving high tensile strength. Improved reinforce-
ment material tends to improve the strength. The tensile
strength goes downfall when the banana adds 15%, and it
is reached to 47 MPa which is presented in Table 3.
Mixing of banana and coconut fiber with CFR helps to
enhance tensile strength; it is ideal for homemade
products.

3.2.2 Microhardness

The microhardness is performed with a Shimadzu
Microhardness Tester for all samples. Three measurements
are made at different locations on each specimen, and average
values are presented in Table 3. Similar to the matrix due to the
introduction of reinforcement particles, the hardness is in-
creased. There has also been an improvement in hardness with
a rise in the weight of banana fibers. The solid reinforcing
particles carry loads, and therefore it reduces the distortion
and strength of the composites [22]. Similar hardening

Fig. 3 Initial microstructure of (a)
coconut and (b) banana fiber

Table 3 Mechanical properties of bio-composites

Material Microhardness (HV) Tensile strength (MPa) Yield stress (MPa) % elongation in GL of 60 mm Flexural strength (MPa)

Sample 1 26 35 21 1.20 62

Sample 2 32 41 29 1.19 70

Sample 3 51 56 40 1.11 89

Sample 4 43 47 31 1.16 81
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behavior was documented in earlier studies, with an increas-
ing weight fraction of coconut fiber [23]. The microhardness

of 10% of banana is obtained as 26 MPa. The higher hardness
at 51 MPa was achieved because 10 wt% (banana fiber) was

Table 4 Comparison of different investigations

Authors Experimental setup Sliding conditions Percentage composition Wear rate (10−3 mm3/m)

Maya et al. [28] Pin-on-disk S = 2 m/s
L = 30 N
S = 3 m/s
L = 40 N

Epoxy resin + 5% sisal
Epoxy resin + 10% sisal
Resin + 15% sisal

0.0013
0.0011
0.0009

Johnson et al. [29] Pin-on-disk S = 1 m/s
L = 10 N
S = 1 m/s
L = 20 N

Vinyl ester resin/
4% (resin/banana)
Vinyl ester resin/
6% (vinyl ester resin + banana)

0.0012
0.0090
0.0017
0.0015

Present authors Pin-on-disk S = 1 m/s
L = 10 N
S = 3 m/s
L = 20 N
S = 2 m/s
L = 30 N
S = 4 m/s
L = 40 N

Carnol/10% coconut
Carnol/10% coconut–5% banana
Carnol/10% coconut–10% banana
Carnol/10% coconut–15% banana

0.0014
0.00012
0.0009
0.00011

Fig. 4 Sliding wear behavior of (a) coconut-banana fiber content, (b) applied load, (c) sliding speed, and (d) sliding distance
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applied with CFR rises relative to other tests. Higher hardness
as the reaction time for the fiber material increases contributes
to a further improvement of the fine grain structure.

3.2.3 Flexural strength

The bending strength is increased by 50% by growing rein-
forcement particles conducted by Das and Biswas [24]. Bio-
composite samples were tested in the 3-point bending process.
Test results were analyzed according to ASTM standards [25]
to determine the bending strength and stiffness values for each
composite system at a fiber volume fraction of 0.5. Flexural
properties for the bio-hybrid composites were studied. It can
be seen that the experimentally determined bio-composites
flexural properties are lower than the tensile properties report-
ed in the previous section of this report. The maximum flex-
ural strength of the sample is increased from 62 to 70 MPa as
presented in Table 3. The increase in the flexural values for the

reinforcement of 10% (banana-coconut) fiber compared with
the other composites up to 89MPa is mainly due to the greater
interaction between the banana and coconut fibers with CFR
resin. This leads to greater stiffness against flexure in the hy-
brid composite [26]. Hence, low flexural strength has ob-
served due to addition of 15% of banana. Therefore, the bio-
hybrid composite CRF/10% (banana-coconut) has high flex-
ural strength compared with other composites. For all me-
chanical tests, two samples were taken for each composition,
and average results are noted and presented in Table 3.

3.3 Tribology behavior

The wear properties are examined and also contrast of previ-
ous investigations based on the 3 dimensions like presented in
Table 4. The relocating wear velocity of bio-hybrid compos-
ites is determined on EN 31 steel disk. The wear rate of bio-
hybrid composite is obtained (for sample 1, 2, and 3) as 1.1 ×

Fig. 5 Coefficient of friction for (a) coconut-banana fiber content, (b) applied load, (c) sliding speed, and (d) sliding distance
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10−3, 0.8 × 10−3, and 1.3 × 10−3, respectively. Hence, the low-
est wear rate is observed as 0.5 × 10−3 (for sample 3), attrib-
uted to high resistance and low porosity makes the product
stronger. Similar findings were observed by Rao et al. [27] on
coconut as well as banana fiber based on a various loads
variety of 10–30 N with a sliding rate of 1–3 m/s. For that
reason, the CFR with 10% (coconut-banana) bio-hybrid com-
posite exhibit a lower wear rate, and superior wear resistance
was compared. This type of product is efficient in the appli-
cation such as handbag, rug, and also circulation treatments.

3.3.1 Effect of applied load, sliding speed, and sliding
distance on wear loss

The wear loss varied by applying different loads of 10–40 N
with a sliding speed of 2 m/s, and a sliding distance of 300 m
is shown in Fig. 4 for all compositions. The weight loss con-
siderably increases at initial load and however, the wear loss
tends to increase due to addition of banana fiber content as
shown in Fig. 4b.While, addition of 10% reinforcement fibers
at load 20 N, lower wear loss is exhibited and gradually it will
increases due to increase load up to 40 N. The lower wear loss
is observed at all sliding condition, while addition of 10%
(coconut-banana fiber) reinforcement, and is shown in Fig.
4c. Kumar et al. [30] examined the properties of bio-hybrid
composite and it was proved by addition of fiber content hard-
ness is increased to 129 MPa. The coconut fiber taking at
different weight fractions were identified by Rao and
Gupta [31], however increasing coconut fiber (above 15%)
contents tend to reduce the wear rate. Hence, further addition
of 15% reinforcement fiber lead to increase the wear loss and
also reduce the wear rate and is shown in Fig. 4d. Therefore,

CFR/10% banana-10% coconut fiber bio-composite exhibits
better results as compared with other compositions.

3.4 Investigation of coefficient of friction (COF)

3.4.1 Effect of applied load on friction

Figure 5b shows the rubbing curves associating for all speci-
mens at tons of 10–40 N at a rate of 2 m/s and a sliding
distance of 300 m. The graph shows that for all structures at
a load of 30 N, with rise in sliding velocity leads to boost the
efficiency of friction. This is because the region of direct con-
tact is rising and to a change in the surface temperature
resulting in an increase in frictional strength. As shown in
the curve graph, the sharp peaks at the lower load (10 N) are
caused by the wear debris abrasion [31]. The friction is unsta-
ble at high load (40 N) and tends to enhance the friction and
cause cracking on the surface of the material. The addition of
10% showed a low coefficient of friction as the content of
banana fiber increased and the high material durability with
an excellent combination of strength increased.

3.4.2 Effect of sliding speed on friction

Variation of bio-hybrid composite of COF is performed at
distinct sliding speeds (1–3 m/s) with 20-N constant load
and 300-m sliding distance is shown in Fig. 5c. At first,
the COF in sample 1 is high due to low resistance to
weight, and therefore the friction decreases by up to
10% relative to the CFR with banana and coconut fiber
at all sliding speeds. As a result, the high lubrication po-
tential of banana fiber (at higher speed) is not maintained
due to an increase in temperature. In addition, the

Fig. 6 Surface morphology of (a)
CFR/10% coconut, (b) CFR/10%
coconut-5% banana, (c) CFR/
10% coconut-10% banana, and
(d) CFR/10% coconut-15%
banana hybrid composites
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temperature increase may be due to an increase in inter-
face asperity communication. A similar finding has been
recorded by Khan et al. [32]. The SEM analysis of exam-
ples taken at a higher rate has actually revealed that de-
lamination wear rises and thus causes the rise in rubbing
coefficient.

3.4.3 Effect of sliding distance on friction

Figure 5d shows that the friction coefficient is high be-
cause of plastic deformations that trigger delamination
and also breaking on a product surface. Nonetheless, the
friction is calculated by taking 4 different moving ranges
and also a moving speed with a continuous lot, respec-
tively. The abrasion occurred at the beginning (300 m)
when the pin can be found between 2 surface areas, en-
hancement of 5% banana. Addition of 10% leads to low
rubbing and tends to reduce wear particles as well as a
smooth surface area as a result of the enormous effect on
wear resistance [33]. The sensation is observed that the
rubbing of bio-hybrid composite products is enhanced by
the addition of fiber fragments. Further addition reinforce-
ment particles (15% banana) results in greater friction
coefficient. Due to the reality that fibers are promptly
gotten rid of from the base, scratching induces fracturing.

3.5 Surface morphology of bio-hybrid composites

A scanning electron micrograph (SEM) was used to study
the morphological appearance of the surface using the
Carl Zeiss Sigma 300 microscope. SEM was analyzed in
order to identify the effect of coconut and banana fiber
with CFR composites; the micrographs are shown in
Fig. 6a. The CFR-enhanced coconut and banana fiber
can be seen in Fig. 6b as a strong interface between the
matrix and reinforcement particles. In the CFR resin, the
banana fiber is exfoliated as shown in Fig. 6c, this is due
to the strong uniform fiber distribution [34]. The thinner
platelets between 20- and 150-nm long are made of coco-
nut and banana fibers that were observed from the micro-
structure. While addition of 15% banana and 10% coconut
with CFR is identified as high agglomeration due to low
fiber concentrations applied to the matrix. The agglomer-
ation creates microcracks and fractures inside the compos-
ite due to poor distribution in the matrix as shown in Fig.
6d. Arsyad et al. [35] found a similar morphology for bio-
composite samples (using compression molding).
Specifically, adding banana fiber result in improving ma-
terial properties. Therefore, bio-hybrid composite CFR/
10% (coconut-banana) displayed a smooth surface relative
to other materials.

Fig. 7 EDS analysis of (a) CFR/10% coconut, (b) CFR/10% Coconut-5% banana, (c) CFR/10% coconut-10% banana, and (d) CFR/10% coconut-15%
banana hybrid composites
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3.6 Energy dispersive X-ray analysis

To identify structure property and chemical elements in mate-
rial were performed by EDX (energy dispersive X-ray analy-
sis). Figure 7a displays the mapping of Ca, O, Si, and C (for
sample 1) bounded by particles of filament. The particles are
sampled from a batch in which CFR resin has soaked fiber
[36]. Ca, O, and Si elements are observed due to the addition
of 5% banana fiber (sample 2). Themolecules of Si and Ca are
bounded by CFR resin and are shown in Fig. 7b; there is a
mapping of silica. In addition to banana fiber content up to
10% (Fig. 7c), chemical elements such as Ca, C, and Si are
enriched in CFR resin when forming a new surface layer that
tends to increase substrate hardness [37]. The addition of 15%
banana fiber (sample 4) causes Si and Ca elements to collapse
owing to high porosity and is shown in Fig. 7d. However, this
results in a cracking surface and thus reduces the strength of
the material [38]. Hence, bio-hybrid composite CFR/10%
(coconut-banana) exhibits high levels of silica and calcium
carbide compared with other composites.

4 Conclusion

During recent days, it has become important to involve the
advancement of novel technologies, and an attempt was made
to reduce material cost by making bio-hybrid composites. In
the present research work, the use of CFR as a matrix is used
as fillers in the design of biodegradable composites. This type
of material meets all requirements such as higher strength, low
material cost, and easy to handle.

& Microhardness is improved by adding 10% hybrid com-
posite relative to other composites. The improved micro-
hardness is due to good wettability and a higher rate of
fiber content.

& Enhanced tensile and flexural strength by adding coconut
and banana fiber reinforcement with CFR resin. The exis-
tence of high silica and carbon content is attributed to the
increase of tensile strength.

& Adding 15% banana fiber results in pores and voids being
formed. However, it will reduce the mechanical properties
and provide low wear resistance.

& At all sliding conditions, addition of 10% bio-hybrid com-
posite exhibits low wear loss and improved friction
coefficient.

& The pore-free compact layer was observed on the worn
surface of the neat specimen (10% bio-hybrid composite),
and this was confirmed from microstructure images.

& Therefore, CFR/10% (coconut-banana) hybrid composite
reinforced shows wear rate improvement than the pure
resin. Further research has to be done by changing diam-
eter of fibers.
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