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The article presents the results of a complex comparative analysis of the abrasive wear resistance of tools made of
X153CrMoV12 steel after different heat treatment variants. These investigations aimed to select the most durable material
for application in tools forming a mass band in the production of ceramic roof tiles. The tests included the determination of
resistance to abrasive wear in ball-on-disc tests, hardness measurements, and microstructure analysis, including the assessment
of changes occurring in the subsurface area, as well as impact tests (at a working temperature for the tools of 50◦C). The
comprehensive test results showed that the best effects of increasing the resistance to abrasive wear can be obtained through a
heat treatment that consists of hardening at 1020◦C and then tempering at 200◦C for about 2 hours. The next stage of research
will be to compare the results obtained with another popular material for tools for the production of roof tiles – Hardox steel,
which is characterized by high resistance to abrasive wear.
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1. Introduction
Currently, one main focus of the development

of machine construction is the optimization of
machine parts in terms of their resistance to abra-
sive wear. The phenomenon of intensive abrasive
wear is encountered in many branches of industry,
most prominently the extractive, concrete, cera-
mic, and metallurgical industries [1, 2]. Abrasion
is also a very important consideration during the
performance of machines and devices for earthw-
orks, which applied in agriculture and construction
[3, 4]. Additionally, because of progress in the
development of environmental protection, much
research is conducted with the aim of prolonging
the operation time of machines in direct contact
with the materials used in waste recycling, e.g.,
metal shredder blades, transportation containers,
and so forth. [5]. Excessive wear of machine
parts negatively affects the entire production and
technological process. An especially aggressive
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working environment is encountered in the cera-
mics industry, particularly on roof tile production
lines, where key machine elements regularly come
into direct contact with the processed material,
whose main components are clay, quartz sand, and
ground crushed brick [6]. The most intensive abra-
sion occurs in the process of band extrusion, where
the production mass is mixed, homogenized, ven-
ted, and formed [7]. This process is currently
realized in horizontal band plungers, which are
made up of a two-shaft mixer and a pug mill [8, 9].
The production mass processed by these mach-
ines is at a humidity level of 20%–25% and is
compressed in the pug mill head under 2–10 MPa
of pressure. The product at this stage of produ-
ction is an extruded band that is formed by a
set of two special tools (plates) which are expo-
sed to especially intensive abrasive wear and an
increase in working temperature [10]. This is the
effect of the direct contact of the tool with the
processed material and the high pressure exerted
during the band extrusion. The working conditi-
ons present in the band extrusion process require
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This paper highlights the results of an experimental study on the preparation and characterization of Luffa cylindrica fiber
(LCF) and groundnut shell particle (GSP) reinforced phenol-formaldehyde (PF) hybrid composites. The amount of LCFs was
fixed at 25 wt%, while the amount of groundnut shell particles ranged from 0 to 25 wt%. Observations were made regarding
the water absorption and thickness swelling behaviour of prepared hybrid composites. In addition, the mechanical behaviours
of hybrid composites have been studied under both dry and wet conditions. In comparison to dry conditions, the mechanical
properties of the hybrid composites were lower when they were wet. Hybrid composites comprising 25% Luffa cylindica fibre
and 15% groundnut shell particle (25LCF/15GSP) exhibit the highest level of mechanical properties under both conditions.
The percentages of water absorption and thickness swelling increase as groundnut shell particles increase. The composite
25LCF/25GSP exhibited the highest percentage of water absorption and thickness swelling. Compared to date palm leaf (DPL)-
reinforced composites, 25LCF/15GSP showed more significant mechanical and physical properties. We concluded that the
inclusion of groundnut shell particles in LCF/PF composites substantially improved the mechanical properties of the hybrid
composite. The range of increment, however, was narrower under moist conditions compared to dry conditions.
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1. Introduction
In recent years, the use of biologically nat-

ural fibres and particles as reinforcements for
thermoplastics and thermosets has gained increas-
ing attention. A great deal of research has been
conducted worldwide on the utilisation of natu-
ral fibres (banana, Roselle (Hibiscus sabdariffa),
coir, etc.) and particles (coconut shell particles,
groundnut shell particles, etc.) as reinforcing mate-
rials for the manufacture of various polymer com-
posites. Bio-natural cellulose fibres and particles
have a variety of advantages over synthetic fibres
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and particles, including low cost and density,
superior mechanical characteristics, greater spe-
cific strengths, lower impact on the environment,
and lower levels of health hazards and power
usage. Additionally, they have a high level of hard-
ness [1–3].

Among the many types of organic fibre, the
porous cucumber, or Luffa cylindrica, is a typi-
cal material that belongs to the cucurbits species
and can be found in a variety of locations in
South India. Due to its complex fibre structure,
dehydrated Luffa berry typically takes the form of
interwoven mats. Since the organic Luffa cylindrica
mat possesses remarkable strength, toughness, and
load-bearing capability, it has been successfully
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utilised as a naturally accessible fibrous substance
in the mechanism of removing hazardous chemi-
cals from wastewater. This harvest has the poten-
tial to boost the economies of emerging nations
like India. Luffa cylindrica fiber (LCF), like other
natural fibers, comprises cellulose (57.51%), hemi-
cellulose (29.47%), lignin (20.45%), and extracts
(8.83%) [4]. Numerous researchers have been
studying LCF-reinforced polymer composites with
the objective of characterizing their properties [5–
9]. The effects of alkali treatment on the mechan-
ical properties of an LCF-reinforced epoxy com-
posite were studied by Sathish Kumar et al. [10].
The mechanical properties of the composites were
found to be improved by the alkaline treatment
compared to the glass fibre reinforced polymer
composite. Mehra et al. [11] studied the influence
of LCF and coir fibre contents on the mechanical
and water absorption properties of epoxy compos-
ites. The results demonstrated that coir increases
tensile and impact strength while LCF content
increases flexural strength. When the LCF and coir
fibre content were both the same in weight, the
moisture resistance was maximized.

Moreover, India is the world’s second largest
groundnut producer. Groundnut is India’s most
important oilseed in terms of production. The
shell composes around 25% to 35% of the pods
in groundnut. The groundnut seeds comprise the
remaining portion (65%–75%). Every aspect of
the groundnut is commercially beneficial. The
shell of the oil-rich peanut is a waste portion
that holds lot of energy and can be used as a
biomass fuel. The groundnut shell is a natural plant
particle that is employed in the development of
macro- to nano-particles products. The groundnut
shell contains cellulose (35.7%), hemicelluloses
(18.7%), lignin (18.7%), and other compounds
(5.9%) [12]. Several researchers have attempted
to use groundnut shell particles as reinforcement
fillers in polymer matrix composite [13–15]. The
ground nutshell powder improves the strength of
recycled polyethylene materials and also improves
the bio-degradability [16]. The hybridization of
rice husk and groundnut shell particles exhibit
better strength [17]. Waste groundnut shell par-
ticles and coir fibre-reinforced epoxy composites

were developed, and their mechanical properties
were examined by Potadar and Kadam [18] based
on an alkali treatment. The study concluded that,
in terms of mechanical qualities in particular,
coir fibre composites are superior to groundnut
fibre composites. Nyior et al. [19] investigated the
mechanical properties of composites made of raffia
palm fiber and groundnut shell particulate/epoxy
(RPF/GSP/E). Hand lay-up was used to make the
hybrid composite with additions of 10% to 50%
of RPF and ground GSP in a ratio of 1:1. The
mechanical characters of polylactide composites
improved significantly from reinforcement with the
groundnut shell particles [20]. Groundnut shell
particles and its derivatives were found to be a sus-
tainable material for construction applications [21].
The best mechanical properties were found in
the RPF/GSP/E composite with a 40% loading.
Based on the literature, LCFs, and GSPs were
employed to reinforce PF in this study to create
LCF/GSP/PF hybrid composites. The mechanical
properties of the composite, including tensile, flex-
ural, and impact behaviour, as well as water absorp-
tion behaviours, are investigated on the basis of
the weight percentage of GSPs. Dry composite
mechanical properties were compared to wet com-
posite mechanical properties.

2. Investigation details

2.1. Materials

The waste Luffa cylindrica outer skins were
purchased from the local village (Mills Krishnapu-
ram) of Tamil Nadu, India, and extracted manually,
as shown in Figure 1. Then, the extracted Luffa
cylindrica fibres were washed, using 20 litres of
distilled water, and sun-dried for a period of three
days to remove viscous lignin substances. Follow-
ing the process of sun-drying, it is ensured that the
fibres were fully dry by visual examination and
by touch. Then, the fibres were separated into a
mat-shaped form. Figure 2 illustrates the extraction
process of LCFs. LCFs were used as the primary
reinforcement in composite preparation. Ground-
nut shell particles with a diameter of 0.3 mm were
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Fig. 1. Digital image of (a) Mature Luffa cylindrica plant fruit; (b) waste outer skin of Luffa cylindrica fruit; (c)
extracted Luffa cylindrica fibre

Fig. 2. Schematic diagram of the extraction process of
Luffa cylindrica fibre

obtained from Meenambigai Agri Farm in Madu-
rai, Tamil Nadu, India, and employed as secondary
reinforcement in this investigation. In order to fab-
ricate composites, PF resin was utilized as a matrix.
Divinylbenzene (C10H10), an aromatic compound
with two vinyl groups (CH2=CH-) attached to a
benzene ring was used as the cross-linking agent

and hydrochloric acid was used as the acidic cata-
lyst for polymerization. All of these materials were
acquired from GVR Enterprise in Madurai, Tamil
Nadu, India.

2.2. Preparation of hybrid composites

A steel mould measuring 150 mm × 20 mm × 3
mm was used for fabricating the hybrid composites
using a hand lay-up technique. Wax was used to
cover the mould before production so that the
composite could be removed without much effort.
Then, the pre-weighed reinforcements (LCF and
GSP) were placed in the mould cavity, and the
necessary quantity of PF resin was mixed with a
cross-linking agent (divinylbenzene) and an acidic
catalyst (hydrochloric acid) at a ratio of 100:2:1.5.
To ensure that the resin matrix penetrated the rein-
forcements and the homogeneous mixing of resin
and reinforcements, the mould box was subjected
to mechanical shake or vibration and was kept open
for a few minutes after the resin matrix had been
poured. The entrapped air was pressed out with
a roller. The mould was then sealed and left to
cure for 24 hours at room temperature. The sheet
was taken out from the mould and cut into test
specimens as per the ASTM standards for a tensile
test with the dimensions of 165-mm overall length,
50-mm gauge length, and 3.2-mm thickness. As
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per the ASTMD790-17 standard, the flexural spec-
imens were cut with the dimensions of 127-mm
length, 12.7-mm width, and 3.2-mm thickness.

2.3. Testing of hybrid composites

To conduct a tensile test, hybrid composite
samples were cut according to the ASTM D638-
14 standard [22]. The computerized FIE Universal
Testing Machine (UTM) UTE 40 HGFL manufac-
tured by Genesiss Engineers, India was used to
test the material for tensile properties. To ensure
the reliability of the results, five specimens of
each composition were produced. The composite
specimens were clamped in the UTM’s grippers
and subjected to increasing loads until they frac-
tured. The specimens have been subjected to a
tensile load development rate of 2 mm/min. The
specimens’ mean tensile values were recorded for
subsequent testing. Composite samples for flex-
ural testing were made utilising the three-point
bending method in accordance with the ASTM
D790-17 standard [23]. Flexural testing was per-
formed, once again, with the help of comput-
erised UTM at a crosshead speed of 2 mm/min.
Three samples of each combination were tested
for flexural properties, and the average flexural
property values were used in the analysis. The
ISO 180:2019 standard [24] was used on the Izod
impact testing machine during the impact testing of
the hybrid composite specimens. Three specimens
of each composition were also evaluated for impact
strength values, and the average value was taken
during the study.

2.4. Water absorption and thickness
swelling behaviours

Hybrid composite specimens were subjected to
water absorption and thickness swelling experi-
ments in accordance with ASTM D570-98 [25].
Prior to testing, the composite specimens were cut
to have dimensions of 20×20×3 mm and dried in
an oven at 50◦C, chilled to room temperature, and
then instantly weighed to an accuracy of 0.001g
using a digital weighing machine. Before the com-
posite specimens were exposed to the groundwater
environment, their weight was measured. After 12

hours of exposure, the composite specimens were
removed from the water environment, carefully
dried with a dry cloth, and then promptly weighed
with an accuracy of 0.001 g. Composite specimens
were weighed every 12 hours from 12 to 120 hours
(5 days) with a 12-hour interval between every
measurement. The water absorption was calculated
using the difference in weight. At different time
intervals, the percentage of weight absorption was
calculated using Equation (1) and plotted against
the square root of the time of water exposure.

Wab(%) =
Wtm −W0

W0
×100 (1)

The percentage of water absorbed is denoted by
Wab, the weight of the composite specimen before
and after being exposed to water is denoted by W0,
and Wtm, respectively.

Equation (2) was utilised in the process of
determining the percentage of thickness swelling
(TS (%)):

TS(%) =
Htm −H0

H0
×100 (2)

Where Htm and H0 represent the thickness of
the composite after and before water exposure,
respectively.

2.5. Microscopic images for the cross
section of specimens

Figure 3 shows the microscopic images of the
cross section of the composite specimens. These
images make evident the even distribution of par-
ticles throughout the sample and the interfacial
bonding between the matrix and fibre.

3. Results and Discussion
3.1. Mechanical properties of composites
under dry conditions
3.1.1. Tensile properties

Figures 4a and 4b present an illustration of the
results of tensile tests conducted on LCF/GSP/PF
hybrid composites with standard error under dry
conditions. Both the tensile strength and the mod-
ulus of the neat PF sample measured at 28.3 MPa
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Fig. 3. Typical SEM observations of composite specimens

(a)

(b)

Fig. 4. Tensile properties of LCF/GSP/PF hybrid com-
posites under dry conditions: (a) tensile strength,
and (b) tensile modulus

and 1021.7 MPa, respectively. In a similar manner,
the tensile strength of the pure LCF/PF composite
was 31.5 MPa and the tensile modulus was 1097.5
MPa. Figure 4a indicates that the tensile strength
and modulus of LCF/GSP/PE hybrid composites

increased from 5wt% to 15 wt% of GSPs, but
subsequently decreased with an increase in GSP
content (20 wt% and 25 wt%). This can be seen
by comparing the results of these two properties
before and after increasing the GSP content. The
tensile strength of the hybrid composite attained
its maximum value of 48.9 MPa when the GSP
content was 15 wt% (LCF25/15GSP/PF). Com-
pared to the sample of neat resin and the sample of
pure LCF/PF composite, this resulted in an increase
corresponding to 72.8% and 55.2%, respectively.
When the GSP content was 15 wt%, it was uni-
formly distributed in the PF matrix with LCFs
and successfully encased by it. The fibres were
uniformly dispersed and entangled at this point,
establishing an interlocking network structure with
the PF matrix and LCFs. The resultant structure
could withstand an external load, demonstrating
that adding 15 wt% GSP to the composites could
improve their mechanical properties [26].

When GSPs were included beyond 15% weight,
the PF matrix could not wrap the LCFs and
GSPs consistently, leaving several LCFs and GSPs
exposed. The extent and strength of the interfacial
bonds among the matrix, LCFs, and GSPs reduced.
Furthermore, because of the high reinforcement
content, aggregation occurred easily during the
mixing process, resulting in a concentration of
stress in the composite materials. Tensile modulus
values increased linearly as GSP content increased,
as shown in Figure 4b. The tensile modulus of
the 25LCF/15GSP composite was 1225.4 MPa,
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an improvement of 19.94% and 11.65% over the
neat resin sample and the pure LCF composite,
respectively. The maximum tensile modulus value
(1312.6 MPa) was found for the 25LCF/25GSP
composite, which improved by 28.5% and 19.6%
when compared to the neat resin sample and the
pure LCF composite, respectively.

3.1.2. Flexural properties

Figures 5a and 5b depict the flexural properties
of LCF/GSP/PF hybrid composite specimens at
various GSP weight percentages. The pure LCF
composite’s flexural strength and modulus were
measured to be 36.9 MPa and 1148.4 MPa, respec-
tively. Similarly, the neat resin sample’s flexural
strength and modulus were 33.4 MPa and 1107.5
MPa, respectively. The incorporation of GSPs with
LCFs and PF resin matrix appears to be more
effective in improving the flexural properties of

(a)

(b)

Fig. 5. Flexural properties of LCF/GSP/PF hybrid
composites under dry conditions: (a) flexural
strength and (b) flexural modulus

the composite. When 15 wt% GSPs were dis-
persed with the LCFs and the PF resin matrix (i.e.,
25LCF/15GSP/PF), the maximum flexural strength
was observed to be 56.4 MPa. Flexural strength
is increased by 68.86% and 52.85%, respectively,
when compared to the neat resin sample and the
pure LCF composite. The voids or gaps are due
to incomplete resin impregnation during manufac-
turing, and these voids can weaken the material.
Adding of 15 wt% GSPs to LCF/PF composites
likely decreased voids, potentially enhancing over-
all strength and resulting in composites with an
improved level of strength. It has a potential that
the GSPs served as a link between the LCFs and
the PF resin matrix, resulting in enhanced coupling
between the fibres and matrix. The stress induced
by the applied load may have been easily passed
from the PF resin matrix to the LCFs, resulting in
an increase in flexural properties.

The flexural properties of the composite were
dramatically improved, however, only after the
addition of 15 wt% GSP. The flexural strength
of the LCF/GSP/PF hybrid composites was 43.1,
51.7, 56.4, 50.5, and 44.8 MPa, which corre-
sponded to the incorporation of 5, 10, 15, 20, and
25 wt% GSP in the PF resin matrix, as shown in
Figure 5a. After 15 wt% GSP inclusion, the flexural
strength of the composite began to decrease. This
could be because an increase in GSPs creates
more molecule-to-molecule contacts rather than
causing interactions between the LCFs and the PF
resin matrix [27]. In addition, the increase in GSP
content may have increased the number of micro
voids in the composite material. It may be due to
the accumulation of GSPs in the matrix, which
may have degraded the adhesive between GSPs
and the PF resin matrix, thereby decreasing the
composite’s flexural properties [24]. In the case of
flexural modulus, as in tensile properties, a linear
trend was seen in the LCF/GSP/PF composites, as
indicated in Figure 5b. The flexural modulus of the
25LCF/15GSP composite was 1297.2 MPa, which
is 17.13% greater than that of the neat resin sample
and 12.96% higher than that of the pure LCF
composite, respectively. The maximum flexural
modulus of 25LCF/25GSP composite was 1402.4
MPa, an improvement of 22.12% and 26.63% over
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Fig. 6. Impact strength of LCF/GSP/PE hybrid compos-
ites under dry conditions

the neat resin sample and pure LCF composite,
respectively.

3.1.3. Impact strength
Figure 6 illustrates the impact strengths of

LCF/GSP/PF composites with different GSP con-
centrations. The neat resin sample has an impact
strength of 1.2 KJ/m2. Furthermore, the impact
strength of the pure LCF composite was mea-
sured to be 1.6 kJ/m2. The impact strength of
the composite was observed to increase with the
inclusion of GSP content until 15 wt% with the
LCFs and the PF resin matrix and then starts to
decrease as observed in the composites’ tensile
and flexural strengths. It could be attributed to a
decrease in impact strength of the LCF/GSP/PF
composites due to weak GSP penetration within the
PF resin matrix at greater GSP weight percentages.
The maximum impact strength was 2.6 kJ/m2 at
15% GSPs with LCFs and PF resin matrix, which
was 116.7% and 62.5% greater than the neat resin
sample and pure LCF composite, respectively.

3.2. Water absorption and thickness
swelling behaviours of composites

The reinforcements (natural fibres and parti-
cles) derived from biomaterials have a low resis-
tance to water absorption, and as a result, nat-
ural fibre and particle-based composites exposed
to water have detrimental effects on dimensional
stability and mechanical behaviours. The interface
between the reinforcements and the matrix as well
as the reinforcement itself absorbs the majority of

Fig. 7. Water absorption behaviours of LCF/GSP/PF
composites based on the exposure time

the moisture through hydrogen bonding. To com-
prehend the durability of composites depending
on the field of utilization, the moisture absorp-
tion behaviour of natural fibre composites must be
studied. As shown in Figure 7, the percentage of
water absorption was graphed against the expo-
sure time (hours). Figure 7 demonstrates that the
water absorption of LCF/GSP/PE hybrid compos-
ites increased linearly during exposure to water.
The 25LCF/25GSP hybrid composite exhibited the
highest water absorption rate of 4.3%, followed
by the 25LCF/20GSP and 25LCF/15GSP compos-
ites. This difference in water absorption percent-
age between the 25LCF/15GSP and 25LCF/25GSP
hybrid composites is attributable to the reinforce-
ment weight percentage and chemical composi-
tion, i.e., cellulose content. As a consequence of
increased contact between water molecules and
reinforcements, the water absorption of compos-
ites increased with an increase in reinforcement
content [28]. With increasing exposure time, the
percentage of water absorption increased. It reveals
that bio-based natural fibres and particle-reinforced
composites absorb water particles on a continuous
basis [29].

The percentage of water particles absorbed by
25LCF/15GSP, 25LCF/20GSP, and 25LCF/25GSP
hybrid composites is likewise less than that of
the 25LCF/10GSP hybrid composite. It could be
attributed to an increase in cellulose content from
the addition of more GSPs to the LCF/PE com-
posite. It may also be due to the hydrophilic
nature of the LCFs and GSPs. Furthermore, the
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Fig. 8. Thickness swelling behaviours of LCF/GSP/PF
composites based on the exposure time

proportion of water particles absorbed by the
hybrid 25LCF/10GSP composite was lower than
that of the pure LCF composite. It was discovered
that combining certain amounts of GSPs with LCFs
in PF decreases the water absorption behaviour of
the composite to some level. In addition to a certain
amount of GSPs, the further addition increases the
water absorption behaviour of the composites due
to higher cellulose content in the composites [26].

The thickness swelling behaviour of LCF/
GSP/PF hybrid composites is depicted in Figure 8.
The thickness swelling of composite specimens
was seen to rise with increasing water exposure
times and reinforcing content. The 25LCF/10GSP
hybrid composite had decreased thickness swelling
behaviour, according to the results. This could
be due to the hybridization effect, in which the
GSPs reduced water particle absorbance and hence
prevented composite swelling. Furthermore, GSPs
have a lower cellulose concentration than LCFs.
Although the insertion of groundnut shell particles
limits water particle absorbance, increasing the
amount of GSPs with the LCFs increases the per-
centage of water absorption and thickness swelling
as a result of the presence of cellulose [26].
As a result, the 25LCF/25GSP hybrid compos-
ite (1.67%) exhibits greater thickness swelling
behaviour. The results showed that the hybrid
composite with 25 wt% LCFs and 10 wt% GSPs
exhibited decreased water absorption and swelling.

3.3. Mechanical properties of composites
after water uptake

3.3.1. Tensile properties

After the water absorption study, the compos-
ite specimens were used to evaluate mechanical
properties. The variations in mechanical properties
of LCF/GSP/PF hybrid composites were presented
based on the weight percentage of GSPs. Fig-
ure 9 depicts the changes in tensile strength and
modulus of LCF/GSP/PF composites after water
immersion. The tensile strength and modulus of
the pure LCF/PF composite were 23.5 MPa and
912.5 MPa, respectively. Tensile strength and mod-
ulus trends of composites after water immersion
differed from those before water immersion. As
under dry conditions, however, the tensile strength
of the composite increased up to the inclusion of 15
wt% GSPs and subsequently decreased. The tensile
strength of LCF/GSP/PF composites reduced to
some extent after water immersion compared to
before water immersion. The tensile strength of
the 25LCF/15GSP composite, however, was higher
than that of the other composites. It represented a
reduction of 24.13% when compared to the same
composites prior to water immersion. This may be
because the weight percentage of GSPs increased
when water absorption and bonding to the PF resin
matrix were reduced. The surface compatibility
and interfacial adhesion decreased, decreasing the
tensile strength of the composite [32]. Moreover,
the 25LCF/15GSP composite experienced a lesser

Fig. 9. Tensile properties of the LCF/GSP/PF hybrid
composites under wet conditions
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reduction in tensile strength under wet condi-
tions than the other composites. In comparison
to the pure LCF composite, the 25LCF/15GSP
composite exhibits a 57.9% increase in tensile
strength. It indicated that the adhesion between
LCFs, GSPs, and PF was stronger and that the
interfacial properties of composites were enhanced.
The values of tensile strength were very close to
being the same for both the 25LCF/5GSP and the
25LCF/25GSP composites (see Fig. 9), as well
as for the 25LCF/10GSP and the 25LCF/20GSP
composites. Similarly to dry conditions, the tensile
modulus of composites increased with increasing
GSP content up to 25 wt%, as presented in Fig-
ure 9. The 25LCF/25GSP composite has a maxi-
mum tensile modulus of 1183.5 MPa, which is a
29.7% improvement over the pure LCF composite
after water immersion.

3.3.2. Flexural properties
Figure 10 depicts the flexural properties of

the LCF/GSP/PF hybrid composites after water
immersion. The flexural strength and modulus
of the pure LCF composite were 28.2 MPa and
1097.8 MPa, respectively. The flexural strength of
the LCF/GSP/PF composite specimens was 35.7,
42.3, 48.9, 41.8, and 35.1 MPa at 5, 10, 15,
20, and 25 wt% GSPs, respectively. The flexural
strength of the composites increased up to 15%
of GSPs, after which it dropped. Furthermore, the
flexural strength values of composite specimens
after water immersion are lower than those of

Fig. 10. Flexural properties of LCF/GSP/PF hybrid
composites under wet conditions

composite specimens under dry conditions. It was
initiated by the swelling of the LCFs and GSPs
induced by water particle penetration at the inter-
facial region between the LCFs, GSPs, and the
PF resin matrix. As a result, gaps formed between
the reinforcements and the resin matrix, causing
the reinforcements to de-bond from the matrix.
The presence of water particles in the LCFs and
GSPs causes them to deteriorate. As a result, the
flexural strength of the composites was reduced
when wet. The highest flexural strength (48.9 MPa)
value was reached at 25LCF/15GSP composite
after water immersion, which is 13.3% lower than
the 25LCF/15GSP composite under dry condi-
tions. When compared to the pure LCF compos-
ite, the 25LCF/15GSP composite shows a 73.4%
improvement. Beyond 15 wt% GSPs, the flexural
strength of the composite decreased because of
an increase in the percentage of water absorption,
which may lead to the formation of a greater
number of micro cracks as a result of reinforcement
swelling, which weakens the reinforcement–matrix
interface region when loads are applied [33]. Flex-
ural strength values were almost identical between
the 25LCF/5GSP and 25LCF/25GSP composites,
as well as the 25LCF/10GSP and 25LCF/20GSP
composites (Fig. 10). Moreover, as demonstrated in
Figure 10, the flexural modulus of the LCF/GSP/PF
composites increased as the GSP content increased.
The flexural modulus of the 25LCF/15GSP com-
posite is 1218.6 MPa, which represents a 6.8%
drop when compared to the same composite under
dry conditions. The greatest flexural modulus was
observed at the 25LCF/25GSP water-absorbed
composite and which is 10.1% higher than the pure
LCF composite.

3.3.3. Impact strength
Figure 11 shows the impact strength of

the LCF/GSP/PF hybrid composites after water
immersion. The pure LCF composite has an impact
strength of 1.2 KJ/m2. The impact strength of
moisturized composite specimens was less than
that of dry composite specimens. It could be
due to water particle scattering into the inter-
face region causing weak interfacial bonding
between the reinforcements and the resin matrix.
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Fig. 11. Impact strength of the LCF/GSP/PF hybrid
composites under wet conditions

The impact strength increased as GSPs content
increased up to 15wt.% and thereafter decreased
as shown in Figure 11. When compared to
the impact strength of 25LCF/15GSP compos-
ite under dry conditions, the impact strength of
25LCF/15GSP moisturized composite is reduced
by 19.2%. The 25LCF/25GSP and 25LCF/5GSP
composites show the same level of impact strength.
When compared to the pure LCF composite, the
25LCF/15GSP composite improves by 75% after
water immersion.

The properties of a material are contingent upon
the percentage of reinforcements incorporated. As
such, the outcomes exhibit variability. An optimal
strength or performance is achieved when 15% of
additives are utilized. Beyond this threshold, an
increase in particle content enhances density but
also imparts a brittle quality to the material. Conse-
quently, the material experiences a loss in strength
when the particle concentration exceeds 15%.

4. Comparison of the properties
of developed hybrid composites
with existing composites

To highlight the ability of the fibres and
particles studied to improve the performance of
green composite materials, a comparative study
between the mechanical and physical properties
of the newly developed green materials with date
palm leaf-reinforced composite was established,

Table 1. Comparison between some mechanical and
physical properties of the developed green
composite with DPL-reinforced composite

Properties Developed green
material Ref.
25LCF/15GSP

DPL-reinforced
composite [30]

Average tensile
strength

Mean of 52 MPA Ranged between
48 and 62.6 MPa

Tensile
modulus

Mean of 1200
MPA

Max 1180 MPA

Flexural
strength

Mean of 60 MPa
(2 mm/min)

Max 52 MPa (at
5 mm/min
loading speed)

Water
absorption

Up to 3.3% after
120 H

Up to 5.8%

based on the references. Table 1 shows the chosen
properties to compare. It is important to clarify that
the reference DPL composite material was made
from 40 wt% green fibre + phenolic resin with
an average of 12–15 mm fibre length. This choice
corresponds to the same green added elements
to formulate 25LCF/15GSP composite materials.
Therefore, for the same weight, and approximate
range of green reinforcement elements, the devel-
oped materials presented comparable mechanical
properties in terms of tensile strength and modulus.
A more noteworthy flexural strength was noticed
for the developed materials. These results can be
attributed to the slight differences inloading speed,
which is more important for the DPL-reinforced
composite. For the water absorption properties,
the ability of DPL-reinforced composite was more
important. This characteristic can be attributed to
the anatomy of the date palm leaf, which acceler-
ates and facilitates the water absorption [33, 34].

5. Conclusion

The LCF/GSP/PF hybrid composites have been
produced by varying the content of GSPs using
the hand lay-up method. The mechanical properties
of LCF/GSP/PF composites were determined using
the GSP weight percentage. By immersing the
composite specimens in water for 5 days, the water
absorption and thickness swelling behaviours of
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LCF/GSP/PF composites were examined. Further-
more, the mechanical properties of wet composites
were investigated and compared to dry compos-
ites. The inclusion of GSPs increases the tensile
strength of the composite up to 15 wt% under
dry conditions, after which it decreases. When
the GSPs increased, however, the tensile modu-
lus of composites increased linearly. The flexural
properties followed the same pattern as the ten-
sile properties. Impact strength values increased
up to 15% of GSPs and then decreased. The
percentage of the water absorption and thick-
ness swelling of the composites increases with
the increase in weight percentage of the rein-
forcements as a result of the amount of cellulose
content. The mechanical properties of composite
specimens under wet conditions are lower than
those of composite specimens under dry condi-
tions. The tensile, flexural, and impact strength
values, however, were increased up to 15 wt%
of GSPs and further addition of GSPs decreases
the strength values under wet conditions. Under
wet conditions also, the 25LCF/15GSP composites
showed the maximum strength values. It can be
concluded from the present study that a com-
posite with 25 wt% of LCFs and 15 wt% of
GSPs can be used for the products of commer-
cial applications. Because of the cellulose com-
ponent, the percentage of water absorption and
thickness swelling of the composites increases
as the weight percentage of the reinforcements
increases. Compared to the DPL composite mate-
rial, their mechanical and physical properties were
more remarkable, especially in flexural strength.
Composite specimens under wet conditions have
lower mechanical properties than composite spec-
imens under dry conditions. However, the tensile,
flexural, and impact strength values of GSPs have
been increased up to 15 wt%, and further GSP
addition reduces the strength values under wet con-
ditions. The 25LCF/15GSP composites likewise
had the highest strength ratings when wet. Accord-
ing to the results of this investigation, a com-
posite containing 25% LCFs and 15% GSPs can
be employed for commercial applications. These
material properties open the horizon to the use of
these developed materials in several engineering

solutions, particularly eco-friendly friction materi-
als for braking systems.
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