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Abstract

The impact of integrating areca husk fiber (AHF) and employing alkaline treatment on the mechanical, thermal, and
morphological characteristics of natural rubber latex foam (NRLF) is examined in this research. Areca husk fibers, derived
from agro-industrial waste, were included in the NRLF matrix at different loadings (0, 5, 10, 15, 20, and 25 pphr). The
fibers were chemically treated with sodium hydroxide (NaOH) to enhance surface roughness and augment interfacial
interaction with the NRLF. Tensile tests indicated enhanced tensile strength at the appropriate filler load of 15 pphr for
untreated AHF and 10 pphr for treated AHF. The elongation at break was decreased as fiber loadings increased, with
greater elongation exhibited by treated AHF-filled NRLF compared to untreated AHF-filled NRLF. The foam’s density
and compression set increased with elevated fiber loadings; however, treated AHF-filled NRLF demonstrated improved
elasticity and thermal stability compared to untreated samples. Filler-matrix interactions were validated through scanning
electron microscopy (SEM), which showed reduced cell sizes and more homogeneous foam formations in the treated
AHF samples. The results indicate that the efficacy of NRLF is enhanced by the alkaline treatment of AHF, rendering it

an appropriate material for sustainable composite applications.
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Introduction

In the past few years, environmental
contemplations and public consideration have become
progressively significant as the world endeavours
toward ecological quality and conservation through
sustainable development and cleaner technology.
Natural fibers (NF) are particularly important as
reinforcement in environmentally friendly polymer
composite preparations, as these NFs have great benefits
such as strength and stiffness. It has good performance
while being low-cost, renewable, and biodegradable. As
a result, mixing polymers with NFs like sisal or jute can
result in entirely green blends consisting of renewable
materials [1]. NFs have high specific strength, modulus,
and failed elongation, which make them a viable
material substitute for conventional fillers like silica,

glass, and calcium carbonate [2]. NFs have high specific
strength, modulus, and failed elongation, which makes
them a viable material substitute for conventional fillers
like silica, glass, and calcium carbonate. Widely used,
such inorganic fillers are also expensive when compared
to natural additives. Thus, NFs are progressively utilized
as a filler in rubber [3], plastics [4-6], epoxy resin [7-9],
and thermoplastic elastomers [10]. Organic waste
materials such as grain straw and cotton waste [11],
kenaf [12], wood fiber [13], bamboo waste [14,15],
areca husk waste [16-18], oil palm waste [19], and
sugarcane bagasse waste [20] were widely used for
manufacturing NFs composite materials.

Natural rubber latex (NRL) is the primary latex

used in industrial applications. NRL is defined as the
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dispersion of NRL particles in water. The pH level and
the surrounding media’s ionic conditions influence the
colloid’s stability in latex. NRLF is a cellular rubber
derived from NRLF. The Dunlop process is specifically
designed to efficiently manufacture thick-molded NRLF
components, including pads, cushion pads, sleepers, and
upholstery.

AHF is an NF that is not expensive, abundantly
available, and can be found in agro-industry waste [17].
AHF, extracted from the areca fruits, is presently used
as housing insulation material and value-added products
such as cushions, handcraft, and nonwoven fabrics [21].
Combining NFs and polymers leads to engineered green
composite materials [22-25]. Recently, the utilization of
NFs in NRLF has attracted many researchers’ attention
because there are great opportunities for its use in
various applications and being an environmentally
friendly green material. In recent years, researchers have
discovered that organic waste and NFs such as oil palm
fiber [26,27], kenaf [28-30], rice husk powder [31],
bagasse [27], jute fiber [32], bamboo leaf fiber [33] and
eggshells [34] have been used successfully as fillers in
NRLF. In addition, some works on AHF suggest that the
compatibility between AHF and the matrix (natural
rubber), structure, and surface of AHF can be improved
by chemical or physical treatment of AHF [35] in the
dry rubber compound. However, to our knowledge, no
study has reported the use of AHF in NRLF.

Hence, AHF was chosen in this study to
investigate the effect of AHF loading and the alkaline
treatment on the mechanical, thermal, and
morphological properties of AHF-filled NRLF foam
properties. The study focuses on assessing how different
AHF loadings impact the tensile strength, elongation,
density, and compression set of NRLF, with particular
attention to the improvements brought by alkaline
treatment. The research also explores the role of alkaline
treatment in enhancing the fiber’s surface roughness and
interfacial bonding with the NRLF matrix, contributing
to improved mechanical strength and foam structure.

Additionally, the study examines the thermal stability
and degradation resistance of treated versus untreated
AHF-filled NRLF, hypothesizing that treated AHF will
provide better thermal and structural performance due to

finer, more uniform foam cells.

Materials and methods

The components and chemicals required to
prepare NRLF are presented in Table 1. High ammonia
natural rubber latex (HANRL) with a dry rubber content
of around 60 wt%, produced by T.T. Latex & Products
Co., Ltd. in Nakhon Si Thammarat, Thailand, served as
the raw material for the manufacturing of NRLF. Sulfur,
Wingstay L, potassium oleate, zinc

(ZDEC), zinc 2-
mercaptobenzhiozolate (ZMBT), diphenylguanidine
(DPG) and sodium silicofluoride (SSF) were purchased
from Bayer Thai Co., Ltd. Sodium hydroxide (NaOH)
was supplied by RCI labscan Ltd., Thailand. NaOH was

used to increase the surface roughness of the AHF and

diethyldithiocarbamate

improve the interfacial bonding between the NRLF and
AHF.

The areca fruits or betel nuts are available
everywhere in Nakhon Si Thammarat Province, South
of Thailand. For this research, areca fruits were
collected from a local of Phra Phrom district, Nakhon Si
Thammarat Province. Areca fruits were separated from
husk by a manual cutter. AHFs were cut into an average
size of 5 mm. The husks of Areca fruit were soaked and
immersed in water at room temperature for 48 h to
loosen the fibers from the hard shell of the husk. AHFs
were then immersed in 15 % NaOH solution for 12 h at
ambient temperature. Then, the AHFs were washed and
immersed in distilled water to remove residual NaOH
from the AHFs. The washing process was repeated until
the pH of the water was 7. Then, AHFs were dried at 60
°C for 48 h. Surface textures of AHF before and after
treatment were investigated with a Scanning Electron
Microscope (SEM, ZEISS, MERLIN COMPACT) at
500% and 700x.

Table 1 Compounding formulation of untreated and treated AHF-filled NRLF.

Ingredients

Total Solid Content (%)

Formulation (pphr)

Natural rubber latex
K-Oleate
Sulfur

60 100
20 1.0
50 5.0
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Ingredients Total Solid Content (%) Formulation (pphr)
ZDEC 50 1.0
ZMBT 50 1.0
Wingstay L 50 1.0
ZnO 50 5.0
DPG 33 1.0
SSF 20 1.5

Untreated AHF, treated AHF 100 0,5,10,15, 20,25

Foam sample preparation

Initially, HANRL was subjected to filtration and
weighed following the formulation. Subsequently,
HANRL and the compounding ingredients (ZMBT,
ZDEC, Sulphur, Wingstay L, and potassium oleate)
were stirred for approximately 4 h using a mechanical
stirrer at 65 rpm. Following 4 h of uninterrupted stirring,
the HANRL compound was aerated utilizing the OTTO
Mixer HM-273. The untreated AHF and treated AHF
were gradually included in the HANRL compound, and
the combination was blended with a stand mixer at 75
rpm for approximately 4 min until a homogeneous
compound was achieved. Subsequently, the HANRL
compound was subjected to intensive beating for
approximately 2 min at 100 rpm until its volume
expanded to 3 times the starting volume. The foaming
speed was reduced to 75 rpm after reaching the
necessary volume to achieve a fine and uniform foam.
Subsequently, continuous speed at 75 rpm the principal
gelling agent (zinc oxide, ZnO) was incorporated with
diphenyl guanidine (DPG) into the foam, and the mixing
persisted for an additional minute. Subsequently, the
secondary gelling agent (sodium silicofluoride, SSF)
was incorporated, and the foam was agitated for an
additional minute to achieve a uniform, ungelled foam.
The ungeled foam was immediately poured into 2
aluminium moulds, 250x200x2 mm? and 50x50x25
mm?. Three samples were prepared for each size and
allowed to gel for 3 min at room temperature. The gelled
foam was subsequently cured in a steam environment at
100 °C for 30 min. The AHF-filled natural rubber latex
foam (ANRLF) was removed from the mould and
thoroughly rinsed with distilled water to eliminate
excess unreacted chemicals. After washing, the cured
ANRLF was dried in a hot air oven at 60 °C for 24 h.
The thoroughly dried foam will exhibit an off-white hue.

Measurement of tensile properties

Tensile tests followed ASTM D 412 with a
Hounsfield-H10 KS universal testing machine.
Dumbbell-shaped specimens were extracted from the
ANRLF sample with a Pneumatic Shape Cutting Device
403S-S Series. Five samples were analyzed from each
batch of AHF. Tensile testing was conducted at room
temperature with a 500 mm/min crosshead speed. Both
untreated and treated samples of AHF-filled NRLF with
filler loadings of 0, 5, 10, 15, 20, and 25 pphr were
evaluated. Tensile strength and elongation at break were
determined through testing, and the average of 5 tests

was reported.

Foam density

The density of untreated AHF and treated AHF-
filled NRLF was calculated by dividing mass by
specimen volume, as demonstrated in Eq. (1). The
samples utilized in this testing procedure were of a
regular shape with a minimum volume of 1000 mm?,
following ASTM D3574. Five samples for each AHF
loading were analyzed, and an average of 3 outcomes

was documented.
Density (%) = (A—;[) X 106 (1)

where M is the mass of the specimen (g), and V is the

volume of the specimen (mm)>.

Compression set

The compression set characteristics of untreated
AHF and treated AHF-filled NRLF were assessed
following ASTM D3574. The samples utilized were of
standard dimensions, measuring 50x50%x25 mm?,
including parallel top and bottom surfaces and sides that

are practically perpendicular. Five specimens were
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examined for each sample. Specimens were positioned
in the testing device and deflected to 50 = 1 % of their
original thickness. After 15 min, the deflected
specimens and apparatus were positioned in a
mechanically convected air oven for 22 h at a test
temperature of 70 + 2 °C. Specimens were promptly
extracted from the device and measured after a 30-
minute recovery period. Three samples were evaluated
for each AHF loading. The compression set is shown as

a percentage of the initial thickness, as seen in Eq. (2).

Co=[(t, - tp)/t,]x100 )

where C; is the compression set expressed as a
percentage of the original thickness, t, is the original
thickness of the test specimen, and tr is the final
thickness of the test specimen.

Scanning electron microscopy

The surface morphology of untreated AHF, treated
AHF, and both untreated and treated AHF filled with
NRLF was examined using a scanning electron
microscope (ZEISS, MERLIN COMPACT). The fibers
and foam surfaces were affixed to aluminium stubs and
sputter-coated with a small layer of gold to mitigate
electrostatic charge and enhance image resolution
during analysis. The morphology of untreated AHF,
treated AHF, and both untreated and treated AHF-filled
NRLF was examined.

Thermal analyses

Thermal examination of untreated AHF and
treated AHF-filled NRLF samples was conducted using
(TGA4000,

PerkinElmer). TGA analysis was performed in ramp

a Thermogravimetric Analyzer
mode at a heating rate of 10 °C/min, ranging from 30 to
800 °C under nitrogen atmosphere. The original sample
weight was around 4 mg. The TGA thermograms were

examined for their initial decomposition temperatures.

Results and discussion

Surface treatment

Hydrophobic materials (matrix) and hydrophilic
(dispersed) fibers are often difficult to get along. As a
result, the ability of the composite to transfer stress
between the 2 phases decreases. The process of alkaline
fiber surface treatment stimulates the surface of the fiber
to have roughness at the fiber/matrix interface. The
alkaline treatment changes the structure’s hydrogen
bonds and gets rid of some of the lignin, waxes, and oils
to show short crystals. Fibers that have been treated with
alkaline skin will have an increased concentration of
cellulose at the touch and skin roughness, resulting in
better matrix coordination [36]. Alkaline treatment of
AHF fiber surfaces leads to the development of the
Fiber-cell-O-Na group within the molecular chains of
cellulose. The hydrogen bonds within the cellulose
structure are removed. The interactions between
cellulose molecular chains form new hydrogen bonds,
reducing the density of the cellulose crystal structure.
The reduced hydrophilic hydroxyl groups increase the
moisture resistance and increase the surface area of the
fiber. Chemicals can penetrate the cellulose molecules
more easily. This results in better compatibility between
the fiber and the matrix [37].

The SEM image of NaOH-treated AHF is shown
in Figures 1(b) and 1(d), and it clearly shows a large
number of pinholes on the surface due to the elimination
of fatty coats from the fiber. NaOH treatment of areca
fiber eliminates waxy tissue, adhesive pectin, and
hemicelluloses [38]. A comparison between the
untreated and  NaOH-treated =~ AHF  exhibits
topographical changes. The elimination of lower
molecular weight organic compounds in the AHF results
in a rough outer surface formation. This reduces
moisture absorption and provides an effective surface
area for good adhesion to the matrix. The alkaline
treatment of AHF showed a rougher surface than that of
untreated AHF (Figure 1(c)). The observation of
alkalinity conditions which dissolved the lignin
naturally present in AHF, leaving a hollow structure on
the surface (Figure 1(d)), was also found in other
studies [27].
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Surface impurities or foreign substance
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Figure 1 SEM micrographs of the AHF surfaces before and after NaOH treatments: (a) untreated and (b) treated AHF at
500% magnification, (c¢) untreated and (d) treated AHF at 700x magnification.
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Figure 2 Tensile strengths of untreated and treated AHF-filled NRLF at different AHF loadings.

Tensile properties

Figure 2 shows the tensile strength of untreated
and treated AHF-filled NRLF at different levels of filler
loadings. For both untreated and treated AHF-filled
NRLF conditions, the tensile strengths were improved
up to 15 pphr (untreated) and 10 pphr (treated) filler
loadings. However, the strength decreased continuously
as the loading increased higher than 15 pphr (untreated)
and 10 pphr (treated) up to 25 pphr filler loadings. The
tensile strength of samples with untreated AHF
increased from 0.41 MPa (control) to 0.65 MPa (15
pphr) and then decreased to 0.25 MPa (25 pphr). On the

other hand, by using treated AHF, the tensile strength
increased from 0.41 MPa (control) to 1.08 MPa (10
pphr) and then decreased to 0.6 MPa (25 pphr). As
shown in Figure 1, AHF-filled NRLF with treated AHF
have a higher tensile strength at lower filler loading than
samples with untreated AHF. The increase in efficiency
was due to the reduction in the cell size of the foam,
which can be observed in the following SEM results
(Figure 6). Alkaline treatment on AHF increased the
roughness of fiber surfaces. The increase in the surface
roughness results in better mechanical coordination
between AHF and the latex matrix of the foam [28,39].
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Figure 3 Elongation at break of untreated and treated AHF-filled NRLF at different AHF loadings.

Figure 3 shows the elongation at break for
untreated and treated AHF-filled NRLF at different
filler loadings. Higher filler loadings decrease the
elongation at break for both conditions due to the rise of
stiffness and brittleness of NRLF in the presence of filler
[40]. For treated AHF-filled NRLF, the elongation at
breaks was higher than the elongation at break for
untreated AHF-filled NRLF. The elongation at break for
untreated AHF-filled NRLF reduced from 530 % (0O
pphr AHF) to 65 % (25 pphr AHF), while treated AHF-
filled NRLF reduced from 530 % (0 pphr) to 155 % (25
pphr). According to prior study conducted in 2014,
AHF

elongation at break compared to untreated AHF fibers.

alkaline-treated demonstrated  enhanced
The enhancement in elongation at break of alkaline-
treated AHF may possibly be attributed to alterations in
cellulose structure resulting from the alkaline treatment
[41]. As a result, the treatment improves the elongation

at break of the NRLF.

Foam density

Figure 4 shows the density for untreated and
treated AHF-filled NRLF. The density for both
conditions increased with an increase in AHF loadings.
The density of untreated AHF-filled NRLF increased

from 0.1223 to 0.1859 g/cm3, while the density of
treated AHF-filled NRLF increased from 0.1223 to
0.2132 g/em? with the maximum addition of fillers, 25
pphr. The filler increases the mass of NRLF, which leads
to an increase in the density of AHF as the loading
increases. However, treated AHF-filled NRLF have a
higher density than untreated AHF-filled NRLF due to
the cell size factor and the alteration on the fiber
surfaces. The cell size of the treated AHF-filled NRLFs
was smaller and more uniform than the untreated AHF-
filled NRLFs, as shown in Figure 6. The decrease in cell
size creates a more compact and higher-density foam.
As discussed before, the decrease in cell size was due to
the better filler matrix interaction between AHF and
latex. To reduce the defect point during the formation of
NRLF, the filler matrix interaction is important in
producing a very uniform cell size of NRLF [28]. The
combination of NaOH-treated AHF and the NRLF
density. The

fiber-matrix

matrix increases the composite’s

enhancement results from stronger
adhesion and a more compact structure due to the
alkaline treatment. This diminishes the volume of voids
inside the material, resulting in a more homogeneous

and dense composite [6].
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Figure 4 Density of untreated and treated AHF-filled NRLF at different AHF loadings.
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Figure 5 Compression set of untreated and treated AHF-filled NRLF at different AHF loadings.

Compression set

Compression set is a measurement of the elastic
behavior of the material. Figure 5 shows the
compression set value for untreated and treated AHF-
filled NRLF. The compression set value in Figure 5
shows that the control NRLF has the lowest percentage,
indicating that the control foam has the highest
elasticity. The compression set increases as the AHF
fiber loadings with both conditions increase. This was

due to the NRLF losing its elasticity by having filler

agglomerates, thereby restricting the molecular chains’
flexibility and increasing the stiffness [29]. From the
results, it was found that the untreated AHF-filled
NRLFs have higher compression set values compared to
the treated AHF-filled NRLFs. This is likely due to the
clean surface of treated AHF free from pectin,
hemicellulose, and other impurities. The surface of
treated AHF could interact with NRLF better, resulting
in more homogenous filler incorporation than untreated

AHF-filled NRLF. The linear increase of compression
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set percentages as the loading increases for the treated
AHF shows the well-distributed fillers compared to the
untreated samples. As a result, the treated AHF-filled

micrograph of treated AHF filled NRLF.

Morphology

The dispersion and distribution of untreated and
treated AHF in NRLFs were studied using SEM. The
SEM micrographs of NRLF (control sample), untreated
AHF-filled NRLF, and treated AHF-filled NRLF were
shown in Figures 6(a) - 6(c), respectively. In all the
figures, the image clearly shows open-cell structures
[30]. The treated AHF-filled NRLFs show smaller pores
and stable cell structure sizes compared to untreated
AHF-filled NRLFs. This confirmed that adding treated

AHF to the system decreased cell size and provided

o 3
o= o @ S i

Figure 6 Surface micrograph (a) micrograph of NRLF (control), (b) micrograph of untreated AH

NRLF were more elastic than the untreated AHF-filled
NRLF.

fgﬁ.j‘"'

F filled NRLF, and (c)

better cell structures. Figures 6(b) - 6(c) show the filler-
matrix interaction of untreated and treated AHF-filled
NRLF at 10 pphr AHF loading. From Figure 6(b), the
untreated AHF showed weak filler interaction with
NRLF, while treated AHF-filled NRLF in Figure 6(c)
shows good filler interaction with foam, leading to the
improved properties of NRLF. This is an indication that
the alkaline treatment was able to increase the
interaction between AHF and NRLF interfaced. These
results are consistent with previous studies [27,28].

Table 2 Thermal stability parameters of untreated and treated AHF filled NRLF at 10 pphr loading.

Degradation Maximum Temperature at Final char
Sample Code Temperature (°C) weight loss ~ maximum weight loss residue
Tas Taro (%) °O) (%)
NRLF (Control) 297.00 338.85 98.94 379.43 1.06
Untreated AHF-filled NRLF 277.75 323.55 96.81 379.64 3.19
Treated AHF-filled NRLF 309.43 341.33 94.06 380.66 5.94

Thermogravimetric analysis
Thermal stability is the ability of a material to
maintain desired properties, such as strength, toughness,

or flexibility, when the temperature changes.
Understanding the details of polymer degradation when
heat is applied leads to designing materials with
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improved properties for specific applications [42]. The
results of the thermogravimetric analysis (TGA) of
NRLF (control), untreated AHF-filled NRLF, and
treated AHF-filled NRLF are shown in Table 2 and
Figure 7. The weight change of AHF-filled NRLFs with
increasing temperature under nitrogen gas was
measured, and a weight loss chart as a function of the
temperature was considered. Treated AHF-filled NRLF
(10 pphr) showed higher thermal stability compared

with untreated AHF-filled NRLF (10 pphr) and NRLF

120

(control) due to the better interaction between AHF and
NRL. Table 2 shows the temperature at 5 and 10 %
weight loss, the maximum weight loss, the temperature
at the maximum weight loss, and the final char residue
percentages. The temperature at 5 and 10 % weight loss
of treated AHF-filled NRLF showed higher degradation
temperature than NRLF (control) and untreated AHF-
filled NRLF, respectively. The AHF-filled NRLF
produced a higher char residue than the NRLF (control).

oo
o

Weight Loss (%)
[#3]
(=]

N /

40
MRLF (control) &
20 | -__untreated AHF filled NRLF |’
treated AHF filled NRLF
0 | | . e
0 200 400 600 800 1000
Temperature (°C)

Figure 7 TGA curved of untreated and treated AHF filled NRLF at 10 pphr loading.

Conclusions

The study found that incorporating AHF into
NRLF, especially with alkaline treatment, significantly
enhanced its properties. Treated AHF improved tensile
strength by 163.4 %, reaching 1.08 MPa at 10 pphr,
while untreated AHF showed a 58.5 % increase at 15
pphr. Treated AHF also retained better flexibility, with
elongation at break decreasing to 155 % compared to 65
% for untreated fibers at 25 pphr. Foam density
increased by 74 % for treated AHF and 52 % for
untreated AHF. Treated AHF also exhibited better
elasticity with a lower compression set and improved
thermal stability, with a degradation temperature 11.4 %
higher than untreated samples. These improvements
suggest that treated AHF enhances the mechanical,
thermal, and structural properties of NRLF more
effectively than untreated AHF. The SEM study of the

NRLF revealed an open cell structure with small pores
and a uniform structure following AHF treatment. The
untreated AHF-filled NRLF
interactions with NRLF, while the treated AHF-filled
NRLF showed good filler interactions with foam.
Overall, the NRLF with treated AHF has better
properties than those with untreated AHF. This research

showed weak filler

shows potential for sustainable applications, such as
eco-friendly construction materials and automotive
components, with enhanced mechanical and thermal
properties. Future research should focus on optimizing
fiber treatments, exploring additional natural fibers, and
evaluating long-term durability for broader use in green

technologies.



Trends Sci. 2025; 22(2): 8992

10 of 12

Acknowledgements

The authors thank the Thailand Science Research

and Innovation (TSRI) (Fundamental Fund 2565, FF65)
for financial support throughout this work. Thank you to

Rajamangala University of Technology Srivijaya
(RMUTSYV), Thailand, for the research facilities and
other support.

References

(1]

(3]

(4]

(7]

(8]

SO Han, M Karevan, MA Bhuiyan, JH Park and K
Effect of

nanoplatelets on the mechanical and viscoelastic

Kalaitzidou. exfoliated graphite
properties of poly(lactic acid) biocomposites
reinforced with kenaf fibers. Journal of Materials
Science 2012; 47, 3535-3543.

P Wambua, J Ivens and I Verpoest. Natural fibres:
Can they replace glass in fibre reinforced plastics?
Composites Science and Technology 2003; 63(9),
1259-1264.

T Saowapark, E Chaichana and A Jaturapiree.
Properties of natural rubber latex filled with
bacterial cellulose produced from pineapple peels.
Journal of Metals, Materials and Minerals 2017,
27(2), 12-16.

C Kuranchie, A Yaya and YD Bensah. The effect
of natural fibre reinforcement on polyurethane
composite foams - A review. Scientific African
2021; 11, e00722.

R Kumar, T Singh and H Singh. Solid waste-based
hybrid natural fiber polymeric composites.
Journal of Reinforced Plastics and Composites
2015; 34(23), 1979-1985.

VA Yiga, M Lubwama and PW Olupot. Thermal
stability of NaOH modified rice husk fiber-
reinforced polylactic acid composites: Effect of
rice husks and clay loading. Results in Materials
2023; 18, 100398.

P Jayaraman, A Pai, M Rodriguez-Millan, SB
Shenoy, KN Chethan and S Hegde. Exploring
acoustic properties of banana fiber composites
with elastomeric filler through a computational
approach. Materials Research Express 2024;
11(1), 15508.

H Zarafshani, P Watjanatepin, M Lepelaar, J
Verbruggen, P Ouagne, RD Luca, Q Li, F Scarpa,
V Placet and KV Acker.

assessment of woven hemp fibre reinforced epoxy

Environmental

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

composites and potential applications in aerospace
and electric scooter industries. Results in
Materials 2023; 20, 100474.

Akhyar, A Gani, M Ibrahim, F Ulmi and A Farhan.
The influence of different fiber sizes on the
flexural strength of natural fiber-reinforced
polymer composites. Results in Materials 2024;
21, 100534.

WZW Mohamed, A Baharum, I Ahmad, I
Abdullah and NE Zakaria. Fiber in rubber
composites. BioResources 2018; 13(2), 2945-
2959.

X Chen, J An, G Cai, J Zhang, W Chen, X Dong,
L Zhu, B Tang, J] Wang and X Wang.
Environmentally friendly flexible strain sensor
from waste cotton fabrics and natural rubber latex.
Polymers 2019; 11(3), 404.

SNH Mustapha, CWNFCW Norizan, R Roslan
and R Mustapha. Effect of kenaf/fempty fruit
bunch (EFB) hybridization and weight fractions in
palm oil blend polyester composite. Journal of
Natural Fibers 2020; 19(5), 1885-1898.

DDCYV Sheng, MNB Yahya, NBC Din, KY Wong,
MRM Asyraf and V Sekar. Potential of wood
fiber/polylactic acid composite microperforated
panel for sound absorption application in indoor
environment.  Construction — and  Building
Materials 2024; 444, 137750.

C Qiu, F Li, L Wang, X Zhang, Y Zhang, Q Tang,
X Zhao, CFD Hoop, X Peng, X Yu and X Huang.
The preparation and properties of polyurethane
foams reinforced with bamboo fiber sources in
China. Materials Research Express 2021; 8(4),
45501.

R Prabhu, S Mendonca, R D’Souza and T Bhat.
Effect of water absorption on the mechanical
properties of alkaline treated bamboo and flax
fiber reinforced epoxy composites. Trends in
Scieces 2022; 19(18), 5779.

HA Begum, SK Saha, AB Siddique and T
Stegmaier. Investigation on the spinability of fine
areca fiber. The Journal of The Textile Institute
2019; 110(9), 1241-1245.

S Dhanalakshmi, P Ramadevi and B Basavaraju.
Areca fiber reinforced epoxy composites: Effect of
chemical treatments on impact strength. Oriental

Journal of Chemistry 2015; 31(2), 763-769.



Trends Sci. 2025; 22(2): 8992

110f 12

(18]

[19]

[20]

(21]

(22]

(23]

(24]

(25]

(26]

AlJ Sankarathil, R Rosari, VS Joseph, S Jannet and
AA Mathew. Chopped areca nut fibers as filler in
epoxy matrix: Mechanical and tribological studies.
Trends in Sciences 2023; 20(12), 7155.

N Sukudom, P Jariyasakoolroj, L Jarupan and K
Tansin. Mechanical, thermal, and biodegradation
behaviors of poly(vinyl alcohol) biocomposite
with reinforcement of oil palm frond fiber. Journal
of Material Cycles and Waste Management 2019;
21(1), 125-133.

FFG Paiva, VPKD Maria, GB Torres, G Dognani,
RJD Santos, FC Cabrera and AE Job. Sugarcane
bagasse fiber as semi-reinforcement filler in
natural rubber composite sandals. Journal of
Material Cycles and Waste Management 2019; 21,
326-335.

RPG Ranganagowda, SS Kamath, RK
Chandrappa and B Bennehalli. Influence of
surface modification on physical, mechanical, and
morphological properties of natural single areca
catechu fiber. Oriental Journal of Chemistry 2019;
35(2), 605-610.

MK Singh, R Tewari, S Zafar, SM Rangappa and
S Siengchin. A comprehensive review of various
factors for application feasibility of natural fiber-
reinforced polymer composites. Results in
Materials 2023; 17, 100355.

M Cordin, S Eberle, T Bechtold, C Bitschnau, K
Lins, F Duc, R Chapuis and T Pham. Natural fiber
reinforced with  balanced
Materials 2024,

shoe midsoles
stiffness/damping behavior.
17(2), 401.

G Yuvaraj and M Ramesh. Effect of silane
treatment on corn husk and tamarind fiber and
betel nut filler on fatigue, thermal conductivity,
and machining behavior of epoxy biocomposites.
Biomass Conversion and Biorefinery 2024; 14,
10807-10816.

IM Akbar, AN Fauza, Z Abadi and D
Rahmadiawan. Study of the effective fraction of
areca nut husk fibre composites based on
mechanical properties. Journal of Engineering
Researcher and Lecturer 2024; 4(1), 29-34.

HM Lim, S Manroshan and M Geraghty. Oil palm
trunk fibre filled natural rubber latex biocomposite
foam. Journal of Rubber Research 2018; 21, 182-
193.

(27]

(28]

[29]

[30]

[32]

(33]

[34]

S  Tomyangkul, P  Pongmuksuwan, W
K  Chaochanchaikul.

Enhancing sound absorption properties of open-

Harnnarongchai  and

cell natural rubber foams with treated bagasse and
oil palm fibers. Journal of Reinforced Plastics and
Composites 2016; 35(8), 688-697.

AFA Karim, H Ismail and ZM Ariff. Effects of
kenaf loading and alkaline treatment on properties
of kenaf filled natural rubber latex foam. Sains
Malaysiana 2018; 47(9), 2163-2169.

SNI Kudori and H Ismail. The effects of filler
contents and particle sizes on properties of green
kenaf-filled natural rubber latex foam. Cellular
Polymers 2019; 39(2), 57-68.

I Surya, SNI Kudori and H Ismail. Effect of partial
replacement of kenaf by empty fruit bunch (EFB)
on the properties of natural rubber latex foam
(NRLF). BioResources 2019; 14(4), 9375-9391.

S Ramasamy, H Ismail and Y Munusamy. Soil
burial,
biodegradability of (rice husk powder)-filled
natural rubber latex foam. Journal of Vinyl and
Additive Technology 2015; 21(2), 128-133.

Y Li, Y Du, F Teng, C Liang, S Gao and Z Zhao.
Research on the effects of jute fibers filler content

tensile properties, morphology, and

and surface treatment on the mechanical properties
of natural rubber latex foam. Polymer Engineering
and Science 2024; 64(3), 1156-1167.

R  Saengwong-ngam, R  Saengrayap, J
Rattanakaran, S Arwatchananukul, N Aunsri, K
Tontiwattanakul, K Jitkokkruad, T Trongsatitkul,
L Lerslerwong, H Kitazawa, P Mahajan and S
Chaiwong. Cushion performance of eco-friendly
natural rubber latex foam composite with bamboo
leaf fiber for impact protection of guava.
Postharvest Biology and Technology 2024; 208,
112663.

ASM Bashir, Y Manusamy, TL Chew, H Ismail
and S Ramasamy. Mechanical, thermal, and
morphological properties of (eggshell powder)-
filled natural rubber latex foam. Journal of Vinyl
and Additive Technology 2017, 23(1), 3-12.

S Nayak, SK Khuntia, SD Mohanty, J] Mohapatra
and TK Mall. An experimental study of physical,
mechanical and morphological properties of alkali

treated Moringa/areca based natural fiber hybrid



Trends Sci. 2025; 22(2): 8992

12 of 12

[36]

[37]

[38]

[39]

composites. Journal of Natural Fibers 2022,
19(2), 630-641.

M Zwawi.
composites, surface modifications and
applications. Molecules 2021; 26(2), 404.

S Dhanalakshmi, P Ramadevi and B Basavaraju.

A review on natural fiber bio-

A study of the effect of chemical treatments on
areca fiber reinforced polypropylene composite
properties. Science and Engineering of Composite
Materials 2017; 24(4), 501-520.

D Sampathkumar, R Punyamurthy, B Bennehalli,
RP Ranganagowda and SC Venkateshappa.
Natural areca fiber: Surface modification and
spectral studies. Journal of Advances in Chemistry
2014;10(10), 3263-3273.

R Jeyapragash, S Sathiyamurthy, V Srinivasan, R
Prithivirajan and G Swaminathan. Properties and
characteristics of alkali treated calotropis gigantea

[40]

[42]

fiber-reinforced particle-filled epoxy composites.
Composites Theory and Practice 2022; 22(2), 99-
105.

K Roy, SC Debnath, L Tzounis, A
Pongwisuthiruchte and P Potiyaraj. Effect of
various surface treatments on the performance of
jute fibers filled natural rubber (NR) composites.
Polymers 2020; 12(2), 369.

L Yusriah, SM Sapuan, ES Zainudin, M Mariatti
and M Jawaid. Effect of alkali treatment on the
physical, mechanical, and morphological
properties of waste betel nut (Areca catechu) husk
fibre. BioResources 2014; 9(4), 7721-7736.

JT Varkey, S Augustine and S Thomas. Thermal
degradation of natural rubber/styrene butadiene
rubber latex blends by thermogravimetric method.
Polymer-Plastics Technology and Engineering

2010; 39(3), 415-435.



