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fractions on the tensile strength of the composite and how that strength is affected by
the composite’s water absorption behavior following two months of weathering in
water. The reduction in the tensile strength of weathered samples is attributed to the
loss of fibres' structural integrity upon water absorption compared to raw samples.
After being exposed to the water, the tensile strength of a 5% fiber composite sample
drops by around 16.43%, whereas an epoxy sample with 15% fiber reinforcement
drops by about 28.93%. The interactions between the fibers and the epoxy matrix, as
well as the morphology of the fibers following fracture, were analyzed by SEM for both
raw and weathered samples. Fiber-matrix debonding and fiber swelling due to water
absorption and voids are observed in weathered specimens, whereas perfect fiber-
matrix bonding is evident in raw composites.
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1. Introduction

The use of polymer composites has increased significantly in recent years due to their superior
properties and versatility. Two or more distinct materials are combined to form polymer composites,
which can be combined to achieve specific properties that are not possible with a single material. For
example, a polymer composite can be made to be strong, lightweight, and corrosion-resistant.
Composite materials are significantly stronger than their counterparts due to their high strength-to-
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weight ratio [1-3]. Due to their minimal maintenance requirements, these composite materials are
more durable than traditional materials. Additionally, they can maintain their shape in many
environments due to their greater dimensional stability and lower fracture toughness than most
metals and alloys. They are less corrosion-resistant in severe environments. The escalating
apprehensions regarding the ecological consequences of traditional materials have led to a swift
surge in the requirement for sustainable substitutes [4-7].

The growing demand for biodegradable products has significantly reduced the use of artificial
materials, mainly in the packaging, structural engineering, and automotive industries. The utilization
of natural fiber composites has emerged as a compelling substitute due to their extensive
accessibility, uncomplicated processing techniques, versatility in design, and capacity to be shaped
into intricate configurations [8-10]. Jute fiber is of great value due to its exceptional mechanical
characteristics, such as its high tensile strength, remarkable stiffness, and thermal stability. The
integration of jute fibers enhances the composite materials’ comprehensive functionality, leading to
elevated levels of tensile strength, torsional rigidity, and impact resistance. Jute fiber composites
exhibit exceptional tensile strength, rendering them appropriate for employment in structural
contexts [11-12]. The qualities of natural fiber composites can be improved by chemical treatments.
The chemical treatment of the fiber by NaOH removes the oil, wax, and hemicellulose content from
the fiber. These modifications may result in an enhanced interface between the fibers and the
polymer matrix, which may enhance the composite’s mechanical properties [13-15].

Natural fibers, however, provide several benefits over synthetic fibers, such as lower costs, lower
densities, and higher specific strengths. Nevertheless, there are several drawbacks to using natural
fibers, including their hydrophilicity, which can lead to water absorption and a weak bond between
the fiber and the polymer matrix [16-18]. Thus, the impact of the absorption of water on the strength
of composites made of jute fiber was examined in this study. The findings demonstrated that the
amount of jute fiber added increased the water absorption rate. This is due to jute fibers’
hydrophilicity or their high affinity for water. The interactions between the fibers and the polymer
matrix may weaken when the fibers swell after absorbing water [19-21]. The composite may become
weaker after the water absorption. To further understand the impact of water absorption, the
cracked surfaces of the composites were examined using scanning electron microscopy (SEM). SEM
images demonstrated that the fibers swelled and delaminated from the polymer matrix because
of water absorption. The load-bearing capability of the composite was reduced because of this
delamination.

2. Methodology
2.1 Raw Materials

The present study employed jute (Corchorus Capsularis) fibers to be the reinforcing agent in the
fabrication of composite specimens. Procuring epoxy resin, corresponding hardener, and jute fibers
was carried out through a nearby vendor. The selection of unidirectional jute fibers for this research
was based on their advantageous mechanical properties and sustainable attributes.

2.2 Composite Sample Preparation
The composite slabs are fabricated using the conventional hand lay-up technique, followed by
the utilization of light compression molding. Three distinct fiber percentages, such as 5%, 10%, and

15%, were employed to generate three sets of composite samples, as shown in Table 1. They were
treated with NaOH for better bonding with the matrix [22-23]. Then, they are heated to 60°C for 2
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hours to remove the moisture. Following the recommendation, the epoxy and hardener are blended
at a weight ratio 10:1 [24]. The jute fiber was impregnated with the pre-existing matrix material.
During the preparation process, vacuum degassing was done to avoid the formation of air bubbles in
the epoxy matrix, and epoxy was cast into the mold. The mold was subjected to top-down pressure
and allowed to cure for 48 hours at ambient temperature [25]. After 48 hours, the specimens were
extracted from the mold and resized to the required dimensions (Figure 1).

Table 1
Distribution of fiber contents in the matrix
Sample  Fiber Percentage (%) Matrix Percentage (%)

1 5 95
2 10 90
3 15 85

2.3 Tensile Strength Testing

The present study involved conducting tensile tests on specimens featuring linear edges (Figures
1cand 1d). The tensile properties of composites reinforced with fibers are commonly evaluated using
the ASTM D3039-14 standard test [26-27]. The tensile tests were conducted utilizing an Instron 1195
universal testing machine with a 2 mm/min crosshead speed. The values obtained were utilized to
determine the tensile strength of the composite samples. Three identical specimens were assessed
for each composite type, and subsequently, the mean value was reported as the most indicative
characteristic of that specific composite to ensure statistical validity.

2.4 Weathering and Water Absorption Test

Composite specimens were subjected to a two-month weathering exposure in water under
controlled environmental conditions. Each specimen’s weight and water absorption behavior were
periodically measured during the weathering period. Following the weathering period, tensile
strength testing was performed on the weathered composite specimens using the same
methodology as tensile testing.

(f)
Fig. 1. (a) Pure cast epoxy, (b) 5% jute fiber cast epoxy composite, (c) 5% jute fiber cast epoxy composite,
(d) 15% jute fiber cast epoxy composite, (e) Standard tensile samples, and (d) Fractured samples after
the tensile test
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3. Results

The observed enhancement in the tensile strength of epoxy composites upon incorporating
varying proportions of jute fiber (5%, 10%, and 15%) can be attributed to the gradual reinforcement
effect and the improved load transfer mechanism between the jute fibers and the epoxy matrix.

With pure epoxy, the average tensile strength was 30.53 MPa shown in Figure 2. However, it has
been observed that the average tensile strength is 38.33 MPa when adding 5% jute fibers to the pure
epoxy. Furthermore, compared to pure epoxy, a 25.55% increase in strength is noted. Using jute
fibers increases the tensile strength over epoxy alone by distributing and transmitting the applied
load more efficiently [28-29]. As fiber are stronger than matrix, it effectively increased the strength
of the composites. Specifically, adding jute fibers at a concentration of 10% results in an increase in
the strength of the composite, as more fiber contents helped carry out the load and improved the
strength [30]. The composite material exhibited an increase in strength, measuring at 50.86 MPa,
representing a nearly 66.6% improvement compared to pure epoxy strength.

Consequently, the load distribution throughout the composite material is enhanced, thereby
reducing stress concentrations and augmenting its tensile strength. Incorporating 15% jute fiber
results in a noteworthy enhancement of the tensile strength compared to the preceding instances.
The mean tensile strength rose to 67.16 MPa, signifying a 120% increment about the initial pure
epoxy specimen (Figure 2).
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Fig. 2. Average tensile strength of the samples with change of fiber percentages

The increased proportion of fibers significantly enhances the reinforcement of the composite
material. Jute fibres’ inherent strength and rigidity make them suitable reinforcements when
incorporated into a composite. The material’s strength is enhanced by increased fiber content,
resulting in a greater number of load-bearing fibers that effectively resist applied tensile forces.
Moreover, the augmented quantity of fibers enhances the distribution of load by dispersing it across
a wider surface area and mitigating stress concentrations. Furthermore, the heightened fiber content
enhances the fiber and matrix interaction, facilitating effective stress transmission and augmenting
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the load-carrying capability. The increase in the proportion of jute fiber in the composite material
leads to a corresponding increase in the overall tensile strength due to the combined effects [31-32].

3.1 Effect of water absorption

Natural fibers exhibit high porosity and possess a propensity to absorb water readily. The
phenomenon of swelling in composite materials occurs due to the absorption of water by the fibers.
Swelling may damage a composite material’s structural integrity and weaken the bond between the
fiber and matrix. This phenomenon possesses the capability to influence the properties and
performance of diverse materials. Swelling can result in composite materials’ fiber-matrix interfaces
losing structural integrity and mechanical strength [33]. The rate of water absorption by the samples
is shown in Table 2.

Table 2
The water absorption rate of the different samples
Time (Days) Epoxy Epoxy+5%  Epoxy+ 10% Epoxy+ 15%

Jute Fiber Jute Fiber Jute Fiber

0 0 0 0 0

3 0.61 4.85 6.2 7.025
6 0.68 5.26 6.6 7.76
9 0.77 5.5 6.8 8.125
12 0.8 6.15 7.1 8.425
15 0.83 6.58 7.5 8.925
18 0.84 6.61 8 9.325
21 0.85 6.65 8.3 9.525
24 0.87 6.66 8.5 9.825
27 0.88 6.67 8.6 10.125
30 0.88 6.68 8.65 10.425
33 0.88 6.69 8.8 10.555
36 0.88 6.69 8.84 10.605
39 0.88 6.7 8.86 10.585
42 0.89 6.7 8.86 10.605
45 0.9 6.75 8.91 10.61
48 0.9 6.765 8.92 10.615
51 0.89 6.765 8.92 10.616
54 0.89 6.77 8.92 10.617
57 0.89 6.8 8.93 10.608
60 0.9 6.8 8.94 10.608

Figure 3 depicts the correlation between the proportion of fibers in various samples and their
respective water absorption rates. Pure epoxy exhibits hydrophobic properties, resulting in a minimal
moisture absorption rate over a 60-day duration due to the porosity presented in the epoxy sample
[34]. Upon adding 5% jute fibers to the epoxy, there was a gradual increase in the moisture
absorption rate over several days, followed by a stabilization of the absorption rate. Incorporating
jute fibers at a concentration of 10% yields comparable outcomes to those observed with 5% jute
fibers, albeit with a higher degree of moisture uptake. The sample with a 15% addition of jute fibers
exhibits the highest moisture absorption rate (Figure 3). The moisture absorption rate of this sample
exhibited a gradual increase that surpassed that of the other samples, and this trend persisted over
time.
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Fig. 3. Moisture absorption rate for different samples

Numerous factors affect the moisture absorption rate in composite materials, including the
amount and existence of jute fibers. The greater surface area of natural fibers compared to the matrix
material facilitates the interaction and absorption of water molecules. The incorporation of jute
fibers into the composite material resulted in an enhancement of its surface area and moisture
absorption capabilities. The bonding between the matrix and fibers is affected by the water
absorption of the jute fibers [34]. In cases where the contact between the fiber and matrix is
inadequately sealed or bonded, there is a possibility for moisture ingress and subsequent absorption.
Porous characteristics are exhibited by fibrous natural fibers such as jute. These pores can absorb
water. The incorporation of jute fibers in the composite material results in an increase in porosity,
thereby facilitating the ingress and absorption of water [35].
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Fig. 4. Comparison of tensile strength between raw samples and water-absorbed samples

119



Malaysian Journal on Composite Science and Manufacturing Penerbit

Volume 12, Issue 1 (2023) 114-124 Akademia Baru

Since natural fibers are hydrophilic, the binding strength between the fibers and the matrix is
reduced when exposed to water. The impairment of fiber-matrix adhesion due to moisture decreases
load transmission and other advantageous mechanical characteristics of composite materials are
shown in Figure 4. The prolonged exposure of natural fibers to moisture results in their deterioration.
The process of hydrolysis results in the breakdown of both the fiber and matrix constituents. The
composite’s mechanical characteristics and durability have been compromised [36].

Figure 4 shows that the strength of the weathered pure epoxy was not degraded due to the
hydrophobic nature of the epoxy. However, the strength of 5% jute fibers was weakened. When the
percentage of jute fiber in the material rises to 10% and then 15%, the strength drop becomes more
obvious. Hydrolysis, caused by absorbed water, weakened the fibers and reduced their mechanical
characteristics, lowering the composite’s strength [37-38].

3.2 Fracture surface of the raw and weathered samples

The fracture surface morphology presented in Figure 5 of the jute fiber composites undergoes
alterations, exhibiting an increase in roughness, swelling of its fibers, and the formation of aqueous
cavities or channels due to the absorption of water by the fibers. The weakened interaction between
the fibers and the matrix reduces adhesion and increases the probability of debonding or separation
[38]. The comprehension of these modifications and the impact of water absorption on the
composite specimens can be facilitated through the utilization of scanning electron microscopy (SEM)
images.

The SEM images presented in Figure 5 illustrate a noteworthy degree of bond between the fiber
and matrix in both composite variations. The SEM images of the fractured surface indicate that the
jute fiber maintains a sturdy and unmodified appearance. This type of bonding facilitated the transfer
of load from the matrix to the fiber, resulting in a significant enhancement of strength [39].
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Fig. 5. Fracture surface of (a) 5% jute fiber raw composite, (b) 10 % jute fiber raw composite, and (c) 15%
jute fiber raw composite

Voids or interstices within jute fibers provide conduits for water infiltration when immersed in
water. Inadequate sealing or protection of composite materials may result in the infiltration and
occupation of these voids by water molecules [39-40]. The potential displacement of the composite
matrix due to water absorption may result in discernible alterations of the fiber. This water
absorption by fiber created more voids in the composites found in Figure 6. The higher the fiber
percentage, the more voids are noticed in the SEM images. The large cavities are visible for the 15%
jute fiber composite than the 5% and 10% fiber-added composites. The phenomenon of interface
weakening results in debonding or separation of the fiber from the matrix, thereby reducing the
composite material’s overall strength.
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(a) (b) (c)
Fig. 6. Fractured surface of water-absorbed composite samples of (a) 5% jute fiber composite; (b)
10% jute fiber composite, and (c) 15 % jute fiber composite

4. Conclusions

The principal purpose of this study was to inspect the impact of jute fibers on moisture
absorption and its consequential effect on the mechanical tensile characteristics of composite
materials comprising epoxy resins. The results of comprehensive experimentation indicate the
following discoveries. Incorporating long jute fibers, at varying percentages of 5%, 10%, and 15%,
into epoxy-based polymer results in a corresponding increase in the material’s strength by
approximately 26%, 67%, and 120%, respectively. The augmentation of the percentage of jute fibers
has been observed to enhance the crack propagation resistance and improve strength. The research
revealed that water immersion reduced the potency of pure epoxy by 4%. The 5%, 10%, and 15% jute
fiber composites exhibited strength reductions of 16%, 20%, and 29%, respectively. These reductions
were attributed to the swelling effect caused by moisture absorption and the debonding of fibers
from the matrix. A higher percentage of fiber resulted in increased water absorption and greater
degradation of tensile properties due to the hydrophilic nature of fibers. The SEM image of the raw
samples demonstrated a robust bond between the jute fiber and matrix, resulting in enhanced
strength. Upon moisture absorption, the SEM image revealed considerable damage to the
composites, characterized by numerous large cavities, fiber, and matrix debonding. These factors
collectively contributed to a reduction in the strength of the weathered sample when exposed to
water.

Acknowledgment

The Materials Science and Engineering (MSE) Department at Khulna University of Engineering and
Technology (KUET), has been extremely helpful and supportive during this study, and the authors
would like to convey their genuine appreciation for that.

References

[1] Soundhar Arumugam, Jayakrishna Kandasamy, Subramani Venkatesan, Rajesh Murugan, Valapathy Lakshmi
Narayanan, Mohamed Thariq Hameed Sultan, Farah Syazwani Shahar, Ain Umaira Md Shah, Tabrej Khan and Tamer
Ali Sebaey, “A Review on the Effect of Fabric Reinforcement on Strength Enhancement of Natural Fiber Composites,”
Materials 15, no. 9 (2021): 3025.
https://doi.org/10.3390/ma15093025

[2] Md. Mehedi Hasan Kanok, Silvina Siddika Shifa, Mohammad Salman Haque and Azmery Akter, “Comparative Study
on Mechanical Properties of Banana-Glass Fiber Reinforced Epoxy Hybrid Composites,” Materials Today:
Proceedings, (2023).
https://doi.org/10.1016/j.matpr.2023.08.356

121


https://doi.org/10.3390/ma15093025
https://doi.org/10.1016/j.matpr.2023.08.356

Malaysian Journal on Composite Science and Manufacturing
Volume 12, Issue 1 (2023) 114-124

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

[15]

(16]

(17]

Amar K. Mohanty, Manjusri Misra, Lawrence T. Drzal, Natural Fibers, Biopolymers, and Biocomposites (Boca Raton,
CRC Press, 2005), 1-896.

https://doi.org/10.1201/9780203508206

T. Alomayri, H. Assaedi, F.U.A. Shaikh and .M. Low, “Effect of Water Absorption on the Mechanical Properties of
Cotton Fabric-Reinforced Geopolymer Composites,” Journal of Asian Ceramic Societies 2, no. 3 (2014): 223-230.
https://d0i:10.1016/j.jascer.2014.05.005

Sarker, Shraboni, Mohammad Salman Haque, Md Sadbin Azad Alvy and Md Mehedi Hasan Abir, “The Effects of
Solution Heat Treatment on the Microstructure and Hardness of an Aluminum-4% Copper Alloy with Added Nickel
and Tin,” Journal of Alloys and Metallurgical Systems 4 (2023): 100042.
https://doi.org/10.1016/j.jalmes.2023.100042

N.M. Nurazzi, M.R.M. Asyraf, A. Khalina, N. Abdullah, H.A. Aisyah, S. Ayu Rafiqah, F.A. Sabaruddin, S.H. Kamarudin,
M.N.F. Norrahim, R.A. llyas and S.M. Sapuan, “A Review on Natural Fiber Reinforced Polymer Composite for Bullet
Proof and Ballistic Applications,” Polymers 13, no. 4 (2021): 646.

https://doi.org/10.3390/polym13040646

Mohammad Salman Haque, S.M. Nasim Rokon and Mohammad Salim Kaiser, “Strengthening and Softening
Behavior of Non-Heat-Treatable Aluminum Alloys Subject to Deformation and Annealing Treatment,” Materials
Today Proceedings 82, (2023): 151-157.

https://doi.org/10.1016/j.matpr.2022.12.113

Bo Madsen, Anders Thygesen and Hans Lilholt, “Plant Fibre Composites — Porosity and Stiffness,” Composites
Science and Technology 69, no. 7-8 (2009): 1057-1069.

https://doi.org/10.1016/j.compscitech.2009.01.016

Zhouxiang Zhao, Hongwu Wu, Meng Zhang, Shigiang Fu and Kang Zhu, “Fiber Orientation Reconstruction from SEM
Images of Fiber-Reinforced Composites,” Applied Sciences 13, no. 6 (2023): 3700.
https://doi.org/10.3390/app13063700

M.G. Suresh and R. Suresh, “Evaluation of Tensile Properties of Jute Natural Fiber Reinforced PU Polymer Matrix
Composite Material,” International Journal of Engineering and Advanced Technology (IJEAT) 8, no.6 (2019): 335-
339.

https://doi.org/10.35940/ijeat.E7670.088619

Muhammad Yasir Khalid, Muhammad Ali Nasir, Aakash Ali, And Al Rashid and Muhammad Riaz Khan, “Experimental
and Numerical Characterization of Tensile Property of Jute/Carbon Fabric Reinforced Epoxy Hybrid Composites,” SN
Applied Sciences 2, no. 577 (2020): 1-10.

https://doi.org/10.1007/s42452-020-2403-2

Innocent Kafodya and Felix Okonta, “Effect of Fibre Surface Coating on the Mechanical Proerties of Natural Fibre-
Reinforced Soil,” International Journal of Geotechnical Engineering 15, no. 3 (2021): 338-348.
https://doi.org/10.1080/19386362.2018.1542557

Hadi Rezghi Maleki, Mohsen Hamedi, Masatoshi Kubouchi and Yoshihiko Arao, “Experimental study on drilling of
jute fiber reinforced polymer composites,” Journal of Composite Materials 53, no. 3 (2019): 283-295.
https://doi.org/10.1177/0021998318782376

Silu Huang, Qiuni Fu, Libo Yan and Bohumil Kasal, “Characterization on Interfacial Properties between Fibre and
Polymer Matrix in Composite Materials — A Critical Review,” Journal of Materials Research and Technology 13, July-
August 2021 (2021): 1441-1484.

https://doi.org/10.1016/j.jmrt.2021.05.076

Amuthakkannan Pandian, Manikandan Vairavan, Winowlin Jappes Jebbas Thangaiah and Marimuthu Uthayakumar,
“Effect of Moisture Absorption Behavior on Mechanical Properties of Basalt Fibre Reinforced Polymer Matrix
Composites,” Journal of Composites 2014, no. 587980 (2014): 1-8.

https://doi.org/10.1155/2014/587980

Rotich Gideon and Desalegn Atalie, “Mechanical and Water Absorption Properties of Jute/Palm Leaf Fiber-
Reinforced Recycled Polypropylene Hybrid Composites,” International Journal of Polymer Science 2022, no.
4408455 (2022): 1-8.

https://doi.org/10.1155/2022/4408455

Sudhir Kumar Saw, Khurshid Akhtar, Narendra Yadav and Ashwini Kumar Singh, “Hybrid Composites Made from
Jute/Coir Fibers: Water Absorption, Thickness Swelling, Density, Morphology, and Mechanical Properties,” Journal
of Natural Fibers 11, no. 1 (2014): 39-53.

https://doi.org/10.1080/15440478.2013.825067

122


https://doi.org/10.1201/9780203508206
https://doi:10.1016/j.jascer.2014.05.005
https://doi.org/10.1016/j.jalmes.2023.100042
https://doi.org/10.3390/polym13040646
https://doi.org/10.1016/j.matpr.2022.12.113
https://doi.org/10.1016/j.compscitech.2009.01.016
https://doi.org/10.3390/app13063700
https://doi.org/10.35940/ijeat.E7670.088619
https://doi.org/10.1007/s42452-020-2403-2
https://doi.org/10.1080/19386362.2018.1542557
https://doi.org/10.1177/0021998318782376
https://doi.org/10.1016/j.jmrt.2021.05.076
https://doi.org/10.1155/2014/587980
https://doi.org/10.1155/2022/4408455
https://doi.org/10.1080/15440478.2013.825067

Malaysian Journal on Composite Science and Manufacturing
Volume 12, Issue 1 (2023) 114-124

(18]

(19]

[20]

[21]

[22]

(23]

(24]

[25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

Mohammed Mohammed, Anwar Ja’afar Mohamad Jawad, Aeshah M. Mohammed, Jawad K. Oleiwi, Tijjani Adam,
Azlin F. Osman, Omar S. Dahham, Bashir O. Betar, Subash C.B. Gopinath and Mustafa Jaafar, “Challenges and
Advancement in Water Absorption of Natural Fiber-Reinforced Polymer Composites,” Polymer Testing 124, no.
108083 (2023).

https://doi.org/10.1016/j.polymertesting.2023.108083

M.S. Haque and M.A. Islam, “Effect of Wood Saw Dust and Chopped Jute Fiber on the Tensile Properties of Epoxy
based Polymer Composite,” Chemical Engineering Research Bulletin 22, Special Issue (2020): 94-98.

Ramakrishnan Thirumalaisamy, S. Senthil Kumar, Samson Jerold Samuel Chelladurai, S. Gnanasekaran, S.
Sivananthan, N.K. Geetha, A. Ramesh and Gizachew Balcha Assefa, “Study on Water Absorption Characteristics,
Various Chemical Treatments, and Applications of Biological Fiber-Reinforced Polymer Matrix Composites,” Journal
of Nanomaterials 2023, no. 9903119 (2023): 1-7.

https://doi.org/10.1155/2023/9903119

Hazizan Md Akil, Leong Wei Cheng, Z.A. Mohd Ishak, A. Abu Bakar and M.A. Abd Rahman, “Water Absorption Study
on Pultruded Jute Fibre Reinforced Unsaturated Polyester Composites,” Composites Science and Technology 69, no
11-12 (2009): 1942-1948.

https://doi.org/10.1016/j.compscitech.2009.04.014

Reza Masoodi and Krishna M. Pillai, “A Study on Moisture Absorption and Swelling in Bio-based Jute-Epoxy
Composites,” Journal of Reinforced Plastics and Composites 31, no. 5 (2012): 285-294.
https://doi.org/10.1177/0731684411434654

Sayeed, MM Alamgir and Ayush Paharia. “Optimization of the Surface Treatment of Jute Fibres for Natural Fibre
Reinforced Polymer Composites using Weibull Analysis,” The Journal of the Textile Institute 110, no. 11 (2019):
1588-1595.

Md. Rashnal Hossain, Md. Aminul Islam, Aart Van Vuurea and Ignaas Verpoest, “Tensile Behavior of Environment
Friendly Jute Epoxy Laminated Composite,” Procedia Engineering 56, no. 2013 (2013): 782-788.
https://doi.org/10.1016/].proeng.2013.03.196

M. Faruk Hossain, Shoumya Nandy Shuvo and M.A. Islam, “Effect of Types of Wood on the Thermal Conductivities
of Wood Saw Dust Particle Reinforced Composites,” Procedia Engineering 90, no. 2014 (2014): 46-51.
https://doi.org/10.1016/j.proeng.2014.11.812

Arnas Majumder, Flavio Stochino, Ilenia Farina, Monica Valdes, Fernando Fraternali and Enzo Martinelli, “Physical
and Mechanical Characteristics of Raw Jute Fibers, Threads and Diatons,” Construction and Building Materials 326,
no. 126903 (2022).

https://doi.org/10.1016/].conbuildmat.2022.126903

A. Athijayamani, M. Thiruchitrambalam, U. Natarajan and B. Pazhanivel, “Effect of Moisture Absorption on the
Mechanical Properties of Randomly Oriented Natural Fibers/Polyester Hybrid Composite,” Materials Science and
Engineering: A 517, no. 1-2 (2009): 344-353.

https://doi.org/10.1016/j.msea.2009.04.027

R.M. Hossain, A. Islam, A.W. Van Vuure and V. Ignaas, “Effect of Fiber Orientation on the Tensile Properties of Jute
Epoxy Laminated Composite,” Journal of Scientific Research 5, no. 1 (2013): 43-54.
https://doi.org/10.3329/jsr.v5i1.10519

William D. Callister Jr. and David G. Rethwisch, “Materials Science and Engineering: An Introduction,” 10" Edition,
ISBN: 978-1-119-40549-8 (WileyPLUS, 2018).

Ashothaman, A, J. Sudha and N. Senthilkumar. “A comprehensive review on biodegradable polylactic acid polymer
matrix composite material reinforced with synthetic and natural fibers,” Materials Today: Proceedings 80 (2023):
2829-2839.

https://doi.org/10.1016/j.matpr.2021.07.047

Siming Ma, Xincun Zhuang and Xiaoming Wang, “Particle Distribution-Dependent Micromechanical Simulation on
Mechanical Properties and Damage Behaviors of Particle Reinforced Metal Matrix Composites,” Journal of Materials
Science 56, (2021): 6780-6798.

https://doi.org/10.1007/s10853-020-05684-2

M.R. Hossain, M.F. Hossain and M.A. Islam, “Effects of Wood Properties on the Behaviors of Wood Particle
Reinforced Polymer Matrix Composites,” Journal of Scientific Research 6, no. 3 (2014): 431-443.
https://doi.org/10.3329/jsr.v6i3.15811

Maria E. Vallejos, Fabiola Vilaseca, José A. Méndez, Francisco X. Espinach, Roberto J. Aguado, Marc Delgado-Aguilar
and Pere Mutjé, “Response of Polypropylene Composites Reinforced with Natural Fibers: Impact Strength and
Water-Uptake Behaviors,” Polymers 15, no. 4 (2023): 900.

https://doi.org/10.3390/polym 15040900

123


https://doi.org/10.1016/j.polymertesting.2023.108083
https://doi.org/10.1155/2023/9903119
https://doi.org/10.1016/j.compscitech.2009.04.014
https://doi.org/10.1177/0731684411434654
https://doi.org/10.1016/j.proeng.2013.03.196
https://doi.org/10.1016/j.proeng.2014.11.812
https://doi.org/10.1016/j.conbuildmat.2022.126903
https://doi.org/10.1016/j.msea.2009.04.027
https://doi.org/10.3329/jsr.v5i1.10519
https://doi.org/10.1016/j.matpr.2021.07.047
https://doi.org/10.1007/s10853-020-05684-2
https://doi.org/10.3329/jsr.v6i3.15811
https://doi.org/10.3390/polym15040900

Malaysian Journal on Composite Science and Manufacturing
Volume 12, Issue 1 (2023) 114-124

(34]

(35]

(36]

(37]

(38]

(39]

(40]

Muhammad Ramzan Abdul Karim, Danish Tahir, Khurram Imran Khan, Azhar Hussain, Ehsan Ul Hag and Muhammad
Sohail Malik, “Improved Mechanical and Water Absorption Properties of Epoxy-Bamboo Long Natural Fibres
Composites by Eco-Friendly Na2COs Treatment,” Plastics, Rubber and Composites Macromolecular Engineering 52,
no. 2 (2023): 114-127.

https://doi.org/10.1080/14658011.2022.2030152

Flavia Bollino, Venanzio Giannella, Enrico Armentani and Raffaele Sepe, “Mechanical Behavior of Chemically-Treated
Hemp Fibers Reinforced Composites Subjected to Moisture Absorption,” Journal of Materials Research and
Technology 22 (2023): 762-775.

https://doi.org/10.1016/j.jmrt.2022.11.152

Saigeeta Priyadarshini, Lavish Kumar Singh, Chandra Kant Kaithwas and Shatrughan Soren, “A Review on Thermo-
Mechanical Durability of Glass Fiber/Polymer Composites in Water,” Macromolecular Symposia 407, no. 1 (2023):
2200124.

https://doi.org/10.1002/masy.202200124

K. Setswalo, O.P. Oladijo, M. Namoshe, E.T. Akinlabi, R.M. Sanjay, S. Siengchin and R. Srisuk, “The water Absorption
and Thermal Properties of Green Pterocarpus Angolensis (Mukwa)-Polylactide Composites,” Journal of Natural
Fibers 20, no. 1 (2023): 2124217.

https://doi.org/10.1080/15440478.2022.2124217

Atul Kumar Maurya and Gaurav Manik, “Advances Towards Development of Industrially Relevant Short Natural Fiber
Reinforced and Hybridized Polypropylene Composites for Various Industrial Applications: A Review,” Journal of
Polymer Research 30, no. 1 (2023): 47.

https://doi.org/10.1007/s10965-022-03413-8

Praveenkumara Jagadeesh, Madhu Puttegowda, Yashas Gowda Thyavihalli Girijappa, Pradeep Shivanna, Sanjay
Mavinkere Rangappa and Suchart Siengchin, "Investigations on Physical, Mechanical, Morphological and Water
Absorption Properties of Ramie/Hemp/Kevlar Reinforced Vinyl Ester Hybrid Composites," Journal of Vinyl and
Additive Technology 29, no. 3 (2023): 555-567.

https://doi.org/10.1002/vnl.22008

Nguyen Trung Thanh, Nguyen Ba Ngoc, Truong Dinh Tuan, Hoang Ngoc Phuoc, Nguyen Van Huy and Tran Van Quyen,
“Preparation and Properties of Nanocomposite based on K-153 Epoxy Reinforced T-13 Glass Fiber,” Malaysian
Journal on Composites Science and Manufacturing 10, no. 1 (2023): 1-10.
https://doi.org/10.37934/mjcsm.10.1.110

124


https://doi.org/10.1080/14658011.2022.2030152
https://doi.org/10.1016/j.jmrt.2022.11.152
https://doi.org/10.1002/masy.202200124
https://doi.org/10.1080/15440478.2022.2124217
https://doi.org/10.1007/s10965-022-03413-8
https://doi.org/10.1002/vnl.22008
https://doi.org/10.37934/mjcsm.10.1.110

