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Abstract 

The past few years have seen a lot of interest in the creation of hybrid natural fiber composites because 

of their lightweight properties, environmental friendliness and their potential use in structures. The 
hybrid composite laminates in the current study were produced by the hand lay-up process by blending 

the natural fibers with the functional filler materials. Three types of composite structures were created 
and these are Natural Composite Material (NCM), Ferromagnetic Composite Material (FCM), and 

Graphite Composite Material (GCM). Jute, cotton, silk and glass fibers were reinforced to the 
composites and epoxy resin was employed as the matrix material. The functional fillers were 

ferromagnetic powder and graphite powder which were added to increase the mechanical performance 
of the composites. SEM was used to study the microstructural features of the fabricated composites to 

analyze the interaction of fibers with the matrix and the dispersion of the fillers. The mechanical 

properties were tested using the Brinell hardness tests, Rockwell hardness tests, and Izod impact tests. 
The findings showed that the Ferromagnetic Composite Material (FCM) had better mechanical 

performance with higher hardness and impact strength than the other composites. This was because 
the Graphite Composite Material (GCM) exhibited moderate mechanical performance and the Natural 

Composite Material (NCM) exhibited a relatively low strength as there was no filler reinforcement. 
Comprehensively, the paper has shown that mechanical performance of hybrid natural fiber composites 

is greatly enhanced with the inclusion of functional filler particles rendering them useful in engineering 
and structural applications that need lightweight. 

 

Keywords: Hybrid natural fiber composites, 

Ferromagnetic filler, Graphite reinforcement, 
Mechanical properties, Scanning Electron 

Microscopy, Hand lay-up technique. 
 

 

INTRODUCTION 

In the vision of a Natural Composite of JCGGFS 

Materials, the concept is to incorporate Jute and 
Cotton and Glass Fibre and Graphite Powder and 

Ferro magnetic Powder and Silk (JCGGFS) within 
a polymerous structure to attain a multi-component 

reinforcement approach with JCGGFS blended in a 
homogenous structure to provide a high level of 

mechanical performance, thermal control, and 
possible functional (electrical/magnetic) behaviour. 

It is reported in the literature on hybrid natural-fibre 
systems that the combination of various 

reinforcements could enhance tensile flexibility and 
impact property and allow the enhancement of 

energy absorption, stiffness, and processability on 
condition that interfacial bonding and moisture 
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sensitivity are controlled adequately by the use of surface treatment and optimizing the selection of the 

matrix [ 1,5,6,7,9,13,15,23].Though the specifics of a JCGGFS-companion are not reported directly yet 
in the described sources, the overlap of evidence created by similar natural-hybrid systems, as well as 

by fillers that are known to impact thermal and electrical characteristics, e.g. graphite and graphene-
like fillers, offer a plausible roadmap on how to realize a multi-functionality within a friendly-to-the-

environment format [2,4,8,10,12,19,20,24,27].The development of JCGGFS composites must be done 
with a lot of consideration of compatibility between matrices, fiber architecture, and processing 

pathways. Epoxy or polyester matrices are typically used together with natural reinforcement and may 
be bonded to either type of reinforcement through surface treatment or a coupling agent in order to 

ensure the highest possible transfer of loads and the least amount of degradation of the composite 

through moisture [3,11,12,14,21,25]. The stiffness, strength, and damage tolerance will depend on the 
spatial control of the various fibers-layered laminates, selective location of high-stiffness components, 

and orientational control, and one direction to desired thermal/functional performance is the 
introduction of conductive or magnetic fillers (graphite powder, ferro-magnetic powder). Processing 

techniques (hand lay-up, vacuum infusion, resin transfer molding) have to be selected in order to reduce 
the number of pores and to achieve even distribution of fillers, and interfacial engineering is an essential 

component towards achieving the desired level of properties improvement.An effective research 
roadmap that JCGGFS may use would involve: (i) determining the baseline mechanical performance of 

a well-selected matrix and a specified group of fiber loadings, (ii) systematic interfacial engineering 
and surface modification approaches towards each constituent, (iii) dispersion optimization and 

processing parameter, (iv) simultaneous measurement of thermal conductivity, possible 
electrical/magnetic responsiveness, and environmental impact measures, and (v) life-cycle 

considerations to make sure that it has sustainability benefits over present composites. Seeing that there 
is no direct data on JCGGFS, such a program would be based on a proven multi-component natural-

fibre literature and on the fact that multifunctional performance in functional fillers is achievable and 
natural-reinforced matrices are becoming increasingly more popular and able to be combined with 

natural fillers [16,17,18,22,26]. The current research is concerned with the creation and the definition 

of hybrid natural fiber reinforced composite with the use of functional filler materials. In this study, 
three various composite structuresNatural Composite Material (NCM), Ferromagnetic Composite 

Material (FCM), and Graphite Composite Material (GCM) were developed by use of the hand lay-up 
method. The newness of this study is the combination of natural fiber like jute, cotton, and silk with the 

glass fiber reinforcement and functional fillers like ferromagnetic and graphite particles to improve 
mechanical and structural integrity of the composite laminates. It is believed that the addition of these 

fillers will affect the interfacial bonding, compactness of the structure, and energy absorption properties 
of the hybrid composites.The area of the current research is the study of the microstructural and 

mechanical behavior of the composites developed. Microstructural features were analyzed in terms of 
the Scanning Electron Microscopy (SEM) as a means of studying the fiber-matrix interaction and filler 

dispersion of the composite structure. Brinell hardness, Rockwell hardness and Izod impact tests were 
used to characterize the mechanical properties of the composites to determine their resistance to 

indentation and abrupt loading conditions. The findings of the given research give valuable information 
regarding the effect of filler particles on the hybrid natural fibre composites performance and point at 

their possible usage in lightweight structural elements, automobile interior components, protective 
panels, and materials engineering elements that have to face enhanced mechanical strength and life. 

 

MATERIALS AND METHODS 

A combination of natural and synthetic reinforcement materials was used to prepare the hybrid 

composite materials. The most common reinforcement material employed in this experiment was the 
jute fiber, cotton fiber, glass fiber and silk fiber whereas the functional fillers were the graphite powder 

and ferromagnetic powder. The matrix material was an epoxy resin system comprised of an epoxy 
hardener to bond the layers of reinforcement to create a composite laminate. Jute fiber has been chosen 

because of its good tensile strength, low density and biodegradable properties. The core material was 
cotton fiber due to its flexibility and the ability to be compatible with polymer matrices. Glass fiber was 

used to make the composite structure stronger and stiffer. The laminate structure was then enhanced 
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with silk fiber that helps in enhancing interfacial bonding and flexibility. As a filler material, graphite 

powder was added to increase electrical conductivity and thermal resistance, and ferromagnetic powder 
was added to increase magnetic and thermal properties. The epoxy resin adopted as the matrix material 

is an epoxy material that is highly adhesive and has a strong resistance to chemicals as well as good 
mechanical properties. The hand lay-up technique was used to manufacture the composite laminates. 

The arrangement of reinforcement materials in this process was done in series within a wooden mould 
and saturated with epoxy resin. To start with, epoxy resin and hardener were combined in the ratio of 

3:1 to achieve a balanced resin mixture. Polyvinyl alcohol (PVA) solution was applied to the surface of 
the mould to avoid sticking of the composite laminate to the mould in the course of curing. Once the 

mould had been coated, the reinforcement materials were arranged in layers with each layer laid on 
epoxy resin so that they would bond properly. The order in which reinforcement layers were stacked 

was in the following order: glass fiber, jute fiber, silk fiber and cotton fiber which were arranged in a 

stacked form. At the center of the laminate structure, there was the cotton layer. Graphite powder or 
ferromagnetic powder was added to the cotton core layer depending on the type of composite. Table 1 

shows the compositions of the fabricated composites. This study had three composite laminates that 
were manufactured:  

• Natural Composite Material (NCM), 

• Ferromagnetic Composite Material (FCM) and 

•  Graphite Composite Material (GCM) 

 

 
Figure 1. Fabrication procedure of JCGGFS hybrid composite step by step using the hand lay-up 

method. 1(a) Starting with the raw reinforcement materials, 1(b) mixing of epoxy resin and epoxy 

hardener, 1(c) preparation of the mould with PVA release agent,(d) inserting a layer of glass fiber 

reinforcement, (e) wrapping up the mould with wooden plate, (f) primary compressing of laminate, (g) 

adding ferromagnetic powder, (h) PVA applied on mould cover plate, (i) stacking reinforcement layer 

inside mould, (j) adding graphite powder, (k) adding graphite filler by dispersion, (l) compression in 

curing, (m) pressure curing of the laminate, and (n) completed artificial plate of composite. 
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Table 1. Composition of JCGGFS composite laminates 

Material NCM (wt%) FCM (wt%) GCM (wt%) 

Jute fiber 14 14 14 

Glass fiber 25.8 13.5 13.5 

Cotton fiber 16 18.3 18.3 

Silk fiber 14.2 14.2 14.2 

Ferromagnetic powder – 10 – 

Graphite powder – – 10 

Epoxy + Hardener 30 30 30 

 

COMPOSITE FABRICATION 

The hybrid JCGGFS composite laminates were produced in the hand lay-up method which is 

commonly employed to prepare the fiber-reinforced polymer composite as it is an easy and economical 

method. The general process through which the fabrication is done is shown in Figure 1(a-n). The 

natural reinforcement materials, such as jute fiber, cotton fiber, graphite powder, silk fabric, graphite 

powder and ferromagnetic powder, had to be gathered initially and made ready to fabricate laminate as 

depicted in Figure1 (a). These are materials that can be used both as natural and synthetic reinforcements 

and functional fillers in the composite structure that is a hybrid.This was followed by the addition of 

resin and hardener in proportions of 3: 1 to form the polymer matrix on which the reinforcement layers 

will be bonded Figure1(b). Preparation of the mould surface was then done by brushing the surface 

using polyvinyl alcohol (PVA) solution to serve as a release agent and ensure that the mould did not 

stick to the composite laminate whilst it was curing Figure1 (c). When the mould was ready the initial 

reinforcement layer in the form of the glass fiber mat was put inside the mould Figure1(d), and the next 

reinforcement material was put in, and on until the hybrid laminate structure was achieved. After placing 

the reinforcement layers in position, a wooden plate was used to cover the mould in order to keep the 

laminate setup Figure1 (e). Concrete blocks were then used to compress it to make sure that the layers 

of reinforcements bonded together as well as to squeeze off the excess resin of the laminate Figure1 (f). 

In order to manufacture the ferromagnetic composite laminate, ferromagnetic powder was placed in the 

cotton core layer to improve the magnetic and thermal properties of the composite Figure1(g). To 

prevent sticking of the mould cover plate, PVA solution was applied on the cover plate Figure1(h). 

Then the reinforcement layers were positioned within the mould in a hybrid form of glass fiber, jute 

fiber, silk fiber, and cotton layers Figure1(i). The graphite laminate was made into a composite of 

graphite powder and cotton to enhance electrical conduction and thermal retardation in the instance of 

the graphite composite laminate Figure1(j). The graphite filler was homogeneously dispersed in the 

reinforcement layer to make the dispersion even Figure1 (k). Once the laminate stacking was done, 

extra compression with the help of concrete blocks was done to compact the laminate structure 

Figure1(l). The composite was then left to dry under pressure to ascertain that epoxy matrix is properly 

polymerized and the bond is properly formed between the epoxy matrix and the reinforcement fibers 

Figure1(m). The laminate was then finally taken out of the mould thus producing the fabricated 

JCGGFS hybrid composite plate, as depicted in Figure1 (n). 

 

MICROSTRUCTURAL ANALYSIS 

The fabricated composite materials have been analyzed using the Scanning Electron Microscopy 

(SEM) to determine the microstructure and fiber-matrix interaction. The SEM was conducted to 

examine bonding behavior of the reinforcement fibers and epoxy matrix and also the filler materials 

distribution in the composite body. 

 

Brinell Hardness Test 

The Brinnel hardness test was conducted to establish the hardness of the fabricated composite 

laminates according to ASTM E10 - Standard Test Method on Brinnel Hardness of Metallic Materials. 

A test was conducted with Brinell hardness testing machine with 5 mm, 10 mm diameter spherical 
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indenters. During the testing, loads of 1000 kg and 2000 kg were added to the composite specimens. To 

assess the hardness properties of the composite materials the indentation diameter created on the paper 

surface of the specimen was measured. 

 

Rockwell Hardness Test 

Rockwell hardness test was performed to measure the hardness of the composite materials to resistant 

indentation and deformation as stated in ASTM E18 -Standard Test Methods of Rockwell Hardness of 

Metallic Materials. A Rockwell hardness testing machine was used to carry out the test in which the 

test was done using a 0.25 inch ball indenter and a 60 kg load. The values of hardness found with the 

help of this test identify the structural stiffness and resistance of the composite laminate to permanent 

deformation. 

 

Impact Test 

The Izod impact resistance of the composite laminates manufactured was tested by using the Izod 

impact test based on the ASTM D256 - Standard Test Methods of determining the Izod Pendulum 

Impact Resistance of Plastics. The experiment in this test used a notched specimen, which was hit by a 

hammer of a pendulum, and the quantity of energy captured in the fracture was measured. The absorbed 

energy can give the indicator of toughness and impact resistance of the composite materials. 

 

RESULT AND DISCUSSION  

Microstructural Analysis 

To determine the interaction between fibers and the matrix and the structural properties of the 

composite laminate, the surface morphology of the fabricated Natural Composite Material (NCM) was 

studied on SEM. The SEM micrographs obtained at different magnifications are shown in  

Figure 2(a–b). 

 

 

(a) 
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Figure 2. SEM micrographs of Natural Composite Material (NCM): (a) high-magnification image 

showing fiber–matrix interfacial bonding and matrix distribution, and (b) low-magnification image 

showing fiber alignment and overall composite morphology 

 

Figure 2(a) represents the SEM image of the microstructure of the composite with higher 

magnification. The picture unveils the existence of the cylindrical reinforcement fibers in the epoxy 

framework. The fibers are also seen to be properly enclosed in the matrix material, which means that 

the resin has impregnated it well when the hand lay-up fabrication process was done. The interfacial 

bond between the fibre and the matrix displays a fairly good adhesion that is necessary in the transfer 

of stress in the composite material. The fact that the fibers are encircled by clusters of mattresses 

indicates that the epoxy resin has infiltrated the reinforcement layers during the fabrication process. The 

micrograph in Figure2(b) of the SEM depicts the composite structure at a relatively lower level of 

magnification, where the orientation and layout of the fibers in the composite laminate is seen in totality. 

These fibers seem to be positioned in a relatively consistent direction that creates a continuous 

reinforcement structure of the matrix. This alignment is useful in enhancing mechanical performance 

through the increase of load transfer capability between the fibers and the surrounding matrix. Several 

micro structural flaws like the small voids and matrix agglomerations can however be seen in some 

parts of the composite. Such flaws are widely known in relation to the hand lay-up fabrication method 

and can affect the mechanical characteristics of the material to some slight degree. Nevertheless, in 

spite of these small flaws, the general arrangement of the microstructure suggests high-quality fiber 

distribution and acceptable fiber-matrix bonding which are significant aspects of the mechanical 

stability of the hybrid composite. 

(b) 
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Figure 3. (a-b) shows the SEM micrographs of varying magnifications for NCM 

(a) 

(b) 
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The microstructure of the composite at a higher magnification is depicted in the SEM image in 

Figure3(a). It is found that there are reinforcement fibers entrenched into the epoxy matrix besides 
scattered particles of ferromagnet. The cylindrical fiber structures are well exposed and seem to be 

surrounded by the matrix material which is an indication that resin impregnation is effective in the 
fabrication process. The particles of the ferromagnetic material may be seen as irregularly shaped 

clusters which are attached to the surfaces of the fibers and are dispersed among the matrix phase. These 
particles lead to better interfacial bonding and they also increase the ability of the reinforcement fibers 

to transfer loads with the matrix. Figure3(b) is a SEM micrograph which is an enlarged version of the 
composite micrograph in Figure3(a), revealing the overall pattern and distribution of ferromagnetic 

filler in the composite laminate. The pictures mean that the ferromagnetic particles are rather well 

distributed throughout the matrix area. The reaction between the filler particles and the matrix seems to 
create a tight structure that can help in the improvement of other mechanical characteristics of hardness 

and impact resistance. Also, the process of ferromagnetic filler in the matrix provides a more 
exaggerated microstructure than that of the natural composite material, which enhances the stiffness 

and structural stability of the laminate. In spite of the fact that some agglomeration of filler particles 
may be observed in some areas, the distribution is comparatively even. 

 
Figure 4. (a) and (b) show the micrographs of GCM is at various magnifications, obtained through 

the SEM using a low power microscope. SEM image in Figure4(a) represents the microstructure of the 
composite under a low magnification that indicates that the composite contains reinforcement fibers in 

the epoxy matrix with graphite filler particles. The fibers seem to be in a layered form and comprise a 
continuous reinforcement network in the composite laminate. The graphite particles may be seen as 

irregular clusters that are located on the surfaces of the fibers and in the matrix phase. The incorporation 
of graphite filler helps to provide the creation of a relatively compact microstructure and improves the 

functional properties of the composite. The increased magnification of SEM image in Figure4(b) gives 
a clear picture of the interface of the graphite particles and the matrix. The graphite filler can have the 

form of a flakelike structure which is part of the epoxy matrix, which means that the filler is effectively 

incorporated in the composite during the fabrication of the composite. The particles of the graphite as 
well as the reinforcement fibres are enclosed by the matrix material and it is presumed that the 

reinforcement layers are well wet by the process of hand lay-up. Slightly agglomerating particles of 
graphite and small micro-voids however, can be seen in some areas of the composite structure. These 

microstructures are normally related to the particle-reinforced composites that are manufactured 
through the hand lay-up method. These small flaws notwithstanding, the graphite particles seem to be 

fairly dispersed in the matrix, which adds to better structural compactness and increased functional 
characteristics of thermal conductivity and electrical conduct. 

 

Brinell Hardness 

Brinell hardness test was done to assess the resistance of the fabricated hybrid composites to surface 
indentation. The test was conducted under ASTM E10; with the assistance of a spherical indenter with 

a definite load. The values of hardness that were obtained in the three composite combinations NCM, 
FCM, and GCM are shown in Figure5.The comparison of the hardness value presented in graph shows 

that the hardness value of NCM composite is the highest with a hardness value of about 8 and the 
hardness value of both FCM and GCM composites is a value of about 7. This comparatively increased 

hardness of the NCM composite could be explained by the fact that the interfacial bonding between the 

natural reinforcement fibers and the epoxy matrix is high enough to increase the ability of the material 
to localized plastic deformation.FCM composite has slightly less hardness than NCM, which can be 

explained by the presence of ferromagnetic particles in the matrix. Even though these particles do add 
to the structural compactness, agglomeration of filler particles, though to a small degree, can lead to 

reduced uniformity of the matrix and affect the indentation resistance.On the same note, the GCM 
composite displays similar hardness values as FCM which is attributed to the presence of filler particles 

of graphite in the composite structure. Particles of graphite are more likely to have lubricating properties 
that can decrease the resistance of the material to indentation even though it enhances other functional 

properties like thermal conductivity. 
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Figure 4. SEM microstructure of Graphite Composite Material (GCM): (a) low-magnification image 

showing fiber distribution and graphite filler dispersion, and (b) high-magnification image showing 

graphite particle–matrix interaction. 

(a) 

(b) 
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Figure 5. Brinell hardness comparison of fabricated composites (NCM, FCM, and GCM) 

 

 
Figure 6. Rockwell Hardness Values comparison of fabricated composites (NCM, FCM, and GCM) 

 

Results of Rockwell hardness of the fabricated hybrid composites are represented in Figure6 that 

demonstrates the relative hardness behavior of NCM, FCM and GCM. The findings are a clear 

indication that there is a great difference in hardness of the three composite arrangements. As can be 

seen in Figure6, FCM has the highest hardness of around 87 which is why it has better resistance to 

permanent deformation than the other composites. This is through the addition of the filler particles that 
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are ferromagnetic in the composite matrix which has improved its hardness. The heterogeneity of these 

particles makes the composite laminate more compact structurally and has the effect of increasing the 

load-bearing potential of the matrix-fiber interface. Moreover, the contact between the particles of the 

ferromagnetic part and the epoxy matrix also helps in enhancing the stress transfer in the composite 

structure. GCM exhibits a medium hardness range of about 65 and this is less than FCM composite but 

much higher compared to the natural composite. Graphite filler enhances the structural stability of the 

composite; though the lubricating effect of the graphite particles can cause slight decrease in material 

to indentation and deformation resistance. However, when present, graphite also adds value to better 

functional qualities of thermal and electrical conductivity. The NCM, on the contrary, has the least value 

of hardness around 22. This comparative lower hardness can be explained by the fact that there is no 

further filler reinforcement in the structure of composites. The behavior of hardness of the NCM 

composite primarily relies on the bondage between the fibers and the matrix and also the in-trinsic 

mechanical compassion of natural fibers that have been employed in the laminate. 

 

 
Figure 7. Impact strength comparison of fabricated composites (NCM, FCM, and GCM) 

 

As presented in Figure7, the FCM is the material with the largest impact energy of 12 J, which means 

that the material is tougher and resists sudden fracture than the other composites. It can be explained by 

the fact that ferromagnetic filler particles are incorporated into the composite matrix in order to increase 

impact performance. These particles enhance the structural compactness of the laminate and the ability 

of the material to absorb energy since it allows the material to absorb better stress distribution between 

reinforcement fibres and epoxy matrix. The enhanced particle-matrix interaction is also useful in 

retarding the crack initiation and propagation of the impact load. GCM exhibits medium strength of 

impact with an energy absorption of 8 J. Graphite particles in the composite help in enhancing the 

flexibility and strength of the laminate. But the effect resistance is lower than the FCM composite 

because of the variations in filler properties and in combination with the matrix phase. Conversely, the 

NCM has the least impact energy of 6 J. Such relatively low toughness may be explained by the lack of 

extra filler reinforcement in the composite make-up. The mechanical properties of the natural fibers and 

the quality of the fiber matrix interfacial bonding are the major factors that influence the effect of 

performance in the NCM composite. 
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CONCLUSION  

This research was able to produce hand lay-up hybrid natural fiber reinforced composite laminates 

by combining natural fibers with functional filler materials. Three composite set ups, NCM, FCM and 

GCM were fabricated and their microstructural and mechanical characteristics were studied in a 

systematic manner. Jute, cotton, silk, and glass fibers were taken as the reinforcement system and epoxy 

resin was the matrix material. The functional fillers that were added to the composite laminates to 

improve structural performance of the composite laminates are ferromagnetic and graphite powders. 

The microstructural examination conducted with the help of SEM has demonstrated that there are strong 

bonding values at the interfaces of fibers and the matrix, and the filler particles are distributed in the 

composite structure rather evenly. The SEM observations proved that the addition of filler particles had 

helped to enhance structural compactness and interaction of the reinforcement fibers with the matrix. 

Brinell hardness, Rockwell hardness and Izod impact were also used to provide mechanical 

characterization tests in order to determine how the composites resist indentation and sudden loading 

situations. The findings showed that the FCM was better in mechanical performance in the fabricated 

composites. The laminate contained ferromagnetic particles to a great extent and this greatly increased 

the hardness and impact resistance of the laminate due to load transfer capacity and structural density. 

The GCM exhibited a moderate mechanical behavior whereas the NCM was relatively less hard and 

impact strength as it had no filler reinforcement. The findings prove that, functional filler particles may 

be effectively incorporated in the hybrid natural fiber composites to improve the mechanical 

performance. The composites demonstrate a good potential on lightweight structural elements, 

automotive interior elements, protective panels, and engineering which demand enhanced strength, 

energy absorption and durability. 

 

Acknowledgements 

I would like to express my sincere gratitude to Dr. P. Vijayakumar, R&D Dean of J.J. College of 

Engineering and Technology, for his constant support, guidance, and encouragement during this work. 

 

Conflict of Competing Interest  

The authors declare that there was no competing interest in conducting this study. 

 

REFERENCES 

1. Abass RU, Al-Sarraf MA, Bachtiar D, M. Rejab MR. Eco-Friendly Mechanical Performance of 

Date Palm Khestawi-Type Fiber-Reinforced Polypropylene Composites. Journal of the Mechanical 

Behavior of Materials. 2024. doi:10.1515/jmbm-2024-0019 

2. Ahammad R, Debnath A, Rahman MdM, Arifuzzaman M, Islam MS. Mechanical Characterization 

of Date Palm Rachis Fiber Reinforced Epoxy Composite. SCS:Engineering. 2025. 

doi:10.38032/scse.2025.1.24 

3. Aruchamy K, Karuppusamy M, Krishnakumar S, Palanisamy S, Jayamani M, Sureshkumar K, Ali 

SK, Al-Farraj SA. Enhancement of Mechanical Properties of Hybrid Polymer Composites Using 

Palmyra Palm and Coconut Sheath Fibers: The Role of Tamarind Shell Powder. BioResources. 

2025 Jan 1;20(1). 

4. Ayrilmis N, Kanat G, Yildiz Avsar E, Palanisamy S, Ashori A. Utilizing waste manhole covers and 

fibreboard as reinforcing fillers for thermoplastic composites. Journal of Reinforced Plastics and 

Composites. 2025 Sep;44(17-18):1108-18. 

5. Boopathy G, Sundharesan R, Srinivasan V, Arulmurugan M. Artificial Intelligence in Lightweight 

Composite Materials Design and Characterization: In: Hossain S, Sajib S, editors. Advances in 

Computational Intelligence and Robotics [Internet]. IGI Global Scientific Publishing; 2026 [cited 

2026 Mar 12]. p. 157–90.10.4018/979-8-3373-6127-7.ch005 

6. Cobalt-Ferrous Ratios for Enhanced Corrosion and Wear Resistance Of Electrodeposited Coatings 

On 316 Stainless-Steels. MM SJ. 2025 Mar 5;2025(1). doi:10.17973/MMSJ.2025_03_2025009 

7. Cobalt-Ferrous Ratios for Enhanced Corrosion and Wear Resistance of Electrodeposited Coatings 

On 316 Stainless-Steels. Mm Sj. 2025 Mar 5;2025(1). doi:10.17973/MMSJ.2025_03_2025009 

https://doi.org/10.1515/jmbm-2024-0019
https://doi.org/10.38032/scse.2025.1.24
https://doi.org/10.4018/979-8-3373-6127-7.ch005
https://doi.org/10.17973/MMSJ.2025_03_2025009
https://doi.org/10.17973/MMSJ.2025_03_2025009


 

Journal of Polymer & Composites 

Volume 14, Special Issue 3 

ISSN: 2321-2810 (Online), ISSN: 2321-8525 (Print) 

 

© STM Journals 2026. All Rights Reserved S510  
 

8. Effect of Corncob Powder on the Mechanical Behavior of Glass Fiber/Epoxy Hybrid Composites. 

Arpn Journal of Engineering and Applied Sciences. 2025. doi:10.59018/052572 
9. Kaliyaperumal G, Mukilarasan N, Natesan P, De Poures MV, Arunachalam S, Venkatesh R, et al. 

Recycle of Bio‐waste Banana and Sisal Fiber Filled Harmlessness Epoxy Hybrid Composite for 
Automotive Roof Application. Environmental Quality Management. 2023. 

doi:10.1002/tqem.22039 
10. Kirubadurai B, Kanagaraja K, Jegadeeswari G, Sundharesan R. Experimental investigation of 

material properties of Al-Sic-fly ash composite. IRASE. 2022 Oct 27;13(3):278–84. 
doi:10.1556/1848.2021.00379 

11. Krishnasamy B, Thirugapillai P, Amuthakkannan R, Selvaraju M. Optimization and Multi-
Objective Analysis of Tensile, Flexural and Impact Strength in Nano-Hybrid Bio-Composites 

Reinforced With Helicteres Isora, Holoptelea Integrifolia Fibers, and Nanographene. Matéria (Rio 

De Janeiro). 2025. doi:10.1590/1517-7076-rmat-2024-0864 
12. Kumar J V SP, R S, D T A, Ghadai RK. Enhancing thermal stability and corrosion resistance of 

carbon-carbon composites with iridium coatings deposited by electron beam physical vapor 
deposition. Mater Res Express. 2024 Sep 1;11(9):096404. doi:10.1088/2053-1591/ad7a5c 

13. Kumar MS, Sakthivel G, Jagadeeshwaran R, Lakshmipathi J, Vanmathi M, Mohanraj T, et al. 
Development of Eco-Sustainable Silica-Reinforced Natural Hybrid Polymer Composites for 

Automotive Applications. Advances in Materials Science and Engineering. 2022. 
doi:10.1155/2022/5924457 

14. Mechanical Behaviour Analysis and Evaluation of Kenaf–Sisal Hybrid Composite Materials. 
International Journal of Scientific Research in Engineering and Management. 2025. 

doi:10.55041/ijsrem55692 
15. Mun’aim Idrus MA, Firdaus FN, Hamid A, Zoolfakar MR, Shuib RK, Лам ТД, et al. Mechanical 

Properties of Web Kapok/Fiberglass-Epoxy Hybrid Composites for Marine Structures. Pure and 
Applied Chemistry. 2024. doi:10.1515/pac-2024-0021 

16. Palanisamy S, Kalimuthu M, Azeez A, Palaniappan M, Dharmalingam S, Nagarajan R, Santulli C. 
Wear properties and post-moisture absorption mechanical behavior of kenaf/banana-fiber-

reinforced epoxy composites. Fibers. 2022 Apr 2;10(4):32. 
17. Palanisamy S, Murugesan TM, Palaniappan M, Santulli C, Ayrilmis N. Fostering sustainability: 

The environmental advantages of natural fiber composite materials–a mini review. Environmental 

Research and Technology. 2024 Jun 30;7(2):256-69. 
18. Priyadharshini GS, Vijayan M, Suyambulingam I, Siengchin S, Eakambaram A. Sustainable 

Engineering Applications Using Jute-Basalt Fiber Reinforced Composites: A Material 
Characterization Study. Proceedings of the Institution of Mechanical Engineers Part E Journal of 

Process Mechanical Engineering. 2024. doi:10.1177/09544089241276329 
19. R S, Jv SPK. Feasibility study of carbon-fiber reinforced polymer linerless pressure vessel tank. 

Proceedings of the Institution of Mechanical Engineers, Part G: Journal of Aerospace Engineering. 
2025 Feb;239(2):108–22. doi:10.1177/09544100241283422 

20. Ramachandran K, Q. Khan MA, Perera R, Jayaseelan DD. Tensile and Flexural Behavior of 
Synthetic and Hybrid Natural Fiber Composites for Lightweight Applications. Polymer 

Composites. 2025. doi:10.1002/pc.29781 
21. Ramasubbu R, Kayambu A, Palanisamy S, Ayrilmis N. Mechanical Properties of Epoxy 

Composites Reinforced with Areca catechu Fibers Containing Silicon Carbide. BioResources. 2024 
Apr 1;19(2). 

22. Ramesh M, Nijanthan S. Mechanical Property Analysis of Kenaf–glass Fibre Reinforced Polymer 
Composites Using Finite Element Analysis. Bulletin of Materials Science. 2016. 

doi:10.1007/s12034-015-1129-z 

23. Razali M, Khashi’ie NS, Hamzah K. Mechanical Properties of Jute Fiber Polyester Hybrid 
Composite Reinforced With Rice Husk. Sem Int Jour Mat Res. 2024. doi:10.37934/sijmr.1.1.19 

24. RM H. Design and Fabrication of Banana Fiber Reinforced Bio Composite. International Journal 
for Research in Applied Science and Engineering Technology. 2024. 

doi:10.22214/ijraset.2024.61961 

https://doi.org/10.59018/052572
https://doi.org/10.1002/tqem.22039
https://doi.org/10.1556/1848.2021.00379
https://doi.org/10.1590/1517-7076-rmat-2024-0864
https://doi.org/10.1088/2053-1591/ad7a5c
https://doi.org/10.1155/2022/5924457
https://doi.org/10.55041/ijsrem55692
https://doi.org/10.1515/pac-2024-0021
https://doi.org/10.1177/09544089241276329
https://doi.org/10.1177/09544100241283422
https://doi.org/10.1002/pc.29781
https://doi.org/10.1007/s12034-015-1129-z
https://doi.org/10.37934/sijmr.1.1.19
https://doi.org/10.22214/ijraset.2024.61961


 

 

Fabrication and Mechanical Characterization of Hybrid Natural Fiber                                        Sundharesan et al. 

 

 

© STM Journals 2026. All Rights Reserved S511  
 

25. Saha A, Maraz KM, Khan RA. Physio-Mechanical Properties and Applications of Natural Fiber 

Reinforced Bio-Composites. GSC Adv Eng Technol. 2022. doi:10.30574/gscaet.2022.3.1.0021 

26. Tarun D, Ganesan G, Sundar KS. Investigation of the Mechanical Behavior of Epoxy Composites 

Filled With Bagasse Ash and Pistachio Shell Ash: A Comparative Study. Applied Engineering 

Letters Journal of Engineering and Applied Sciences. 2024. doi:10.46793/aeletters.2024.9.4.4 

27. Vardhini KV, Ramu M, Surjit R. Effect of Alkali and Enzymatic Treatments of Banana Fibre on 

Properties of Banana/Polypropylene Composites. Journal of Industrial Textiles. 2017. 

doi:10.1177/1528083717714479 

 

https://doi.org/10.30574/gscaet.2022.3.1.0021
https://doi.org/10.46793/aeletters.2024.9.4.4
https://doi.org/10.1177/1528083717714479

