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Abstract

The use of composite polymer matrix materials is growing rapidly in automotive, marine and
aerospace applications due to their light weight and recyclable properties. In the automotive industry,
the use of polymer matrix for interior panels, trims, exterior panels and fender assemblies is rapidly
increasing in the 21st century. It also stimulates the use of polymer compounds reinforced by natural
fibers. Natural fiber polymer composites are a growing industry due to their eco-friendliness. It is
very suitable and has suitable mechanical properties in addition to its wide availability of raw
materials. The natural fiber polymer matrix consists of binding fibers such as bamboo, hemp,
cannabis, date, pineapple leaf, Kevlar, sisal, hemp, rice husk, corn husk, bagasse, plum fiber, etc.
This article provides an overview of the use of natural fiber composite materials for automotive
applications, taking into account the mechanical properties of impact strength, tensile strength and
bending strength. Various techniques of making materials are discussed, including empirical testing
and analysis. The review paper presents a comprehensive review of the researches of evolution of the
materials in the field of composites, hybrid composites and natural fiber composites for industrial,
electronics, sports, transportation, building constructions and automotive applications respectively.
Though the natural fibers, lack its potentiality in terms of strengths which can be enhanced using the
fillers are discussed in the paper. The paper also discusses the scope of research in the field of
natural fibers which can be promoted in order to increase the application of Natural Fibers.

Keywords: Composite materials, natural fibers, automotive applications, tensile strength, impact
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Natural fibers, derived from plants or animals,
are gaining popularity as polymer reinforcements
due to their eco-friendliness, low cost, availability,
and strong mechanical properties. Natural fiber
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applications. This paper explores polymer, hybrid,
and natural fiber composites, focusing on their
mechanical performance based on existing
research.
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that must meet the requirements of pedestrian
safety and low-speed collision [1] and more than
270,000 people die in pedestrian accidents,
accounting for 22% of road deaths worldwide [2].
The crash box structure as a vehicle passive safety
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system is expected to absorb kinetic energy in frontal crashes, maintain the vehicle deceleration at a
safe limit, and decrease the chance of injury to the vehicle's passenger during collision [3] An
Automobile expects collision in various forms which include 21% from the front side of the vehicle
along with 12.3 % front offset, and maximum 33.6% angular frontal [4].

The collision component must convert kinetic energy into tension energy in a controlled manner,
provide adequate retention space for the protected component, and maintain force and acceleration on
the collision component [4]. The car power absorber is the crease area of the car. It is subject to
deformation after trauma, thus ensuring the vehicle's shock resistance and driver safety [6]. Collision
transmits energy evenly throughout the structure [5]. The use of polyurethane as an energy-absorbing
component with Proper finite component analysis is performed using the properties of functional
graded polyurethane [7]

COMPOSITE MATERIALS

Composite materials are widely used in daily life and various industries (Figure 1) due to their
superior properties over traditional materials. Common in aerospace, automotive, energy,
construction, marine, electrical, chemical, and packaging sectors, they offer key advantages like
reduced weight, high strength-to-weight ratio, energy absorption, and resistance to wear, corrosion,
impact, and fire. Typically, they are bonded with thermoset resins like epoxy, though thermoplastics
such as polyester, vinyl ester, or nylon are also used [8]. FGF filled bumper beam [9], aluminum in
bumper beam aluminum, chrome-plated mild steel and glass thermoplastic resin for impact velocity
are research predominantly due to the ability to absorb shock during road collisions [15].

HYBRID COMPOSITES

A composite made with one type of reinforcement is called a nano-composite, while hybrid
composites use a single matrix with multiple fiber types [10]. Hybrid composites, combining natural
and synthetic fibers, are studied for improved structural properties, particularly impact resistance and
penetration behavior [11]. Research (Table 1) has examined energy absorption under static axial
crushing using fibers like Kevlar, Kenaf, jute, and glass-reinforced epoxy [12].

Foam-filled materials are also explored for vehicle impact protection and pedestrian safety [35, 36].
Natural rubber, due to its flexibility, absorbs more energy than steel, aluminum, or epoxy glass under
low-speed impact, with a contact strength. [37, 38]. Braided rod composites show versatility in shape
formation after strand rotation, offering enhanced energy absorption [39]. Tests on polypropylene
staple fiber composites indicate 50% fiber content by weight, combining bent and stretched modulus
glass fibers, polypropylene, and mica [40, 41].
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Figure 1. Sector wise application of composite materials [38].
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NATURAL FIBER COMPOSITES

Natural fiber composites are gaining popularity (Table 2) in regular industries as well as
automobiles (Table 3) due to their mechanical strength, low cost, sustainability, and eco-friendliness
Studies using Kevlar with neem or kenaf in epoxy matrices showed peak impact energy.

Table 1. Research Findings for Hybrid Composites

Parameter Finding References

Banana fiber, Polypropylene Banana fiber reinforces with polypropylene gives good tensile and [16]
flexural strength

Kenaf fiber kenaf based polymer composites, increased tensile, flexural [17]
strength & modulus, impact & thermal behavior of hybrid
composite

Corn Husk, Polyster. Corn husk fiber with Polyster provides better water absorption [19]
capacity

Carbon fiber, Pineapple leaf finer,|Pineapple leaf fiber along with carbon fiber increases the impact [22]

Epoxy resin. strength of the material

Kenaf fiber, glass fiber, crushing|The more the layer of Fibers, the more crushing capacity [28]

strength.

Date palm, Kevlar Automobile bumper using date palm fiber (50%) and Kevlar [29]

(50%), the tensile strength of the material can be enhanced

Hemp, S-glass, NaOH Treatment |Hybrid composite is prepared using Hemp and S-Glass fiber treated [30]
with NaOH produced good impact strength which can be used for
automobile bodies.

Areca fiber, Effect of alkali|The impact strength of Areca fiber with epoxy resin can be [31]
treatment. maintained with fiber loading upto 40% to 60%

Kenaf, E-Glass fiber, Jute Composite with Kenaf, Jute and E-glass fiber affects the flexural [33]
strength with respect to stacking sequence

Banana fiber, saw dust, polyvinyl|The banana fibres, filled with sawdust and polyvinyl acetate is [43]
chloride prepared and flexural properties are determined.

Table 2. Generalized Applications of Natural Fibers [20]

Fibre Application Industry

Bamboo Fiber Construction and carpentry industries.

Jute Fiber Packing, geotextiles, door frames and shutters, building panels, chip board.

Kenaf Fiber Mobile cases, insulations, bags, packing materials, animal bedding.

Flax Fiber Tennis racket, snowboarding, window frame, decking, fencing, bicycle frame

Sisal Fiber Construction industries such as door, panels, roofing sheets, etc.

Hemp Fiber Furniture, electrical, paper industry, textile industry, cordage

Coir Fiber Flush door shutters, mitror casing, filling material for upholstery, brushes and brooms, ropes and
yarns for nets, seat cushions, roofing sheets

Ramie Fiber Packing material, industrial sewing thread, fishing net, household furnishings and clothing, paper
manufacture

Table 3. Natural Fibers in Automobiles

Material Applications Reference
Cortex Fiber Car Interior parts 10
Kenaf Fibre Door Trims, Interiors, Car seats, seatbacks, package tray, door panels and|17,25
headliners
Coir  Composite| Bumpers, Roof, helmets, Seats 14,17
Fiber
Jute and Hemp  |Car seats, roofs, dashboard coverings and trunk lids, 17
Flax/Sisal fiber  |Door panels, door linings, instrument panel 17,25
Cotton Fiber instrument panel support, insulation, seat backrest panel 25
Coconut Fiber seat bottoms and cushions 25
Wood fiber Seatback Cushions 25
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Bio-composites with natural fibers can match the mechanical properties of glass fiber-based
materials [12, 13] Treatments like NaOH, alkaline acrylate, and benzene diazonium chloride enhance
fiber-matrix bonding and improve impact resistance and flexibility, as seen in banana, sisal, and
bamboo composites [14, 15] Cannabis, though less common, shows strong mechanical properties in
hybrid forms [16, 17]. Factors such as fiber treatment, orientation, size, and stacking significantly
influence composite behavior [18, 19]. Sisal-reinforced polyester and bamboo-based epoxy
composites demonstrate improved flexural strength with higher fiber content. Carbon and pineapple
fibers outperform glass fiber in strength for leaf spring applications. Pomegranate peel composites
show environmental resistance due to antioxidant properties. Sugar palm and glass fiber hybrids with
alkali treatment enhance tensile and impact strength [20, 21]. Hybrid composites with fiber blends
(e.g., 50% cattle fiber, 50% polyester) show substantial improvements in mechanical properties.
Natural fibers also absorb more CO:, making them environmentally beneficial. Their thermal,
acoustic, and mechanical advantages make them strong alternatives to synthetic fibers in polymer
reinforcement [22, 23]

COMPOSITE MATERIALS FOR IMPACT STRENGTH IN AUTOMOBILES

In frontal collisions, bumpers play a crucial role in occupant safety [24] Studies show that PLA/flax
composite fenders retain stiffness under low-speed impact due to matrix cracking as the main failure
mode [25]. Natural fiber-reinforced polymer composites show promise in automotive applications for
low, medium, and high-velocity impact resistance [26]. Hybrid composites with 75% glass fiber and
25% natural fiber achieve similar tensile and impact strength as pure glass fiber, making them suitable
for low-speed collisions [27]. Flax/vinyl ester plates outperform steel in impact energy tests. Layered
fabric structures combining staple and glass cloth improve impact resistance and energy absorption
[28]. Kevlar and palm fiber hybrids (50/50) also show strong performance under stress [29].
Hemp/glass hybrids treated with resin outperform untreated and synthetic composites in impact
resistance [30]. NaOH-treated staple/glass/polyester composites show a 3.88% increase in Charpy
impact strength. [31, 32].

Using glass fibers in hybrid layers with natural fibers like sisal, kenaf, and jute enhances tensile,
bending, and compressive properties [32]. Kenaf-jute-E-glass composites exhibit superior
performance when e-glass is placed in the base layer. 3D-Tow glass-fiber-reinforced thermoplastics
also show high bonding strength and impact resistance [33, 34]. ALOs fillers in natural fiber
composites increase tensile and impact strength [42, 43]. Banana and jute composites display strong
impact resistance, with banana fibers performing slightly better [44]. Fillers like TiO- further enhance
mechanical and wear properties [45, 46]. Natural fibers are also being explored for use in vibration
damping, sound insulation, and thermal control, with growing commercial interest in sustainable
applications [47—49].

CONCLUSIONS

e From the above discussion it can be researched that natural fibers have the ability to convert
synthetic fibers or hybrid fibers into reinforcements into polymer compounds due to their
advantages in properties like elasticity, friction, stress, compression, lightness, impact
resistance, rigidity. And most importantly, the possibility of recycling.

e According to the research work done, the use of natural fiber composites with hybrid materials
increases the tensile strength, strength, bending modulus and impact behavior of hybrid
composites. The shape, size and composition of fibers play an important role in determining the
effect properties of compounds.

e Differences in many parameters such as processing methods, temperature, chemical processing
of fibers, fiber orientation, stacking sequence, fiber size fraction and knitting methods
effectively affected the properties of the material.

e Common defects include resin hardening, fiber size and volume fraction, void volume content,
fiber distribution, oblique or broken fibers, and polymer fiber matrix adhesion.
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The main drawback is that the production of synthetic compounds requires a lot of energy and
the pollution created during the production and recycling of these synthetic substances has to
deal with the quality of the environment.

The use of natural fibers in polymer compounds involves various problems related to moisture
absorption, stiffness, poor interfacial adhesion of fibers and matrix and poor mechanical
properties.

The main challenges limiting their use are comparisons between alloys and natural fiber
compounds, process costs and consequential losses, uncertainty about relatively new and
sometimes changing materials.

Chemical compounds treated with sodium hydroxide, barium sulphate, melamine formaldehyde
resins etc. They can be used to increase the strength of the material.

TiO2, graphene and Al203 fillers can be used in composites to increase the durability of the
material.

Hand layup method, composite mold testing and pressure molding testing are cost effective
techniques for making composite material. Using injection molding technology, a large number
of materials can be fabricated into the required complex shapes.

An overview of the work done by several researchers suggests that the optimal fiber content of
the fiber-reinforced compound showed the best properties, and by omitting the fiber content,
the mechanical properties of the compound decreased.

Due to low density, high tensile strength, high tensile modulus and low increase in brake time,
these fibers can occupy a definite place in automotive applications. Finally, natural fiber-based
compounds can be formulated with attractive and affordable designs to further enhance their
use.

There is a significant lack of research in the field of composite materials based on natural
fibers. It is difficult to predict the properties of different types of natural fibers with different
alignments and therefore research studies are needed to find out the behavior of different
natural fibers.

Studies on new and existing natural fibers can be extended to identify the hidden potential of
new natural fiber compounds.

TiO2 fillers are effective in improving the properties of the natural fibres composite materials.
Important factors to consider when producing natural fiber reinforced composites are fiber /
matrix selection, composition, fiber size, shape, fiber treatment and post-fabrication.

It is difficult to predict the characteristics of different types of natural fibers that have different
types of alignment, and therefore research studies are required to know the behavior of different
natural fibers.
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