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Trends and Perspective for Eco-friendly Composites for
Next-generation Automobiles
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ABSTRACT: As global issues and interest in the environment increase, the transition to eco-friendly materials is
accelerating in the automobile industry. In the automotive industry, eco-friendly composite materials are mainly used
in various interior and exterior components, reducing the reliance on traditional petroleum-based materials. In
particular, natural fiber composites help reduce fuel consumption and greenhouse gas emissions by making vehicles
lighter. Additionally, they boast superior thermal properties and durability compared to non-recyclable composite
materials, making them suitable for automotive interior parts. Furthermore, reduced production costs and
sustainability are key advantages of natural fiber composites. The eco-friendly composites market is expected to grow
to $86.43 billion at a CAGR of 15.3% from 2022 to 2030, and the natural fiber composites market is predicted to
grow at a CAGR of 5.3% from 2023 to 2028 to $424 million. In this review paper, we explore research trends in next-
generation natural fiber composite materials for automobiles and their application in the actual automobile industry.
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Abaca fiber

Coir fiber

Kenaf fiber

Sisal fiber
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Fig. 1. General plant fibers used in the automotive biocomposites
[22-32]
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Table 1. Advantages and disadvantages of natural fibers
Natural Fiber Advantages Disadvantages Ref.
« The individual abaca fiber exhibited an elongation at break
ranging from 4.3% to 9.7%. « Highly moisture-absorbent
Abaca « Non-toxic « Inconsistent perforr.nance sFability o (39, 56]
e Low cost « The manual extraction of biers requires sig-
« Exceptional buffer reliability nificant labor input
« Resistant to decay and damage from saltwater
« Lightweight
« Strong tensile strength « High irregularity
Banana . Hi.g}.l tensile moc.iulus . P(‘)0r qua.lity. . (57, 58]
» Minimal elongation at break « High moisture absorption.
« Cost-effective « Stiffer than other fibers such as sisal fibers
« Abundant
« Compared to other natural fibers, bamboo fiber has a « High moisture absorption affects the interfa-
higher ultimate tensile strength and Young’s modulus cial bonding between bamboo fibers and a
Bamboo « Because of various micro-holes and micro-gaps in its cross|  hydrophobic polymer matrix, consequently, | [59, 60]
section, exhibits good water absorption the mechanical properties of the final com-
« Antibacterial function posite are deteriorated
« Tensile strength and Young’s modulus lower than those of
other plant fibers due to high microfibrillar angle « Hydrophilic
Coir « High lignin content responsible for useful properties such | e Their mechanical and physical properties are (28, 61]
as weather, fungal, and bacterial resistance strongly dependent on the climate, location, >
« Hardwearing quality and weather
« Durability
« Date palm fibers’ different sizes have variable,
unstable effects
e Cheap and abundant « Poor fiber-matrix interaction
Date Palm « Low density per unit volume high strength « Flexural strength, tensile strength and impact| [25, 62]
« Not toxic strength of the bio-composites decreased
with the increase of date palm fiber loading
content.
« Can replace glass fibers in many applications among the
various plant fibers « Poor compatibility with matrices
« The orientation of flax fiber in polymers had a significant . . .
Flax . . . « High moisture absorption [22,63]
impact on the mechanical performance of composites « Hiohly flammable
« The woven fabric has been reported to have more balanced gy
properties from the available forms of flax fibers
* Inexp ensive an-d avallal.al.e . « Lower durability when compared with syn-
« Low density, high specific stiffness, and strength. .
« One of the strongest and stiffest available natural fibers th,etlc ﬁb-er . . .
« Can be cultivated in nearly all temperate and tropical + High .m01sture.abs0rPt10.n, Whl.c,h results in
. swelling and dimension instability
Hemp countries [64, 65]

« Low health hazards during the manufacturing processes.

« Low emission of toxic fumes when subjected to heat and
during incineration

« Good thermal and acoustic properties

« High variability of properties

¢ Poor matrix-fiber interfacial adhesion

« Flammable, sensitive to UV, and microbial
attack
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Table 1. Continued

Natural Fiber Advantages Disadvantages Ref.
« Biodegradable « The weak interface reduces the fiber’s rein-
Jute « High strength forcing efficiency due to a lack of stress (23, 56]
o Thermal conductivity transfer from the matrix to the fibers ’
« Low cost « Loss of strength when wet
» Renewable
« Easily recycled « Kenaf fibers have an irregular cross-sectional
« Inexpensive area that fluctuates along the length of fiber
« Easily grown even under severe conditions such as low reporting unstable mechanical properties
Kenaf water supply and little fertilizer « Difficulty in handling the long fiber bundles | [66, 67]
« Low weight « Hydrophilic property, due to cellulose con-
« Can be quickly, easily pulped and bleached with ecof- tent, has deep impact on the weak interface
riendly chemicals bonding with the polymer matrix
« The plant can grow to more than 3m, providing long fibers
« Not fully exploited, due to the nonavailability
Pineapple « Efficient use of the agricultural waste . ;;svuflit;:rl: ;f:ﬁln;;%nnt?:zizi?fgymetho ds [68, 69]
and difficulties associated with the extraction
« The presence of impurities, such as natural
« Available fiber worldwide oils and wax is the primary problem
« It can be grown at low financial input and maintenance « Hydrophilic in nature
Sisal even in wastelands « Insufficient contact between the polar hydro-| [24, 70]
« Enhances the thermal, mechanical, and acoustic properties|  philic fiber and the non-polar hydrophobic
of polymers « Can only be processed at certain tempera-
tures

Table 2. Mechanical properties of plant-based natural fiber [71-74]

. Tensile Strength|Yong’s Modulus| Elongation at
Natural Fiber (MPa) J g( GPa) breik %)
Abaca 400-800 6-12 3-10
Banana 200-600 4-10 1.5-3.5
Bamboo 300-800 20-30 1.4-3
Coir 100-300 4-10 10-15
Date Palm 300-600 10-25 1-3
Flax 250-700 40-80 1.5-3.2
Hemp 400-900 40-80 2-35
Jute 398-800 13-30 1.5-2.5
Kenaf 300-450 20-30 1.6-6.9
Pineapple 400-700 23-30 2-4
Sisal 530-640 29.4-22 3-7
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