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s0010 10.1 Introduction

p0010 The use of new biological materials for the replacement of synthetic and harmful

materials has been shown to offer enormous advantages (Hasan et al., 2021).

Natural fibers are easily and affordably obtained from renewable resources and their

incorporation and reinforcement with artificial materials can easily be achieved

(Olaniyan & Adetunji, 2021). These bio-based materials have excellent biomedical

applications due to their favorable biological and physical characteristics. The use

of conventional synthetic polymers for composite applications has significant

adverse environmental implications (Adetunji et al., 2023a, 2023b, 2021;

Pugazhenthi & Anand, 2021). Biodegradable, biocompatible, and natural polymer

materials have the potential to effectively replace their conventional polymer

equivalents, thereby resolving a number of environmental issues (Adetunji et al.,

2023c). Based on the material choice, processing techniques have a significant

impact on composite performance (Verma et al., 2022). Bio-based composite mate-

rials that are highly sustainable and renewable are being developed for use in

marine, automotive, and aerospace applications (Adetunji et al., 2023d). Many of

these composites contain parts that have less of an environmental and carbon foot-

print. It is important to evaluate these biocomposites’ long-term durability because

their structural components may be subject to a variety of situations. Aerospace and

aeronautics are highly technologically advanced sectors that were early adopters of

new production processes like computer-aided design and manufacture. The bio-

composites of naturally renewable resources with desired tune properties like acous-

tic, vibration, and electrical behavior can be used in aerospace vehicles (Fig. 10.1)

(Bachmann et al., 2021). In this industry, attention is also growing on innovative

natural/bio-based materials along with carbon fiber composites. Increased passenger

traffic contributed to the aircraft industry’s ongoing growth. As a result, this
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industry is likely to attract investors in the near future, which will encourage com-

petitiveness in the production of bio-based materials that are useful for structural

design, aerodynamics, fluid flow, navigation, instrumentation, robotics, propulsion,

combustion, and many others. Hence, different companies in the aviation sector

must adopt the use of new technologies for the production of parts in the aerospace

industry if they don’t want to lag behind their competitors.

s0015 10.2 Materials and methods

p0015 A number of parts of aerospace vehicles have been made by using different materi-

als including biocomposites through different methods. The antenna cover, which

shields aircraft radar antennas from aerodynamic stresses, weather, hits from flying

objects, and radar transparency, has a dome-shaped structure (Jamal et al., 2014).

Materials for small airplane enclosures frequently have great durability and low

f0010 Figure 10.1 Different aspects of biocomposites in aerospace engineering applications.

Source: From Bachmann, J., Yi, X., Tserpes, K., Sguazzo, C., Barbu, L. G., Tse, B., Soutis,

C., Ramón, E., Linuesa, H., & Bechtel, S. (2021). Towards a circular economy in the

aviation sector using eco-composites for interior and secondary structures. Results and

recommendations from the EU/China project ECO-COMPASS. Aerospace, 8(5). https://doi.

org/10.3390/aerospace8050131.
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dielectric constants. Aircraft structures are frequently made of high-strength fibers

such as glass, carbon, and aramid in composite materials. The production of ecolog-

ically friendly technologies, however, is of greater importance to modern civiliza-

tion (Blockley & Shyy, 2010). The demand for biodegradable materials has fueled

the use of natural fibers. These bio-based composites have similar mechanical char-

acteristics to synthetic fibers, such as biodegradability, low cost, and lightweight.

Panel pieces are produced via vacuum packaging (Brunton et al., 2021). The vac-

uum bag method requires a flexible bag to be placed over the composite layer,

sealed, and with all air sucked system from the bottom. Infusion of vacuum is used

to create the dielectric cover. Biofiber is advised for usage in airplane coverings

due to its low dielectric constant. Epoxy and hybrid fiber glass�kenaf laminates

have been made using natural kenaf fiber (Tavares et al., 2020). A high-

performance epoxy biocomposite covering material was developed using biosilica

generated from agricultural waste (rice husks), and its viscoelasticity, thermal con-

ductivity, and hydrophobic behavior were assessed (Karthigairajan et al., 2021).

The production of a high-performing biocomposite coating material for use on air-

craft air ducts was investigated in a study (Wang et al., 2020).

p0020 A thermochemical technique was used to produce the ultrafine biosilica particle,

and amino-silane was used to modify the surface. According to viscoelastic data,

the addition of 4% by volume of silane-modified biosilica resulted in a maximum

storage modulus of 7.2 GPa, a loss factor of 0.51, and a glass transition temperature

of 91�C. In contrast to 4 vol% silane-treated biosilica, which had a maximum ther-

mal conductivity of 0.18 w/mK, 4 vol% biosilica in epoxy as received had a maxi-

mum thermal conductivity of 0.3 w/mK. Similarly, biosilica treated with silane

(4 vol%) maintained a greater contact angle of 85 degrees, according to the results

of the experiment involving contact angles. It was able to use this high-

performance epoxy biocomposite coating material as an air duct coating material

for passengers on flights to enhance air quality and reduce flow heat loss. In addi-

tion, the coating on the air channels increases the life span of the final product,

including the rivets and welds. The material’s thermal disintegration patterns, vola-

tile emissions, and danger of spontaneous combustion were studied to standardize a

recently produced green biocomposite based on marine, automobile, and aviation

fire safety requirements. The freshly created green biocomposite was thermally

characterized in the study with the goal of evaluating its thermal stability, identify-

ing potential gaseous emissions, and establishing its lower flammability limit

(LFL). To enhance the thermal profile of the green biocomposite, which is com-

posed of 38% bioepoxy and flax fiber, an intumescent fire-retardant coating com-

posed of ammonium polyphosphate-tris(2-hydroxyethyl) isocyanurate (APP-

THEIC) and boric acid (BA) was applied (Biswal et al., 2019). The thermal stabil-

ity of the newly produced material was assessed using the thermogravimetric analy-

sis (TGA) technique. An analytical pyrolyzer connected to a gas chromatograph

and mass spectrometer (Py-GC-Ms) was used to record the gaseous emissions from

the green biocomposite at four chosen temperatures: 350�C, 550�C, 750�C, and
900�C. The species generated during pyrolysis were identified on the pyrograms

using quantitative structure�property relationship (QSPR), and their LFL was
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computed. The accident risks of new materials were determined using NFPA 704

(“Standard System for the Identification of the Hazards of Materials for Emergency

Response” is a standard maintained by the US-based National Fire Protection

Association). Based on its thermal decomposition profile, degradation temperature,

gaseous emissions, and lowered flammability limit, the green biocomposite devel-

oped in the study was described (Bahrami et al., 2020). Utilizing an intumescent

fire-resistant coating (IFR) improves the material’s fire resistance, and its final deg-

radation temperature was close to 800�C. A new green biocomposite needs to be

tested on a medium scale to evaluate its thermal degradation profile (Azeredo et al.,

2010). According to a QSPR examination of gaseous emissions created by the

pyrolysis of green biocomposite, LFL decreases with rising temperatures up to

750�C. According to the research on the toxicity of gaseous emissions, material

heated over 350�C emits a sizable amount of phenol, which is dangerous to health.

In a study, the flammability characteristics of composites composed of nanoclay

and copolymer of acrylonitrile-butadiene-styrene (ABS) reinforced with kenaf fiber

are examined. Natural fiber is one of the prospective materials that can be coupled

with thermoplastics as a composite because of its appealing qualities, such as

strength and lightness. Underwriters Laboratory 94 Horizontal Burning (UL94 HB),

smoke density measurements, and limiting oxygen index (LOI) tests are used in a

study to assess the material’s flammability features (Karunakaran et al., 2016). The

Federal Aviation Regulations (FAR) are complied with via these flammability tests.

The presence of nanoclay with an efficient composition of ABS copolymer (ABS

plastic) reinforced with kenaf fibers improved the burning capabilities of the mate-

rial by reducing the formation of char on the material’s surface, according to the

results of UL94 HB and smoke density tests. As a result, less smoke is created, and

the burning rate is decreased. The LOI test, on the other hand, showed that this

material requires less oxygen to burn when exposed to fire, which prevents the

enhancement of burning capabilities. The formation of barriers and the rate of flame

propagation on the surface of the biocomposite material are stimulated as a result

of the burning of nanoclay. Overall, these experimental results imply that this bio-

composite material can self-extinguish and has effective fire-fighting capabilities.

With significant benefits including cost-effectiveness, lightness, and biodegradable

self-extinguishing biocomposite, the special synergism that was found from the

acquired results is likely to be utilized in secondary aircraft structures (Brodeur

et al., 2002).

s0020 10.3 Biocomposites for aerospace engineering
applications—recent advances

p0025 Biocomposites are widely used by engineers in industries like aerospace. Fiber-

reinforced composites for aircraft constructions must adhere to some of the strictest

standards for their physical, chemical, electrical, thermal, and mechanical qualities

among a wide range of structural applications (Gopi et al., 2017). Despite the many

288 Advances in Biocomposites and their Applications

Karak-ABA-1634381 978-0-443-19074-2 00010

To protect the rights of the author(s) and publisher we inform you that this PDF is an uncorrected proof for internal business
use only by the author(s), editor(s), reviewer(s), Elsevier and typesetter MPS. It is not allowed to publish this proof online or
in print. This proof copy is the copyright property of the publisher and is confidential until formal publication.



benefits of green composite materials, there are still some issues. Natural fibers

have a lesser degree of homogeneity than glass and carbon, are less compatible

with traditional resin systems, and have a propensity to absorb moisture. The per-

formance of the composite solution must therefore be improved through preproces-

sing and modification. Numerous industrial applications use natural

fiber�reinforced biocomposites because of their many benefits, which include

superior mechanical properties, low production costs, renewability, and biodegrad-

ability. According to conventional definition, an aviation airfoil is a radar-

transparent dome-shaped structure that shields the aircraft’s radar antennae from

aerodynamic stress, the outside environment, and bird strikes. Small aircrafts fre-

quently have their skin made of materials with a high resistance and low dielectric

constant. Composite materials composed of high-strength fibers such as fiberglass,

carbon, and aramid are often used in airplane structures today (Renner et al., 2021).

Natural fibers are now being used more frequently, nonetheless, as a result of the

demand for biodegradable materials. Natural fibers share many mechanical proper-

ties with synthetic fibers and are also lightweight, affordable, renewable, and biode-

gradable. Sandwich structures with honeycomb cores are renowned for having a

high flexural stiffness and greatly enhancing stiffness at a lower weight. They are

frequently used in aircraft as fundamental structural components, as well as for

flooring and interior decoration. High-performance aluminum and aramid are typi-

cal materials for honeycomb core applications, while fiberglass, carbon fiber,

Nomex, and polymer-reinforced Kevlar are used in other industries. The increased

need for natural fiber�reinforced composite constructions has recently fueled

research into natural fiber honeycomb materials. Only a few studies, mostly focus-

ing on the use of randomly chopped fibers, have been reported on the formation of

a honeycomb structure using unidirectional fibers as reinforcement. This is primar-

ily due to the fact that the process is challenging and frequently requiring many

steps to allow fiber organization and curing. When using unidirectional fibers,

which are stronger than randomly chopped fibers, a one-step procedure with vac-

uum infusion and a mold design is presented that encourages fiber alignment in the

direction of the honeycomb fill (Manan et al., 2016). International civil aviation has

grown dramatically over the past 20 years. Revenue passenger kilometers (RPK) or

revenue passenger miles (RPM), the unit of measurement used to determine airline

rates, normally doubles every 15 years. Over the next 20 years, air travel is antici-

pated to increase by 4.3%�4.8% annually, with Asia Pacific serving as the primary

driver of percentage growth. Currently, the world’s civil aviation is responsible for

2% of all man-made carbon dioxide (CO2) emissions. The aviation industry has

been challenged to contribute to reducing emissions through the International Civil

Aviation Organization’s (ICAO’s) four innovation pillars, which include sustainable

fuel, operations and infrastructure, product technology, and economic measures.

Technology and biofuels are anticipated to have the biggest effects on attaining

carbon-reduction goals. The aviation sector uses biojet fuel and biocomposite,

which helps it become more sustainable and lowers CO2 emissions than the conven-

tional materials (Chen et al., 2019). Up to five recognized processes exist now for

making biojet fuel, and each one provides a synthetic fuel with improved fuel
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efficiency, reduced CO2, and soot emissions. The sustainability of the airplane is

increased by using biocomposites rather than composite fibers derived from nonre-

newable resources. The use of sustainable, renewable resources will be crucial to

the advancement of biocomposites and their use in airplanes. Although biomass

recovery is required to reduce aviation’s environmental impact, cost is still a major

consideration. Fossil fuel availability will decline, which will result in a rise in the

price of products derived from them. Whether or not biomass is renewable and sus-

tainable will determine whether or not items made from it are used in the aviation

industry. The supply of raw materials must be sustainable if the aviation industry is

to continue growing and uphold the high safety standards for which it is known

(Curran et al., 2004). One potential mitigation strategy to lessen the environmental

effects of the aviation industry has been the use of organic materials rather than fos-

sil ones. Natural fiber polymer composites, which have shown improved environ-

mental performance in the automobile industry, are currently being investigated as

a weight-saving option for aircraft (Gomez-Campos et al., 2021). The study com-

pares specific flax-based composite panels intended for airplane interior trim (such

as bulkhead panels, tables, and baggage compartments) with a fiberglass composite

core and epoxy honeycomb and quantifies the environmental impact of each. The

assessment expanded the system to consider what happens to the leftover waste

materials when flax fibers, used as reinforcement in biocomposite material, are

transformed into technical textiles. The results demonstrated that the panels’ overall

environmental performance for usage in the aerospace industry is most significantly

influenced by their weight (Rashid et al., 2021). In terms of climate change and

marine eutrophication, the biocomposite panel fared better than the traditional panel

when only panel manufacturing was taken into account (Curto et al., 2021). Flame

retardant (FR) was also discovered to be a significant component in the environ-

mental consequences of biomass. These advantages were insignificant when taking

into account the whole life cycle of the panels because of the bio-based panels’

larger weight (14%) and the fact that they are still in the prototype stage. Romero-

Fierro et al. (2022) reported that the use of polymers has impacted technology and

science with applications in the generation of macromolecular biomaterials. The

authors described polymer-nanocomposite as an excellent bio-based material in

aerospace industry owing to the favorable characteristics like thermal and mechani-

cal resistance, lightness, corrosive resistance, radiation, magnetic, and conductivity.

Their use involves design optimization processes for faster, safer, and cheaper

applications in transportation. The authors demonstrated that the aerospace industry

requires the use of materials like polymer composites with excellent resistance

against heat, electromagnetic interference, corrosion and increased durability, con-

ductivity, lightness, and low cost. They reported many advantages of biocomposites

including enhanced mechanical properties such as modulus and stiffness, high struc-

tural and thermal stability, promising electrical and magnetic properties, noise

damping, hydrophobicity, lower density, easy to produce, and low filler content.

The authors further demonstrated that in aerospace industry, flame retardancy and

thermal stability are the key properties that must be met by the material. They

revealed that differential scanning calorimetry and TGA are the two important
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techniques utilized for the determination of thermal behavior in polymers.

Biocomposites utilization in aerospace are important aspects of planning, accredita-

tion, development, and maintenance operation of aircraft structures. Notably in the

aerospace industry, electronic devices are affected by different transmitters being

utilized for navigation, satellite propagation, and communication resulting in the

production of electromagnetic interference within the environment. Thus, biocom-

posites are excellent materials that can protect and shield the aircraft from different

electromagnetic radiation and pollution resulting in high performance. In aerospace

painting and coating, biocomposites improve deicing, superhydrophobic, great

water repellency properties, and antiicing requirements, particularly in polar climate

conditions. Biocomposites are also good piezoelectric materials for aeronautical

monitoring sensors in the aerospace industry. Farhan et al. (2022) reported that

there is an increasing demand for very light materials with improved physiochem-

ical characteristics like toughness and strength in aerospace industry. The authors

emphasized the importance of polymer matrix-based composite materials that are

biodegradable and hybrid in nature. The authors revealed that recently increased

attention has been seen in the application of hybrid biocomposites in the aerospace

industry. This may be due to increased investment in air travel and improved tech-

nology. Thus the materials utilized in the aerospace sector will determine the suc-

cess that will be achieved. Materials commonly utilized in this sector must be

strong and light with less environmental concerns. Hybrid biocomposites have also

gained attention in lower acoustic signature, sound absorbing, and noise testing.

The interior parts of aerospace vehicles (Fig. 10.2) can be made by using biocom-

posites with favorable properties including flammability, heat release, smoke and

toxicity, and other benefits of natural fibers, for example, acoustic damping

(Bachmann et al., 2018).

p0030 Recently, a large number of polymer nanocomposites with required properties

have been shown to have great potential to be used in aerospace engineering appli-

cations. Table 10.1 summarizes a few important nanocomposites with their proper-

ties and applications in the field.

s0025 10.4 Limitation and market demand limitations

p0035 Traditional petroleum-based materials can be replaced with more cost-effective and

sustainable biocomposites (Madyaratri et al., 2022). These composite materials do,

however, have drawbacks that might restrict their range of use, like increased flam-

mability when exposed to heat flow or flame initiators. Therefore, efforts to lessen

the flammability of biocomposites are ongoing. The combustion of bio-based com-

posites in buildings has the potential to result in scenarios that are dangerous and

result in significant material and human losses. To strengthen the fire resistance of

biocomposites and other materials, FR additives are frequently utilized

(Mngomezulu et al., 2014). Lignin has been looked into for use as a low-cost,

environmentally friendly FR addition to produce high-performance biocomposites
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with enhanced engineering and fire qualities (Renner et al., 2021). By creating sus-

tainable FR systems based on renewable raw materials, it is possible and promising

to produce biocomposites with improved fire resistance, reduced negative environ-

mental effects, and improved health and safety performance. There hasn’t been

much research done on the flammability of biopolymer composites reinforced with

natural fibers (Idumah & Hassan, 2016). The scant usage of biopolymer composites

and blends in a variety of technical disciplines, where the risk of fire and human

danger is a severe issue, as well as the dearth of published scholarly works on the

topic, are indications of their requirement. Therefore, it is crucial to deepen our

understanding of biopolymers’ flammability and help widen the scope of their

potential applications. Bio-based products are utilized in the packaging business,

and the usage of biocomposites in the electronics and transportation (automotive

and aerospace) sectors has greatly expanded recently. However, components used

in these applications must adhere to high flammability regulations (Haris et al.,

2011). Nanocomposites and biocomposites, which have recently gained a lot of

f0015 Figure 10.2 Biocomposites made interior parts of aerospace vehicles.

Source: From Bachmann, J., Yi, X., Gong, H., Martinez, X., Bugeda, G., Oller, S., Tserpes,

K., Ramon, E., Paris, C., Moreira, P., Fang, Z., Li, Y., Liu, Y., Liu, X., Xian, G., Tong, J.,

Wei, J., Zhang, X., Zhu, J., . . . Yu, T. (2018). Outlook on ecologically improved composites

for aviation interior and secondary structures. CEAS Aeronautical Journal, 9(3), 533�543.

https://doi.org/10.1007/s13272-018-0298-z.
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interest for their distinctive features, are the most significant of numerous polymer

composite materials. The fundamental benefits of using biocomposites instead of

petroleum-based goods unquestionably affect current development trends and pro-

vide guidance for additional study and application of polymer composites.

Biocomposites are created and sold at a quick clip on the global market. The rising

range of uses for new and enhanced materials, as well as the increased interest in

t0010 Table 10.1 Summary of aerospace applications of polymer nanocomposites.

Application of

nanocomposite

Polymer matrix Reinforcement Properties

EMI shielding PVDF Fe3O4/carbon Lightweight

PLA Ag Multiple scattering

Epoxy resin Iron, cobalt,

nickel, and

iron oxide

High strength and

nonheavy

PPy Ba0.6Sr0.4Fe12O19 Low cost and resistant

PAN and PU Ni-Co Intrinsic conductivity

and magnetism

PLAUs Fe3O4 Shape recovery in a

magnetic field

Epoxy resin CNTs

Epoxy resin EDFe3O4-CNTs/

rGF

High EMISE value

PANI CoFe2O4 Anticorrosive

properties

PU MHAPs Anticorrosive

properties

Coatings and

paints

Epoxy-PANI GONs Anticorrosive and

antifouling

properties

Poly(ethylene glycol) methyl

ether methacrylate-co-

glycidyl methacrylate

Fe3O4 Antifrosting property

PVDF-HFP SiO2/CNTs Antiicing and

superhydrophobic

properties

Structural

health

monitoring

PMDS PZT Superior piezoelectric

behavior

CNTs, carbon nanotubes; EMI, electromagnetic interference; PANI, polyaniline; PLA, polylactic acid; PPy, polypyrrole; PU,

polyurethane, PVDF, polyvinylidene fluoride; PVDF-HFP, poly(vinylidene fluoride-co-hexafluoropropylene, PAN, polyacrylonitrile;

GONs, graphene oxide nanosheets (GONs; MHAP, magnetic hydroxyapatite nanoparticles; PZT, lead zirconate titanate; EMISE,

empirical mean integrated squared error; PMDS, polymer matrix composite engineering; PLAU, polylactide-based polyurethane shape

memory nanocomposites.

Source: From Romero-Fierro, D., Bustamante-Torres, M., Bravo-Plascencia, F., Esquivel-Lozano, A., Ruiz, J. C., & Bucio, E. (2022).

Recent trends in magnetic polymer nanocomposites for aerospace applications: A review. Polymers, 14(19). https://doi.org/10.3390/

polym14194084.
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and demand for these kinds of materials, are some of the reasons behind this

(Masek & Kosmalska, 2022). Composites made of bio-based polymers are already

utilized in a number of industries. This specifically applies to the transportation and

building industries as well as packaging in the broadest sense. For instance, biona-

nocellulose, commonly referred to as bacterial cellulose, is a naturally occurring

polymer with unique features that is widely used, particularly in a variety of medi-

cal applications (Abdur Rahman et al., 2023). The domain of composites composed

of natural fibers, which are mostly made of organic compounds including cellulose,

hemicellulose, and lignin, is also thoroughly studied. The popularity of biopolymers

appears to be influenced by aspects such as functionality, processing requirements,

and price. According to Fowler et al. (2006), there is still great space for develop-

ment in both the quality and production efficiency of cellulosic composites. Before

it can quickly replace current materials in an industrial setting, the material must be

enhanced still further. In various investigations, the production, characteristics, and

high-end uses of bacterial or plant nanocellulose are frequently contrasted.

Biocomposites pose a challenge to fiberglass-reinforced composites, particularly in

the building and automotive sectors (Brunton et al., 2021). To combine biofibers

from nonrenewable and renewable sources with polymer matrixes to create a com-

posite that is competitive with synthetic composites, special consideration must be

given to the biofiber�matrix interface and novel processing techniques (Vinod

et al., 2020). Polypropylene composites reinforced with natural fibers have seen

commercial success in the automobile sector. This is because they are made from

petroleum-based materials and the polymer matrix is not biodegradable, natural

fiber�polypropylene or natural fiber�polyester composites are not sufficiently

environmentally friendly. Combining natural fibers with polymers made from

renewable resources can help solve many environmental issues. So-called green

biocomposites are continuously produced by fusing biopolymers made from renew-

able resources with biofibers, such as cellulosic plastics, polylactides, starch plas-

tics, polyhydroxyalkanoates (bacterial polyesters), and soy-based plastics.

s0030 10.5 Conclusions and recommendations

p0040 Biocomposites are renowned for having environmentally benign-ness, lightweight,

chemical resistance, thermostability, and stronger mechanical qualities than the tra-

ditional composite materials. But there are existing research gaps in the usage of

biocomposites in the aerospace sector, particularly in determining the potential

spectrum of application. The utilization of appropriate biocomposites is responsible

for the majority of triumphs in the aerospace industry. Biocomposites with high

mechanical strength, durability, flame retardancy, chemical resistance, and thermal

stability have been used in aerospace applications for lightweight spacecraft struc-

tures, coatings against harsh space environments, and the development of micro-

electronic subsystems. However, to explore their full potential, much more research

and industrial involvement are essential through multidisciplinary AU:1collaborations.
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NON-PRINT ITEM

Abstract
The need to replace synthetic-derived materials has increased significantly due to

the recent advancements in natural fiber�reinforced polymer composites in the

automotive, gas and oil, construction, electronics, and aerospace industries.

However, the widespread use of biomaterials has been limited by their poor flame-

retardant (FR) properties. There is an increased demand from automotive and aero-

space industries to produce environmentally friendly bio-based materials with non-

halogenated self-extinguishing properties. Studies have shown that enhancing the

FR characteristics of biomaterials can increase their adaptability in aerospace indus-

try. This chapter focuses on the emerging technologies utilized for biocomposite,

biopolymer, and biofiber production and their applications in the aerospace

industry.

Keywords: Biocomposite; biopolymers; automotive; flame retardant; aerospace

industry
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