
RESEARCH ARTICLE
www.ms-journal.de

Flame Retardant Polymer Nanocomposites: An Overview

Sandeep Kumar, Riddhi Dhawan, and Saroj Kr Shukla*

The overwhelming use of polymer as substitutes for metal, glass, wood, and
ceramic has posed the challenge to develop polymer with flame retardant
behavior after chemical modification and making composites for effective use
of polymer in a wide range of applications. In this context, the present review
article describes the advances in the preparation of flame retardant polymer
nanocomposite (FPNC) along with the mechanism and properties. The
evolved properties of FPNCs are discussed along with illustration and
applications such as coating, sheet, and films for different applications in the
light chemical composition, size confinement, and dimension alignments.

1. Introduction

Over several decades, polymeric materials have been widely em-
ployed in a range of applications consumer goods, buildings,
automobiles, transportation, aeronautical devices, and molded
products, due to their sustainability, stability, lightweight, and
low cost.[1] However, the presence of huge carbon and hydro-
gen bonds in polymer makes the polymer prone to catch fire
and causes serious fire hazards worldwide along with limited
use of plastic in electronic and electrical devices. Therefore, it is
of utmost importance to integrate flame retardancy in polymer
to make it suitable for high-temperature applications along with
fire safety.[2] The basic strategy adopted to develop flame retar-
dancy is adding fillers, chemical modifications like halogenation,
and making hybrid structures like blend and composite.[3] In all
the above strategies of making a flame retardant polymer, mak-
ing composite is more facile and promising for commercializa-
tion. Flame retardant polymeric nanocomposites have received
extensive attention over the last decades because of their excep-
tional flame retardancy and mechanical robustness. Flame retar-
dant polymer nanocomposite (FPNC) is used as paint for coat-
ing, processable polymer granules, and electrically conducting
for use in building, automobile, textile, and electronic devices.
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In this regard, several findings are reported
by worldwide scientists with the potential
to improve existing plastic parts with sev-
eral challenges like toxicity and evolution
of polluting gases.[4] The significant find-
ing of the area has been also compiled by
the researchers in the review articles and
books, however, the exponential increase
in publication frequency needs to be up-
dated for updated information to the com-
mon researchers. Therefore, in the context
of the above development and need, the
present review article describes the updated
information about the basics of flame retar-
dant polymer composites, synthesis, char-
acterization, and significant applications

in building construction, automobile, and electronic devices. The
suitable scheme and illustrations are added to the subject clearly
and understandable for common researchers and chemists.[5]

2. Overview of Flame Retardant Polymer
Nanocomposites (FPNCs)

Flame retardant polymer nanocomposites (FPNCs) are the hy-
brid for polymeric materials, comprised of polymer and a filler
with size in the nano range, i.e., 1–100 nm. The presence of
multi-component composition has evolved several improved syn-
ergized properties for advanced applications of polymer and
fillers.[6] In general polymer nanocomposites are different types
and a summarized classification of polymer nanocomposites is
shown in Figure 1.
Further, the presence of flame retardant groups like halo-

gen and fillers is called flame retardant polymer nanocompos-
ite and has been explored for advancing applications of polymer
nanocomposite with safety from fire. The strategy adopted to de-
velop flame retardancy is reinforcing flame retardant additives,
incorporating flame retardant compounds in the polymer back-
bone, and adding intumescent property in the polymer matrix.[7]

The incorporation of nano confinements in reinforcing agents
improves mechanical strength and thermal stability along with
fire resistance nature due to better dispersion and interaction
with polymer matrix. For example, the use of nano clay in a ma-
trix of nylon 66 has significantly improved the thermal stabil-
ity and flame retardant properties of the pristine polymer, how-
ever, similar micro-sized polymer composites do exhibits the im-
proved stability and flame retardancy. The other significant rea-
son for flame retardancy in polymer nanocomposite is detoured
path during the spreading of heat and thermal conductivity.[8]

The use of chemically modified monomers during polymeriza-
tion and copolymerization is another important strategy to de-
velop flame retardancy in pristine and hybrid polymeric struc-
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Figure 1. Classification of FPNCs.

Table 1. List of flame retardant additives, properties, and applications.

S. No. Additives Properties Applications References

1 ATH (metal based) Heavy, non-toxic, excellent thermal and
mechanical properties, reduced
dripping, and better FRs.

Automobiles industries, space craft, air
craft.

[10]

Construction and building applications

2. Melamine (nitrogen based) Good thermal stability, better FRs,
reduced dripping, toxic nature.

Textiles industries, resigns, electrical
application, paint, and coating
industries

[11]

3. Hydroxyl carbonates
(minerals based)

Good FRs, easy processable, good
mechanical, and thermal properties.

Circuit breaker, construction, and
building applications.

[12]

4. Tetrabromobisphenol-A
(halogen based)

Toxic, poor processability, excellent
thermal, and mechanical properties.

Cables, wiring, siding, space craft, air
craft, and construction and building
applications.

[13]

5. Ammonium polyphosphate Excellent mechanical and thermal
stability, toxic in nature, costly.

Print circuits board, and textiles
industries.

[14]

6. Polydimethylsiloxane (silicon
based)

Anti-dripping properties, better
processability.

Air purifier, circuit breaker, LED light,
textiles industry, and cable.

[15]

7 Vinyl chloride Flexible, thermal stability, toxic, poor
thermal properties

Cables, wires, pipes, wirings, textiles [16]

8 Ethylene chemical
modification with HCl

Flexible, thermal stability, poor thermal
properties

Packaging, cables, general goods, wires [17]

tures. For example, the polymerization of brominatedmonomers
like 2, 4, and 6-tribromophenyl methacrylate yield flame retar-
dant polymers with an increase in limiting oxygen index.[9] Some
of the more important flame retardant additives, monomers, and
tools used to develop flame retardancy are listed in Table 1.
Although, the designing of flame retardancy is a very old tech-

nology as fabric, entertainment, military good, protecting cur-
tains, and fire-resistant roofs. However, the current advancement
in materials with environmental concerns along with desirable
mechanical, thermal, and optical properties expanded its horizon
of applications even in smart electronic devices and gadgets after
using suitable methods.[18]

3. Methods of Preparation of FPNCs

Historical evidence is revealing the exploration use of different
materials to develop the flame retardancy properties like hides of
animals for developing fabric, contaminated asbestos, and plas-
ter of Perris. However, the blending of alum, ferrous sulfate, stan-
nic oxide, borax, ammonium phosphates, and borax for absorp-
tion heat to protect against the spread of fire and cooling pur-
poses. However, the infusion of money and polymeric materi-
als advances the innovation of different hybrid materials for use
in fire safety. In general, the both Ex situ and In situ method

are used for the preparation of FPNCs after employing an op-
timized composition and condition.[19] The in situ method is a
method of preparing polymer nanocomposites, in this method
the nanomaterials are originally dispersed in a liquid monomer.
Furthermore, to control the agglomeration of fillers and control
geometry, different surfactants are used during in situ polymer-
izations. The incorporation of fillers in the liquid phase during
the polymerization process swells due to interactions with sol-
vents and makes the composite lighter due to increased porosity.
Ex situ methods are another major method for preparing poly-
mer nanocomposites, in which the method disperses pre-made
nanoparticles directly into the polymer tomake PNCs.[20] The im-
proved dispersion of filler was carried out after using different
external energy like heat, solvent, and microwave irradiation. A
summary of both methods is given in Table 2 along with compar-
ative features.
The incorporation of different materials advances other prop-

erties like antimicrobial and improved mechanical strength for
use as a coating on furniture and medical devices. In this regard,
Song et al. mechanically dispersed the copper organo-phosphate
and MXene in epoxy resins as reactive functional materials in
the presence of a curing agent. Thus, the prepared composite ex-
hibits extraordinary antimicrobial properties against E. coli and
S. aureus and flame retardancy. The observed flame retardancy is
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Table 2. Comparison between the preparation methods of polymer nanocomposites.

S. No. Methods Advantages Disadvantages Ref.

1. Ex-situ method Solution casting High production, Solvent required, more impurity [21]

Melt compounding The more pure final product, high
production

High viscosity, cleaning problem [21]

2. In situ method Chemical synthesis Micro indentation, easy control Costly and time-consuming [22]

Photochemical synthesis Better compatibility, pure products. Higher reactivity, costly, control
environment required.

[23]

Electrochemical
synthesis

Synthesized in a moderate environment,
i.e., at normal room temperature and
pressure.

Reactions are restricted to the working
electrodes’ surfaces.

[24]

Figure 2. Design and synthesis of CuP-MXene. a) Schematic illustration for the preparation process of CuP-MXene; b) TEM image of MXene; c) TEM
image of CuP-MXene; d) SEM image of CuP-MXene.

limiting oxygen index (LOI) 27.3 along with a self-extinguishing
nature after ignition by 2 s. The basic preparative mechanism is
shown in Figure 2 along with morphology.[25]

4. FPNCs Characterization

Thermal analysis (DSC, DTA, TGA, TMA, and DMA), micro-
scopes (TEM, SEM, and AFM), spectroscopy (UV-Visible, FTIR,
and Raman), and X-ray diffraction techniques are used for chem-
ical characterization of FPNCs.[26] Table 3 shows the basic infor-
mation derived from various characterization techniques.
Themechanical properties of FPNCs are determined for struc-

tural stability and sustainability to ensure the suitable applica-
tions with an ensured life span. Techniques used in this regard
are universal testing machines, dynamic mechanical analyzers,
impact, and surface analyzers. The weathering effect and elec-
trical properties of FPNCs are determined by a resistivity meter
and dielectric strength analyzer. Further, hybrid techniques like

thermal analysis and gas chromatography, microscope, and X-
ray diffraction techniques derive better information about poly-
mer composites. For example, the simultaneous use of chro-
matography and mass spectroscopy was used for the identifica-
tion of pyrolyzed products polyamide 6 and clay nanocompos-
ite. The results are shown in Figure 2, which indicates the for-
mation of a more linear compound of pyrolyzed than pristine
polymer. It revealed the rapid chain scission along with inter-
chain aminolysis as well as acidolysis of polymer in the presence
of clay. The technique has been also used to study the effect of
clay on the decomposition of different polymers like polystyrene,
poly(styrene-co-acrylonitrile), acrylonitrile-butadiene-styrene and
polyethylene, and polyacrylonitrile to correlate the burning be-
havior and its impact and gas chromatogram traces of polyamide
6 and nanocomposite are given in Figure 3.[39]

Assessment of flame Retardancy is most important for FPNCs
before recommending its applications. The technique used for
the estimation of flame retardancy is cone calorimeter, LOI mea-
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Table 3. Brief applications of characterization technique.

S. No. Methods Techniques Information collected Ref.

1. Thermal analysis DSC Reversible and irreversible change, characteristic energy, and transition
temperatures.

[27,28]

TGA Thermal stability, ash content, phase change temperature [28]

TMA Stress, strain, phase shift, softening temperature, state change. [29]

DTA Thermochemical transition and associated energy. [29]

2. Microscopic
techniques

SEM Surface morphology, microstructure study, surface fracture study, contamination
study, corrosion study

[30]

TEM Internal structure study, contamination study, inside bubbles study, texture study [31]

AFM Adhesion strength, magnetic forces, mechanical properties study, surface
roughness study.

[32]

3. Spectroscopic
techniques

FTIR Functional group, sample identification, and chemical interactions. [33]

Raman Chemical composition, chemical structure, and functionality. [34]

UV-visible Functional groups, unsaturation, and chain structure [35]

4. X-ray techniques XRD Phase analysis, practical size analysis, crystalline study, cell dimension study. [36]

XRF Chemical composition [37]

EDAX and
WDAX

Elemental composition and mapping [38]

Figure 3. Gas chromatogram traces of polyamide 6 and its clay nanocomposite.

surement, and Ul-94, which are fabricated on the basis of differ-
ent standards. The basic principles of techniques used for flame
retardancy are shown in Figure 4.
The UL-94 test is an extensively used preliminary test for in-

dustry and academic research institutes, to meet industrial cri-
teria as well as categorize polymeric materials according to their
fire retardancy.[40] UL94 covers both vertical burn testing, hori-
zontal burn testing, and testing thin films. All the techniques dif-

fer in terms of fixing of samples and sample holders, i.e., horizon-
tally or vertically at requisite testing angles and dimensions.[41]

The results qualify the polymer to grade in different categories
like V0, V1, and V2 on the basis of burning time, burning rate,
and dripping behavior. Cone calorimetry is an advanced method
for determining a material’s fire resistance in terms of the pro-
file of heat release.[42] Its working is based on the monitoring
of change in oxygen consumption rate during the combustion
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Figure 4. Showing the various techniques that are used for flame retardancy.

Figure 5. Showing the various flame retardancy mechanism.

of a sample after being subjected to a given heat flux. Initially,
the test specimen’s surface is heated with a cone-shaped heater
ranging from 0 to 100 kW m−2 to generate. Further, the gen-
erated vapors from the heated specimen are ignited by an elec-
trical spark igniter to combust in the exhaust hood. Further, re-
leased gas through the hood is analyzed for needful calculation
of heat release profile as well as the assessment of produced dan-
gerous gas.[43,44] LOI testing is based on the minimum oxygen
concentration required to burn a polymer sample in a closed
atmosphere.[45] The dimensions of the testing specimen are used
with dimensions of 9.80 mm width, 162 mm length, and 1 mm
thickness. The better flame retardant materials are consuming
higher oxygen concentrations than the atmosphere.

5. Mechanism for Flame Retardation

The mechanistic inhibitions of FPNCs are gas phase inhibition,
heat sink, and generating insulating layer or charring effect and
various flame retardancy mechanisms are given in Figure 5.
The gas phase inhibition of combustion process is based on

the addition of flame retardant addition in gases generated after
heating of polymer sample. In this method vapor phase inhib-
iter traps the free radicals at molecular level to stop the combus-

tion process. The halogenated flame retardants are often work on
thismechanism.[46] The second importantmechanism is the sup-
pression of thermal feedback and is also known as char effect. In
this method the flame retardant chemicals react with the surface
of the material to generate a carbonaceous layer. This layer ther-
mally insulates the polymer, reducing pyrolysis, and preventing
the release of extra gases during fuel burning. Non-halogen sys-
tems that use phosphorous and nitrogen chemistries frequently
use this approach.[47] The third mechanism exploits the cool and
rehydrates the polymer after synchronizing the endothermic pro-
cesses during pyrolysis. In the presence of fire, these systems use
an endothermic reaction to release water molecules, which cool
the polymer and dilute the combustion process. The different hy-
drated metal salts like aluminum tri hydroxide generates retards
are works on this principles. The synergistic, additive, and an-
tagonistic approach has been also explored in the development
of effective flame-retardancy nature in polymer composites. In
example use of antimony oxide along with halogen containing
flame retardant increases the effective flame retardancy in poly-
mer composite. The basic adopted strategy is formation volatile
antimony oxide during heating, which inhibited the vapor phase
combustibility of polymer composites.[48] Further, the endother-
mic release of antimony oxide is another steps to improve the
effectiveness of flame retardancy after generating heat sink be-
havior in polymer composites.

6. Applications of FPNCs

In the era of globalization, privatization and liberalization FP-
NCs are used in various fields. The primary reason for using
FPNCs in any application is because of their distinct properties
like easy separation, physical adsorption, chemical degradation,
good physical and mechanical properties, easy processable, con-
trol at atomic level, high aspect ratio, high surface area, and its
availability.[1] The some major applications of FPNCs are given
below in Figure 6.

Macromol. Symp. 2023, 407, 2200089 © 2023 Wiley-VCH GmbH2200089 (5 of 11)

 15213900, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/m

asy.202200089 by O
su C

entral A
ccounts Payable, W

iley O
nline L

ibrary on [28/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.advancedsciencenews.com
http://www.ms-journal.de


www.advancedsciencenews.com www.ms-journal.de

Figure 6. Showing various applications of FPNCs.

6.1. Electronic and Electrical Industries

The widespread usage of polymer components in electric devices
and their components necessitate the development of various
flame retardant polymer composites to protect electronic equip-
ment from overheating, sparking, melting, and smoke.[49] The
polymers serve as a backbone for the development of the elec-
tronic industry as resistive support materials in printed circuit
boards and the outside cases of electronic devices such as tele-
phones, they are also a hindrance. The integration of electrical
conductivity, on the other hand, has expanded its use as active
electronic components such as switches, devices, resistance, ca-
pacitors, and integrated circuits.[50] As a result, replacing tradi-
tional plastic with flame resistant polymer has significantly im-
proved the life and effectiveness of electronic devices. For ex-
ample, using flame retardant 1,3-dioxolane based polymer elec-
trolytes improves working performance at higher operating tem-
peratures, such as 20–50 °C and excellent cycle stability.
The integration of other properties like conductivity and re-

sponsiveness extends the applications of polymer composite in
electronic devices. In an example the composite comprised of
polystyrene, carbon nano tube and chemically modified silane
was prepared by mechanical mixing and hot pressing in con-
trolled atmosphere. The composite exhibits high charring effect
for significant decrease in heat release rate by 33.9% due to pres-
ence of carbon nano tube along electrical conductivity and ab-
sorption capacity of electromagnetic radiation in X band region
of 8.2–12.4 GH. Thus, the synergized behavior of MWCNT, mod-
ified silane, and polystyrene towards increasing the flame retar-
dant nature has been explained in Figure 7.[51]

Furthermore, the active processable polymer for active compo-
nents in electronic devices such as capacitors and batteries has
been created for safe and extended usage by combining conduc-
tivity and flame retardancy.[52] Table 4 shows the basic applica-

tions of various flame retardant polymers in the electrical and
electronic sectors.

6.2. Textile

FRs polymers are most commonly used for the development of
a variety of sophisticated textiles for personal, community, and
industrial purposes. The first step in this process is to develop
flame retardant fiber after using different synthetic and natural
polymers such as cellulose, polyamide 6, polyamide 6:6, poly-
olefin, and acrylate.[61] The important used strategies are grafting,
nano confinement, coating of textile fiber, and addition of char-
promoting chemicals. Multifunctionality in flame retardant poly-
mers, such as antibacterial and electrical conductivities, provides
additional dimension for the usage of flame retardant fabrics.
In this direction, the development of polymer based textile with
metals like silver and Mxene based conductive network found
its advanced applications in wearable heater due to electro and
photo thermal performances. These kind of textiles are projected
as potential to convert the energy involved in physicalmotion into
open circuit voltage along with flame retardancy and antibacterial
nature.[62]

Chemical modification of polymers along with inclusion of
different micro particles such as silver, gold, zinc oxide, and
tin oxide are among the reported procedures investigated in
this respect. The generation of flame retardancy in textiles us-
ing in situ chemical surface modification is another success-
ful technology for expanding the horizon for applications. Thus,
the prepared cotton fabric exhibits the limiting oxygen value of
160 g L−1 (42%) with sustainability of 23.9% after 50 cycles of
laundry, along with lower heat release rate.[63] Vasiljevíc et al. re-
ported the insitu polymerization method for the development of
flame retardant fiber of polyamide 6 and 9-10-dihydro-9-oxa-10-
phosphaphenanthrene-10-oxide in an optimum concentration.
The produced fiber showed high flame retardant properties along
with minimal toxicity for human even in direct contact.[58] Multi-
functional fiber from alginate has been prepared using wet spin-
ning methods using 7% urushiol by weight. The functionaliza-
tion and spinning mechanism has been exhibits in Figure 8,
along with working mechanism for deactivation of microorgan-
ism and flame retardancy.[64]

Different types of applications of flame retardant polymer
nano composites (FPNCs) in textiles are given in Table 5.

Figure 7. Schematic illustration for the flame retardant nature.
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Table 4. Flame retardant polymer composites in electrical and electronics.

S. No. Composition Properties Applications Ref.

1. P and chlorinated PE Specific gravity, tensile strength, elongation, thermal
stability

Cables and wiring siding [52]

2. Epoxy, polyamides, PET Non-conductive, flame retardancy, good insulator Print circuits board [49]

3. Polyacetylene, polythiophene,
polyaniline

Conductivity Air purifier
LED light

[53]

4. PVC Thermoset, thermal stability, rigid, tensile strength Circuit breaker [54]

5. Specialty polymers Stability, longer life time, strength, rigid Capacitors [55]

6 Liquid phosphate and
polycarbonate

High Li+ conductivity, i.e., 4.4 mS cm−1, Young’s
modulus, i.e., 12.4 GPa and electrochemical window

Battery [56]

7 PU and Xenon Self-extinguishing and reduced heat release rate. Sensor [57]

8 Polyacrylonitrile and graphene
oxide

Self-extinguishing, exceptional charge transfer
characteristics, potential difference 80 V, and current
density 25 µA m−1

Triboelectric
nanogenerator

[58]

9 Polystyrene, ammonium
polyphosphate, and reduced
graphene oxide

Free radical captured matrix and 10DB shielding Electromagnetic
shielding

[59]

10 Unsaturated polyester and
aluminum diethylphosphinate.

Moisture and electric insulation Electric insulation [60]

Figure 8. Shows the other important applications of flame retardant polymers in the textile and related industries.

6.3. Building and Construction

This industry uses a lot of FRs plastics to make various structural
components for buildings and constructions. The important use
of FR plastics in construction as concrete, asphalt, fake sealing,

drainage pipe, insulation cables, coating, flooring, and adhesive
due to their superior adhesion and strength-to-weight ratio.[70]

Different polymer composites are employed with flame retar-
dant qualities after optimizing properties, such as the strength
optimized polymer composite mortar with appropriate adhesive
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Table 5. Applications of flame retardant polymer nano composites (FPNCs) in textiles.

S. No. Composition Properties Application Ref.

1. Polyesters, nylons, acrylic Tearing strength, thermal stability Yarn industries [65]

2. Silk fiber Flexibility, compatible, tearing strength, UV stability Silk cloths and Cotton
clothes

[66]

3. Natural polymers, SBR,
carboxylated SBR

Flexibility, compatible, tearing strength, UV stability Carpet backing [67]

5. Polyamides, cottons,
polyesters

Body compatible, anti-bacterial properties, flexible Protective clothing
(undergarments)

[63]

6. Nylons, polyester High strength, modulus, tearing strength, water
resistance, UV stability

Tents [68]

7. LDPE, vinyl polymers Adhesion properties, durability, conformability, stability,
UV stability, tearing strength

Banners [69]

Figure 9. Synthesis and application of hetrostructured filler-based flame retardant bio-composite.

and strength.[71] Ribeiro et al. developed a flame retardant poly-
mer epoxy composite comprising nano size dispersed alumina,
as well as mechanical qualities such as flexural strength and
compressive strength. Another notable advancement in smart
construction is designing and manufacturing of flame retardant
polymer composites to replace wood. The reinforcing of multi-
ple fillers optimizes the hardness and strength for use in place of
ordinary plastic.[72] Rocha et al. created a polyethylene composite
with lignocellulosic fibers as a potential substitute for real pine
wood. The HDPE composite combining sponge gourd fiber and
10%magnesiumhydroxide, which demonstrated the best impact
resistance and flame retardant nature with potential to replace
natural wood.[20]

The use of biodegradable polymer in construction with flame
resistance behavior is another essential requirement for ma-

terials scientists. In this context, An et al. has reported the
hetero structured filler, i.e., layered double hydroxide-reduced
graphene oxide-based bio composite of latex through precip-
itation and solution blending (Figure 9). Thus, the obtained
composite exhibited 27.4% limiting oxygen index, of 27.4%,
146.18 kW m−2 of heat release rate and a good smoke produc-
tion rate of 1.48 m−2 s−1 with potential to use for coating of vehi-
cle and furniture. The schematic for synthesis and application of
composite is shown in figure along with charring effect.[73]

The evolution of water molecules along the char generation is
responsible to optimize the burning rate and flame retardancy. A
flame retardant polymer–polymer composite are also optimized
to reduce released hazardous and improved thermal stability.[74]

Table 6 shows the basic applications of several flame retardant
polymers in architecture and construction.

Macromol. Symp. 2023, 407, 2200089 © 2023 Wiley-VCH GmbH2200089 (8 of 11)
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Table 6. Flame retardant polymer composites in building and construction.

S. No. Composition Properties Application Ref.

1. HDPE, PU and clay Oxidation, hydrolysis, poor conductivity, specific heat
capacity, heat resistance, air permeability

Thermal insulation for roofs,
sheeting for roofs,
facades, and well

[75]

2. PMMA, PU, and PVC Adhesion properties, water compatible, strength,
durability, corrosion, degradation resistance

Floor coverings
ducting

[76]

3. PP, PVC, fillers, and heat
stabilizer

UV stability, heat stability, durability, rigid, tensile strength Pipes and wiring pipes, and
gate

[77]

4. PVA and metal oxide based
filler

Flame retardancy, UV stability, strength Panels [78]

5. Red phosphorous and epoxy Thermal resistance and reduced heat release rate value by
more than 55%

Glass [79]

6. Basalt and polyoilefines Improved LOI and heat release Body cover [79]

Figure 10. The preparatory tools for flame retard foam.

6.4. Automobiles

Flame retardant polymer nanocomposites are proposed to im-
prove the manufacturing speed, environmental and thermal sta-
bility, facilitate recycling, and reduce weight of automotive parts
and systems.[80,81] Although, the fire safety is main criteria for
motor vehicle act for manufacturer and consumer but several
fire hazard observed associated with great loss of humans and
assets. In this regard, several innovations are integrated to ad-
vance the fire safety practices in automobile using different flame
retardant polymer composites. The basic combustion principles
like liquid fuel driven car and battery driven car demand differ-
ent types of safety precautions against fire. In example, the liq-
uid fuel car demands the use of blended thermoplastic to give
more time to scape along lower burning rate and slow heat re-
lease rate. However, battery operated motors explore the FPNCs
to control the blast, battery failure in limited area. However, the
practice of blended fueled car like electric, liquid, and gas need
more and more precautionary measures to control the fire safety.
Fiber reinforced composite with flame retardant nature has po-
tential to use for structural composite for automotive. However,

FPNCs with intumescent properties are explored to reduce the
temperature of part during fire accidents along with heat sink na-
ture. The composite with cooling behavior also used as coating to
control the fire damage due to heat sink effect during fire.[82] Fur-
ther, the structural design flame retardant foam are other impor-
tant form to use in automotive industries. In this regard, nano-
fibrillated polystyrene composite was reported by Park et al. in
the presence of polytetrafluoroethylene and expandable graphite.
The prepared foam properties are high cell density, the average
cell size decreased from 103 to 10 lm, and excellent fire retarding
properties along with stiffness.[83] Figure 10 shows the prepara-
tory tools for flame retard foam.
The other flame retardants polymer nanocomposite listed in

Table 7 along with the basic applications in the vehicle industry.

7. Conclusion

This review discusses the advances for the need and preparation
of different types of flame retardants polymer nanocomposites
after addition flame retardant additives and chemical modifica-
tion of pristine polymers. The efficacy of different methods and

Macromol. Symp. 2023, 407, 2200089 © 2023 Wiley-VCH GmbH2200089 (9 of 11)
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Table 7. Flame retardant polymer composites (FPNCs) in automotive industries.

S. No. Composition Properties Application Ref.

1. PVC/PP-additives Strong, hardness, excellent fire retardancy Panels, carpets, flooring,
seats

[84]

2. HDPE/PP-additives Easy processable, good mechanical Automobiles dashboard [82]

3. PP-additives Flexible, strength Safety bags [85]

4. PC/PMMA-additives Transparent, FRs properties, strength Glass, lighting [86]

5. PP/HDPE-additives Tensile strength, hardness, high MFI, good mechanical
and thermal properties

Bumpers, door parts [87]

6. Rubber/PU-additives Tearing strength, load bearing, tensile, flame retardancy. Wheel and tire [88]

7. PP/PU/HDPE-additives Good mechanical and thermal properties Door handle, fuel systems [89]

evolved properties are discussed after using suitable examples
and illustrations. Further, the use of FPNC in building construc-
tion, automobiles, electrical and electronic equipment, electrical
components, and textiles are discussed. Finally, the story of suc-
cess and challenges has been established on the basis available
literatures for researchers and entrepreneurs.

Acknowledgements
Authors are thankful to Principal, Bhaskaracharya College of Applied Sci-
ences, University of Delhi, NewDelhi-110075 for permission to interaction
and maintaining socio academic atmosphere in college.

Conflict of Interest
The authors declare no conflict of interest.

Data Availability Statement
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Keywords
additives and applications, flame-retardant, polymer nanocomposites

Received: March 3, 2022
Revised: May 17, 2022

[1] A. B. Morgan, J. W. Gilman, Fire Mater. 2013, 37, 259.
[2] W. He, P. Song, B. Yu, Z. Fang, H. Wang, Prog. Mater. Sci. 2020, 114,

100687.
[3] X. Wang, W. Guo, W. Cai, J. Wang, L. Song, Y. Hu, Appl. Mater. Today

2020, 20, 100762.
[4] I. Machado, I. Hsieh, V. Calado, T. Chapin, H. Ishida, Polymers (Basel)

2020, 12, 2351.
[5] A. A. Sener, E. Demirhan,Mater. Des. 2008, 29, 1376.
[6] M. Lewin, E. D. Weil, Fire Retard. Mater. 2001, 01, 31.
[7] A. Khandual, Green Fashion, Springer 2016, p. 171.
[8] L. Song, Y. Hu, Q. He, F. You, Colloid Polym. Sci. 2008, 286, 721.
[9] T. Toda, I. Miura, M. Miya, K. Takenaka, Catalysts 2019, 09, 660.

[10] I. Machado, C. Shaer, K. Hurdle, V. Calado, H. Ishida, Prog. Polym.
Sci. 2021, 00, 101435.

[11] M. Entezam, R. Asgari Khoshouei, Basparesh 2020, 10, 16.
[12] M. Maqsood, G. Seide, Biomolecules 2020, 07, 1038.
[13] S. V. Levchik, E. D. Weil, Polym. Int. 2005, 54, 11.
[14] D. W. Van Krevelen, K. Te Nijenhuis, Prop. Polym. 1990, 00, 725.
[15] W. Zhan, Le Chen, F. Cui, Z. Gu, J. Jiang, Prog. Org. Coatings 2020,

140, 105491.
[16] Y. Fang, A. Xue, F. Wang, Z. Zhang, Y. Song,W.Wang, Q.Wang, Constr.

Build. Mater. 2022, 320, 126203.
[17] J. Fu, et al., CHEM95406.
[18] V. Papadogianni, A. Romeos, A. Giannadakis, K. Perrakis, T. Panidis,

Fire Technol. 2020, 56, 1253.
[19] M. C. S. Ribeiro, C. M. C. Pereira, S. P. B. Sousa, P. R. O. NÃ3Voa, A.

J. M. Ferreira, Restor. Build. Monum. 2013, 19, 195.
[20] J. S. da Rocha, V. A. Escócio, L. L. Y. Visconte, É. B. A. V. Pacheco, J.

Reinf. Plast. Compos. 2021, 00, 07316844211002895,.
[21] A. R. Sethurajaperumal, A. Manohar, A. Banerjee, E. Varrla, H. Wang,

K. Ostrikov, Nanoscale Adv. 2021, 00, 15.
[22] P. Mali, N. Sonawane, V. Patil, R. Mawale, N. Pawar, J. Polym. Res.

2021, 28, 376.
[23] M D. Albaqami, S F. Shaikh, A. Nafady,Mater. Chem. Phys. 2021, 273,

125133.
[24] B. Palen, T J. Kolibaba, J T. Brehm, R. Shen, Y. Quan, Q. Wang, J C.

Grunlan, ACS Omega 2021, 6, 8016.
[25] H. Cai, Z. Liu, M. Xu, Li Chen, X. Chen, L. Cheng, Z. Li, F. Dai, Elec-

trochim. Acta 2021, 390, 138895.
[26] V. Mittal, N. B. Matsko, Springer 2012, p. 97.
[27] C. C. Höhne, R. Schmidt, V. Berner, E. Metzsch-Zilligen, E. Westphal,

R. Pfaendner, C. Mack, J. Appl. Polym. Sci. 2021, 138, 50856.
[28] M. E. Brown, Springer Science & Business Media 2021, p. 10.
[29] W. L. Brown, I. Parsons,Mineral. Mag. 1989, 53, 25.
[30] C. S. Zhao, Z. J. Luo, D. Y. Kong, H. Q. Peng, D. F. Li, N. Esmaeili, J.

Appl. Polym. Sci. 2021, 138, 50503.
[31] P. G. Morones, E. N. Cabrera-Lvarez, I. S. Nieves, M. A. G. Neira Vel-

Zquez, E. H. N. Hernadez, D. I. Sanchez Martinez, H. A. F. Florido,
C. C. Gordillo, J. G. O. Rivera, J. F. H. N. Gamez, J. Appl. Polym. Sci.
2021, 138, 50892.

[32] P. Lin, et al., Front. Mater. 2021.
[33] J. Clean. Prod. 2020, 276, 124065.
[34] S. Araby, B. Philips, Q. Meng, J. Ma, T. Laoui, C H. Wang, Compos.

Part B Eng. 2021, 00, 108675.
[35] L. Li, M. Li, Q. Cui, Y. Liu, Y. Chen, Y. Wang, Z. Zhang, Q. Chen, J.

Ning, Food Chem. 2022, 377, 131974.
[36] J. Xiang, et al., Energy Environ. Sci. 2021.
[37] S. Panebianco, P. Mazzoleni, G. Barone, A. Musumarra, M. G. Pel-

legriti, A. Pulvirenti, A. Scordino, G. Cirvilleri, Food Chem. 2022, 00,
132364.

Macromol. Symp. 2023, 407, 2200089 © 2023 Wiley-VCH GmbH2200089 (10 of 11)

 15213900, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/m

asy.202200089 by O
su C

entral A
ccounts Payable, W

iley O
nline L

ibrary on [28/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.advancedsciencenews.com
http://www.ms-journal.de


www.advancedsciencenews.com www.ms-journal.de

[38] P. R. Kubade, R. Senanayake,Mater. Today Proc. 2022.
[39] B. N. Jang, M. Costache, C. A. Wilkie, Polymer (Guildf ) 2005, 46,

10678.
[40] F. Kempel, B. Schartel, J.M.Marti, KM. Butler, R. Rossi, S R. Idelsohn,

E. Oaate, A. Hofmann, Fire Mater. 2015, 39, 570.
[41] B. Spieß, E. Metzsch-Zilligen, R. Pfaendner, Polym. Test. 2021, 103,

107320.
[42] S. Ahankari, P. Paliwal, A. Subhedar, H. Kargarzadeh, ACSNano 2021,

15, 3849.
[43] X. Chen, A. Yusuf, J. S. Del Rio, D. Y. Wang, Nano Energy 2021, 81,

105656.
[44] C. Signoret, A. S. Caro-Bretelle, J. M. Lopez-Cuesta, P. Ienny, D. Per-

rin, Resour. Conserv. Recycl. 2020, 161, 104980.
[45] L. Wang, M. Sanchez-Soto, M. L. Maspoch,Mater. Des. 2013, 52, 609.
[46] Z. Chen, Y. Suo, Y. Yu, T. Chen, C. Li, Q. Zhang, J. Jiang, T. Chen,

Compos. Commun. 2022, 29, 101018.
[47] H. Zhou, S. Tan, C. Wang, Y. Wu, Polym. Degrad. Stab. 2022, 195,

109789.
[48] J. Li, et al., ACS Omega 2022.
[49] A. Jandric, F. Part, N. Fink, V. Cocco, F. Mouillard, M. Huber-Humer,

S. Salhofer, C. Zafiu, J. Hazard. Mater. 2020, 390, 121899.
[50] F. Puype, et al., Food Addit. Contam. 2017, 34, 1767.
[51] C. Gao, Y. Shi, Y. Chen, S. Zhu, Y. Feng, Y. Lv, F. Yang, M. Liu, W. Shui,

J. Colloid Interface Sci. 2022, 606, 1193.
[52] X. Wu, J. Li, L. Yao, Z. Xu, J. Clean. Prod. 2020, 246, 118732.
[53] S. J. Tan, J. Yue, Yi-F Tian, Q. Ma, J. Wan, Y. Xiao, J. Zhang, Ya-X Yin,

R. Wen, S. Xin, Yu-G Guo, Energy Storage Mater. 2021, 39, 186.
[54] L. Zhang, Y. Huang, H. Dong, R. Xu, S. Jiang, Compos. Part B Eng.

2021, 223, 109149.
[55] A. Ahmed, M F. El-Kady, I. Hassan, A. Negm, A. M. Pourrahimi,

M. Muni, P. R. Selvaganapathy, R. B. Kaner, Nano Energy 2019, 59,
336.

[56] C. Gao, Y. Shi, S. Zhu, L. Fu, Y. Feng, Y. Lv, F. Yang, M. Liu, W. Shui,
Polym. Adv. Technol. 2021, 32, 4251.

[57] C. Ling, L. Guo, Carbohydr. Polym. 2020, 230, 115648.
[58] J. Vasiljevíc, D. A. Tular, et al., Polymers (Basel) 2021, 13, 905.
[59] J. B. Baek, Chem. Deriv. Graphene Funct. Prop. Appl. 2018, 46, 30.
[60] L. Liu, Y. Xu, M. Xu, Y. He, S. Li, B. Li,Mater. Des. 2020, 187, 108302.
[61] A. R. Horrocks, B. K. Kandola, P. J. Davies, S. Zhang, S. A. Padbury,

Polym. Degrad. Stab. 2005, 88, 3.
[62] X. Liu, X. Du, L. Li, Y. Cao, Y. Yang, W. Wang, J. Wang, Compos. Part A

Appl. Sci. Manuf. 2022, 00, 106883.
[63] S. Chang, R. P. Slopek, B. Condon, J. C. Grunlan, Ind. Eng. Chem. Res.

2014, 53, 3805.

[64] Y. Zhang, T. T. Li, B. C. Shiu, J. H. Lin, C. W. Lou, Appl. Surf. Sci. 2022,
00, 152573.

[65] R. Cheng, K. Dong, L. Liu, C. Ning, P. Chen, X. Peng, Di Liu, Z. L.
Wang, ACS Nano 2020, 14, 15853.

[66] M. S. Islam, T. G. M. Van De Ven, BioResources 2021, 16, 4354.
[67] I. Ielo, F. Giacobello, S. Sfameni, G. Rando, M. Galletta, V. Trovato,

G. Rosace, M. R. Plutino,Materials (Basel) 2021, 14, 2733.
[68] M. Biver, A. Turner, M. Filella, Regul. Toxicol. Pharmacol. 2021, 119,

104824.
[69] Q. Zhang, Yi Liu, J. Ma, M. Zhang, X. Ma, F. Chen, Colloids Surfaces A

Physicochem. Eng. Asp. 2019, 580, 123750.
[70] D. Feldman, J. Macromol. Sci. Part A 2014, 51, 203.
[71] S. Araby, B. Philips, Q. Meng, J. Ma, T. Laoui, C H. Wang, Compos.

Part B Eng. 2021, 212, 108675.
[72] M. C. S. Ribeiro, S. P. B. Sousa, P. R. O. Nóvoa, Mater. Today Proc.

2015, 02, 8.
[73] W. An, J. Ma, Q. Xu, H. Zhang, L. Wei, L. Yuan, Appl. Surf. Sci. 2022,

575, 151767.
[74] A. Usuki, Y. Kojima, M. Kawasumi, A. Okada, Y. Fukushima, T. Ku-

rauchi, O. Kamigaito, J. Mater. Res. 1993, 08, 1179.
[75] Y. Ou, F. Yang, Z. Z. Yu, J. Polym. Sci. Part B Polym. Phys. 1998, 36,

789.
[76] E P. Giannelis, Adv. Mater. 2020, 08, 29.
[77] C. Park, Z. Ounaies, K. A.Watson, R. E. Crooks, J. Smith, S. E. Lowther,

J. W. Connell, E. J. Siochi, J. S. Harrison, T L. S. Clair, Chem. Phys. Lett.
2002, 364, 303.

[78] P B. Messersmith, E P. Giannelis, Chem. Mater. 1993, 05, 1064.
[79] N. Hasegawa, M. Kawasumi, M. Kato, A. Usuki, A. Okada, J. Appl.

Polym. Sci. 1998, 67, 87.
[80] G. Liang, J. Xu, S. Bao, W. Xu, J. Appl. Polym. Sci. 2004, 91, 3974.
[81] H. Liu, S. Wang, J. Sun, X. Gu, H. Li, S. Zhang, J. Mater. Sci. 2022, 00,

1.
[82] A. B. Morgan, Polym. Rev. 2019, 59, 25.
[83] S. Amirabadi, A. R. Kakroodi, O. A. T. Dias, C. B. Park, Mater. Des.

2022, 00, 110419.
[84] E. Gallo, B. Schartel, D. Acierno, P. Russo, Eur. Polym. J. 2011, 47,

1390.
[85] S. Bourbigot, M. Le Bras, R. Delobel, J. Fire Sci. 1995, 13, 3.
[86] P. Georlette, Fire Retard. Mater. 2001, 00, 264.
[87] S. Zainuddin, S. M. Kamrul Hasan, D. Loeven, M. Hosur, J. Polym.

Environ. 2019, 27, 2292.
[88] P. Jiang, S. Zhang, S. Bourbigot, Z. Chen, S. Duquesne, M. Casetta,

Polym. Degrad. Stab. 2019, 165, 68.
[89] X. L. Li, B. Li, Polym. Mater. Sci. Eng. 2005, 21, 48.

Macromol. Symp. 2023, 407, 2200089 © 2023 Wiley-VCH GmbH2200089 (11 of 11)

 15213900, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/m

asy.202200089 by O
su C

entral A
ccounts Payable, W

iley O
nline L

ibrary on [28/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.advancedsciencenews.com
http://www.ms-journal.de

