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Polyethylene (PE) is one the most used plastics worldwide for a wide range of applications due to its good
mechanical and chemical resistance, low density, cost efficiency, ease of processability, non-reactivity, low toxicity,

good electric insulation, and good functionality.

polyethylene

| 1. Introduction

In recent times, polymers have been used in a wide range of industrial applications, such as packaging,
electronics, and construction W2, To better the performance of the aforementioned applications, polymers need to
be more environmentally friendly, safe, and durable . The utilization of polymers is encouraged due to good
functionality, acceptable durability, and cost-efficiency; however, high flammability, and poor thermal properties are
noticeable limitations for their applicability . Most polymers are flammable and, by exposure to enough energy,
they will leave a considerable amount of smoke and heat . It is reported that annually about 5000 people in
Europe and 4000 people in the United States are killed by fires. Furthermore, the economic loss of these fire
accidents is estimated to be about 0.3% of the GDP 8. Following the analysis conducted by the Geneva-based
Aircraft Crashes Record Office (ACRO), it is possible to reduce the possibility of fire catastrophes and their
subsequent fatalities by reducing the flammability of polymeric materials 8. Therefore, related to the use of
polymers, there are environmental, economic, and health issues that are considered as the driving forces to

motivate the conduction of research and different studies on the flammability of polymers [,

Polyolefins are a group of the most popular polymers in various applications [&. One of the main polymers of this
group is PE, with more than 100 million tons production per year, that is, 34% of the total plastic market, and is
extensively used due to good mechanical and chemical resistance, low density, cost efficiency, ease of
processability, non-reactivity, low toxicity, good electric insulation, and good functionality . However, like other
polymers, the concern about PE is its flammability in applications requiring good flame retardancy. Although the
emissions from PE have low toxicity, it has a low limiting oxygen index (LOI) and drips during burning, which

causes rapid flame spread 19,

Typically, physical or chemical modifications, as well as applying FRs, are recommended to reduce the flammability
of PE products 11, Flame retardancy of polymers increases by incorporation of FRs and is estimated to triplicate
their survival time in case of fire 12, FRs are necessary as they enhance the flammability of polymeric materials by

delaying the fire and its spread 8. The common commercial FRs used for PE systems are based on phosphorus,
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borate, inorganic hydroxides, silicon, and nitrogen and are introduced to polymer matrixes during processing 241,
Each of the FR approaches uses a different mechanism and their application is attributed to the polymer matrix and
the intended usage. For example, regarding the inorganic hydroxides, they will reduce the burning rate by releasing
water to decrease the temperature since decomposition occurs at higher temperatures. Although gas-phase
reactions are important in controlling flames in PE systems, quenching FRs based on halogens are not
recommended due to environmental concerns 22, Moreover, intumescent flame retardants (IFRs) are of great
importance and efficiency in restricting the fire by forming a swollen char and are applicable for polymeric materials
(261 Considering the high production and applicability of PE, the issue of its flammability is of great importance and

hence, there is an urgent need to develop strategies that minimize the flammability of PE.

| 2. PE Grades and Properties

PEs are one of the most potential materials of value-adding in the case of accurate formulation modifications 2. It
is of great importance to know the grades of PE as their flame performance is correlated with their chemical
structure (i.e., branching type) and FR formulations 7. The structure and properties of PE main grades, including
density, crystallinity, LOI, thermal conductivity, melting temperature, and molecular weight are summarized in Table
1.

Table 1. Different properties of PE’s grades [18[19]120],

. Thermal Melt
PE Structure’s  Density e LOI or Mw
- -3y Crystallinity Conductivity Temperature

Grades Description (g/lcm™) (%) (WIm-K) °C) (g/mol)
LDPE iiincizfg Lower

(Low- containinglong %91~ degreeof L 032-035 105-115  <50,000
density 0.932 - 18

and short crystallinity
PE) .
chains

(LLLi::aEr izl Slightly

low- structure 0910- \iherthan 77 0.35-0.45 120-130  <50,000

. containing short 0.930 18

density chains LDPE

PE)

HDPE .

. Higher

(High- . 0.940- 17- B 3 Up to
density Linear structure 0970 degreg Qf 18 0.45-0.5 128-136 200,000

PE) crystallinity

ferenc ;
e Role of Nanotechnology in Flame Retardancy of
.RWM[MHB@QNP&MI&S S. Synergistic effect of zeolite 4A on thermal,

mechanical and flame retardant properties of intumescent flame retardant HDPE composites.
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3.Lthe Rele el Nanomaterialinineroying fipgme Retardancy of PE Systems

Sz k| aicNelsiany eRtBatCairene acardanide dé hipREYclay iarsastivobte XwitlQV RRaagy BRPRIFBS; They
useRdweadtiffsramd hPeT loé orgacbitmyfulydinoRoaseahfhbtrertides (@B asrehter tbermsalidrab tontBagukabity test
metherspéSlivendsEie s ahef i IFoted USradiditm e toP@ROCF36aMBBBE 19 HDPE simultaneously results in a

syngaiistitpsfi#dobbiigne et 84nsyittang. 280 . 18BN increases because of two factors, firstly, hydrophobic

clay forms a reinforced structure that hinders the heat transfer ?f hfat, and secondly, APP jntumescent char

6. Majka, T.M.; Stachak, P. The studies on the #roductlon of po yet_h¥lene, film with redU@d

formation. As_ a result, the combination of these two effects makes the material burning more slogwly ==, .
flammability. In Proceedings of The 21st International Electronic Conference on Synthetic Organic

cm%ﬂ%”% SgIY'aIso found that the incorporation of nano-dispersed layered silicate and low smoke non-halogen
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. Lai, X; .an%, S.; Li, H.; Zeng, X. Flame-retardant mechapism of a novel polymeric intumescent
nanocomposite has the highest performance in.flame retardancy =2, In another study by Yu et al., the effects of
flame retardant containing caged bicyclic phosphate for poIE/BroEpylene. Polymer Degradation and
adding MWCNTs and le%ozon e flame retardancy performance of LLDPE were investigated. The results of CCT

Stability 2015, 113, 22-31, doi:https://doi.org/10.1016/j.polymdegradstab.2015.01.009.
show a synergistic effect of a combination of MWCNTs and Ni;O3 in improving the flame retardancy of LLDPE,

QicWamng, Rndeohipostte \b@1gin¥gZ3, ke sidRTHERd TRwtBsiea, ), Fikvectasdaney &fon reaptivelyate
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LDPE system and its thermo-oxidative degradation and flame-retardant mechanisms. Polymers
for Advanced Technologies 2008, 19, 1566-1575, doi:10.1002/pat.1171.

11. Xu, W.; Zhang, B.; Wang, X.; Wang, G.; Ding, D. The flame retardancy and smoke suppression
effect of a hybrid containing CuMoO4 modified reduced graphene oxide/layered double hydroxide
on epoxy resin. Journal of Hazardous Materials 2018, 343, 364-375,
doi:https://doi.org/10.1016/j.jhazmat.2017.09.057.
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Nanomaterial and Its

; i inctional
Loading Amount Types of FR and Its Loading Result(s)
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= 0, 0
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Organic-modified 84% reduction in PHR rate and increase in

0,
montmorillonite, 10 wt.% i PO

2 tign observed from CCT. -aphene
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layered double hydroxides on intumescent flame-retardant poly (methyl methacrylate)
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3.2. Incorporation Methods of Nanomaterials in Polymer Matrices
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elaborated in the following sections. _
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Then, the obtained 'mixture is féd to the reactor where t egrocessm7q conditions mostly are the’same applied to the
Journal of Physical Chemistry C 2009, 113, 13092-13097. , , _
synthesis of the base polymer. Whén the polymerization is complete, the solvent is removed 28l This method is
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