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The polymeric properties are tailored and enhanced by high energy radiation processing,
which is an effective technique to tune the physical, chemical, thermal, surface, and
structural properties of the various thermoplastic and elastomeric polymeric components.
The gamma and electron beam radiation are the most frequent radiation techniques used
for crosslinking, compatibilizing, and grafting of various polymer blends and composites
systems. The gamma radiation-induced grafting and crosslinking are the effective, rapid,
clean, user-friendly, and well-controlled techniques for the polymeric materials for their
properties improvement for high performance applications such as nuclear, automobile,
electrical insulation, ink curing, surface modification, food packaging, medical, sterilization,
and health-care in a different environment. Similarly, electron beam radiations crosslinking
has been a well-known technique for properties development and has economic benefits
over chemical crosslinking techniques. This review focuses on the development of
polymeric multi component systems (functionalized polymer, blends, and nanohybrids),
where partially nanoscale clay incorporation can achieve the desired properties, and
partially by controlled high energy radiations crosslinking of blends and nanocomposites.
In this review, various investigations have been studied on the development and
modifications of polymeric systems, and controlled dose gamma radiation processed
the polymer blends and clay-induced composites. Radiation induced grafting of the
various monomers on the polymer backbone has been focused. Similarly, comparative
studies of gamma and electron beam radiation and their effect on property devlopment
have been focused. The high energy radiation modified polymers have been used in
several high performance sectors, including automotive, wire and cable insulation, heat
shrinkable tube, sterilization, biomedical, nuclear and space applications.
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1 INTRODUCTION

It has beenmore than 30 years since researchers began potentially
exposing polymers to high energy radiation such as gamma and
electron beam radiation for crosslinking, grafting, and
compatibilization (Clough, 2001; Senna et al., 2010; Ashfaq
et al., 2020). Radiation-treated polymeric molecules have
established their importance in the global market for various
applications (Tamada and Maekawa, 2010). Since the last
3 decades, radiation processed polymeric multi-components
such as functionalized polymer, polymer blends, and
composites have been widely used in automobiles,
constructions, aerospace, nuclear, defense, electrical, electronic,
high temperature applications, etc. (Clough, 2001; Cleland et al.,
2003; Bhattacharya and Misra, 2004). The ionizing radiations
such as gamma and electron beam play an essential role in the
modification of various industrial polymers (thermoplastics and
elastomers) such as low-density polyethylene (LDPE), high
density polyethylene (HDPE), Nylon-6, Nylon-6 6, ethylene-
propylene-diene monomer (EPDM), polyolefin elastomer
(POE), silicone elastomer, ethylene-vinyl acetate (EVA)
copolymer, etc. (Chowdhury and Sabharwal, 2011; Ray
Chowdhury et al., 2016; Sharma et al., 2018). The gamma
radiation ionizes the polymeric chain, leading to chain
crosslinking and scission via a free radical mechanism. The
degree of crosslinking depends upon polymer structure, phase
morphology, irradiation of gamma radiation with controlled dose
and duration, and nature of gamma radiation source
(CHARLESBY, 1967; Radiation Technology in Emerging
Industrial Applications, 2000). In general, the radiation-
induced ionization process occurs in two stages. The first stage
involves the breakage of covalent bonds, which decompose into
free radicals. The generated ions then cause chemical interactions
between the molecules at varying concentrations in the second
phase (Kudoh et al., 1996; Sonnier et al., 2016; Ashfaq et al., 2020).

The gamma radiation exposure of polymers has become a
common technique for structural modification, polymerization,
grafting, sterilization, and crosslinking of various thermoplastic
and elastomers (Erizal et al., 2015; Ashfaq et al., 2020). The new
products made by gamma radiation processing are indeed
valuable and competent materials for high performance
applications (Sirkar and Ho, 1992). The research and
investigation in polymer radiation technology have opened the
door for high performance applications with high commercial
and economic importance in the packaging, automotive and
electronic sectors (Rouif, 2005).

The gamma radiation crosslinking and surface modification of
polymers enhance their mechanical, thermal, chemical, electrical
insulation, and environmental properties, which finds them
suitable for high performance applications, e.g., space,
automobile, constructions, nuclear, and defense applications
(Bhattacharya, 2000; Clough, 2001; Cota et al., 2007; Tamada
andMaekawa, 2010). Radiation dose is nothing but the amount of
energy absorbed per kilogram of polymeric material. This
radiation dose is measured in kiloGray (kGy) (Sonnier et al.,
2016). Commonly, polymers possessing rigid and aromatic
structures show high energy radiation and temperature

resistance properties. However, some elastomers don’t have
aromatic structures but can withstand ionizing radiation due
to their amorphous and coiled structure (Sharma et al., 2018).
Some of the polymers and polymeric blends may degrade on this
dose range. Most polymers required radiation dose frequency
between 15 and 200 kGy. These polymers include polypropylene
(PP), polyvinyl chloride (PVC), butyl rubber and cellulose, etc.
(Smirnov et al., 2009; Al Naim et al., 2017).

Both polymer blends and composites are playing their role in
attracting the attention of industrialists, academicians,
researchers for a wide range of applications (Muhammad
et al., 2021) (White et al., 2013) (Keizo Makuuchi, 2012)
(Singh et al., 2010; Settings et al., 2016).

The high energy processed polymers are gaining popularity for
wide areas of high performance application due to several
advantages after irradiation of polymers. Radiation crosslinked
polymer at optimised dose demonstrate better property
development compared to chemical crosslinking. As radiation
processing is more convenient, clean, toxic free and environment
friendly compared to peroxide crosslinking and ethylene oxide
sterilization. Different polymeric systems can be irradiated by
electron beam with controlled and different doses in the large
capacity while chemical crosslinking of polymer takes long time
for processing of polymer in large capacity which might cause
also health hazardous issues to human. Radiation crosslinked
polymer at controlled doses show numerous advantages of
property development such as excellent mechanical strength,
high thermal insulation, electrical insulation, chemical
resistance, radiation resistance, anti-microbial property, and
environmental stress cracking resistance for long term
durability[Singh and J. Silverman (Eds.), 1992, Reichmanis
et al.;1993]. Due to excellent improvement in required
properties, polymeric material such as thermoplastic,
elastomers, thermoset resin, liquid resin, emulsion, paint and
ink materials are considered for high performance applications
(Shalaby and Clough, 1996; Clough and Roger, 2022). The
crosslinked polymeric products are considered on priority
basis for sector wise different end use applications e.g.
automobile sector, wire and cable insulation, heat shrinkable
tube, surface anti-microbial coating, cured ink, emulsion for
adhesion, food packaging, hydrophobic cotton fabric, defence
and nuclear sector, gasket, seals and O-ring, health care,
biomedical (tissue engineering, drug delivery and hydrogel)
and sterilization for their excellent performance in desired
properties [Clough, R., 2001, W. Knowlle, C. Trautman (Eds),
1999].

The high temperature polymers are expected to have a
continuous service temperature of more than 100°C.
Reinforcements and fillers (metal oxides) add strength and
incorporate high temperature resistance properties to the
polymer matrix. This review majorly focuses on gamma
radiation modified polymers for high performance
applications. This review is divided into parts related to the
gamma radiation modified polymers, the effect of radiation on
polymer properties, the discussion of different polymer blends
and composites, and the high performance applications of the
radiation modified polymers.
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2 DIFFERENT RADIATION PROCESSES
FOR POLYMER MODIFICATIONS

Polymer grafting, crosslinking, and sterilization can be achieved
using chemical processes using different additives. These grafting,
crosslinking, and sterilization reactions required additives to
initiate the reactions. These types of additives are toxic in
nature, environmentally harmful, costly, etc. Radiation
processing polymers have benefits over chemical processes as
no additives are necessary for the reaction, can be used at any

temperature range applications, well controlled grafting and
crosslinking, etc.

Irradiations of polymers are mainly divided into alpha
radiation, X-ray photons, electron beam radiation (E-Beam),
and gamma radiation (γ-R) as high energy solid state
processes. Many researchers have studied the irradiation
process and mechanical milling to mix and compatibilized the
immiscible blends (Smith et al., 2001). E-Beam and γ-R are
compared based on the different dose rates and penetration
depth. Many researchers have reported that γ-R has a greater

TABLE 1 | Differentiation of gamma radiations and electron beam radiations (Dahlan, 1994).

Sr. No Characteristics Electron beam Gamma radiation

1 Energy 1.17 + 1.33 MeV Variable 0.2–10 MeV
2 Power 1.48 kW/100 kCi Variable 4–400 kW/unit
3 Dose rate Low (Mrad/hr) High (Mrad/sec)
4 Penetration High (43 cm in water) Low (−0.35 cm/MeV)
5 Energy utilization efficiency Low (−40%) High (−90%)
6 Production rate Low High
7 Maintenance Replenishment of Co-60 source Replacement of electronic parts
8 Others Source decay 1%/month Shut-off power source

TABLE 2 | Gamma irradiated polymer blends and composites for high end applications.

Sr.
No

Polymeric system Property investigated Application References

1 PP + Sisal fibre and wood flour composite Gamma irradiation effect (10–70 kGy) on
mechanical. thermal and morphological properties
of composites

Construction application Albanoa et al.
(2002)

2 Gamma grafted LDPE-clay nano composite Mechanical, Thermal, Crystallography and
Morphological properties

High performance application,
automobile and construction

Chem et al.
(2011)

3 TPE + CNT and MMT nanocomposite, Blend of
TPE composite with PLA and NR

Gamma irradiation effect (0–250 kGy) on
mechanical, thermal, and conductivity of the
nanocomposite

Gamma modified nanocomposite for
electronic packaging application

Tarawneh et al.
(2021)

4 Sepiolite filled EPDM composite Effect of Gamma irradiation by 50 kGy on
mechanical, crosslink density, thermal stability, and
morphological behavior of EPDM composites

High temperature rubber composite
application

Mohd Zaini et al.
(2022)

5 Gamma radiation resistant EVA/EPDM blends
with variation in VA content in EVA.

Effect of Gamma ageing Mechanical, compression
set, thermal and morphological properties of EVA/
EPDM blends by 500, 1,000, and 1,500 kGy

High temperature and Gamma
radiation resistant materials (Gasket,
Seal and O-ring)

Sharma et al.
(2018)

6 Gamma-ray modified UHMWPE-Clay
(Magnesium silicate hydrous) Composites

Effect of Gamma crosslinking by 25 and 50 kGy on
crosslink density, Oxygen index and Crystallinity

Medical implants, defence armor, and
bulletproof jackets

Bakhsh, (2021a)

7 Glass fibre and Carbon cloth reinforced PE, PP
and polyamide (PA) composite

Study of gamma radiation resistance of different
thermoplastic matrix composite (PE, PP and PA)
mechanical and thermal properties. (50–250 kGy)

High temperature and thermal
resistant composite materials

Smirnov et al.
(2009)

8 LDPE + Carbon black loaded in different
concentrations

Effect of gamma crosslinking on mechanical and
physio-chemical properties of LDPE-carbon black
composite

Film packaging for food preservation
application

Salem et al.
(2003)

9 Thermoplastics such PE and PP composites sisal
fibre and wood flour. Blend of Styrene-butadiene
rubber with PE, PP and PA-6

Effect of gamma irradiation on the functionalization
of PE and PP for blend compatibility with SBR and
composite with fibre

Biomedical and packaging application Albano et al.
(2002)

10 Blending of oxidized ground tyre rubber powder
(GTR) + LDPE and HDPE

Gamma and KMNO4 oxidation treatment of GTR
powder and blend compatibility with MA-g-LDPE.
Studies of mechanical, chemical andmorphological
properties

Automobile and commodity
applications

Sonnier et al.
(2007)

11 Radiation grafting of monomer 2-hydroxyethyl
methacrylate (HEMA) on the LDPE chain in the
absence and presence of air

The gamma radiation grafted samples were
characterized by thermal analysis techniques (DSC
and TGA) and by Fourier transform infrared
spectroscopy (FTIR)

To increase the hydrophilicity of
grafted LDPE film for bio applications

Ferreira and Gil,
(2005)
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penetration depth. The primary modification and product
development using alpha radiation, electron, and gamma
induced polymer modifications are identical. However, alpha
radiation differs from E-Beam and γ-R due to the difference
in dose ranges, the formation of radicals, and the efficiency of
additives in alpha radiation (CHARLESBY, 1967; Ashfaq et al.,
2020). The deposition of energy can be done through columbic
interactions and high energy photons, which take place in the
range of 10–10–10–12 s. This is the approximate range of ionized
and excited compounds generated alongside the tracks (Ashfaq
et al., 2020). In the last 5 decades, researchers have developed and
studied potential properties and practical high performance
applications on irradiated polymers as well as the effect of
radiation on different polymeric reactions (Reichmanis et al.,
1993; Dahlan, 1994; Gueven, 2004; Shinyama, 2018).

In comparison with E-Beam radiation, γ-R has higher
penetration power. The negative charge particles of E-Beam
radiation limit its penetration power. The comparative studies
of E-Beam radiation γ-R have been shown in Table 1.

3 PROPERTY DEVELOPMENT BY GAMMA
RADIATION (Γ-R) MODIFICATION

Gamma radiation (γ-R) is basically electromagnetic radiation
occurred when an unstable atomic nucleus loses energy. This type
of radiation consists of the highest amount of proton energy and
delivers numerous practical high performance applications. Both
chain crosslinking and chain scission occur simultaneously in the
polymer matrix in gamma irradiation. The gamma radiation
crosslinked polymers in a controlled dose manner (1–10 kGy)
are capable of withstanding high energy gamma radiation and
high temperature environment with retention of their useful
properties (Kudoh et al., 1996; Rouif, 2005; Fel et al., 2016).
By subjecting the polymer product to high energy ionizing

radiation as well as temperature for a set amount of time, it
should be able to maintain its product and reliability properties at
specified operational conditions. The gamma radiation processed
polymer blends and composites can withstand high energy
radiation and temperature while retaining relevant mechanical,
thermal, thermo-mechanical, physio-chemical, and
environmental properties (More et al., 2021). Figure 1
presents the effect of gamma radiation on different types of
polymer reactions.

The gamma radiation modification imparts the following
developments in the polymeric system, e.g., thermoplastic,
elastomer, thermoplastic elastomer blends, and nano-composites:

➢ The degree of compatibility in thermoplastic-elastomer,
elastomer-elastomer blends to improve mechanical, thermal,
morphology, and environmental properties

TABLE 3 | Difference between gamma and electron beam radiation processing of polymeric Materials.

S.No Criteria Gamma ray processing Electron
beam (EB) processing

1 Source Cs-137 or Co-60 Electron accelerator
2 Energy (MeV) 1.17–1.33 0.5–12 (keeps variation)
3 Polymer

degradation
Chain degradation is higher compared to chain crosslinking in most
thermoplastics matrix

Chain crosslinking is higher in most thermoplastics matrix

4 Penetration
depth

Gamma irradiation can be processed upto higher (14 mm) depth of
thickness

Electron beam irradiation cann’t be processed for material of higher
thickness

5 Irradiation time Low speed and dose rate High speed and exposure at different dose rate
6 Capacity Gamma processing possesses low volume due to small chamber

capacity
EB has larger volume and capacity for irradiation

7 Hazardness Gamma processing is more hazardness due to radiactive decay and
higher energy

EB processing has been observed clean, more durable, and
environmental friendly in comparison to gamma processing

8 Applications Monomer grafting, hydrogel synthesis, medical device strerlization and
polymeric nuclear devices

Wire and cable insulation, heat shrinkable tube, sterilization, compatible
thermoplastic-elastomer blends, automobile and cured ink and
antimicrobial coating

9 Material
degradation

High probability of product damage Reduced product damage

10 Processed
materials

LDPE/EPDM, PP/HDPE, PP-clay composite, PP-medical syringe,
EVA/EPDM, PP-sisal and glass fibre composite and HDPE-GTR
composite. Monomer grafting on polyolefin based elastomer

LDPE/EPDM blend EVA/EPDM blend, LDPE-nano clay composite, PP/
EPDM blend, LDPE/EVA, EPDM-nano clay composite

FIGURE 1 | The effect of high energy (gamma) irradiation on polymers in
different manner (Tamada and Maekawa, 2010).
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➢ The crosslink ability to improve mechanical, thermal,
chemical resistance properties.
➢ The high energy radiation resistance property without
deterioration of physical shape, mechanical, thermal, and
environmental properties
➢ The high temperature resistance property without any
alternation in color, physical shape, and dimensional stability
➢ The preparation of hydrogels for medical and health care
applications.

Albano et al. investigated the thermal and mechanical
properties of PP composites made with sisal and wood
fibers using gamma radiation at a dosage rate of 4.8 kGy/h
at room temperature. The gamma radiation also results in
irreversible changes in the thermal and mechanical properties
of the polymers. This can be due to the result of chain scission,
crosslinking, high energy irradiation, shattering of certain
covalent bonds, and release of active free radicals (Clough,
2001; Hazarika et al., 2012; Tayel et al., 2015). Ashhab et al.
have discovered the effect of gamma radiation on the cellulose
acetate polymer. They have claimed that radiation exposure
time influences cellulose acetate’s chain scission and intrinsic
parameters with varying radiation doses (El-ashhab et al.,
2013).

3.1 Gamma Induced Grafting of Monomer
on the Polymer Backbone
Gamma radiation-induced grafting and crosslinking are efficient,
fast, clean, user-friendly, and well-controlled techniques for
improving the properties of polymeric materials for nuclear,
automobile, electrical insulation, construction, medical, and
health-care in a variety of environments (Rouif, 2005).
Radiation-induced grafting is a valuable and common
approach for grafting of polymers. Gamma radiation doses in
the range of 1–30 kGy are the most commonly employed for the
grafting technique, with an efficient dose rate of 1–3 kGy
recorded. The gamma radiation grafting approach is preferable
to the physical or thermal induced processes since it does not
require any additional additives for grafting (Ramos-Ballesteros

and Lo, 2016; Walo, 2022). Figure 2 shows the simplified
structure of radiation grafted polymer.

In recent years, researchers have been focusing on the
irradiation of polymers. Since this gamma radiation induced
grafting approach is less damaging, less poisonous, more
environmentally friendly, and takes less time than traditional
grafting techniques. The functionalization approach has
primarily been utilized to establish compatibility in polymers.
This improves conventional chemical grafting on polymer
backbones, such as maleic acid, maleic anhydride, glycidyl
methacrylate (GMA), and acrylamide, which acts as
compatibilizers in the blending process (Carianni, 1998; Kim
et al., 2002; Covas et al., 2011; Fu et al., 2020). Chowdhury et al.
have grafted the methacrylic acid (MAA) on the LDPE polymer
chain using gamma radiation to increase the compatibility with
organic clay by lowering the hydrophobicity of LDPE
(Chowdhury and Sabharwal, 2011). The functionalization and
grafting ofMAA on LDPE have shown in Figure 3. There is much
literature reported on chemically grafted polymer
compatibilizers. Most investigators have used this conventional
technique to establish the compatibility between two polymer
phases, as shown in Figure 3.

Gargan et al. used this gamma irradiation technique to graft
hydrophilic monomer onto polyolefin polymer. In this work, the
authors have grafted the acrylic acid and methacrylic acid onto pre-
irradiated LDPE (GARGAN et al., 1990). Kornacka et al. proposed
the effect of gamma irradiation on polymer surface functionalization
for the separation of heavy metal ions. A 10 kGy dose was used to
graft acrylic acid and acrylamide on a polypropylene filter. The
gamma irradiation was used to functionalize the PP filter surface,
followed by acrylic acid and acrylamide grafting onto the PP
backbone chain. The prepared copolymer was then used to
preconcentrate and eliminate the metal ions, including
lanthanides from waster water (Kornacka et al., 2014).

3.2 Development of High Performance
Nano-Clay Hybrid Using Gamma Radiation
Grafted Compatibilizer
Gamma radiation grafting of a polar group on a polymer chain is
a fast and environmentally friendly physical procedure that
produces no contamination, unlike chemical grafting.
Radiation grafting does not necessitate the removal of any
chemical or by-product. In this technique, functional groups
are grafted on the surface only, without affecting the main
polymeric matrix. An idea has been employed to change the
hydrophilic–hydrophobic property of LDPE by grafting the polar
group of methacrylic acid (MAA) on the surface of LDPE by
gamma radiation. Only 10 wt.% of MAA-g-LDPE with 90 wt.%
un-grafted LDPE has been used to synthesize the LDPE-based
hybrids (Chowdhury and Sabharwal, 2011). Tarawneh et al. have
developed the nano composite of thermoplastic elastomer with
carbon nanotubes and montmorillonite. They have studied the
effect the gamma radiation on different mechanical, conductivity,
and thermal properties of the nano composites. The
thermoplastic elastomer was prepared to form polylactic acid
and natural rubber based polymeric blend. They had varied and

FIGURE 2 | Simplified structure of radiation grafted polymer.
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studied the gamma radiation dose range in the range of
1–200 kGy and reported that the composites’ significant
properties were achieved when the dose range increased to

150 kGy (Tarawneh et al., 2021). Samaa et al. have prepared
nano composites of the Ethylene propylene diene monomer
rubber (EPDM) with nano clay by gamma radiation process.

FIGURE 3 | Gamma radiation induced grafting on low density polyethylene (LDPE) (Chowdhury and Sabharwal, 2011).
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The nano clay has been used to increase EPDM’s resistance to
gamma radiation.

3.2.1 Gamma Radiation Grafting of Metha-Acrylic Acid
on Low Density Polyethylene Chain
A polar group, methacrylic acid (MAA), was grafted onto
LDPE by gamma radiation to increase the compatibility of

LDPE with organically modified clay by reducing the
hydrophobicity of LDPE. Methacrylic acid (MAA) is grafted
on the surface of the LDPE by gamma radiation in the presence
of aqueous ammonium ferrous sulfate [(NH4)2Fe(SO4)
26H2O)] by the direct method. Ammonium ferrous sulfate
was used to inhibit homo-polymerization. The sample was
then irradiated with a total dose of 1.67 kGy at a dose rate of

FIGURE 4 | Schematic diagram of gamma irradiation chain crosslinking and scission phenomenon in filled reinforced polymer composite.

FIGURE 5 | Schematic diagram of gamma grafted MAA-g-LDPE and nano clay composite.
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2.5 kGy/h using a Co-60 radiation source in the gamma
chamber. It was seen that the degree of grafting of MAA on
LDPE is around 5 to 7 wt% at 1.67 kGy doses.

3.2.2 Preparation of High Performance
MAA-G-LDPE-Clay Nano-Hybrid
Synthesis of nanohybrids 10 wt.% g-LDPE, 90 wt.% LDPE and
various amounts of clays (20A: 2, 5, and 8 wt.%) were mixed for
4 min in a Brabender platicorder at 140°C at a rotor speed
50 rpm. Specimens were characterized to justify the
compatibility between the MAA-grafted LDPE matrix and
nano-clay. Figure 4 shows Schematic diagram of gamma
irradiation chain crosslinking and scission phenomenon in
filled reinforced polymer composite.

3.3 Gamma Radiation Modified Polymer
Composites
Several researchers have been studied the effect of gamma
irradiation on different organic and inorganic loaded
polymeric materials. They have also explained the effect of
irradiation on the mechanical, chemical, and thermal
properties of polymeric composites. Commodity polymers
such as low density polyethylene (LDPE), high density
polyethylene (HDPE) and linear low density polyethylene
(LLDPE), and polypropylene (PP) are being used in several
household applications. The engineering applications of such
polymers are limited due to their lower mechanical properties.
Preparation of blends and composites of polyolefin has resulted
in higher thermo-mechanical properties. Salem et al. have
revealed the effect of gamma irradiation on carbon black
loaded LDPE polymeric films. They have investigated the
different gamma irradiation doses and different carbon black
concentrations on thermo-mechanical properties of LDPE
films. The authors have presented the changes in properties
of LDPE films due to high irradiation and showed the
correlation between oxidative chain scission and crosslinking.
The gamma irradiation in the range of 5–30 kGy was utilized to

crosslink the LDPE films. They have observed that LDPE film
composite with 7 wt.% carbon black loading showed stabilized
tensile properties and can be used for packaging applications
(Salem et al., 2003). Figure 5 shows Schematic diagram of
gamma grafted MAA-g-LDPE and nano clay composite.

Smirnov et al. have investigated the effect of gamma
irradiation on polymer composites based on glass and carbon
cloth fibers. They have studied several polymer matrices like
polyethylene (PE), polyamide (PA), and polypropylene (PP) and
prepared the polymer composite materials reinforced with glass
and carbon cloth fibers. They have observed that the
thermoplastic matrix composite of PP and PA shows lower
radiation resistance than the PE polymer matrix composite.
The thermoplastic matrix based composites were prepared
using gamma radiation doses in between 50 and 250 kGy. It
was observed that carbon cloth reinforced PE composites show
lower radiation resistance than that glass reinforced PE
composites. They have also studied the effect of gamma
irradiation doses onto polymer composite properties for the
application in engineering sectors (Smirnov et al., 2009).

Several researchers have studied the effect of gamma radiation
on polymeric blends and their nano-micro composites. Albano
et al. have studied the blends of different polyolefins, polyamides,
and styrene polymers. They have used gamma radiation to
functionalize the polyolefin to generate active sites onto the
polymer backbone. Further, the prepared polymer blends are
mixed with different fillers, and gamma radiation was used to
promote the interaction between polymer-filler segments. The
activation energy was observed to be changed with varying
gamma radiation doses (Albano et al., 2010).

Recently Bakhsh et al. have analyzed the effect the gamma
radiation on polymeric composite properties. They have
fabricated the composites of ultrahigh molecular weight
polyethylene (UHMWPE) reinforced with magnesium silicate
hydrous (sepiolite) filler. The sepiolite filler was used in different
concentrations along with varying doses of gamma radiation. The
composites have been fabricated and irradiated with 25 kGy, and
50 kGy gamma radiation doses and the maximum concentration

FIGURE 6 | Schematic diagram of the effect of gamma irradiation on chain scission and chain crosslinking in intra and intraphase in polymer blends.

Frontiers in Chemistry | www.frontiersin.org March 2022 | Volume 10 | Article 8371118

Naikwadi et al. Gamma Radiation Induced Polymer Systems

https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles


of sepiolite filler used is 3 wt.%. UHMWPE irradiated composite
can be studied industrial scale for medical implants, defense
armor, and bulletproof jackets (Bakhsh, 2021b).

3.4 Gamma Radiation Crosslinked
Polymeric Blends
Figure 6 shows Schematic diagram of the effect of gamma
irradiation on chain scission and chain crosslinking in intra
and intraphase in polymer blends. Polymer blends are
prepared to enhance polymer properties for high end
applications. There are different techniques employed to prepare
polymer blends, such as extrusion melt blending and solution
blending. Efficient enhancement in the polymer properties can be
achieved after crosslinking or polymer networking. Gamma
radiation in controlled dose also establishes the interface
compatibility in incompatible polymer blends. Gamma
crosslinking depends on polymer morphology, where the
amorphous phase shows a high formation of the crosslinked
network compared to the crystalline phase. Since the
amorphous phase has a random, coiled structure and free
mobile segment, which enables the matrix for ionization and
free radicals among chains that recombine to generate a 3D
crosslink network. Researchers have found that gamma
radiation induced polymer and polymer blends crosslinking can
improve the properties and be well-suited for high end
applications. Several researchers have investigated the elastomer
and thermoplastic polymer blends and curing using gamma
radiation. Hassan et al. have studied the effect of gamma
radiation and dicumyl peroxide on the curing reaction of
devulcinised rubber and polypropylene blends. They have
prepared the thermoplastic vulcanizates of devulcinised rubber
and polypropylene with a weight ratio of 75:25. The irradiation
observed doses were used as 25, 50, 75, and 100 kGy with a
radiation dose rate of 4 kGy/h. They have found that
mechanical and thermal properties of the irradiated polymer
blend networks possess higher properties than unirradiated
polymer blends (Hassan et al., 2014). Ashok et al. have
developed the EPDM and chlorobutyl rubber (CIIR) blends and
crosslinked with gamma radiation for gaskets and o-rings in
nuclear applications. The main objective of this research was to
overcome the demerits of EPDM, which was poor hydrocarbon
resistance, and to improve the application life of EPDM in the
nuclear environment. The EPDM/CIIR blends were irradiated at
cumulative doses of 0.5, 1, and 2MGy with a dosing rate of
3.4 kGy/h. The significant enhancement of the EPDM/CIIR
blend with 80:20 weight ratio was found suitable for nuclear
applications (Ashok et al., 2017). Elshereafy et al. have prepared
the HDPE/nitrile rubber (NBR) thermoplastic elastomer blends
with different concentrations. The prepared HDPE/NBR blends
were then gamma irradiated using a varying dose range from 50 to
250 kGy. The effect of radiation on blend crosslinking was
examined. The higher amount of HDPE in the blend at
250 kGy radiation dose resulted in higher gel content and
mechanical properties. It was also found that the heat
shrinakability of the blends was improved up to 60% when
irradiated to a higher gamma dose (Elshereafy et al., 2012).

Deepalaxmi et al. have studied the effect of gamma and electron
beam radiation on EPDM/silicone rubber (SIR) blend for cable and
wire applications. Their study revealed the effect of gamma and
electron beam irradiation on the 50–50 composition of SIR-EPDM
blend, which irradiated to 25Mrad dose. The gamma radiation
induced crosslinking of the EPDM/SIR blend resulted in improved
electrical properties such as surface and volume resistivity and
enhanced tensile strength and hardness (Deepalaxmi and Rajini,
2014a). Abdel-Aziz et al. have developed the crosslinked EPDM/
LDPE polymer blends and varied the LDPE amount up to 400 phr.
This prepared blend combination was subjected to gamma
radiation doses. Varying doses of gamma radiation analyzed the
effect on mechanical and thermal properties of the EPDM/LDPE
blend. The doses were employed from 50 to 500 kGy. They have
revealed that increasing the amount of LDPE in the blend system
with optimized gammas radiation dose resulted in higher tensile
properties and can be useful for automotive applications (Abdel-
Aziz et al., 1992).

4 GAMMA RADIATION RESISTANT
POLYMERIC SYSTEMS

Polymer blends are widely used on an industrial scale to add
valuable properties of one polymer to another polymer on a
compatibility level. Gamma radiation in controlled dose also
establishes the interface compatibility in incompatible polymer
blends. Gamma crosslinking depends on polymer morphology,
where the amorphous phase shows a high formation of the
crosslinked network compared to the crystalline phase. Since
the amorphous phase has a random, coiled structure and free
mobile segment, which enables the matrix for ionization and free
radicals among chains that recombine to generate a 3D crosslink
network.

Elastomer shows a high degree of crosslinking among chains
compared to thermoplastic since elastomer shows high
amorphousness compared to crystalline thermoplastics. The
crosslinked polymer blends also show high chemical,
environmental and thermal stability with superior mechanical
strength. The radiation resistance of grafted polymer, polymer
blend, and composites systems is generally analyzed by the half-
value dose with respect to the mechanical properties. The radiation
resistance of polymer is an important parameter. It can be defined
as retaining 50% of mechanical properties, especially % elongation,
compared to the original one after radiation exposure. The
mechanical properties, including tensile, flexibility, and
elongation, should not be reduced below 50% at a higher
gamma radiation dose, and if not, the polymer can be
considered radiation resistance polymeric systems (Wündrich,
1984). In some applications, such as nuclear or space
applications, polymeric components are exposed to different
radiation environments. In nuclear applications, polymer
products face long-term gamma radiation during end-use
applications. The gamma exposure for the long term leads to
degradation in the polymer chain, making the product brittle and
useless with decay in mechanical and thermal properties. People
have studied gamma radiation resistance for various polymeric
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systems. Deepalaxmi et al. studied the irradiation of silicon and
EPDM blend up to 250 kGy and analyzed the improvement in the
electrical properties. They have found that optimized cross-linking
of silicon and EPDM blends at higher irradiation doses occur
without any degradation of the molecules. They have also
confirmed that the blend showed higher volume and surface
resistivity at higher gamma irradiation but reduced elongation.
The electron beam irradiated blend system had lower properties as
compared to gamma irradiated when applied to the cable
insulation applications (Deepalaxmi and Rajini, 2014b). The
performance of EVA copolymer depends upon its vinyl acetate
(VA) content. The gamma radiation resistance has been studied for
EVA/EPDM blends, and the effect of radiation dose and vinyl
acetate content on the resistance of EVA/EPDM blends has been
reported. As VA content increases, the amorphousness in EVA
increases. The coiled and randomness of the EVA chain may
enable the EVA to sustain itself in a gamma radiation environment.
Ethylene-propylene diene elastomer (EPDM) is widely studied for
high energy environments. It has been observed that the coiled and
amorphous chain of EPDM can crosslink and sustain gamma
radiation exposure for the long term exposure (Ray Chowdhury
et al., 2016; Sharma et al., 2018). Moustafa et al. have carried out
high gamma dose irradiated polymeric elastomer blends consisting
of natural rubber and styrene butadiene rubber. The vulcanization
of these various prepared proportions of blends has been carried
out at 250 kGy gamma radiation dose. The enhancement in the
tensile modulus and tensile strength was observed. They have also
confirmed that the thermal stability of the high gamma irradiated
vulcanized blend was higher than that of natural rubber and
styrene butadiene rubber (Moustafa et al., 2016). The amount of
VA controls rheology, crystallinity, mechanical, thermal, and
electrical properties, and flame retardancy of the EVA
molecules. EVA has a suitable barrier property, low-temperature
excellent toughness, stress crack resistance, ultraviolet radiation,
weather resistance, and excellent mechanical properties. However,
ethylene–propylene diene elastomer (EPDM) has the high
crosslinking ability, excellent heat resistance, ozone resistance,
impact strength, and flexibility, which is a perfect material in
many areas such as wire and cable insulation, automotive,
O-ring, gasket, etc. (Wündrich, 1984). In gamma radiation
exposure, plastics and elastomers face ionizing gamma radiation
for a long time. They should retain valuable properties such as
strength, extensibility, degradation stability, dimensional stability,
electrical insulation, etc. (Clough, 2001).

5 PREPARATION OF FUNCTIONALIZED
POLYMERIC COMPATIBILIZER VIA
GAMMA IRRADIATION TO
COMPATIBILIZED POLYMER BLENDS

Immiscible polymer blends can be compatible by using polymer
functionalization, and this consideration can be important in
increasing polymer properties for high temperature and radiation
techniques (Botros, 2002; Tamada andMaekawa, 2010; Cao et al.,
2011; Plummer et al., 2019). Compatibility is a specific interaction

between two different polymer phases that reduces the free energy
of physical or chemical interaction. Polymer compatibility
reduces interfacial tension between two different phases and
allows for finer dispersion of one phase to another polymeric
matrix phase (Sammler et al., 1992; Klinshpont et al., 1994; Souza
and Demarquette, 2002; Retsos et al., 2004). Using the gamma
radiation technique, Sonnier et al. developed the
compatibilization of two types of immiscible blends. They
created HDPE/ground tyre rubber and PP/HDPE polymer
blends by varying irradiation from 0–100 kGy (Sonnier et al.,
2021). Most functionalization techniques have been used to
establish polymer compatibilities, such as conventional
chemical grafting on polymer backbones, such as maleic acid,
maleic anhydride, glycidyl methacrylate (GMA), and acrylamide,
which acts as a compatibilizer in the blending process
(Dharmarajan et al., 1995; Chowdhury and Sabharwal, 2011;
Mira et al., 2017; Mahendra et al., 2019).

In contrast with chemical grafting, radiation-induced grafting
is a useful and popular technique to graft the organic
functionalities on the polymer chain. Irradiation also helps to
reduce the toxic ingredients used for polymer compatibilization.
Gamma radiation grafting is most widely used for the grafting
process at a low dose (1–3 kGy). This method is better than
physical or thermal induced chemical reactions because it is less
hazardous, less toxic, more environmentally friendly, and
requires less time (Hama et al., 2010; Davenas et al., 2002).
Ajit Singh also discussed the effect of the irradiation process
for the compatibilization of polymer blends. He has covered the
radiation process required for the polyolefin polymeric blends
compatibilization. When organic systems are exposed to air, they
oxidize, resulting in the formation of peroxy, hydroperoxy,
hydroxyl, and carbonyl groups. This functionalization is then
used to make miscible polymer blends (Singh, 2001).

6 HIGH PERFORMANCE APPLICATIONS

6.1 Gamma Radiation Processed Hydrogel
for Medical and Biomedical Applications
Gamma radiation induced polymer hydrogels have been used in
medical devices includes implants, injectable formulations,
dressing materials, assays used for diagnostic, etc. The
advantage of using gamma radiation-induced polymers in
medical and biomedical applications is that no chemical
ingredients are used to initiate the reaction. These polymers
and medical devices can be used at any temperature range but
only restricted to the surface. In Indonesia, the Centre for
Application of Isotopes and Radiation Technology BATAN
has prepared the PVP/PVA polymeric hydrogel for the
dressing application. Hydrogels have complex polymeric
networks that can keep the water inside the open spaces
between the polymeric chains. The prepared hydrogel has
characteristic benefits: not toxic nature, sterile, water intake of
about 80%, better adhesion to the wound, and ease to remove
from wound place (Darwis et al., 2015). In another example,
hydrogels are used in stimuli-responsive materials, hybrid organs,
and implants. Polyvinyl alcohol (PVA) or crosslinked collagen
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have been used to prepare the injectable polymers. The use of
polyHEMA for ophthalmic application has gained importance
along with radiation-induced hydrogel such as polymethacrylic
acid, chitosan, polyvinyl pyrrolidone, etc. (Rosiak, 1995). The use
of ionizing radiation in the fabrication of human-friendly
commodities appears to become the most beneficial route of
broadening the range of commercial applications of radiation
technology.

6.2 Radiation Processed Polymer Blends
and Composites for Industrial Applications
Radiation is generally used for grafting, curing, crosslink network,
and degradation of polymeric components. Radiation technology
has benefits over chemical induced polymer crosslinked
structure. The main application of radiation-induced polymer
includes wire and cable insulation, heat shrinkable polymers,
plastic foams, gaskets and seals, polyethylene pipes, moulded
engineering products, and hip and knee joint components,
prevulcanized radial tyres, etc. (Keizo Makuuchi, 2012).
Lawton et al. have motivated Japanese scientists, and prepared
radiation induced crosslinked polymers for wire and cable
applications and heat shrinkable tubing (Lawton et al., 1954).
They have prepared the crosslinked polyolefin in the absence of
chemical additives. Furthermore, the irradiation crosslinked
polymers were used for plastic foams and tyre component
applications. In the 20th century, gamma radiation polymers
gained importance in automotive sectors to reduce carbon
emissions and lightweight products. In Asian countries,
radiation crosslinking of Polytetrafluoroethylene (PTFE) has
been synthesized and used in several industrial applications.
The radiation induced PTFE has higher temperature radiation
stability as well as mechanical stability and has been used in high
performance applications (Sun et al., 1994). Cleland et al. have
used radiation cured thermoset based sheet moulding compound
(SMC) composites for the automotive industry. They have
replaced the metal and steel parts of the vehicles with
radiation cured SMC composites. The replacement of the
metal, aluminum, and steel parts also result in the vehicle’s
weight loss, increasing fuel efficiency (Cleland et al., 2020).

7 ELECTRON BEAM VERSUS GAMMA
RADIATION PROCESSED POLYMERS

Last 2 decades, radiation technology is being used extensively, and
it has become a prevalent and valuable technique for radiation
crosslinking of polymers. However, recently, themarket of electron
beams has rapidly grown-up compared to gamma irradiation due
to some limitations of gamma irradiation, e.g., difficulties in large-
scale irradiation, time consumption, safety towards handling of
isotopes, etc. The electron beam has been widely used for wire and
cable, surface modification, crosslinking, and sterilizations. The
electron beam has been well accepted compared to gamma
radiation since it has less irradiation time, rapid, fast, and high
space for irradiation compared to gamma irradiation.

Electron beam radiation is generated using a high energy
electron machine. In the E-Beam system, the energy
penetration is partial, making it useful for low density
products. The E-Beam radiation required significantly less
time (deliverance time) as compared to gamma and X-ray,
which is suitable for sensitive products (Fifield et al., 2021).
The E-Beam radiation technique has gained more importance
in polymer sterilization than the gamma radiation technique in
recent advancements. E-Beam radiation has rapidly developed
attention due to its faster dose deliverance time, short processing
time, higher output, higher effectiveness, less cost, and availability
of high energy machines. Choi et al. have carried out a
comparative study of gamma and E-Beam irradiation on the
decomposition of carboxymethyl cellulose. They have analyzed
the gamma ray from cobalt-60 and E-Beam radiation with
10 MeV energy on the rheological properties of carboxymethyl
cellulose. They have confirmed a drastic decrease in viscosity
when exposed to gamma radiation (Choi et al., 2009).
Chowdhury et al. studied the ethylene vinyl acetate (EVA) and
EPDM blends. They have used E-Beam irradiation to crosslink
the blends system. They have also studied the effect of different
concentrations of EVA and E-Beam radiation on the blend
system’s mechanical, flame resistance, and thermal properties.
The irradiation dose was varied from 50 kGy to 150 kGy to
analyze the effect on blend crosslinking (Ray Chowdhury
et al., 2016). Sharma et al. have carried out the effect of
E-Beam irradiation onto the HDPE/EPDM blend. They have
fabricated the 2 mm thick blend samples and then irradiated
them using high electron beam energy with a 2 MeV E-Beam
accelerator. The dose rate in the range of 50 kGy–150 kGy was
used to crosslink the blend system. The effect of increasing
E-Beam irradiation on mechanical, flame resistance, thermal
and morphological properties was characterized (Sharma et al.,
2017). Chowdhury et al. investigated the electron beam irradiated
polyolefins blend system. The crosslinking of the LDPE/EPDM
blend has been studied in the absence of a crosslinker. The
prepared crosslinked system can be used in o-rings and
gaskets applications. They have discovered that the
crosslinking increases with increasing EPDM amount and
E-Beam doses, which results in the higher mechanical,
thermal, and flame resistance properties of the LDPE/EPDM
blends system (Chowdhury et al., 2015). It can be seen form
comparative study of E-Beam and gamm radiation, the
processing time requiredto cure polymer system usinf E-Beam
is less which enhancec its output rate and requird less energy as
compared to gamma radiation. Currecntly these E-Beam system
have been rapidaly used in the medical, autimitove, industrial and
engineering applications.

8 HIGH ENERGY RADIATION PROCESSED
POLYMERS: LIMITATIONS, CHALLANGES
AND FUTURE PROSSPECTS
The high energy radiation processed polymeric components
show high impact for property devlopment for long erm
sustainability and durability. The improvement in mechanical,
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thermal stability, chemical resistance, electric insulation and
environmental properties enable the polymeric product to
sustain for long term end use applications (Dawes et al.,
2022). However, there are some limitations and drawbacks of
high energy radiation processing of polymeric materials which
challange the reliability of processing techniques, material
performance and processing parameters. As gamma ray
possesses high energy (1.2 MeV) which generates instant free
radical sites at polymer backbone to result into chain crosslinking
and bond scission. Gamma radiation has high penetration power
so can be used to sterilize the large amounts of materials of high
dense packing. The chain crosslinking improves all application
based polymer properties while chain scission deteriorates them.
The high energy gamma processing of polymers depends upon
various factors such as dose level, dose rate and radiation soure
and its half life, chemical structure of polymer matrix, physical
state, morphology and thickness of polymer product which
decide the alternations in polymer properties and
performances (Clough L. Roger; Clough, 2001). The radiation
processing of polymeric product is also limited to required degree
of crosslinking in matrix which specifies the particular end use
applications. Also gamma radiation chamber possess limited
space and slow processing speed. However on large scale
industrial application, irradiation requires higher space and
volume with processing in less time.

The gamma sterilization of biomedical based products has
been found to generate important issue for end use applications.
Polymeric material after sterilization shows radiation-induced
degradation which leads to discoloration followed by decay in end
use properties. The high energy radiation processing also faces the
challenge of type of molecular structure of polymer backbone.
Polymers having crystalline structure e.g. low density
polyethylene (LDPE), high density polyethylene (HDPE), and
Polypropylene (PP) usually are not likely to go beyond certain
limit of dose of radiation i.e. 100 kGy. After some irradiation dose
polymer structure shows discoloration and deterioration of
molecular structure (Dawes et al., 2007; Reichmanis et al.,
1993). While amorphous polymers shows high level of
crosslinking and sustainability towards high radiation dose
and exposure period. Gamma processing also has been
reported to face the radioactive decay in radioactive source
(Cs-137 or Co-60) which might be issue for human health and
environment.

To overcome the above issues of high energy gamma radiation,
industry and researchers have been showing interest towards
electron beam (EB) processing for safe, high speed,
environmental friendly and high volume processing capacity
since last decades. The electron beam irradiation of polymeric
products has proved itself at reliability level for an industrial scale
processing. However atmospheric condition has also impact on
the both radiation processing as presence or absence of oxygen
influneces the degree of crosslinking and chain scission in
polymer matrix. In presence of oxygen, polymer matrix
radicals will form the peroxide and hydroperoxide which lead
to rate of chain scission in polymer matrix.

The high energy radiation (gamma and electron beam)
processing have opened the door for opportunities for wide

areas of applications. The reliability and durability of radiation
processed polymeric prodcuts depend upon their mechanical
strength, thermal stability, electrical insulation, chemical and
environmental resistance (Clough, R., 2001). Due to better
property development, the future possibilities and scopes for
gamma and electron beam irradiation of functionilzed
polymer, polymer blends and composites, nanomaterial and
polymeric nanocomposite have been risen up for
commercialization e.g. electrical insulation, biomedical sector,
tissue engineering, implateble surgical devices, hydrogel, high
temperature and radiation resistance polymer material,
automobile sector, defence sector and high energy space
applications since last decade (Clough, 2001). The gamma
irradiation at low controlled dose has been known as popular
process for monomer grafting on polymer backbone and
strerlization of polymer surgical devices. However relationship
between the structural composition of polymeric materials and
their irradiation ability with optimization is an imporatnt to apply
the right materials for radiation sterilization purpose.

The tuning between crosslink ability and chain degradation of
polymer matrix should be also an important scope for to select
right radiation processing technique for desired applications.

Importantly, the effect of radiation processing on polymer
properties has significant impact for the wide areas of
applications such as heat-shrinkable tubes, wire and cable
insulation, curing of liquid polymer, plastics, radiation
lithography, radiation cured polyethylene based elastomer for
solar photovoltaic module encapsulant, curable paints and inks,
defence, and outer space applications.

9 CONCLUSION

From this review, it can be concluded that gamma irradiation has
a significant impact on modification and improvement in
properties of different polymeric systems such as individual
polymer, polymer blends, composites, and nanocomposites.
The gamma radiation processing polymers have benefits over
chemical processes as no additives are necessary for the reaction,
can be used at any temperature range applications, well controlled
grafting and crosslinking. The gamma radiation modified
polymers have found the high end applications in
automobiles, film packaging, electrical insulation, hydrogel,
tissue engineering, sterilization of medical devices, biomedical
and nuclear applications, etc. Apart from the crosslinking and
grafting, gamma irradiation can be used for functionalization,
sterilization, and compatibilization of various polymeric systems.
For compatibility in polymer blends, a low controlled dose of
gamma radiation has become a widely useful and most applicable
technique to synthesize radiation induced grafted compatibilizer.
Gamma radiation processed hydrogel has become the most
applicable and significant biomaterial for biomedical and
healthcare applications. In this review paper, we have also
discussed the radiation resistance polymeric blend and
composite system. However, in the last decade, the electron
beam (EB) processing technique has been widely accepted on
an industrial scale for modification of polymeric components at a
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large scale with high speed for wire and cable insulation, heat
shrinkable tube, ink and paint curing, automobile, gasket, seal,
o-ring curing, film food packaging and high temperature
applications.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.

REFERENCES

Abdel-Aziz, M. M., Abdel-Bary, E. M., Abou Zaid, M. M., and El Miligy, A. A.
(1992). Effect of Gamma Radiation on EPDM/LDPE Blends. J. Elastomers
Plastics 24, 178–191. doi:10.1177/009524439202400303

Al Naim, A., Alnaim, N., Ibrahim, S. S., and Metwally, S. M. (2017). Effect of
Gamma Irradiation on the Mechanical Properties of PVC/ZnO Polymer
Nanocomposite. J. Radiat. Res. Appl. Sci. 10, 165–171. doi:10.1016/j.jrras.
2017.03.004

Albano, C., Reyes, J., Ichazo, M., González, J., Brito, M., and Moronta, D. (2002).
Analysis of the Mechanical, thermal and Morphological Behaviour of
Polypropylene Compounds with Sisal Fibre and wood Flour, Irradiated with
Gamma Rays. Polym. Degrad. Stab. 76, 191–203. doi:10.1016/s0141-3910(02)
00014-9

Albano, C., Perera, R. P., and Silva, P. (2010). Effects of Gamma Radiation in
Polymer Blends, in composites with micro and nano fillers and in
functionalized polyolefins. Rev. Latin Am. Metal Mater. 30.

Ashfaq, A., Clochard, M.-C., Coqueret, X., Dispenza, C., Driscoll, M. S., Ulański, P.,
et al. (2020). Polymerization Reactions and Modifications of Polymers by
Ionizing Radiation. Polymers 12, 2877. doi:10.3390/polym12122877

Ashok, N., Balachandran, M., Lawrence, F., and Sebastian, N. (2017). EPDM-
chlorobutyl Rubber Blends in γ-radiation and Hydrocarbon Environment:
Mechanical, Transport, and Ageing Behavior. J. Appl. Polym. Sci. 134,
45195. doi:10.1002/app.45195

Bakhsh, A. A. (2021a). Gamma-Ray Modified Polymer/Clay Composites:
Synthesis, Characterization, and Formulation Optimization Using
Multivariate Calculus and Graph Theory. Energies 14, 2724. doi:10.3390/
en14092724

Bakhsh, A. A. (2021b). Gamma-Ray Modified Polymer/Clay Composites:
Synthesis, Characterization, and Formulation Optimization Using
Multivariate Calculus and Graph Theory. Energies 14, 2724. doi:10.3390/
en14092724

Bhattacharya, A., and Misra, B. N. (2004). Grafting: a Versatile Means to Modify
polymersTechniques, Factors and Applications. Prog. Polym. Sci. 29, 767–814.
doi:10.1016/j.progpolymsci.2004.05.002

Bhattacharya, A. (2000). Radiation and Industrial Polymers. Prog. Polym. Sci. 25,
371–401. doi:10.1016/S0079-6700(00)00009-5

Botros, S. H. (2002). Preparation and Characteristics of NR/EPDM Rubber Blends.
Polymer-Plastics Tech. Eng. 41, 341–359. doi:10.1081/PPT-120002572

Cao, Y., Zhang, J., Feng, J., and Wu, P. (2011). Compatibilization of Immiscible
Polymer Blends Using Graphene Oxide Sheets. ACS Nano 5, 5920–5927. doi:10.
1021/nn201717a

Carianni, A. V. (1998). Radiation Grafting Functionalization of Poly (Vinylidene
Fluoride) to Compatibilize its Blends with Polyolefin Lonomers. Polym. Eng.
Sci. 38.

Charlesby, A. (1967). Radiation Mechanisms in Polymers. 1–21. doi:10.1021/ba-
1967-0066.ch001

Choi, J.-i., Kim, J.-H., Lee, K.-W., Song, B.-S., Yoon, Y., Byun, M.-W., et al. (2009).
Comparison of Gamma ray and Electron Beam Irradiations on the Degradation
of Carboxymethylcellulose. Korean J. Chem. Eng. 26, 1825–1828. doi:10.1007/
s11814-009-0279-3

Chowdhury, S. R., and Sabharwal, S. (2011). Molecular-scale Design of a High
Performance Organic-Inorganic Hybrid with the Help of Gamma Radiation.
J. Mater. Chem. 21, 6999–7006. doi:10.1039/c1jm10943j

Chowdhury, S. R., Sabharwal, S., and Sabharwal, S. (2011). Molecular-scale
Design of a High Performance Organic-Inorganic Hybrid with the Help of
Gamma Radiation. J. Mater. Chem. 21, 6999–7006. doi:10.1039/
c1jm10943j

Chowdhury, S. R., Sharma, B. K., Mahanwar, P. A., Sarma, K. S. S., Chowdhury, S.
R., Sharma, B. K., et al. (2015). Tensile, Flexural and Morphological Properties

of Electron Beam-Crosslinked LDPE-EPDM Blends. Plastics, Rubber and
Composites 44, 440–448. doi:10.1080/14658011.2015.1110877

Cleland, M. R., Galloway, R. A., Montoney, D., Dispenza, D., and Berejka, A. J.
2020, Radiation Curing of Composites for Vehicle Components and Vehicle
Manufacture. 1–8.

Cleland, M. R., Parks, L. A., and Cheng, S. (2003). Applications for Radiation
Processing of Materials. Nucl. Instr. Methods Phys. Res. Section B: Beam
Interactions Mater. Atoms 208, 66–73. doi:10.1016/S0168-583X(03)00655-4

Clough, L., and Roger, S. W. S. (2022). Irradiation of Polymers.
Clough, R. L. (2001). High-energy Radiation and Polymers: A Review of

Commercial Processes and Emerging Applications. Nucl. Instr. Methods
Phys. Res. Section B: Beam Interactions Mater. Atoms 185, 8–33. doi:10.
1016/S0168-583X(01)00966-1

Cota, S. S., Vasconcelos, V., Senne Jr., M., Carvalho, L. L., Rezende, D. B., and
Côrrea, R. F. (2007). Changes in Mechanical Properties Due to Gamma
Irradiation of High-Density Polyethylene (HDPE). Braz. J. Chem. Eng. 24,
259–265. doi:10.1590/S0104-66322007000200010

Covas, J. A., Pessan, L. A., Machado, A. V., and Larocca, N. M. (2011). Polymer
Blend Compatibilization by Copolymers and Functional Polymers, 315–356.

Dahlan, K. Z. M. (1994). Introduction to Radiation Chemistry of Polymer. Natl.
Semin. Appl. Electron. Accel. 28, 16.

Darwis, D., Erizal, B., Abbas, B., Nurlidar, F., and Putra, D. P. (2015). Radiation
Processing of Polymers for Medical and Pharmaceutical Applications.
Macromol. Symp. 353, 15–23. doi:10.1002/masy.201550302

Davenas, J., Stevenson, I., Celette, N., Cambon, S., Gardette, J. L., Rivaton, A., et al.
(2002). Stability of Polymers under Ionising Radiation: The many Faces of
Radiation Interactions with Polymers. Nucl. Instr. Methods Phys. Res. Section B:
Beam Interactions Mater. Atoms 191, 653–661. doi:10.1016/S0168-583X(02)
00628-6

Dawes, K., Glover, L. C., and Vroom, D. A. (2022). The Effects of Electron Beam and
G -Irradiation on Polymeric Materials.

Dawes, K., Glover, L. C., and Vroom, D. A. (2007). The Effects of Electron Beam
and g-Irradiation on Polymeric Materials. Phys. Propert. Polym. Handbook,
867–887. doi:10.1007/978-0-387-69002-5_52

Deepalaxmi, R., and Rajini, V. (2014a). Gamma and Electron Beam Irradiation
Effects on SiR-EPDM Blends. J. Radiat. Res. Appl. Sci. 7, 363–370. doi:10.1016/j.
jrras.2014.05.005

Deepalaxmi, R., and Rajini, V. (2014b). Gamma and Electron Beam Irradiation
Effects on SiR-EPDM Blends. J. Radiat. Res. Appl. Sci. 7, 363–370. doi:10.1016/j.
jrras.2014.05.005

Dharmarajan, N., Datta, S., Strate, G. V., and Ban, L. (1995). Compatibilized
Polymer Blends of Isotactic Polypropylene and Styrene-Maleic Anhydride
Copolymer. Polymer 36, 3849–3861. doi:10.1016/0032-3861(95)99779-T

El-ashhab, F., Sheha, L., Abdalkhalek, M., and Khalaf, H. A. (2013). The Influence
of Gamma Irradiation on the Intrinsic Properties of Cellulose Acetate Polymers.
J. Assoc. Arab Universities Basic Appl. Sci. 14, 46–50. doi:10.1016/j.jaubas.2012.
12.001

Elshereafy, E., Mohamed, M. A., El-Zayat, M. M., and El Miligy, A. A. (2012).
Gamma Radiation Curing of Nitrile Rubber/high Density Polyethylene Blends.
J. Radioanal. Nucl. Chem. 293, 941–947. doi:10.1007/s10967-012-1801-3

ErizalAbbas, E., Abbas, B., Sukaryo, S. G., and Barleany, D. R. (2015). Synthesis and
Characterization Superabsorbent Hydrogels of Partially Neutralized Acrylic
Acid Prepared Using Gamma Irradiation; Swelling and Thermal Behavior.
Indones. J. Chem. 15, 281–287. doi:10.22146/ijc.21197

Fel, E., Khrouz, L., Massardier, V., Cassagnau, P., and Bonneviot, L. (2016).
Comparative Study of Gamma-Irradiated PP and PE Polyolefins Part 2:
Properties of PP/PE Blends Obtained by Reactive Processing with Radicals
Obtained by High Shear or Gamma-Irradiation. Polymer 82, 217–227. doi:10.
1016/j.polymer.2015.10.070

Ferreira, L. M., Falcão, A. N., and Gil, M. H. (2005). Modification of LDPE
Molecular Structure by Gamma Irradiation for Bioapplications. Nucl. Instr.

Frontiers in Chemistry | www.frontiersin.org March 2022 | Volume 10 | Article 83711113

Naikwadi et al. Gamma Radiation Induced Polymer Systems

https://doi.org/10.1177/009524439202400303
https://doi.org/10.1016/j.jrras.2017.03.004
https://doi.org/10.1016/j.jrras.2017.03.004
https://doi.org/10.1016/s0141-3910(02)00014-9
https://doi.org/10.1016/s0141-3910(02)00014-9
https://doi.org/10.3390/polym12122877
https://doi.org/10.1002/app.45195
https://doi.org/10.3390/en14092724
https://doi.org/10.3390/en14092724
https://doi.org/10.3390/en14092724
https://doi.org/10.3390/en14092724
https://doi.org/10.1016/j.progpolymsci.2004.05.002
https://doi.org/10.1016/S0079-6700(00)00009-5
https://doi.org/10.1081/PPT-120002572
https://doi.org/10.1021/nn201717a
https://doi.org/10.1021/nn201717a
https://doi.org/10.1021/ba-1967-0066.ch001
https://doi.org/10.1021/ba-1967-0066.ch001
https://doi.org/10.1007/s11814-009-0279-3
https://doi.org/10.1007/s11814-009-0279-3
https://doi.org/10.1039/c1jm10943j
https://doi.org/10.1039/c1jm10943j
https://doi.org/10.1039/c1jm10943j
https://doi.org/10.1080/14658011.2015.1110877
https://doi.org/10.1016/S0168-583X(03)00655-4
https://doi.org/10.1016/S0168-583X(01)00966-1
https://doi.org/10.1016/S0168-583X(01)00966-1
https://doi.org/10.1590/S0104-66322007000200010
https://doi.org/10.1002/masy.201550302
https://doi.org/10.1016/S0168-583X(02)00628-6
https://doi.org/10.1016/S0168-583X(02)00628-6
https://doi.org/10.1007/978-0-387-69002-5_52
https://doi.org/10.1016/j.jrras.2014.05.005
https://doi.org/10.1016/j.jrras.2014.05.005
https://doi.org/10.1016/j.jrras.2014.05.005
https://doi.org/10.1016/j.jrras.2014.05.005
https://doi.org/10.1016/0032-3861(95)99779-T
https://doi.org/10.1016/j.jaubas.2012.12.001
https://doi.org/10.1016/j.jaubas.2012.12.001
https://doi.org/10.1007/s10967-012-1801-3
https://doi.org/10.22146/ijc.21197
https://doi.org/10.1016/j.polymer.2015.10.070
https://doi.org/10.1016/j.polymer.2015.10.070
https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles


Methods Phys. Res. Section B: Beam Interactions Mater. Atoms 236, 513–520.
doi:10.1016/j.nimb.2005.04.030

Fifield, L. S., Pharr, M., Staack, D., Pillai, S. D., Nichols, L., McCoy, J., et al.
(2021). Direct Comparison of Gamma, Electron Beam and X-ray Irradiation
Doses on Characteristics of Low-Density Polyethylene, Polypropylene
Homopolymer, Polyolefin Elastomer and Chlorobutyl Rubber Medical
Device Polymers. Radiat. Phys. Chem. 186, 109505. doi:10.1016/j.
radphyschem.2021.109505

Fu, Z., Gu, X., Hu, L., Li, Y., and Li, J. (2020). Radiation Induced Surface
Modification of Nanoparticles and Their Dispersion in the Polymer Matrix.

Gargan, K., Kronfli, E., and Lovell, K. V. (1990). Pre-irradiation Grafting of
Hydrophilic Monomers onto Polyethylene-I. The Influence of
Homopolymerisation Inhibitors. Int. J. Radiat. Appl. Instrumentation. C.
Radiat. Phys. Chem. 36, 757–761. doi:10.1016/1359-0197(90)90174-g

Gueven, O. (2004). An Overview of Current Developments in Applied Radiation
Chemistry of Polymers. Adv. Radiat. Chem. Polym. Iaea-tecdoc- 1420, 33–39.

Hama, Y., Hamanaka, K., and Matsumoto, H. (2010). Relationship between Energy
Profile and Chemical Structural Change in Polymers Irradiated by Ion-
Beam–104.

Hassan, M. M., Badway, N. A., Elnaggar, M. Y., and Hegazy, E. A. (2014). Synergistic
Effect of Gamma Radiation and Peroxide on Dynamic Vulcanization of
Thermoplastic Vulcanizes Based on (Devulcanized Rubber)/Polypropylene.
J. Vinyl Addit. Technol. 20. doi:10.1002/vnl10.1002/vnl.21364

Hazarika, J., Nath, C., and Kumar, A. (2012). 160MeV Ni12+ Ion Irradiation
Effects on the Dielectric Properties of Polyaniline Nanotubes. Nucl. Instr.
Methods Phys. Res. Section B: Beam Interactions Mater. Atoms 288, 74–80.
doi:10.1016/j.nimb.2012.06.026

Keizo Makuuchi, S. C. (2012). Industrial Applications Radiation Processing of
Polymer Materials and its Industrial.

Kim, H.-J., Lee, K.-J., and Seo, Y. (2002). Enhancement of Interfacial Adhesion
between Polypropylene and Nylon 6: Effect of Surface Functionalization by
Low-Energy Ion-Beam Irradiation. Macromolecules 35, 1267–1275. doi:10.
1021/ma0108259

Klinshpont, É. R., Milinchuk, V. K., and Tupikov, V. I. (1994). Radiation Resistance
of Polymer Materials. At. Energy 76, 384–389. doi:10.1007/BF02407450

Kornacka, E. M., Przybytniak, G., Fuks, L., Walo, M., and Łyczko, K. (2014).
Functionalization of Polymer Surfaces by Radiation-Induced Grafting for
Separation of Heavy Metal Ions. Radiat. Phys. Chem. 94, 115–118. doi:10.
1016/j.radphyschem.2013.05.047

Kudoh, H., Sasuga, T., and Seguchi, T. (1996). High-Energy Ion Irradiation Effects
on Polymer Materials. ACS Symp. Ser. 620, 2–10. doi:10.1021/bk-1996-0620.
ch001

Lawton, E. J., Balwit, J. S., and Bueche, A. M. (1954). Properties of Irradiated
Polyethylene. Ind. Eng. Chem., 1703–1709.

Mahendra, I. P., Wirjosentono, B., TamrinIsmail, H., Ismail, H., Mendez, J. A., and
Causin, V. (2019). The Influence of Maleic Anhydride-Grafted Polymers as
Compatibilizer on the Properties of Polypropylene and Cyclic Natural Rubber
Blends. J. Polym. Res. 26. doi:10.1007/s10965-019-1878-2

Mira, A., Mateo, C. R., Mallavia, R., and Falco, A. (2017). Poly(methyl Vinyl Ether-
Alt-Maleic Acid) and Ethyl Monoester as Building Polymers for Drug-Loadable
Electrospun Nanofibers. Sci. Rep. 7, 1–13. doi:10.1038/s41598-017-17542-4

Mohd Zaini, N. A., Ismail, H., Rusli, A., and Ibrahim, S. (2022). Effect of Gamma
Irraditation on the Properties of Sepiolite-Filled Ethylene Propylene Diene
Monomer Composites. CRC Press.

More, C. V., Alsayed, Z., Badawi, M. S., Thabet, A. A., and Pawar, P. P. (2021).
Polymeric Composite Materials for Radiation Shielding: a Review. Environ.
Chem. Lett. 19, 2057–2090. doi:10.1007/s10311-021-01189-9

Moustafa, A. B., Mounir, R., El Miligy, A. A., and Mohamed, M. A. (2016). Effect of
Gamma Irradiation on the Properties of Natural Rubber/styrene Butadiene
Rubber Blends. Arabian J. Chem. 9, S124–S129. doi:10.1016/j.arabjc.2011.
02.020

Muhammad, A., Rahman, M. R., Baini, R., and Bin Bakri, M. K. (2021),
Applications of Sustainable Polymer Composites in Automobile and
Aerospace Industry, 185, 207). doi:10.1016/b978-0-12-820338-5.00008-4

Pino-Ramos, V. H., Ramos-Ballesteros, A., López-Saucedo, F., López-Barriguete,
J. E., Varca, G. H. C., and Bucio, E. (2016). Radiation Grafting for the
Functionalization and Development of Smart Polymeric Materials. Top.
Curr. Chem. (Z) 374. doi:10.1007/s41061-016-0063-x

PleşaAccessReview, I., Noţingherof, P. P. C. U., Sumereder, C., Muhr, M., Schlög,
S., et al. (2016). Properties of Polymer Composites Used in High-Voltage
Applications. Polymers 8, 173. doi:10.3390/polym8050173

Plummer, C. M., Zhou, H., Li, S., Zhong, H., Sun, Z., Bariashir, C., et al. (2019). A
Direct Functionalization of Polyolefins for Blend Compatibilization by an
Insertion of 1,1-bis(phenylsulfonyl)ethylene (BPSE). Polym. Chem. 10,
3325–3333. doi:10.1039/c9py00599d

Radiation Technology (2000). Emerging Industrial Applications. Radiat. Technol.
Emerg. Ind. Appl., 6–10.

Ray Chowdhury, S., Sharma, B. K., Mahanwar, P., and Sarma, K. S. (2016). Vinyl
Acetate Content and Electron Beam Irradiation Directed Alteration of
Structure, Morphology, and Associated Properties of EVA/EPDM Blends.
J. Appl. Polym. Sci. 133, a–n. doi:10.1002/app.43468

Reichmanis, E., Frank, C. W., O’Donnell, J. H., and Hill, D. J. T. (1993), Radiation
Effects on Polymeric Materials. 1–8.doi:10.1021/bk-1993-0527.ch001

Retsos, H., Anastasiadis, S. H., Pispas, S., Mays, J. W., and Hadjichristidis, N.
(2004). Interfacial Tension in Binary Polymer Blends in the Presence of Block
Copolymers. 2. Effects of Additive Architecture and Composition.
Macromolecules 37, 524–537. doi:10.1021/ma035463e

Rosiak, J. M., Ulański, P., Pajewski, L. A., Yoshii, F., and Makuuchi, K. (1995).
Radiation Formation of Hydrogels for Biomedical Purposes. Some Remarks and
Comments. Radiat. Phys. Chem. 46, 161–168. doi:10.1016/0969-806x(95)00007-k

Rouif, S. (2005). Radiation Cross-Linked Polymers: Recent Developments and New
Applications. Nucl. Instr. Methods Phys. Res. Section B: Beam Interactions
Mater. Atoms 236, 68–72. doi:10.1016/j.nimb.2005.03.252

Salem, M. A., Hussian, A., and EI-Ahdal, A. A. (2003). Study of the Effect of
Gamma Irradiation on Carbon Black Loaded Low-Density Polyethylene Films.
J. Polymer Mater. 35, 361–365.

Sammler, R. L., Dion, R. P., Carriere, C. J., and Cohen, A. (1992). Compatibility of
High Polymers Probed by Interfacial Tension. Rheola Acta 31, 554–564. doi:10.
1007/BF00367010

Senna, M. M. H., Yasser, K., Abdel-Moneam, Y. K., Yousry, A., and Hussein, A. A.
(2010). Effects of Electron Beam Irradiation on the Structure–Property
Behavior of Blends Based on Low Density Polyethylene and Styrene-
Ethylene-Butylene- Styrene-Block Copolymers. J. Appl. Polymer Sci. 116,
2658–2667. doi:10.1002/app

W. S. Shalaby and R. L. CloughS (Editors). (1996). Irradiation of Polymers:
Fundamentals and Technological Applications. (Washington, DC: American
Chemical Society Books).

Sharma, B. K., Krishnanand, K., Mahanwar, P. A., Sarma, K. S. S., and Ray
Chowdhury, S. (2018). Gamma Radiation Aging of EVA/EPDM Blends: Effect
of Vinyl Acetate (VA) Content and Radiation Dose on the Alteration in
Mechanical, thermal, and Morphological Behavior. J. Appl. Polym. Sci. 135,
46216. doi:10.1002/app.46216

Shinyama, K. (2018). Influence of Electron Beam Irradiation on Electrical
Insulating Properties of PLA with Soft Resin Added †. Polymers 10, 898.
doi:10.3390/polym10080898

Sharma, K. B., Ray Chowdhury, S., Jha, A., Samanta, A. K., Mahanwar, P., and
Sarma, K. S. (2017). ENGAGE Compatibilized HDPE/EPDM Blends:
Modification of Some Industrially Pertinent Properties and Morphology
upon Incorporation of Mg(OH)2filler and Electron Beam Crosslinked
Network. J. Appl. Polym. Sci. 134. doi:10.1002/app.44922

Singh, A. (2001). Irradiation of Polymer Blends Containing a Polyolefin. Radiat.
Phys. Chem. 60, 453–459. doi:10.1016/S0969-806X(00)00418-7

Singh, D., Singh, N. L., Qureshi, A., Kulriya, P., Tripathi, A., Avasthi, D. K., et al.
(2010). Radiation Induced Modification of Dielectric and Structural Properties
of Cu/PMMA Polymer Composites. J. Non-Crystalline Sol. 356, 856–863.
doi:10.1016/j.jnoncrysol.2010.01.006

Sirkar, K. K., and Ho, W. s. W. (1992). “Membrane Handbook,” in Membrane
Handbook. Editors W. s. W. Ho and K. K. Sirkar doi. doi:10.1007/978-1-4615-
3548-5

Smirnov, Y. N., Allayarov, S. R., Lesnichaya, V. A., Ol’khov, Y. A., Belov, G. P., and
Dixon, D. A. (2009). The Effect of Gamma-Radiation on Polymer Composites
Based on Thermoplastic Matrices. High Energ. Chem 43, 449–455. doi:10.1134/
S001814390906006X

Smith, A. P., Spontak, R. J., and Ade, H. (2001). On the Similarity of Macromolecular
Responses to High-Energy Processes: Mechanical Milling vs. Irradiation. Polym.
Degrad. Stab. 72, 519–524. doi:10.1016/s0141-3910(01)00055-6

Frontiers in Chemistry | www.frontiersin.org March 2022 | Volume 10 | Article 83711114

Naikwadi et al. Gamma Radiation Induced Polymer Systems

https://doi.org/10.1016/j.nimb.2005.04.030
https://doi.org/10.1016/j.radphyschem.2021.109505
https://doi.org/10.1016/j.radphyschem.2021.109505
https://doi.org/10.1016/1359-0197(90)90174-g
https://doi.org/10.1002/vnl10.1002/vnl.21364
https://doi.org/10.1016/j.nimb.2012.06.026
https://doi.org/10.1021/ma0108259
https://doi.org/10.1021/ma0108259
https://doi.org/10.1007/BF02407450
https://doi.org/10.1016/j.radphyschem.2013.05.047
https://doi.org/10.1016/j.radphyschem.2013.05.047
https://doi.org/10.1021/bk-1996-0620.ch001
https://doi.org/10.1021/bk-1996-0620.ch001
https://doi.org/10.1007/s10965-019-1878-2
https://doi.org/10.1038/s41598-017-17542-4
https://doi.org/10.1007/s10311-021-01189-9
https://doi.org/10.1016/j.arabjc.2011.02.020
https://doi.org/10.1016/j.arabjc.2011.02.020
https://doi.org/10.1016/b978-0-12-820338-5.00008-4
https://doi.org/10.1007/s41061-016-0063-x
https://doi.org/10.3390/polym8050173
https://doi.org/10.1039/c9py00599d
https://doi.org/10.1002/app.43468
https://doi.org/10.1021/bk-1993-0527.ch001
https://doi.org/10.1021/ma035463e
https://doi.org/10.1016/0969-806x(95)00007-k
https://doi.org/10.1016/j.nimb.2005.03.252
https://doi.org/10.1007/BF00367010
https://doi.org/10.1007/BF00367010
https://doi.org/10.1002/app
https://doi.org/10.1002/app.46216
https://doi.org/10.3390/polym10080898
https://doi.org/10.1002/app.44922
https://doi.org/10.1016/S0969-806X(00)00418-7
https://doi.org/10.1016/j.jnoncrysol.2010.01.006
https://doi.org/10.1007/978-1-4615-3548-5
https://doi.org/10.1007/978-1-4615-3548-5
https://doi.org/10.1134/S001814390906006X
https://doi.org/10.1134/S001814390906006X
https://doi.org/10.1016/s0141-3910(01)00055-6
https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles


Sonnier, R., Leroy, E., Clerc, L., Bergeret, A., and Lopez-Cuesta, J. M. (2007).
Polyethylene/ground Tyre Rubber Blends: Influence of Particle Morphology
and Oxidation on Mechanical Properties. Polym. Test. 26, 274–281. ARTICLE
IN PRESS POLYMER Polyethylene/ground tyre rubber blends : Influence of
particle morphology and oxidation on mechanical properties. doi:10.1016/j.
polymertesting.2006.10.011

Sonnier, R., Massardier-nageotte, V., Clerc, L., Bergeret, A., Sonnier, R.,
Massardier-nageotte, V., et al. (2021). Reactive Compatibilization of Polymer
Blends by γ -irradiation : Influence of the Order of Processing Steps to Cite This
Version : HAL Id : Hal-00458686 Reactive Compatibilization of Polymer Blends
by C -Irradiation : Influence of the Order of Processing.

Sonnier, R., Taguet, A., and Rouif, S. (2016). ModiŠcation of Polymer Blends by
E-Beam and γ-Irradiation. Funct. Polym. Blends Synth. Prop. Perform.,
274–317. doi:10.1201/b11799-13

Souza, A. M. C., and Demarquette, N. R. (2002). Influence of Coalescence and
Interfacial Tension on the Morphology of Pp/hdpe Compatibilized Blends.
Polymer 43, 3959–3967. doi:10.1016/S0032-3861(02)00223-9

Sun, J., Zhang, Y., and Zhong, X. (1994). Modification of Polytetrafluoroethylene
by, 44.

Tamada, M., and Maekawa, Y. (2010). Radiation Processing of Polymers and its
Applications. Charg. Part. Phot. Interact. Matter Recent Adv. Appl. Inter.,
737–759. doi:10.1201/b1038910.1201/b10389-28

Tarawneh, M. a. A., Saraireh, S. A., Chen, R. S., Ahmad, S. H., Al- Tarawni, M. A.
M., Yu, L. J., et al. (2021). Gamma Irradiation Influence onMechanical, thermal
and Conductivity Properties of Hybrid Carbon Nanotubes/montmorillonite
Nanocomposites. Radiat. Phys. Chem. 179, 109168. doi:10.1016/j.radphyschem.
2020.109168

Tayel, A., Zaki, M. F., El Basaty, A. B., and Hegazy, T. M. (2015). Modifications
Induced by Gamma Irradiation to Makrofol Polymer Nuclear Track Detector.
J. Adv. Res. 6, 219–224. doi:10.1016/j.jare.2014.01.005

Walo, M. (2022). Radiation-Induced Grafting. Poland: Institute of Nuclear
Chemistry and Technology, Dorodna, 16.

White, G. V., Tandon, R., Serna, L., and Celina, M. (2013). An Overview of Basic
Radiation Effects on Polymers an Overview, 1–35.

Wündrich, K. (1984). A Review of Radiation Resistance for Plastic and Elastomeric
Materials. Radiat. Phys. Chem. 24, 503–510. doi:10.1016/0146-5724(84)90185-7

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Naikwadi, Sharma, Bhatt and Mahanwar. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Chemistry | www.frontiersin.org March 2022 | Volume 10 | Article 83711115

Naikwadi et al. Gamma Radiation Induced Polymer Systems

https://doi.org/10.1016/j.polymertesting.2006.10.011
https://doi.org/10.1016/j.polymertesting.2006.10.011
https://doi.org/10.1201/b11799-13
https://doi.org/10.1016/S0032-3861(02)00223-9
https://doi.org/10.1201/b1038910.1201/b10389-28
https://doi.org/10.1016/j.radphyschem.2020.109168
https://doi.org/10.1016/j.radphyschem.2020.109168
https://doi.org/10.1016/j.jare.2014.01.005
https://doi.org/10.1016/0146-5724(84)90185-7
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles

	Gamma Radiation Processed Polymeric Materials for High Performance Applications: A Review
	1 Introduction
	2 Different Radiation Processes for Polymer Modifications
	3 Property Development by Gamma Radiation (γ-R) Modification
	3.1 Gamma Induced Grafting of Monomer on the Polymer Backbone
	3.2 Development of High Performance Nano-Clay Hybrid Using Gamma Radiation Grafted Compatibilizer
	3.2.1 Gamma Radiation Grafting of Metha-Acrylic Acid on Low Density Polyethylene Chain
	3.2.2 Preparation of High Performance MAA-G-LDPE-Clay Nano-Hybrid

	3.3 Gamma Radiation Modified Polymer Composites
	3.4 Gamma Radiation Crosslinked Polymeric Blends

	4 Gamma Radiation Resistant Polymeric Systems
	5 Preparation of Functionalized Polymeric Compatibilizer via Gamma Irradiation to Compatibilized Polymer Blends
	6 High Performance Applications
	6.1 Gamma Radiation Processed Hydrogel for Medical and Biomedical Applications
	6.2 Radiation Processed Polymer Blends and Composites for Industrial Applications

	7 Electron Beam Versus Gamma Radiation Processed Polymers
	8 High Energy Radiation Processed Polymers: Limitations, Challanges and Future Prosspects
	9 Conclusion
	Author Contributions
	References


