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ABSTRACT

The current review focuses on the applications of polymer nanocomposites
in the packing industry. Nanocomposite fabrication may be carried out
through several synthetic techniques based on the type of material required.
Basically, it is the composite formation of polymeric matrix and a
reinforcing nanofiller. The nanoclay used for the modification of
nanocomposites acts as a reinforcement or filler. Montmorillonite (MMT)
is the most frequently used clay material to obtain the desired properties of
nanocomposite. Clay reinforcement enhances the food packing properties
of the material because of its properties as flame retardant, tensile features,
barrier properties, and biodegradability. Among bottom-up and top-down
techniques, sol-gel synthesis, self-assembly, and polymerization are the
most common techniques used for the synthesis of nanocomposites.
Nanocomposites derived from bio-polymers make the material
biodegradable which, in turn, is one of the most desirable features for their
future use. Owing to improved characteristics, clay nanocomposites form a
superior class of materials for food packaging, yet much finer dispersion of
nanofillers and compatibility may be devised.
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1. INTRODUCTION

Polymer nanocomposites comprise the combinations of different
number and classes of polymeric units, at least one of them comes with
nanoscale dimensions. The recommended particle size of a nanocomposite
is <100 nm. Their importance is due to their extensive impact, since a small
amount of nanomaterial may enhance all the material’s quality. The major
portion in a nanocomposite is known as matrix. In most cases, ceramic
material is used as matrix, while the material through which they bind is
known as filler; may it be a clay filler, carbon filler, or silica etc. The
fabrication of nanocomposites is a result of the exceptional work carried out
in the field of nanotechnology, such as super processing for the order to
obtain nanosized material and development according to targeted properties
and applications [1]. Naturally, nanocomposites are an integral part of many
living systems, examples include plants and the bones of animals. The
features of nanomaterials can be controlled by varying the processing
method, dimensions, and the composition of ingredients. Moreover, a
remarkable property variation occurs when nanomaterial is in the size range
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of 10 nm or less. A higher nucleation rate also alters the properties of
nanocomposites. Low energy ion treatment and blending process are the
fundamental parameters which are supposed to be controlled during
nanocomposite crystals growth [2].

The history of nanocomposites-based polymers is as old as the history
of chemistry, with continuous improvement and development. The first
gold-based nanocomposite was synthesized by a Swiss physician Paracelsus
in 1570s. Colloidal gold powder of different colors is used as gold coating
for different products. Later on, some silver-based nanocomposites were
synthesized; a suitable storing material for drinking water and other liquid
food products [3]. The development of nanoclusters has made polymer
chemistry more important because it deals with nanoscale, rather than
atomic or aggregate particulates. Due to low processing cost, some
petrochemical polymers are important as packing fundamentals [4]. In
1903, Zsigmondy reported the measurements of gold nanoparticles by using
ultra microscopy, aided by light scattering. Their size achievements were in
the order of 6 nm for gold glass and 30-40 nm in the case of metal oxides
and organic colloids, respectively. Clay-based nanocomposite material was
introduced for synthesis in 1930s. It was based on the hydrophilic
mechanism of synthesis, while hydrophobic synthesis was introduced in
1950s. The product with the name of organoclay was put forward by Benton
and commercialized by NL industries. It has excellent properties, such as
decreasing fraction and solvent removal [5].

The major difference between nanoparticles and nanocomposites is the
difference of particle size. Nanoparticles have a particle size that ranges
from 10-1000 nm, yet the ideal size is < 50 nm, which is termed as ultra-
fine particle size. Nanocomposites contain one of the nanoparticles in their
blending reagents; the most common are proteins, as well as synthetic
polymer and polysaccharide in case of bio nanocomposites. The size of
particles and their surface features can be easily controlled, since in the case
of nanocomposites a large surface area is available for the modification of
the polymeric material, thus presenting the nanocomposites to be more
valuable. Bio tissues may also be effectively and easily analyzed by using
nanoparticles [6].

Several methods have been studied for the synthesis of polymer
nanocomposites including sol-gel, intercalative polymerization, and in situ
polymerization. In comparative investigation of all the classes of
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nanocomposites, in situ polymerization has been of interest where inorganic
reinforcement is dispersed within the polymer matrix in the presence of a
suitable catalyst. Moreover, its functionality can also be increased with the
help of different coupling agents [7]. The choice of method is dependent on
the nature of polymeric material to be synthesized and also on the desired
material properties, such as fire retardant, conductivity, toughness, and
mechanical properties [8].

In order to measure the electrical and electrochemical properties of a
polymeric material, aerogels are spread over the disc of plasma sputtering
system and the disc is polished with gold [9]. For the optical measurement
of the nanocomposite material, the size of particles and the material’s
surface distribution are analyzed through the optical absorption spectrum.

Doped TiO2 nanocomposites are prepared by utilizing the sol-gel
method and analyzed with the help of FTIR, XRD, and SEM. The mixture
is smashed over activated carbon. TiO: is an excellent nanoparticle for the
removal of some environmentally harmful dyes in the textile industry, such
as the Azo dye which is the most abundantly used dye over the fabric
material, while photo-catalytic performance also makes TiO2 a super choice
[10]. Nanodiamonds, due to their excellent polymeric properties, have
become a super functional polymer in the polymer industry. Further, their
supporting polymers are used for electronics material and in computing
system [11]. The ability of X-rays can also be improved with the use of
nanomaterials. The penetrating rays interact with nanomaterial effectively,
then with gamma rays and energetic electrons which groom the X-ray effect

[12].

1.1. Synthesis and Development of Nanocomposites

Several methods are used for the synthesis of nanocomposites. The
selection of method depends upon the nature of the nanocomposite to be
synthesized. Ultimately, the synthetic protocol is based on two main
strategies, namely bottom-up and top-down techniques [13]. Graphene, a
super nanocomposite material with excellent polymeric features, may be
synthesized through several ways including CVD method, reduction, and
exfoliation. However, its synthesis through the bottom-up technique results
in excellent fabrication by providing a larger area of interaction to graphene
sheets starting from smaller building [14]. The metal nanocomposites can
be synthesized through non-miscible metals utilizing the top-down
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technique. At the same time, it needs more power and remains time
consuming. This problem is solved by using the bottom-up technique which
provides rapid, non-miscible, metal nanocomposites in a short time. The
bottom-up technique is also used for the synthesis of 3D-hierechical flower
like structures in which nanopolymer results from the combination of
different structural dimensions [15, 16]. The inorganic nanomaterial
synthesis has been the focus of research owing to its various applications in
polymer and material sciences. It can be synthesized via both the top-down
and bottom-up techniques, although some of the more productive features
make the bottom-up technique a much better choice. The top-down
technique causes the disintegration of a lot of material into nanoscale, while
the bottom-up technique results in the interaction between small size, large
size, and colloidal particles. The nanocomposite synthesized via self-
assembly exhibits a new structural pattern and behavior. Template
synthesis, chemical vapor deposition, spray pyrolysis, and sol-gel are the
commendable chemical processes for the synthesis of nanoscale inorganic
material through the bottom-up technique. Nanodiamond, which is the most
stable form of carbon, is created through an explosion in a closed chamber
in the presence of water or gas. The synthesis is simple and does not affect
the environment as it is ecofriendly. Some of the most frequently used
methods for the synthesis of nanocomposites include the sol-gel synthesis,
inter-matrix synthesis, chain polymerization synthesis, self-assembly, melt
mixing synthesis, chemical and physical vapor deposition, spray pyrolysis,
and solvothermal process [11, 17, 18].

1.1.1. Sol-Gel Method. This technique of nanoparticle synthesis is
based on the conversion of liquid phase to a solid phase. The sol material
maybe an organic or inorganic metal and dry gel is obtained because of the
molding of sol like viscous material [19]. The sol-gel synthesis proceeds
through several steps given schematically as follows:

i. A complex of different organic or inorganic metals is formed and its
solubility is also determined.

ii. The hydrolysis of the complex in water through chain condensation
takes place.

Oxides are formed through polycondensation as a result of the removal
of OH and other substitutes. Nanoparticles of SnO», NiFe204, TiO-, and
silver are synthesized through the sol-gel method [20-23].
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1.1.2. Self-Assembly Synthesis. This is a specific mechanism for the
fabrication of the nanocomposites of desired features and applications. In
this type of synthesis, the micro complex and nanosized material including
mesophase, rods, films, and other such material are smashed against each
other. This phenomenon is based on weak binding forces and a number of
composites have been synthesized through this technique [24, 25]. The
nanocomposites synthesized through self-assembly synthesis are used in
electric circuits. Further, due to their adverse effect on the environment,
coating industry and water treatment is dependent on this type of synthesis.
Graphene nanoparticles [26] and fiber coating may also be synthesized
using this technique [27-29].

1.1.3. Solvothermal Synthesis. The nanocomposites synthesis is a
chemical reaction which takes place in the presence of a suitable solvent
depending on temperature and pressure. The synthetic mechanism is like
hydrothermal synthesis; the difference being the solvent other than water.

Table 1. Commonly used Reactors for Hydrothermal/Solvothermal
Processes

Type Temperature (°C)  Pressure (bar)
Quartz tube 250 6
Cone closure 750-1150 4000-13000
Welded closure 400 3000
Piston cylinder 1000 40000
Modified Bridgman autoclave 500 3700

Note. Source: [30]

A number of super capacitor nanocomposites have been investigated as
being synthesized via solvothermal technique [16].

1.1.4. Melt Mixing Synthesis. The melt mixing synthesis of polymeric
material is a relatively low-cost method used for the evaporation of
unwanted solvents which decrease the quality of nanomaterials. It is also
termed as melt blending or melt compounding [31] and requires a relatively
high temperature [32]. This method is applied for the synthesis of thermally
and elastically stable nanocomposites. The synthesis procedure requires
clay reinforcement with the help of reasonable pressing to get the desired
cross-section area. An inert gas atmosphere is provided, dried, and mixed
to obtain the nanomaterial. Melt blending has a number of applications in
the field of nanochemistry, as it is ecofriendly because of the absence of an
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organic solvent. The synthesis is important for the crystal growth of
different nanocomposites, which is an important precursor for the synthesis
of several polymers. Polyamide with excellent polymeric properties are
synthesized via melt mixing technique ion implementation doping is also
an important nanocomposites synthesized through this technique [32].

1.2. Fundamental Features of Nanocomposites

Nanocomposites are designed to attain improved inherent properties of
matrices, metals, ceramics, and polymer. Numerous effects of
reinforcement addition have been investigated. One of the prominent
features of nanocomposites is the mechanical properties of these materials,
such as their tensile strength, stress-strain, stiffness, and toughness. These
may be improved via clay addition owing to the hydrophobic effect which,
in turn, decreases the water content in the polymeric system [33-35].
Graphene-based nanocomposites mainly signify these mechanical features
[36]. The addition of carbon nanotubes and nanofibers lowers the corrosion
activity and makes the polymeric material corrosion resistant. They also
increase the thermal and electrical properties of the nanocomposites [37,
38]. The modulus factor, relaxation period, and viscoelastic features of
nanocomposites are a growing area of interest in the development of the
polymeric material. The mechanical fundamentals of nanorubber can be
enhanced via the addition of modified clay [39, 40].

1.3. Daily Life Applications of Clay Reinforced Nanocomposites

Before discussing the fundamental applications of nanocomposites, it is
necessary to understand their properties and response after clay
modification. The properties of nanocomposites strongly depend upon their
synthesis method and the nature of clay used for modification. Some of their
general properties include mechanical properties, thermal properties, barrier
features, hardness, toughness, tensile stress, tensile strain, modulus features,
sustainability, permeability, flame resistance, deformation tendency, flow
rate, thickness, elasticity, antibacterial, and antimicrobial properties. The
crystalline gel-based nanocomposites exhibit enhanced features such as
durable and demisting properties along with their retained clarity in these
composites. These remarkable properties are due to clay modification [41—
43].
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1.4. Flame Retardant Applications

Different types of flame retardants are used based on their chemical
structure and application mechanism. The most common flame retardants
in use include gas phase active and condense phase active flame retardants,
halogen-based flame retardant, chloride-based flame retardant, and
phosphorous-based flame retardant [26]. The applications of flame-
retardant nanocomposites comprise one of the most fundamental uses of
polymeric material where non-flammability is concerned. Within the plastic
like material, a low amount of simple clay filler is used for the preparation
of the flame retardant material. The use of clay filler also improves thermal
resistance. This material property makes flame retardants a suitable choice
in leather and aeronautic industries and also in other industries to reduce the
fire risk.

1.5. Medicinal Usage

Nanocomposites have a number of medicinal applications including
antibacterial cure, drug delivery, cancer treatment, tissue disorder,
application in biomedical instrument preparation, carbon nanotubes, and the
preparation of microsized medical devices to obtain precise reports [44-46].
Medical devices can be obtained using different nanocomposites where
several elements are amalgamated with the matrix to enhance the features
of these devices. Nanofillers are synthesized through the coupling of
different nanocomposites of calcium, phosphate, and fluoride ion relaxation

[47, 48].
1.6. Agricultural Usage

Nanocomposites have gained a number of applications in agriculture to
increase plant growth and production. The rate of germination is augmented
as the nanomaterial is used. Many chemicals are used in the pesticides
approved by FDA based on nanomaterials. The nanocomposites used as
insect killers include titanium, silver, and silica based nanocomposites [49].

2. NANOCOMPOSITES AS FOOD PACKING MATERIAL

Nanocomposites have several applications in daily life but their
applications in food packing industry are more numerous. The properties of
nanocomposites that may be applicable for packing purposes, more
specifically the packing of food items, remain a matter of interest. Food
items require packing material as it maintains the quality of the product
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during transportation to longer distances. Processed foods without proper
packing cannot be expected to last, hence packing industry has become one
of the largest industries, worldwide. Continuous advancements in the field
have been imperative to maintain the nutrition and freshness of the food
products. Multilayered packing was introduced for food packaging with
improved barrier properties, yet higher cost and difficulty in recycling the
product render it less convenient to use such materials [50]. Monolayered
packing with enhanced properties and compatible storage as that of
multilayered packing have been developed. The development of
monolayered packing has introduced a class of packing material with lighter
weight, transparency, and biodegradability (or ease of recycling), hence
focused currently.

Nanocomposites are used as packing material depending upon their
fundamental characteristics. Food processing and packaging demand
maximum stability with no health hazard. The use of nanocomposites as
packing material enhances the fundamental barrier feature of the packing
material, such as to stop the propagation of water vapor, CO2, O, and
flavor. Polymer nanocomposites have lower permeability to water and gases
owing to nanomaterials in their structure as well as enhanced barrier
properties because of indirect diffusion path. Inter-facial distances are also
decreased due to extensive bond formation between both phases which, in
turn, decreases the allocation of guest molecules as water [51]. Polymer
nanocomposites may include nanofiller metal and metal oxides with silver
as the major representative, along with nanoclays, oil emulsions, and
nanocellulose. Among the reported nanomaterials for the packing industry,
silver nanoparticles and nanoclays are of greater interest. Metal oxides
include titanium, zinc, and aluminum oxides, along with silica; all of these
have the potential to be used as photo-catalyst with enhanced mechanical
strength and with improved antimicrobial and UV barrier properties.
Nanomaterials present improved characteristics as compared to their macro
counterparts, hence find an imperative room in the packing industry, yet the
transfer of nanofillers into food products is to be monitored considering
their harmful effects towards living bodies [52].

3. METAL OXIDE-BASED NANOCOMPOSITES

The general use of metal oxide nanoparticles, predominantly titanium,
aluminum, silicon, and zinc, provides protection from UV radiation. TiO>
has good photocatalytic properties along with acting as a barrier to UV
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radiation, hence it has proved to be a better candidate for the packing of
food products. It generates reactive oxygen species (ROS) when exposed to
UV radiation, as well as per-oxidation of lipids and proteins [52] in cell
membrane and DNA respectively, thus destroying the bacteria [53].
Numerous polymeric matrices have been reported; examples include
conventional plastics, bio-polymers, and synthetic polymers. Ethylene-
vinyl alcohol (EVOH)/TiO> nanocomposites presented self-sterilizing
properties. Oriented polypropylene (PP) films coated with TiO>
nanoparticles were investigated to inhibit the growth of E. coli when
exposed to dark light. Thin films of low density polyethylene (LDPE) with
TiO2 nanofiller were applied for the packing of pears under florescent light
while TiOz served to inactivate yeasts and Pseudomonas spp. The addition
of TiO2 nanoparticles results in the blockage of oxygen and UV radiation
which is desirable for food storage [54] and also delays the ageing and
degradation of the nanocomposite. TiO2 nanotubes dispersed Chitosan films
were investigated with UV blocking and found effective against E. coli, S.
aureus, and S. enterica. Adding further to the enhanced mechanical and
photocatalytic efficiency of titanium-based nanocomposites, this
nanomaterial has been reported to hinder the migration of ethylene glycol,
the plastic additive from packaging to the food [55].

ZnO nanoparticles have been incorporated into various biological and
synthetic polymeric matrices, thus reflecting their antimicrobial nature.
Like TiO2, ZnO also has photocatalytic properties, yet the additional release
of Zn*2 damages bacterial cells and the antibacterial properties need not be
triggered through UV exposure. ZnO coated PVC films, as well as modified
nano ZnO/HDPE nanocomposite have been invested with antimicrobial and
UV protective properties, respectively. Furthermore, glass with ZnO
coating has been stated with improved antimicrobial effect, where 89%
reduction in biological growth was noticed. Biopolymers are biodegradable
in nature. They are attractive in terms of less waste and reduced pollution.
Their disadvantages include higher water permeability. ZnO has been one
of the important candidates to render the nanocomposites with less water
permeability to be effectively applicable for the protection and packaging
of food products. Polylactic acid (PLA), poly(butylene adipate-co-
terephthalate) (PBAT) matrices enhanced through nano ZnO show
improvements in mechanical properties, barrier resistance, and antibacterial
activities [56, 57].
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Aluminum films are extensively applied for food packaging. They
protect the food items from oxygen and UV irradiation, yet their metallic
foil has been found not fit for microwave use and remains thick, opaque,
and non-recyclable. Hence, the oxides of aluminum are better alternate,
being thinner, lighter in weight, and easy to be microwaved. Extensive
Al>0O3 coating has been reported for PLA and PET; two nanocomposites
proved to be with enhanced oxygen, aroma, and water barrier
characteristics. CuO doped LDPE is known to possess antibacterial
properties and was utilized for cheese packaging [58].

The introduction of nanosilica into bio-plastics increases the mechanical
and thermal resistance of nanocomposites. Literature shows that EVOH-
SiOy, ethylene/vinyl acetate (EVA) blended with PP nanocomposites
exhibit improved mechanical strength and reduced gas permeability. For
printing purposes, PP laminations also tend to be less adsorptive towards
ink solvent when compared to neat polymer [38]. Milky protein-based
nanocomposites have been used as food packing material to increase the
shelf life of food items and retain their quality. The issue with the use of
these composite materials for food packing is their durability and
hydrophilic nature. Modification via nanoclays resolves this problem
effectively and only a small amount of clay is sufficient for the purpose.
MMT is mostly used to boost its fundamental characteristics which are a
primary requirement for the food packing material. Polyethylene glycol
(PEG)/silicate modified nanocomposites may be used for many of the
applications. Their ecofriendly behavior, non-toxic nature, and the ability
to be broken down by microorganisms are important characteristics of these
nanocomposites. The formation of high-performance films with the packing
material of degradable nature is in addition to the characteristics of bending
without breaking, shaping, molding, and other thermal properties. Due to
these properties, these nanocomposites are used as excellent packing
materials, instead of petroleum-based nanocomposites.

Polylactic acid (PLA)-based nanocomposites were initially not a good
choice for food packing material. Later, organically modified clay increased
the microbial strength which caused the destruction of pathogenic bacteria.
After this advancement, PLA-based nanocomposites have been a much
better source of food packing material with improved tensile features,
crystalline behavior, and film forming properties. These characteristics of
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nanocomposites are defined by the nature of clay used as well as its
compatibility with polymer matrix [42].

Earlier, petroleum-based composite films were applied for food packing
owing to their lower viscosity and easy availability; however, their non-
degradable nature was unfavorable to the environment. For this reason,
natural bio-polymer composites were synthesized with excellent
degradation properties. The basic reagents for bio-polymers are starch and
polyvinyl alcohol (PVVA); both are easily attainable due to their low cost and
ecofriendly nature. As the synthesized bio-polymers are modified through
nanoclay, the inherent characteristics of polymers increase and provide a
quality composite material for packing. They can also be used for the
packing of other materials such as cosmetics, chemicals, and many
pharmaceutical products. Their consumption is increasing annually by 5%

[59].

A remarkable improvement in tensile strength and modulus properties,
that is, 26% and 15% respectively, are reported with 2% silicate
reinforcement in nanocomposites. Chitosan, which has been more favorable
and selective than petroleum derivatives for composite films, was used as a
preventive material for food packing, especially for the packing of foods
with a high risk of moisture and for the safety of food material. Polyethylene
terephthalate (PET)-made bottles are used as packing material for foods and
drinks which are susceptible to air, and it also increases their shelf life [48,
49]. To enhance fundamental properties, such as thermal, mechanical, and
barrier properties, the composite material is reinforced through 4% MMT
clay and 0.2% MMT organically modified clay. The nanocomposite
material may be iron, while clay-reinforced nanocomposites additionally
comprise a sustainable packing product [60].

There are many types of packing materials based on nanocomposites.
The selection of composite material depends upon the nature of the food
product, type of food, and the shelf life of the material to be packed. Packing
of food products, as well as raw or packed meat varies considerably.
Similarly, a material with a shelf life of two months has packing standards
different than the material with six months of shelf life. Food materials
preserved with the use of reinforced nanocomposites include dairy, bakery,
drinking, meat, boiled, and many other food items. The packing materials
include rigid or flexible plastic bags, active packing, medical products
packing, and anti-bacterial products packing. In order to enhance their
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physical properties, some inorganic reinforcing agents are used.
Additionally, for the improvement of the major features of polymer
material, clay is used. The main difference between simple clay composites
and nanoclay composites is the quantity of clay, as lesser amounts of clay
are used in the latter as compared to the conventional composites with
improved material properties [50]. The more important bio-based
nanocomposites are derived from natural polymers, such as starch and
cellulose. Whereas, the more effective nanoclays used to improve the
packing strength of nanocomposites are MMT and kaolinite [61]. Such
nanocomposites are used in many kinds of packing material including
plastics made up of bio-polymers for the packing of drinking products and
shrink wrap material. They are also used in the transport industry, for
example, in the automotive belt made up of nylon polymer having many
advantages due to its light weight, high flexibility, and less rigidity. The
biodegradable nanocomposite plastic material reinforced by a nanofiller
improves the drug delivery mechanism, especially in the case of high drug
requirement. This is worth mentioning that more than 42% of total polymer
nanocomposites have been reported to find applications as food packing
materials. The application of composite materials for packing increases due
to their traditional advantages, quality feasibility, safe product preservation,
and less food wastage [62].

4. EFFECTS OF CLAY MODIFICATION

Clay nanocomposites have been established with major contributions to
the packing industry. The modification of clay platelets renders them
increased compatibility with the organic macromolecular matrix, thus
obtaining the resultant material with improved processing and superior
packing ability. Due to their light weight and no health hazard,
biodegradable packing bags of green nanocomposites are synthesized which
protect against air diffusion, carbon dioxide, and flavor components. These
features make nanocomposites an ideal packing material. Much of the
packing material is non-biodegradable which affects the environment
adversely. Hence, bio-polymers are synthesized to overcome this problem
but they do not have good polymeric composite features.

The addition of clay to polypropylene causes an improvement in the
mechanical features and toughness of polymer because clay mixes properly
with the polymer matrix. The focus in the improvement of the packing
properties of nanocomposite material remains on barrier fundamentals, such
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as volatilization of gases, water vapors, and flavoring agents. In order to
improve these properties, clay modification is performed. The increased
barrier features are responsible for the increase in the shelf life of both fresh
and processed food products. For better results, an excellent interaction
between clay and polymer is needed which is based on the type of the
reinforcing material used as well as the method of synthesis [63].

The nanocomposite material used in the packing industry also depends
upon super features of barrier fundamentals, such as the permeability of air,
water vapors, CO., and flavors. However, these fundamentals are improved
with the help of the clay modification of the composite material, with MMT
as the most promising clay used. Material other than clay can also improve
the required properties of the nanocomposite material used in the packing
industry, although the reinforcing material which is more compatible with
polymer and clay remains superior [60]. It is well-known that clays (MMT
and silicates) improve many properties of the nanocomposites used in the
food packing industry due to their excellent barrier properties, mechanical
properties, thermal fundamentals, elasticity, toughness, stiffness, and
modulus properties. It has been reported as well that if MMT maodification
is kept below 5%, then exceptional fundamental requirements of composite
materials are observed [64, 65].

The clay-modified nanocomposites are used in food packing material
because clay decreases the pores in the polymer structure and lowers its
tendency of water absorption. The XRD, FTIR, and SEM analysis show that
clay addition not only enhances the rigidity, toughness, hardness, and
compressive strength, flexibility, and modulus features but also acts as
nanofiller for polymeric material. In some cases, clay also acts as an
activator for the completion of a polymeric reaction. Clay is cheap,
environment compatible, and saves the soil from contamination, under-
earth water, sediments, and industrial effluents. Sheets of different
dimensions and shapes are prepared with clay material. Keeping in view the
dispersion, reinforcement, and regulation of the fundamental features of
clay, its eco-friendly assessment must be kept in mind as it is used as food
packing material [66].

Nanocomposites are not only used as food packing material, but they
are also used in many other fields, such as in paper coating and
modification. The reinforcement of nanocomposites used for paper coating
improves visibility, reduces water contents, introduces ideal barrier
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features, and mechanical fundamentals because clay expands well in the
polymeric matrix and gives maximum surface area. The barrier properties
of paper are totally dependent on the dispersion of nanoclay platelets into
the polymeric matrix. In this way, we can get the desired barrier resistance
properties by using the clay material [67].

5. CURRENT PROBLEMS ASSOCIATED WITH THE USE OF
CLAY-MODIFIED NANOCOMPOSITES AS PACKING
MATERIAL

The clay-reinforced nanocomposites have numerous applications,
specifically in the area of food packing. However, there are still some
problems associated with the use of clay-based nanocomposites as packing
material. These problems are [68] stated below.

1. Improper association between the polymer matrix and clay particles. As
a result, the desired properties for food packing material are not
obtained.

2. The use of synthetic bio-polymer as food packing material causes
environmental problems, such as the use of chemicals which are not
ecofriendly during polymer synthesis. The nanocomposites-based
plastic material used for food packing causes many environmental
issues.

3. It is difficult to maintain the nanoscale size of polymer. The
nanoparticle, due to their dimensions, may enter sensitive body parts
including the blood brain barrier and may cause mental disorders.

6. CONCLUSION

Better properties exhibited by nanomaterials serve as the foundation for
nanotechnology, raising living standards. The nature of nanomaterials and
their synthetic methods are the major parameters responsible for the end use
of the product. Polymer nanocomposites, with superior mechanical and
protective impacts, have been applied for the packing of products including
food packing. Owing to the barrier, wear and tear resistance, and durability,
polymer nanocomposites are the most promising candidate for packing. The
biodegradable nature of nanocomposites is an additional property which
renders the material with easier decomposition characteristics and hence,
makes it ecofriendly in nature. Although some problems are still associated
with the use of nanocomposites as food packing material; still, these can be
minimized through clay modification and by changing synthesis strategy.
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Ongoing studies and experimentation can make the nanocomposites more
adaptable and effective in the food packaging industry.
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