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Abstract: Refrigerated foods vehicle by road is made up of three-layered materials insulated panel that has insulation foam,
situated intermediate to two high thermal conductive aluminum metal sheets. Usually, a loss of insulation value in a
refrigerated vehicle every year is a result of the increase in heat absorption and heat transfer of the metal sheets, which
affect the cooling temperature in a refrigerated vehicle panel chamber. The study aims at proposing the fabrication of
polypropylene nanocomposite for superlative refrigerated vehicle panels, by producing and testing low-thermal conductive
polymer-based composite materials with nanoclay (NC) particles for use in superlative refrigerated vehicle panels. The melt
blending compounding method involved the pre-treatment of materials, preparation of composite samples, and the
characterization of the new samples for their: mechanical, morphology, and thermal properties. The result of the study
shows that melt blending influenced the composites’ mechanical, morphology, and thermal properties. Meanwhile, the
processing route exhibited an intercalated morphology structure, which enhanced the composites’ strength, stiffness, and
thermal conductivity. Finally, the sample with 3% nanoclay by weight had the optimum property and could be,
recommended for refrigerated vehicle panel insulation.
Keywords: Polypropylene; Nanocomposite; Nanoclay; Refrigerated vehicle panels; Maleic anhydride grafted
polypropylene

1 INTRODUCTION

Refrigerated vehicles are temperature-controlled vehicles, made of an insulated panel and a cooling system used to transport
garden-fresh food and its products [1-2] (see Figure 1). The extension of shelf life by using the refrigerated vehicle to
convey food products is important to address the growth in population. The aluminum or steel metal panel sheets used in the
refrigerated panel have a high thermal conductivity which leads to high energy consumption, high engine power, decreases
the longevity of the insulating materials, and causes environmental pollution. The purpose of this vehicle is to preserve the
chill temperature and not to provide cooling [3].
The temperature in a refrigerated vehicle is the key parameter in sustaining the shelf-life of perishable food [4-5]. Thus far,
refrigeration is one of the most broadly used techniques, to slow the bacteria growth that leads to food deterioration [6].
Suitable control of temperature is important in conveying perishable food to consumers and also to make sure they are in a
good state for consumption [7]. Cooling is an active technique for reducing the growing speed of microorganisms and
therefore, prolonging the shelf life of perishable foods [5]. A temperature of 4oC or lower is, considered the safe
refrigeration temperature [8-9] (see Figure 1).
Refrigerated vehicles are of different sizes or types, which include: refrigerated rigid vehicles, refrigerated vans, and
refrigerated semi-trailers [10-11]. These vehicles range, in weight, between 3.5-6 tons, 7.5-12 tons, 15-18 tons, and 23-26
tons [12-13].
The cooling system of refrigerated vehicles comprises the compression system, which uses power from an external power
supply source, e.g., a generator or power from the vehicle’s owner [14]. The compressor unit is usually located in the engine
bay and the fan belt drives it. Piping links the compressor to the cooling equipment, inside the insulated chamber of the
vehicle [15]. Then, the condenser unit is located either in the engine compartment or on the roof of the vehicle, where an
electric standby system is fitted [16]. The mains-powered compressor is installed in the condenser compartment for use
when the engine of the vehicle is not running [16].
The thermal conductivity of a refrigerated vehicle insulated panel is governed by Equation 1:

���� = �� + �� + �� + ���� + ����� + ����� (1)

To maintain as low thermal conductivity as possible, each of the above thermal contributions has to be minimized.
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Figure 1 Image of a 7.5–12 Tons Refrigerated Vehicle [17]

The creation of composite sheets using various experimental techniques for the exterior and interior walls of refrigerated
vehicles is compared. This study examined testing apparatus and the conditions for creating PPPNC composites. The
practical outcomes help to clarify the findings in light of the use of the proposed refrigerated vehicle panel. The study
introduces a novel energy-saving technique for refrigerated food transportation that, at the time this study was being
conducted, had not yet been covered by any previous publications.
The longevity of the insulating material in refrigerated vehicles will also be impacted by conventional insulation panels,
which are made of metal and have high thermal conductivities that result in significant energy usage. This brings up
financial and environmental concerns. The rate at which heat is transferred into the refrigerated compartment through the
wall layers determines the thickness of the insulation material [19]. However, because trailers and vehicles have fixed
outside dimensions, the thickness of insulation material also reduces freight space. Typically, 0.026 W/m°C low thermal
conductivity urethane foam is utilized as an insulating material in the sandwich panel of a refrigerated vehicle [20]. The
most often used insulation is a core made of expanded polyurethane (PU) foam [21]. The insulation materials used in
refrigerated vehicles, together with their thermal conductivity (K) values, advantages and disadvantages, are listed in Table
1.

Table 1 Insulating Materials, K Values, Benefits, and Drawbacks [18-21]

Materials Thermal conductivity
(mW/mK) Advantages Disadvantages

Aerogel
4

(at 13 ambient
pressure)

1). It offers
excellent insulation
2). It has great
compression
strength

1). It is more expensive
2). It is also quite delicate due to its poor tensile strength

Fibre glass 16-26 1). It is affordable 1). It needs to be handled carefully

Cork 40-50
1). It serves as a
board or filler

material
1). It is not fireproof

Mineral wool 30-40
1). It is soft and

light
2). It is efficient

1). It is not resistant to fire.
2). K value increases with moisture content, temperature,
and the mass density increases from 37-55 mW/mK

Cellulose 40-50
1). It is fire resistant
2). It is Eco-friendly
3). It is effective

1). It is difficult to application
2). K value increases with moisture content, temperature,

and the mass density increases from 40-66mW/mK

Polystyrene 30-40
1). It functions as a
variety of insulation

materials

1). Its safety is in question
2). It possesses an open pore structure

3). K value increases with moisture content, temperature,
and the mass density increases from 30-65 mW/mK

Polyurethane 20-30
1). Generally

excellent insulating
product

1). It is not eco-friendly
2). K value increases with increasing moisture content from

25-45 mW/m.K from 0 vol% -10 vol%
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Vacuum
insulation panels

(VIPs)

3-4 and 8
(fresh condition)

1). It has longevity
of 25years

1). It has a high cost
2). Its k values are in the range of 5 to 10 times

3). Age can cause it to deteriorate
3). VIPs have a lesser heat resistance than traditional
insulating materials like mineral wool and polystyrene

Gas-filled
panels (GFPs) 40 1). It has a lifespan

of 25years

1). It has a high cost
2). Its K value is in the range of 5 to 10 times which is

dependent on
the ageing period. GFPs are lower than mineral wool, and

polystyrene

Phase change
materials 19

1). Thermal
insulating materials
that really work

1). Heat phase change is affected from the transition of a
liquid into a solid

To create polymer/clay nanocomposites, many blend techniques have been explored. In-situ intercalative polymerization,
melt intercalation, solution intercalation, and template syntheses are the four manufacturing techniques often used for
nanocomposites [22-26]; however, melt intercalation was the approach employed in this study. Because it is currently the
best scalable technology for industrial application, the melt intercalation technique with Haake Rheomixer OS was chosen
for this investigation. Also inexpensive and environmentally benign is the melt intercalation processing method. For
polypropylene/nanoclay composites, melt intercalation is advantageous. Table 2 below illustrates the processing techniques
for polymer nanocomposites as well as their benefits and drawbacks.

Table 2 Processing Methods, Advantages, and Disadvantages of Polymer Nanocomposites [22-26]
Processing methods Advantages Disadvantages

Pre-polymer/
Intercalation from

solution

1). For the blend of intercalation polymers
nanocomposites with low or no polarity.

2). For the fabrication of similar dispersals of
fillers.

1). The industries employ significant volumes
of solvents.

In-situ Intercalative
Polymerization

1). Considering the filler's dispersion in the
polymer precursors, the procedure is simple.

1). Controlling intra-gallery polymerization is
challenging.

2). The number of applications is small.

Melt Intercalation

1). When compared to other techniques, this is the
fabrication process for polymers that works the

best.
2). It is safe for the environment.

3). It works well for manufacturing industrial
polymers.

1). Its utilization is restricted to polyolefin,
which makes up the majority of common

polymers.

Template Synthesis 1). It is used for massive production.
2). The processing steps are simple.

1). It only has a few uses.
2). It mainly focuses on polymers that are

soluble in water.
3). It is contaminated with side products.

Sol-Gel Process

1). It is an easy technique.
2). It requires a low processing temperature.

3). It has many uses.
4). It has good chemical homogeneity.
5). Its stoichiometry mechanism is

comprehensive.
6). The purity of its products is high.

7). It is applied to the creation of metal-oxygen-
based 3-dimensional polymers.

8). Both singles and matrices can be processed
with it.

9). The production of composite materials using
liquids or sticky fluids made from alkoxides is a
particular application for which it is suitable.

1). Compared to the mixing process, it has a
higher shrinkage and fewer voids.

The paper aims to fabricate low-thermal conductive polymer-based composite materials for use in superlative refrigerated
vehicle panels using the melt-blending processing method. This will reduce fuel consumption rate, payload, engine power,
and environmental effect.

2 NANOCOMPOSITES
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2.1 Review of Polymer Nanocomposites Application in Automobile

Weight reduction and insulation in automobiles can be achieved with the use of polymers [27]. These polymeric materials
can reduce engine power, carbon emission, and energy consumption. Polymers used in automobiles can be classified based
on their applications, namely: polymers for weight reduction, high-performance polymers, reinforced polymers,
polymer/metal hybrid systems, and polymers sandwich panels [28]. Table 3, displays the different types of polymers used in
automobiles and the areas of application.
General Motors (GM) has used nanocomposites in the commercial auto exterior to assist on the 2002 General Motors
Commercial and Passengers Safari, and Chevrolet Astro vans and in the 2003 and 2004 models [29]. GM also used
PP/nanoclay composite, appearing in the body side molding of the highest-volume car, the 2004 Chevrolet Impala [30-31].
The compound was, developed by the GM’s Research and Development Center in Warren, Michigan, in cooperation with
Basell North America and Southern Clay Products [32]. The most recent application of nanocomposite is on the 2005 GM
Hummer H2 Sport Utility Truck (SUT). This vehicle’s cargo bed uses about seven pounds of molded-in-color
nanocomposite parts for its box-rail protector, sail panel, and center-bridge [33]. Furthermore, the material used on the GM
Hummer H2 SUT is the Basell’s Profax CX-284 reactor Thermoplastic Polyolefin with nanoclay [34]. Additionally,
nanoclay adds muscle to plastics, while carbon nanotubes impart electrical and thermal conductivity [35]. However, almost
every car produced in the United States, since the late 1990s, contains some carbon nanotubes, typically blended into nylon
in order to protect against static electricity in the fuel system [36].
PP has been applied in the following areas of automobiles: electrical components, exterior trim, lighting, bumpers, hood
components, interior trim, upholstery, seats, dashboards, fuel systems, body panels, and other reservoirs [37-38] (see Table
4).

Table 3 Summary of Polymers, Properties, and the Areas of Applications in Automobiles [39-43]
Name of polymer/matrix Properties of polymer Application in automobile
Polyetheretherketone Chemical resistant, good friction wear properties

and heat-resistant.
Brake parts, oil pump, ball joint, washer, transmission

parts, and bearing.

Polybutyleneterephthalate Dimensional accuracy, heat resistant, good
electrical insulating, and rigid. Connector housing, bumper coverings, exterior auto

body parts, electronic housings, and plugs.

Polymethylmethacrylate Scratch-resistant, stress-cracking-resistant,
ultraviolet resistant, and transparent. Rear lamps and headlight lenses for blinker.

Polyethyleneterephthalate Rigid, Tensile strength, and good barrier effect. Airbags, coverings, textiles, and seat belts.

Acrylonitrile Butadiene
Styrene

Copolymer

Solid, dimensionally stable, and electroplatable. Dashboard, interior panelling, radiator grills, and
wheel
Panels.

Polyoxymethylene Thermally stable, abrasion-resistant, low
tendency to creeping, impact-resistant, and

chemical resistance
Bearing components, connectors, and clips.

Polyvinylchloride
Low cost, weather-resistant, good haptic, and

non-inflammable. Cable insulation, protective bordering, underbody
protection, and interior panelling.

Polyamide
Rigid, temperature-stable, aging-resistance, low

gas permeability, and permanent solid.

Connector housing, wheel panels, plugs, motor
covering, suction elbows, mirror housing, and door

handles.

Polyethylene Low cost, chemical resistance, good solidity,
and, aging-resistance. Fluid containers, windshields, and fuel tanks.

Polycarbonate Impact-resistant, transparent, and ultraviolet
resistant.

Exterior auto body parts, tail light cover, headlight
lenses, and bumper coverings.

Polyurethane Damping, good elasticity, and low heat
conductivity.

Exterior elements, dashboard, seat upholstery, and
roof padding.

Polypropylene Chemical resistance, good solidity, and low-cost. Crash panel, wheel housings, guide channels,
containers, side panels, air filter housings, door trim,
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battery case, seats, and bumpers.

2.2 Review of Nanocomposites Based Matrix

Polymer matrix nanocomposites are the blend of polymer and nanocomposites which show some potential in insulating
materials manufacturing because of their promising properties which can be obtained with very low filler content [44-45].
As well known, the performance enhancement of these composites is realized when clay particles are accurately dispersed
in the polymer matrix and intercalation between matrix macromolecules and clay lamellae exists [46-47].
Nanofillers are normally classified into three geometries namely; rod or fiber-like, equi-axial or particles, and sheet [48-49].
An important advantage of small-sized particles is the high surface-to-volume ratio which is varied by the particle geometry.
Properties of polymer nanocomposites can be attributed to the type of nano-scale fillers used in the composite. Many types
of nanofillers like carbon, clay, aluminum oxide, and silica are commercially available today but clay or Montmorillonite
(MMT) is one of the most studied in polymer nanocomposites [50-51].
Nanoclays simply become “nano” when they are placed in a host polymer matrix, whereupon they cannot be distinguished
or separated from the bulk polymer and other constituents [52-53]. Nanoclays, inclusive of their primary function as high
aspect ratio reinforcements, have significant functions such as synergistic flame retardant, barrier, and thermal properties.
Some of the factors responsible for good performance in nanocomposites are exfoliation (involve dispersion and
delaminating); interfacial adhesion or wetting; and intercalation (involves surfactant and polymer) [54-58].
PP, which is a polyolefin polymer type, is considered one of the most widely used thermoplastic materials in the plastics
industry [59]. A well-developed PP/clay nanocomposite has a great potential of being, applied in diverse areas of industry,
such as packaging, bottle, automobile, and film, etc., [60-62]. However, because of the non-polar nature of polypropylene, it
is difficult to exfoliate clay layers and to have homogeneous dispersion of the clay layers in the PP matrix [63]. This is
because the organophilic clays have polar hydroxyl groups and are compatible only with polymers containing polar
functional groups [64]. In order to resolve the incompatibility between no polar polymer and polar clay, compatibilizers,
such as maleic anhydride grafted polypropylene (PP-g-MA) and the hydroxyl groups’ grafted polypropylene, are used [65-
67]. The compatibilizer contains polar functional groups, which enhance the interface interaction between the PP matrix and
the clay [68-72].

Table 4 Summary of Materials and Their Nanocomposites Properties [73-75]

Material Features limitation
Nanocomposites of the
material based on

matrix
Advantages of nanocomposites

Metal

Ductile, toughness with high
strength and modulus,
electrical and heat
conductivity.

Highly corrosive
Metal matrix

nanocomposites
(MMNC).

High strength in shear or compression
processes, high electrical and thermal
stability, wear, and chemical resistance.

Ceramic

Good wear resistance and
high thermal and chemical

stability.
They are brittle or
low toughness

Ceramic matrix
nanocomposites

(CMNC)

Enhanced mechanical properties
including fracture toughness, stiffness,
and strength due to the crack bridging
role of nanofillers. Ceramic in matrix

nanocomposites offer striking magnetic,
electronic, optical, or catalytic properties,

and dramatic improvement in
biodegradability.

Polymer
Widely used in industry due
to its ease of production,
lightweight, and ductility.

Low modulus and
strength. Polymer matrix

composites (PMNC)

Polymers or inorganic compounds
increase heat and impact resistance,

flame retardant, and mechanical strength
and decrease gas permeability with
respect to oxygen and water vapor.

Polymer/metal or ceramic offers striking
magnetic, electronic, optical, or catalytic
properties, and dramatic improvement in

biodegradability.

Consequently, the objective of this work is to produce a low thermal conductive polypropylene nanocomposite for use as an
insulator in superlative refrigerated vehicle panels with the purpose to reduce consumption, engine power, and weight;
although retaining the other characteristic properties of the existing panel materials. PP, NC, and MA-g-PP are the materials
used in this study.
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2.3 Methodology for Nanocomposites Preparation

For the enhancement of a specific matrix material property, for example, the increase in the matrices’ electrical, mechanical
or optical properties, it is useful to have the nano particulates evenly dispersed in the matrix [76]. Accomplishing a suitable
dispersion can be a challenging task due to the Van der Waal forces existing between the nano additives that cause
agglomeration of the nanoparticles [76]. In order to obtain a suitable dispersion of such additives, a variety of methods, have
been studied and adopted over the years and the outcomes are, documented in the literature [76]. The conventional
preparation methodologies of nanocomposites are, explained in three different schemes, as shown in Figure 2 Scheme II
methodology was, used in this study to prepare polypropylene nanocomposite for use in a superlative refrigerated vehicle
insulated panel.

Figure 2Methodologies for Common Nanocomposites Preparation [76]

3 EXPERIMENTAL

3.1 Materials

The polypropylene impact copolymer CPV340 was produced by Sasol Polymers Product South Africa, and has the
following specifications: Melt Flow Rate (MFR) of 16 g/10min, test condition of 230°C, 2.16kg, density of 0.905 g/m3,
tensile strength of 140 MPa, and Charpy notched impact strength of 6 KJ/m2 at 23°C.
EastmanTM G-3003, a maleic anhydride-grafted polypropylene with this designation, was purchased from Southern Clay
Products in the USA. With an ASTMD 5 standard penetration of less than 1 dmm, an MA of 5%, an acid number of 9 mg
KOH/g, and a softening temperature of 180 DSC Tm °C.
Eastman Chemical Company, USA, provided the nanoclay Cloisite® 20A, with the following specifications: density of 1.77
g/cc, 8% elongation, modulus of elasticity of 4.657 GPa, amount of modifier 38%, ultimate tensile strength of 101 MPa, and
inter-gallery d-spacing of 24.2. The Cloisite 20A Nanoclay type was chosen above the Cloisite Na+, Cloisite 93A, and
Cloisite 30B Nanoclay kinds because it has greater property improvements and a better miscibility with polypropylene [77].

3.2 Experimental Process

The NC Cloisite® 20A grade and MA-g-PP G-3003 materials were pre-treated before preparation with PP CPV340 type
(see Figure 3a). Melt blending compounding methodology was used in the study with a Haake Polylab rheomixer because it
is environmentally friendly, and economic. Additionally, a rheomixer compounding device was used in order to ensure even
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and homogeneous dispersion of the nanoclay in the resulting composites; this makes it different from the conventional
processing methods that have limitations, such as weak bonding, shrinkage, agglomeration, low wearing resistance, high
permeability, difficult control of porosity and voids [78].

3.3 Pre-treatment of Materials

NC and MA-g-PP were dried overnight in a vacuum oven at a set temperature of 80oC. This is because they are hydrophilic
in nature and the process assisted in removing moisture and keeps them at their superlative conditions with increasing
bonding effectiveness (see Figure 3b).

3.4 Preparation of Composite Samples

A sample of pure PP was prepared as the master batch for reference, followed by batches of samples with PP, NC, and
MAPP at varying concentrations. PP was weighed into the rheomixer for two minutes to allow the material to melt after
which, NC, and MA-g-PP were introduced and allowed to blend for 6min. A total mass of 50g was weighed into the
rheomixer, a product of Thermo Electron Cooperation, USA (See Figure 3c). The rheomixer was operated at a rotor speed
of 60 rpm and at a temperature of 190oC for the 8min mixing time for all the batches. Six sets of samples were used. Sample
1 was polypropylene (pure PP) impact copolymer as the control sample. Sample 2, Sample 3, Sample 4, Sample 5, and
Sample 6, were nanocomposites with a composition of 1wt%, 3wt%, 5wt%, 7wt%, and 10wt% nanoclay by weight,
respectively (see Table 5). Furthermore, the premixed samples were compression-molded with a Carver laboratory press
(Model–3851-0, USA) at a pressure of 1500 psi and a temperature of 190oC for a period of 10 minutes after which, it was
allowed to cure (see Figure 3d and Figure 3e). The test specimen was prepared for mechanical, morphology, and thermal
characterizations according to the various standards required (see Figure 3f). The types of equipment used in Figures 3b, 3c,
and 3d, are in good operating order because they are brand new, calibrated according to specifications, and are operated by
competent experts.
The mixing phenomenon of the PP, NC, and MA-g-PP blends followed the theoretical mixing theory. Meanwhile, the
thermodynamics of a mixture can be used to understand the principle of mixing one component with another. Gibb’s free
energy of mixing theory states that mixing of two or more components is favorably provided the free energy value of
mixing is negative, (see Equation 2).

���� = ∆���� − �∆���� (2)
A negative value of the free energy shows that the mixing process is effective. Gibb’s free energy of mixing was defined

for the gaseous state. Later, Flory–Huggins modified Gibb’s free energy for the polymer system. The general expression of
the Flory–Huggins theory for the free energy of PP/NC/MA-g-PP systems is given as shown in Equations 3 and 4 below:

�� = ����
���� +���� +����

; �� = ����
���� +���� +����

; �� = ����
���� +���� +����

(3)

∆����
��

= ��
��

���� + ��
��

���� + ��
��

���� + ���������� (4)

The following density formula was used to determine the density values for the composites:

Density, ρ (g/cm3) = mass (g)
volume (cm3)

(5)

Table 5 Composition and Proportion of Test Samples by Weight

Sample PP (wt%)
(Matrix)

MA-g-PP (wt%)
(Compatibilizer)

NC (wt%)
(Reinforcement)

PP/ MA-g-PP/ NC
(Blend)

Amount of PP
(grams)

Density
(g/cm3)

Pure PP 100 0 0 100/0/0 50 0.857
PPNC1 95 4 1 95/4/1 49.4 0.886
PPNC3 93 4 3 93/4/3 48.6 0.893
PPNC4 91 4 5 91/4/5 45.8 0.906
PPNC5 89 4 7 89/4/7 44.3 0.913
PPNC6 86 4 10 86/4/10 41.6 0.921
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Figure 3 Image of Methodology Processes: (a) Raw Materials, (b) Oven Dryer, (c) Rheomixer, (d) Compression Mold, (e)
Premixed Sample, and (f) Molded-Shaped Samples

3.5 Characterization

In order to obtain shapes, sizes of the interactive surfaces, crystallinity, thermal conductivities, compositions, microstructure,
orientations, intercalation, and dispersion of nanoparticles in matrices of the polymer, the appropriate characterization of the
materials produced was carried out with suitable techniques and specifications. The sample requirements, such as thermal
conductivity, mechanical tensile, and physical qualities (morphology: F-TIR, SEM, and X-ray), were demonstrated by
accepted foundations such the American Society for Testing and Materials using accepted test procedures (ASTM).
The tensile strength and modulus or stiffness of the samples were determined by using the Instron 5966 tester (Instron
Engineering Corporation, USA), with a load cell of 10 KN, by ASTM D638. The morphology of the test samples was also
examined with the Scanning electron microscope (JEOL JSM-7500F, Germany) instrument with an accelerating voltage of
15Kv. Wide-angle X-ray diffraction (WAXD), PanAnalytical Xpert Pro diffractometer, (The Netherlands), using a CuK
radiation with a wavelength of 0.154 nm at a voltage of 45 kV and a current of 40 mA, was used to study the crystalline
structures of all the samples and nanoparticles as well as the pure polypropylene used as a reference. Both organic and
inorganic samples were identified and described using Fourier Transfer Infrared Spectroscopy (FTIS). It recognized the
molecules' chemical linkages. Fourier transfer infrared (FTIR) spectroscopy was used on the samples with a PerkinElmer
Spectrum 100 FT-IR spectrometer in the wavelength range of between 500 and 4000 cm/sec-1 to determine the existence of
any chemical interactions between PP, nanoclay, and MAPP. The IR absorption spectrum, which corresponds to the bands
existing in the chemical substance and distinctive functional group, is produced when the molecules of chemical substances
vibrate and cause selective absorption in the infrared (IR) region, as shown in FTIR analysis images.
Rectangular samples were prepared with dimensions of 10mm x 4mm. The in-plane and through-plane thermal diffusivity
(a), were determined by using a laser flash method on Netzsch LFA 427 SOP instruments. Nitrogen was, used to stabilize
the temperature or cooling in the furnace and argon gas was for the atmosphere inside the furnace. Processing conditions:
set temperature range of between 25oC–100oC, laser voltage 450v, pulse width 0.8ms, Atmosphere-Argon gas and flow rate
100ml/min, heating rate 50k/min, and time distance 1min. The LFA 427 instruments were operated following ASTM E1461
and ISO 18755 standards. The thermal conductivity of the samples was, calculated by using the formula in Equation 6:

� = � . �� . � (6)
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4 RESULTS AND DISCUSSION

The tensile tests results showed increases in strength and modulus of the nanocomposites when compared to the pure PP
(see Figure 4). The composite sample with 3 wt% clay content gave the best mechanical property in terms of strength and
stiffness, as shown in Figure 4a and Figure 4b. This is attributed to the bonding effect of the MAPP in the mixture of PP and
NC.

Figure 4 Plots of (a) Tensile Strength and (b) Tensile Modulus as Functions of Nanoparticles wt% Inclusion

The Scanning electron microscope (SEM) micrographs, as shown in Figure 5, display the degree of PP chains penetration
into the NC gallery. Intercalated structures were observed in the morphology of the samples. The use of rheomixer
adequately dispersed the NC filler evenly in the matrix of PP (see Figure 5). The homogenous dispersion of clay in the PP
matrix enhanced the strength and modulus of the nanocomposites when compared to the pure PP (see Figure 4). At 1wt%,
3wt%, and 5wt% clay contents, the homogenous dispersion of clay was observed, but as the NC inclusion in the PP matrix
increased, the crack was initiated in 7wt% clay content. Then, when it got to 10wt% clay content, fracture propagation was
noticed. SEM micrograph corresponds to the rise and fall in the strength and modulus of the samples, as shown in Figure 4a
and Figure 4b.
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Figure 5 SEM Micrographs of: (a) Pure PP, (b) PPNC 1%, (c) PPNC 3%, (d) PPNC 5%, (e) PPNC 7% and (f) PPNC 10%

To identify the different forms of bonding in the composites, FT-IR analysis of the PPNC composites was performed. The
various chemical linkages that have formed as a result of the treatment and curing of composite materials were shown by
the FT-IR spectra in Figure 6. Peaks demonstrate significant absorption and low transmittance. As we move to the left, the
wavenumber on the horizontal axis rises. The regions with no peaks show photons that have not been absorbed at that
frequency, indicating that the molecule does not contain the particular bond at that frequency [79]. The functional groups
C=O, -OH, CH, CH2, and CH3 are responsible for the absorption bands in the 4000-500 wave number range [80-81]. The
region between 300 and 500 is referred to as the "fingerprint region," and it results from intermolecular interactions unique
to each substance. Infrared light is not absorbed by any bonds since pure PP is homogeneous and does not bond with any
other substance. In Pure PP, there is no bond vibration to produce absorption bands. Figure 4.4 depicts endothermic peaks,
whereas PPNC 3wt% showed an exothermic peak at peak 1025, which may be the reason for PPNC 3wt%'s superior
mechanical properties in terms of strength and stiffness.

Figure 6 FT-IR Spectra of Pure PP and Nanoclay-Based PP Composites with MA-g-PP [82]

Table 6, lists the important infrared (FT-IR) bands and associated functional groups that were allocated to PPNC composite
samples.

Table 6 PP Segment Absorption Bands in the Infrared on MA-g-PP and NC [83-85]
Peak Peak Assignment
811 C-C stretch, CH2 rock, C-CH stretch
850 OH bend
908 C-CH3 stretch, CH2 rock
996 C-C stretch, CH3 rock
1044 CH3 bend, CH3 rock, CH bend
1171 CH3 rock, CH bend, C-C stretch
1297 CH bend or Aromatic ring stretch
1385 CH2 bend, C-O stretch
1453 C=O stretch, CH2 bend
2843 C-H stretch
2911 C-H stretch
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2940 C-H stretch

The addition of compatibilizer and nanofiller to PP matrix resulted in intercalated structures, as shown by XRD examination
[86].
The intercalated structures seen in the SEM micrographs are further supported by the XRD analyses. However, as the inter-
planer d-spacing increased% content, as demonstrated in SEM micrographs, XRD diffraction demonstrates the peaks relate
to intercalation. This shows that as clay is loaded into the matrix, intercalation causes the interlaying gaps to shrink, which
has an impact on the samples' density and thermal conductivity (see Figure 8). When polymer chains are intercalated, there
is a change in the peak's diffraction angle, which corresponds to a change in the interlayer molecules' d-spacing of the
composites in Figure 7 [87].

Figure 7 XRD diffractogram of Pure PP, PPNC1, PPNC3, PPNC5, PPNC7, and PPNC10 [88]

Scherrer's equation, which is shown in Equation 7, and it is used to compute the crystallite sizes in the samples, is displayed
in Table 7 below:

Size of Crystal (��) =
�λ

βcosθ
(7)

Where:
�� = size of the crystallites (in nm), measured parallel to the crystallographic plane
k = 0.89 (constant)
= utilized wavelength (λCuKα = 1.54Å or 1.54nm)

θ = diffraction angle
β = half-weight of the peak in regard to the crystallographic plane, expressed as hkl (in radian)

Table 7 Samples' Crystallite Sizes

Sample Size of a crystallite (nm)
I(110) I(040) I(130) I(131)

Pure PP 0.3197 0.2284 0.2008 0.1553
PPNC1 0.3116 0.2092 0.1819 0.1489
PPNC3 0.3092 0.2086 0.1821 0.1489
PPNC5 0.2923 0.2147 0.1993 0.1503
PPNC7 0.2993 0.2213 0.2044 0.1522
PPNC10 0.3017 0.2251 0.2088 0.1555

When compared to pure PP, Table 7 shows that the crystallite diameters of peak 110 shrank with increasing clay content,
which suggests that clay may have intercalated into the polypropylene matrix in the presence of the compatibilizer, maleic
anhydride-grafted polypropylene. More importantly, it is thought that the presence of clay slowed the growth of PP crystals
during crystallization, resulting in smaller crystal sizes. When compared to a reference sample of pure PP, it was found that
the size of the crystallite reduced at low clay loading and grew at high clay loading. This might be due to the weak
compatibilizer that was utilized to combine the components, a parameter that was maintained throughout.
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The thermal conductivity of the samples reduced as the clay contents increased, as shown in Figure 8. The thermal
conductivity of the composites is dependent on the macromolecular size, molecular weight distribution, degree of
crystallinity, amount of clay in the composite, and crystallite orientation. The composite sample with 10wt% clay content,
had the lowest value of thermal conductivity, which is the best value obtained for the thermal conductivity, it, however,
failed in strength, as shown in Figure 4. Therefore, the 10wt% composite is not suitable for refrigerated vehicle panel
insulation.

Figure 8 The Plot of Samples’ thermal conductivity

5 CONCLUSIONS

PP nanocomposite, which offers new technology in automobile and food storage industries, as well as being
environmentally friendly, is a good applicant of sustainability that has its indicator on the environment, social, and economy.
Isotactic polypropylene composites' morphology, strength, stiffness, physical, and thermal properties were all enhanced by
the addition of nanoclay. Characterization results of pure PP and PPNC composites showed that changes to these samples'
compositions or microstructures would have an impact on their weights and thermal conductivities. When clay was loaded
into the PP matrix at low levels (PPNC1 and PPNC3), both the tensile strength and the Young's modulus rose, but they
decreased at higher levels (PPNC5). It becomes apparent from this that an increase in strength may be connected to
interaction. The study showed that the tensile strength and modulus of PP nanocomposites were improved due to the strong
interface bonds between the matrix and the dispersed phase. The low thermal conductivity properties of PP nanocomposites
were, related to the processing methodology, which ensured uniform dispersion of NC in the PP matrix with the help of
MA-g-PP as the compatibilizer. PPNC 3 gave the best desirable property since strength and stiffness are important in
selecting a composite for the superlative refrigerated vehicle insulation panels’ application.
The comparatively high level of crystallinity detected in XRD may be responsible for the rise in modulus. PP
nanocomposites' XRD diffractograms revealed an intercalation structure, however at loadings of 7wt% and 10%, clay
particles clumped together. SEM micrographs demonstrated acceptable clay dispersion at low clay contents (1 wt and 3
wt%) but poor dispersion and massive agglomerates at higher clay contents (7 wt% and 10 wt%). By absorbing infrared
light, the samples' molecules vibrated, producing endothermic peaks in their FTIR spectra. The best quality was displayed
by PPNC3. According to a thermal conductivity analysis, PPNC composites' thermal conductivity decreased as clay loading
in the PP matrix increased. The mechanical qualities are enhanced during preparation by properly scattered clay in the PP
matrix. Due to the appropriate distribution of nanoclay on PP matrix, PPNC composites demonstrated the highest thermal
resistance properties. The endothermic effect influences thermal degradation of pure PP, which started before mass loss
began. In contrast, in nanocomposites based on nanoclay, the endothermic effect was completely diminished, and thermal
degradation shifted towards higher temperatures and was connected with mass loss.
The study revealed that nanoclay-reinforced polypropylene matrix possessed excellent performance-insulating properties
and might assist the construction of refrigerated vehicles in lowering weight, reducing thermal conductivity, and protecting
the environment from CO2 emissions. In a refrigerated panel wall application, PPNC3 is suggested as an alternative to steel
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or aluminum. However, more research is necessary before choosing the best values for nanoclay. The study's findings
supported the idea that adding nanoclay improves the morphological, mechanical, and thermal resistance qualities of PP.
However, more research is necessary before choosing the best values for nanoclay.

LIST OF ABBREVIATIONS

PP Polypropylene
NC Nanoclay
MA-g-PP Maleic anhydride grafted polypropylene
MMNC Metal matrix nanocomposites
CMNC Ceramic matrix nanocomposites
PMNC Polymer matrix nanocomposites
∆���� Change in enthalpy of mixing
���� Gibb’s free energy of mixing
∆���� Change in enthalpy of mixing
∆���� Entropy of mixing
T Absolute temperature
�� Molar fraction of PP
�� Molar fractions of NC
�� Molar fractions of MAPP
�� Molecules number of PP
�� Molecules number of NC
�� Molecules number of MAPP
�� Volume fraction of PP
�� Volume fraction of NC
�� Volume fraction of MAPP
���� Flory-Huggins interaction parameter of three components in the mixture
���� Total thermal conductivity
�� Solid state thermal conductivity
�� Gas molecule’s thermal conductivity

�� Radiation thermal conductivity
���� Convection thermal conductivity
����� Thermal conductivity of thermal conductivities interface

����� Leakage thermal conductivity
� Thermal diffusivity (cm2/s)
k Thermal conductivity (W/mK)
� Density (g/cm3)
�� Specific heat capacity (J/K)
In Natural logarithm
R Gas constant
MPa Megapascal
GM General motors
MMT Montmorillonite
USA United States of America
SEM Scanning Electron Microscope
SUT Sport Utility Truck
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