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1. INTRODUCTION

In modern and creative applications, polymeric
materials are advancing mainly in the aerospace,
bicycles, products for consumers, agriculture, and
sports industries [1]. Polymeric materials are essential
materials science that will continue to grow in the
following decades [2-4]. Recently, demand for polymer
usage has significantly increased due to the growing
world population and requirements [5]. Depending on
the microstructure, polymers are shaped and
connected with their mechanical properties [6]. That's
how semicrystalline polymers get their tenacity to
encounter the demands of products that endure difficult
working situations (fatigue, impact, creep) [7]. For
years, materials such as high-density polyethylene
have received double attention [8] by depending
heavily. They affect microstructure [9].

The widespread use of polyethylene in various
applications, ranging from packaging materials to
automotive components, underscores its significance in
the modern world. However, the environmental
implications of its extensive use and disposal have
raised considerable concerns. Polyethylene,
particularly in its high-density form (HDPE), poses
challenges in waste management due to its non-
biodegradable nature, leading to pollution and harm to
marine life when not adequately recycled [10, 11]. To
deal with these problems, our study looks into how
HDPE can make non-lethal projectile supports. We
want to combine the material’s valuable qualities with
environmental concerns by adding eco-friendly
nanocomposites.

In the second half of the 1900s, polymers were strongly
involved in processing. The goal was to develop and
sell products that could substitute metals and other
materials with robust mechanical properties. With the
value of polymer products, it has become impossible to
consider our world being rid of this material. Therefore,
the creation and use of polymers have become a
growth criterion [7]. Competition has long been
undertaken to upgrade modern processes offering new
grades and products. Polyethylene allows for generally
simple formations such as extrusion or injection. It also
has outstanding electrical insulation and shock
absorption properties [12]. Annually, 500 billion to 1
trillion polythene bags are being used routinely
worldwide, and on the coast, around 25 million tons of
polymeric material are collected annually [13].

Polyethylene is the world’s most advanced polymer,
and everyone gets in touch with this polymer every
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day. At first, HDPE was considered an additional
material commodity globally, although it was initially an
insulator for electric cables. The strength of
polyethylene today is due to its intrinsic properties,
well-known usefulness, and extensive operating ability.
Polyethylene can be manufactured as soft, flexible,
durable, complex, and challenging. They can be seen
in items of all sizes with a primary or intricate design.
Among other things, HDPE is one of the most common
engineering materials [14].

Modern petrochemical industries are rapidly expanding
due to the low molecular weight of olefins like
propylene, n-butene, and ethylene. The latter is the
most important and most usable commodity in the
petrochemical industry and is used in different
materials. Composites have substantial advantages
over conventional metal alloy materials. They have
practical advantages: lightness, resistance to
mechanical and chemicals, low maintenance, and
freedom of shape. Their mechanical and chemical
properties make it possible to extend the service life to
improve protection from improved shock and fire
resistance. They provide better thermal or sound
insulation and good electrical insulation for some. They
also improve design opportunities by enabling light
structures and complex forms to perform multiple
functions in each application sector. Filling material of
0.5 - 3 % by mass may have mechanical properties
comparable to traditional composites, including 20 - 40
% [15].

Our second goal is to improve polymer compatibility
with the filler, as using HDPE grafted onto maleic
anhydride is appropriate. Maleic anhydride MA
polyolefin graft is a significant branch of modified
reactive polymers. MA-grafted polyethene HDPE is
critical for its application as compatible polymer
mixtures, adhesion promoters of polymers, composites,
and binding agents for polymers and compounds. In
the past two decades, the change in HDPE grafting by
MA with molten organic peroxide has attracted
attention [16].

Many studies have also shown that adequate coagents
can reduce interlinkage, but the grafting degree has
minimal effect. Adding coagents will also only
marginally increase the grafting level [17]. Gaylord [18,
19] attempted to prevent the gel creation by adding
certain electron-donating additives, notably
dimethylacetamide and dimethyl sulfoxide, as well as
three (nonylphenol) phosphates for high-density
polyethylene and MA graft and got a coloured product
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free of Gel. Gaylord [20], it was also reported that
adding additives to the donor electron would reduce the
degree of MAID grafting. Due to the secondary
reactions in a grafted MA-HDPE, the two kinds of
secondary reactions have the opposite effect on the
molten reaction product viscosity.

In this study, we seek to make a holder for non-lethal
projectiles where we add DCP peroxide to the level of
mixtures of HDPE/carbon black and HDPE/alumina.
The effect of HDPE on the degree of MA grafting and
the melted viscosity of reactive materials is discussed.
Supramolecular structures are formed spontaneously.
The molecular chains are folded into lamellar crystals
by a complex crystallization process, followed by
lamellar crystal development into spherulites through
radial growth. Mechanical characteristics like intensity
and durability of semicrystalline polymer solids were
responsible for structures [21, 22].

Secondary reactions are also followed by MA changing
the polyolefin graft in the molten mass. HDPE is
vulnerable to radical combination branching or
crosslinking during grafting [23]. Therefore, this
improvement is a function of the crosslinking system
used in HDPE resin since certain features, like thermal
stability and tensile strength, are reduced by peroxide-
induced crosslinking [24]. Crosslinking of HDPE can be
caused by adding peroxide [25]. But, optimizing
production conditions is essential to ensure improved
performance when mechanical, chemical, and thermal
resistance is required. Much work has been done to
refine the extruder’s conditions and parameters to ease
desired reactions while preventing adverse effects [20].
However, since radical reactions are fundamentally
complex, the desired MA material is challenging to
integrate without significant side reactions [17].

Composite materials offer significant advantages in
developing non-lethal projectile supports, including
enhanced lightweight properties, improved strength,
and superior environmental resistance [26]. These

characteristics are particularly beneficial as they
produce safer, more efficient, and durable law
enforcement tools. Integrating high-density

polyethylene (HDPE) with alumina nanoparticles, for
instance, reduces the projectile holders’ overall weight
and increases their resistance to wear and
environmental degradation [27]. This innovative
approach ensures that the materials used in non-lethal
projectiles are effective in their application and aligned
with sustainability goals [28].
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However, the fabrication of  HDPE/alumina
nanocomposites poses some challenges, such as the
dispersion of nanoparticles, the interfacial adhesion
between the matrix and the filler, and the thermal
stability of the polymer [29, 30]. Several techniques
have been proposed to overcome these issues, such
as melt blending, solution mixing, in situ
polymerization, and thermokinetic mixing [29, 31].
Among these, thermokinetic mixing is an efficient and
cost-effective method to produce HDPE/alumina
nanocomposites with enhanced mechanical and
thermal properties [32].

Creating the mixture’s morphology during reactive
compatibilization in the extruder is significant for the
industry. The final morphology plays a crucial part in
the final mixture properties. Also, for processability
(blow moulding), the blends under shear are very
significant and rely heavily on morphology. Developing
knowledge of the relationship between formulation,
morphology, and microstructure could lead to future
improvements in product formulation and process
characteristics [33]. Raman microscopy gives
submicrometric chemical sensitivity to the imagery. The
combination of Raman’s and confocal microscopy
permits the rejection of fuzzy Raman dispersion with
less history output, 3D information, and better
resolution. The distribution of alumina in a composite
polyethylene matrix was investigated by Raman
imaging [34]. Raman spectrum conversion into
chemical imageries offers high difference and analysis
reliability. Examining the picture approach enables a
measurable evaluation of the mixing degree of the part
that indicates where there is no partial intercalation.

The rapid evolution of material science has paved the
way for significant advancements in non-lethal
projectile technologies. Despite progress, challenges
persist in optimizing the mechanical properties and
durability of materials used in such applications. This
study introduces a novel approach by incorporating
alumina nanocomposites into HDPE, aiming to
overcome these challenges and contribute to the field’s
advancement through innovative material solutions.

In response to the growing need for advancements in
non-lethal law enforcement technologies, this study
explores developing and characterizing non-lethal
projectile  holders fabricated from high-density
polyethylene (HDPE) reinforced with alumina
nanocomposites. Leveraging the unique properties of
HDPE and the reinforcing capabilites of alumina
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nanoparticles, this research aims to address current
material limitations by enhancing mechanical strength
and interface compatibility, which are crucial for the
performance and reliability of non-lethal projectiles.

2. EXPERIMENTAL METHODS

2.1. Maleic Anhydride (MA)

Saidal offered the grafting of maleic anhydride
(C4H,03), which has an ignition temperature of 70 °C.
The auto-ignition temperature of the air is 376 °C. The
minimum ignition rate for the air suspension is 50 g/m".
The maximum permissible concentration in the
atmosphere of the working area is 1 mg/m3. With
increased attention, the product may irritate the
mucous membranes of the eyes and respiratory tract
pathways. Despite its seriousness, it constitutes
excellent support for the compressive properties of
elongation and significantly increases the relative
extension at breakage and fatigue endurance during
repeated stretching. The polyurethane root interacts
with a molecule of Maleic anhydride, which tends to
bind to free radicals due to some reactions [35].

2.2. Liladox

Niax offered liladox is used as a source of free radicals
in the polymerization of high-density polyethylene
monomers. Its technical characteristics are a white
laminar appearance and active oxygen of 2,69 wt. %,
the density of 0.50 kg/l, and a melting point of 55 °C.
This peroxide is heat-sensitive; these materials must
be stored with strict temperature control measures. The
risk of its explosion is also mitigated by mixing peroxide
with an inert solid, where a stable temperature of less
than 200 °C is the maximum transport temperature.

2.3. Perkadox

Niax offered perkadox, a flaky white powder containing
technically pure, solid peroxydicarbonate used to treat
unsaturated resins, an initiator of radical reactions at
moderate temperatures. Mainly in the temperature
range of 60 °C and above. Perkadox is a cyclo-
aliphatic peroxydicarbonate used as an initiator in
polymerizing monomers such as vinyl chloride and
(methyl) acrylate. Its features are the peroxide content

of 95 % active oxygen, 3.81 %, a bulk density of 0.50
g/cm®, a melting point of 820 °C, a recommended
storage temperature of less than 200 °C, a maximum
transport temperature of 300 °C, and the stability of 6
months.

2.4. Benzoyl

Niax offered benzoyl peroxide, whose International
Numbering System (INS) number is 928, and its
molecular weight is 242.23. Melting point (degradable):
103-105 °C, density: 1.3 g/cm3. It is a colourless
crystalline solid with a slight odour of benzaldehyde. It
is a colourless liquid that is insoluble in water, partially
soluble in alcohol, and slightly soluble in ether
chloroform. One gram dissolves fully in 40 millilitres of
carbon disulfide. Benzoyl peroxide, especially in dry
areas, is a dangerous substance that is highly reactive
and oxidizing and is known to combust spontaneously.

3. SAMPLE PREPARATION

3.1. Mixture’s Preparation

Table 1 displays the most important basic compounds
that contribute to preparing the optimal formulation for
HDPE materials.

3.2. Physical-Chemical Tests

3.2.1. Fourier Transform Infrared Spectroscopy
(FTIR)

Infrared spectroscopy research for HDPE using Perkin
Elmer 1720 x Excalibur Series 3100 Diamond crystal
ATR equipment operating at a variety of 3500 cm™-500
cm” and 4 cm™ quality, and there were 100 scans. The
specimens were taken using a powder in the KBr shell.
Infrared spectrophotometry is a routine tool for polymer
detection. We do not interpret the different spectrum
bands directly but compare them with the reference
spectrum for available products based on those
characteristic bands that may have the sample
spectrum to be defined. The scope of the product
(HDPE with additives) and alloy ranges without and
with compatibilizer were provided by all mixtures
prepared between 0.5 and 3 %. The infrared spectrum
of alloys is the sum of the component spectrums.

Table 1: Basic Compounds in the Preparation of HDPE
Mixture HDPE_1 HDPE_2 HDPE_3 HDPE_4 HDPE_5 HDPE_6
Alumina (% by weight) 05 1 15 2 25 3
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3.2.2. Raman Spectroscopy

The extruded HDPE Raman spectra were acquired
with a confocal microscope WITEC, laser 532 nm, and
8 MW _10s at 10 Scans_x10 and collected at a room
temperature of 0 cm™ to 3500 cm™ having a resolution
in the spectral range of 3 cm”. Everyone’s Raman
absorption spectra have been smoothed with the
polynomial order 5 Savitzky method, window points 10
[36] and normalized in Origin 2018.

In the past two decades, polyethylene has been
commonly used for Raman spectroscopy, and the
properties of Raman’s major bands are well set up
(Table 2). Standard internal modes of 1000 to 16 000
cm” are widely used for morphological structure
studies, and three vibratory zones can be separated
[37, 38]:

. C=C at 1000 to 1200 cm™', molecular orientation
prone, stresses, and conformity.

. CH, folding modes amid 1400 and 1470 cm’
chain-settling sensitive.

. CH, torque vibrations of approximately 1295 cm’
! will be used as a standard solution.

Community theory implementation in the modes of
vibration predicts crystalline polyethylene. The simple
beat is divided by the two polyethylene chains per unit
mesh into two components of different symmetry [36].
The effect is called the factor group division [36, 39,
40]; Raman divides bending vibration -CH,- between
1415 cm” and 1440 cm” bands Raman. The strip is
thus considered a direct measurement of material
crystallinity and is used by Hagedorn and Strobl to test
the structural phases [41].

3.3. Microstructural Characterization

3.3.1. Optical Microscope

Light microscopy helps to assess the structure and
characteristics of the HDPE mixture to estimate the
effect of the various alumina levels on the morphology.
The microscopic study of polymers allows the micro
and nonstructural features of the HDPE mix to be
analyzed and characterized. Light microscopic
magnification can be used to gain chemical and
physical details about the structural properties of the
HDPE mixture. Polymers, conversely, form crystalline
or amorphous structures in part. Partially crystalline
polymers are anisotropic optically [45]. Polarization is
also the most common process for the analysis of
polymers [46].

4. RESULTS
4.1. HDPE Mixture Evaluation

4.1.1. Adding Compatibility

There are many issues with synthesizing a
nanocomposite material of a polyethylene matrix and
an alumina filler, primarily because the non-polar matrix
is not miscible with the polar alumina reinforcement.
The melt formation of the matrix polymer one, where
polar or polarized functional chemical groups are
randomly inserted or grafted along the polymer chain,
seems successful. The proportions of grafted polar
groups differ between 0.5 and 3 mol %, which are
appropriate for promoting the miscibility of polymer
clay. We, therefore, performed a maleic anhydride
HDPE transplant. But for the correct peroxide option,
we employed three types of lilacs, paradox and benzoyl
peroxide to prepare the mixtures, which summarize the

Table 2: Basic Vibrations of Interest in Semicrystalline Polyethylene [42, 43]

Vibrations Amount of wave (cm™) Symmetry form
First-order LAM 5-30 Ay
. Lo 1060 (Crystalline phase)® and
Asymmetric C—C bond stretching vibration 1080 (amorphous phase) By + Bag
Symmetric C—C bond stretching vibration 1130 (Crystalline phase)® Agb + Byg
N I 1295 (Crystal phase)® and

Distortion of the vibration CH, 1305 (Step amorphous) By + Bag

The resonance of Fermi CH; and the primary CH, rocking 1415 (Orthorhombic crystal) and A

vibration overtone 1440 and 1460 9

%It is assumed that as well as the pure crystallized material, the presence of many subsequent chain transformation conformations could also explain the strength of
these crystal bands. Therefore, these bands are sensitive to fractions of all-trans molecules in this study [44].
bOnIy Ag-type symmetry was observed unequivocally in a Raman spectrum for the 1130 cm™ Raman band.
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proportions of each critical

formulations in Table 3:

component of the

Table 3: An Overview of the Compatibilizers Used for
the Peroxide Selection Analysis

Mixture HDPE Peroxide MA
1 96 % 1 % of Liladox 3%
2 96 % 1 % of Perkadox 3%
3 96 % 1 % of Benzoyl 3%

The grafting reaction was conducted with a two-screw
HalLake Record RC90. Maleic anhydride MA and
peroxide DCP were absorbed in acetone and combined
with HDPE pellets before extrusion. Following acetone
volatilization, MA and DCP adhered reliably to the
pellets. The extruder's temperature profiles, 140 °C
and 160 °C 180 °C and 200 °C were reached, and its
velocity was 60 rpm. After refreshing in a bath, the
extruded strips have been cut into pellets about 4 mm
long. To extract maleic anhydride and free peroxides,
we have cleaned up our product of approximately 3 g
of the substance in 100 ml of toluene xylene by reflux
heating. The whole thing was precipitated in a
continuous 500 ml acetone and then vacuum filtered.
Wash with acetone three times to remove the
unbranched maleic anhydride and peroxides. Vacuum
drying lasts 12 hours for the evaporation of acetone.
The product of the grafting process was purified by
precipitation and then used to calculate the grafting
grade. Around 3 g of the substance was dissolved in
100 ml of xylene reflux, and in 500 ml of acetone, the
solution was continually precipitated.

4.1.2. Infrared Grafting Rate Determination

Thin plates were prepared for the passage of our
samples in Infrared via the press. The ratio of the area
with characteristic carbonyl peaks at 1790 cm™ of the
maleic anhydride group to 3000 cm’ of the
polyethylene class is measured from the infrared
spectrum of the three mixtures. The ratio of these
noted X peaks would show the relative percentage of
each species (5).

X Carbonyl group peak area 1790 cml‘1 (5)

Methyl group peak area 3000 cm”™

Compared with pure HDPE, we observed carbonyl
groups peaking at 1970 cm”, suggesting the grafting
reaction of maleic anhydride. Furthermore, the

absorption of these peaks differs from one wavelength
to another since the grafting rate was determined as
follows:

Mixture n ° 1 (Perkadox peroxide):

-1
_ 30 A _ 6006099 = 0.61%
58197 Acm™

Mixture n ° 2 (Liladox peroxide):

-1
x2= LOBAmT (600375 2 037%

51569 A cm™

Mixture n ° 3 (Benzoyl peroxide):

1
_ O3TAm 01058 = 1.09%
S07.17 A cm-

It is evident from this figure that with Benzoyl Peroxide,
the best grafting rate is obtained (Figure 1).

1.4 1

—u— |evel of grafting

- -
o [\S]
1 n 1

Level of grafting (%)
o
o

o o
= =]

| " 1 L
u

o
N
1

0.0 T T \
1 2 3

Mixtures

Figure 1: Variability in the rate of mixture grafting.

The stress cracking test results are presented in Table
4.

Table 4: Results for Stress Cracking Mixtures

Mixture The specimens’ fractional time (hour)
1 16
2 21
3 26

The resistance to slow cracking on a surfactant
medium decreases considerably, likely because of the
small percentage of the compatibility agent. The best
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results are seen for mixtures containing (2.5 % - 2.5 %)
HDPE/CB percentage, HDPE/Alumina, and Mixture 3.

4.2. Results of the Protocol for Grafting

4.2.1. Fourier Transform Infrared Spectroscopy
(FTIR)

Before starting the HDPE analysis, the spectroscopic
characteristics of the sample must be known in its pure
state and after the incorporation of additives. The latter
is used as a guide in our HDPE development analysis.
Virgin HDPE polyethylene is composed of ethylene
CH, groups, and their IR spectrum contains high
medium and low-intensity CH, groups, which have
wavelengths collected in Table 5 [47]. FTIR analysis
checks for maleic anhydride grafting into the HDPE-MA
formation chain. The latter is used as a mixture
compatibilizer.

Table 5: Main Vibrations of Pure HDPE
Wave number (cm™) Attribution

2917 Asymmetric elongation C-H
2848 Symmetrical elongation C-H
1472 CHj; strain in the plane (shear)
1465 CHj; strain in-plane (rotation)
730 CHj; strain (rotation)
720 CH, deformation out of a plane (sway)

The cleaned products were moulded in approximately
0.05 mm thick compression films for Fourier infrared
spectroscopy FTIR characterizations. In all samples,
the characteristic peaks of aliphatic hydrocarbons (—
CHj; and —CH,), considered the polyethylene reference,
are found between 2848 and 2917 cm-1. As shown in
Figure 2, the opposite:

HDPE and HDPE/CB and HDPE/Alumina mixtures.
Compared with the grafted HDPE and MA spectrums,
the MA grafted HDPE mixture spectra had the
saturated cyclic anhydride characteristic. The 1862 cm’
" and 1785 cm™ bands were produced by symmetrical
and asymmetrical C = O stretch modes. The 1711 cm’”
bands represent C=0 Maleic acid. The standard MA-
grafted HDPE mixture bands ranged from the HDPE 1

% peroxide and 1 % liladox to the 1 % benzoyl
peroxide, according to Table 6.
The bands at 1862 cm' and 1785 cm” were

symmetrically and asymmetrically stretched with C = O.
The 1711 cm”' bands are a component of maleic
anhydride’s C=0O [48]. The table shows the
characteristic bands of the grafted MA and HDPE
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mixture. They indicated that both HDPE mixtures had
been grafted with MA.

0.6

—— HDPE_1—— HDPE_2—— HDPE_3
HDPE_4—— HDPE_5—— HDPE_6

0.4+

Absorbance
{

0.2

]

0.0 :
1500

. T T T T
3500 3000 2500 2000 1000

Wave number (cm™)
Figure 2: Fourier infrared spectroscopy of HDPE, HDPE/CB

2 %, HDPE/Alumina 2.5 %, and MA grafted products: mixture
01, mixture 02, and mixture 03.

4.2.2. Differential Scanning Calorimetry (DSC)

However, adding MA particles affects the crystallization
temperature of mixtures 1, 2, and 3, which is consistent
with Luljeta Raka et al. [49].

4.2.3. Raman Spectroscopy

The Raman spectrums of the treated samples reflect all
the compositions in HDPE/Alumina mixtures (0.5 % - 3
% by weight) and Raman polymer chains of
polyethylene displacements (Table 7). In short, 1063,
1132, and 1296 cm”' offsets are obtained from the C=C
stretch and the -CH,- torque. The average Raman
change of 1445 cm” is correlated with three vibration
modes (CHy) of the crystalline HDPE (one vibration
mode and two vibrational modes scissors) [50]. The
heavy Raman offset at 2845 cm™ and 2883 cm™ results
in asymmetrical and symmetrical deformation of the
CH; units, respectively [51, 52]. Table 7 introduces the
ideal HDPE mixture predictive models.

Figure 3 shows a typical composite spectrum Raman
HDPE of the HDPE/Alumina composites by weight %
HDPE mixture. In Raman images, the traditional
Raman bands are used to differentiate these
components. The alumina Raman spectrum is absent
in the HDPE pure, namely 2000 ~ 2500 cm™ centre-
band, consistent with stretches of the CO ring and the
COC stretch modes between chains [53]. Adding
testing of alumina results of 2000 ~ 2500 cm™ bands
allocated to the skeletal bending modes, including CC
and CO skinny stretch modes.
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Table 6: Principal Infrared Absorption Bands of HDPE and MA-Grafted

Mixture Cc=0 C=0 of MA
HDPE_1 HDPE 1785 -
HDPE_2 HDPE/CB 2 % 1785 -
HDPE_3 HDPE/Alumina 2.5 % 1784 -
HDPE_4 HDPE 96 %/ Liladox 1 %/ MA 3 % 1862 1712
HDPE_5 HDPE 96 %/ Perkadox 1 % /MA 3 % 1864 1711
HDPE_6 HDPE 96 %/ Benzoyl 1 %/ MA 3 % 1865 1711
Table 7: Main HDPE Raman Changes
The shift of Raman (cm™) Bond Mode of vibration Step Phase Raman tensor
1063 cC
1132 CH Extend and twist Anisotropic and crystalline areas Ba2g + Bag
1296 ’
1445 -CHy- One mode and two-mode of Crystalline (orthorhombic) A,
scissoring
2883 -CHo- Symmetrical extension Crystalline and amorphous -
2845 -CHo- Asymmetric extension Crystalline and amorphous -
The spectrum of the Raman has specific bands, polyethylene  matrix consistent with  scanning
including a tight band at 1296 cm™, which corresponds microscopic images, suggesting significant

to the CH; crystalline phase torsion types [54]. Also,
the Raman bands with CC stretch modes of 1063 and
1132 cm” in the crystalline and anisotropic
polyethylene phases are used for the research [54].

In the chemical pictures, the HDPE system areas
dominate. The Raman spectrum of polyethylene is
close to melting pure HDPE. The two green colours
represent the regions containing alumina in the
chemical images. The blue area on the chemical maps
is more prominent in HDPE. The Raman spectrum
refers to the mixture field that has characteristic Raman
bands. These areas (blue) show a potent component
mix. Chemical imaging can also differentiate the
regions in which loads and loads and matrix are closely
interacting. They offer the presence of two antagonistic
mechanisms: the aggregation phase and the mixing
process. The Raman images of HDPE/Alumina
composites are illustrated in Figure 4.

The transparent areas in Figure 4 display the strong
band of Raman 2250 cm™ high and confirm the
existence of alumina in the mapped region. The blue
colour shows the part where the bands of Raman
picked are not present or where their strength is
inferior, although the hue of the bands matches the
maximum severity. Alumina forms islets in a
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aggregation. The forms of these islands are circular
and irregular. Raman images indicate that the charges
of alumina are not distributed through the volume of
polyethylene but combined with the matrix
polyethylene. The strength of the selected Raman
bands at the image level also represents the surface
morphology for the composite portion. Images showing
the intensity of the Raman ribbon-based about 1132
cm” show the surface characteristics of the cutting
path. A lower ribbon intensity of ~ 1296 cm™ of dark
brown is the presence of alumina aggregates and
voids.

Alumina seems to have a greater propensity to
agglomerate during polyethylene melting. On the other
hand, sand grains for the compaction method may
remain intact and are derived from the industrial drying
process. In preparing nanocomposites of high quality,
this effect is not desirable. Furthermore, the alumina
accumulation reduces the surface area observed,
preventing Raman and chemical pictures from
assessing the stoichiometric component ratio. Instead,
mixing the degree between load and performance in
the matrix of this method is only helpful for quantifying.
Alumina seems to blend with HDPE to a greater
degree.
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Figure 4: Typical Raman images of alumina/HDPE composites demonstrating Raman band strength.
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(Figure 5). Continued.

HDPE_5

Figure 5: HDPE surfaces Optical microscopy images.
4.3. Microstructural Characterization

4.3.1. Optical Microscope

The pictures for optical microscopy in Figure 5
demonstrate the macroscopic dispersion of the alumina
nanopowder at the macroscopic level in the injection-
moulded samples. The HDPE reference shows a
consistent morphology where crystalline
superstructures are not visible, as the limits of the
spherulites in the photos. Due to the alumina
nanoparticles scattered at the submicron level, the
HDPE sample is very dark. However, much alumina
powder is agglomerated into many or tens of microns.

The HDPE_6 sample has excellent alumina dispersion
and few visible characteristics, such as gel particles.
Whatever the insert surface type, the HDPE_6 is
heterogeneous to the HDPE_5 surface. The polymeric
objects, HDPE_3 and HDPE_4, are very similar. The
HDPE_1 and HDPE_2 contain surface scratches but
retain the optical luminosity (observed by the naked
eye). They may be because of the slightly improved
ruggedness offered by alumina inserts and the
crystalline nature of alumina. The samples injected with
the insert of 0.5 % were still very clean, but the HDPE
sample surface became heterogeneous as the number
of injections increased.

This research looked at the mechanical properties of

HDPE mixed with alumina nanocomposites.
Specifically, we looked at its tensile strength,
resistance to impact, and modulus of elasticity.

Including alumina nanoparticles significantly improved
the material’s mechanical performance, which is crucial
for the durability and reliability of non-lethal projectile
holders. It is important to note that, as electron
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the HDPE matrix and

microscopy demonstrated,
alumina nanoparticles stuck together better, allowing
improvements. These results indicate that alumina-
reinforced HDPE nanocomposites could be helpful in
advanced engineering tasks, providing a promising
answer to the problems that current materials have.

5. CONCLUSIONS

The study presents a significant advancement in
materials  science, particularly in  developing
sustainable and efficient materials for non-lethal
security applications. Our research shows that adding
alumina nanoparticles to HDPE matrices greatly
enhances their mechanical properties, including tensile
strength and impact resistance. These are important for
making projectile supports that do not kill. This
improves the performance and reliability of security
devices and promotes environmental sustainability
through the potential for recycling and reduced
environmental impact. Furthermore, the compatibility of
alumina with HDPE highlights the feasibility of creating
advanced nanocomposites with tailored properties for
specific applications. These contributions are expected
to pave the way for further research in nanocomposite
materials, offering innovative solutions for Ilaw
enforcement and personal safety equipment.
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