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Four popular plastic polymers (LLDPE, XLPE, LDPE and HDPE) that are frequently 
utilised in high voltage applications are thoroughly examined in the review. It highlights 
how crucial it is to choose the right insulating material based on your needs. HDPE is 
perfect for pipes and packaging due to its density and crystallinity. Because of its 
superior mechanical and thermal properties due to the cross-linking process, XLPE is 
the material of choice for electrical insulation. The low density, impact resistance and 
flexibility of LDPE are well known. The essay also examines initiatives to improve these 
materials, such as the use of nanofillers for XLPE in HVDC cable applications and the 
addition of alumina nanoparticles to HDPE to boost its dielectric qualities. In 
conclusion, XLPE excels in thermal stability and electrical insulation, HDPE in toughness 
and chemical resistance and LDPE in flexibility and impact resistance. The best material 
to use depends on the needs of the high voltage application. Overall, the essay offers 
a complete analysis of the characteristics and possible applications of LLDPE, XLPE, 
LDPE and HDPE in high voltage insulation.  
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1. Introduction 
 

The proper insulating material selection in high voltage applications is essential for guaranteeing 
the safe and efficient operation of electrical equipment. Performance and dependability of insulating 
materials are essential for preventing electrical failures and maintaining the integrity of high voltage 
systems. The necessity to analyse and compare different insulation materials in order to pinpoint the 
best solutions for high voltage applications grows as technology progresses and the demand for 
higher voltage and power densities rises. From Ghani, Mohd Din and Jalil [1], polymer blending is also 
one of the methods for the development of new materials with a variety of properties and superior 
than the individual component polymer. It is one of the efficient ways to reduce the crystalline 
content, as well as to improve the amorphous content. Generally, the polymer materials are 

 
* Corresponding author. 
E-mail address: norakmal@uthm.edu.my 
 
https://doi.org/10.37934/aram.127.1.6476 



Journal of Advanced Research in Applied Mechanics 
Volume 127, Issue 1 (2025) 64-76 

65 
 

insulators and they blend with conductive filler to improve its conductivity properties stated by 
Ghani, Mohd Din and Jalil [1]. 

In order to compete with other materials, this material also needs to have high thermal 
conductivity, a low coefficient of thermal expansion and a low dielectric constant. Numerous studies 
are now being undertaken to enhance the performance of insulating materials used in high voltage 
applications. This substance used as a shield to protect conductors from the earth or other 
conductors. Many different types of materials have been employed as insulation. Only four favoured 
materials were studied in this work. Low-density polyethylene (LDPE), cross-linked polyethylene 
(XLPE), linear low-density polyethylene (LLDPE) and high-density polyethylene (HDPE) are these four 
substances. The review's goal is to determine the best insulating material utilisation for high voltage 
applications. 

 
2. Methodology  
2.1 Polyethylene (PE) 

 
Polyethylene (PE) is the type of plastic that is used the most frequently worldwide. Its structure 

is the most straightforward of all the polymers used in industry. Polymer molecules have a high molar 
mass and a lot of replication units. Polymers both natural and artificial were present. Natural 
polymers include those found in proteins, carbohydrates, cellulose and latex. The entire family of 
substances referred to as plastics is made up of synthetic polymers. 

The thermoplastic nature of polyethylene (PE) resins causes them to soften or fuse when heated 
and harden and solidify once more when cooled without significantly altering their chemical 
composition. Polyethylene was produced using ethylene gas. Natural gas feedstock or petroleum 
byproducts are cracked in order to produce ethylene gas. Depending on the kind of polyethylene, 
ethylene can polymerize at varied pressures, temperatures and catalysts to produce extraordinarily 
long polymer chains. It is possible to produce a wide range of polyethylene resins by employing 
different reactor technologies, running several reactor configurations or copolymerizing ethylene 
with other gases like vinyl acetate or other olefins like butene, hexene or octene. Polyethylene resins 
can be used to make a variety of things, such as packaging films, hard food cans, milk and water 
bottles, big toys, etc. 

There are many different physical features that can be observed when the polymerization 
methods of the resins of the PE family are compared. Before pelletizing the resulting polyethylene 
products in both cases, additives including antioxidants and processing aids were introduced to 
compound extruders. The polymerization of ethylene during the creation of polyethylene is shown 
in Figure 1 stated by dos Santos et al., [30]. 

 

 
Fig. 1. Ethylene is polymerized to create polyethylene 
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Polyethylene was split into various classes according to density and branching as shown in Figure 
2. Aljoumaa and Allaf [2] stated heir branching size and form, crystal concentration and molecular 
mass all had a significant impact on their mechanical properties. High density polyethylene (HDPE), 
linear low-density polyethylene (LLDPE), low-density polyethylene (LDPE) and cross-linked 
polyethylene (XLPE) make up the majority of polyethylene sales. 

 

 
Fig. 2. The HDPE, LLDPE, LDPE and XLPE polymer chain 
branching diagram 

 
In addition to polyethylene, polypropylene (PP) has been investigated as a base material for HV 

insulating materials. As an insulating material for high voltage applications, polypropylene has been 
researched by Reed [3]. This is a simple polyolefin that is derived from petroleum and is similar to 
polyethylene. While the polypropylene chains feature methyl (-𝐶𝐶𝐻𝐻3) alternative carbon atom side 
groups, the neighbouring -CH-groups on the polyethylene chains are arranged either (usually) linearly 
or branchedly. Due to van der Waals forces, polypropylene has a greater glass transition and 
crystalline melting point than polyethylene. This allows it to reach temperatures beyond 100°C and 
perhaps even briefly as high as 140°C. In addition, the researchers found that polypropylene has a 
variety of drawbacks, which necessitates innovation through co-polymers or blends with 
polyethylene or other polymers to solve such drawbacks. The dielectric strength of the polyethylene 
samples was greater than that of the polypropylene samples. The samples of polyethylene and 
polypropylene are summarised in this publication. For HDPE, LDPE and PP, the corresponding average 
breakdowns were 70, 79 and 55 kV/mm. When polypropylene was combined with LDPE and HDPE, 
its breakdown strength increased. Combining PP with HDPE or LDPE accelerated the breakdown of 
PP. In comparison to pure HDPE and LDPE, the breakdown strengths were still lower stated by Ahmed 
Dabbak et al., [4]. 

Hanley et al., [5] state that spherulites are composed of polyethylene, which is typically 15–40% 
crystalline and is best described as a cluster of lamella crystallites surrounded by amorphous regions. 
The mechanical and electrical properties of the material are influenced by the spherulite's size; this 
article will focus on the production temperatures and cooling speeds. While quenching results in 
smaller spherulites and lower crystallinity, annealing creates larger spherulites and higher 
crystallinity. To lessen the possibility of void formation, extruded cables undergo precise heating and 
cooling under high pressure in an inert atmosphere. The further cooling is done in water under the 
same pressure as the previous phase. 

The research cited above indicates that polyethylene is currently the most effective material for 
usage as a high voltage insulating material. In this application, various types of this material are 
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utilised. Based on the preparation and assembly methods used with the polyethylene, the material 
was categorised. The most common forms of polyethylene used in insulation are reviewed here. 

 
2.2 High-Density Polyethylene (HDPE) 

 
HDPE was a versatile plastic polymer with many applications. Slurries, solutions and gas-phase 

reactors can all produce polymers. Transition metal catalysts were frequently employed in HDPE 
processing to produce polymer chains with little branching and good tensile strength. The packing 
density of HDPE is higher than that of other polyethylene varieties. Branch management and 
reduction can be accomplished by using particular catalysts during the production process. Many 
HDPE copolymers contain butene, hexene and octene. Ethylene was polymerized without the use of 
a co-polymer to create HDPE homopolymers. The final products are the densest and crystallin of all 
the members of the PE family. The HDPE's characteristics were shown in Table 1 from Sam et al., [31]. 

 
Table 1 
The general properties of HDPE 
Property High Density Polyethylene (HDPE) 
Melting Point ~135°𝐶𝐶 
Crystallinity Highly Crystalline (>90% crystalline). Has a side chain ratio of 200 carbon atoms or less, resulting 

in long linear chains with uniform packing and good crystallinity. 
Flexibility Increased crystallinity causes it to be stiffer than LDPE. 
Strength Strong due to the regular packing of polymer chains. 
Heat Resistance Useful above 100°𝐶𝐶. 
Transparency It was more crystalline than LDPE but less transparent. 
Density Greater density than LDPE at 0.95 to 0.97 g/cm3.  
Chemical 
Properties 

Chemical inert. 

Schematic 
Diagram 

 
Applications Freezer bags, water pipes, wire and cable insulation, 

extrusion coating. 
 
In terms of modulus, yield and tensile strength, HDPE was comparable to LLDPE and MDPE. 

Additionally, it is denser than LDPE. Due to its higher crystallinity, HDPE is unable to match the purity 
of LDPE or LLDPE film. Extruded HDPE pipe was frequently utilised to transport natural gas and 
potable water. Blow-moulded packaging for industrial and home chemicals, such as bottles for soap, 
shampoo and bleach, is another significant use. 

HDPE was the material of choice in many industries due to its various distinguishing 
characteristics. Due to its high stiffness and chemical resistance, HDPE made an excellent material 
for trays and tanks. Due to its adaptability and excellent strength, HDPE made a fantastic material for 
pipe applications. Additionally, due to its superior impact resistance, light weight, low moisture 
absorption and tensile strength, HDPE is suitable for usage in heavy-duty industries such as 
construction and vehicle manufacturing stated by Schulte and Von Lacroix [6]. 

Due to its numerous advantages, HDPE was the preferred material in a number of 
sectors. According to Tanaka [7], modified HDPE cables offer remarkable DC characteristics and 
improved breakdown characteristics comparable to Polypropylene Laminated Paper (PPLP) Cables. 
Phenolic antioxidant and chlorine catcher are both present in the modified HDPE. This modification 
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has increased the inherent breakdown strength because of the high crystallinity of the basic 
polyethylene and the sparse grafted modifying group distribution. Additionally, it has remarkable 
thermal properties, particularly thermal resistance, which is comparable to around 60% oil-
impregnated paper and 80% XLPE. Allowing for greater current loading. However, compared to XLPE, 
modified HDPE has a cable core that is approximately 2.5 times more rigid when bent stated by 
Tanaka [7]. 

In the meanwhile, experimentation was conducted by Ramkumar and Pugazhendhi [8], the 
experimental findings of this study shown that compositions of HDPE at 3 weight percent with 𝐴𝐴𝐼𝐼2𝑂𝑂3 
nanofiller had improved HDPE qualities in terms of capacitance value. This mixture of 𝐴𝐴𝐼𝐼2𝑂𝑂3/HDPE 
has a dielectric constant of 3.332, up 20.18% from pure HDPE, which has a dielectric constant of 
2.774. When compared to pure HDPE, the dissipation loss of 7 weight percent 𝐴𝐴𝐼𝐼2𝑂𝑂3/HDPE was 
determined to have a value of l. The dissipation factor is decreased because alumina naturally has a 
higher thermal conductivity than other materials. The breakdown voltage of HDPE with a 5 wt% 
𝐴𝐴𝐼𝐼2𝑂𝑂3 composition is 16.3% higher than pure HDPE, according to this study. HDPE's dielectric 
characteristics can be improved by adding 𝐴𝐴𝐼𝐼2𝑂𝑂3 nanoparticles at the suitable weight percentage. 
Since adding more additives produces more conducting ions and speeds up breakdown, the precise 
amount of nano filler used is crucial. Conclusion: Compared to pure HDPE, alumina and HDPE have 
the strongest break-down strength at 5 weight percent while also having a higher dielectric constant.  

 
2.3 Cross-Linked Polyethylene (XLPE) 

 
Cross-linked polyethylene (XLPE), is improved through the use of a cross-linking process. The 

cross-linking develops a three-dimensional network structure, which enhances the material's 
mechanical and thermal properties. XLPE is frequently utilised as electrical insulation in high voltage 
cables and wires. It ensures effective power transfer, lowers power loss and reliable insulation. The 
material's low dissipation factor and dielectric constant help it operate electrically better. XLPE is 
used for construction insulation, plumbing and automotive parts in addition to electrical insulation. 
Due to its resistance to chemical corrosion, scaling and pressure, XLPE is utilised in plumbing for 
pipes, fittings and tubing. 

Because of its superior thermal stability, XLPE can keep its structural integrity even at high 
temperatures. Additionally, it demonstrates high mechanical toughness, strength and resistance to 
impact, abrasion and stress cracking. Its longevity and dependability are facilitated by these qualities. 
Another benefit of XLPE is its chemical resistance, which makes it appropriate for applications 
involving exposure to acids, alkalis, solvents and oils. When in touch with different chemicals, it keeps 
its qualities, minimising degradation and providing dependable performance. Extrusion, injection 
moulding and compression moulding are all processes that can be used to process XLPE, enabling the 
creation of intricate parts and unique designs. Due to its adaptability, the material can be used in a 
variety of applications. The XLPE's characteristics were shown in Table 2 [32]. 
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Table 2 
The general properties of XLPE 
Property Cross-Linked Polyethylene (HDPE) 
Thermal Stability Excellent ability to withstand elevated temperatures. 
Electrical Insulation High dielectric strength, low dielectric constant. 
Mechanical Strength Enhanced resistance to stress cracking, impact and abrasion. 
Chemical Resistance Good resistance to acids, alkalis, solvents and oils. 
Durability Long-lasting material with resistance to degradation. 
Application Areas Electrical cables, plumbing, automotive components, insulation. 
Thermal Conductivity Low thermal conductivity. 
Flexibility Exhibits flexibility for ease of installation and use. 

 
In conclusion, Cross-Linked Polyethylene (XLPE) stands out for its exceptional thermal stability 

and resistance to high temperatures, making it appropriate for applications where thermal 
endurance is essential. In terms of electrical insulation and heat stability, it performs better than 
LLDPE, HDPE and LDPE. Because of its outstanding mechanical strength, impact resistance and 
endurance, XLPE can perform for an extended period of time under harsh conditions. LLDPE and LDPE 
offer more flexibility, but HDPE and LDPE have similar mechanical strength characteristics. Another 
crucial feature is chemical resistance and XLPE excels in this area thanks to its excellent resistance to 
acids, alkalis, solvents and oils, which allows it to keep performing even when exposed to harsh 
materials. While LLDPE and LDPE only offer moderate chemical resistance, HDPE exhibits high 
chemical resistance, making it the best choice for applications involving corrosive substances. It is 
possible to process XLPE, HDPE, LLDPE and LDPE utilising a variety of methods, giving manufacturers 
more freedom to create complicated components and one-of-a-kind designs that adhere to 
particular specifications. When it comes to toughness, XLPE stands out for its enduring performance, 
which keeps its qualities over time and ensures dependability in demanding applications. HDPE is 
frequently utilised in pipes, containers and industrial applications because of its remarkable 
durability. Compared to XLPE and HDPE, LLDPE and LDPE offer a moderate amount of durability. 
Overall, XLPE combines mechanical strength, chemical resistance, electrical insulation and thermal 
stability, making it a preferred option for applications needing exceptional performance in 
challenging environments. 

Mecheri et al., [9] looked at the performance of XLPE, the substance used as insulation in MV 
18/30 kV cables, in relation to the effects of thermal ageing conditions. Significant material 
degradation was observed under situations of high stress that mimicked overload and short circuit 
occurring in insulated power cables at temperatures of 135°C and 150°C, respectively. A thermal 
degradation mechanism that involves breakdown reactions, chain breakage and oxidation can be 
assumed based on the impact of temperature on material performance. During this degradation, 
which is marked by an increase in the dissipation factor and mass loss, all parameters, including 
volume resistivity, dielectric strength, elongation at rupture and tensile strength, decrease stated by 
Mecheri et al., [9]. 

In order to improve the material's properties and solve the issue that pure XLPE had in HVDC 
cable applications, the introduction of XLPE with nano filler material was made by Kaihao et al., [10]. 
The organic nanofiller silicon oxide, SiO2, is added by the researcher to the XLPE. This filler was 
discovered to serve a function in improving heterogeneous nucleation, speeding up crystallisation, 
shrinking crystal size and dispersing crystals even more equally. XLPE with Aluminium Oxide 
(𝐴𝐴𝐼𝐼2𝑂𝑂3/XLPE) nanofiller, XLPE without nanofiller and XLPE with filled polymer were all used in the 
study to compare conduction currents at various temperatures stated by Eirinakis et al., [11]. This 
investigation reveals that filled polymer XLPE conductivity is inferior to 𝐴𝐴𝐼𝐼2𝑂𝑂3/XLPE. Thermal 
activation energies for nano 𝐴𝐴𝐼𝐼2𝑂𝑂3/XLPE composite, 1.35eV for polymer-filled XLPE and 0.84eV for 
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pure XLPE. According to this study's findings, adding nanofiller has less of an impact on thermal 
activation energy than adding polymer filler does. 

 
2.4 Low-Density Polyethylene (LDPE) 

 
The thermoplastic polymer known as low-density polyethylene (LDPE) is a member of the 

polyethylene family. It is distinguished by having a low density, which is made possible by its distinct 
production procedure and molecular makeup. Ethylene gas is high-pressure polymerized to create 
LDPE, which has a branched structure and a significant amount of short and long chain branching. 
LDPE is renowned for its superior impact resistance, flexibility and toughness. Because of its low 
density, which typically ranges from 0.91 to 0.925 g/𝑐𝑐𝑐𝑐3, LDPE has unique characteristics including 
being flexible and malleable. Due to its flexibility, LDPE works well in applications that call for 
bending, folding or shaping, such as flexible packaging materials, plastic bags and films. 

The outstanding chemical resistance of LDPE is one of its main benefits. Acids, bases, alcohols and 
solvents are just a few of the compounds that it can withstand. LDPE can be employed in a variety of 
applications when contact with corrosive substances is anticipated due to its resistance to chemical 
attack. For instance, LDPE is frequently used in laboratory equipment, chemical-resistant linings and 
chemical storage containers. Additionally, LDPE has high electrical insulating qualities. It still offers 
sufficient electrical insulation for low voltage applications despite not having the same high dielectric 
strength as other polyethylene types. Lower voltage electrical lines and cables frequently have LDPE 
employed as an insulating material. The resistance to moisture of LDPE is another noteworthy quality. 
It is suitable for applications where contact with water or moisture is frequent due to its low water 
absorption characteristics. Waterproof films, barrier protection and water-resistant coatings are all 
common uses for LDPE. When it comes to processability, LDPE demonstrates good melt flow 
characteristics that make processing and moulding simple. It can be shaped into a variety of shapes 
and forms via extrusion, blow moulding, injection moulding and thermoforming. Manufacturers may 
create a wide variety of LDPE-based products with various sizes, thicknesses and geometries thanks 
to the flexibility of processing techniques. The LDPE's characteristics were shown in Table 3 from Sam 
et al., [31]. 

 
Table 3 
The general properties of LDPE  
Property Low-Density Polyethylene (LDPE) 
Melting Point ~115°𝐶𝐶 
Crystallinity Low Crystalline (>90% crystalline). 
Flexibility Reduced crystallinity makes it more flexible than HDPE. 
Heat Resistance Maintains flexibility and toughness across a broad temperature range, although density 

plummets significantly above room temperature. 
Transparency Since it is more amorphous (has noncrystalline sections) than HDPE, it offers good transparency. 
Density 0.91-0.94 g/cm3 lower density than HDPE.  
Chemical 
Properties 

Chemical inert. 
Strength and tear resistance are lost when exposed to light and oxygen. 

Applications Flexible packaging, plastic bags, films, coatings, insulation. 
 
As a thermoplastic polymer with many uses, low-density polyethylene (LDPE) is renowned for its 

low density, high flexibility and exceptional toughness. It has minimal water absorption qualities, 
good electrical insulation for low voltage applications and good chemical resistance. Due to its 
simplicity in processing and moulding, LDPE is appropriate for a variety of uses, including flexible 
packaging, plastic bags, films, coatings and insulation. High-Density Polyethylene (HDPE) and Linear 
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Low-Density Polyethylene (LLDPE) have higher densities and demonstrate intermediate toughness 
and chemical resistance when compared to other polyethylene kinds like LDPE. The cross-linking 
process that Cross-Linked Polyethylene (XLPE) goes through improves its electrical insulating 
capabilities while also giving it a low density, making it appropriate for high voltage applications. 
Every variety of polyethylene has unique benefits and uses. Flexible packaging uses LDPE, while pipes 
and containers frequently use HDPE. While XLPE is used for high voltage cables and insulation, LLDPE 
offers moderate toughness and flexibility. It is possible to choose the right material for a certain 
application by understanding the special characteristics of LDPE and how it differs from XLPE, HDPE 
and LLDPE. 

David et al., [12] was motivated by this to investigate LDPE-based nanocomposites enhanced with 
magnesium oxide (MgO), polyhedral oligomeric siloxanes (POSS) or zinc oxide (ZnO), either by 
mechanical alloying or melt mixing. For low loadings between 0 and 5 wt%, the dielectric 
characteristics were investigated to see how effectively the compounding process improved them. 
The addition of MgO nanoparticles—whether treated or untreated—improved the material's 
resistance to space charges amassing in a field similar to the operational field in power cables under 
a much higher electrical field. ZnO or POSS did not significantly change the behaviour of the material 
with regard to space charges. From Kikuma et al., [13], measurements of the dielectric characteristics 
of LDPE and MgO nanocomposites were made. Between 278K and 363K, the resistivity rises with the 
addition of filler up to 5 phr but falls at 10 phr. Given that the conductive current is one of the primary 
sources of tan A, it seems sense that this sequence is exactly the reverse of that of tan 3. The right 
number of nano-fillers, which helps electronic or ionic charge carriers escape traps by hopping 
around in molecules. 

Castellon et al., [14] discovered that the material's space charge accumulation was reduced by 
the nanofiller's presence. When tested under various poling conditions where they applied electric 
field and time, MgO nanoparticle-containing nanocomposite sample develops less space charge than 
reference sample. Following the application of a weak electrical field, MgO and POSS polyethylene 
composites both demonstrated their capacity to endure the accumulation of space charges. When a 
strong electrical field is provided and a long poling period is used, the nanocomposites created by 
melt mixing with silane-treated nanoparticles acquire less space charge than their untreated 
counterpart. LDPE blends with fillers had been examined by Guastavino et al., [15]. The test results 
show that because pure blends have greater voltage endurance coefficients than composites, they 
behave better over the long run. At the maximum voltage, the filler content exhibits very poor 
performance. It is because a bigger amount of filler was inserted, which often results in a percolating 
effect and an exfoliated structure. 
 
2.5 Linear Low-Density Polyethylene (LLDPE) 

 
Linear Low-Density Polyethylene (LLDPE) has a linear molecular structure. LLDPE is created when 

ethylene is copolymerized with comonomers such 1-butene, 1-hexene or 1-octene. LLDPE gains 
distinctive features from the comonomer addition during the polymerization process, making it a 
flexible material for a range of applications. LLDPE demonstrates a number of distinctive traits that 
make it stand out. First of all, it is less dense than LDPE and HDPE, often weighing between 0.915 and 
0.935 g/cm3. A material with superior flexibility and elongation qualities will be lighter because to 
the decreased density. 

The better film-forming capabilities of LLDPE are one of its salient benefits. It is easily processed 
to create films with remarkable clarity, flexibility and heat-sealing qualities utilising methods 
including extrusion and blow moulding. LLDPE films have many uses in the packaging industry, 
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including stretch films, food packaging, agricultural films and industrial packaging. Due to its strong 
chemical resistance, LLDPE can endure exposure to a variety of solvents, acids and bases. In 
applications where the material might come into touch with chemicals or stress-inducing agents, it 
provides resistance to environmental stress cracking, which is very advantageous. Additionally, LLDPE 
is ideal for outdoor applications such as geomembranes, pond liners and protective covers because 
to its outstanding resistance to UV radiation, weathering and outdoor exposure. LLDPE has greater 
tensile strength, impact strength and puncture resistance than LDPE. In contrast to LDPE, LLDPE could 
have a little less clarity and flexibility. The LLDPE's characteristics were shown in Table 4 [33]. 
 

Table 4 
The general properties of LLDPE 
Property Linear Low-Density Polyethylene (LLDPE) 
Density Low to medium density: 0.915 - 0.935 g/cm³. 
Flexibility High flexibility and good elongation properties. 
Tensile Strength Excellent tensile strength. 
Impact Strength High impact resistance. 
Puncture Resistance Good resistance to punctures. 
Chemical Resistance Good resistance to chemicals, acids and bases. 
UV Resistance Excellent resistance to UV radiation and weathering. 
Crystallinity Semi-crystalline, level between 35 to 60%. 
Environmental Stress Cracking Resistance to stress-induced cracking. 
Applications Packaging films, agricultural films, geomembranes, pond liners, protective covers. 

 
In conclusion, Linear Low-Density Polyethylene (LLDPE) is a versatile kind of polyethylene that 

differs from Cross-Linked Polyethylene (XLPE), High-Density Polyethylene (HDPE) and Low-Density 
Polyethylene (LDPE) in that it has unique features. High flexibility, great tensile strength, impact 
resistance and puncture resistance are all characteristics of LLDPE. Similar to XLPE but with a lower 
density than HDPE and LDPE. LLDPE is useful for a variety of applications due to its strong chemical 
resistance, UV resistance and film-forming capabilities. LLDPE is distinguished from other 
polyethylene kinds by having greater tensile strength, impact resistance and film-forming 
capabilities. In terms of flexibility, chemical resistance and UV resistance, it is comparable to HDPE 
and LDPE. However, XLPE might provide improved chemical resistance and distinct film-forming 
properties due to its cross-linked structure. 

Due to its special characteristics, LLDPE is frequently chosen in applications where flexibility, 
toughness, impact resistance and puncture resistance are essential. It is a good fit for industrial 
packaging and packaging films thanks to its film-forming capabilities. LLDPE is more suitable for a 
variety of outdoor and industrial applications thanks to its chemical and UV resistance. When 
choosing a material for a given application, it is important to be aware of the special qualities of 
LLDPE and how it differs from other polyethylene materials. LLDPE is a useful polymer in a variety of 
industries, from packaging to agricultural, thanks to its adaptability and dependability. These 
industries benefit from its superior mechanical and chemical qualities, which enable maximum 
performance and long-lasting durability. 

Go et al., [16] tested the blend films made from LLDPE and ethylene-vinyl acetate with weight 
percentages of 80:20, 70:30, 60:40 and 50:5O. The research and comparison of the physical 
characteristics and dielectric strength to pure LLDPE. The outcome demonstrates that samples with 
a 70:30 and 50:50 ratio have superb insulating and dielectric characteristics. Pure LLDPE is less stable 
at various temperatures and thicknesses than the other two samples. For each specimen, virgin 
LLDPE has the highest dielectric strength while virgin EVA has the lowest. Mixed film has somewhat 
lower dielectric strengths than virgin LLDPE, but it is more stable at changing temperatures. It is 



Journal of Advanced Research in Applied Mechanics 
Volume 127, Issue 1 (2025) 64-76 

73 
 

concluded that the performance of PE can be enhanced by combining LLDPE with EVA stated by Go 
et al., [16]. 

According to Chen et al., [17], when nano alumina was added to LLDPE, the material's I-V 
properties changed. The number of nano alumina particles has a significant impact on the 
alternation. The material's I-V properties are improved for a little amount, like 1% by weight. The 
conduction current reduces at lower applied voltages as the number of nano alumina particles rises, 
but it increases significantly at higher applied voltages. A small percentage of alumina in the mixture 
shows that charge is dispersed throughout the majority of the substance. As alumina content 
changes, polyethylene's conduction current rises stated by Chen et al., [17]. The results of Li et al., 
[18] investigation showed that at 30°𝐶𝐶, LDPE-based material can endure a stronger DC field than 
LLDPE-based material. On the other hand, the DC breakdown strength of LDPE-based materials 
decreases at 90°𝐶𝐶,  by more than 50% and by more than 50% at 70°𝐶𝐶. At a temperature of 30 °C, 
LLDPE-based materials have a lower DC breakdown strength than LDPE-based materials. However, 
the DC breakdown strength of LLDPE-based materials only marginally reduces when the temperature 
rises. In terms of thermal stability, LLDPE-based materials perform better than LDPE-based materials 
stated by Li et al., [18]. 

The PDC values can be reduced when nanoparticles are introduced to LLDPE nano composites 
and varied filler concentrations can have a variety of outcomes. It has been discovered that at 1% by 
weight of nano alumina and titanium particles, the conduction current exhibits a minimum. 
Researchers found that adding MgO nanofiller to LDPE enhances its volume resistivity stated by 
Jamail et al., [19]. The conductivity investigation demonstrates that the polymer's insulating 
capabilities were improved by the addition of nanofiller. With a specific amount, the nanofiller 
exhibits a considerable drop in DC conductivity; this behaviour is consistent across all fillers and 
materials. The dielectric permittivity of LLDPE was discovered by Zhang et al., [20] to exhibit a slight 
effect on frequency in the range of 104 to 106Hz. According to Zhang et al., [20], the dielectric 
permittivity increases as the alumina concentration is raised in the LLDPE. Due to the LLDPE's lower 
dielectric permittivity than the alumina concentration, this is the case. While other studies from 
Jamail et al., [21], Salleh et al., [22], Aziz et al., [23], Jamail et al., [24], Piah and Hassan [25,26], Razali 
et al., [27] and Makmud et al., [28] have looked at the possibility of incorporating additional nanofiller 
into the LLDPE-NR material's framework. The finding shows that both composites enlarge with 
increasing nanofiller weight percentage. 𝑇𝑇𝑇𝑇𝑂𝑂2 composite, which is made of titanium oxide, will make 
the dielectric of LLDPE better whereas 𝑆𝑆𝑆𝑆𝑂𝑂2 composite will worsen it. In terms of the lowest 
polarisation and depolarization current values as well as the lowest conductivity level, it is discovered 
that the LLDPE-NR over 𝑆𝑆𝑆𝑆𝑂𝑂2 at 5 wt% is the optimal composition for HV insulation. According to the 
study of Lebedev, Gefle and Zakurdaev [29], LDPE has a 104°C melting point compared to 125°C for 
LLDPE. The average breakdown strength and breakdown voltage readings have increased by about 
12–15% in comparison to LDPE since the sample test. By substituting LLDPE for LDPE, large sizes can 
considerably improve their thermal, electrical and mechanical properties. 

 
3. Conclusions 

 
The four materials that have been carefully scrutinised are linear low-density polyethylene 

(LLDPE), cross-linked polyethylene (XLPE), low-density polyethylene (LDPE) and high-density 
polyethylene (HDPE). These insulation materials are made primarily of polyethylene (PE), the most 
popular type of plastic. Its superior chemical resistance, rigidity and impact resistance make HDPE, a 
dense and crystalline version of PE, useful for a variety of applications. The breakdown properties 
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and thermal resistance of modified HDPE have been improved by the addition of additives like 
phenolic antioxidants. 

To improve its mechanical and thermal qualities, cross-linking is applied to XLPE. It has 
exceptional mechanical strength, thermal stability, electrical insulation and chemical resistance, 
which makes it the perfect choice for applications demanding endurance in challenging 
environments. Due to its low density, LDPE provides the best impact resistance, flexibility and 
toughness. Even though it doesn't have the same degree of mechanical strength as HDPE and XLPE, 
it can still be used in a variety of applications. Overall, due to its combination of mechanical strength, 
chemical resistance, electrical insulation and thermal stability, XLPE stands out as the preferable 
material for applications needing high performance in demanding situations. While LDPE excels in 
flexibility and impact resistance, HDPE is preferred for its durability. 

Further study has looked at adding nano fillers to XLPE and HDPE to increase their characteristics, 
leading to better dielectric properties and thermal activation energy. In conclusion, the safe and 
efficient operation of high voltage systems depends on the choice of insulation material. Making wise 
decisions in high voltage applications requires an understanding of the characteristics and capabilities 
of various materials. 
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