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Abstract: This article provides a detailed insight on the topic of polyethylene, a 

polymer widely utilized in the plastics industry. The exploration begins with an 

overview of the history of polyethylene, tracing its development and 

commercialization. The chemical composition of polyethylene is then dissected, 

focusing on the distinct properties of Low-Density Polyethylene (LDPE), High-

Density Polyethylene (HDPE), and Linear Low-Density Polyethylene (LLDPE). 

Comparative results of these variations are discussed in terms of flexibility, 

rigidity, and applications. The article emphasizes the importance of understanding 

polyethylene's chemical structure in optimizing its use across diverse industries.  
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Introduction: Polyethylene, discovered in the 1930s by researchers at Imperial 

Chemical Industries (ICI), marked a significant milestone in polymer science. 



Initially, the focus was on its synthesis from ethylene gas, leading to the 

development of various polyethylene types. Polyethylene is a versatile and widely 

used polymer in the plastics industry. It belongs to the family of polyolefins and is 

known for its simple structure and high molecular weight. Polyethylene is 

produced through the polymerization of ethylene, a hydrocarbon gas. The 

polymerization process results in a long-chain polymer with repeating ethylene 

units. The journey of polyethylene began with the pioneering work of ICI 

researchers Reginald Gibson and Eric Fawcett in 1933. They stumbled upon its 

synthesis while investigating high-pressure reactions with ethylene gas. 

Subsequent developments, including the low-pressure process by Karl Ziegler and 

Erhard Holzkamp in the 1950s, Low-Density Polyethylene (LDPE), High-Density 

Polyethylene (HDPE), and Linear Low-Density Polyethylene (LLDPE) are three 

distinct types of polyethylene, each with unique properties and applications. These 

polymers are produced through the polymerization of ethylene, but variations in 

their molecular structures result in differences in physical characteristics and 

performance. 

 

1. Low-density polyethylene (LDPE): Chemical Structure: LDPE has a 

branched and more open molecular structure compared to other 

polyethelenes. The branched structure in LDPE is a result of the 

incorporation of short-chain branches during the polymerization process. 

These branches prevent the polymer chains from closely packing 



together, leading to a lower density compared to other polyethylene 

types.This branching creates a more flexible and irregular polymer. 

Physical Properties: LDPE is characterized by its low density, making it 

lightweight and flexible. It has excellent transparency, which makes it 

suitable for applications where visibility is essential. Applications: LDPE 

is commonly used in packaging materials, plastic bags, squeeze bottles, 

and various types of film. Its flexibility and toughness make it ideal for 

products that require a soft, pliable texture. It is primarily composed of 

repeating ethylene monomer units. Ethylene (C₂H₄) is a simple 

hydrocarbon with two carbon atoms and four hydrogen atoms. 

 

 

  

 

 



2. High-density polyethylene (HDPE): Chemical Structure: HDPE has a 

more linear and tightly packed molecular structure, resulting in a higher 

density compared to LDPE. Physical Properties: HDPE is rigid, durable, 

and has a high tensile strength. It is resistant to chemicals and has excellent 

moisture barrier properties. Applications: HDPE is widely used in the 

production of bottles for milk, detergent, and chemicals. It is also employed 

in pipes and fittings for its strength and corrosion resistance. Its rigidity 

makes it suitable for various industrial and construction applications. 

HDPE is primarily composed of repeating ethylene monomer units. 

Ethylene (C₂H₄) is a simple hydrocarbon with two carbon atoms and four 

hydrogen atoms. It is prepared from ethylene via a catalytic process. 

Products made of high density polyethylene are long-lasting and easy to 

maintain. The density of this polymer ranges from 930 kg/m3 to 970 kg/m3. 

 

 



3. Linear low-density polyethylene (LLDPE): Chemical Structure: 

LLDPE is a hybrid between LDPE and HDPE, featuring a linear structure 

with short branches. This structure imparts properties that fall between 

those of LDPE and HDPE. Physical Properties: LLDPE is more flexible 

than HDPE but has higher tensile strength and puncture resistance 

compared to LDPE. It offers a good balance between durability and 

flexibility. Applications: LLDPE is commonly used in film applications, 

such as plastic wraps, liners, and bags. Its toughness and flexibility make 

it suitable for packaging that requires a combination of strength and 

stretchability. Like other polyethylenes, LLDPE is primarily composed of 

repeating ethylene monomer units. Ethylene (C₂H₄) is a hydrocarbon with 

two carbon atoms and four hydrogen atoms. 

LLDPE has a density range of 910 kg/m3to about 940 kg/m3, and is 65% to 

75% crystalline at room temperature. Linear low density polyethylene is not 

reactive and can be stored without any problems . However, there are certain 

risks while processing LLDPE products. Inhalation of the gases from the 

raw material’s dust can cause harm to the respiratory system. 

  



 

 

Comparison between LDPE, HDPE & LLDPE 

Property LDPE HDPE LLDPE 

Chemical 

Structure 

Branched and open 

Structure 

Linear and tightly 

packed structure 

Linear structure with 

short branches  

Density(g/cm^3) Low(0.91-0.93g/cm3) High(0.94-

0.97g/cm3) 

Intermediate (0.915-

0.925g/cm3) 

Flexibility Highly flexible and 

soft 

Less flexible, more 

rigid 

Balances flexibility and 

strength 

Strength 
 

Lower tensile 

strength 

 

 

Higher tensile 

strength 

Intermediate tensile 

strength 

Melting 

Point(oc) 

Lower melting point 

(around 105°C) 

 

Higher melting point 

(around 130-137°C) 

Intermediate melting 

point (around 120°C) 

Application  
 

Plastic bags, films, 

squeezable bottles 

 

Bottles, containers, 

pipes, toys 

Packaging films, liners, 

containers 

Environmental 

Impact 

May have a higher 

environmental impact 

 

Generally resistant 

to environmental 

degradation 

  

Intermediate 

environmental impact 

 



Advantages of polyethylene: Polyethylene is a versatile and widely used 

polymer with several advantages across various applications. Polyethylene 

exhibits excellent resistance to a wide range of chemicals, making it suitable for 

use cases. It is a lightweight material, which makes it easy to handle and transport. 

This property is especially useful in applications such as packing and 

transportation. Polyethylene is a flexible material, allowing it to be easily molded 

and shaped, also has good electrical insulation properties, making it suitable for 

use in electrical and electronic applications. It is often used in the insulation of 

wires and cables. Polyethylene is considered a safe and non-toxic material, which 

is important for applications such as food packaging and medical devices. It is 

also a cost-effective material, which contributes to its widespread use in various 

industries. Its affordability makes it an attractive option for both consumer and 

industrial applications. Polyethylene is recyclable, and many products made from 

this material can be recycled. This contributes to sustainability efforts and reduces 

environmental impact. 

Disadvantages of Polyethylene: While polyethylene offers many advantages, it 

also has some disadvantages that should be considered, depending on the 

specific application. Some of the disadvantages include; Polyethylene has a 

relatively low melting point, and its mechanical properties can be affected by 



temperature changes. It may become brittle at low temperatures and soften at 

high temperatures, limiting its use in extreme temperature 

environments.Although polyethylene is weather-resistant, it may degrade when 

exposed to prolonged sunlight or ultraviolet (UV) radiation. UV stabilizers are 

often added to mitigate this issue, but extended exposure to sunlight can still 

lead to degradation. Above all, Polyethylene is not biodegradable, and its 

persistence in the environment can contribute to plastic pollution. Another 

disadvantage is that , it is flammable, and it may ignite and burn when exposed 

to an open flame. It may not be the best choice for high load-bearing 

applications or situations where extreme strength and rigidity are required. 

Summary: In summary, this article offers a comprehensive exploration of 

polyethylene, explaining its chemical composition and comparing the results 

across LDPE, HDPE, and LLDPE. Polyethylene is the most widely used 

plastics in the whole world. By understanding these application we get a 

detailed insight on the concept of Polyethylene. Despite its ubiquity, ongoing 

research and development in the field aim to address environmental concerns 

related to polyethylene use, promoting sustainable practices in the plastics 

industry. 
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