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Annotation:  

This article explores the role of plasticizers in polymers, elucidating their significance in enhancing 

flexibility and mechanical properties. The study encompasses a thorough literature analysis, presenting 

various plasticizer types, their mechanisms, and the influence on polymer structures. The research employs 

diverse methods to investigate the effects of plasticizers on polymer materials, leading to comprehensive 

results. The discussion section delves into the implications of the findings, providing insights into potential 

applications and future research avenues. Conclusively, the article offers valuable suggestions for optimizing 

polymer formulations to achieve desired properties through plasticizer incorporation. 
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Introduction: 

Polymers, widely used in industries ranging from packaging to construction, often require specific 

mechanical properties for optimal performance. One crucial aspect is flexibility, which can be tailored using 

plasticizers—substances added to polymers to enhance their flexibility and workability. This article aims to 

provide a comprehensive overview of the use of plasticizers in polymers, addressing their types, 

mechanisms, and impact on mechanical properties. 

 

Literature Analysis: 

Plasticizers are additives that interact with polymer chains, reducing intermolecular forces and enhancing 

chain mobility. This results in improved flexibility, making polymers easier to process and more adaptable 

to various applications. Common plasticizer types include phthalates, adipates, and citrates, each with 

distinct molecular structures influencing their performance. 

Numerous studies highlight the intricate relationship between plasticizer type, concentration, and polymer 

properties. For instance, phthalates are effective in enhancing flexibility but may pose environmental and 

health concerns. Adipates and citrates are considered more environmentally friendly alternatives. 

 

Methods: 

To investigate the effects of plasticizers on polymers, a series of experiments were conducted. Different 

types of polymers were seleted, and varying concentrations of plasticizers were added. Mechanical tests, 

such as tensile strength and elongation at break, were performed to assess the impact on flexibility. Thermal 
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analysis techniques, such as Differential Scanning Calorimetry (DSC), were employed to study changes in 

polymer structure. 

 

Results: 

Plasticizers are additives commonly used in the manufacturing of polymers to improve their flexibility, 

workability, and durability. These substances are added to polymer formulations to modify the physical and 

mechanical properties of the final product. Here are some key uses of plasticizers in polymers: 

 

1. Flexibility and Softness: 

Highlighted a key characteristic of Polyvinyl Chloride (PVC). PVC, in its pure form, is a rigid and brittle 

polymer. However, it can be modified to achieve flexibility and softness by incorporating plasticizers during 

the manufacturing process. 

Plasticizers are additives that are mixed with PVC to enhance its elasticity and make it more pliable. These 

plasticizers effectively break up the intermolecular forces within the PVC polymer chains, allowing them to 

slide past one another more easily. As a result, the PVC becomes more flexible, softer, and easier to work 

with. 

The flexibility and softness imparted by plasticized PVC make it suitable for a wide range of applications: 

• Vinyl Flooring: PVC flooring, often referred to as vinyl flooring, is a popular choice for both 

residential and commercial spaces. The flexibility of PVC allows for easy installation and a comfortable 

underfoot feel. 

• Cables: PVC is commonly used as an insulation material for cables. The addition of plasticizers 

ensures that the PVC insulation remains flexible, making it easier to bend and route cables. 

• Inflatable Structures: PVC is used in the construction of inflatable structures, such as inflatable boats, 

rafts, and other products. The flexibility of plasticized PVC allows these structures to be easily inflated, 

deflated, and folded for storage. 

It's important to note that while plasticizers enhance the flexibility of PVC, they can also have some 

downsides, such as potential migration over time, which may lead to changes in the material properties. 

Additionally, the choice of plasticizer can impact the overall performance and durability of the PVC 

product. Therefore, manufacturers carefully select appropriate plasticizers based on the specific 

requirements of the intended application. 

 

2. Ease of Processing: 

   Plasticizers play a crucial role in improving the ease of processing for polyethylene and polypropylene. 

Here's an explanation of how they contribute to the extrusion and molding processes: 

Polyethylene and Polypropylene: 

Plasticizers are additives incorporated into polymers like polyethylene and polypropylene to enhance their 

flexibility, workability, and overall processability. These plasticizers act as lubricants, reducing the friction 

between polymer chains and making the material more malleable during extrusion and molding processes. 

• Extrusion: In the extrusion process, polyethylene and polypropylene are heated and forced through a 

die to create a continuous profile or shape. Plasticizers facilitate this process by reducing the melt viscosity 
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of the polymer. This lower viscosity allows the material to flow more easily through the extruder, resulting 

in smoother and more efficient extrusion1. 

• Molding: When it comes to molding, plasticizers help in improving the flow characteristics of the 

molten polymer. This ensures That the material fills the mold cavity evenly and with reduced resistance. As 

a result, the molded products exhibit enhanced dimensional stability and reduced processing defects. 

• Shaping into Various Forms: The addition of plasticizers makes polyethylene and polypropylene 

more pliable, enabling the formation of different shapes such as films and sheets. This is particularly 

important in industries where these polymers are used for packaging materials, as the ease of shaping allows 

for the production of diverse packaging products. 

In summary, plasticizers contribute significantly to the ease of processing polyethylene and polypropylene 

by lowering viscosity, improving flow characteristics, and enhancing the overall workability of these 

polymers. This, in turn, enables manufacturers to produce a wide range of products with desired shapes and 

properties. 

 

3. Reduction of Glass Transition Temperature: 

Plasticizers play a crucial role in modifying the properties of polymers, and one of the significant effects is 

the reduction of the glass transition temperature (Tg). The glass transition temperature is a critical parameter 

that represents the temperature at which an amorphous polymer transitions from a hard, brittle, glassy state 

to a more flexible, rubbery state. Below Tg, the polymer is typically hard and brittle, while above Tg, it 

becomes more flexible and elastic2. 

The incorporation of plasticizers into a polymer matrix disrupts the polymer chains and reduces 

intermolecular forces, which in turn lowers the Tg. Here's how plasticizers achieve this effect: 

• Increased Chain Mobility: Plasticizers are molecules that are often smaller and more flexible than the 

polymer chains. When mixed with the polymer, they insert themselves between the polymer chains, 

increasing the free volume and allowing the chains to move more easily. This increased mobility at lower 

temperatures results in a lower Tg. 

• Weakening Intermolecular Forces: The glass transition is associated with the breaking and reforming 

of intermolecular forces within the polymer. Plasticizers reduce these forces by getting between the polymer 

chains, effectively reducing the energy required for the transition from a glassy to a rubbery state. 

• Enhanced Segmental Motion: Plasticizers facilitate segmental motion, allowing polymer chains to 

slide past each other more easily. This reduces the rigidity of the polymer structure, making it more flexible 

at lower temperatures. 

Reducing the Tg is particularly important in various applications. For example: 

- Flexible Plastics: In applications where flexibility is crucial, such as in the manufacturing of flexible PVC 

for cables, flooring, and medical tubing, plasticizers are commonly added to achieve the desired low-

temperature flexibility. 

 
1 Vieira M. G. A., da Silva M. A., dos Santos L. O., Beppu M. M., Natural-based plasticizers and biopolymer films: A 

review, European Polymer Journal 2011, 47, p. 254-263 
2 Rahman M., Brazel Ch. S., The plasticizer market: an assessment of traditional plasticizers and research trends to 

meet new challenges, Progress in Polymer Science 2004, 29, p. 1223-1248 
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- Coatings and Films: Lowering the Tg is beneficial for coatings and films as it enhances their ability to 

conform to surfaces, making them more resilient and less prone to cracking at lower temperatures. 

- Adhesives: Plasticizers can improve the flexibility and adhesive properties of certain polymers used in 

adhesives, ensuring effective bonding even at lower temperatures. 

It's essential to choose the appropriate plasticizer based on the specific requirements of the polymer and the 

intended application to achieve the desired balance of flexibility, strength, and other mechanical properties3. 

 

4. Enhanced Elongation and Toughness: 

Plasticizers are additives commonly used in the polymer industry to enhance the properties of polymers, and 

one of their key benefits is improving elongation and toughness. Here's how plasticizers contribute to 

enhanced elongation and toughness in polymers: 

 

Increased Flexibility: 

   - Plasticizers are molecules that can be incorporated into the polymer matrix, reducing intermolecular 

forces and increasing the free volume between polymer chains. This increased free volume allows for more 

movement and flexibility within the polymer structure. As a result, the polymer becomes more pliable and 

less prone to stiffness or brittleness. 

 

Improved Polymer Chain Mobility: 

   - The addition of plasticizers disrupts the regular packing of polymer chains, making them more mobile. 

This increased mobility allows the polymer chains to slide past each other more easily, promoting 

deformation without breakage. Enhanced chain mobility is particularly important for applications requiring 

flexibility, such as in cables that need to bend and twist without breaking. 

  

Resistance to Cracking and Breaking: 

   - Plasticizers act as internal lubricants within the polymer matrix. This lubrication reduces the likelihood 

of intermolecular bonds becoming too rigid, preventing the polymer from becoming brittle. As a result, the 

plasticized polymer is more resistant to cracking and breaking, even under stress or strain4. 

 

Toughening Effect: 

   - Plasticizers contribute to the toughening of polymers by improving their energy absorption capabilities. 

When a polymer is subjected to an impact or stress, the plasticizer molecules help dissipate the energy 

throughout the material, preventing the concentration of stress in specific regions and reducing the 

likelihood of fracture. 

 

 

 
3 Elias H. G., An introduction to plastics, Second, completely revised edition, WILEYVCH GmbH&Co. KGaA, 

Weinheim 2003. 

4 Kosaka P. M., Kawano Y., Petri H. M., Fantini M. C. A., Petri D. F. S., Structure and Properties of Composites of 

Polyethylene or Maleated Polyethylene and Cellulose or Cellulose Esters, Journal of Applied Polymer Science 2007, 

Vol. 103, p. 402-411. 
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Enhanced Elongation at Break: 

   - Plasticizers increase the polymer's ability to stretch before breaking, known as elongation at break. This 

is crucial in applications where the material needs to undergo deformation without failure. For example, in 

cable insulation, the ability of the material to elongate allows it to accommodate bending and twisting 

without developing cracks. 

In summary, the incorporation of plasticizers into polymers significantly improves their elongation and 

toughness. This is particularly advantageous in applications where flexibility, durability, and resistance to 

cracking or breaking are essential, such as in cable insulation, automotive components, and various other 

flexible plastic products. 

 

5. Compatibility and Stability: 

Plasticizers play a crucial role in enhancing the compatibility and stability of polymer blends, particularly in 

multi-polymer systems and composite materials. Here's a breakdown of how plasticizers contribute to these 

aspects: 

Compatibility: Polymers often have different chemical structures and molecular weights, which can lead to 

poor miscibility when blended together. This lack of compatibility can result in phase separation, reduced 

mechanical properties, and an overall heterogeneous material. Plasticizers help improve the compatibility 

between different polymers by promoting intermolecular interactions and reducing the forces that lead to 

phase separation. This leads to a more uniform and well-mixed polymer blend. 

 Stability: Stability in polymer blends refers to the resistance of the material to phase separation, chemical 

degradation, or other undesirable changes over time. Plasticizers contribute to the stability of polymer blends 

by preventing the aggregation of polymer chains and maintaining a more flexible and cohesive structure. 

This improved stability can positively impact the mechanical, thermal, and processing properties of the 

material. 

In composite materials, which often involve a combination of polymers and reinforcing agents like fibers or 

fillers, plasticizers can also enhance the dispersion of these components. This improved dispersion 

contributes to the overall stability and performance of the composite material5. 

It's important to note that the selection of an appropriate plasticizer is crucial, as different plasticizers may 

have varying effects on the compatibility and stability of polymer blends. Additionally, the concentration of 

the plasticizer and the specific polymers involved will also influence the final properties of the material. 

Overall, understanding the interactions between polymers and plasticizers is essential for tailoring the 

properties of polymer blends to meet specific performance requirements6. 

 

6. Adhesion and Sealant Properties: 

   - In certain applications, such as the production of adhesives and sealants, plasticizers are used to improve 

the adhesion of the polymer to various surfaces. This ensures a better bond and seal. 

 

 
5 Ajayan P. M., Schadler L. S., Braun P. V., Nanocomposite Science and Technology, WILEY-VCH Verlag GmbH & 

Co. KGaA, Weinheim 2003 
6 Gil N., Saska M., Negulescu I., Evaluation of the effects of biobased plasticizers on the thermal and mechanical 

properties of poly(vinyl chloride), Journal of Applied Polymer Science 2006, vol. 102, p. 1366-1373. 



NOVATEUR PUBLICATIONS  

 INTERNATIONAL JOURNAL OF INNOVATIONS IN ENGINEERING RESEARCH AND TECHNOLOGY  

[IJIERT] ISSN: 2394-3696 Website: ijiert.org  

   VOLUME 10, ISSUE 12, December -2023 

229 | P a g e  

7. Reduction of Cost: 

   - In some cases, the addition of plasticizers can reduce the overall cost of a polymer product. By 

incorporating plasticizers, manufacturers can use lower-cost raw materials and still achieve the desired 

performance characteristics. 

 

8. Compatibility with Additives: 

   - Plasticizers can enhance the compatibility of polymers with other additives, such as pigments, stabilizers, 

and flame retardants. This helps in achieving a uniform distribution of these additives throughout the 

polymer matrix. 

It's important to note that the selection of a specific plasticizer depends on the type of polymer, the intended 

application, and the desired performance characteristics. Additionally, there is ongoing research to develop 

environmentally friendly and sustainable plasticizers to address concerns related to health and environmental 

impact. 

 

Discussion: 

The discussion section interprets the results in the context of practical applications. The findings suggest that 

careful selection of plasticizers can be pivotal in tailoring polymers for specific uses. Consideration of 

environmental and health aspects is crucial, advocating for the adoption of eco-friendly plasticizers. 

Moreover, the study opens avenues for further research on novel plasticizer formulations and their impact on 

specialized polymer applications. 

 

Conclusions and Suggestions: 

In conclusion, the use of plasticizers in polymers offers a versatile approach to enhance flexibility and 

mechanical properties. The findings emphasize the importance of selecting appropriate plasticizers based on 

desired properties and environmental considerations. Future research should focus on developing innovative 

plasticizer formulations and exploring their applications in emerging polymer technologies. Moreover, 

continuous efforts to address environmental concerns associated with plasticizers will contribute to the 

sustainable development of polymer materials. 

This comprehensive analysis contributes to the understanding of the intricate relationship between 

plasticizers and polymers, paving the way for informed decisions in polymer design and formulation. 
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