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Abstract—Hybrid polymer composites, which combine 

various types of fibers or fillers with polymer matrices, 

are renowned for their enhanced performance and are 

widely used in industries such as aerospace, automotive, 

construction, and maritime. These composites are valued 

for their lightweight nature and increased rigidity 

compared to traditional polymers, with designs tailored 

to meet specific application needs. The integration of 

different reinforcements—such as fibers or fillers—

significantly improves the wear resistance and 

mechanical properties of the polymers. However, their 

performance can be considerably affected by 

environmental conditions. This review explores how 

various environmental factors—such as temperature 

extremes, moisture, chemical exposure, UV radiation, 

and thermal cycling—impact the mechanical, thermal, 

and durability properties of hybrid polymer composites. 

It discusses how these conditions can compromise the 

structural integrity, reliability, and lifespan of these 

materials, particularly under critical loading conditions 

like low-velocity impacts. The review includes an 

analysis of standardized testing methods and analytical 

techniques used to assess the effects of these 

environmental conditions. Case studies illustrate real-

world performance challenges and solutions, 

underscoring the need for more resilient materials and 

improved testing methodologies. Additionally, the review 

investigates different hybrid composites made with 

epoxy matrices reinforced by woven glass fabric, woven 

carbon fabric, and hybrid fabric. It delves into the 

mechanical and tribological impacts of these composites, 

focusing on how tensile strength, bending strength, and 

wear characteristics—such as erosion wear rates—

degrade under various environmental conditions, 

including exposure to water, kerosene, saline, and sub-

zero temperatures. Emerging research trends and future 

directions are also highlighted, emphasizing the 

development of hybrid structures with nano-materials 

for advanced applications in electronics and sensors. 

 

Index Terms—Hybrid composites, Polymer, Strength, 

Durability) 

 

I. INTRODUCTION 

 

Hybrid polymer composites are advanced materials 

composed of polymer matrices reinforced with a 

combination of different types of fibers or fillers. 

These composites leverage the strengths of each 

reinforcement to enhance the overall performance of 

the material. For instance, the integration of natural 

fibers such as jute with synthetic fibers can 

significantly improve the mechanical properties and 

sustainability of the composites (Mohanty, Misra, & 

Drzal, 2002). The importance of hybrid polymer 

composites lies in their superior mechanical properties 

and versatility, which make them highly suitable for 

various industrial applications. These materials are 

increasingly preferred in sectors such as aerospace, 

automotive, and construction due to their lightweight 

nature, high strength-to-weight ratio, and tailored 

properties (Bourmaud & Baley, 2016). By combining 

different reinforcement materials, hybrid composites 

can be designed to meet specific performance 

requirements, providing enhanced durability and 

functionality compared to traditional polymers 

(Kumar & Kumar, 2016). Recent advancements in the 

field highlight the evolving applications of hybrid 

polymer composites. Innovations in manufacturing 

techniques and material combinations are 

continuously improving the performance 

characteristics and expanding their use in modern 

engineering applications (Reddy & Krishnamurthy, 

2019). These developments underscore the crucial role 

of hybrid composites in advancing technology and 

meeting the demands of various industries (Garkhail 

& Singh, 2020). Hybrid polymer composites offer 
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significant benefits in terms of mechanical 

performance and application flexibility, making them 

a valuable material choice in contemporary 

engineering and industrial contexts. The exploration of 

hybrid polymer composites has become increasingly 

vital in modern material science due to their unique 

properties and diverse applications.  

As highlighted by Chowdary et al. (2020), the 

degradation of these composites in liquid mediums 

significantly affects their mechanical properties, 

necessitating a deeper understanding of their behavior 

under various environmental conditions. Swolfs et al. 

(2018) further emphasize the advancements in fiber-

hybrid composites, presenting new opportunities in 

material selection that can enhance performance and 

sustainability. Research by Mayandi et al. (2020) 

reviews the endurance and aging performance of 

hybrid polymer composites, indicating that 

environmental factors such as moisture absorption and 

temperature are critical in determining material 

longevity (Habibi et al., 2018). The impact of 

environmental aging, specifically on bamboo-glass 

fiber reinforced composites, has been studied by Thwe 

and Liao (2002), illustrating the importance of 

accounting for various aging processes. Natural fibers 

have been recognized for their potential to improve the 

sustainability of composites, yet they also introduce 

specific degradation challenges (Azwa et al., 2013). 

Hussnain et al. (2023) provide insights into the 

degradation mechanisms of fiber-reinforced 

composites in marine environments, reinforcing the 

need for comprehensive evaluations across different 

applications. The effects of low temperatures on 

composite behavior are equally important, as explored 

by Kumar and Reddy (2021) highlighting concerns 

regarding brittle behavior in harsh conditions. The 

integration of advanced analytical techniques, such as 

finite element methods for vibration and stability 

analysis, is also essential for optimizing the design and 

performance of hybrid composites (Wankhade et al., 

2011; 2013). Research into shape control and vibration 

analysis of piezolaminated plates demonstrates the 

interplay between design, material properties, and 

external loading conditions (Bajoria & Wankhade, 

2015; Wankhade & Bajoria, 2016).The purpose of this 

review is to provide a comprehensive examination of 

the performance behavior of hybrid polymer 

composites under a range of environmental conditions. 

Hybrid polymer composites, which combine various 

fibers or fillers with polymer matrices, are 

increasingly used in diverse applications due to their 

enhanced mechanical properties and adaptability. 

 

II. ENVIRONMENTAL CONDITIONS 

AFFECTING PERFORMANCE 

 

2.1 Effect of temperature Extremes 

Temperature extremes can significantly impact the 

performance of hybrid polymer composites, affecting 

their mechanical properties, thermal stability, and 

dimensional stability. These composites, which 

combine various fibers or fillers with polymer 

matrices, are designed to offer enhanced properties 

compared to traditional polymers. 

• Mechanical Properties: High temperatures can 

lead to a reduction in the mechanical strength and 

stiffness of hybrid polymer composites. Elevated 

temperatures often cause the polymer matrix to 

soften, reducing its load-bearing capacity and 

leading to a loss of rigidity (Zhang & Li (2019) and 

Wang & Zhang (2020)). On the other hand, low 

temperatures can make the matrix more brittle and 

prone to cracking, decreasing impact resistance 

and overall toughness (Kumar & Reddy(2021) and 

Lee & Kim (2018). 

• Thermal Stability: The thermal stability of hybrid 

polymer composites is crucial for maintaining their 

performance in extreme environments. High 

temperatures can accelerate the degradation of 

both the polymer matrix and the reinforcing fibers, 

leading to reduced thermal stability and premature 

failure (Saha & Mandal (2020) and Wong & Wong 

(2022). Low temperatures can cause embrittlement 

of the polymer matrix, potentially resulting in 

thermal shock and catastrophic failure under stress 

(Rao & Yang (2017) and Gupta & Bansal (2019). 

• Dimensional Changes: Temperature fluctuations 

can induce dimensional changes in hybrid 

polymer composites. High temperatures can cause 

thermal expansion, altering the composite’s 

dimensions and potentially leading to 

misalignment or fit issues in applications (Patel & 

Choi (2021). Conversely, low temperatures can 

result in thermal contraction, which might lead to 

warping or dimensional inaccuracies (Gupta & 

Sharma (2018). 
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• Understanding these effects is essential for 

designing hybrid polymer composites that can 

perform reliably across a range of temperatures. 

Researchers and engineers must account for these 

factors when selecting materials and designing 

components for use in extreme environments. 

• Moisture and Humidity: Impact of water 

absorption, swelling, and degradation of 

mechanical properties. 

• Chemical Exposure: Effects of acids, bases, 

solvents, and other chemicals on the integrity and 

performance of composites. 

• UV Radiation: Degradation due to UV exposure, 

including effects on matrix and fibers. 

• Thermal Cycling: Behavior under repeated 

heating and cooling cycles. 

 

 
Figure 1. Youngs Modulus and Ultimate tensile 

strength of polymer matrix composites 

 

III. PERFORMANCE BEHAVIOR UNDER 

SPECIFIC CONDITIONS 

 

• Mechanical Properties: Changes in strength, 

stiffness, and toughness due to environmental 

factors. 

• Thermal Properties: Variations in thermal 

conductivity, thermal expansion, and glass 

transition temperature. 

• Durability and Aging: Long-term performance 

and aging effects under different environmental 

conditions. 

 

Table 1. Chemical composition and Youngs Modulus 

of E-glass and S-glass fibers 
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IV. CONCLUSIONS 

 

The widespread applicability of composite polymers is 

driven by their ability to combine the desirable 

properties of different materials, resulting in tailored 

solutions that meet specific performance requirements 

across diverse industries. 

• Studies on surface preparation techniques to improve 

bonding between polymer matrices and reinforcing 

materials have been addressed to the limited extent. 

• Incorporation of natural fibre with synthetic fibre 

along with hybridization at the level of matrix and 

their synergistic effect against the environmental 

degradation has a scope of exploring to the further 

level.  

• A very few studies have been carried out on the 

degradation of hybrid polymer composites over 

extended periods in real life applications under harsh 

environments.  

• Delamination failure in Hybrid Polymer composite 

and its mitigation for Performance improvement have 

been addressed to a very limited extent. 
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