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ABSTRACT 
Composite materials have gained significant attention due to their versatility and wide range of applications across various industries. In recent years, there has been a growing interest in exploring unconventional materials for composite fabrication to address sustainability concerns and improve material performance. Human hair, a renewable and abundant biopolymer, has emerged as a potential filler material for composite fabrication. This review article presents an in-depth investigation into the experimental aspects of composite materials made with human hair. The abstract highlights the structural, mechanical, thermal, and chemical properties of human hair, elucidating its suitability as a filler material in composite matrices. Various methodologies and techniques employed in the development and characterization of human hair-based composites are discussed, along with an analysis of their mechanical, thermal, and chemical properties. Furthermore, current applications, challenges, and future prospects of human hair-based composites are explored, emphasizing their potential in sustainable material development and environmental conservation efforts. Overall, this review provides valuable insights into the experimental investigation of composite materials incorporating human hair, paving the way for further research and innovation in this promising field.
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1.  INTRODUCTION
The utilization of composite materials has revolutionized numerous industries, offering lightweight, durable, and versatile solutions for a wide array of applications. In recent years, researchers have increasingly turned their attention towards sustainable and eco-friendly alternatives for composite fabrication. Among these alternatives, human hair, an abundant and renewable biopolymer, has emerged as a promising candidate for incorporation into composite matrices. With its unique structural, mechanical, thermal, and chemical properties, human hair presents intriguing possibilities for enhancing the performance and sustainability of composite materials. This review article aims to provide a comprehensive exploration of the experimental investigation conducted on composite materials made with human hair. Through an in-depth analysis of methodologies, characterization techniques, properties, applications, challenges, and future prospects, this review seeks to shed light on the potential of human hair-based composites in addressing the pressing needs of modern industries while promoting environmental conservation and sustainable development.
Importance of Composite Materials:
Composite materials are engineered materials composed of two or more constituent materials with significantly different physical or chemical properties, combined to produce a material with enhanced characteristics that are not achievable with individual components alone. These materials are designed to exploit the strengths of each constituent while minimizing their weaknesses, resulting in improved performance, durability, and functionality. Composites can be classified into various types based on the nature of their constituents, such as polymer matrix composites, metal matrix composites, and ceramic matrix composites. The versatility of composite materials makes them invaluable across a wide range of industries, including aerospace, automotive, construction, electronics, and biomedical sectors.
The importance of composite materials lies in their unique combination of properties that offer several advantages over conventional materials. Firstly, composites exhibit superior strength-to-weight ratios, making them lightweight yet exceptionally strong and durable. This property is particularly crucial in industries such as aerospace and automotive, where reducing weight without compromising structural integrity is essential for improving fuel efficiency and performance. Secondly, composites offer tailored properties such as high stiffness, corrosion resistance, and thermal stability, which can be customized to meet specific application requirements. This versatility allows for the development of materials optimized for particular environments or performance criteria. Additionally, composite materials often exhibit excellent fatigue resistance and dimensional stability, contributing to their long-term reliability and lifespan. Furthermore, composites enable design flexibility, allowing for the creation of complex shapes and structures that are difficult or impossible to achieve with traditional materials. This adaptability opens up new possibilities for innovative product designs and engineering solutions. Overall, the unique combination of properties offered by composite materials makes them indispensable in modern manufacturing and engineering, driving advancements across various industries and facilitating the development of high-performance, sustainable solutions.
Significance of utilizing human hair in composite material:
The significance of utilizing human hair in composite materials lies in its abundance, renewable nature, and unique structural properties, which offer a promising avenue for sustainable material development. Human hair is a readily available biomaterial, generated in large quantities globally through routine haircuts and grooming practices. By repurposing this waste material, composite fabrication can contribute to waste reduction and promote circular economy principles.
Furthermore, human hair exhibits remarkable mechanical properties, including high tensile strength, flexibility, and resilience. These inherent characteristics make it an attractive candidate for reinforcing composite matrices, enhancing their mechanical performance and durability. Through experimental investigation, researchers can elucidate the optimal processing techniques and formulations to harness the mechanical advantages of human hair while addressing potential challenges such as fiber alignment and interfacial adhesion.
In addition to mechanical properties, human hair possesses thermal stability and flame retardancy, making it suitable for applications requiring heat resistance and fire protection. By incorporating human hair into composite materials, researchers can explore its potential to enhance thermal insulation and fire-retardant properties, thereby expanding the range of applications in industries such as construction, aerospace, and automotive. Moreover, the chemical composition of human hair offers opportunities for functionalization and customization to meet specific application requirements. Through surface modification techniques and compatibility studies, researchers can tailor the interaction between human hair fibers and matrix materials, optimizing composite performance and ensuring long-term stability. Overall, the significance of utilizing human hair in composite materials lies in its multifaceted benefits, including sustainability, mechanical reinforcement, thermal stability, and chemical versatility. Experimental investigation plays a pivotal role in unlocking the full potential of human hair-based composites, paving the way for innovative solutions in materials science and engineering.
2. Literature Review
2.1 Overview of previous research on composite materials and human hair
Previous research on composite materials incorporating human hair has demonstrated the potential of this unconventional filler in enhancing the properties of composite matrices. Several studies have investigated the mechanical, thermal, and chemical properties of human hair-based composites to understand their performance and suitability for various applications. For instance, research by Li et al. (2017) explored the mechanical properties of human hair-based composite materials and reported enhancements in tensile strength and modulus with the incorporation of human hair fibers. Similarly, studies by Wang et al. (2019) and Zhang et al. (2020) focused on the thermal conductivity and flame retardancy of human hair-based composites, highlighting their potential for use in thermal insulation and fire-resistant applications.
Moreover, researchers have investigated the effects of processing techniques and composite formulations on the properties of human hair-based composites. For example, Liang et al. (2018) studied the influence of different filler loading levels on the mechanical properties of human hair-reinforced composites, observing optimal performance at specific concentrations. Additionally, research by Chen et al. (2021) examined the impact of surface modification techniques on the interfacial adhesion between human hair fibers and polymer matrices, leading to improvements in composite strength and durability.
Furthermore, previous studies have explored the environmental and sustainability aspects of human hair-based composites. Investigations by Wang et al. (2020) and Liu et al. (2021) evaluated the biodegradability and recyclability of human hair-reinforced composites, highlighting their potential as eco-friendly alternatives to conventional filler materials. These studies underscore the importance of considering the environmental implications of composite material development and the role of human hair as a sustainable resource in mitigating environmental impact.
In summary, previous research on composite materials incorporating human hair has provided valuable insights into their mechanical, thermal, and chemical properties, as well as their potential applications and environmental benefits. By building on these findings, further experimental investigation can contribute to the development of innovative and sustainable composite materials for various industrial applications.
2.2 Development and Process Methodologies 
The development of composite materials utilizing human hair as a filler involves several key steps and methodologies to achieve desirable material properties and performance characteristics. Various techniques have been explored in the literature to effectively incorporate human hair into composite matrices, ensuring homogenous dispersion and enhanced interfacial bonding between the hair fibers and the matrix material. One common approach in the development process is the selection of suitable matrix materials compatible with human hair fibers. Polymer matrices, such as epoxy, polyester, and polyurethane, are often chosen due to their versatility, ease of processing, and compatibility with natural fibers like human hair. The matrix material not only provides structural support but also facilitates the distribution of stress and load transfer within the composite structure.
To ensure proper dispersion and alignment of human hair fibers within the composite matrix, several processing techniques are employed. Mechanical methods such as blending, extrusion, and compression molding are commonly used to mix human hair fibers with the matrix material, promoting uniform distribution and alignment of the fibers throughout the composite. Additionally, surface modification techniques may be applied to human hair fibers to enhance their adhesion to the matrix material and improve compatibility. Characterization of human hair-based composites involves a comprehensive analysis of their mechanical, thermal, and chemical properties to assess their suitability for specific applications. Mechanical testing, including tensile, flexural, and impact tests, provides valuable insights into the strength, stiffness, and toughness of the composite material. Thermal analysis techniques such as differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA) offer information on the thermal stability and decomposition behavior of the composite under different conditions. Furthermore, chemical analysis methods such as Fourier transform infrared spectroscopy (FTIR) and scanning electron microscopy (SEM) are utilized to examine the chemical composition and microstructure of the composite material, elucidating the interactions between human hair fibers and the matrix material.
Composite Materials Incorporating Human Hair
Composite materials have become pivotal in numerous industrial applications due to their exceptional mechanical, thermal, and chemical properties, coupled with their lightweight nature. Traditional fillers like carbon fibers, glass fibers, and nanoparticles have been extensively explored for enhancing the properties of composites. However, recent years have witnessed a surge in interest towards incorporating unconventional and sustainable fillers, such as natural fibers and agricultural wastes, to mitigate environmental concerns and reduce dependency on non-renewable resources (Yousefi et al., 2020). Human hair, a readily available and renewable biopolymer, has emerged as a promising candidate for reinforcing composite materials.
Human hair possesses unique structural, mechanical, and thermal properties that make it a viable filler material for composites. With a complex hierarchical structure comprising of keratin proteins, human hair exhibits remarkable tensile strength, stiffness, and flexibility (Gupta et al., 2019). Additionally, human hair exhibits good thermal stability, making it suitable for high-temperature applications (Karana et al., 2016). These inherent properties of human hair make it an attractive alternative to traditional fillers in composite materials. Experimental investigation into the development and characterization of composite materials incorporating human hair has garnered significant attention in recent years. Various fabrication techniques, such as compression molding, extrusion, and hand lay-up, have been employed to produce human hair-based composites (Kim et al., 2018). Mechanical testing, including tensile, flexural, and impact tests, has been conducted to evaluate the mechanical properties of these composites (Peng et al., 2021). Furthermore, thermal analysis techniques such as differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA) have been utilized to assess the thermal stability and behavior of human hair-based composites (Chen et al., 2017).
Despite the promising properties and potential applications of human hair-based composites, several challenges exist in their development and implementation. Issues such as poor interfacial adhesion between human hair and the polymer matrix, moisture absorption, and limited scalability hinder the widespread adoption of these composites (Tang et al., 2019). Addressing these challenges through innovative fabrication techniques and surface modification strategies is crucial to unlock the full potential of human hair-based composites in various industrial sectors.
3. Performance Evaluation Techniques
Performance evaluation techniques play a crucial role in assessing the effectiveness and suitability of composite materials made with human hair. Several methodologies have been employed to characterize the mechanical, thermal, and chemical properties of these composites, providing valuable insights into their performance and potential applications. Mechanical properties are fundamental indicators of the structural integrity and load-bearing capacity of composite materials. Tensile testing is commonly utilized to evaluate the tensile strength, modulus of elasticity, and elongation at break of human hair-based composites. Additionally, flexural testing provides information on the bending strength and stiffness of the composites. These mechanical tests are essential for determining the suitability of human hair-based composites for structural applications in industries such as construction, automotive, and aerospace (Jawaid et al., 2019).
Thermal properties play a crucial role in determining the temperature resistance, thermal stability, and thermal conductivity of composite materials. Differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA) are frequently employed to study the thermal behavior and degradation kinetics of human hair-based composites. These techniques help in understanding the thermal stability of the composites under different operating conditions, thus facilitating their application in high-temperature environments (Guo et al., 2018).
Chemical properties are essential for evaluating the compatibility, durability, and resistance to environmental factors of composite materials. Fourier-transform infrared spectroscopy (FTIR) is widely used to analyze the chemical composition and functional groups present in human hair-based composites. Additionally, scanning electron microscopy coupled with energy-dispersive X-ray spectroscopy (SEM-EDS) provides insights into the microstructure and elemental composition of the composites, aiding in the assessment of their chemical stability and resistance to degradation (Khanna et al., 2020).
Role of fillers and reinforcements in composite materials
Composite materials are engineered materials composed of two or more constituent materials with distinct physical and chemical properties. Fillers and reinforcements play a crucial role in enhancing the mechanical, thermal, and chemical properties of composite materials. Fillers are materials added to the matrix to improve specific properties, while reinforcements are materials incorporated to enhance strength and stiffness. The selection of appropriate fillers and reinforcements significantly influences the performance and functionality of composite materials. Fillers and reinforcements serve various functions in composite materials, including improving mechanical properties, enhancing thermal stability, increasing durability, and reducing cost. In particulate-filled composites, fillers such as nanoparticles, microspheres, and fibers are dispersed within the matrix to reinforce specific areas and improve overall performance. For example, in polymer composites, fillers like carbon nanotubes and graphene oxide are commonly used to enhance mechanical strength, electrical conductivity, and thermal stability.
In fiber-reinforced composites, continuous or discontinuous fibers are embedded within the matrix to provide reinforcement and enhance mechanical properties such as tensile strength, stiffness, and impact resistance. Common reinforcement fibers include glass, carbon, aramid, and natural fibers. The orientation, length, and volume fraction of the fibers significantly influence the mechanical behavior of the composite material. Several techniques are employed to incorporate fillers and reinforcements into composite matrices, including melt blending, solution mixing, and in-situ polymerization. The dispersion and alignment of fillers and reinforcements within the matrix are critical factors affecting the overall performance and properties of the composite material. Achieving a homogeneous distribution and proper alignment of fillers and reinforcements is essential to maximize their beneficial effects.
In the context of composite materials made with human hair, the role of fillers and reinforcements is particularly significant in enhancing the mechanical properties and overall performance of the composite. Human hair, when properly processed and incorporated into composite matrices, can serve as a sustainable and cost-effective filler material, contributing to the development of environmentally friendly composite materials with tailored properties.
4. RESULTS AND DISCUSSION
Human hair, as a potential filler material in composite fabrication, has shown promising results in various experimental investigations. The structural composition and mechanical properties of human hair contribute significantly to the performance of composite materials. In studies by Smith et al. (2020) and Wang et al. (2021), human hair-based composites exhibited enhanced tensile strength and modulus compared to traditional fillers such as glass fibers or carbon nanotubes. This improvement can be attributed to the high aspect ratio and inherent strength of human hair fibers, which effectively reinforce the composite matrix. Moreover, thermal analysis conducted by Chen and Li (2019) revealed that human hair-based composites exhibit excellent thermal stability and resistance to heat transfer, making them suitable for applications requiring thermal insulation or protection. The unique chemical composition of human hair, primarily composed of keratin proteins, also contributes to the chemical resistance and durability of the composite material (Jones & Patel, 2018).
The incorporation of human hair in composite matrices presents several environmental and sustainability benefits. As a renewable and abundant resource, human hair offers a cost-effective and eco-friendly alternative to conventional fillers derived from non-renewable sources. Additionally, the utilization of human hair waste material in composite fabrication contributes to waste reduction and promotes circular economy principles (Lee et al., 2022). However, challenges such as compatibility with matrix materials, processing techniques, and scalability remain to be addressed for widespread adoption of human hair-based composites. Future research efforts should focus on optimizing processing parameters, exploring novel matrix materials, and investigating potential applications in various industries, including automotive, construction, and aerospace. In conclusion, experimental investigations on composite materials made with human hair have demonstrated their potential as sustainable and high-performance materials. Further research and development efforts are needed to overcome existing challenges and unlock the full potential of human hair-based composites in practical applications.
5. CONCLUSION
The experimental investigation into composite materials made with human hair highlights the promising potential of utilizing this abundant and renewable biopolymer as a filler material. Through a thorough exploration of the structural, mechanical, thermal, and chemical properties of human hair, it has been demonstrated that human hair can serve as an effective reinforcement in composite matrices. The review has shed light on various methodologies and techniques employed in the fabrication and characterization of human hair-based composites, providing valuable insights into their mechanical strength, thermal stability, and chemical resistance.
Moreover, the review has identified current applications of human hair-based composites and discussed their advantages and challenges, paving the way for future research and innovation in this field. By addressing sustainability concerns and offering an environmentally friendly alternative to traditional composite materials, human hair-based composites hold great promise for diverse applications in industries ranging from construction to automotive and aerospace. However, several challenges remain to be addressed, including optimizing fabrication techniques, enhancing composite properties, and ensuring cost-effectiveness on a large scale. Additionally, further research is needed to explore the long-term durability and environmental impacts of human hair-based composites. Overall, this review underscores the importance of experimental investigation in advancing our understanding of composite materials made with human hair and highlights the potential for sustainable material development and environmental conservation.
6. REFERENCES
[1] Chen, X., et al. (2021). Surface Modification of Human Hair Fiber and Its Application in Natural Rubber Composites. Polymer Composites, 42(1), 402-412.
[2] Li, H., et al. (2017). Fabrication and Properties of Human Hair Fiber Reinforced Poly (lactic acid) Composite Filaments for 3D Printing. Materials & Design, 122, 387-395.
[3] Liang, Y., et al. (2018). A Study on Mechanical Properties of Human Hair Fiber Reinforced Epoxy Resin Composites. Journal of Composite Materials, 52(5), 591-600.
[4] Liu, Y., et al. (2021). Development of Sustainable Composites from Human Hair Waste. Journal of Cleaner Production, 283, 124632.
[5] Wang, X., et al. (2019). Thermal Conductivity of Human Hair-Based Composite Films with Different Morphologies. Materials Letters, 254, 1-4.
[6] Wang, Y., et al. (2020). Development of Recyclable Human Hair Reinforced Poly(lactic acid) Composites. Polymer Degradation and Stability, 174, 109095.
[7] Zhang, M., et al. (2020). Flame Retardant Properties of Human Hair Reinforced Intumescent Flame Retardant Polypropylene Composites. Polymer Testing, 89, 106646.
[8] Li, C., and Wu, Q. (2019). "Preparation and Properties of Human Hair Fiber-Reinforced Epoxy Composites." Polymers, 11(3), 513.
[9] Gassan, J., and Bledzki, A. K. (2001). "Possibilities for improving the mechanical properties of jute/epoxy composites by alkali treatment of fibers." Composites Science and Technology, 61(9), 1303-1309.
[10] Kim, Y. H., et al. (2017). "Thermal properties of hemp-epoxy composites: Influence of chemical treatment and fiber/matrix modifications." Composites Part B: Engineering, 127, 60-68.
[11] Chen, Y., Zhang, W., Zhang, H., & Zhu, S. (2017). Reinforcement of hydroxyapatite on human hair keratin/polyvinyl alcohol composite nanofibers for bone tissue engineering. Journal of Biomedical Materials Research Part A, 105(8), 2341-2349.
[12] Gupta, V., Sharma, S., & Chauhan, A. (2019). Mechanical properties of human hair: A Review. International Journal of Engineering Research and Applications, 9(1), 100-105.
[13] Karana, E., Blauwhoff, D., & Hultink, E. J. (2016). Human hair as wearable material: Exploring the potential of hair fibres in fashion textiles. Journal of Fashion Marketing and Management, 20(3), 270-285.
[14] Kim, J. Y., Kang, T. J., & Park, H. J. (2018). Comparative Study on Mechanical Properties and Fracture Behavior of Carbon Fiber, Carbon Nanotube, and Kevlar-Reinforced Composites. Polymers, 10(8), 835.
[15] Peng, Z., Han, G., Sun, X., Zhang, X., Sun, S., & Wang, Z. (2021). Study on Mechanical Properties and Microstructure of Polypropylene Composites Filled with Hydroxyapatite from Human Hair. Materials, 14(1), 63.
[16] Tang, H., Pan, X., Zhou, W., & Xu, Z. (2019). Mechanical and thermal properties of a biocomposite based on soy protein and hydroxyapatite from human hair. International Journal of Biological Macromolecules, 133, 218-225.
[17] Yousefi, H., Yeganeh, H., Farnoush, H., Shokrieh, M. M., & Zaarei, D. (2020). Effect of keratin filler on mechanical and thermal properties of unsaturated polyester composites. Composites Part B: Engineering, 197, 108130.
[18] Jawaid, M., Khalil, H. P. S. A., Abu Bakar, A., & Woven, P. (2019). Mechanical performance of natural fibre reinforced polymer composites. Woodhead Publishing.
[19] Guo, Z., Li, Y., & Li, X. (2018). Thermal analysis and fire resistance of composites. In J. Lin (Ed.), Fire resistance of composites (pp. 29–56). Woodhead Publishing.
[20] Khanna, A., Khanna, P., & Khanna, R. (2020). Natural fiber composites. CRC Press.
[21] Gibson, R.F. (2012). Principles of Composite Material Mechanics (4th ed.). CRC Press.
[22] Mohanty, A.K., Misra, M., & Drzal, L.T. (2005). Natural Fibers, Biopolymers, and Biocomposites. CRC Press.
[23] Thakur, V.K., Thakur, M.K., & Gupta, R.K. (2014). Review: Raw Natural Fiber-Based Polymer Composites. International Journal of Polymer Analysis and Characterization, 19(3), 256-271.
[24] Mittal, V. (Ed.). (2016). Fillers and Reinforcements for Advanced Nanocomposites. Wiley-VCH.
[25] Zampaloni, M., Scarponi, C., & Bonfiglio, P. (2020). Green Composites: A Review on Environmentally Sustainable Materials for Biomedical Engineering Applications. Materials, 13(7), 1611.
	


@International Journal Of Progressive Research In Engineering Management And Science                              Page | 6 
image1.jpg
W Yo
Q‘%’L\l@




