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Abstract. This study explores the synthesis and characterization of latex composites with poly(vinyl alcohol) (PVA) hydrogel and keratin. The focus is on assessing mechanical strength, thermal stability, water absorption, and biodegradability, highlighting their potential for applications in agriculture, packaging, and biomedical engineering.
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Introduction 
The increasing environmental concerns and the imperative for sustainable development have intensified research into biodegradable materials. Natural rubber latex, known for its elasticity, film-forming capabilities, and biocompatibility, serves as a versatile matrix in composite materials. Enhancing its properties through the incorporation of biodegradable fillers has garnered significant attention, as it allows the development of materials with tailored mechanical, thermal, and environmental properties suitable for various applications.
Poly(vinyl alcohol) (PVA) is a synthetic polymer recognized for its excellent film-forming, emulsifying, and adhesive properties. Its hydrophilic nature and biodegradability make it an ideal candidate for environmentally friendly materials. PVA hydrogels have been widely studied due to their remarkable water retention capacity, mechanical strength, and biocompatibility, making them suitable for biomedical applications such as wound dressings, drug delivery systems, and tissue engineering scaffolds [1]. Moreover, PVA-based hydrogels have been explored for their ability to form strong intermolecular interactions with various natural polymers, further enhancing their properties [2].
Keratin, a fibrous structural protein commonly found in animal sources such as wool, feathers, and hair, has been extensively studied for its potential in the development of biocomposites due to its excellent biocompatibility, biodegradability, and mechanical reinforcement capabilities. Keratin-based materials exhibit remarkable structural properties owing to the presence of disulfide bonds and hydrogen bonding within their molecular structure [3]. Studies have shown that keratin can be effectively combined with both natural and synthetic polymers to improve the mechanical, thermal, and barrier properties of composite materials [4].
Recent studies have emphasized the creation of keratin-based biocomposites, reinforced and cross-linked with dual-functional cellulose nanocrystals, to significantly enhance their mechanical strength, structural integrity, and long-term stability in various environmental conditions [5]. Additionally, keratin’s ability to form hydrogen bonds with hydrophilic polymers like PVA has been highlighted in literature as a promising strategy to develop materials with enhanced mechanical properties and biodegradability [6].
The integration of PVA and keratin in latex matrices has the potential to produce materials with unique properties, such as increased tensile strength, improved thermal stability, and controlled biodegradability. These materials are of significant interest in various industries, including agriculture, where biodegradable films are used for mulching and soil stabilization, in packaging as eco-friendly alternatives to traditional plastics, and in biomedical engineering for biodegradable implants and drug delivery systems. Furthermore, the combination of PVA's hydrophilic nature and keratin's structural properties could lead to composites with superior moisture management and barrier functionalities, expanding their application range [7].
This study aims to synthesize and characterize latex composites filled with PVA hydrogel and keratin, evaluating their mechanical, thermal, and chemical properties. By varying the proportions of PVA and keratin, we seek to determine the optimal composition that balances strength, flexibility, and biodegradability. The comprehensive characterization of these materials provides valuable insights into their potential for diverse applications, contributing to the advancement of sustainable materials for agriculture, packaging, and biomedical engineering.
Materials and Methods
The composites were synthesized by incorporating PVA hydrogel and keratin into a latex matrix. A pure latex film without any additives was used as a reference sample (REF) to evaluate the effect of modifications. Samples S1, S2, and S3 represent composites with varying ratios of PVA hydrogel and keratin, where S1 contains the highest keratin content, S3 the lowest, and S2 represents an intermediate composition. These variations allowed for the assessment of the influence of keratin and PVA content on the composites' mechanical, thermal, and moisture properties. The keratin, sourced from bovine hair and bird feathers, was milled and sieved to ensure uniform particle size distribution.
The PVA hydrogel was prepared by dissolving PVA powder in deionized water at elevated temperatures under constant stirring until a clear solution was obtained, followed by cooling to room temperature to form the hydrogel. The latex films were prepared by blending the components to ensure homogeneity, followed by casting onto Petri dishes and drying at 40°C for 24 hours.
To evaluate the physical, chemical, and thermal properties of the composites, a series of tests were conducted to ensure comprehensive characterization.
Mechanical properties, including tensile strength and elongation at break, were measured using a universal testing machine (Instron 3345) with a 500 N load cell at a crosshead speed of 10 mm/min, following ASTM D412 standards. Shore A hardness was determined using a durometer (Shore Instruments) in accordance with ASTM D2240.
Chemical interactions between latex, PVA hydrogel, and keratin were analyzed using Fourier-transform infrared spectroscopy (FTIR) with a Nicolet iS10 spectrometer in the range of 4000–400 cm⁻¹. This helped identify functional groups such as hydroxyl (O-H), carbonyl (C=O), and amide bonds.
Surface morphology was examined with scanning electron microscopy (SEM, JEOL JSM-6390) at 15 kV, providing insights into the dispersion of keratin particles within the latex matrix.
Thermal stability was evaluated using thermogravimetric analysis (TGA) on a TA Instruments Q500. Samples were heated from 25°C to 600°C at 10°C/min under a nitrogen atmosphere, recording degradation temperatures and residual weight.
Moisture properties were assessed by immersing samples in distilled water at 25°C for 24 hours, following ASTM D570 standards. Water absorption percentage was calculated based on weight differences before and after immersion.
This evaluation provided a thorough understanding of the composites' performance, supporting their optimization for various applications.


Results and Discussion
Mechanical testing revealed that the addition of PVA hydrogel significantly improved the flexibility and water retention properties of the composites. This enhancement can be attributed to the hydrophilic nature of PVA, which allows the composite matrix to retain more moisture, thus increasing its elasticity. In contrast, the REF sample, composed solely of latex, exhibited lower flexibility and no water retention capabilities, underscoring the critical role of PVA in enhancing these properties.
The incorporation of keratin contributed to a notable increase in tensile strength and hardness due to its structural reinforcement capabilities. Sample S1, with the highest keratin content, exhibited the most robust mechanical performance, achieving a tensile strength of 2.69 MPa (Table 1). This suggests that keratin’s fibrous structure effectively reinforces the latex matrix, providing resistance to deformation under stress. Conversely, sample S3, with the lowest keratin content and highest PVA concentration, demonstrated increased flexibility but reduced tensile strength (1.53 MPa), indicating the inherent trade-off between rigidity and elasticity in composite design.
Shore A hardness values also reflected the reinforcing effect of keratin. Sample S1 displayed the highest hardness at 63, while S3 exhibited a lower hardness of 57. This trend confirms that higher keratin content enhances the composite’s structural integrity, providing greater resistance to surface deformation under applied force.
Table 1 Mechanical Properties of Latex Composites and Reference Sample
	Sample ID
	Tensile Strength (MPa)
	Shore A Hardness

	S1
	2.69 ± 0.05
	63 ± 2

	S2
	2.36 ± 0.06
	60 ± 2

	S3
	1.53 ± 0.07
	57 ± 3

	REF
	1.10 ± 0.04
	50 ± 2


The FTIR spectra confirmed the presence of characteristic functional groups from both PVA and keratin, indicating successful integration within the latex matrix. Prominent peaks corresponding to hydroxyl groups from PVA (3200–3400 cm⁻¹) and amide groups from keratin (1650 cm⁻¹ for amide I and 1540 cm⁻¹ for amide II) were observed. These interactions suggest the formation of hydrogen bonds between PVA and keratin, contributing to the enhanced mechanical stability and cohesive strength of the composites.
SEM images provided further insights into the microstructural properties of the composites. Keratin particles were well-dispersed within the latex matrix, forming a uniform and continuous composite structure. The addition of PVA hydrogel resulted in a smoother surface morphology, beneficial for applications requiring barrier properties, such as packaging materials. In contrast, the REF sample displayed a relatively rougher surface, lacking the homogeneous texture observed in the modified composites, which may limit its performance in moisture-sensitive environments.
Thermogravimetric analysis (TGA) indicated that the composites exhibited improved thermal stability compared to pure latex films. The onset degradation temperature increased by approximately 15°C in sample S1, highlighting the thermal stabilizing effect of keratin. This enhancement is likely due to keratin’s robust molecular structure, which provides resistance to thermal degradation, thereby extending the material’s thermal tolerance range.
Water absorption tests showed that sample S3, with the highest PVA content, had the greatest water retention capacity (27%), making it highly suitable for applications in moisture-sensitive environments. In contrast, the REF sample did not exhibit any water absorption, confirming the hydrophobic nature of pure latex and the significant hydrophilic effect introduced by PVA.
Table 1 Thermal and Moisture Properties of Latex Composites and Reference Sample
	Sample ID
	Onset Degradation Temperature (°C)
	Water Absorption (%)

	S1
	245 ± 3
	18 ± 0.9

	S2
	240 ± 4
	22 ± 1.0

	S3
	235 ± 5
	27 ± 1.2

	REF
	220 ± 2
	0 (hydrophobic)


In comparison to the REF sample (pure latex film), the composites demonstrated significant improvements in tensile strength, hardness, thermal stability, and water retention. These results confirm the effectiveness of PVA and keratin as multifunctional reinforcing agents in enhancing the performance of latex composites. The study suggests that optimizing the ratio of PVA to keratin can tailor the mechanical, thermal, and moisture properties of these composites, making them suitable for diverse applications, including biodegradable packaging, agricultural films, and biomedical materials.
Conclusions
The results of this study clearly demonstrate the potential of combining latex, PVA hydrogel, and keratin to create biodegradable composites with tailored mechanical and thermal properties. The synergistic effect of PVA's hydrophilicity and keratin's structural reinforcement resulted in composites with enhanced tensile strength, improved thermal stability, and superior water absorption capabilities. These materials exhibited significant improvements over pure latex films, highlighting their suitability for applications in agriculture, packaging, and biodegradable films where mechanical durability, thermal stability, and environmental compatibility are essential. In agricultural applications, such composites could serve as biodegradable mulching films, offering both mechanical protection and moisture retention while decomposing naturally after use. 
Further studies will also evaluate the barrier properties of these composites against gases and moisture, which are critical for packaging applications. The development of these latex-based composites with PVA hydrogel and keratin not only contributes to the advancement of sustainable materials but also opens new avenues for environmentally friendly solutions across multiple industries. The continued optimization of these materials will be pivotal in addressing global sustainability challenges.
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