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The mechanical and thermal properties of epoxy hybrid composites 
reinforced with natural fibers were studied, addressing the growing 
demand for eco-friendly materials. Fibers from chicken feathers (CF) and 
Sesbania grandiflora (SG) were used together with epoxy resin in 
composites, which were fabricated using the compression molding 
technique. Both the CF and SG fiber ratios ranged from 1:2 to 2:1, while 
fiber-to-resin weight proportions were set at 30:70 and 40:60. The 
composites were evaluated for mechanical and thermal characteristics in 
adherence to ASTM standards, with thermal properties assessed using 
thermogravimetric analysis (TGA). Surface morphology was examined 
using scanning electron microscopy (SEM). Process parameters were 
optimized using mathematical modeling, employing Analysis of Variance 
(ANOVA) and Response Surface Methodology (RSM). The hybrid 
composite with a 30:70 fiber/matrix ratio and a 2:1 CF/SG fiber 
combination demonstrated superior mechanical and thermal properties 
while showing reduced water absorption. A 30% fiber loading with a 2:1 
CF/SG fiber ratio considerably enhanced the composite’s overall 
performance. The optimal blending ratio for hybrid composites was a 2:1 
weight proportion of CF to SG fibers, offering a promising approach to 
developing sustainable materials with improved characteristics. This 
research highlights the potential of natural fibers in creating 
environmentally friendly composites. 
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INTRODUCTION 
 

Reducing the use of products made from petroleum and developing biomass-

based goods from environmentally friendly and renewable resources are of vital 

importance and gaining popularity worldwide. In all developing countries, numerous 

such initiatives are being undertaken and implemented. Such efforts are required to meet 

fundamental demands of the upcoming generation in terms of nourishment, clothing, 

pharmaceuticals, transportation, cosmetics, and materials (Robertson 2005; Ilyas et al. 

2021). Utilizing byproducts of agriculture and supplementary products as a substitute in 

commercial uses has become more popular recently, mainly because of the scarcity of 

petroleum-based products. These products are made from renewable materials that are 

both affordable and less damaging to the environment, and they can be used to produce 

bio-based goods (Baiano 2014; Subagyo et al. 2023). The valorization of scrap and 

byproducts of the production process is being encouraged by laws worldwide. This waste 

may be valorized by extracting key components, such as amino acids, polymers, favor 

mixtures, and chemical compounds, which may then be employed again in the 

pharmaceutical, textiles, beauty products, nourishment, and composite materials 

multifunctional businesses (Ambrose and Clanton 2004). 

Composite materials are developed by integrating several elements with radically 

different chemical and mechanical characteristics with the purpose of executing a 

function that neither of the individual components alone could do effectively. Modern 

society relies heavily on composite materials because relatively few materials can be 

utilized in their natural, unaltered condition (Alvarez-Vera et al. 2022; Kar et al. 2023; 

Muthukannan et al. 2023). The composite materials made from organic fiber-reinforced 

polymers are inexpensive, readily accessible, reusable, and they possess an excellent 

specific strength and rigidity. The components made form waste poultry feathers are 

potentially useful as reinforcement elements in polymeric composite materials, although 

few studies have attempted to explore feather fibers for bio-based composite materials 

applications (Khosa et al. 2013; Gokul et al. 2024; Mirițoiu 2024). Keratin fiber has the 

potential to serve as a substitute for synthesized reinforcement compounds in this area. 

The improper handling of waste poultry chicken feathers is an impact of the release of 

greenhouse gases from waste materials applied in the slaughtering industry, which 

deteriorate the ecosystem. Producing composite materials from polymers can contribute 

to their value. Keratin is resistant to degradation because of its strong binding forces and 

substantial cross linking across the molecules. (Barone and Schmidt 2005; Cheng et al. 

2009; Gogoi et al. 2019; Sumesh et al. 2024). No fibers, synthetic or natural, can match 

the morphology and characteristics of chicken feathers. Feather barbs are special fibers 

due to their relatively low density, exceptional softness and resilience, thermal 

persistence, and unusual geometric form (Karthik et al. 2024). The overall weight of 

chicken feathers is higher than that of any commonly accessible synthetic or natural 

material. For a variety of purposes, chicken feathers are preferred due to their special 

qualities. Aside from their distinct composition and characteristics, chicken feathers are 

inexpensive, widely accessible, and a sustainable source of protein fibers (Kiew et al. 

2013; Reddy and Yang 2007; Anjumol et al. 2023). 

The commonly accessible Indian herbal remedy Sesbania grandiflora, also 

referred by the name agathi, is a member of the plant family Fabaceae. All portions of 

Sesbania grandiflora act like plant-based antioxidants, giving it special therapeutic 

qualities (Savitha et al. 2019). According to research experiments conducted by 
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Venkatesan et al. (2022), Sesbania grandiflora fiber has a greater α-cellulose quantity 

along with a smaller proportion of hemicellulose, lignin, and wax material, making it a 

viable reinforcement alternative for the polymer matrix in composite materials.  

The findings of Carrillo et al. (2013) demonstrated that adding chicken feathers to 

thermoplastic layer causes a slight improvement in stiffness when only a small proportion 

of the feathers have been included to the composite materials. As the volume of chicken 

feathers was increased, the breaking strength at the highest loading, deformation at break, 

and resilience qualities dropped. A number of different types of fiber are combined in a 

single matrix to develop hybrid composites, which are being given more attention in an 

attempt to enhance physical properties. Compared to composites made of a single type of 

fiber, these exhibit a number of positive effects (Carrillo et al. 2013; Savitha et al. 2019; 

Venkatesan et al. 2022). The majority of the research was conducted using a combination 

of artificial and organic fibers. The behavior of hybridized composite materials is the 

summation of the individual parts, where the benefits and drawbacks of the constituents 

utilized in the composite material appear more favorably balanced (Sreekala et al. 2002; 

Venkateshwaran et al. 2012; Athith et al. 2018; Jose et al. 2023; Palaniappan et al. 2024). 

The characteristics of the fiber-matrix interface, the quantity, type, and orientation of the 

fibers contained in the composite materials, as well as the manufacturing method, all 

influence the behaviors of hybrid composite materials (Idicula et al. 2010; Jawaid et al. 

2011; Aruchamy et al. 2023). 

According to earlier research studies, using CF fiber alone to develop composite 

material would not be feasible because the physical attributes of the final composite 

material would deteriorate as its weight percentage increased from 10 to 15% (Dittenber 

and GangaRao 2012; Prasanth et al. 2021; Gogoi et al. 2022). The addition of SG fiber 

with CF reinforced composite is expected to enhance the mechanical and thermal 

characteristics of hybrid composite because it has higher cellulose content, better 

mechanical qualities, and better water absorption capabilities than okra, Prosopisjuliflora, 

sisal, bamboo, kenaf, coconut, and other natural fibers (Savitha et al. 2019; Venkatesan et 

al. 2022). The intended purpose of this study was to determine the ideal combinations (in 

weight %) of CF and SG fibers to enhance the properties of final hybrid composite 

materials so to identify uses for non-toxic, cost-effective, and sustainable materials for 

constructional components and other common household products for which thermal and 

mechanical characteristics are essential. 
 
 
EXPERIMENTAL 
 
Collection, Preparation, and Chemical Pretreatment of Fibers 

The required quantity of chicken feathers was obtained from a local city market of 

Dindigul district (Tamilnadu, India). Collected chicken feathers were sorted out, washed, 

and dried in the sun for 10 days and then trimmed to the required size as shown in Fig.1 

(b). For the chemical treatment of chicken feather fibers in the present study, a solution 

containing 0.1 M sodium hydroxide was applied. This process was performed in an 

agitated water bath at 50 ºC for a few hours. Then the material was washed with water to 

achieve normal conditions. Finally, the chemically treated chicken feather fiber was dried 

in sunlight (Álvarez-del-Castillo et al. 2022; Gogoi et al. 2022). 

The plants were dehydrated and preserved to acquire the fibers from the stalk of 

SG. For the tank retting, the dried-out stalks of SG were chopped to a small size, as 
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reported by Singh and Rani (2013) and wrapped into tiny bunches. The bunches of the 

stalk were removed away from the corresponding containers after the retting period (15 

days) was over. After that, the fibers extracted from the stalks of SG were manually 

separated, soaked in 0.1 M sodium hydroxide solution for 48 h, washed with normal 

water several times, and allowed to air dry on a level area, as represented in Fig. 1 (A 

through F) (Singh and Rani 2013; Gogoi et al. 2022). 

 

Fig. 1. Preparation of Sesbania gradiflora fiber and chicken feather fiber: A. Raw plant; B. Stem 
separation; C. Fiber extraction; D. Fiber for composite after drying and treatment; E. Raw chicken 
feathers after cleaning and drying; F. Chicken feathers after chemical treatment 

 
Fiber Characteristics 

More than 80% of chicken feathers are composed of keratin, a scleroprotein 

category that is incredibly resistant to chemical, biological, and structural perturbations. 

Because keratin contains disulfide bonds, bonding of hydrogen, salt links, and cross-

links, it is mechanically stable and highly resistant to proteolytic destruction (Misra and 

Kar 2003; Sun et al. 2022). In essence, a chicken feather is made up of certain β-sheet 

and α-helical configurations. Its outermost twigs are composed of a small number of α-

helical configurations and nearly all β-sheet configurations (Tesfaye et al. 2017).  

Disulfide (S-S) bonds, which connect neighboring keratin proteins, are 

significantly more prevalent in rigid β-sheet keratins due to the larger cysteine 

composition than softer α-helix keratins. Multidimensional protein structures are 

stabilized by their content of robust disulfide connections, which are extremely 

challenging to destroy (Santhosh et al. 2024; Saravanan and Dhurai 2012). The chemical, 

mechanical and thermal properties of both chicken feather fibers and SG fibers used in 

the present research work are presented in Tables 1 and 2. Cellulose, the primary 

component of structural stability, strength and stiffness, is more abundant in SG fiber. 

This fiber has a higher level of lignin than other organic fibers, and the presence of this 

ingredient is regarded to be contributing factor of its rigidity. 
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Table 1. Chemical Composition of Fibers (Tan et al. 2017; Sobucki et al. 2019) 

 
Parameters 

Chicken Feather 
(%) 

Sesbania grandiflora 
(%) 

Cellulose - 72.75 

Crude keratin protein 82.36 - 

Hemicellulose  - 8.01 

Crude lipid  0.83 - 

Lignin  - 15.91 

Ash  1.49 1.52 

Moisture  12.33 4.58 

Wax  - 0.17 

Crystallinity Index 20.55 69.11 

 
Table 2. Mechanical and Thermal Properties of Fibers (Tan et al. 2017; Sobucki 
et al. 2019; Sah et al. 2021) 

Parameters Chicken Feather Sesbania grandiflora 

Tensile strength (MPa) 220 439 

Young modulus (GPa) 3.96 42.83 

Elongation at break (%) 7 21.24 

Maximum thermal stability (°C) 250 to 350 375 

 
Hybrid Composite Development 

The physical laying-up approach and compression molding operation were 

employed for developing hybrid composite materials in the present investigation. The 

LY556 Epoxy resin (density of 1.1 g/cm3 and viscosity 12,000 to 13,000 cP) to 

hardening agent (HY951) ratio of 10:1 was applied to produce the matrix in tandem with 

the approach suggested by Dev et al. (2025). Table 3 provides a clearer representation of 

the experimental design details depending on the fibers (CF and SG) and matrix 

formulation (resin and hardening agent).  

 
Table 3. Experimental Design Based on Composition of Matrix and Fibers 
(Based on Weight %) 

Sample Code 
Matrix 

(%) 

Matrix Composition 
(%) 

Fiber 
(%) 

Fiber Composition 
(%) 

Size of the 
Laminate 
(in mm3) 

Resin Hardener CF  SG  

1EX/CF1/SG2 70 

90 10 

30 10 20 

290 × 290 × 
3 

1EX/CF2/SG2 70 30 15 15 

1EX/CF2/SG1 70 30 20 10 

2EX/CF1/SG2 60 40 10 30 

2EX/CF2/SG2 60 40 20 20 

2EX/CF2/SG1 60 40 10 30 

 

As shown in Fig. 2, for maintaining the hybrid composite materials as dense as 

possible, the fibers (CF and SG) were distributed in a random manner in the bottom 

mould inside an enclosure. Once the necessary layers were laid, matrix materials (resin 

and hardener) were poured across the layers, and the head portion of mould was sealed. 

For aiding in the course of curing, a temperature 140 °C and a pressure of 35 MPa were 

maintained for 3 h (Senthil Kumar et al. 2024). To assess the mechanical and thermal 
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behavior, specimens were subsequently prepared using the fabricated composite 

laminates. 

 

 

Fig. 2. Fabrication of hybrid composite 

 
Characterization of Hybrid Composite- Mechanical Characteristics 

The tensile strength and flexural strength of the hybrid composite samples 
1EX/CF1/SG2, 1EX/CF2/SG2, 1EX/CF2/SG1, 2EX/CF1/SG2, 2EX/CF2/SG2, and 2EX/CF2/SG1 

were evaluated by following the ASTM D638-14 (2022) and ASTM D790 (2017) 

standards, respectively, using a Kalpak computerized universal testing machine (Model: 

KIC-2-1000-C, Capacity: 100 kN). The impact strength was assessed in accordance with 

ASTM D256 (2023) standard in impact testing equipment (Model: QPI-IC-21 J). The 

interlaminar shear strength of all fabricated composite laminates was determined as per 

the ASTM D2344 (2022) standard. The hardness of all samples was determined by 

following ASTM D2240 (2021) standard using a Durometer (Model: RR12).  

 
Thermogravimetric Analysis 

The thermogravimetric analyzer (Model: TGA 55, TA Instruments, New Castle, 

DE, USA) was employed to assess the thermal character of the fabricated hybrid 

composite laminates in accordance with the concept described by Rafi et al.(2024). The 

heat rate during analysis was 20oC/min from 20 to 950 oC in nitrogen atmosphere having 

mass flow rate 30 mL/min. 

 
Water Absorption Study 

Following the ASTM D570 (2022) guideline, as in the earlier investigations (Rafi 

et al. 2024; Chowdhury et al. 2025), samples were prepared for the water absorption 

experiment. After the composites were cut into samples measuring 62 x 62 x 1.8 mm3, 

they were prepared to dry. Water absorption was measured by weighing the samples on a 

weighing machine before and after soaking them in water for a set duration. To assess the 

amount of water absorption, each specimen’s mass was calculated using the ASTM D570 

(2022) guideline prior to its immersion in distilled water. The percentage of water 

absorbed by hybrid composite was calculated using Eq. 1, 
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      (1) 

where WA is the water absorbed by specimen (%), Ww is the weight of specimen after 

immersion in water (g), and Wd is the weight of specimen before immersion in water (g). 

 
Surface Morphology 

The surface morphology of the fiber samples was examined using a high-

resolution TESCAN Scanning Electron Microscope (TESCAN ORSAY HOLDING, 

Brno, South Moravian Region, Czech Republic). Imaging was conducted at an 

accelerating voltage of 10 kV and a working distance of 10 to 15 mm. SEM images were 

taken at different magnifications to closely observe the fiber structure and surface 

characteristics. 

 

Statistical Analysis  
An analysis of variance (ANOVA) was employed to analyze each response 

variables, and a regression test was performed to validate the framework and determine 

the statistical value of the coefficient. 

 
 

RESULTS AND DISCUSSION 
 
Effect of Process Parameters on Mechanical Characteristics 

Figure 3 illustrates the tensile, flexural, impact, and interlaminar shear strengths 

of hybrid composite materials developed using CF/SG fibers. It is evident that their 

mechanical characteristics were enhanced by the integration of CF/SG fibers. In 

comparison to the hybrid composite with 40% fiber loading, the composite with 30% 

fiber loading performed better in every mechanical property. The tensile, flexural, impact 

and shear properties of 30% fiber loaded hybrid composite shows an increasing trend 

with respect to quantity of CF fiber as shown in Fig. 3a, 3b, 3c, and 3d, respectively, and 

the 2:1 (CF/SG) combination hybrid composite yielded the greatest tensile strength of 

12.194 MPa, maximum flexural strength of 101.76 MPa, highest impact energy of 0.3 J, 

and optimum interlaminar shear strength of 9.1 MPa. The stress strain diagram of well 

performed sample is represented in Fig. 4 

The greatest tensile and flexural strengths achieved in the present research were 

31.4% and 80.1% higher than the tensile and flexural property values of chicken feather 

fibers reinforced composites (Prasanth et al. 2021). Even though the highest tensile 

strength of CF/Betel Nut fibers-based hybrid composite was 42.6% more than the 

maximum tensile strength found in the present research, the highest flexural property 

value attained in this study was 36.5% higher than those found in CF/Betel nut fiber-

based hybrid composite (Gogoi et al. 2022). The maximum flexural property value 

obtained in this study was 51.6% greater than those found out in banana/coir natural 

fiber-based hybrid composite, despite the fact that the tensile strength of the hybrid 

composite based on banana/coir natural fibers was 29.2% higher than the maximum 

tensile strength observed in the present investigation (Senthil Kumar et al. 2024). Even 

though the chemically modified CF fiber reinforced high density polyethylene 

composite’s maximum tensile strength was 61.1% greater than the highest tensile 

strength obtained in this investigation, the flexural strength achieved in this study was 
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84.1% greater than those attained in the chemically modified CF fiber reinforced high-

density polyethylene composite (Oladele et al. 2018). 
 

 

Fig. 3. Effect on mechanical properties (a. Tensile strength, b. Flexural strength, c. Impact 
energy, and d. Interlaminar shear strength) in changing process variables 

 

 

Fig. 4. Stress-strain curve of hybrid composite 
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The composite comprising of 2:1 (CF/SG) fiber combination (30% fiber loading) 

had the highest average impact strength, assessing 0.3 J. The type of fiber, matrix, and 

their adherence all exhibited significant effects on the impact strength (Chowdhury et al. 

2025). As fiber loading rises, the composite might become equipped to withstand higher 

energy levels due to improved and stronger adhesion between the fiber and matrix. Thus, 

it is evident that the impact strength had been enhanced. Employing a shore D hardness 

testing machine, the hardness character of the manufactured composite specimens was 

examined, and three points were selected on the sample for conducting the test 

measurements. The maximum average hardness of 82 shore D scale was attained with the 

hybrid composite having 1:1 (CF/SG) fiber combination in 30% fiber loading. The 

tendency of a material to modify its shape over stress is represented by its hardness, 

which is based on the arrangement of fibers in the matrix. The present experiment found 

that hardness increased up to 30 wt% of fiber loading, as represented in Table 4; 

however, as fiber loading increased, the hardness property slightly decreased. The 

existence of voids identified via SEM image evaluation in Fig. 7 could be the reason for 

this behavior. 

 

Table 4. Shore D Hardness  

Sample No. Shore D Hardness 

1EX/CF1/SG2 73 

1EX/CF2/SG2 82 

1EX/CF2/SG1 74 
2EX/CF1/SG2 74 

2EX/CF2/SG2 76 

2EX/CF2/SG1 79 

 
For the establishment of hybrid composites based on natural fibers that have 

superior rigidity and strength, a minimal weight percentage is preferable. The results 

indicated that employing 30 wt% fiber content was the most efficient way to increase 

tensile property. The clumps of fiber inside the matrix without adequate bonding between 

those fibers may be the source of the poor interfacial bonding that is likely to occur from 

a high level of fiber application. The fiber-matrix interface, which is determined by the 

fiber’s surface topography, resin characteristics, and chemical reliability, has a significant 

impact on the overall performance of any fiber-reinforced polymer composite (Gogoi et 

al. 2022). Numerous studies have shown that flexural property decreases as fiber loading 

increases (Uzun et al. 2011; Tesfaye et al. 2017). Low interfacial strength, poor fiber 

distribution in the matrix, and increased fiber–fiber engagement were the reasons given 

for this phenomenon, which led to a decrease in load-transferring performance as fiber 

loading increased (Uzun et al. 2011; Choudhry and Pandey 2012; Reddy et al. 2014). 

 
Thermogravimetric Analysis 

The TGA test was performed to determine the deterioration properties of CF- and 

SG- based composites (for samples 1EX/CF1/SG2, 1EX/CF2/SG2, and 1EX/CF2/SG1). 

The material’s stable thermal behavior can be assessed by the weight drop across a 

specified temperature band (23 °C to 930 °C), which is measured as a percentage of the 

specimen’s weight loss when heated. The results of TGA of CF- and SG-based 

composites are presented in Table 5 and the best performed sample’s TGA graph is 
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represented in Fig. 5. The disappearance of moist matter was the reason for the samples’ 

initial loss of weight in the temperature range of 23 to roughly 150 °C. The reduction in 

weight between 250 to 450 °C was caused by the breakage of disulfide bonds and the 

removal of hydrogen sulfide from cysteine present in CF fiber, while deterioration above 

450 °C was attributed to keratin breakdown (Gogoi et al. 2019).  

For SG fiber, the weight loss was due to deterioration and decomposition of 

cellulose, hemicellulose, and lignin contents (Rafi et al. 2024). The sample 

1EX/CF2/SG1 hybrid composite performed the best out of all the composites, and the 

initial decomposition temperature demonstrated a rising pattern as the CF fiber 

percentage of hybrid composite increases. This could be due to the hybrid composite’s 

stronger network configuration connecting the functionalities of the resin, SG fiber, and 

CF fiber. The TGA results of the present research are consistent with the thermal stability 

behavior of chicken feather/betel nut fibers-based hybrid composite and oil 

palm/sugarcane bagasse fibers-based hybrid composite, as reported by Gogoi et al.(2022) 

and Ramlee et al.(2021), respectively. 

 
Table 5. Thermograms of Hybrid Composites 

Sample Code 

Initial 
Decomposition 
Temperature 

(Ti) 

Maximum 
Pyrolysis 

Temperature 
(Tm) 

Decomposition Temperature 
(Td) at Different Weight % Loss 

Residual 
Weight 

% at 
930oC 1st 

step 
2nd 

step 
20 40 60 80 

1EX/CF1/SG2 140 360 450 318 361 393 525 10.81 

1EX/CF2/SG2 223 320 410 350 382 405 442 14.39 

1EX/CF2/SG1 232 360 430 347 374 394 428 10.60 

 

 

Fig. 5.TGA curve of hybrid composite 
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Effect on Water Absorption Characteristics 
The water absorption properties of fabricated hybrid composite materials 

comprised of 2:1, 1:1, and 1:2 (CF/SG) fiber ratios in 30% and 40% fiber loadings were 

studied for 24 h, and their values are illustrated Fig. 6. The 24-hour water absorption test 

period was chosen since the literature and preliminary results showed that the materials 

approach saturation equilibrium during this time and had little additional uptake after 

that. This period of time is in line with established testing procedures (such as ASTM 

D570) and concentrates on the key preliminary absorption behaviour, which is most 

important for evaluating performance in the short term. The hydroxyl molecules and 

micro voids presence in the fibers ingest an additional quantity of water as the duration of 

their contact to water increases. The CF and SG fibers-based hybrid composite materials 

with the highest fiber loading (40 wt%) exhibited the highest level of hydroxyl groups, 

since they absorbed additional water during an extended contact time. Both the amount of 

cellulose and the quantity of hydrogen bonds that exist among the fibers and water 

molecules expand with increased fiber loading (Rafi et al. 2024; Savitha et al. 2019). 

 

 

Fig. 6. Effect on water absorption 

 
Surface Morphological Properties 

Improved adhesion at the fiber-matrix interface is demonstrated by the surface 

features of the broken-down sample in Fig. 7. Evidence of pull-out vs. breakage indicated 

that improved adhesion had been achieved when using the ideal process variable set. The 

technique of fiber agglomeration may be applied to identify regions of stress in the 

framework caused by fiber reinforcement flaws. Although an incorrect distribution of the 

fiber loading might lead to the development of stress level changes, dense clustering 

improves fiber connections. The ability of fibers to transmit loads may be hampered by 

interfacial contacting. However, matrix fracture or fiber cluster stress affects how load is 

transferred. Fiber pullout and stretch are minimal because the natural fibers and epoxy 

matrix have formed good physical contact. This is also evident from fiber breaking, 

which indicates that the fibers’ capacity to separate from the matrix is diminished. This 

improved the matrix’s ability to effectively transmit the stresses to the CF and SG fibers.  

The hybrid epoxy composites’ mechanical properties were shown to be improved 

in comparison because of enhanced stress transmission under these conditions. 



 

PEER-REVIEWED ARTICLE             bioresources.cnr.ncsu.edu 

 

 

Paramasivam et al. (2025). “Hybrid composites,” BioResources 20(4), 8591-8610.  8602 

Furthermore, because the hybrid fibers were evenly distributed throughout the epoxy 

matrix, alternative causes of failure, such as cracking in the matrix, were barely noticed. 

The epoxy matrix and chemically treated CF and SG fibers worked in concert to improve 

the hybrid composites’ interfacial reliability, which increased their mechanical property. 

This resulted from the natural fibers being treated with alkali, which formed rough fiber 

surfaces. A similar finding has been noted by numerous past researches (Balaji et al. 

2019; Senthil Kumar et al. 2024; Sharath et al. 2024).  In order to best resolve specific 

microstructural aspects pertinent to the investigation (such as morphology and porosity), 

several SEM magnifications were selectively used. In accordance with typical SEM 

procedures and the objective of the research, greater magnifications captured precise 

information, while lower magnifications offered contextual examines. Scale bars are 

included in every image to ensure appropriate comprehension. 

 

 

Fig. 7. SEM images of 1EX/CF2/SG1 hybrid composite 

 
Responses Analysis and Confirmation of Experiments 

A statistical method commonly used to ascertain the relevance of several 

variables on a dependent variable is the assessment of variance. Tables 6 and 7 display 

the results of the ANOVA performed using the mechanical features. P-values, with a 0.05 

confidence level, indicate the statistically significant nature of the process variable under 

consideration. The findings showed that with the exception of fiber proportion for 

flexural strength, all process variables had P-values less than 0.05, indicating their 

significance in comparison to the response under consideration. Therefore, the factor 
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having a significant overall effect was fiber concentration. Both the type and fraction of 

fibers employed were found to have a significant effect on the mechanical characteristics 

of the hybrid composite. 

 

Table 6. ANOVA of Flexural Test Outcomes 

Source Degrees of Freedom 
(DOF) 

Sum of Squares 
(SS) 

Mean of Squares 
(MS) 

F-
value 

P-
value 

Regression 2 7638.5 3841.73 12.68 0.034 

A 1 9.84 9.84 0.03 0.869 

B 1 7673.62 7673.62 25.32 0.015 

Error 3 909.20 303.07   

Total 5 8592.66    

 
Table 7. ANOVA of Tensile Test Outcomes 

Source Degrees of 
Freedom (DOF) 

Sum of Squares 
(SS) 

Mean of Squares 
(MS) 

F-
value 

P- 
value 

Regression 2 10.0745 5.0373 30.84 0.01 

A 1 1.9792 1.9792 12.12 0.040 

B 1 8.0954 8.0954 49.56 0.006 

Error 3 0.4900 0.1633   

Total 5 10.5645    

The ANOVA operator R2 and adjusted R2 values are listed in Table 8. The R2 

values can be used to evaluate the established RSM model’s estimation ability. The 

capacity of the model for predicting the responses is greater if its magnitude is nearer to 

unity. As a result, all the outcomes’ R2 and adjusted R2 values were seen to be nearer to 

unity, indicating the established RSM regression model’s ability to predict responses 

despite the process factors taken into consideration. 

 
Table 8. R2 and Adjusted R2 of Formulated Model 

Response R2 Adjusted R2 

Flexural strength 0.8942 0.8236 

Tensile strength 0.9536 0.9227 

A regression model was established for predicting the outcomes of the study 

based on RSM. The regression model for flexural strength (FS) and tensile strength (TS) 

is shown in Eqs. 2 and 3, respectively. Both the equations made a substantial contribution 

to the process variables prediction based on values of Tables 6 and 7. Furthermore, the 

improved predictable patterns of the established models are indicated by R2 values in 

Table 8. Equations 2 and 3 are as follows: 

FS = -15.4 - 3.1 A + 57.3 B       (2) 

TS = 10.216 - 1.384 A + 1.863 B      (3) 
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The validation studies were then used to verify the regression equations’ 

accuracy. The most appropriate variable setup was selected for confirmation, and the 

projected and observed outcomes were contrasted as indicated in Fig. 8. 

 

 

 

Fig. 8. Experimental and model values of A. Flexural strength; B. Tensile strength 
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CONCLUSIONS 
 
1. The research findings conclusively demonstrated that simultaneous usage of chicken 

feather (CF) and Sesbania grandiflora (SG) fibers with epoxy resin could improve 

the composites’ characteristics. In comparison to earlier experimental studies, the 

hybrid composites with 30% fiber loading containing 2:1 (CF/SG) fibers ratio were 

found to be improved.  

2. Additionally, a study of thermogravimetric analysis (TGA) and water absorption 

demonstrated improved thermal stability and reduced water absorption property in 

the composite prepared with a 2:1 weight ratio of CF and SG fibers.  

3. The scanning electron microscope (SEM) analysis of the composite materials’ 

surface morphological behavior revealed that the hybrid composites had reduced 

roughness of the surface.  

4. A response surface model was established to forecast the outcomes, and it was 

noticed that the regression coefficient R2 of the model was close to unity, indicating 

the significant predictability of the developed model. As demonstrated by the 

response surface findings, the developed model’s prediction ability was extremely 

high. Responses and the important process variables were found to have a linear 

correlation.  

5. Therefore, it can be reported that the optimal combination for composites loaded 

with 30% fiber containing weight ratio of CF to SG is 2:1, exhibiting a significant 

overall enhancement in all characteristics.  

6. The results of this study indicate that hybrid fibers might be a suitable reinforcement 

material for composites. Additionally, these composites may prove to be 

environmentally beneficial materials in the future. 

7. Hybrid composites made from CF and SG fibers are the important milestone towards 

sustainable material development and circular economy principles. Low weight and 

non-structural applications (such as automotive industries, furniture, and home 

decors) where biodegradability, cost-effectiveness, and lightweight are sought are 

where they show the most promise. 
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