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ABSTRACT  

The increasing demand for sustainable composite materials has encouraged the utilization of 

agricultural waste as reinforcement in polymer matrices. This study experimentally 

investigates the mechanical and thermal properties of epoxy composites reinforced with 

micro-sized walnut shell powder. Composite specimens containing 0, 10, 20, 30, and 40 wt.% 

walnut shell powder were fabricated using the hand lay-up technique. Mechanical 

characterization was carried out through tensile, compressive, flexural, and Shore D hardness 

tests following relevant ASTM standards, while thermal performance was evaluated using 

Thermogravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC). The 

experimental results revealed that the incorporation of walnut shell powder significantly 

enhanced the mechanical and thermal characteristics of epoxy composites up to an optimum 

filler loading of 20 wt.%, owing to improved interfacial bonding and efficient stress transfer. 

Beyond this concentration, particle agglomeration and poor dispersion reduced composite 

performance. The developed bio-composites demonstrate excellent potential as lightweight, 

environmentally friendly, and cost-effective materials for automotive, construction, and 

general engineering applications. 

 

KEYWORDS: Epoxy Composite, Walnut Shell Powder, Natural Filler, Mechanical 

Properties, Thermal Stability, Thermogravimetric Analysis. (TGA) 

 

 

 

 

International Journal Research Publication Analysis 

 

2026 Volume: 02 Issue: 08   www.ijrpa.com     ISSN 2456-9995 Research Article 

ArticleArticle 

 

 

 

Page: 01-09 

https://doi-doi.org/101555/ijrpa.6106
http://www.ijrpa.com/


Copyright@    Page 2 

International Journal Research Publication Analysis 

 

 

1. INTRODUCTION  

Polymer matrix composites have attracted significant attention in recent years because of 

their excellent strength-to-weight ratio, corrosion resistance, dimensional stability, and ease 

of fabrication. Among various thermosetting polymers, epoxy resin is widely employed in 

engineering applications due to its superior adhesion, high mechanical strength, excellent 

chemical resistance, and low curing shrinkage. These characteristics make epoxy composites 

suitable for applications in the automotive, aerospace, marine, electrical, and construction 

industries. However, neat epoxy exhibits inherent brittleness and limited thermal resistance, 

which restrict its performance under severe loading and elevated temperature conditions. 

Consequently, researchers have focused on incorporating reinforcing fillers into epoxy 

matrices to improve their mechanical and thermal characteristics.  

Natural fillers derived from agricultural residues have emerged as sustainable alternatives to 

conventional synthetic reinforcements because they are renewable, biodegradable, 

lightweight, and economically attractive. Among these materials, walnut shell powder has 

gained increasing attention due to its high hardness, low density, lignocellulosic composition, 

and good wear resistance. The utilization of walnut shell waste as a reinforcing material not 

only reduces environmental pollution but also promotes value addition to agricultural by-

products. Furthermore, natural particulate fillers contribute to lowering manufacturing costs 

while reducing dependence on non-renewable materials.  

The performance of particulate-reinforced epoxy composites depends largely on filler 

concentration, particle size, dispersion quality, and interfacial bonding between the matrix 

and reinforcement. Uniformly distributed micro-sized particles facilitate effective stress 

transfer, thereby improving tensile, compressive, flexural, and hardness properties. In 

addition, the incorporation of natural fillers can enhance thermal stability by delaying thermal 

degradation and increasing resistance to heat exposure. Nevertheless, excessive filler loading 

often results in particle agglomeration, void formation, and weak interfacial adhesion, leading 

to deterioration in composite performance. Therefore, identifying the optimum reinforcement 

content is essential for obtaining balanced mechanical and thermal properties.  

In the present experimental investigation, epoxy composites reinforced with micro-sized 

walnut shell powder were fabricated using the hand lay-up technique with varying filler 

concentrations. Mechanical properties were evaluated through tensile, compressive, flexural, 

and Shore D hardness tests, while thermal behavior was investigated using 

Thermogravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC). The study 

aims to determine the optimum walnut shell powder content that provides enhanced 
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mechanical strength and thermal stability while contributing to the development of 

lightweight, environmentally friendly, and sustainable polymer composites for engineering 

applications.  

 

2. Literature Review  

Previous investigations have demonstrated that natural fillers can effectively enhance the 

performance of polymer composites while promoting sustainable material development. 

Singh (2015) reported that walnut shell particles improved the stiffness and hardness of 

polymer composites; however, excessive filler loading reduced tensile strength because of 

poor interfacial bonding. Similarly, Suresh et al. (2015) observed that moderate 

concentrations of natural particulate fillers enhanced tensile, compressive, and flexural 

properties by improving stress transfer within the epoxy matrix. Jawaid and Abdul Khalil 

(2015) emphasized that natural fillers are renewable, biodegradable, lightweight, and 

economical alternatives to synthetic reinforcements, although moisture absorption and poor 

interfacial adhesion remain significant challenges.  

Sanjay et al. (2016), Pickering et al. (2016), and Fiore et al. (2016) reviewed the recent 

progress in natural fibre-reinforced composites and concluded that optimized filler content 

and suitable surface treatment substantially improve composite performance. Their studies 

also highlighted the importance of controlling moisture absorption and ensuring strong fibre–

matrix compatibility to achieve durable engineering materials. Nirmal et al. (2016) 

demonstrated that particulate reinforcements improved wear resistance and hardness, while 

Koronis et al. (2016) identified natural fillers as promising sustainable materials because of 

their low density, renewability, and environmental compatibility.  

Muthukumar and Lingadurai (2016) reported improvements in tensile strength, stiffness, and 

hardness at moderate reinforcement levels, whereas Faruk et al. (2016) highlighted the 

growing application of natural filler composites in automotive and construction sectors due to 

their favorable strength-to-weight ratio. Srinivas et al. (2017) further confirmed that 

homogeneous particle dispersion significantly enhances tensile properties, while Goudar and 

Shetty (2017) observed increased compressive strength and hardness in shell particulate-

reinforced epoxy composites. Panthapulakkal et al. (2017), Saba et al. (2017), and Valášek et 

al. (2017) emphasized that agricultural waste fillers improve stiffness, thermal stability, and 

wear resistance while reducing manufacturing costs and environmental impact. Recent 

investigations by Ramesan et al. (2018), George et al. (2018), Sanjay et al. (2018), Kabir et 

al. (2018), and Alavudeen et al. (2018) demonstrated that natural particulate reinforcements 
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improve thermal stability, dimensional stability, and overall mechanical performance when 

adequate interfacial bonding is achieved.  

 

3. Experimental Methodology  

The experimental investigation was conducted to evaluate the influence of micro-sized 

walnut shell powder on the mechanical and thermal performance of epoxy composites. Lapox 

L-12 epoxy resin was selected as the matrix material because of its excellent adhesion, 

dimensional stability, and mechanical strength, while HY-951 hardener was used as the 

curing agent in a resin-to-hardener ratio of 10:1. Walnut shell powder, obtained from 

agricultural waste, was employed as the reinforcing filler owing to its low density, high 

hardness, biodegradability, and favorable lignocellulosic composition. The walnut shells were 

thoroughly cleaned, oven dried to eliminate moisture, crushed, ground, and sieved to obtain 

particles of approximately 75 μm size, ensuring uniform particle distribution during 

composite fabrication.  

 

 

Figure 3.1 Liquid epoxy resin and hardner bottles. 

 

Five composite formulations were prepared containing 0, 10, 20, 30, and 40 wt.% walnut 

shell powder, designated as EP, EWSP10, EWSP20, EWSP30, and EWSP40, respectively. 

Composite specimens were fabricated using the hand lay-up technique because of its 

simplicity, cost-effectiveness, and suitability for particulate-reinforced polymer composites. 

The measured quantity of walnut shell powder was gradually mixed with epoxy resin under 

continuous stirring to achieve homogeneous dispersion. Subsequently, the hardener was 

added, and the mixture was poured into moulds coated with a release agent. Air bubbles were 

removed through gentle vibration before curing the specimens at room temperature for 24 
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hours, followed by post-curing at elevated temperature to enhance cross-linking and improve 

the final properties. After curing, the specimens were machined according to ASTM standard 

dimensions for mechanical and thermal characterization.  

 

Table 3.1 Composite Compositions. 

Composite Designation Epoxy Resin (%) Walnut Shell Powder (%) 

EP 100 0 

EWSP10 90 10 

EWSP20 80 20 

EWSP30 70 30 

EWSP40 60 40 

 

Mechanical characterization included tensile testing (ASTM D638), compression testing 

(ASTM D695), three-point flexural testing (ASTM D790), and Shore D hardness testing 

(ASTM D2240). All tests were performed using standard laboratory equipment under 

controlled conditions, and the average values from multiple specimens were recorded. 

Thermal characterization was carried out using Thermogravimetric Analysis (TGA) and 

Differential Scanning Calorimetry (DSC) to evaluate degradation behavior, thermal stability, 

glass transition temperature, and heat flow characteristics. The experimental results obtained 

from mechanical and thermal analyses were compared with those of neat epoxy to identify 

the optimum walnut shell powder concentration capable of producing lightweight, sustainable 

composites with improved engineering performance.  

 

4. RESULTS AND DISCUSSION  

The experimental results demonstrate that the incorporation of micro-sized walnut shell 

powder significantly influences the mechanical and thermal characteristics of epoxy 

composites. Among the investigated compositions, the composite containing 20 wt.% walnut 

shell powder exhibited the best overall performance, indicating that optimum filler loading 

plays a critical role in improving composite properties.  

The tensile strength increased from 36.8 MPa for neat epoxy to 44.7 MPa for the EWSP20 

composite, representing an improvement of approximately 21%. This enhancement is 

primarily attributed to the uniform distribution of walnut shell particles, which promotes 

efficient stress transfer between the epoxy matrix and reinforcement while restricting crack 

initiation and propagation. However, further increasing the filler content to 30 wt.% and 40 

wt.% resulted in reduced tensile strength because of particle agglomeration, inadequate 
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wetting of reinforcement particles, and void formation within the matrix, which weakened the 

interfacial bonding.  

 

Table 4.1 Tensile Strength of Epoxy-Based Composites Reinforced with Micro-Sized 

Walnut Shell Particulates. 

Composite 

Designation 

Walnut Shell Powder Content 

(wt.%) 

Tensile Strength 

(MPa) 

EP 0 36.8 

EWSP10 10 40.5 

EWSP20 20 44.7 

EWSP30 30 42.9 

EWSP40 40 39.8 

 

A similar trend was observed in compressive and flexural properties. Moderate filler loading 

enhanced the stiffness and load-bearing capability of the composites because the rigid walnut 

shell particles effectively resisted deformation under compressive and bending loads. The 

Shore D hardness also increased with filler addition owing to the inherent hardness of walnut 

shell powder and the improved rigidity of the composite structure. These results confirm that 

natural particulate reinforcement can significantly improve the mechanical performance of 

epoxy composites when uniformly dispersed throughout the matrix. Excessive reinforcement, 

however, leads to stress concentration, poor particle distribution, and weaker interfacial 

adhesion, causing deterioration in mechanical behavior.  

 

Table 4.2 Compressive Strength of Epoxy-Based Composites Reinforced with Micro-

Sized Walnut Shell Particulates. 

Composite 

Designation 

Walnut Shell Powder Content 

(wt.%) 

Compressive Strength 

(MPa) 

EP 0 82.4 

EWSP10 10 88.7 

EWSP20 20 94.3 

EWSP30 30 99.6 

EWSP40 40 96.8 

 

Table 4.3 Flexural Strength of Epoxy-Based Composites Reinforced with Micro-Sized 

Walnut Shell Particulates. 

Composite Designation Walnut Shell Powder Content (wt.%) Flexural Strength (MPa) 

EP 0 64.5 

EWSP10 10 69.8 

EWSP20 20 75.6 

EWSP30 30 72.9 

EWSP40 40 68.7 
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Table 4.4 Hardness of Epoxy-Based Composites Reinforced with Micro-Sized Walnut 

Shell Particulates. 

Composite Designation Walnut Shell Powder Content (wt.%) Shore D Hardness 

EP 0 78 

EWSP10 10 81 

EWSP20 20 84 

EWSP30 30 87 

EWSP40 40 90 

 

Thermal characterization further demonstrated the beneficial influence of walnut shell 

powder. Thermogravimetric Analysis (TGA) indicated an increase in degradation 

temperature and residual mass for reinforced composites, confirming enhanced resistance to 

thermal decomposition.  

 

Table 4.5 Thermogravimetric Analysis (TGA) Results of Epoxy-Based Composites 

Reinforced with Micro-Sized Walnut Shell Particulates. 

Composite 

Designation 

Walnut Shell 

Powder 

Content 

(wt.%) 

Initial 

Degradation 

Temperature (°C) 

Maximum 

Degradation 

Temperature (°C) 

Residual 

Mass (%) 

EP 0 295 412 8.4 

EWSP10 10 305 421 10.2 

EWSP20 20 318 432 12.8 

EWSP30 30 326 440 14.6 

EWSP40 40 320 435 13.9 

 

Differential Scanning Calorimetry (DSC) revealed improvements in thermal transitions and 

heat resistance, suggesting restricted molecular mobility and improved structural stability due 

to the presence of walnut shell particles. The reinforcement acted as a thermal barrier, 

delaying degradation and increasing the thermal stability of the epoxy matrix.  

 

Table 4.6 Differential Scanning Calorimetry (DSC) Results of Epoxy-Based Composites 

Reinforced with Micro-Sized Walnut Shell Particulates. 

Composite 

Designation 

Walnut Shell 

Powder Content 

(wt.%) 

Glass Transition 

Temperature, Tg 

(°C) 

Peak 

Temperature 

(°C) 

Heat 

Flow 

(mW) 

EP 0 81.5 109.2 4.82 

EWSP10 10 85.3 114.8 5.16 

EWSP20 20 89.6 119.5 5.54 

EWSP30 30 93.8 125.1 5.91 

EWSP40 40 91.7 122.8 5.68 
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Overall, the experimental findings demonstrate that the optimum walnut shell powder content 

is approximately 20 wt.%, where the balance between particle dispersion and matrix adhesion 

is maximized. The developed epoxy–walnut shell composites exhibit superior mechanical 

strength, increased surface hardness, and improved thermal stability while utilizing renewable 

agricultural waste. These characteristics make the composites suitable for lightweight 

engineering components, automotive interior parts, construction panels, electrical housings, 

and other environmentally sustainable structural applications. 

The present experimental investigation successfully demonstrated the feasibility of utilizing 

micro-sized walnut shell powder as a sustainable reinforcing material for epoxy-based 

composites. The incorporation of walnut shell powder significantly influenced the 

mechanical and thermal characteristics of the developed composites. Experimental results 

revealed that the composite containing 20 wt.% walnut shell powder exhibited the best 

overall performance, with noticeable improvements in tensile strength, compressive strength, 

flexural strength, Shore D hardness, and thermal stability compared with neat epoxy. The 

improvement is primarily attributed to effective interfacial bonding, uniform particle 

dispersion, and efficient stress transfer between the epoxy matrix and the walnut shell 

particles. However, increasing the filler content beyond the optimum level resulted in particle 

agglomeration, void formation, and weaker interfacial adhesion, leading to a gradual 

reduction in mechanical performance. Thermal analyses using TGA and DSC further 

confirmed that walnut shell reinforcement enhanced the degradation resistance and thermal 

stability of the epoxy composites. The findings indicate that agricultural waste such as walnut 

shell powder can be effectively converted into value-added engineering materials while 

reducing environmental impact and material cost. Therefore, epoxy composites reinforced 

with optimum walnut shell powder content offer considerable potential for lightweight 

structural components, automotive interior parts, electrical housings, construction panels, and 

other sustainable engineering applications requiring improved mechanical strength and 

moderate thermal resistance. 
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