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 This research focused on the production of conductive composite 

(CC) by using recycled agricultural residues and carbon-based 

materials. Five CC samples were created by combining 

carbonized periwinkle shells ash (PSA) and recovered graphite 

(SGr) from battery products using the hand lay-up method, with 

epoxy serving as the matrix. The mechanical and electrical 

properties of the CC were assessed following approved 

procedures outlined by ASTM International. It was noted that the 

laboratory test results indicated that both PSA and SGr, 

considerably influenced the tensile strength and electrical 

conductivity (EC) of the composite samples. The tensile strength 

increased from 89 to 110 MPa was the PSA volume increased 

from 10 to 16% (by % mass of the matrix). Similarly, the EC of 

the composites showed a tendency to increase from 0.0065 to 

0.074 s/cm, as the PSA integrated into the composite the 

composite rose from 10% to 16%. Results obtained from this 

experiment indicated that recycled agricultural waste materials 

and recovered graphite can be effectively utilized to produce 

conductive composites. These composites hold promise for 

applications in manufacturing sensitive electronic devices and 

aircraft components. 
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1. Introduction 

Composite is a material created by integration of two or more reinforcement materials into a matrix. 

The matrix acts as the binding agent, bonding the reinforcement materials together; while the 

reinforcement materials provide the necessary structural integrity to the composite created [1,2]. 

The lower density of composites compared to traditional materials is a significant advantage, which 

directly impacts the overall structural weight of products manufactured from them. This property 

has led to the widespread use of composites in the production of lightweight automobile, aerospace 

and marine vessel parts. Modern advancement in composite revealed the suitability of composites 

in infrastructural development, mostly in bridges, dams and buildings construction due to their 

appreciable mechanical strengths and resistance to harsh environmental factors [3-6].  Composites 

are widely utilized in various engineering and non-engineering applications, as they have numerous 

advantages over most traditional materials. Most composites have high resistivity to corrosion and 

tensile failure. This makes them ideal materials for the production of engineering products, which 

are exposed to harsh environment conditions [7]. Apart from engineering applications, composite 
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units are widely applied in the medical, sports, furniture and textile sectors, to produce sustainable 

materials and equipment. In the medical field composites are utilized to manufacture laboratory 

tools, prosthetics, and implants. To enhance environmentally friendliness, composites are now 

tailored to reduce reliance on traditional (synthetic) materials [8, 9].  

 

Conductive composite (CC) is a subset of composite materials, which is produced through the 

incorporation of conductive reinforcement materials (fillers or fibers) into a non-conductive matrix 

[10]. Conductive composites are employed in computer installations to minimize the occurrence of 

electric power surge and mitigating icing problems. Some sensitive electronic components 

developed with conductive composites include circuit boards, sensors, Faraday cages, and heat sinks 

[11]. Conductive composites have the ability of dissipating static electricity and averting electric 

charge accumulation; therefore, minimizing those hazards associated with electric power surges and 

electrostatic discharges (ESD). These scenarios help to protect the sensitive electronic accessories 

from failures; hence ensuring the reliability of computer systems operations [12]. Some conductive 

composites tend to have elevated electromagnetic shielding which is advantageous in reducing the 

electromagnetic interference (EMI) challenge, by captivating the reflecting electromagnetic 

radiation and enhancing the performance of the electronic devices [13, 14]. Several conductive 

composites display good thermal conductivity properties, which are necessary for thermal 

management (dissipating heat) in electrical and electronic components. This attribute assists in 

enhancing the performance of the device, by preventing overheating of the electronic systems [15. 

16]. 

 

Rezanezhad [17] manufactured CC by employing carbon nanoparticles. They noted that the 

incorporation of carbon material into the matrix resulted in an enhancement of both the mechanical 

strength and electrical conductivity of the composite. Tschannen [18] produced CC from the 

combination of wood and carbon fibers. They observed that the resulting products exhibited 

enhanced electrical and mechanical properties. These improvements render the composites well-

suited for use in the design of smart applications. Obukoeroro [19] developed CC by incorporating 

carbon black and carbonized snail shell powder in epoxy resin. Their findings indicated that the 

filler materials exerted a notable influence on both the electrical conductivity and tensile properties 

of the produced specimens.  

 

Recently, there are massive researches on the development of more environmental tolerant green 

composites also known as bio-composites [20, 21]. Through several green conductive composites 

have been created by integrating agricultural residues in non-metallic matrix [22-24], information 

on the utilization of periwinkle shells is still lacking. Therefore, the main aim of this research is to 

produce high quality environmentally friendly CC through substitution of spent graphite with 

periwinkle shells ash. Information obtained from this work will provide valuable insights into 

repurposing waste materials, thereby transforming them into valuable resources. This approach not 

only helps in reducing waste but also promotes environmental sustainability by decreasing reliance 

on non-renewable resources. 

 

2.0 Materials and methods  

 

2.1 Materials  

Epoxy resin 

The epoxy resin (LY556) or an analytical grade, obtained from a certified chemical supplier, was 

the non-metallic matrix employed for conductive composite production.  
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Periwinkle shells ash (PSA) 

The periwinkle shells underwent carbonization following AOAC procedures. Subsequently, they 

were pulverized and sieved with a 150 µm sieve to attain the carbonized periwinkle shells ash (PSA). 

 

Spent (recovered) graphite (SGr) 

The recovered graphite was sourced from spent lithium-ion batteries as well as other battery types 

that feature graphite anodes.  

 

2.2 Methods  

 

Conductive composite (CC) production  

Table 1 presents the experimental plan used to create the various CC specimens. The matrix used to 

prepare the CC was formulated by mixing the hardener and epoxy resin in a proportion of 3 parts 

hardener to 7 parts epoxy resin. All the constituents (PSA and SGr) of each CC unit were batched 

by weight (% mass of the matrix), to ensure consistency and precision in the final product. The 

quantities of reinforcement materials employed in CC production were deliberately chosen to 

deviate from the filler amounts utilized in prior research studies [10, 25, 26]. All the samples were 

fabricated by using the hand lay-up composite producing method outlined by Umurhurhu [27]. 

Thereafter, they were subjected to a consistent weight (10 kg) for 24 hours at room temperature 

(29±5oC) to eliminate any trapped air.  

 

Table 1: Composite samples composition  

Sample Code Reinforcement materials (%) Matrix 

 PSA SGr  

SAM 1 12 12 76 
SAM 2 14 10 76 
SAM 3 16 8 76 
SAM 4 18 6 76 
SAM 5 20 4 76 

 

2.3 laboratory analyses  

 

2.3.1. Tensile strength 

The tensile strength of each composite unit was determined in accordance with ASTM D3039 

approved methods [34]. A sample measuring 0.3 m (Length “L”), 0.03 m (Width “W”), and 0.01 m 

(thickness “T), was secured between the jaws of a Universal Testing Machine “UTM” (Testometric 

model, manufacture in England). The specimen was then subjected to tensile force at a rate of 1 

mm/min until it reached the breaking point, as shown in Figure 1. At the end of each test, the tensile 

strength was calculated through Equation 1 [4]. 

 

𝑇𝑒𝑛𝑠𝑖𝑙𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ, 𝜎 =  
𝐹𝑜𝑟𝑐𝑒𝑀𝑎𝑥

𝐴𝑟𝑒𝑎
   (1)      
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Figure 1: A composite sample undergoing tensile strength testing 

 

2.3.2. Electrical conductivity determination  

The electrical conductivity of each composite specimen was determined in accordance with ASTM 

D257-14 procedures [35], with the aid of a digit precision multimeter (model: Fluke 8845A 6.5, 

produced by Bench instruments, USA) as explained by Tien [25]. For each experimental unit, five 

samples were tested and the average value recorded.  

 

3.0 Results and Discussion  

 

3.1 Tensile strength 

The results of the CC tensile strength are presented in Figure 2. The tensile strength of the SAM 1, 

SAM 2, SAM 3, SAM 4, and SAM 5 samples was observed to be 89 MPa, 101 MPa, 110 MPa, 99 

MPa, and 92 MPa, respectively. This variation in tensile strength among the SAM samples indicates 

that the particulates have a substantial effect on the mechanical properties of the composite units. 

Although the inclusion of PSA has a beneficial impact on the TS of the CC, the study findings 

suggest that a large volume of PSA (greater than 16%) have detrimental effect on the composite, 

leading to a decrease in its tensile strength. Similar trends regarding the behavior of organic fillers 

in bio-composites were documented by Refs [28-30]. They found that lower percentages of 

reinforcement materials resulted in enhancements to the mechanical properties of composite panels, 

aligning them more closely with industrial requirements. Moreover, the TS values obtained from 

the experimental study were comparatively higher than those documented by Sadiq [45], yet lower 

when juxtaposed with the figures provided by Udo [46]. Udo [46] indicated that the TS of non-

carbonized periwinkle shells particulates ranged from 180.7 to 214.3 MPa as the filler content 

increased from 10 to 50%. Conversely, Sadiq [45] reported that periwinkle shells particle epoxy 

polymer composite exhibited TS ranging from 42.85 to 100.94 MPa as the reinforcement content 

increased from 0.5 to 1.0%. Variations in the recorded TS values among the authors may be ascribed 

to potential human errors during experimental procedures, discrepancies in the types and ages of 

periwinkle shells utilized, as well as differences in shell preparation and preservation methods [21]. 

 

The decline in the mechanical property of the CC as the PSA fillers content exceed 16% could be 

attributed to weak bonding formation between the matrix and the excessive fillers. This creates 
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reduction in the cohesion and adhesion within the material, ultimately resulting in poorer mechanical 

properties of the composite materials irrespective of the matrix used [31, 32]. The outcomes of this 

research are important in the field of material science because they confirm that strengthening the 

matrix with an appropriate quantity of fillers or fibers facilitates the production of composites with 

the desired mechanical properties. This has implications for a wide range of engineering and 

industrial applications, ensuring that the resulting materials meet specific performance 

requirements. 

 

 
Figure 2: The CC tensile strength 

 

3.2 Electrical conductivity (EC) 

Figure 3 presents the EC values of the various composite specimens. Significantly, the PSA exerts 

substantial influence on the EC exhibited by the composites. As the quantity of PSA increased from 

12% to 20%, the conductivity of the CC decreased non-linearly from 0.0065 to 0.0053 s/cm. The 

highest EC value of 0.074 s/cm was observed at a PSA content of 16%. As illustrated in Figure 3, 

the EC values of the samples labeled SAMs 1 to 5 were 0.0065, 0.0071, 0.0074, 0.0067, and 0.0053 

S/cm, respectively. The decline in the EC values noted as the PSA increased from 14 to 20%, and 

the SGr decreased from 10 to 4% could be attributed to the lower volume of carbon ions present in 

the composite. This attribute aligns with the electrical properties of CC which are heavily influenced 

by the nature and quantity of conductive fillers integrated into the matrix [33]. Furthermore, the 

lower electrical conductivity (EC) values observed in samples with higher PSA content (greater than 

16%) may be attributed to inadequate bonding between the fillers and the matrix. According to 

Eboibi [36], a higher ratio of fillers to matrix results in the formation of composites with voids and 

weak binding, which could impede the mobility of electric charges within the composites. 

 

The results of this research are similar to those obtained by Feller [37] and Oxfall [38], whose 

findings indicated that carbon-based materials (fillers or fibers) notably enhance electron mobility 

within composite boards. According to Oxfall [38], the EC values of carbon black hybridized 

composite samples ranged between 1.0 x10-7 and 1.0 x10-2 s/cm. The differences in the EC recorded 

in this study, when compared to other authors [19, 39 - 40] results, could be attributed to the type of 

bio-fillers used for the composites production. The varied cellular structure and properties of 

agricultural materials directly impact their engineering characteristics, irrespective of the products 
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derived from them [41, 42]. Likewise, the carbonization technique and hybridization pattern of filler 

materials play a pivot role in determining the electrical properties of the composites [43, 44]. 

 

The results of this study have demonstrated that agricultural residues and spent graphite can be 

repurposed and employed in the production of conductive composites with noteworthy electrical 

conductivity. Such composites hold potential for utilization in industries such as aerospace and 

computer production. The utilization of these waste materials in the production of valuable 

engineering products represents a positive initiative. Not only does it address the challenge of waste 

management that many countries face, but it also contributes to reducing greenhouse gas emissions 

and mitigating environmental hazards associated with the production of synthetic carbon-based 

filler materials. Furthermore, this research will offer new opportunities for manufacturing of 

sensitive electronic devices and aircraft components.  

 

 
 

Figure 3: The CC electrical conductivity 

 

4.0 Conclusion  

 

This research was primarily embarked upon to development of a conductive composite (CC) 

material, through the utilization of recycled agricultural residues and carbon-based materials.  

Various specimens of CC were manufactured by adjusting the volume of carbonized periwinkle 

shells (PSA) and spent graphite (SGr) incorporated into the composite material. Following 

production, the CC mechanical and electrical properties were measured in accordance with ASTM 

approved guidelines. The results depicted that the PSA caused substantial increment in both the 

tensile strength and electrical conductivity of the samples. This indicates the potential of these 

materials to serve as reliable alternatives in the manufacturing of automobile, electrical, aircraft, and 

computer components. Furthermore, this research had revealed the potential of utilizing recycled 

agricultural waste materials and recovered graphite to produce conductive composites.  
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