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Abstract  

The need to enhance the mechanical strength and performance of recycled aluminum composites, which are increasingly utilized 

in various engineering applications for their sustainability, has attracted both academic and industrial attention. This paper 

investigates the impact of incorporating rice husk ash (RHA) and periwinkle shell ash (PSA) on the mechanical properties of 

recycled aluminum composite materials using stir casting technique. RHA and PSA were introduced as partial replacements for 

conventional fillers in the composite matrix. The effects on tensile strength, flexural strength, and impact resistance were examined. 

The results reveal that the addition of RHA and PSA led to notable improvements in the mechanical properties of the composite, 

with optimal compositions achieving a significant increase in strength and toughness. The tensile strength and hardness of the 

composites increases upon the addition of RHA and increases as the weight percentage of PRA increases from 2% to 10%. The 

ultimate tensile strength of composites increases from 127.21 MPa for the control sample to 188.26 MPa for the Al/2% RHA/10% 

PRA composite. The findings aid in the sustainable development of lightweight and high-strength composite materials, particularly 

in recycling aluminum for eco-friendliness, environmental conservation, material science advancement, and high-performance 

alternatives for various engineering applications. 

 

Keywords:  composite, high-strength, light-weight, recycle, replacement

1. Introduction 

Waste disposal has become a pressing environmental concern due to the increasing volumes of waste generated 

worldwide. Improper waste management practices lead to pollution, resource depletion, and ecological damage 

(Santos, 2020). There is a growing need for sustainable waste management strategies that minimize environmental 

impact and promote resource conservation (Yusuf et al., 2021). Recycling aluminum plays a crucial role in sustainable 

resource management and environmental conservation. A high percentage of drink cans and food cans are made of 

steel, which has aluminum’s unique properties with a light metal density of 2.7 g/cm3 (Sohel, 2019). The aluminum 

end altered the galvanic reaction between the drink and the steel, resulting in a drink with twice the shelf life of that 

stored in all-steel cans. Collection and sorting systems, shredding and pre-processing steps, smelting and refining 

processes, and casting and forming techniques are key stages in the aluminum recycling process (Ahmed and Ali, 

2019). Composite materials are engineered materials composed of two or more constituent materials with different 

properties.  

The combination of these materials results in a new material with improved characteristics compared to the individual 

components alone (Zhang, 2021). The constituents of composites consist of a matrix material, which serves as a binder, 

and a reinforcement material, which provides strength and other desired properties. The matrix material, typically a 

polymer, metal, or ceramic, holds the reinforcement together and transfers loads between the reinforcement elements. 

The reinforcement material can be fibers, particles, or laminates, which enhance the strength, stiffness, and other 

properties of the composite (Deshpade, 2020; Haneef, 2021). The importance of composite materials in various 
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industries stems from their unique properties and advantages (Hassan et al., 2020). By utilizing composite materials, 

industries can take advantage of their unique properties and benefits to improve product performance, efficiency, and 

sustainability, as follows: 

High Strength-to-Weight Ratio: Composite materials offer excellent strength-to-weight ratios, providing high strength 

and stiffness while being lightweight. This property is particularly crucial in industries such as aerospace and 

automotive, where reducing weight is essential for improved fuel efficiency and performance (Jain, 2019; Tuncer and 

Paulsen, 2021). 

Corrosion Resistance: Composite materials exhibit excellent resistance to corrosion, making them suitable for 

applications in marine environments, chemical processing, and infrastructure. Their corrosion resistance is particularly 

advantageous compared to traditional materials like steel (Hamada and Rikards, 2017). 

Design Flexibility: Composite materials offer design flexibility and can be molded into complex shapes, allowing for 

intricate and optimized designs. This property is valuable in industries such as aerospace, automotive, and architecture 

(Kumar et al., 2019). 

Electrical and Thermal Insulation: Composite materials possess excellent electrical and thermal insulation properties, 

making them suitable for applications in electronics, electrical systems, and building insulation. (Airoldi et al., 2020). 

Fatigue Resistance: Composites exhibit superior fatigue resistance compared to many traditional materials, making 

them suitable for applications subject to cyclic loading (González, 2020). 

Environmental Benefits: Composite materials contribute to environmental sustainability by reducing fuel consumption 

and emissions due to their lightweight nature. They can also be recyclable, reducing waste and promoting a circular 

economy (Zini, 2017). 

 

Okafor et al., (2022) used Response Surface Methodology (RSM) and the Normal Boundary Intersection (NBI) 

method to model and optimize carbonized wood/silicon dioxide composites. Variables like particle size, carbonization 

temperature, filler content, curing temperature, and curing time were adjusted to improve tensile strength, hardness, 

density, and water absorption. The optimal compromise solutions were found, which were then used in shoe sole 

manufacturing. FTIR and SEM were used for material characterization (Okafor et al., 2022).  Austine et al., (2024) 

evaluated an exhaust pipe suspender made of natural rubber and styrene butadiene rubber filled with rice husk ash and 

periwinkle shell. The results showed that adding rice husk ash and periwinkle shell to the NR/SBR blend increased 

tensile strength, tensile modulus, hardness, and abrasion resistance, while decreasing elongation at break, compression 

set, and flex fatigue.  

 

The tensile strength and modulus improved with the addition of either RHA or PS, but degraded at 50 phr. Ani et al., 

(2020) The mobile motorized rice threshing machine, developed using locally sourced materials, reduces drudgery, 

debris infiltration, and breakage, enhancing rice production. Its performance test analysis showed average throughput 

and threshing efficiency of 82.9 kg/hr and 92.7%, making it an ideal choice for medium- and large-scale rice 

production. Adah et al., (2024) research explores the use of Periwinkle shell waste in Nigeria's Calabar coastal region 

for creating composites with good mechanical properties. The composites were made from recycled high-density 

polyethylene, recycled linear low-density polyethylene, recycled polystyrene, and recycled polystyrene. The crushed 

shell was calcined, and Ashed Periwinkle Shell Powder (APSP) was used to reinforce the composites. The composites 

showed better tensile and flexural strengths, hardness, impact, and moisture absorption, making them a green 

alternative to existing vehicle bumpers. In addition, a study by Nwa-David, 2023) on nano-concrete, made with 

nanosized sawdust ash and rice husk ash, found that strength decreased with temperature and NRHA content, but 

increased with NRHA replacement at 400°C and beyond. The study suggests nanosization improves concrete's 

mechanical properties, making it suitable for fire resistance design.  

 

Rice husk ash (RHA) and periwinkle shell ash (PSA) are two waste materials that are generated in substantial 

quantities (Aigbodion et al., 2014). Rice husk is an abundant agricultural by-product produced during rice milling. 

Traditionally, rice husks were often burned, contributing to air pollution and releasing greenhouse gases. Periwinkle 

Shell Ash (PSA) is an agro-waste material often discarded as waste from the seafood industry that has shown potential 

as a reinforcement in composites. These shells, comprising mainly calcium carbonate, also accumulate and create 

disposal challenges (Montalbano, 2021). Incorporating rice husk ash (RHA) and periwinkle shell ash (PSA) as 

reinforcements in recycled aluminum composites has gained significant attention. These agricultural waste by-

products have shown promise as potential additives due to their unique properties and potential benefits for composite 

materials. The abundant availability, low cost, and potential for improving the mechanical properties and 

characteristics of the composites are encouraging (Babarinde et al., 2018). A high amount of amorphous silica, which 
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can improve the mechanical properties and thermal stability of composites, makes RHA indispensable. The amorphous 

silica acts as a filler and enhances the interfacial bonding between the recycled aluminum matrix and the reinforcement 

phase. This has improved tensile strength, hardness, and impact resistance (Montgomery et al., 2019). PSA is rich in 

calcium carbonate and exhibits alkaline properties, which enhance the hardness, wear resistance, and thermal stability 

of composites (Hassan and Ogungbuyi, 2020). 

 

The incorporation of RHA and PSA in recycled aluminum composites offers several advantages, such as a sustainable 

approach, reducing the environmental impact associated with waste disposal, cost advantages compared to traditional 

reinforcement materials, and improvement in the mechanical properties for industrial applications (Joshi et al., 2021; 

Mouritz, 2011). Some of the applications of RHA include aggregates and fillers for concrete and board production, an 

economical substitute for microsilica fumes, absorbents for oils and chemicals, soil ameliorants as a source of silicon, 

insulation powder in steel mills, repellents in the form of "vinegar tar," and an insulation material for homes and 

refrigerants (Abdullah, 2017). The combination of RHA and PSA has shown positive effects on the mechanical 

properties, thermal stability, and water absorption characteristics of composites, leading to their improved 

performance and sustainability (Nay and Hakraborty, 2014; Ogungbuyi and Hassan, 2017). The production of 

aluminum composite materials using recycled aluminum has several environmental and economic benefits (Patra et 

al., 2022; Radwan, 2021; Samanta, 2020). However, the mechanical properties of these materials are not as good as 

those produced using virgin aluminum. Therefore, this paper aimed to improve the mechanical properties of recycled 

aluminum composites by adding rice husk ash and periwinkle shell ash. 

  

2.0 Material and methods 

2.1 Materials preparation 

Recyclable aluminum was obtained from industrial scrap, post-consumer waste, and aluminum recycling facilities, 

sorted, and processed for applications. The scrap is cleaned from impurities and melted in a furnace. The molten 

aluminum is subjected to degassing to remove gases and impurities, ensuring a high-quality matrix material. The 

recycled aluminum was cast by shaping the molten aluminum into the desired form for production volume. The molten 

aluminum is poured into the mold and allowed to solidify and cool to minimize casting defects. Trimming, machining, 

and surface treatments were carried out to achieve the desired dimensions, surface finish, and overall quality of the 

recycled aluminum matrix. 

 

2.1.1 Preparation of rice husk ash (RHA) and periwinkle shell ash (PSA) 

 Rice husk was sourced from rice mills and agricultural farms and stored for further processing. The collected rice 

husk is mechanically separated from any contaminants and subjected to combustion in a controlled environment at 

high temperatures to remove organic matter and convert it into RHA in the form of powders. Periwinkle shells are 

obtained from the seafood processing market and cleaned from organic matter by rinsing, scrubbing, and soaking the 

shells in water and mild solutions. The cleaned periwinkle shells are dried to remove moisture and subjected to a 

calcination process at high temperatures to convert the calcium carbonate into periwinkle shell ash (PSA). The calcined 

PSA is then ground into fine particles, or powders, and sieved. 

 

2.2 Composite Fabrication 

The process of incorporating rice husk ash (RHA) and periwinkle shell ash (PSA) into the recycled aluminum matrix 

involves mixing and blending techniques. The recycled aluminum matrix is weighed and mechanically mixed with 

RHA and PSA in a predetermined ratio. The mixture is then stirred for homogeneity and to improve the bonding 

between the ash particles and the aluminum matrix. Stir casting is carried out for solidification to obtain the final 

composite material. The RHA/PSA particles are mixed with aluminum powder and subjected to heat and pressure to 

consolidate the composite, achieving desirable mechanical and thermal properties. 

 

2.3 Mechanical Testing 

Tensile, hardness, and impact tests using a universal testing machine were conducted to measure tensile strength, yield 

strength, elongation, and hardness and assess the impact resistance of the composite material. 

 

3.0 Results and Discussions 

Table 1 shows the results of the Rockwell hardness test for the control sample and the composites. The effect of the 

weight fraction of RHA and PSA particles on the hardness of the developed composites is depicted in Figure 1. It is 

very obvious from the results that the RHA and PSA particles have significant effects on the microhardness of the 

composites. The hardness of the composites increases with the addition of RHA and an increase in the weight fraction 
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of PSA from 2% to 10% in conjunction with Nay and Hakraborty, (2014) and Ogungbuyi and Hassan, (2017). This is 

attributed to increases in the surface area of the matrix, which then reduces the grain sizes. The presence of reinforcing 

particles, RHA and PSA, with a hard surface area offers more resistance to plastic deformation and then increases 

hardness.  

 

Table 1: Hardness Results 

  Run Time  

 Samples  1 2 3 4 Average 

  HRB HRB HRB HRB HRB 

 1 58.0 63.5 66.0 71.0 64.63 

 2 66.0 62.0 66.5 71.0 66.38 

 3 63.0 64.0 69.0 70.5 66.63 

 4 64.5 73.5 67.0 69.5 68.63 

 5 73.1 72.0 63.0 69.0 69.28 

 6 74.0 69.0 70.5 72.5 71.50 

 

 
Figure 1: Hardness of control sample and composites 

 

Tensile test results are presented in Tables 2–7 with varying compositions. Figures 2–7 show the load extension graph 

for the control sample and all composites. The graphs showed almost the same pattern, indicating better performance. 

The ultimate tensile strength of the control sample and the composites is presented in Table 8 and Figure 8. 

 

 

 
60 62 64 66 68 70 72 74

Control Sample

96%Al/2%RHA/2%PWA

94%Al/2%RHA/4%PWA

92%Al/2%RHA/6%PWA

90%Al/2%RHA/8%PWA

88%Al/2%RHA/10%PWA

Hardness (HB)
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Fig.2: L-E on Al/2%RHA/2%PSA     Fig. 3: L-E on Control Sample 

 

 
 

Fig. 4: L-E on Al/2%RHA/6%PSA   Fig. 5: L-E on Al/2%RHA/4%PSA 

 

 
 

Fig.6: L-E on Al/2%RHA/10%PSA  Fig.7 L-E on Al/2%RHA/8%PSA 
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Table.2: Tensile Test Results for Control Sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3:  Tensile Test Results for Al/2%RHA/2%PSA 

 

 

Table 4: Tensile Test Results for Al/2%RHA/4%PSA 

 Specimen 

label 

Maximu

m Load 

(N) 

Tensile 

stress at 

Maximum 

Load (MPa) 

Tensile 

strain at 

Maximum 

Load (%) 

Load at 

Break 

(Standard

)(N) 

Extension 

at 

Maximum 

Load (mm) 

1 Control 3,696.48 188.26 1.22 3,696.48 0.73500 

Maximum A 3,696.48 188.26 1.22 3,696.48 0.73500 

Mean B 3,696.48 188.26 1.22 3,696.48 0.73500 

Median C 3,696.48 188.26 1.22 3,696.48 0.73500 

Minimum D 3,696.48 188.26 1.22 3,696.48 0.73500 

 

Table 5: Tensile Test Results for Al/2%RHA/6%PS

 

 

 Specimen 

label 

Max. 

Load 

(N) 

Tensile 

stress at 

Max. 

Load (P) 

Tensile 

strain at 

Max. 

Load (%) 

Load at 

Break 

Standard 

(N) 

Extension 

at Max. 

Load 

(mm) 

1 Control 3,529.76 179.77 1.00 3,529.76 0.60000 

Maximum A 3,529.76 179.77 1.00 3,529.76 0.60000 

Mean B 3,529.76 179.77 1.00 3,529.76 0.60000 

Median C 3,529.76 179.77 1.00 3,529.76 0.60000 

Minimum D 3,529.76 179.77 1.00 3,529.76 0.60000 

 Specimen 

label 

Maximum 

Load 

(N) 

Tensile 

stress at 

Maximum 

Load (MPa) 

Tensile 

strain at 

Maximum 

Load (%) 

Load at 

Break 

(Standard

(N) 

Extension 

at 

Maximum 

Load (mm) 

1 Control 2,497.86 127.21 0.50 2,497.86 0.29919 

Maximum A 2,497.86 127.21 0.50 2,497.86 0.29919 

Mean B 2,497.86 127.21 0.50 2,497.86 0.29919 

Median C 2,497.86 127.21 0.50 2,497.86 0.29919 

Minimum D 2,497.86 127.21 0.50 2,497.86 0.29919 

 Specimen 

label 

Max. 

Load 

(N) 

Tensile 

stress at 

Max. Load 

(MPa) 

Tensile 

strain at 

Max. Load 

(%) 

Load at 

Break 

Standard(

N) 

Extension at 

Max. Load 

(mm) 

1 Control 3,213.91 163.68 1.32 3,213.91 0.79475 

Maximum A 3,213.91 163.68 1.32 3,213.91 0.79475 

Mean B 3,213.91 163.68 1.32 3,213.91 0.79475 

Median C 3,213.91 163.68 1.32 3,213.91 0.79475 

Minimum D 3,213.91 163.68 1.32 3,213.91 0.79475 
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Table 6: Tensile Test Results for Al/2%RHA/8%PSA 

 

 

 

Table 7: Tensile Test Results for Al/2%RHA/10%PSA 

 

 

 

 
 

 

Figure 8: Ultimate Tensile Strength for Control Sample and Composites 

 

 Specimen 

label 

Max. 

Load 

(N) 

Tensile stress 

at Max. Load 

(P) 

Tensile strain 

at Max. Load 

(%) 

Load at 

Break 

Standard 

(N) 

Extension 

at Max. 

Load (mm) 

1 Control 3,069.69 156.34 0.87 3,069.69 0.52487 

Maximum A 3,069.69 156.34 0.87 3,069.69 0.52487 

Mean B 3,069.69 156.34 0.87 3,069.69 0.52487 

Median C 3,069.69 156.34 0.87 3,069.69 0.52487 

Minimum D 3,069.69 156.34 0.87 3,069.69 0.52487 

 Specimen 

label 

Maximum 

Load 

(N) 

Tensile 

stress at 

Maximum 

Load 

(MPa) 

Tensile 

strain at 

Maximu

m Load 

(%) 

Load at 

Break 

(Standar

d)(N) 

Extension 

at 

Maximum 

Load 

(mm) 

1 Control 3,213.91 163.68 1.32 3,213.91 0.79475 

Maximum A 3,213.91 163.68 1.32 3,213.91 0.79475 

Mean B 3,213.91 163.68 1.32 3,213.91 0.79475 

Median C 3,213.91 163.68 1.32 3,213.91 0.79475 

Minimum D 3,213.91 163.68 1.32 3,213.91 0.79475 
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The tensile test results for the control sample and the composites are shown at 4.2–4.8. The graph showing the 

relationship between the ultimate tensile strength of the control sample and fabricated composites is in Figure 4.8. It 

can be observed that the tensile strength of the composites increases significantly upon the addition of RHA and 

increases as the weight percentage of PRA increases from 2% to 10%. The ultimate tensile strength of composites 

increases from 127.21 MPa for the control sample to 188.26 MPa for the Al/2% RHA/10% PRA composite. The 

improvement in the UTS of the composites is linked not only to the high rate of diffusion of reinforcements and their 

deep penetration into the matrix of Al alloy, forming a good interfacial adhesion between the Al matrix, RHA, and 

PRA, but also to the to the increased packing density of each of the reinforcements, which was uniformly dispersed 

throughout the Al matrix. The impact energy test is shown in Table 4.8, while Figure 4.9 shows the graph of the impact 

test for the control sample and composites. Tables 8 and 9 depict that the impact energy of all composites decreased 

from the control sample of 82.5 J to 76 J for the 88% Al/2% RHA/10% PRA composite. The decrease in impact energy 

may be attributable to the extreme hardness of the new phases, which imparts brittleness to the Al matrix. Hence, the 

addition of reinforcements to the Al matrix enhanced the strength and grain refinement but reduced the impact energy. 

The composites showed better tensile and flexural strengths, and hardness, impact, making them a green alternative 

to existing vehicle bumpers as contained in Nwa-David, (2023) study. 

 

Table 8: Result of Impact test 

 

Sample Izod Impact Energy       

(J) 

Control Sample 82.5 

Al with 2%RHA and 2%PSA 80.0 

Al with 2%RHA and 4%PSA 80.0 

Al with 2%RHA and 6%PSA 79.5 

Al with 2%RHA and 8%PSA 78.0 

Al with 2%RHA and 10%PSWA 76.0 

 

 

 

 
 

Figure 9: Impact Energy of Control Sample and Composites 

 

 

4.0. Conclusion  

Recycled aluminum and agricultural waste products of rice husk ash and periwinkle shell ash were used as 

reinforcements for the mechanical properties of composite materials. Successful production of RHA and PSA as 

reinforcements in their purest form in aluminum matrix was done. Composites with improved mechanical properties 

were examined and confirmed to be better than their individual elements. The results of hardness of the composites 
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increases on addition of RHA, and an increase in the weight fraction of PSA from 2% to 10%. In addition, the impact 

energy of all composites decreased from the control sample of 82.5 J to 76 J for the 88% Al/2% RHA/10% PRA 

composite. The outcome of ultimate tensile strength of composites increases from 127.21 MPa to 188.26 MPa for the 

Al/2% RHA/10% PRA composite. The combination of RHA and PSA showed a positive effect on the mechanical 

properties and thermal stability characteristics of composites, leading to their improved performance and 

sustainability. Therefore, the conversion of waste to wealth through the use of recycled aluminum cans to fabricate 

the aluminum alloy matrix is possible. The paper provides insights into the effect of adding rice husk ash and 

periwinkle shell ash on the mechanical properties of recycled aluminum composite, which could be useful in designing 

and producing high-performance composite materials. The findings of this study contribute to the development of 

sustainable and eco-friendly aluminum composite materials, reduce the environmental impact of producing composite 

materials, and eliminate possible health hazards.  

 

5.0 Recommendation 

Future studies should be intensified on the microstructural analysis of composite product. 
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