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 This study produced a composite using melon shell ash as reinforcement on 
recycled Aluminium waste cans matrix. The melon shell particulate additions to 
the matrix were done in wt.% of 0, 10, 5, 15 and 20. The mechanical behaviour 
of the composite demonstrates that the tensile values increased as the 
particulate addition increased to 15% wt. to reach a maximum of 113MPa but 
dropped at the 20% addition. The impact energy on the other hand increases 
marginally at 5% particulate addition and increases slightly higher with the 
addition of reinforcement of 10% wt to attain a maximum value of 77J. However, 
a further increase in the melon shell ash to 15% wt and 20% wt reduced the 
impact energy. The hardness values of the composites at all the % wt. additions 
were generally higher than that of the unreinforced Aluminium with the peak 
hardness value of 57.2BHN obtained at 10% wt. addition. The density of the 
composites decreases as the % wt. of the melon shell ash particles increases. The 
improved mechanical properties and lower density of the composites achieved 
in this study are significant factors in developing strong and lightweight 
engineering materials for industrial applications. 
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1. Introduction 

Aluminium alloy is a lightweight, malleable, durable and corrosion-resistant metal. It is 
highly recyclable and has found wide uses in automobile, construction, building, food and 
beverage industries [1]. As a result of the expansion in the use of Aluminium alloys, there 
is a need for improvement in some of its properties through modification of its constituent 
elements. One of the ways this has been achieved is through the reinforcement of the 
aluminium matrix with suitable substances to form composites [2–4]. The use of 
Aluminium composites has expanded tremendously as a result of the increase in demand 
for efficient, lightweight and low-cost materials for industrial applications. Aluminium 
matrix composites (AMC) have gained wide attention from scientists and researchers own 
to their simpler production methods, economic feasibility and homogenous structure of 
the particulate reinforcements. AMC also demonstrate higher stiffness, low density and 
thermal expansion coefficient, good wear resistance and specific strength  [5, 6] Reports 
have shown that the type and fractions of reinforcements on the Aluminium composites 
influenced the behaviour of the composites. Significant improvements have been achieved 
in aluminium composites through the introduction of little ceramic-containing particulates 
such as, Titanium carbide (TiC), Boron carbide (B4C), Silicon carbide (SiC), and Silica oxides 
(SiO2) [7–13]. However, the economic and environmental challenges involved in the 
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production of these ceramics have led to the exploration of the potential of agricultural 
waste-based reinforcements [14, 15] Agricultural waste emanates from remnants of crops 
after the edible parts have been consumed. The abundance and availability of these wastes 
coupled with low cost and sustainability have endeared them to researchers as 
reinforcement materials [16,17]. In addition, Agrowastes are usually dumped 
indiscriminately in the open land giving rise to environmental pollution. Ashes from 
Agrowastes such as rice husk, groundnut shells, sugar cane bagasse, palm kernel shells, 
coconut shells and melon shells have been utilized as reinforcement materials in 
Aluminium matrix composites as a result of their constituents [16], [18–21]   Rice husk ash 
(RHA) possess high percentages of Silicon oxides together with other compounds such as 
MgO, Fe2O3 and Al2O3 [22–25]. Tensile strength, toughness, and hardness improvement 
have been reported in RHA and mica as reinforcement in A7075 matrix composites [26]. 
SiC extracted from RHA has also been utilized as reinforcement [27, 28]. Joharudin et al 
[29]. reinforced recycled A7075 chip with silica extracted from RHA. His result showed 
improvement in the hardness values of the composites. Coconut shell ash (CSA) is another 
agro-waste that has found application as reinforcement in composite production. It has 
also been reported to contain SiO2, MgO, Fe2O3 and Al2O3 [30]. The addition of CSA as 
reinforcement to the aluminium matrix of A6082 has been reported to enhance the 
properties of the composites [30]. Using the stir casting method, Kaladgi et al [31] 
reinforced 6061 with coconut shell microparticles and Al2O3. His result revealed a boost in 
the hardness and tensile strength of the composites as the percentage of reinforcements 
increased. Bello et al [32] utilized coconut shell microparticles to reinforce Aluminium 
alloy using the compo-casting method. An increase in tensile properties was observed due 
to appreciable interfacial adhesion between the aluminium matrix and the particulate 
reinforcement. Palm kernel shell ash (PKA) is also an agricultural waste which contains 
abundant siliceous materials. SiO2 is a major constituent of PKA mostly up to 40%. Other 
constituents present include metallic oxides such as aluminium oxide, magnesium oxide, 
Potassium oxides, and calcium oxide [33, 34]. The addition of PKA as reinforcement on the 
aluminium matrix was found to improve the wear resistance and the mechanical behaviour 
of the developed composites [35]. Sugar cane bagasse (SCB), a waste from sugar cane has 
also been explored for reinforcement purposes. The main constituents are cellulose, 
hemicellulose, wax lignin and ash [36, 37]. The presence of these elements makes SCB a 
suitable reinforcement fibre material for the development of composites with outstanding 
physical and chemical characteristics [38, 39]. Chandla et al [40] employed bagasse ash to 
reinforce the aluminium alloy 6061 matrices via stir casting technique and observed an 
increase in the hardness and tensile strength of the composite as the bagasse ash content 
increased. Ashes from other agricultural wastes and organic materials such as Aloe vera, 
pine leaf and lemon grass have equally been explored as reinforcement materials on 
Aluminium alloy matrix [41–43]. The potential of melon shell ash as reinforcement on 
aluminium matrix has also been explored [44, 45]. A study by Abdulwahab et al [46] on an 
Al-Si-Mg matrix reinforced with melon shell ash revealed improvement in the mechanical 
property of the Al-Si-Mg alloy up to a maximum of 20% wt addition of the melon 
reinforcement. However, better thermal conductivity was achieved in the composite with 
the 5%wt addition of reinforcement than the other proportions (10 wt%, 15 wt%, and 20 
wt%). Suleiman et al [47] also employed melon shell ash as a reinforcement on the Al-Si 
alloy matrix. Their result showed that the hardness and the tensile strength of the 
composite increased while the impact energy and the percentage elongation decreased. 
From the foregoing literature review, it is evident that studies on the use of agricultural 
waste as reinforcement on recycled aluminium alloys are scarce in the literature. Although 
there has been reported use of melon shell ash reinforcement on a certain grade of 
aluminium alloy (Al-12%Si), however, research on the use of melon shell ash to develop 
composites with other aluminium grades and especially aluminium waste cans has not 
been reported. Therefore, this study focuses on developing and exploring the potential of 
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recycled aluminium waste cans matrix reinforced with melon shell ash for lightweight 
engineering applications in automobiles.  

This study attempts to reduce the challenges posed by the indiscriminate disposal of 
agricultural and aluminium wastes and its environmental consequences. Most agro wastes 
and waste aluminium cans especially in developing countries are usually burnt or buried.  
This method of disposal constitutes a health risk for both plants and animals. The 
utilization of the melon ash and the aluminium waste cans to produce composites will help 
in turning the wastes into useful engineering materials that will help minimize the risk 
involved in the improper disposal of the wastes thereby promoting good health and a safe 
environment which is vital to the attainment of the Sustainable Development Goals (SDG) 
3 which is good health and well-being. The impact of composite production also extends 
beyond this goal, with implications for other SDGs such as SDG 12 (responsible 
consumption and production), SDG 9 (Industry, innovation and infrastructure) and SDG 2 
(Zero hunger) as more production of the crops will be encouraged thereby making more 
food available for consumption as a result of the innovative use of the wastes from the 
crops. 

In this research, the aluminium waste cans were recycled as the matrix material while the 
melon shell ash was used as the reinforcement via the stir casting technique. The main 
objectives of the study include burning the melon shell and investigating the chemical 
compositions of the produced ash, production of the composites via stir casting method, 
and characterization of the composites to obtain the mechanical properties and the 
microstructures.  

2. Materials and Methods 

2.1. Preparation of The Melon Shell Ash 

The melon shell (Figure 1) was sourced from a market in Omu-Aran, Kwara state, Nigeria. 
They were thoroughly washed to eliminate dirt, sun-dried and then burnt into ashes and 
sieved with a 38 μm sieve size. Figure 2. 

2.2. Aluminum Waste Cans Preparation 

The Aluminum waste cans were picked from different dumping sites in Omu-Aran, Kwara 
state, Nigeria. Figure 3. A compositional analysis was carried out on the Aluminium alloy 
using the theoretical density of 2.7 g/cm3. Table 1. 

Table 1. Aluminium waste cans chemical composition (weight %) [2] 

 

2.3 Analysis of The Produced Melon Shell Ash 

X-ray fluorescent (XRF) was employed for the elemental analysis of the melon shell ash. 
The analysis was carried out using the Thermo Fisher ARL PERFORM’X Sequential XRF 
equipment with Uniquant software. Table 2. 

 

 

Element Fe Mn Ti K Si Cu Zn Mg Cr Al Others 

% Wt 0.431 0.388 0.006 0.013 0.59 0.074 0.194 2.143 0.008 96.043 0.11 
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Table 2. Melon shell ash composition 

Oxides SiO2 K2O SO3 P2O5 FeO3  TiO5 Al2O3 MnO 

Weight 
% 

75.11 4,59 0.62 9,77 1,31 0.16 2,67 0.457 

Oxides CaO ZnO BaO Na2O MgO V2O5 LiO ZrO2 

Weight 
% 

2,12 0.476 0.089 0.53 0.36 0.006 1,42 0.01 

 

  

Fig. 1. Melon shell Fig. 2. Melon shell ash 

  

Fig. 3. Waste Aluminium cans Fig. 4. Sand mould with the composites                       
 

2.4 Composite Production 

The aluminium cans were crushed and weighed on a weighing scale before being loaded 
into a mild steel container and charged into the blast furnace, which was preheated to 500 
degrees Celsius. The furnace temperature was raised to 800oC, which is higher than the 
melting point of the aluminium waste cans, which is about 660oC The charged Aluminium 
was left for about forty-five minutes in the furnace and stirred at 450 rpm to allow proper 
and complete melting. Following this, the molten aluminium was removed from the 
furnace and the impurities/ slag were separated from the molten Aluminium. The 
prepared melon shell ash powder was introduced into the molten metal as the 
reinforcement in percentage by weight to produce the composites. The mixture was stirred 
for 1 minute, returned to the furnace, and left for about 15 minutes. After this, the molten 
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composite was removed from the furnace, gently poured into the prepared sand mould 
(Figure 4) and left to cool naturally. The composite rods (Figure 5) were removed from the 
sand mould after 24 hours. The reinforcement was added in percentage by weight 
according to Table 3 to produce five distinct combinations. The samples without 
reinforcement were the control samples i.e. 0% wt. The percentage weight additions were 
selected based on literature reports on related studies [2, 22, 46, 47]. 

Table 3. Various % wt additions of melon shell ash to the Aluminium matrix 

S/N 
Al alloy 
(% wt.) 

Melon ash 
(% wt.) 

1 100 0 
2 95 5 
3 90 10 
4 85 15 
5 80 20 

2.5. Characterization 

2.5.1. Mechanical Properties 

Three specimens were machined into B557M ASTM standard [48] for each percentage 
reinforcement used (Figure 6). The mean values of the ultimate tensile strength were 
recorded. The tensile strength was carried out using the INSTRON universal testing 
machine. The Brinell hardness testing was performed following ASTM E10-18 2017 [49] 
using a universal testing machine with an indenter of 10mm at 500kgf for 10s.  About five 
indentations were made on each sample and the average was evaluated. Two impact test 
samples cut to ASTM standard E23 of the year 2007 [50] were evaluated for all the 
composites. The test was performed on the notched rectangular samples of dimensions 75 
x 10 mm using the Avery-Denison Universal Impact-Testing Machine. The impact strength 
measured in joules (J) was recorded for the test specimens. 

  

Fig. 5. The composites before machining Fig. 6. Tensile samples 

2.5.2 Density 

The density of the composites was measured using Archimedes’s principle and equation 1 
[2].  
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Where; ρc = density of the composite; ρw = density of water at room temperature 
(1000kg/m3 or 1g/cm3); Wc = weight of composite in air and Ww = weight of composite 
immersed in water  

2.5.3 Surface Morphology Examination 

Samples of 6mm each were cut from the composites, mounted, grinded, polished, and 
etched with Weck’s reagent for the microstructural study. This was performed with an 
optical microscope set at a magnification of 50. Three samples at different percentage 
reinforcement additions i.e., 0% wt, 5% wt, and 15% wt. were selected for SEM and EDS 
analysis based on their mechanical behaviour.  

2.6 Challenges  

The main challenge encountered during the composite preparation was the melted 
aluminium cans carrying lots of impurities and slags which increases the melting time of 
the aluminium in the furnace. Frequent efforts were made to remove the slags on the 
molten aluminium before adding the reinforcements. The thermal instability resulting 
from the temperature difference between the sand mould and the molten composites 
causes sparking of the molten metal during pouring. However, preheating the mould 
before pouring the molten metal was helpful. The limitation of the stir casting method 
which includes particle agglomeration at higher volumes of reinforcement additions was 
another challenge. The stirring time at the higher percentages of reinforcement additions 
was increased for more even distributions of the melon shell ash. 

3. Results and Discussion 

3.1 Tensile Test 

The tensile result as shown in Figure 7 indicates that the melon shell ash particulate 
addition has a significant influence on the tensile properties of the Aluminium alloy. At 5% 
weight addition of the melon shell ash to the Aluminium matrix, the tensile strength 
increases by 7.5% and increases by 16.1% at 10% weight addition. The highest tensile 
strength of 113MPa was obtained at the 20% weight addition of the melon shell ash 
reinforcement representing about 23.7% increase from the unreinforced alloy. However, 
at 20% reinforcement addition to the matrix, the ultimate tensile strength decreases. 

 

Fig. 7. Ultimate tensile strength of the composites at different weight additions 
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The increase in tensile strength of the composites up to the 15% weight addition of the 
melon shell ash could be ascribed to the ability of the melon shell ash particulates to act as 
a hindrance to dislocations when subjected to loading during the tensile test. The high 
silicon content of the melon ash which has been known to promote grain boundary 
strength and other hard compounds such as Fe2O3, Al2O3, MgO, TiO2 and CaO present in the 
melon shell ash have played a significant role in the strength improvement of the 
composites [46, 47]. The decrease in the composite strength at 20% weight addition could 
be due to the influence of the segregation of the oxide particles which weakens the 
strengthening precipitates of the composites [47]. 

3.2 Hardness 

The hardness values of all the composites at different percentage weight additions (Figure 
8) were significantly greater than that of the unreinforced Aluminum. The hardness value 
increased from 48.5 HBN for unreinforced Aluminium to 55.5 BHN at 5% wt melon shell 
ash addition. This value further increased to 57.2 at 10% wt particulate addition to give 
the maximum value. Thereafter, the hardness value dropped at 15% wt and reduced a bit 
further at 20% wt addition. The uniform dispersion of the melon ash particles along the 
grain boundaries of the composites, as observed in the microstructures, improved its 
resistance to plastic deformation thereby impacting hardness to the composites. The 
decrease in hardness values as observed at 15% wt. and 20% wt. melon shell ash additions 
could be attributed to the increase in the weight of the melon shell ash in the Aluminium 
matrix which advanced the coarsening of the precipitates and weakened the intermetal-
particulate bonding of the composites [2, 34, 44]. 

 

Fig. 8. The hardness of the composites at different weight additions 

3.3 Impact 

The impact test results vary across the different percentage compositions of the 
reinforcement (Figure 9). At 5% particulate addition, a marginal increase in impact 
toughness from that of the Aluminium matrix was observed. Further addition of 
reinforcement to 10% increases the impact energy slightly higher. However, as the 
addition of the particulate reinforcement increases further, the impact energy reduces. The 
highest impact energy of 77J obtained at 10% represents a moderate addition of 
reinforcements. At this stage, the melon shell ash blends with the Aluminium matrix to 
enhance interfacial adhesion and maximum absorption of energy with adequate toughness 
and strength to tolerate the impact force [2, 46]. The impact energy reduces as the melon 
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shell ash addition increases to 15% wt and reduces further at 20% wt. This could be linked 
to the high volume of melon shell ash present in the composite which could lead to 
segregation by the ductile Aluminium matrix making it prone to crack propagation. Also, 
the thermal differences set up between the melon shell ash particles and the Aluminium 
matrix generate elastic stresses which put the melon shell ash into compression and the 
matrix into tension, consequently advancing the brittleness which probably lowers the 
impact strength and could also be responsible for the lower hardness and tensile strength 
trend observed at the 20% wt addition [51]. 

Generally, all the mechanical properties of the composite were observed to decrease at the 
highest percentage of reinforcement. In addition to the explanations already given on this 
in sections 3.1, 3.2, and 3.3, one of the factors that could be responsible for the lower 
mechanical properties at this weight fraction addition is the agglomeration of the 
reinforcements as evidenced in the microstructures in Figures 11 (c) and (d). The 
clustering of the melon shell particles could lead to stress concentration and 
nonuniformity in the reinforcement orientation, thereby initiating cracks and failures that 
could lower the composite strength. Also, insufficient matrix material due to the high 
volume of reinforcements could lead to reinforcement wetting, causing a reduction in the 
mechanical properties. Another possible factor is the thermal expansion mismatch 
resulting from differences in the thermal expansion coefficients of the aluminium matrix 
and the high volume of melon shell ash which could induce internal stresses in the 
composite, reducing the mechanical properties. 

The factors given above as possible causes of the observed reduction in the mechanical 
properties of the composites at the 20% wt. could be mitigated by optimizing the melon 
shell ash processing to enhance the fibre quality. Interfacial modification of the melon shell 
ash to improve bonding with the Aluminium matrix at higher percentages of weight 
addition may also be helpful. Other natural fibres could be incorporated into the melon 
shell ash to form a hybrid reinforcement. However, the compatibility of such hybrid 
reinforcement with the matrix must be ascertained. 

 

Fig. 9. Impact toughness of the composites at different weight additions 
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3.4 Density 

The densities of the composites, as shown in Figure 10 decreased as the % weight addition 
of the melon ash increased. The density of the control sample i.e., the unreinforced 
aluminium is 2.8 g/cm3. This density decreases to 2.49 g/cm3 at 20% wt. The implication 
of this is that the greater the weight of the reinforcement, the lower the weight of the 
composites. This could be ascribed to the lower density of the melon ash in comparison to 
that of the Aluminium. This led to the reduction in the weight of the composites' matrix-
reinforcement particles, thereby lowering the composites' density [2, 22]. The reduction 
in the density of the composites observed at all the different % wt additions of the melon 
ash revealed that Aluminium lightweight composites are achievable with considerable 
additions of melon shell ash as reinforcement. 

 

Fig. 10. Density variation of the composites at different weight additions 

3.5 Surface Morphology Examination 

Optical microstructures of the composites at different % wt reinforcements are presented 
in Figures 11 a, b, c and d while Figure 11 e is the microstructure of the unreinforced 
Aluminium alloy. The microstructures generally revealed uniform spread of the melon ash 
in the aluminium matrix. This further attests to the effectiveness of the stir casting method 
employed for the composite production, despite a tiny micropore that could be spotted at 
a point in Figure 11 (b).  The melon shell ash particulates were considerably spread along 
the grain boundaries of all the microstructures although slight clustering of the ash 
particles could be noticed at some point in some of the samples. Figure 11 (c). Particulate 
agglomeration could be observed at some points in the composite at the highest 
reinforcement volume of 20% wt. Figure 11 (d). The homogenous distribution of the melon 
ash reinforcement in all the composite structures is accountable for the good result in the 
mechanical behaviour of the composites. The structural Modification due to the addition 
of the reinforcement as evidenced in the microstructure, promotes strong interfacial 
bonding within the aluminium grain boundaries. This impact strength to the composites 
and enhanced its resistance to deformations thereby improving the mechanical properties 
as recorded in the tensile, impact and hardness results obtained from the composites [2, 
34, 44]. However, slight agglomeration and non-uniformity in the dispersion of the melon 
ash particles at higher volumes of reinforcement caused the observed drop in the 
mechanical strength of the composites. 
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The SEM and EDS analysis presented in Figures 12 a, b and c for 0% wt, 5%wt. and 15%wt. 
melon shell ash addition respectively show distinct features. These features emanate from 
the mixing of the melon shell ash with the Aluminium matrix. The EDS at the 5% wt. 
composition of reinforcement as shown in Figure 12 (b) reveals the presence of O, Mn, and 
Mg among others which are key components of the melon shell ash.  

  

  

 

Fig. 11. Microstructures of the composites (a) 5% wt. ( b) 10% wt (c) 15% wt (d) 20% 
wt (e) 0% wt 

However, at the 15% wt addition of the melon shell ash, the percentage compositions of 
the elements changed with silicon having the highest composition after Aluminum. The 
high-volume addition of the melon shell ash to the aluminum matrix increased the silicon 
content of the composite since SiO2 is the major component of the melon shell ash as given 
in Table 2.  The addition of Si to metals has been reported to impart strength to it [46, 47]. 
This also explains the improvement in the mechanical behavior of the composites as 
compared with the unreinforced Aluminum alloys. 
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Fig. 12. SEM images and EDS analysis of the Aluminium matrix and the composites (a) 
0% wt. ( b) 5% wt. (c) 15% wt.  

4. Conclusions 

Recycled aluminium waste cans have been reinforced with melon shell ash to produce 
composites. The conclusions that could be drawn from the mechanical and microstructural 
characterizations carried out on the composites are as follows: 

• Melon shell ash reinforcement could be successfully incorporated into a recycled 
aluminium waste cans matrix through the stir casting method. 

• There is an enhancement in the ultimate tensile strength (UTS) of the composites 
over the unreinforced aluminium. The UTS increases as the percentage 
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reinforcement increases up to 15% wt particulate addition but drops a little at 20% 
wt addition. The maximum UTS of 113 MPa was obtained at 15%wt. addition 
representing about 23.7% increase above the unreinforced alloy. This 
improvement in the tensile behaviour could be linked to the homogenous 
dispersion of the melon ash particulates in the Aluminium matrix which act as a 
barrier to dislocations during the tensile test. The high presence of silicon and other 
hard compounds in the melon ash also contributed to the observed high tensile 
strength [46,47]. Segregations of oxide particles occurred at 20% addition which 
declined the strengthening precipitates of the composites leading to the observed 
reduction in the tensile strength at that 20% [47]. 

• There was an improvement in the impact energy up to the 10% wt. reinforcement. 
However, the toughness energy dropped at 15% wt. and dropped further at 20% 
wt addition. The highest impact energy of 77J was obtained at 10% wt. At this point, 
there was an enhancement in the interfacial adhesion between the matrix and the 
melon which promotes energy absorption with considerable toughness and 
strength to withstand the impact force [2, 47]. 

• The hardness values of the composites at all the % wt additions were generally 
higher than that of the unreinforced Aluminium. The maximum hardness was 
obtained at 10% wt. addition. The uniform distribution of the melon shell ash along 
the grain boundaries of the composites promotes its resistance to plastic 
deformation leading to the rise in hardness of the composites [2, 44]. 

• The microstructures demonstrate that melon ash particles were homogeneously 
distributed in all the composites although little clustering and particle 
agglomeration were noticed at higher % wt. reinforcement. 

• Additions of the different weight fractions of the melon ash particles lower the 
density of the composites. This is evident from the fact that the density of the ash 
was lower than that of the Aluminium. This implies that lightweight Aluminium 
composites can be achieved with moderate additions of melon ash to the matrix. 

• Generally, the produced composite possesses better mechanical properties and 
lower density than the unreinforced alloys. These two factors achieved in this study 
are very significant to Engineering materials design and selection making this study 
a significant contribution towards the quest for lighter-weight engineering 
materials with uncompromising strength.  

• The enhanced mechanical properties and the reduced density of the composites 
have numerous potential applications in the development of lightweight 
engineering materials in industries such as aerospace, automobile, marine, medical, 
construction, sports, and energy. Many industries today are utilizing composite 
materials own to their benefits, especially their low weight and high strength 
ability. The aerospace and automobile industries are taking these advantages to 
produce lighter parts with high strength. The weight savings and dimensional 
stability offered by composite materials have reduced fuel consumption and 
enhanced the performance and efficiency of aircraft and automobile engines. 
Although carbon fibre-reinforced composites and polymer matrix composites have 
gained wide uses in the aerospace and automobile industries, the availability of 
materials, ease and cheaper production, and sustainability of melon shell ash 
reinforced composites could also be of tremendous advantage to the industries. The 
sports industries have also leveraged the merits of composites in the production of 
many sports equipment such as bicycles, tennis rackets, and golf clubs to ease 
sporting. Aluminium-melon shell ash composite does not produce any harmful 
emissions, this could also enhance its potential uses in the manufacturing of sport 
equipment. In the marine industries, lightweight composites have found 
applications in making boats, hulls, and propellers. Glass, carbon, and vinyl fibre-
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reinforced composites with epoxy resin matrix are some of the common composites 
in marine applications.  These composites are expected to have good strength, 
durability, and corrosion resistance ability. Since aluminium generally offers 
considerable resistance to corrosion the presence of an optimized quantity of melon 
shell ash as reinforcement in the aluminium matrix may likely not reduce its 
corrosion resistance when used in the marine environment. Composites such as 
natural and synthetic fibre-reinforced polymers, metal matrix composites, and 
carbon fibre-reinforced composites have also been utilized in building 
development, bridge components, long-span roofs, water storage tanks etc. 
Properties such as high strength-to-stiffness ratio, low density and low stress are 
some of the requirements for the composites employed in the construction 
industries. The aluminium-melon shell ash composites possess some of these 
qualities making it a viable option for the construction industries.  The low density 
and the improved strength-to-weight ratios achieved in this study are desirable 
material properties for lightweight applications in many industries especially 
where cheaper, durable, available and sustainable composite materials are 
required. 

5. Future Perspectives 

The mechanical behaviour of the composites produced from the melon shell ash has shown 
that the properties can be controlled by varying the percentage composition of the 
reinforcements. This study suggests and encourages further exploration of the potential of 
other agricultural wastes in the environment in the field of materials, manufacturing and 
production engineering. In the future, agro wastes possess the potential to replace some 
hazardous and environmentally unfriendly reinforcements such as asbestos fibre 
employed in automobiles. Although the stir casting technique has been extensively utilized 
for composite production, however, its deficiencies such as non-uniform distributions of 
reinforcements and wettability call for explorations of other techniques such as 
compocasting, friction stir casting and powder metallurgy. Future research works could 
also encompass the optimization of both the composite production processes and the agro-
waste composition in the metal matrix. 
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