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ABSTRACT: Al6063 alloy based reinforced with graphite-rice husk ash-copper nanopaticles was investigated. 

The weight percent of graphite and rice husk ash were fixed while copper nanoparticles was varied from 1 to 4 

% and were produced using double-stir casting method coupled with spin casting technique was used for the 

composite. As copper nanoparticles in the composite increases, the porosity reduces and the density increases. 

The low porosity level was attributed primarily to double-stir casting method coupled with spin casting 

technique. It was found that addition of copper nanoparticle increased the wear resistance which resulted in 

low wear rate when compared with unreinforced aluminium alloy. As copper nanoparticles in aluminium hybrid 

reinforced composite increases so also the wear rate reduces.   
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I. INTRODUCTION 
 In many engineering applications, metal matrix composites (MMCs) are preferred to pure metals, due 

to the fact that the mechanical properties of composites can be controlled to a greater degree. Metal matrix 

composites (MMCs) possess improved properties such as high specific strength; specific modulus, damping 

capacity and better wear resistance compared to unreinforced metal. Aluminum matrix composites (AMCs) 

remain an exciting class of metal matrix composites which is still stimulating interest among researchers 

because of its suitability for vast conventional and emerging technological applications also  areas of Al based 

composites applications is expected to continue growing, this is possible by virtue of the attractive property 

spectrum possessed by AMCs and the relative low cost of production in comparison with other competing 

MMCs (such as Magnesium, Copper, Titanium and Zinc) for similar applications (Surappa, 2003). Some of the 

core areas were AMCs have successfully been used in aerospace industry, defence industry, automotive 

industry, and marine industry (Lee et al., 2012; Alidokht et al., 2011; Zhang et al., 2014). The reliability of 

AMCs in several applications arises from the attractive combination of properties such as high specific strength, 

low density, high specific stiffness, high elastic modulus, good wear resistance among others (; Zhang et al., 

2014; Wang et al., 2014). These outstanding properties of AMCs can be further optimized by selecting suitable 

process parameters and reinforcement materials. Aluminium matrix composites (AMCs) reinforced with 

ceramic particles exhibit high strength, high elastic modulus and improved resistance to wear, creep and fatigue 

compared to unreinforced metals that make them promising structural materials for aerospace and automobile 

industries (Rana et al., 2012; Narula et al., 1996; Maruyama, 1998; Anandkumar et al., 2012; Shabani and 

Mazahery, 2013; Anandkumar et al., 2007; Gingu et al., 1999; Torralba et al., 2003; Mazahery and Shabani, 

2012). There are lot of researches in the area of use of derivatives alternative from agro-waste and industrial by 

products have emphasized the advantages of the derivatives over traditional ceramic reinforcement materials 

(Lancaster et al., 2013; Arora and Sharma, 2017). Cu nanoparticles currently attract significant research 

attention owing to their widespread application in powder metallurgical materials, casting and electronic 

circuits. Copper nanoparticles have also been considered (Hoover et al., 2006; Niu and Crooks, 2003) as an 

alternative for noble metals in many applications, such as heat transfer and microelectronics (Eastman et al., 

2001; Talabi et al., 2019). With recent advances in producing nanoparticles such as copper nanoparticles, it is 

expected that significant improvements can result from the incorporation of nanoparticles in metals to further 

enhance the properties obtained most especially the wear. The tribological behaviour of copper nanoparticles 

suspended in oil has been investigated experimentally by researchers. The friction coefficient for raw oil and 
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nano-oil mixed with copper nanoparticles was investigated by (Choi et al., 2009) using a disc-on-disc tribotester 

between mixed and full-film lubrication regime and it was found that the nano-oil mixed with copper 

nanoparticles has a lower friction coefficient and less wear on the friction surface, indicating that copper 

nanoparticles improve the lubrication properties of raw oil. The aim of this work is to incorporate copper 

nanoparticles into aluminium composite. 

 

II. EXPERIMENTAL PROCEDURE 
Materials 

The aluminium 6063 alloy was sourced from Tower Aluminium Ota in Ogun, Nigeria is presented in Table 1, 

while graphite was procured and copper nanoparticles (40 nm) was synthesized  

Table 1. Chemical Composition of Aluminum Alloy 6063. 
Element Si Mg Fe Mn Cr Zn Ti Al 

(%) composition  

0.48 

 

0.86 

 

0.46 

 

0.9 

 

0.04 

 

0.005 

 

0.01 

 

98.82 

 

Experimental 

Production of Composites  
 The composites were produced via a two-step stir casting technique described by Talabi et al., (2019) 

and Alaneme and Aluko (2012) coupled with spin casting method. This involves carrying out charge calculation 

to determine the quantities of rice husk ash, graphite and copper nanoparticles needed to produce aluminium 

based composites. Weight ratios of mixed rice husk ash, graphite and copper nanoparticles reinforcing phase 

produced are shown in Table 2. Preheating of the RHA and graphite was done before adding to the melt to 

reduce dampness of the reinforcing materials and to improve wettability. Aluminium 6063 alloy was charged 

and heated in a gas fired crucible furnace to a temperature of 750°C above the liquidus. The liquid aluminium 

alloy was then allowed to cool down to a semi-solid state at about 600°C. At this stage, the preheated RHA, and 

graphite was introduced into the molten alloy with CuNP and stirred manually for 5-10 minutes. The composites 

slurry was later superheated to a temperature of about 850°C and a second stirring was carried out mechanically 

for 10 minutes to improve the distribution of the reinforcing particles in the matrix. The molten composites were 

later poured into a prepared sand mould using spin casting machine which was set at 700 rpm to produce as-cast 

Al6063 alloy based composites reinforced with RHA, graphite and CuNP. Fettling operations were carried out 

on the produced samples and samples machined for test. The experimental density of the composites was 

measured by Archimedes principle. The study was evaluated using ball-on-disk tribological technique and the 

wear behaviour of the Al6063 and reinforced hybrid composite. ASTM G99-05 standard test method was used 

to carry out the dry sliding wear tests with a ball-on-disk tribometer. The relative humidity and temperature 

were kept constant at 50% and 25 °C, respectively. The wear studies were carried out using a CETR UMT−2 

tribometer (now Bruker) with a rotary wear module. A tungsten carbide (WC) ball with 10 mm in diameter was 

used as a counterface rubbing against the composites. Loads of 5 N was applied at a frequency of 1 Hz 

corresponding to 60 rev /min. The coefficient of friction (COF) and wear were monitored carefully during the 

test also micrograph images of the worn surface of Al6063 alloy and reinforced hybrid composites were studied.   

 

Table 2: Sample Designation and Reinforcement Weight Ratio 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DESIGNATION COMPOSITION 

Control    Al6063 alloy 

 Sample A Al6063/ 3RHA/1Gr 

Sample B Al6063/ 3RHA/1Gr/1CuNP 

Sample C Al6063/ 3RHA/1Gr/2CuNP 

Sample D Al6063/ 3RHA/1Gr/3CuNP 

Sample E Al6063/ 3RHA/1Gr/4CuNP 
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III. RESULTS AND DISCUSSION 
Microstructure Examination 

 Figure 1 shows representative optical micrographs of Aluminium hybrid composites reinforced with 

RHA, graphite and CuNP. It was observed that the reinforcements were uniformly distributed without clustering 

in the alloy matrix which revealed that the quality of the cast was good. 

 
Figure 1: Photomicrograph of Al6063/ 3RHA/1Gr/3CuNP 

 

Density Measurement 

 The measured density values by Experimental and Theoretical density for composites were compared 

and presented in Figure 2. It shows that sample A (Al6063/ 3wt%RHA/ 1wt% Graphite) with experimental 

density of 2.560 g/cm
3
 and theoretical density of 2.611 g/cm

3 
has the least experimental and theoretical density 

lower than the base material (Al6063), followed by sample B (Al6063/ 3wt%RHA/ 1wt% Graphite/ 1wt% 

CuNP) with 2.695 g/cm
3
 and 2.734 g/cm

3
 values respectively. The addition of copper nanoparticles to sample B 

led to the increase of sample densities. The
 
density of sample C, D and E increases with increase in weight 

percent of copper nanoparticles added to the composites, this is as a result of copper nanoparticles density (8.9 

g/cm
3
) higher than other reinforcing materials. From Figure 2, it can clearly be seen that the experimental and 

the theoretical density values were close and this confirms the suitability of double stir casting and spin casting 

techniques for composite preparation.  

 
Figure 2: Density of the developed composites and the control sample 

 

Porosity Measurement   
 Figure 3 shows the porosity values for the developed hybrid composites. From the results, it was 

observed that the sample E has the lowest level of porosity while sample A has the highest value of porosity of 

all the developed composites. As copper nanoparticles in the composite increases, the porosity reduces and the 

density increases. The low porosity level is attributed primarily to the two-step stirring process adopted for 

producing the composites so also the casting technique (spin casting). It was also observed that the porosity of 

the composites is less than 2%, this may be attributed to the rotational movement of the spin casting machine 

which allows escape of gasses during casting operation, this also reduce particles agglomeration (Talabi et al., 

2019). The manual mixing operation performed in the semi-solid state helps to break the surface tension 

between the Al6063 melt and the particulates. This facilitates easier wetting and mixing of the particulates in the 

melt 
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Figure 3: Porosity of the developed composites and the control sample 

 

Wear volume and wear rate 
The result of Wear volume for control and developed hybrid composites with load of 5 N was 

presented in Figure 4. With unreinforced aluminium alloy having the highest wear volume of 0.001481481 

mm
3
. The result of Wear resistance for control and developed hybrid composites with load of 5 N was presented 

in Figure 5. Wear resistance of composite materials reinforced with RHA and graphite in sample A increases 

as compared to the control, which means the wear rate reduces. With the addition of CuNP into the 

composite, the wear rate reduces. It was observed in Tables 3 and 4, as the weight loss increases so also the 

wear volume.    

It was observed that composite E has the superior wear resistance in comparison with unreinforced 

aluminium alloy and other composites. The unreinforced aluminium alloy was noticed to exhibit greatest wear 

susceptibility of wear resistance 2.09826E-07 m
3
/m which was followed by composite A. The increase in weight 

percent of copper particles from 1wt % to 4wt % respectively was responsible for continuous increase in wear 

resistance of the developed hybrid reinforced composites, since it acts as solid lubricant also with present 

graphite, they makes a tinny layer between the copulating surfaces, this helps in decrease of metal to metal 

interaction. Similar result was obtained by Baradeswaran and Perumal, (2014) when they investigated wear and 

mechanical characteristics of Al 7075/graphite composites. 

 

Table 3: Weight loss values before and after wear for 5 N load 

Samples 

Weight before Wear 

W0 (g) 

Weight after Wear 

W1 (g) 5 N 
Weight loss (W0-W1) 5N 

Control 5.0201 5.0161 0.0040 

Sample A 4.5644 4.5606 0.0038 

Sample B 5.0211 5.0182 0.0029 

Sample C 3.6329 3.6307 0.0022 

Sample D 3.9719 3.9699 0.0020 

Sample E 3.6766 3.6749 0.0017 

 

Table 4: Calculated wear volume and wear rates for 5 N load 

Sample 

Wear Vol (mm3) 5N Wear rate (m3/m) 5 N 

Control 0.001481481 2.09826E-07 

Sample A 0.001455381 1.77765E-07 

Sample B 0.001060717 1.69768E-07 

Sample C 0.000787402 1.53907E-07 

Sample D 0.000700771 1.26755E-07 

Sample E 0.000583391 1.17118E-07 
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Fig 4: Wear Volume under 5 N applied Load 

 

 
Fig 5: Wear rate under 5 N applied Load 

 

Coefficient of Friction 

 Figure 6 shows variation in wear coefficient of friction under 5 N applied Load with Figure 7 shows 

the Mean coefficient of friction under 5 N Load. The coefficient of friction is determined by the ratio of the 

friction force to the loading force on the ball. The results show that the COF decreases with increasing copper 

nanoparticles content from 1wt% to 4 wt%. Lower friction means lower wear rate which translate to higher wear 

resistance. It can be deduced from the graphs that composite E exhibited lowest wear coefficients which makes 

it to have the highest resistance to wear which is due to lubricating effect of copper nanoparticles (Wang et al., 

2013). The mean coefficient of friction under 5N applied Load in Figure 7 shows that as the CuNP increases, the 

coefficient of friction decreases. With addition of 1 wt% Gr and 3wt% RHA to Al6063, there was reduction in 

COF for sample A from 0.522 to 0.501µ and 0.536 to 0.516µ under load of 5N. With the addition of CuNP, 

there was reduction in COF, for sample E which has the least COF of 0.262µ under load of 5N. 

 
Fig 6: Variation in wear coefficient of friction under 5 N applied Load 
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Fig 7: Mean Coefficient of friction under 5N applied Load 

 

Micrograph Studies of the Worn Surface 

 Figure 7 indicates the micrograph images of the worn surface of Al6063 alloy and reinforced 

composites with addition of copper nanoparticles under applied load of 5 N. From Figure 7(a), it could be seen 

that Al alloy shows severe adhesive wear, abrasive wear and aggressive ploughing which resulted in deep 

grooves. This could be attributed to low hardness value of Al6063 and as a result poor abrasive resistance, while 

with the addition of graphite and RHA, wear scar on the compacts surface is fairly smooth with no microfracture 

and cracks, this indicates that abrasive wear level decreases. When CuNP was added, the abrasive wear level 

decreases further.   

 Similar observation was also reported by Raju et al., 2018; Leszczyńska et al., 2019[27], and was 

attributed to the presence of hard phase. However, slight adhesive wear is noticeable on the wear surface of the 

composites. Generally, increasing CuNP phase in Al6063 hybrid reinforced composites leads to higher hardness 

and more resistance to wear. So, the wear resistance of composite E was higher than other composites and 

Al6063 under the same wear test conditions, as shown in Figures 8(a-f). 

 

 
Figure 8(a-f): Micrograph images of the worn surface of Al6063 alloy and reinforced composites 

 

IV. CONCLUSION 
 Wear behaviour of aluminium and aluminium hybrid reinforced composites fabricated by stir casting 

coupled with spin casting technique has been investigated. The addition of CuNP to sample B to E was observed 

to be responsible for decrease in weight and volume loss which resulted to decrease in wear rate of fabricated 

composites. Composite with 4 wt. % CuNP recorded the lowest wear rate and COF with values of 2.09826E-07 

m
3
/m and 0.262µ, respectively. As the density of the hybrid reinforced composite increases with addition of 

CuNP, porosity reduces and wear resistance increases. 
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