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ABSTRACT   

Recently, the demands of composite materials used in various engineering applications are growing higher because of their 

outstanding mechanical and thermal properties. This study represents an experimental investigation to determine mechanical properties 

of Al-based composites materials using Cu and SiC as reinforcement. Al-30-wt%-Cu, Al-40-wt%-Cu, Al-30-wt%-SiC, and Al-40-

wt%-SiC composite bars were fabricated using stir casting process to ensure uniform distribution of reinforced elements. The composite 

bars were prepared into required shape to conduct test for evaluating mechanical properties. Al-40-wt%-Cu shows improved properties 

such as, hardness, strength, and impact energy absorption than Al-30-wt%-Cu due to more presence of Cu content. Al-30-wt%-Cu and 

Al-40-wt%-Cu bars showed improved mechanical properties than both Al-30-wt%-SiC and Al-40-wt%-SiC. It is also seen that Al-30-

wt%-Cu and Al-40-wt%-Cu showed high hardness, yield strength, and impact energy absorption compared to Al-30-wt%-SiC and Al-

40-wt%-Cu respectively. On the other hand, Al-30-wt%-Cu is 3.5% lightweight than Al-30-wt%-SiC and Al-40-wt%-Cu is 2.11% 

lightweight than Al-40-wt%-SiC. Al-30-wt%-Cu and Al-40-wt%-Cu showed improved specific hardness, specific yield strength, and 

specific impact energy absorption compared to Al-30-wt%-SiC and Al-40-wt%-Cu respectively. In addition, Al-40-wt%-Cu showed 

better mechanical properties among the bars. 
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1. Introduction   

Modern arena is moving forward positively by remarkable 

changes, inventions, and innovations in materials development 

with the advancement of science and technology. Like, many 

great attempts and researches have been carried out in order to 

improve mechanical and thermal behaviors of materials [1]. 

Many studies were performed to accomplish the growing needs 

of light-weight materials with outstanding performance in 

automotive, aviation, naval, shipbuilding, sports goods, bio-

medical equipment, prime movers, micro structure, and space 

industries. Composite metals have been attracted by the 

researchers and metallurgists to replace conventional materials 

for their improved mechanical and tribological behaviors such 

as, high strength to weight ratio, tensile and compressive 

behaviors, hardness, stiffness, durability, yield strength, density, 

low thermal expansion coefficient, counteraction to corrosion, 

thermal diffusivity, and good resistance to wear [2]. Composite 

materials consist of two or more than two macro, micro, and nano 

sized particles differing in physical formation and chemical 

composition in a suitably made mixtures to achieve required 

properties [3]. It is known to all that two or more materials are 

combined together to make composites given that all materials 

possessing different mechanical and chemical characteristics. It 

produces an individual material which differs from the properties 

of parent components when they are combined. In composites, 

reinforcement particle is usually the load carrying particle and 

matrix is the weaker phase.  

Reinforcement gives high strength, stiffness and rigidity 

which helps to support externally applied load of any engineering 

structure. The organic or inorganic matrices or binders keep up 

the position and bearing of reinforcements accordingly [4]. In 

addition, the reinforced particles improve stiffness and strength 

of products which develops huge structural load carrying 

capacity. Composite materials are categorized into three such as, 

metal matrix composites (MMC), polymer matrix composites 

(PMC), and ceramic matrix composites (CMC) according to the 

chemical nature [5]. Recently, metal composites have drawn 

huge interests of the researchers and metallurgists because of 

their physical, mechanical, electrical, and tribological behaviors. 

In addition, automotive, automation, and aerospace industries are 

searching for advanced functional light materials to meet the 

requirements which is leading to speedy advancement of 

MMC’s. Pure aluminium and its various alloys are used as matrix 

phase whereas, different non-metallic and metallic elements such 

as, Copper, silicon carbide, aluminium oxide, and sulphar 

dioxide are used as reinforcement in Aluminium metal 

composites (AMC) [6]. It is noted that the reinforcements are 

added with parent materials according to different composition 

to improve mechanical behaviors like hardness, impact energy 

absorption, stiffness, and strength of materials to meet 

requirements. Composite materials made from aluminium alloys 

with various reinforcements are widely used in many 

sophisticated engineering applications because of their 

outstanding properties as compared to others. [7]. AMC’s are 

fabricated by varying proportion of reinforced particles and 

chemical composition of Aluminium and tested experimentally 

to get clear indication about changing of properties. For this 

consequences, Laplanche et al. [8] studied microstructures and 

mechanical behaviors of Al-based composite materials using 

Cu–Fe particles as reinforced at different composition and, Sohn 

et al. [9] experimented on Al–Cu based dendrite-ultrafine 
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composites to analyze mechanically and micro-structurally. Kim 

et al. [10] fabricated a hierarchical multi-phase composites using 

Al-Ni based intermetallic compounds in the Al-Cu-Si-Ni alloy 

system also studied microstructural condition and mechanical 

behaviors. Viswanath et al. [11] investigated mechanical and 

creep behaviors of AZ91-SiCp composites fabricated by stir 

casting. Steinman et al. [12] studied experimentally and 

theoretically Al-based composite materials using its different 

grade alloys as reinforcements. AMC’s are fabricated and 

produced in cost effectively and its applications are expanding 

rapidly due to cost effective manufacturing process. On the 

contrary, titanium shows better properties compared to other 

technological metals but it is rarely used in fabricating 

composites because of its high price and low tribological 

properties.  

Huang et al. [13] suggested to use Al metal composites 

instead of Fe, Mg, Ni, and Cr because of their comparative 

mechanical and chemical properties. Al-Cu and Al-SiC was 

selected in this study considering the above reasons. Researchers 

and metallurgists suggest many fabrication techniques of 

composites using different matrix and reinforcement. Fabrication 

of metal composites are categorized into five such as, liquid-

liquid phasing, liquid-solid phasing, solid-liquid phasing, 

deposition techniques, and suit processing according to type of 

mixture and processing temperature [14]. It is noted that stir 

casting is one of the simplest and most economical methods for 

fabrication of composite materials except some technical 

difficulties. Gopalakrishnan et al. [15] studied of making and 

wear analysis of composites using AA 6061 graded titanium 

carbide as reinforcement particulates by enhanced stir casting 

method. Raghuvaran et al. [16] investigated mechanical 

behaviors of Al7075-SiC composites prepared by using stir 

casting technique and Vairamuthu et al. [17] studied the effects 

of some processing parameters such as, pressure, temperature, 

stirring speed and rpm in synthesized copper composites 

fabricated by stir casting technique. Authors represented 

improved mechanical, thermal, and chemical properties of 

composites materials rather than conventional materials in two-

step and three-step stir casting method. With the author’s best 

knowledge and experience from this study, fabrication cost is 

reduced to about one-third for making of composites by stir 

casting method for high volume production compared with other 

conventional method. Stir casting technique was utilized to 

fabricate Al-Cu and Al-SiC composite bars varying weight 

percentage of reinforcements. This study aims to evaluate 

mechanical properties namely hardness, yield strength, tensile 

strength, microstructure, impact energy absorption of Al-Cu and 

Al-SiC composite bars so that this composites can be used in 

different emerging applications. 

2. Stir Casting Technology 

Recently, many promising techniques have been developed 

to fabricate metal composites using various particulate as 

reinforcement. This fabrication techniques are varied 

considerably depending on the type of reinforcement such as, 

powder metallurgy, spray decomposition, squeeze casting, liquid 

metal infiltration, and stir casting method etc. [18]. It is worthy 

to mention that stir casting process among the above mentioned 

techniques is used in fabricating metal composites due to its 

simple mechanism, flexibility, most economical route, high 

production rate, and low processing cost [19]. Usually, mother 

metals are heated above its melting point and particulate 

reinforcements are suffused into it by stirring which is a principal 

element of this process. It is noted that mixing strength, 

solidification rate, density difference, and wetting condition of 

given particles lead to proper distribution of particles in final 

mixture composites [20]. In addition, melting temperature, 

properties of the particulates added, mechanical stirrer’s 

geometry, and placement of stirrer in the mixture determine the 

homogeneous distribution of particles in molten matrix. Due to 

technological advancement, double stir casting process can be 

termed as two-step mixing of final mixture, is being used in 

industry level to fabricate metal composites for using in different 

sectors [21]. In double stir casting process, the parent materials 

are heated above its melting temperature and kept them to cool 

down at temperature which is called liquidus and solidus point of 

semi-solid state. The preheated reinforced elements are added 

and mixed with parent materials at this point. After that, they are 

mixed thoroughly and the mixture is heated until a perfect liquid 

state is obtained. Surprisingly, the microstructures of composites 

are found to be more homogeneous in double stir casting process 

as compared with conventional stir casting. Double stir casting 

process has the capacity to break down gas layer remaining on 

particle’s surface which can cause wetting condition between the 

particulates and molten metals that is the potential of this method. 

In addition, abrasive action of the particles due to their high 

melting viscosity is also responsible for breaking the gas layer at 

the time of mixing of particulates with parent materials in the 

semi-solid condition. Authors also designed and developed a 

triple-step stir casting process to fabricate and produce nano 

particles reinforced composites [21]. In this study, initially 

weighted Al bar was placed in the muffle furnace (Sante Furnace, 

STM-38-14-19) having a pot type crucible before completely 

melting. The furnace temperature was increased to around 700℃ 

and kept at this condition about one and a half hour until Al bar 

melts completely. Afterward, copper powder were heated at 

around 820℃ and almost, the same temperature was maintained 

until copper completely melts. 30-wt%-Cu powder which was 

used as reinforcement is preheated separately using muffle type 

furnace around 200℃ about 30 minutes. The molten 30-wt%-Cu 

powder was poured into pure molten Al slowly. They were 

mixed thoroughly at 750℃ until a perfect liquid state was 

obtained. Stirring operation was performed by a stirring rod for 

homogeneous distribution of 30-wt%-Cu particles into molten 

Al metal and continued about one minute. Temperature of Al-Cu 

mixture was maintained around 750℃ for about 30 minutes after 

stirring. Dies were made of as desired shapes where Al-Cu 

composites were poured and kept aside before they are 

completely solidified. The production method of 40-wt%-Cu 

composites is same as 30-wt%-Cu composites. Similarly, SiC 

powder was taken as reinforcement and was heated in 

atmospheric pressure at 850℃ for two hours. It was showered 

into the molten pure Al by fixed rate at around 800℃. SiC 

particles were heat treated so that they can form layer of silicon 

oxide on silicon carbide which fosters the placement of the SiC 

with Al. 30-wt%-SiC powder and 40-wt%-SiC which is used as 

reinforcement is preheated separately at atmospheric pressure 

around 200℃ about 30 minutes and the 30-wt%-SiC, 40-wt%-

SiC was poured into molten pure Al metal slowly. A total of five 

metal composites bar of each composition were produced for 

testing purpose in order to evaluate mechanical behaviors. 

Average value from five specimens of each composite bar was 

reported in case of density, hardness, yield strength, and impact 

energy absorption.  
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3. Experimental Procedure 

3.1 Hardness Test 

Brinell’s hardness test was carried out by following ASTM 

A370 standard at room temperature. The specimens were 

machined from casted components having dimension of 40 mm 

× 40 mm× 5 mm. Hardness test was conducted in a standard 

Brinell hardness tester (HSM51, P. A. HILTON) with an 

equivalent constant load of 9.81 KN (1000kg). Ball diameter of 

the Brinell hardness testing machine was 10 mm. 

3.2 Tensile Test 

Tensile test was performed with ASTM A370 standard at 

room temperature. Samples of diameter 10 mm and length of 50 

mm were tested in UTM (S12TO2, CNTROLS, Crosshead 

speed: 0.001-1000 mm/min) in order to perform tensile test. 

Crosshead speed ranging from about 10-30 mm/min was used in 

testing the fabricated composite bars. Five samples of each Al-

30-wt%-Cu, Al-40-wt%-Cu, Al-30-wt%-SiC, and Al-40-wt%-

SiC bars were tested to determine how much tensile strength is 

increased or decreased.  

3.3 Density Test 

50 mm×50 mm×10mm sized samples were weighted in a 

digital weight testing machine for measuring density.  

3.4 Microstructure Test 

The samples were polished properly using emery paper of 

grades starting from 280, 360, 500, and 1000 and followed by 

wafer polishing carried out by infixing silica gel with water. 

Finally, samples were undergone to etch using hydrochloric acid 

with distilled water by electrolytic methods. The microstructures 

of the specimens were analyzed by an optical microscope (Optu-

Edu, A13.2602-B, and Magnification: 100 x 400 x 1000x).  

3.5 Impact Test 

Charpy impact test was conducted to determine amount of 

absorbed impact energy during deformation. Hence, this 

absorbed energy indicates the measure of toughness in the 

samples which acts as a tool to study temperature depended 

brittle-ductile transition. Composites bars were shaped into 55 

mm×10 mm×7.5mm size to fit with Charpy impact test machine. 

Free fall angle α=67.5°, length of the hammer, R=0.345m, mass 

of the hammer, W=2.5 kg, impact angle, β=62° for all 

composites was measured in the Charpy impact testing machine 

(HSM41, Hi-Tech Education). 

4. Results and Discussion 

Fig. 1 shows variation of hardness for all composites bar 

after addition of reinforcement. Al-40-wt%-Cu shows about 

4.34% greater hardness than Al-30-wt%-Cu whereas, Al-40-

wt%-SiC gives 4.6% greater hardness than Al-30-wt%-SiC due 

to addition of Cu and SiC as reinforcements. It is noted that Al-

30-wt%-Cu shows 16.6% more hardness than Al-30-wt%-SiC 

and Al-40-wt%-Cu shows 16.4% more than Al-40-wt%-SiC. 

Although Kumar et al. [22] studied silicon nitride, authors 

showed the increase of hardness with addition of reinforcement 

and percentage of increment was about 20%. This increment 

validates the theoretical background of composite materials. 

Kennedy et al. [23] mentioned hardness increases with density. 

However, it is contradictory in this study. It is shown from Fig. 

2 that Al-30-wt%-SiC provides 3.5% greater density than Al-30-

wt%-Cu. On the contrary, Al-40-wt%-SiC shows 2.11% greater 

density than Al-40-wt%-Cu. However, low density composite 

materials would be useful in application because of their 

lightweight. Hence, Al-Cu composites are giving better 

properties than Al-SiC in this study.  

 

Fig. 1 Comparison of average hardness among the composite 

bars 

 

Fig. 2 Comparison of average density among the composite 

bars 

In addition, specific hardness is another important property 

of composite metals. Specific hardness of all composite bars is 

shown in Fig. 3. Al-40-wt%-Cu shows highest specific hardness 

among the composite bars and it can be concluded that Al-40-

wt%-Cu is the best composite among the fabricated bars in this 

study. 

Tensile stress is gradually increased for all composites with 

strain for enhancement of higher reinforcement particles as 

shown in Fig. 4 and Fig. 5. In addition, increasing copper content 

with Al-30-wt%-Cu and SiC with Al-30-wt%-SiC composites 

results in the building of successive emollient between matrixes 

by the copper and silicon carbide particles [24]. Hence, it can be 

easily concluded that alloy creation, reinforcement, and good 

combination results in improving strength of metal composites. 

Raviraj et al. [25] reported that reinforcement enhances 

strengthening but the formability of the matrix reduces gradually; 

resulting in a lower level of strain. 
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Fig. 3 Comparison of specific hardness among the composite 

bars 

 

Fig. 4 Stress vs strain curve for Al-Cu composite bars 

 

Fig. 5 Stress vs. strain curve for Al-SiC Composites bar. 

 

Fig. 6 Comparison of yield strength and strain between the 

composite bars. 

Yield strength is an important mechanical property of 

materials that needs to be increased in composites with addition 

of reinforcement. It is shown in Fig. 6 that 11% yield strength 

has been increased in Al-40-wt%-Cu compared to Al-30-wt%-

Cu whereas, 11.8% has been increased in Al-40-wt%-SiC than 

Al-30-wt%-SiC. Surprisingly, Al-30-wt%-Cu shows 19.7% 

greater yield strength than Al-30-wt%-SiC and Al-40-wt%-Cu 

provides 19% more yield strength than Al-40-wt%-SiC.  

 

Fig. 7 Representation of impact energy absorption of Al-Cu and 

Al-SiC composite bars. 

In addition, Al-40-wt%-Cu shows 4% improved specific 

yield strength than Al-30-wt%-Cu and Al-40-wt%-SiC shows 

6.06% than Al-30-wt%-SiC. Al-40-wt%-Cu shows highest 

specific yield strength among the composite bars. Hence, 

increment of yield strength validates the theoretical explanations. 

Another important property of materials is absorption of energy 

in impact testing. Impact absorption energy was calculated from 

established mathematical formula. The impact hammer traveled 

620 after impact and Al-30-wt%-Cu composite bar absorbed 0.73 

J energy at the time of impact as shown by red line in Fig. 7 and 

respectively. On the other hand, it would have absorbed total 5.2 

J energy if the impact hammer stopped at the time of impact. It 

is shown in Fig. 7 and Fig. 8 that Al-30-wt%-Cu absorbed 

energy, E=0.73 J, Al-30-wt%-SiC absorbed 0.6 J, Al-40-wt%-

Cu absorbed 0.95 J, and Al-40-wt%-SiC absorbed 0.75 J. 
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Fig. 8 Representation of impact energy absorption of Al-Cu and 

Al-SiC composite bars. 

It is noted that Al-30-wt%-Cu absorbed about 17.8% greater 

energy than Al-30-wt%-SiC whereas, Al-40-wt%-Cu absorbed 

about 21% greater energy than Al-40-wt%-SiC. It is worthy to 

mention that better tensile strength, hardness properties of Al-Cu 

composite causes to greater energy absorption capability than Al-

SiC composite. In addition, presence of enhanced copper and SiC 

content increases energy absorption capability in Al-Cu 

composites and Al-SiC composites. 

Fig. 9 represents the microscopic views of the Al-Cu and Al-

SiC composite bars fabricated in this study. This is somehow 

looking almost same microstructures of Al-30-wt%-Cu with Al-

40-wt%-Cu and microstructures of Al-30-wt%-SiC with Al-40-

wt%-SiC.  

 

Fig. 9 Microscopic view of the composite bars 

 

However, it is clearly indicating some differences between 

microstructures of Al-Cu and Al-SiC composite bars due to 

melting and mixing temperature difference and varied chemical 

compositions. Significant variation in properties of the Al-Cu 

and Al-SiC composite bars could be due to those differences of 

the microstructures. Microstructures reveal very fine grain size 

of 1 micrometer because of the homogeneous distribution of 

reinforcement in the parent metals. 

5. Conclusion 

This study represents an experimental investigation on 

mechanical behaviors of Al-Cu and Al-SiC composites bar 

fabricated by using stir casting process. Stir casting technology 

is cost economic and easy process for mass production of metal 

composites. Density of metal composites increases for higher 

concentration of reinforcement. In addition, tensile strength, 

yield strength, hardness, impact energy absorption 

simultaneously was increased in both Al-Cu and Al-SiC 

composites with increasing reinforcement element. Al-Cu 

composites represent better mechanical properties as compared 

to Al-SiC. Tensile strength, yield strength, hardness and impact 

energy absorption capability of Al-Cu composites are higher 

than Al-SiC composites. Al-40-wt%-Cu shows 1.7% improved 

specific hardness and 4% specific yield strength compared to Al-

30-wt%-Cu whereas, Al-40-wt%-SiC shows 6.06% more 

specific yield strength and 0.8% specific hardness compared to 

Al-30-wt%-SiC. Overall, Al-40-wt%-Cu shows highest specific 

hardness, specific yield strength, and specific energy absorption 

among the fabricated composite bars.  
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