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Aluminium metal matrix composites produced using the ultrasonic stir casting method 

offer important benefits in aerospace and automotive applications. Aluminium composite 

material utility has recently increased in all engineering sectors due to its high strength, 

good wear and corrosive resistance. This study was designed to disperse boron carbide 

and Inconel Alloy 625 reinforced with aluminium 7075. By varying the weight 

percentages of boron carbide (2wt percent,4wt percent,6wt percent, and 8wt percent) and 

Inconel alloy 625 (2wt percent,4wt percent,6wt percent, and 8wt percent) for aerospace 

applications. The scanning electron microscope was used to examine the morphology 

and distribution of reinforced particles in a synthetic aluminium composite material. It 

virtually depicts the uniform distribution of reinforcement particles in the base material 

matrix (Aluminium 7075). To determine the hardness of the hybrid composite material, 

a Brinell hardness test was performed. It has been discovered that increasing the 

reinforcement percentage increases the hardness of the synthesised hybrid composites 

when compared to the aluminium 7075 base matrix material. Mechanical property testing 

on fabricated composites specimens of various compositions has been carried out. 

Keywords: 

aluminium metal matrix composite, ultrasonic 

stir casting, uniform dispersion, particle 

distribution, reinforcement 

1. INTRODUCTION

Engineering materials should have properties such as light 

in weight, stronger, cost effective expensive, and corrosion 

resistant. Nowadays metal matric composites are reinforced 

with soft ductile metal alloys. Aluminium metal composites 

are mostly used in aerospace, automobile, marine sectors. 

Aluminium metal matrix composites offers cost effective, high 

stiffness, good strength to weight ratio, dimensional stability 

wear resistance at high temperature, these kind of properties 

makes replacement for conventional materials [1-4] 

Aluminium and magnesium are usually used to fabricate metal 

matrix composite because of its low density property. It was 

reinforced with particulate materials such as aluminium oxide 

or boron carbide. In recent days, Toyota diesel engine pistons 

are made by aluminium silicon carbide composites. 

Conventional piston materials has been substituted by metal 

matrix composite materials because it provides more wear 

resistance and higher temperature withstanding stability [5, 6]. 

According to the literature review, reinforcements such as SiC, 

Al2O3, SiO2, B4C, and Al–N are usually used as 

reinforcements in the mixture of aluminium alloy composites 

[7-9]. 

It was found that increasing the ceramics particles increases 

hardness of hybrid composite material so it was difficult to 

machining. These kind of difficulties overcome by adding 

some additional reinforcement in the composite material [10]. 

To improve the mechanical properties of the composites 

numerous research studies have been conducted and different 

reinforcement of different applications were studied [11-14]. 

Nevertheless, only few research studies have been 

accompanied of two ceramic reinforcements in the aluminium 

hybrid composites. B4C and graphite reinforced aluminium 

hybrid composites were studied by means of a liquid casting 

technology and its wear and mechanical behaviour were 

identified it was significantly higher than of Aluminium Alloy 

6061 [15]. The mechanical properties of Al–B4C composites 

was significantly higher than Sic and B4C composites [16]. 

According to the literature survey, liquid phase method 

utilized to fabricate with addition of boron carbide and boron 

nitride in aluminium matrix material is not broadly specified 

and its mechanical properties have not been characterised. 

Even though the both reinforcements has a moderate density it 

was chosen as reinforcement in the current study [17]. When 

compared to conventional alloy, metal matrix composites have 

important enhanced properties damping capacity, stiffness, 

toughness, wear resistance. Boron carbide have a low density 

that was accessible in huge quantities as a by-product of coal 

combustion in the thermal power plant, so boron carbide 

reinforced metal matrix composites overcome the cost barrier 

and it widely used in automobile industries for piston 

fabrication. Boron carbide has a characteristics of low density 

and low cost it was very effective reinforcement for the 

aluminium matrix material [18]. Fly ash was used as a 

reinforcing material it was found that high electrical resistivity, 

low thermal conductivity, and low density characteristics of 

fly-ash may be beneficial for making light weight insulating 

composites [19]. Because of following characteristics of 

aluminium 7075 such as high strength to density ratio, high 

tensile strength, high yield strength, and high elongation at 

failure these are all the key selection criteria for aerospace, 

automobile, marine industries. Owing to the reason aluminium 

7075 chosen as matrix material and it has some drawbacks of 

highly reactive to caustic acids, water, and oxygen. Powder 
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metallurgy and stir casting was the commonly used method for 

fabricating metal matrix composite. The stir casting method 

fabrication is well suited for to make metal matrix composites 

[20-26].  

The mechanical properties and wear behaviour of metal 

matrix composites Al6061-SiC and Al7075-Al2O3 were 

investigated the inclusion of hard ceramic particles enhances 

the composites' micro hardness, tensile strength, and density 

[27]. The mechanical properties of Aluminium alloy 7075 

metal matrix composites reinforced with 10% volume 

fractions of boron carbide, Silicon carbide, and aluminium 

oxide made by using stir casting were investigated. According 

to the author, Aluminium alloy7075 with boron carbide 

reinforced composite has better mechanical properties than 

other particle reinforced composites [27, 28]. It investigated 

the mechanical and wear properties of hybrid Aluminium alloy 

7075/Aluminium oxide/graphite composites. It was revealed 

that enhancing the weight percentage of reinforced particles 

improved mechanical properties [29]. Because of its appealing 

properties, Aluminium Alloy 7075 matrix is usually used as 

structural materials in the aeronautic industry [30]. It's been 

used in a variety of applications, including aircraft fittings, 

shafts, gears, and defence applications. It has poor tribological 

properties for the reason that it was problematic to make a fully 

homogenised microstructure for aluminium alloys and 

aluminium matrix composites [31]. Mentioned above 

literature survey is very important to analyse the material 

characterization in the metal matrix composite and also to 

understand the fracture mechanism. There was no other 

research into the reinforcement of Inconel alloy 625 with 

aluminium 7075. The current research study emphases on the 

reinforcement of Inconel alloy 625 and boron carbide with 

aluminium 7075 utilizing ultrasonic stir casting method. 

 

 

2. STIR CASTING PROCESS 

 

In this research work, conventional alloy 7075 melted in 

resistive heating furnace at 710℃. In order to attain the 

uniform dispersion melt the furnace temperature has been 

enhanced to 7500C and has been maintained for 

20minute.Because of the occurrence of magnesium in 

Aluminium alloy 7075 a Argon gas 4.5L/minute has been 

passed to enter in to furnace to avoid oxidation and excessive 

burning. The boron carbide reinforcement (2%, 4%, 6%, 8% 

as varying wt) has been added into molten metal has been 

increased to 8500C. The stirring speed has maintained at 

500rpm with the stirring time of 20 minutes to make sure even 

dispersal of reinforcement in the matrix melt. The Inconel 

alloy of particle size 40μm size of varying wt % (2%, 4%, 6%, 

8%) has been added in to molten matrix. Considering this the 

temperature has been enhanced 9500C and stirring speed and 

stirring time have been enhanced to 700rpm and 25 minutes, 

respectively in order to attain even dispersal of reinforcement 

in the matrix material. Magnesium 2 wt % added in the hybrid 

composite slurry to attain good wettability. To avoid sufficient 

uniform mixture and rapid cooling the mild steel die has been 

pre-heated to 3000C. An ultrasonic probe made of titanium has 

been used to produce a frequency of 20 kHz with 2 kW power. 

The titanium probe has 30 mm diameter and 250 mm long. 

After this mixing process, the ultrasonic stirring has been 

performed for 15 minutes. Then the fabricated aluminium 

hybrid composite slurry has been poured in mild steel die and 

allowed to solidify at surrounding temperature. 

3. RESULT AND DISCUSSION 

 

3.1 Tensile strength of Aluminium 7075/ Boron carbide / 

Inconel alloy composites  

 

At room temperature 32℃, the tensile strength of hybrid 

composites was measured using the ASTM E-8 standard. To 

reduce error, three standard specimen sets were prepared, and 

the average value of these was used. When compared to 

monolithic Aluminium alloy 7075, the tensile strength of 

fabricated hybrid composites was found to be lower. The 

presence of hard ceramic reinforcement in the Aluminium 

alloy 7075 matrix acts as a nucleation site and promotes 

recrystallization of the aluminium matrix. As a rigid 

mechanism to dislocation motion, the grain boundaries of 

aluminium hybrid composites improve. As the percentage of 

ceramic reinforcement added to the matrix material increased, 

the percentage elongation of aluminium hybrid composites 

decreased. Brittle behaviour of ceramic reinforced particles 

contributes significantly to ductility reduction. A 2wt% boron 

carbide +2wt% inconel alloy 625 achieved a maximum tensile 

strength of 130 MPa. It cost 39.63% less than standard 

aluminium alloy 7075. Figure 1 depicts the tensile strength of 

a hybrid composite material. 

 
 

Figure 1. Tensile strength of the hybrid composite material 

 

3.2 Compressive strength of Aluminium 7075/ Boron 

carbide/ Inconel alloy 625 

  

The compression test of fabricated aluminium hybrid 

composites was performed at room temperature in accordance 

with the ASTM E 9 standard. The hybrid composites 

compressive strength improved because of the strengthening 

effect as well as the uniform dispersion of boron carbide and 

Inconel alloy 625 reinforced particles in the matrix alloy. The 

interface boundaries between the boron carbide and the 

Aluminium alloy 7075 matrix grow as the percentage of boron 

carbide reinforcement in the aluminium matrix grows. As a 

result, displacement is stacked up at interface boundaries 

similar to grain boundaries. Aside from the dispersal 

strengthening effect, the addition of Inconel alloy 625 shows 

an important role in defining the firming effect, enriching the 

grain size, and constraining high dislocation density in the 

aluminium alloy 7075 matrix. As a result, the fabricated hybrid 

composites have a high compressive strength, as shown in 

Figure 2. At 2 wt% boron carbide+2wt% Inconel alloy 625, 

the maximum compressive strength was 269 MPa. It was 

22.83 percent more than unreinforced aluminium alloy 7075. 
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Figure 2. Compressive strength of the hybrid composite 

material 

 

3.3 Hardness of aluminium alloy 7075 /Boron carbide 

/Inconel alloy 625 composites 

 

To obtain accurate readings, the brinell hardness test on 

polished hybrid composites samples was performed with a 

load of 250 kg and an average of three readings at different 

locations. It has been deduced that two different ceramic 

reinforcement particulates of boron carbide changing weight 

percentage (2 wt%, 4 wt%, 6 wt%, 8 wt%) and inconel alloy 

625 (2 wt%, 4 wt%, 6 wt%, 8 wt%) have higher hardness, 

which plays an important role in increasing the hardness of 

fabricated hybrid composites rather than using unreinforced 

material. The maximum hardness of 112.3 BHN was obtained 

using a 2 wt% boron carbide + 2 wt% Inconel alloy. It 

outperformed unreinforced aluminium 7075 alloy by 85.61 

percent. Figure 3. shows hardness of the hybrid composite 

material. 

 

 
 

Figure 3. Hardness of the composite material 

 

3.4 Flexural strength of aluminium alloy 7075/ Boron 

carbide/ Inconel alloy 625 composites 

 

The hybrid composite material flexural strength was 

measured using a universal testing machine with a three-point 

bending fixture in accordance with the ASTM E 290 standard. 

The maximum flexural strength of 329.46 MPa was observed 

at 2 wt % boron carbide + 2 wt % Inconel alloy 625, which 

was 43.86 % higher than the conventional material. Internal 

mechanism of hybrid composite material reinforcement 

influences flexural strength and hardness. Hardness of 

material gradually increases at the same moment flexural 

strength enhanced. Due to grain boundary sliding restriction 

by reinforcements flexural and hardness property enhanced 

Figure 4 displays variation in flexural strength of the hybrid 

composite material.  

 
 

Figure 4. Flexural strength of the hybrid composite 

material 

 

3.5 Impact strength of aluminium alloy 7075/ Boron 

carbide/ Inconel alloy 625 composites 

 

The impact strength of the hybrid aluminium metal matrix 

composite material was evaluated using an impact testing 

machine in accordance with the ASTM E23 standard. Figure 

5 depicts the impact strength of a Nano graphene and Inconel 

alloy 625 reinforced hybrid metal matrix obtained through an 

impact test. At 6 Wt percent boron carbide + 6 Wt percent 

Inconel alloy 625, the maximum impact strength is 6 joules. 

The maximum value of 6 joules, it was 200 % superior than 

the maximum value of conventional alloy 7075. Figure 5 

exhibits impact strength of the hybrid composite material. 

 

Wear Experimental Work 

A pin-on-disc machine is depicted in Figure 6. The wear 

presentation of the composites specimen is determined using a 

wear test. ASTM G99 was followed when machining the 

specimen. A pin-on-disc machine slides a cylinder pin having 

round polished end against a counter surface of hardened steel 

disc under atmospheric conditions. The test pin has an 8 mm 

diameter and a length of 32 mm. The face disc is made of EN-

31 steel hardened to 58-62 HRC. Loads of 10N, 20N, and 30N 

were used (Figure 7-9). All specimens are subjected to wear 

tests over a total sliding distance of 800m. Following the test, 

total weight loss was calculated using an electronic balance. 

 

Worn surface morphology  

Figure 10 depicts a SEM micrograph. The damaged 

surfaces of the composite exhibit a mixed wear pattern, slender 

grooves, and huge material flow along the side sliding 

direction, denoting a greater grade of wear and localised 

adhesion between the sample pin surface and the disc surface. 

In some aspects, the worn surface resembled that of the 

conventional alloy 7075, and was characterised mostly by 

plastic permanent distortion with some plough up and cutting 

unique effects. The worn edge of the composite's tribological 

picture indicates the prevalent abrasive wear mechanism. The 

quarrying of boron carbide particles from the aluminium alloy 

7075 drives the abrasive wear process, which is performed 

simply by the ploughing up action of the abrasive particles. 

Plastic distortion on the composite's worn surface was greatly 

decreased by increasing the boron carbide particles from 6 wt% 

boron carbide +6 wt% Inconel alloy 625 to 8 wt% boron 

carbide +8 wt% Inconel alloy 625, and very minor plastic 

distortion was detected on the composite's worn edge. 
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Figure 5. Impact strength of the hybrid composite material 

 

 
 

Figure 6. Pin-on-disc machine 

 

 
 

Figure 7. Wear rate at 10 N 

 

 
 

Figure 8. Wear rate at 20 N 

 

 
 

Figure 9. Wear rate at 30 N 

 
 

Figure 10. SEM micrograph of worn surface of (a) 

Aluminium 7075 (b) + 2 wt% boron carbide +2 wt % Inconel 

alloy 625 (c) + 8 wt% boron carbide +8 wt % Inconel alloy 

625 

 

 

4. CONCLUSION 

 

1. A 2wt% boron carbide +2wt% inconel alloy 625 achieved 

a maximum tensile strength of 130 MPa. It cost 39.63% less 

than standard aluminium alloy 7075. 

2. A 2 wt% boron carbide + 2 wt% Inconel alloy 625 yielded 

a maximum compressive strength of 269 MPa. It was 22.83 

percent greater than the unreinforced aluminium alloy 7075. 

3. A 2 wt% boron carbide + 2 wt% Inconel alloy yielded a 

maximum hardness of 112.3 BHN. By 85.61 percent, it 

outperformed unreinforced aluminium 7075 alloy. 

4. A maximum flexural strength of 329.46 MPa was 

observed at 2% boron carbide + 2% Inconel alloy 625, which 

was 43.86% higher than the base material. 

5. Significant deterioration in wear the base alloy has a wear 

loss of 6.45x10-6mm3/N-m, while the composites have a wear 

loss of 8.75x10-8mm3/N-m. Abrasive wear strengthens the 

aluminium matrix while also resisting the softer matrix alloy 

7075. 
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