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ABSTRACT 

The composites are used for a number of star war related programs but in micron level composite, there is 

a problem that the bonding strength between the ceramics and base metal will not be good and so in order to 

overcome this problem, Nano sized particles are used as reinforcement instead of micron sized particles. Metal 

Matrix composites (MMCs) reinforced with nanoparticles (less than 100 mm) termed as Metal Matrix Nano 

Composites (MMNCs) had overcome the disadvantages associated with the conventional MMCs. The application 

of hard Nano-sized particles are increasing because it strengthens the MMCs by enhancing its mechanical and 

metallurgical properties. The stir casting method is one of the known approaches used to create a uniform 

distribution of the reinforcement in the matrix. Therefore, in the present research work, the Metal Matrix 

Nanocomposites (MMNCs) are produced with an aim to study the influence of Nano SiC and Nano Al2O3 particles 

on AA7075-T651 high strength aluminum alloy. 
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1. INTRODUCTION 

Aluminum based metal matrix composites are one of the advanced engineering materials that have been 

developed for low weight high strength applications in the aerospace and more recently in the automotive industries 

due to their excellent combination of high specific strength and better wear resistance (Rajmohan and Palanikumar, 

2012).Nano particles containing MMCs are being developed and projected for diverse applications in various fields 

of engineering ranging from structural applications, such as load-bearing members or tribological coatings for 

functional applications, such as thermal management in electronic packaging, hydrogen storage and catalysis 

(Bakshi, 2010).  Stir Casting is a liquid state method of composite materials fabrication in which a dispersed phase 

is mixed with a molten matrix metal by means of mechanical stirring (Naher, 2003). An optimum combination of 

high strength and ductility gives Aluminum metal matrix Nano composites (AMNC) a wide range of advanced 

applications. Mazen and Ahmed (1998) and Mula (2009) made comparison of pure Al with 2.0 vol% nano-Al2O3 

additions and found that improvement in yield strength of around 66%, hardness of around 50% and tensile strength 

of around 80%. The literature has indicated that an extensive work has been carried out in the micro reinforced 

aluminum matrix composites (Poirier Dominique, 2010). Very limited investigations are available on Nano 

particles reinforced hybrid aluminum matrix composites. The present investigation mainly focuses on the impact 

of dual Nano particles on various mechanical and metallurgical properties of AA7075-T651 grade aluminum based 

metal matrix Nanocompositesand their relationships were established. The mechanical behavior and microstructure 

of produced composites have been investigated by using advanced testing machines. 

 

2. EXPERIMENTAL WORK 

2.1. Base metal evaluation: The parent metal used in this research work is AA 7075-T651 (Cr-0.14, Fe-0.57, Mg-

2.45, Cu-1.6, Zn-5.9, and Al-89.3) grade aluminum alloy is shown in Fig.1(a)and its chemical compositionwere 

identified by using vacuum spectrometer by applying spark on it in various places. 

2.2. Stir casting process: Stir casting is one of the adopted method used for fabricating Nanocomposites due to 

uniform distribution of the reinforcement in the matrix. About 2.6 kg of AA 7075-T651 alloy with SiC 5%+Al2O3 

5% of Al-alloy, SiC 10%+Al2O3 5% of Al-alloy and SiC15%+Al2O3 5% of Al- alloy were melted  at 6kw electrical 

resistance furnace to a temperature of 810⁰C. After complete melting, the liquid alloy was agitated with the help 

of mechanical stirrer rotating at a speed of 200 rpm for 20 minutes. Once the Nano particles are completely added 

to the molten metal, the liquid composite is poured in to metallic moulds and then is allowed to cool. The Fig. 1 

shows the experimental work of this research work; (a) shows the base metal; (b) shows the Nano particles; (c) 

shows the fabricated MMNCs in rod form; (d) shows the tensile specimens of the joints. 
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                           (a)The Base metal (AA7075-T651)                     (b)Nano SiC & Nano Al2O3 Particles 

              
                     (c)Fabricated MMNC (sample).                                (d)The Tensile test specimens 

Fig.1.Experimental work 
2.3. Hardness and tensile: The American Society for Testing of Materials (ASTM) deliberating principle was 

followed in preparing the tensile (ASTM E8M-04) and hardness (ASTM-E384-99E1) specimens for the parent 

metal and also for fabricated Metal Matrix Nano Composites. The microhardness had been measured by using 

Vicker’s hardness apparatus(Make: SHIMADZU, Japan; Model: HMV-T1). The specimen was loaded at the rate 

of 1.5 KN/min. The hardness of the specimens are measured with 0.5 kg load at 15 seconds dwell time and the 

readings were taken.The tensile test was carried out on a 100 kN electromechanical controlled universal testing 

machine (FIE-Blue Star, India; Cap. 0-100 kN, Model: Instron-UNITEK-94100). The specimen was loaded at the 

rate of 1.5 kN/min and the readings were take 

2.4. Microstructure: To ensure the distribution of the reinforcement in the matrix, microstructure characterization 

was investigated experimentally by using optical metallurgical microscope. The specimens were cut from the 

central portion of the composites and the specimens are mechanically polished by 3000μm emery special sheets 

with the help of disc polishing machine. And then, the specimen was placed on the viewing stage of the optical 

metallurgical microscope (MEIJI- JAPAN/MIL-7100). Then the microstructure is examined with the 

monochromatic light source and photographs of microstructure was captured at different magnification. 

3. RESULTS AND DISCUSSION 

3.1. Mechanical properties analysis: The tensile and microhardness test results shows that the mechanical 

properties of MMNCs are greater than the parent metal. Increase of Tensile Strength (TS) in MMNCs can be 

attributed due to the applied tensile load transfer to the strongly bonded Nano SiC and Nano Al203 reinforcements 

in Al matrix, increased dislocation density near matrix-reinforcement interface and grain refining strengthening 

effect.   With the increase of wt. % Nano SiC, although porosity increases but increase of strength due to strong 

interfacial bond contributes to enhance the tensile strength and microhardness of MMNCs. The decrease of tensile 

strength for 15 wt. % Al2O3reinforced (MMNC-3) is due to the effect of segregation of Nano particles in tensile 

test specimens.   The results shows (Table 1) that the mechanical properties has been increased with the increase 

in volume percentage of Nano Al2O3 particles. The Metal Matrix Nanocomposite (MMNC-1) produced with the 

reinforcement of SiCNP5% + Al203NP5% average results shows that there has been 11.25% increase of 

microhardness and 6.08% increase of TS from its base metal. MMNC-2 is produced with the reinforcement of 

SiCNP10% + Al203NP5% average results shows that there has been a 18.12% increase of microhardness and 9.22% 

increase of TS from its base metal and the Metal Matrix Nanocomposite (MMNC-3) produced with the 

reinforcement of SiCNP15% + Al203NP5% average results shows that there has been a 31.12% increase of 

microhardness and 7.56% increase of TS from its base metal. 
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Table.1.The mechanical properties of base metal and composites 

Tensile Properties Ultimate Tensile strength 

(MPa) 

Yield Strength 

(MPa) 

Hardness 

(Hv) Metal 

AA7075-T651 542 508 160 

MMNC 1 (Al+ SiC-5%+ Al2O3-5%) 575 530 178 

MMNC 2 (Al+ SiC-10%+ Al2O3-5%) 592 547 189 

MMNC 3 (Al+ SiC-15%+ Al2O3-5%) 583 539 210 

3.2. Microstructure analysis: The microstructures appear very similar consisting of the dendritic structure of the 

(SiC + Al2O3)   Al alloy matrix with fine dispersion of the reinforcing particles. Porosities were observed in all 

microstructures. This was because when SiC particles were added in the molten metal (liquid state) during casting, 

it introduces air in the melt entrapped between the particles. Therefore, increasing wt. percentage of SiC particles 

increased entrapped air resulted in higher amount of porosity. The microstructure of the parent metal and the 

MMNC – 1 are shown in Fig. 2-3 respectively. 

      Fig.2.Microstructure of parent metal                                Fig.3.Microstructure of MMNC-1 

3.3. Establishing the relation between the microhardness, tensile properties and percentage of nano particles 

(NP): The percentage of nano particle reinforced along with tensile strengthand hardness of mmnc obtained 

fromexperimental results are related and are shown in fig. (4-5). It reveals the relationship existing between 

mechanical properties of MMNC and percentage of nanoparticles (NP).  

  

 

Fig.4. The relationships between tensile 

strength and percentage of Nano particles 

Fig.5. The relationships between hardness and 

percentage of Nano particles 

The experimental data points are fitted by a straight line. The straight line is governed by the following 

linear regression equations:  

Tensile strength = 2.8 (% of SiC) + 552 (MPa)  ---------- (1) 

Hardness = 3.22 (% of SiC) + 160.1 (Hv)------------------ (2) 

From equation (1-2), it can be inferred that the hardness of MMNC is having directly proportional relationship with 

percentage of Nano particle reinforced in the AA7075-T651 grade metal matrix Nanocomposite. 

4. CONCLUSION 

 The hybrid Nanocomposites rods of AA7075–T651 with Al2O3(5% constant) and SiC(5%, 10%, 15%) in 

various compositions are successfully fabricated by using Stir casting method.F 
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 The influence of Nano SiC and Nano Al2O3particles on mechanical properties of the AA7075-T6 grade 

aluminum alloy are analyzed.  

 The metal matrix Nanocomposite comprising of AA7075+SiC15%+Al2O35% exhibits 30.12% higher 

hardness than the base metal and composite; AA7075+SiC10%+Al2O35% exhibits18.12% higher hardness than the 

base metal and composite AA7075+SiC5%+Al2O35% exhibits11.25% higher than the base metal hardness.  

 The metal matrix Nanocomposite comprising of AA7075+SiC15%+ Al2O35% exhibits7.56% higher 

tensile strength than the base metal; composite containing AA7075+SiC10%+Al2O35% exhibits9.22% higher 

tensile strength than the base metal and composite enclosing AA7075+SiC5%+Al2O35% exhibits6.08% higher than 

the base metal tensile strength.  

 The relationship between mechanical properties and nanoparticles are established by a linear regression 

equation. 

 Thetensile strength andhardness of MMNC are having directly proportional relationship with percentage 

of Nano particle reinforced in the AA7075-T651 grade metal matrix Nanocomposite. 
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