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Abstract— This paper investigates the wear behavior of 

magnesium (Mg)-based metal–matrix composites (MMCs) 

reinforced with silicon carbide and aluminium oxide 

particulates (SiCp) during dry sliding. Experiments were 

conducted using a pin-on-disc configuration against a 

hardened tool-steel counter face under load of 3kg, and with 

disc rpm 500, wear track diameter 60mm, time 5min..Two 

samples were tested on pin on disc wear and friction 

monitor. The results showed that an alloy similar to the 

commercially available composition of AZ61 reinforced 

with 3% SiC&1% Al2O3 exhibit superior wear resistance as 

compared to magnesium alloy AZ61 reinforced with 1% 

SiC&3%Al2O3.Fabrication of metal matrix composites 

were done using stirr casting technique. 
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I. INTRODUCTION 

Magnesium alloys exhibit the attractive combination of low 

densities (1.74 g/cm3 versus 2.7 g/cm3 for Al) and high 

strength per weight ratios (comparable or greater than that of 

precipitation strengthened Al alloys), along with good 

damping capacity, castability, weld ability, and 

machinability [1,2]. Of the various commercial Mg alloys, 

those developed from the Al–Zn ternary system (i.e. the as-

named AZ alloys) have found the largest number of 

industrial applications. Major commercial grades of AZ 

alloys are AZ31, AZ61 and AZ91, which are produced 

either as cast products (e.g. die, sand and mold castings) or 

wrought products (e.g. extrusions, forgings, sheet and 

plates). In general, as Al content of the alloy increases, yield 

strength, ultimate tensile strength, corrosion resistance and 

oxidation resistance all increase, whereas castability and 

weld ability rapidly decrease. 

Mg alloy based MMCs (metal matrix composites) 

among other MMCs are widely used in various applications 

in aerospace, automobiles, and sports equipment’s because 

of its low density and better mechanical properties [1]. 

Particulate reinforced Mg composites are becoming more 

popular, as compared to fiber reinforced Mg composites, 

due to their increased production rate, reduced 

reinforcement costs and easier fabrication processes. 

Micrometer-size  

SiC, Al2O3 particles are commonly chosen as 

reinforcement in Mg because of their low cost and easy 

availability. 

The wear properties were significantly improved 

with the micro size particulate reinforcements and it is 

reported by various authors that Nano size reinforcement 

will further improve the properties if the nanoparticles are 

homogeneously reinforced into the matrix material. Few 

authors have tried with Nano reinforcements like Al2O3, 

SiC, and TiO2 and found reasonable improvement in the 

mechanical properties [3–5].Composites are engineered or 

naturally occurring materials made from two or more 

constituent materials with significantly different physical or 

chemical properties that remain separate and distinct within 

the finished structure. The bulk material forms the 

continuous phase that is the matrix (e.g., metals, polymers) 

and the other acts as the discontinuous phase that is the 

reinforcements (e.g., ceramics, fibers, whiskers, 

particulates). While the reinforcing material usually carries 

the major amount of load, the matrix enables the load 

transfer by holding them together [3]. 

In this study an attempt has been made to fabricate 

a Hybrid Composite from commercial silicon carbide and 

aluminium oxide. Magnesium alloy AZ61 is used as matrix 

material for the fabrication of AZ61-SiC-Aluminium oxide 

hybrid composite material. Methods available for the 

production of Hybrid Composites are powder metallurgy, 

spray deposition, liquid metal infiltration, squeeze-casting, 

stir-casting. Though various processing techniques available 

for particulate or discontinuous reinforced metal matrix 

composites, stir casting is the technique, which is in use for 

large quantity commercial production. This technique is 

most suitable due to its simplicity, flexibility and ease of 

production for large sized components. Hence stir casting 

method is used in this study [4]. 

The objective of present work is to produce hybrid 

composites of AZ61-SiC-Aluminium oxide  by stir casting 

method. And determine the effect of addition of different 

compositions of SiC and Aluminium oxide  on wear 

properties of AZ61-SiC-Aluminium metal matrix 

composites. 

While the reinforcing material usually carries the 

major amount of load, the matrix enables the load transfer 

by holding them together [3]. 

The objective of present work is to produce hybrid 

composites of AZ31-SiC-Aluminium oxide  by stir casting 

method. And determine the effect of addition of different 

compositions of SiC and Aluminium oxide  on mechanical 

and tribological properties of AZ31-SiC-Aluminium metal 

matrix composites. 

II. MATERIALS AND METHODOLOGY 

A. Materials 

The materials used in this present investigation are an alloy 

similar to commercially available composition of AZ61 as 

the matrix material; SiC and Aluminium oxide were used as 

reinforcement phase. Chemical composition of sample 1(i.e. 

AZ61+3%SiC+1%Al2O3) and sample 2(i.e. 

AZ61+1%SiC+3%Al2O3) were shown in the table. 

B. Methodology 

The synthesis of metal matrix composite used in the study 

was carried out by stir casting method. A stir casting setup, 

consisted of a Induction Furnace and a stainless Steel rod 

was used to synthesize the composite. The stirrer was made 
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by cutting and shaping a Stainless Steel block to desired 

shape and size manually. Graphite crucible of 2 Kg capacity 

was placed inside the furnace. Typical stir casting process is 

shown in below figure. 

Magnesium alloy AZ61 was melted at 650c in 

induction furnace. Preheating of reinforcement (SiC and 

Al2O3) was done for one hour to remove moisture and 

gases from the surface of the particulates. In first trail 3% 

SiC+1% Al2O3 were added to molten magnesium alloy 

AZ61 and poured in to the die and the rods of length 130mm 

and diagram 22mm were casted. In the second trail 1% 

SiC+3% Al2O3 were added to molten magnesium alloy 

AZ61 and poured into the die and casted rods were taken 

out.. By this two sets of samples were prepared. Further rods 

were machined on lathe to a length of 22mm and diagram 

8mm for conducting wear test. 

C. Wear testing 

Dry sliding wear tests were conducted using pin on disc 

tester. Pin specimens of diameter 8mm and length 22mm 

were machined from as the casted parts on lathe machine. 

Contact surface were prepared by emery paper and cleaning 

the disc with acetone. A  pin holder loaded the stationary 

pins vertically on to a rotating tool steel disc ,which has 

been hardened to 63 HRC. 

All the experiments were conducted in air with 

temperature and humidity maintained between 19-25 0c and 

55-67% respectively. Normal load 3kg is applied using dead 

weights while disc speed 500rpm, wear track diameter 

60mm was selected. For each sliding condition, a total of 

5min test is carried out. Volumetric wear rates, frictional 

force and coefficient friction calculated 

III. FIGURES AND TABLES 

 

Fig 1: Reinforcement    Fig 2. Induction Furnace 

 

Fig. 3: Pin-on-Disc Wear and Friction monitor 

A. Specifications of Pin-on-Disc Tribometer 

 Makers: Ducom Ltd,Bangalore 

 Oin Size: 3 to 12mm diagonal 

 Disc Size: 160mm dia *8mm thick 

 Wear Track diameter: 10mm to 140mm 

 Sliding Speed Range: 0.26m/s to 10m/s 

 Disc rotation Speed: 100 to 2000RPM 

 Normal: 200N maximum 

 Frictional force: 0-200N,digital readout.recorder 

output 

 Wear Measurement range: 4mm,digital readout and 

recorder output 

 Power: 250w,15amp,1 phase, 50HZ 

B. Chemical Composition sample 1 and sample 2 

Sample Al Zn Mn Cu Fe Si Mg 

1 6.7 .78 .009 .011 .009 .03 Bal 

2 6.5 .61 .020 .013 .002 .03 Bal 

Table 1 

C. Results Of Wear Test 

Below result shows wear rate, frictional force and 

coefficient of friction by keeping 3kg load,500rpm,60mm 

wear track diameter and 5min time 

Sample 
Wear 

Rate(Micrometer) 

Frictional 

Force N 

Coefficient 

Of Friction 

1 180 7.9 0.260 

2 260 8.2 0.280 

Table 2 

 
Fig. 4: Comparison of Time vs. Wear plot For Sample 1 & 

Sample 2 

 
Fig. 5: camparision of  Time vs Frictional Force For Sample 

1 & Sample 2 

 
Fig. 6: Comparison of Time vs. Coefficient of Friction For 

Sample 1 & Sample 2 
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IV. RESULTS AND DISCUSSION 

Wear, the progressive loss of material from the sliding 

surfaces of elements of tribo system can be determined in 

terms of weight loss. Material properties of sliding elemnts, 

applied load and disc speed determine the wear rate. The 

result of wear test is shown in the table 1.By these result we 

can see that wear resistance is good in magnesium alloy 

AZ61reinforced with 3% SiC and 1%Al2O3  as compared to 

magnesium alloy AZ61 reinforced with 1%Sic and 

3%Al2O3.Wear rate, frictional force and coefficient of 

friction is low in matrix metal AZ61 reinforced with 3%SiC 

and 1% Al2O3..It shows that it has good wear resistance and 

but poor machinability.Comparision between Time vs. Wear 

rate, frictional force and coefficient of friction for two 

material is shown in the figures. 

V. CONCLUSION 

Magnesium alloy AZ61reinforcedwith SiC and aluminium 

oxide particulates can be manufactured by the stirr casting 

process. 

Dry sliding wear behavior of magnesium alloy 

AZ61reinforced with SiC and aluminium oxide particulates 

are investigated.Emphirical graphs are developed for 

predicting wear rate, frictional force and coefficient of 

friction under the selected experimental conditions. The 

graphs illustrates that the magnesium alloy AZ61reinforced 

with 3% SiC and 1% aluminium oxide particulates exhibit 

good wear resistance as compared to matrix metal with 1% 

SiC and 3% Al2O3 particulates. 

REFFERENCES 

[1] E.F. Emley, Principles of Magnesium Technology, 

Pergamon Press, London, 1966. 

[2] C.S. Roberts, Magnesium and Its Alloys, John Wiley 

and Sons, New York, 1960. 

[3] G.E. Totten, L. Xie, K. Funatani (Eds.), Handbook of 

Mechanical Alloy Design, Marcel Dekker, Inc., New 

York, 2004, pp. 487–538. 

[4] J.B. Clark, Acta Metall. 16 (1968) 141–151. 

[5] G. Song, A. Atrens, D.S. John, L. Zheng, in: K.U. 

Kainer (Ed.), Magnesium Alloys and Their 

Applications, Wiley–VCH, Munich, Germany 

(DGM, Weinheim), 2000. 

[6] R. Schmid-Fetzer, J. Grobner, Adv. Eng. Mater. 3 

(12) (2001) 947–961. 

[7] Selection and Application of Magnesium and 

Magnesium Alloys, Metals Handbook, vol. 2, 10th 

ed., 1990, pp. 455–479. 

[8] G.V. Raynor, The Physical Metallurgy of 

Magnesium and Its Alloys, Pergamon Press, New 

York, 1959. 

[9] J.R. Morris, K.M. Ho, K.Y. Chen, G. Rengarajan, 

M.H. Yoo, Model. Simul. Mater. Sci. Eng. 8 (2000) 

25–35. 

[10] J. Enss, T. Everetz, T. Reier, P. Juchmann, in: K.U. 

Kainer (Ed.), Magnesium Alloys and Their 

Applications, Wiley–VCH, Munich, Germany 

(DGM, Weinheim), 2000. 

[11] P. Krajewski, Elevated Temperature Forming of 

Sheet Magnesium Alloys, SAE Paper No. 2001-01-

3104, Warrendale, PA, SAE, 2001. 

[12] K. Siegert, S. Jaeger, in: Alan Luo (Ed.), Magnesium 

Technology, TMS, Warrendale, PA, 2004, pp. 87–90. 

[13] J.H. Jackson, P.D. Frost, A.C. Loonam, L.W. 

Eastwood, C.H. Lorig, Trans. AIME 185 (1949) 

149–168. 

[14] R.S. Busk, D.L. Leman, J.J. Casey, Trans. AIME 188 

(1950) 945–951. 

[15] P.D. Frost, J.G. Kura, L.W. Eastwood, Trans. AIME 

188 (1950) 1277–1282. 

[16] J.G. Schroth, in: E.M. Taleff, P.A. Friedman, P.E. 

Krajewski, R.S. Mishra, J.G. Schroth (Eds.), 

Advances in Superplasticity and Superplastic 

Forming, TMS, 2004, pp. 9–20. 

[17] J.L. Murray, Bull. Alloy Phase Diagrams 3 (1982) 

60–74. 

[18] W. Tong, H. Tao, X. Jiang, N. Zhang, M. Marya, 

L.G. Hector, X.Q. Gayden, Metall. Mater. Trans. 

36A (2005) 2651–2669. 

[19] W. Tong, H. Tao, N. Zhang, L.G. Hector, Scr. Mater. 

53 (2005) 87–92. 

[20] B.W. Smith, X. Li, W. Tong, Exp. Technol. 22 (4) 

(1998) 19–21. 

[21] W. Tong, Exp. Technol. 28 (2004) 63–67. 

[22] W. Tong, Exp. Mech. 44 (2004) 502–511. 

[23] N. Zhang, W. Tong, Int. J. Plasticity 20 (2004) 523–

542. 

[24] http://www.dasylab.net/dasylab English. 


