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ABSTRACT 

In automobile and aerospace industries, the demand for lighter materials is increasing. The density of 

aluminium is 2.68 g/cm3 whereas the density of Aluminium Magnesium alloy with 9% Magnesium is 2.55 g/cm3. 

Proper selection of reinforcement can further improve the mechanical properties of Aluminium Magnesium alloy. 

The high magnesium alloys have excellent castability and high strength. Metal Matrix Composites with Silicon 

Carbide (SiC) have a significant advantage over conventional materials. These reinforcements are used to improve 

the hardness and wear resistance of metal matrix composites. Aluminium Magnesium alloy is reinforced with Silicon 

Carbide of different weight percentages – 1%, 3%, 5% by using stir casting method. The samples obtained are 

subjected to hardness test and wear test. The comparative study of these samples with and without reinforcement are 

done and analyzed. This comparative study has shown that Aluminium Magnesium alloy reinforced with 5% Silicon 

Carbide shows better hardness and wear resistance. 
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1. INTRODUCTION  

In the present era, the development of lightweight material is essential to reduce the fuel consumption of 

automobile and aircraft. By utilizing the light weight material, the CO2 emission also decreases and thereby we can 

reduce the global warming. As the lightweight material is concerned, the aluminium alloys were widely used. When 

compared with magnesium alloy the aluminium alloys are higher in density. Magnesium alloy is not widely used 

due to poor mechanical, wear and corrosion properties. The density of magnesium is 1.738 g/cc which is lighter than 

any other metals, and it can be alloyed with aluminium to reduce the weight of the metal. The percentage of 

magnesium ranges from 0.5 to 13wt.% in aluminium. The increase in weight percentage of magnesium will have 

excellent castability (Surappa, 2003). The melting temperature of the aluminium and magnesium is more or less 

equal, and it can be easily casted.  

The addition of magnesium to aluminium increases strength through solid solution strengthening and 

improves their strain hardening. The Al-Mg alloys have high strength and are non-heat-treatable aluminium alloys 

due to which they are used extensively for structural applications. These alloys are produced mainly as sheet and 

plate and only occasionally as extrusions. The reason for this is that these alloys strain harden quickly and therefore 

challenging and expensive to extrude (Shi, 2010; Son, 2011).  

In the last few years, the Al-Mg alloy has been extensively used in high-tech structural and functional 

applications including the automotive, aerospace, defense and sports. Proper reinforcement can furthermore increase 

the mechanical and wear properties of the alloy (Igawa, 2007). The primary reinforcements are in the form of 

particulates or fibers, and the most commonly used material are SiC, Al2O3, WC, B4C, TiO2, BN.  

2. MATERIAL AND METHODS 

Materials: In this study, Al-Mg alloy with 9 % of magnesium is reinforced with three different weight percentage 

of SiC (1, 3, 5 wt. %). Aluminium and magnesium were obtained in the form of ingot, and its chemical composition 

was determined. SiC of high purity having average grain size 2µm was used for making MMC.  

Composite Preparation: The composite was prepared by using stir casting technique. Al was melted in the open 

top furnace in a crucible at 730ºC. Mg is explosive, and it quickly gets oxides at the higher temperature to overcome 

this issue the magnesium ingot was dipped into the furnace by using tongs. Slowly the magnesium will melt and 

dissolve with aluminium. After addition of required wt% of Mg the stirrer is used to stir the cast in the crucible to 

form a vertex in the crucible. Stirring is done at 500 rpm. The preheated SiC of 850ºC is added to the crucible and 

stirring is carried out for 15 minutes for complete dispersion of SiC in the matrix. Degassing powder is added to the 

molten metal. The molten metal is poured in the pre heated die at 450ºC.  

Hardness Test: Micro Vickers test is conducted to measure the hardness of the Al-Mg alloy and Al-Mg-SiC of 

different weight percentage. The load is applied smoothly, without impact, forcing the indenter into the test piece. 

The indenter is held in place for 5 seconds. For each samples 5 readings was taken at different locations and average 

value is calculated. 

Wear Test: The wear test was carried out to find the specific wear rate of the Al-Mg alloy and Al-Mg-SiC composite 

using the pin on disk. The samples are machined into rectangular block of 8 x 8 x 30 mm as shown in the figure 1. 

The speed of the disk calculated by Eq.1, where S is taken as 1 m/s and diameter D as 50 mm. The speed N is found 

as 382 rpm and maintained. Time taken for the test is calculated by Eq -2 where sliding distance is taken as 500 m 

and the time is found 8.33 min. Load of 3kg was applied in the pin. The wear and distance of the sample under the 
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load is acquired by the software. This was repeated for all the samples and weights of the samples were noted before 

the wear test and after the completion of the wear test.  

Sliding velocity S = π x D x N / (60 x 1000)      (1) 

Sliding Distance = π x D x N x T / 60 x1000     (2) 

 
Figure.1. Samples for Wear Test 

 

3. RESULTS AND DISCUSSION  

Hardness Test: The variation of micro vickers hardness for different SiC% of Al-Mg alloy is presented in Figure.2. 

The average hardness of Al-Mg alloy is observed to be 68.3 HV to 92.6 HV. There is a superior increase in the 

hardness value with the addition of SiC. When the percentage of SiC decreases, it is observed that the hardness value 

also drops. When 1wt% of SiC is added to Al-Mg alloy the increase in hardness 9.8 % and further when 3wt% of 

SiC added the hardness is increased by 25.6 and when 5wt% of SiC added the hardness is increased to 34%. When 

the percentage of reinforcement increases the load transformation rate also increases, and it resists the deforming the 

surface of indentation. 

 
Figure.2. Micro Vickers hardness of different composition 

Wear Test: The variation of the specific wear rate for different SiC % is presented in Table.1. There is an excellent 

improvement of specific wear rate with the addition of SiC. When 5wt.% of SiC is added to the matrix, the SWR is 

very less when compared with other compositions. The increase in the resistance of wear is expected because SiC is 

harder in nature and when it reinforced it makes the matrix also harder and restricts to wear. When there is an increase 

in percentage of SiC the percentage of particle distribution in the matrix and in the surface also increases thereby, 

the wear resistance also increases.  

Table.1. Comparison of wear resistance for different composition. 

Sample 

Weight loss 

of sample W          

(x10-3kg) 

Cross section 

of sample A             

(x10-6 m2) 

Vertical 

Force applied 

L (N) 

Sliding 

Distance D 

(m) 

Specific Wear 

Rate SWR 

(kg m-3 N-1) 

Al-Mg alloy 0.0149 50.265  29.43   500  2.0145x10-5 

Al-Mg 

(1% SiC) 
0.0091 64  29.43   500  0.9663x10-5 

Al-Mg 

(3% SiC) 
0.0084 64  29.43   500  0.8919x10-5 

Al-Mg 

(5% SiC) 
0.002 64  29.43   500  0.2124x10-5 

At the time of conducting the wear, test graph was plotted in the software between distance and wear. The 

graphs are presented in Figures.3, 4, 5, 6 and it is observed that at 5 Wt. % of SiC the wear of the metal is very less 

when compared to the Al-Mg alloy. When 1wt. % of SiC is added there is a 54.54 % decrease in wear and when   

3wt. % of SiC is added there is a 61.37 % decrease in wear and when 5 wt. % of SiC is added there is an 88.64 % 

decrease in wear. 
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Figure.3. wear of Al-Mg Alloy Figure.4. wear of Al-Mg-SiC (1wt% SiC) 

  
Figure.5. Wear of Al-Mg-SiC (3wt% SiC) Figure.6. wear Al-Mg-SiC (5wt% SiC) 

 

4. CONCLUSION  

Aluminium magnesium alloy with three different composite was fabricated by stir casting process and SiC 

particles were uniformly dispersed in the matrix.  

 The hardness is of the MMC is increased by 34% when 5 wt.% of SiC is added and decreased with the 

decrease in SiC in the matrix 

 The wear resistance is increased by 88.64 % when 5 wt.% of SiC is added to the matrix.  

REFERENCES  

Igawa N, Taguchi T, Yamada R, Ishii Y, Jitsukawa S, Mechanical properties of SiC/SiC composite with magnesium-

silicon oxide interphase, Journal of Nuclear Materials 367-370, 2007, 725-729. 

Kenneth Kanayo Alaneme, Michael Oluwatosin Bodunrin, Adebimpe A. Awe, Microstructure, mechanical and 

fracture properties of groundnut shell ash and silicon carbide dispersion strengthened aluminium matrix composites, 

Journal of King Saud University Engineering Sciences, 22, 2015. 

Landkof B, Development of high strength magnesium based MMC reinforced with SiC particles for satellite structure 

applications, Mat wiss U Werkstofftech, 34, 2003, 395-399. 

Robi P.S, Pai B.C, Satyanarayna K.G, Pillai S.G and Prabhaker Rao P, The role of surface treatments and magnesium 

additions on the dispersoid/matrix interface in cast Al-Si-Mg-15 wt.% SiCp composites, Materials characterization 

27 (1), 1991. 

 Sarina BAO, Kai Tang, Anne Kvithyld, Thorvald Engh, Merete Tangstad, Wetting of pure aluminium on graphite, 

SiC and Al2O3 in aluminium filtration, 22 (8), 2012, 1930-1938. 

Shi X.L, Xu F.M, Zhang Z.J, Dong Y.L, Tan Y, Wang L, Yang J.M, Mechanical properties of hot-pressed Al2O3/SiC 

composites, Materials science and engineering A, 527, 2010, 4646–4649. 

Sijoa M.T, Jayadevanb K.R, Analysis of stir Cast Aluminium Silicon Carbide Metal Matrix Composite, A 

Comprehensive Review, Procedia Technology, 24, 2016, 379–385. 

Son J.H, Lee W.J, Park Y.H and Park I.M, Fabrication and thermal behavior of A magnesium-matrix momposite 

with A high content of reinforcing SiC particles, Mechanics of composite Materials, 47 (4), 2011. 

Surappa MK, Aluminium matrix composites, challenges and opportunities, Sadhana, 20 (1 & 2), 2003. 

Vlastimil Matejkaa, Yafei Lub, Long Jiaob, Li Huangb, Grazyna Simha Martynkovaa, Vladimir Tomaseka, Effects 

of silicon carbide particle sizes on friction-wear properties of friction composites designed for car brake lining 

applications, Tribology international,  43 (1–2), 2010, 144–151. 

  

 

 

http://www.sciencedirect.com/science/journal/10445803
http://www.sciencedirect.com/science/article/pii/S1003632611614106
http://www.sciencedirect.com/science/article/pii/S1003632611614106
http://www.sciencedirect.com/science/article/pii/S1003632611614106
http://www.sciencedirect.com/science/article/pii/S1003632611614106
http://www.sciencedirect.com/science/article/pii/S1003632611614106
http://www.sciencedirect.com/science/article/pii/S2212017316301360
http://www.sciencedirect.com/science/article/pii/S2212017316301360
http://www.sciencedirect.com/science/article/pii/S2212017316301360
http://www.sciencedirect.com/science/article/pii/S2212017316301360
http://www.sciencedirect.com/science/journal/22120173
http://www.sciencedirect.com/science/journal/22120173/24/supp/C
http://link.springer.com/journal/11029
http://www.sciencedirect.com/science/article/pii/S0301679X09001467
http://www.sciencedirect.com/science/article/pii/S0301679X09001467
http://www.sciencedirect.com/science/article/pii/S0301679X09001467
http://www.sciencedirect.com/science/article/pii/S0301679X09001467
http://www.sciencedirect.com/science/article/pii/S0301679X09001467
http://www.sciencedirect.com/science/article/pii/S0301679X09001467
http://www.sciencedirect.com/science/article/pii/S0301679X09001467
http://www.sciencedirect.com/science/article/pii/S0301679X09001467
http://www.sciencedirect.com/science/article/pii/S0301679X09001467
http://www.sciencedirect.com/science/article/pii/S0301679X09001467#aff1
http://www.sciencedirect.com/science/article/pii/S0301679X09001467
http://www.sciencedirect.com/science/article/pii/S0301679X09001467
http://www.sciencedirect.com/science/journal/0301679X
http://www.sciencedirect.com/science/journal/0301679X/43/1

