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Abstract- The needs of today’s world are materials which 

are inexpensive, high performance, environmental friendly, 

wear and corrosion resistant materials, easily available, 

light weight and which can be easily processed in the field 

of advanced structural, aerospace, automotive, electronic, 

thermal management, and wear applications. This 

requirement can only be fulfilled by composite materials. 

Metal Matrix Composites (MMCs) are suitable for 

applications requiring low coefficient of thermal expansion 

with lower density thermal conductivity and damping 

properties. These properties of MMCs enhance their usage 

in automotive applications and tribological applications. 

Aluminium matrix composites are one of the advanced 

engineering materials  have emerged as an important class 

of high performance materials for use in aerospace, 

chemical, automobile and transportation industries 

because of  their excellent combination of high specific 

strength and better wear resistance. The Al6061/Sic metal 

matrix composites have light weight and good wear 

resistance. Aluminium Al-6061T6 base composites 

reinforced with SiC particles having 150 & 600 mesh Sizes 

which are fabricated by stir casting method. The weight 

percentage of silicon carbide varies from 15% to 40%. The 

specimens prepared were tested for their hardness using 

Brinell Hardness Testing Machine and wear behaviour 

using pin-on-disc apparatus under dry sliding conditions. 

The effect of different weight percentage of SiC in the 

metal matrix composite on wear resistance and coefficient 

of friction was studied. The results show that the wear 

resistance of the metal matrix composite is increased with 

increase in weight percentage of silicon carbide upto 35%. 

For the purpose of verification of the present results, other 

published work was also compared.  

Index Terms— Metal Matrix Composites MMC’s, 

Al6061alloy Composites, Silicon Carbide SiC, Silicon 

Carbide Particulate (SiCp). 

I. INTRODUCTION 

The Combination of two inherently different materials to 

produce a material with properties that exceeds the 

constituent material properties is termed as composite. 

In today’s world everyone is looking for light , 

inexpensive, and easily as well as quickly processed 

material in the field of structure and automobile. The 

answer to all these requirement is composite materials. 

For composite to be a part of complex structure such as 

in automobile to reduce and hence improve efficiency; 

joining is required. Most popular joining techniques for 

composite are adhesive and mechanical joining. Each of 

these has its own advantages and disadvantages.  

The extensive experience available from the 

thermoplastic polymer (TP) industry showed that make 

large or complex parts, the most cost- effective method 

often involves molding two or more part independently 

and joining them tighter. Well- established joining 

technologies for metallic structures are not directly 

applicable to composite because of several reasons such 

as stress concentration, delimitation, extensive weight of 

fastening system etc. Thermosetting (TS) adhesive 

bonding is inherently preferable to mechanical fastening 

because of the continuous connection avoiding large 

stress concentrations induced at each discrete fastener 

hole. Extensive surface preparation and long curing time 

make adhesive bonding lab our intensive. Typical 

surface treatment used foe adhesive bonding are 

generally hard to control in an industrial environments, 

and affects the strength and durability of adhesively 

bonded joints. 

Metal Matrix Composites (MMCs) are suitable for 

applications requiring low coefficient of thermal 

expansion with lower density thermal conductivity and 

damping properties. These properties of MMCs enhance 

their usage in automotive applications and tribological 

applications. Hybrid metal matrix composite are 

engineering materials reinforced by a combination of 

two or more different type of substances in order to 

achieve the combined advantage of both of them. This 

gives a rather high degree of freedom in material design 

[12]. Many researchers have shown the applicability of 

ceramic whisker / fibres / particles [1,6] reinforced 

aluminum matrix composites as a potential candidate for 

automotive engines, pistons, bearing materials and 

cylinder liners. The investigators used several 

techniques (stir casting [15], die casting, rheo casting, 

spray forming, etc.) to prepare aluminum matrix 

composites except conventional castings.  

The main purpose of the present experimental 

investigation is to study hardness and wear properties of 

Al6061 alloy with different weight percentage of SiC 

particulates fabricated by stir casting technique. The 

effect of different weight percentage of SiC on dry 

sliding metal-metal wear behavior of composites was 

investigated using a pin-on-disc wear testing machine. 

Also the hardness of specimens made was investigated 

using Brinell Hardness Testing Machine. 
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Many ceramic particulates Al2O3, SiC, SiO2 and 

graphite are added in the Al-Si composites to form metal 

matrix composites. Among these ceramic particulates, 

SiC is commonly used reinforcements. The reason is 

because of its properties such as corrosion resistance, 

density, thermal conductivity etc over other ceramic 

reinforcements. An increase in the weight percentage of 

SiC particulates along the deposition direction led to a 

progressive increase in the porosity levels and matrix 

hardness for Al/SiCp and Al-Si/SiCp [18]. Uyyuru et al. 

[19] studied the tribological behaviour of Al-Si/SiCp 

composite against automobile brake pad system under 

dry sliding conditions.  

II. MANUFACTURING OF THE METAL 

MATRIX COMPOSITE 

Manufacturing of aluminium alloy based casting 

composite by stir casting is one of the most economical 

method of processing MMC. Properties of these 

materials depend upon many processing parameters and 

selection of matrix and reinforcements. Stir Casting is a 

fabrication method (liquid state) of composite materials, 

in which a dispersed phase is mixed with a molten 

matrix metal by means of mechanical stirring.  

In the stir casting process, the solidification synthesis of 

metal matrix composites involves a melt of the selected 

matrix material followed by the introduction of a 

reinforcement material into the melt, obtaining a suitable 

dispersion. The molten aluminium alloy is stirred 

continuously to create a vortex to force the slightly 

lighter particles into the melt. Stirring continues to 

disperse the SiC particles as uniformly as possible in a 

short time. The mixture is then transferred into a 

preheated and precoated transfer ladle. The material is 

stirred again and then finally poured into permanent 

moulds. Then it is cooled, cut to shape, and surface is 

cleaned. 

 

Fig. 1.  Stir Casting 

 

Fig. 2. Split patterns. 

 

Fig.3. Pouring of molten metal 

III. EXPERIMENTAL PROCEDURE 

The standard samples having different weight 

percentage of SiC have been prepared out of castings. 

The specimens of compositions 15%, 20%, 25%, 30%, 

35% & 40% of the weight for mesh size 150 and 600 

were subjected to wear test on pin on disc instrument to 

study the tribological properties such as wear rate as 

well as the co-efficient of friction. The standard 

specimen size is 10 mm diameter and 25 mm length. 

The contact surface of the cast sample (pin) was made 

flat so that it should be in contact with the rotating disc. 

During the test, the pin was held pressed against a 

rotating EN31 carbon steel disc (hardness of 65HRC) by 

applying load. The first readings were taken on a 

constant load, track diameter, sliding speed and sliding 

distance. For the second test on each specimen the 

parameters sliding velocity, load, track diameter and 

sliding distance were changed.  A LVDT load cell on the 

lever arm helps determine the wear at any point of time 

by monitoring the movement of the arm. Once the 

surface in contact wears out, the load pushes the arm to 

remain in contact with the disc. The weight loss of each 

specimen was obtained by weighing the test pieces 

before and after the experiment by a single pan 
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electronic weighing machine with an accuracy of 

0.0001g. The sliding experiments were conducted at 

room temperature on a pin on disc wear testing machine. 

The setup is shown in the figure 5.  

After performing the wear test the specimens were 

subjected to hardness test on Brinell Hardness Testing 

Machine to study the hardness of the casted specimens. 

The contact surface of the cast sample (pin) was made 

flat for better readings. The setup is shown in figure 6. 

 

Fig. 4. Specimens 

 

Fig. 5. Pin on Disc wear measuring instrument. 

 

Fig.6. Brinell Hardness testing instrument. 

IV. RESULT& DISCUSSION 

The aim of the experimental plan is to find the wear rate 

and hardness of Al-SiC MMC. The wear test is 

performed on 24 pieces performing two tests on each 

percentage specimen. The first test performed on 12 

pieces and the parameters selected for the test were 

shown in table1.  

Table 1. Wear test (first) parameters 

Sliding Speed 2 m/s 

Sliding Distance 1000 m 

Rotating Disc rpm 764 rpm 

Track Diameter 50 mm 

Load 10 N 

Test duration  20-25 min.  

Temperature  Room temp.  

The formula used for finding the wear rate is  

Wear rate = (mi-mf)/(ρ×D) 

where mi = Mass of specimen before test in gm. 

        mf = Mass of specimen after test in gm. 

      = Density of test piece in gm/cc 

     D = Sliding distance in m. 

Table 2 shows the wear rate for different test pieces for 

first test. 

Table 2. Data obtained from first wear test 

Sr. 

No. 

SiC 

Mesh 
size 

% 

of 
SiC 

Mass 

difference 
(gm) 

Density 

(gm/cc) 

Sliding 

distance 
(m) 

Wear rate 

(mm3/m) 

1 150 15 0.0134 2.76 1000 0.004855 

2 150 20 0.0109 2.78 1000 0.003921 

3 150 25 0.0093 2.80 1000 0.003321 

4 150 30 0.0074 2.82 1000 0.002624 

5 150 35 0.0071 2.84 1000 0.0025 

6 150 40 0.006 2.86 1000 0.002098 

7 600 15 0.0079 2.76 1000 0.002862 

8 600 20 0.0077 2.78 1000 0.00277 

9 600 25 0.0074 2.80 1000 0.002643 

10 600 30 0.0071 2.82 1000 0.002518 

11 600 35 0.0052 2.84 1000 0.001831 

12 600 40 0.005 2.86 1000 0.001748 

The second test is performed on next 12 pieces and the 

parameters selected for the test were shown in table 3. 

For the second test, the sliding speed, sliding distance, 

rotating disc rpm, track diameter and load is changed. 

Table 3. Wear test (second) parameters 

Sliding Speed 3 m/s 

Sliding Distance 1750 m 

Rotating Disc rpm 800 rpm 

Track Diameter 70 mm 

Load 20 N 

Test duration  20-25 min.  

Temperature  Room temp.  

The weight of each test piece was measured before and 

after the experiment up to 0.0001g accuracy.  
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Table 4. Data obtained from second wear test 

Sr. 

No. 

SiC 

Mesh 

size 

% 

of 

SiC 

Mass  

difference 

(gm) 

Density 

(gm/cc) 

Sliding 

distance 

(m) 

Wear 

rate 

(mm3/m) 

1 150 15 0.08 2.76 1750 0.016563 

2 150 20 0.0542 2.78 1750 0.011141 

3 150 25 0.0342 2.80 1750 0.00698 

4 150 30 0.02 2.82 1750 0.004053 

5 150 35 0.019 2.84 1750 0.003823 

6 150 40 0.015 2.86 1750 0.002997 

7 600 15 0.0156 2.76 1750 0.00323 

8 600 20 0.0144 2.78 1750 0.00296 

9 600 25 0.0136 2.80 1750 0.002776 

10 600 30 0.0127 2.82 1750 0.002573 

11 600 35 0.0125 2.84 1750 0.002515 

12 600 40 0.0123 2.86 1750 0.002458 

 
Fig. 7.  Wear rate Vs % of SiC for 150 mesh size of SiC. 

 
Fig. 8.  Wear rate Vs % of SiC for 600 mesh size of SiC. 

The above graphs show that the wear resistance 

increases with increasing weight percentage of SiC. The 

specimen consists of minimum percentage of silicon 

carbide (5%) has the maximum wear rate. As the 

percentage of silicon carbide increases, the wear rate 

starts decreasing 
[12, 18]

. If the applied load is increased 

then the wear rate also increases as shown in test second. 

At this load, the wear rate starts decreasing with 

increasing weight percentage of SiC.  Here two different 

mesh size of silicon carbide powder is used (150 & 600). 

The wear rate for 600 mesh size of silicon carbide 

powder is less as compared to the 150 mesh size of 

silicon carbide powder because the particles in 600 mesh 

size are finer and occupy the space in a better way 

(molecular bonding in better way).  

 
Fig. 9.  C.o.f. Vs % of SiC for 150 mesh size of SiC. 

 
Fig. 10.  C.o.f. Vs % of SiC for 600 mesh size of SiC. 

The graphs between coefficient of friction and 

percentage of SiC show that the coefficient of friction 

slightly decreases with increasing weight percentage of 

SiC. The coefficient of friction is highest in the 

composite having 15% of silicon carbide and it starts 

decreasing as the weight percentage of silicon carbide 

increases 
[18]

. The coefficient of friction decreases as the 

mesh size increases. The coefficient of friction for 600 

mesh size of SiC is lesser as compared to the 150 mesh 

size of SiC. 

 

Fig. 11: Wear rate verses Load for 150 mesh of SiC 

MMCs 



Wear Behaviour of Al-6061 alloy with different mesh size and reinforcement of SiC Metal Matrix Composite 

________________________________________________________________________________________________ 

 

________________________________________________________________________________________________ 

Special Issue on  International Journal of Recent Advances in Engineering & Technology (IJRAET)  V-4 I-2 

For National Conference on Recent Innovations in Science, Technology & Management (NCRISTM) 

ISSN (Online): 2347-2812,  Gurgaon Institute of Technology and Management, Gurgaon 26
th

 to 27
th

 February 2016 

26 

 

Fig. 12: Wear rate verses Load for 600 mesh of SiC 

MMCs 

The results shows that the mesh size and weight content 

of particulate reinforcement have a great effect on the 

wear rate. The wear rate of the composite specimens 

decreases with increasing weight percentage of 

particulate reinforcement.  

The specimens of compositions 5%, 10%, 15%, 20%, 

25%, 30%, 35% & 40% of the weight for mesh size 150 

and 600 were subjected to hardness test on brinell 

hardness instrument to study the hardness of the 

composite material. Totally the hardness test is 

performed on 16 pieces. The hardness obtained for 

different pieces is shown in table 5. 

Table 5. Hardness of different specimens 

Sr. No. % of SiC SiC mesh size BHN 

1 5 150 51 

2 10 150 52.2 

3 15 150 53.7 

4 20 150 54.3 

5 25 150 55.4 

6 30 150 54.5 

7 35 150 53.2 

8 40 150 51.7 

9 5 600 54.1 

10 10 600 55.3 

11 15 600 56.2 

12 20 600 58.1 

13 25 600 60.3 

14 30 600 57.7 

15 35 600 54.5 

16 40 600 53.2 

 

The graph between Brinell Hardness Number Vs 

percentage of silicon carbide for different mesh sizes are 

shown in figure 13 & figure 14. 

 

Fig. 13. BHN Vs % of SiC for 150 mesh size 

 

Fig. 14. BHN Vs % of SiC for 600 mesh size 

V. CONCLUSION 

1) The reinforcement of Al6061 alloy with SiC 

particulates upto a weight percentage of 40% has a 

marked effect on the wear rate. The wear rate decreases 

with increasing weight percentage of reinforcements.  

2) The coefficient of friction slightly decreases with 

increasing weight percentage of reinforcements. 

3) The wear rate also increases with increasing applied 

load, track diameter, sliding speed and sliding distance. 

4) The wear rate decreases with increase in the mesh size 

of SiC reinforcement. 

5) The density increases with increasing weight 

percentage of SiC reinforcements.  

6) The hardness of the composite specimens increases 

with the increasing volume content of the 

reinforcements. The hardness increases linearly with 

increasing volume content of SiC reinforcements. The 

best results have been obtained at 25% weight fraction 

of SiC particles. The hardness value increases up to 25% 

weight fraction of SiC and beyond this weight fraction 

the hardness trend started decreasing because beyond 

this weight fraction the hardness trend started decreasing 

as SiC particles interact with each other leading to 

clustering of particles and consequently settling down. 

Eventually the density of SiC particles started 

decreasing locally thereby lowering the hardness. 



Wear Behaviour of Al-6061 alloy with different mesh size and reinforcement of SiC Metal Matrix Composite 

________________________________________________________________________________________________ 

 

________________________________________________________________________________________________ 

Special Issue on  International Journal of Recent Advances in Engineering & Technology (IJRAET)  V-4 I-2 

For National Conference on Recent Innovations in Science, Technology & Management (NCRISTM) 

ISSN (Online): 2347-2812,  Gurgaon Institute of Technology and Management, Gurgaon 26
th

 to 27
th

 February 2016 

27 

REFERENCES 

[1]  American Society for Testing & Material, Annual 

book of ASTM standards, USA, 1999.  

[2]  Yilmaz, O., & Butoz, S., ―Abrasive Wear of 

Al2O3 reinforced Aluminium based MMCs‖, 

Compos. Sci. Technol., pp. 2381-2392, 61, 2001. 

[3]  Mishra, A. K., Sheokand, R., Srivastava, R. K., 

―Tribological Behaviour of Al6061/SiC MMCs 

by Taguchi‘s Technique‖, International Journal 

of Scientific & Research Publication, Vol. 2, 

Issue 10, 2012. 

[4]  Deuis, R. L., Subramanian, C., Yellup, J. M., 

―Dry Sliding Wear of Aluminium Composites – 

A Review‖, Composites Science & Technology, 

57, pp. 415-435, 1997.  

[5]  Rohatgi, P. K., Ray, S., Liu, Y., ―Tribological 

properties of metal matrix graphite particle 

composites‖, International Materials Review, 

Vol. 37, pp. 129-152, 1992.  

[6]  Kau, A. K., ―Mechanics of composite 

materials‖, CRC Press, Boca Raton, New York, 

USA, 1997.  

[7]  Singla, M., Dwivedi, D.D., Singh, L., Chawla, 

V., ―Development of Aluminium Based Silicon 

carbide particulate metal matrix composite‖, 

Journal of Minerals & Materials Characterization 

& Engineering, Vol. 8, No. 6, pp. 455-467, 2009. 

[8]  Dasgupta, R., ―SiC particulate dispersed 

composites of an Al-Zn-Mg-Cu alloy: Property 

comparison with parent alloy‖, Material 

Characterization, Vol. 54, pp. 438-445, 2005. 

[9]  Sahin, Y., ―Tribological behaviour of metal 

matrix & its composite‖, Mater. Des.28, pp. 

1348-1352, 2007.  

[10]  Singla, M., Singh, L. & Chawla, V., ―Study of 

Wear Properties of Al-SiC Composites‖, Journal 

of Minerals & Materials Characterization & 

Engineering, Vol. 8, No. 10, pp. 813-819, 2009.  

[11]  Sahin, Y., ―Wear behavior of Aluminium alloy 

& its composites reinforced by SiC particles 

using statistical analysis‖, Mater. Des. 223, pp. 

173-183, 2003.  

[12]  Umanath, K., Selvamani, S. T., & Palanikumar, 

K., ―Friction and Wear Behaviour of Al6061 

alloy (SiCP+Al2O3P) hybrid Composites‖, 

International Journal of Engineering Science & 

Technology, Vol. 3, No. 7, 2011.  

[13]  Umanath, K., Selvamani, S. T., Natarajan, K., 

―Influence of Silicon Carbide Particulate 

Reinforcement on the Tensile behaviour of 

Al6061 alloy composite produced by Stir Casting 

method‖, Proceedings of Manufacturing, ARAI 

Pune, pp. 235-242, 2010.  

[14]  Kaur, K., Anant, R., Pandey, O. P., 

―Tribological behaviour of SiC particle 

reinforced Al-Si alloy‖ Tribology letters, pp. 44-

58, 2011. 

[15] Jacobs, J. A., Kilduff, T. F., ―Engineering 

Materials Technology, Structures, Processing & 

Selection‖, Prentice Hall, 1994.  

550  Ashok Kr Mishra, Ravindra Yadav and R. K. 

Srivastava  

[16]  Kumar, G. B. V., Rao, C. S. P., Selvaraj, N., 

―Mechanical & Tribological Behaviour of 

particulate reinforced Al MMCs – a review‖, 

Journal of Minerals & Materials Characterization 

& Engineering, Vol. 10, No. 1, pp. 59-91, 2011.  

[17]  Das, S., Behera, R., Datta, A., Majumdar, G., 

Oraon, B., Sutradhar, G., ―Experimental 

investigation on the effect of reinforcement 

particles on the forgeability & the mechanical 

properties of Al MMCs‖, Material Science & 

Applications, Vol.1, pp. 310-316, 2010.  

[18]  Das, S., Das, S., Das, K., ―Abrasive wear of 

zircon sand and alumina reinforced Al-4.5wt% 

Cu alloy matrix composites-a comparative 

study‖, Compos. Sci. Technol. 67, 746-751 

(2007).  

[19]  Uyyuru, R. K., Surappa, M. K., Brusethaug, S., 

―Tribological behaviour of Al-Si-SiCp 

composites/automobile pad system under dry 

sliding conditions‖, Tribol. Int. 40, 365-373 

(2007).  

[20]  Acilar, M., Gul, F., ―Effect of the applied load, 

sliding distance and oxidation on the dry sliding 

wear behaviour of Al-10Si/SiCp composites 

produced by vacuum infiltration technique‖, 

Mater. Des. 25, 209-217 (2004).  

[21]  S. Natarajan, R. Narayanasamy et al. (2008) 

Sliding wear behavior of Al 6063/TiB2 in situ 

composites at elevated temperatures, Materials 

and Design 30 (2009) pp.2521-2531. 

[22]  A. Apasi, P.B. Madakson, D.S. Yawas, V.S. 

Aigbodion (2012) Wear behavior of Al-Si-Fe 

alloy/coconut shell ash particulate composites, 

Tribology in Industry vol. 34, no. 1 (2012) pp.36- 

[23]  B. Venkataraman, G. Sundararajan (1995) The 

sliding wear behavior of Al-SiC particulate 

composites-I. macrobehaviour, Acta mater. Vol. 

44, no. 2 (1996) pp.451-460. 

[24] Rajaneesh N. Marigoudar, Kanakuppi 

Sadashivappa (2011) Dry sliding wear behavior 

of SiC particles reinforced zinc-aluminium (za43) 



Wear Behaviour of Al-6061 alloy with different mesh size and reinforcement of SiC Metal Matrix Composite 

________________________________________________________________________________________________ 

 

________________________________________________________________________________________________ 

Special Issue on  International Journal of Recent Advances in Engineering & Technology (IJRAET)  V-4 I-2 

For National Conference on Recent Innovations in Science, Technology & Management (NCRISTM) 

ISSN (Online): 2347-2812,  Gurgaon Institute of Technology and Management, Gurgaon 26
th

 to 27
th

 February 2016 

28 

alloy metal matrix composites, Journals of 

Minerals and Materials Characterization & 

Engineering, vol. 10, no. 5 (2011) pp.419-425. 

[25] A. B. Gurcan, T. N. Baker (1995) Wear behavior 

of AA6061 aluminium alloy and its composites, 

Wear 188 (1995) pp.185-191. 

[26]  www.google.com 

[27] http://nptel.iitm.ac.in/courses/Webcourse-

contents/IISc-

BANG/Composite%20Materials/pdf/Teacher_Sli

des/mod1.pdf  

[28] http://en.wikipedia.org/wiki/Composite_material 

[29] http://www.mech.eng.unimelb.edu.au/ 

materials/mats2004/200mats2004/5-

Composites.pdf 
 

http://www.google.com/
http://en.wikipedia.org/wiki/Composite_material

