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Abstract - Interest in reinforcing Al alloy matrices with ceramic particles are mainly due to the low density, low 

coefficient of thermal expansion and high strength of the reinforcements.  Metal-matrix composites are widely used in 

shipping, aerospace, automotive, and nuclear applications. Among the various useful alloys, Aluminium 6061 is typically 

characterized by properties such as fluidity, cast ability, corrosion resistance and high strength-weight ratio.  Aluminium 

based MMCs have received increased attention in recent decades as engineering materials. Research attempts have been 

made in the past to reduce the cost processing of composites, decrease the weight of the composites, and increase the 
desired performance characteristics. In the present research, the effect of titanium carbide particles on their mechanical 

properties with Aluminium 6061 matrix has been reviewed. The hardness and tensile strength have been reported to 

increase with increasing weight percentage of Titanium carbide. The wear rate of the composites has been reported to 

decrease linearly with increasing weight percentage of Titanium carbide. 
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1.INTRODUCTION 

 

Aluminium-based Metal Matrix Composites (MMCs) have been in high demand in recent decades as engineering 

materials. The addition of a ceramic material into a metal matrix produces a composite material that results in an 
extremely useful combination of physical and mechanical properties which cannot be obtained with other alloys. 

Aluminium is worked and formed using a large variety of forming processes such as deep- drawing and roll forming. 

Aluminium can also be recycled. Aluminium is not toxic and is used in contact with food stuff. Aluminium alloy-based 

particulate-reinforced composites have a huge potential for a number of engineering applications. The particulate 

reinforced MMCs is used due to accessibility of particles and economic processing techniques adopted for producing the 

particulate-reinforced MMCs[1].   

  

2  MATERIALS USED AND METHODS 

 

2.1 Matrix and Reinforcement: 

Aluminium 6061 matrix has been used as the base alloy and Titanium Carbide has been used as the reinforcment. The 
chemcial composition of the Al 6061 is shown in Table 1. The Table 2 shows the different composition ofcomposites 

developed for the pressent study 

Table 1: Chemical Composition of Al6061 

Mg Si Mn Zn Al 

1.2 0.8 0.8 0.25 Balance 

 

 

2.2 METHODS 

 

In the present invesitgation stir casting techniques is used to develop the Al MMC. Aluminium 6061 matrix material was heated 

in an electric furnace at a temperature of 800 degree Celcius to obtain molten metal.Titanium Carbide will be preheated to remove 

moisture. Titanium Carbide was added in 0%, 4%, 8% and 12% weight percentages to the molten metal as a reinforcment 

material. The stirring speed maintained was 300 rpm. Stirring is continued for about 10 min after addition of Titanium Carbide for 

uniform distribution in the melt.  Castings are prepared by pouring the melt into preheated moulds of cylindrical shapes. Scanning 

Electron Microscopy (SEM) test has been conducted on all the composites. Machining was done to a dimension of 10x10mm. 

The specimens were then polished to remove rough surfaces. Keller’s reagent was added to the specimen as an etchant.   The 

specimens were then scanned using the SEM to study the microstructure. Machining was done as per ASTM E-8 standard. The 

tensile test was conducted with a UTM TUE C-1000 model. The tensile test is conducted to determine the ultimate tensile 

strength and the percentage of elongation of the composite material. For the present research, we have used the Micro Vickers 

Hardness Tester to study the hardness of the developed Aluminum MMC. The load applied for the hardness test was 1kg. For the 

present research, we have used the Pin-on-Disc Wear Setup. The specimens were machined to a size of 30x10mm.The disc speed 

was constant at 286 rpm. The loads applied were 10N, 20N and 30N. 
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Table 2: Composition of matrials 
 

Specimen Aluminium 

6061 

Titanium 

carbide 

S1 100 wt. % 0 wt. % 

S2 96 wt.% 4 wt. % 

S3 92 wt. % 8 wt. % 

S4 88 wt. % 12 wt. % 

 

.3. RESULTS AND DISCUSSIONS 

3.1 Microstructure 

 

  
Fig. 1 (a) Al 6061+ 4 wt.% of TiC 

specimen 
Fig. 1 (b) Al 6061+ 8 wt.% of TiC 

specimen 

  
Fig. 1 (c) Al 6061+ 12 wt.% of TiC 

specimen 
Fig. 1 (d) Spot EDAX 

 

 

Element  Weight % Atomic % 

C K 25.29 57.45 

TiK 74.71 42.55 

Fig. 1 (e) EDAX spectrum Fig. 1 (f) Chemical Composition of Spot 

EDAX 
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Fig. 1 (g) Selected area for EDAX Fig. 1 (h) Chemical Composition 

Selected area for EDAX 
Fig.1 SEM images of developed compsites 

 

The above figures show the SEM images of the developed composites. The microstructure study reveals that the uniform 

distribution of TiC particles into Al 6061 Matrix material with minimal porosity and also the presence of TiC is confirmed 

through the EDS analysis. 

 

 
  3.2 ULTIMATE TENSILE STRENGTH: 

 

Fig. 2: Bar graph of Ultimate tensile strength v/s varying Wt.% of TiC 

From figure 2, it is inferred that the Ultimate tensile strength increases as the reinforcement increases. The tensile strength 

of the composite is higher than the base matrix material. The increase in the tensile strength is because of incorporation of 

hard Titanium Carbide particles into the soft Aluminium 6061 matrix material. The maximum ultimate tensile strength 

achieved for 12wt% of TiC is 167.410 MPa. The percentage of increase in tensile strength is found to be 46.5% for 12% 

compared to base Al alloy. 

 

The following table 3  shows the Tensile Test Results. 

Table 3: Tensile Test Results  

Specimen Ultimate Tensile 

Strength 

σu (MPa) 

% Elongation 

 

S1            114.82 8.56 

S2 132.208 7.64 

S3 148.560 6.46 

S4 167.410 5.02 
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Fig. 3: Elongation of Al 6061 with varying % of TiC 

Figure 3 shows the effect of TiC on the elongation of Al 6061. It is inferred from the results that the elongation of MMC 

decreases with increasing percentage of TiC content. The percentage decrease in elongation is found to be 41.35%. 

 

3.3 HARDNESS 

 

Figure 4 shows the effect of TiC on the hardness of Al 6061. It is inferred from the test results that, the hardness of MMC 
increases with increasing percentage of TiC content. This is because of the incorporation of hard, brittle TiC particles into 

the soft, ductile Al 6061 matrix material. The maximum micro Vickers hardness is found to be 165VH. The increase in 

percentage of hardness is found to be 107.28%. 
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Fig. 4: Hardness vs Vol.Wt% of TiC 
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3.4 WEAR 
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Fig. 5: Graph showing Vol.Wt% of TiC v/s Wear loss for 10N load 

 

Figure 5 show the effect of TiC on the wear loss of Al 6061 for 10N load. 
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Fig. 6: Graph showing Vol.Wt% of TiC v/s Wear loss   Fig. 7: Graph showing Vol.Wt% of TiC v/s Wear loss                

                                          for 20N load                                                                        for 30N load 

  
Figure6 and figure 7 show the effect of TiC on the wear loss of Al 6061 for 20N load and 30N load respectively. 

 

  Table 8: Wear test results 

 

TiC weight % Wear out 10N (g) Wear out 20N (g) Wear out 30N (g) 

0 0.0072 0.0156 0.0172 

4                0.004  0.0114 0.0126 

8 0.0037 0.0055 0.0059 

12 0.0013 0.0022 0.0045 

 

From the above test results, it is inferred that as the load increases, wear increases but whereas wear decreases as the 

percentage of reinforcement increases. This is because incorporation of hard, brittle TiC reinforcement resists wear. 

 

4. CONCLUSIONS 

1. The tensile strength increases with varying percentage of TiC (4wt%, 8wt% and 12wt% respectively).  

2. The hardness of the material increases with the increase in the percentage of TiC content for specimen of pure 

aluminium, 4wt%, 8wt% & 12wt% respectively. 

3. The wear rate decreased with increase of TiC content whereas when the load increases, wear increases. 

 

From the above results we found the composites having good hardness, tensile strength and also having the low density 
comparatively alloys with reinforcement. So that these composites could be used in those sectors where light weight and 

good mechanical properties are required as like in automobile and space industries. 
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