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Abstract  In the present research work, synthesis and characterization of in-situ Al-TiC composites was carried out. 
In-situ Al-TiC with 3%, 6% and 8% composite were produced by introducing carbon bearing activated charcoal in to an Al-Ti 
melt, thereby forming TiC particles in the melt. Wear characteristics of Al-TiC composites have been investigated under dry 
sliding. Dry siding wear tests have been carried out using pin-on-disk wear tester at constant sliding velocity and constant 
load. Weight loss of the samples has been measured and the variation of cumulative wear loss has been found to be linear. It 
is observed from the tests that increase in the percentage of TiC decreases the wear rate. SEM tests were performed on the 
prepared Al-TiC test specimens and micrographs show the formation of TiC in the composite. 
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1. Introduction 
Aluminium based particulate reinforced MMC’s are 

becoming favourite choice in many applications such as 
aviation, space, automotive and chemical industries [1]. The 
superiority of aluminium matrix composite material over 
conventional ones is their high strength, high elastic 
modulus, excellent friction and wear resistance and low 
expansion co-efficient [2]. TiC is used as reinforcement 
phase because of its high hardness, elastic modulus, low 
density, good wettability with molten aluminium and its 
low chemical reactivity [3]. 

Aluminium matrix composites are synthesized using 
ex-situ synthesis methods such as, powder metallurgy, stir 
casting, pressure infiltration etc. but the size of 
reinforcement in the composites is large, which leads to a 
limited improvement and bad interface between aluminium 
matrix and reinforcements [4]. Compared to ex-situ 
synthesis techniques, in-situ synthesis method is a new 
technique to prepare composites owing to many advantages 
like fine reinforcements, clean interface between matrix and 
reinforcement and good mechanical characterization [5]. 
In-situ processing is able to produce reinforcements in the 
order of 0.5-5 μm [8]. 

Fabrication of in-situ composites involves synthesizing 
the reinforcing phases directly within the matrix. This 
approach is  in contrast to  ex-situ composites, where the  
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reinforcements are synthesized separately and then 
introduced in to matrix during secondary process [9]. In-situ 
techniques involve a chemical reaction resulting in the 
formation of very fine and thermodynamically stable 
reinforcing ceramic phase within the matrix. This 
consequently provides thermodynamic compatibility at the 
metal reinforcement interface. Since reinforced surface is 
also likely to be free of contamination, a stronger 
matrix-reinforcement bond can be achieved [22]. 

In the present work Al-TiC composites have been 
developed via in-situ route. The microstructure and 
tribological properties have been studied and the results are 
presented. 

2. Experimental Procedure 
The in-situ process involves introducing carbon bearing 

activated charcoal in to an aluminium melt, there by forming 
TiC particles in the melt. In this procedure, a known quantity 
of Al-Ti master alloy is melted in the electric resistance 
furnace to 1200°C and carbon bearing activated charcoal 
powder was added in to the melt to meet the stoichiometry of 
TiC to complete the reaction for the formation of TiC 
particles inside the melt. The melt is allowed for the reaction 
time of 20 minutes. The degasser hexachloroethane was used 
to remove dissolved hydrogen gas from the melt. A small 
amount of potassium fluoride and sodium fluoride was added 
as a flux cover to remove the oxide film from the molten 
metal surface and to act as protective barrier to gas 
absorption and facilitating spontaneous incorporation of 
particles in to the melt. Afterwards the melt was cast in to rod 
form (20 mm in diameter and 250 mm length) in metallic 
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moulds to complete the process. Al-TiC composites were 
with varying weight percentages of reinforced particles 
Al-3TiC, Al-6TiC and Al-8TiC. The experimental setup for 
fabricating in-situ Al-TiC composites is shown 
schematically in Figure 1. 

 

Figure 1.  Schematic diagram of the apparatus for fabricating in-situ 
Al-TiC composites 

Microstructures of Al-TiC composites in the as cast 
condition were examined using scanning electron 
microscope (SEM). Dry sliding wear tests for the composites 
have been conducted using a pin-on-disk wear testing 
machine. Wear tests have been conducted using cylindrical 
pin shaped samples (30mm x ф 10mm) that had flat surfaces 
in the contact region. The pin is held stationary against the 
counterface of a 100 mm diameter rotating disk made of 
En-32 steel having hardness of 65HRC as provided on the 
pin-on-disk machine. The wear tests have been conducted 
under a constant speed of 300 rpm of the disk, for different 
loads of 1 kg, 2kg and 3kg. Pin weight losses have been 
measured at different intervals of time to determine weight 
loss. Again the wear tests are repeated on the composites for 
constant load condition using a load of 2 kg, for different 
speeds of 300, 400 and 500 rpm. 

3. Results and Discussion 
3.1. Microstructure analysis 

The SEM micrographs of the Al-TiC composites are as 
shown in Figure 2 (a-c). It was observed that Al-TiC 
composites prepared at 1200°C with 20 minutes of holding 
time have both Al3Ti and TiC particles. It is felt that the 
temperature was not sufficient to dissolve all the Al3Ti 
particles inside the melt. 

 

Figure 2(a).  SEM micrograph of Al-8TiC 

 

Figure 2(b).  SEM micrograph of Al-6TiC 

 

Figure 2(c).  SEM micrograph of Al-3TiC 

3.2. Wear Properties 

The results of the wear test are presented in the Table 1. 
The effect of increase in percentage of TiC on wear rate for 
constant load and constant speed condition is shown in the 
table. It is observed that with the increase in percentage of 
TiC in Al-TiC composites the wear rate decreases. 

Figures 3 and 4. show the variation of wear rate with 
variation in percentage of TiC at different speeds and loads. 
The wear rate decreases sharply as the percentage of TiC 
increases. This may be attributed to the incorporation of hard 
TiC particles resulting in improvement in the tribological 
properties of the composite. 

Table 1.  Wear test results of Al-TiC composites for constant load and 
constant speed condition 

% of 
TiC 

Speed 
(rpm) 

Wear rate 
10-8 (gm/mm) Load (kg) Wear rate 10-8 

(gm/mm) 

3% 

300 1.768 1 2.59 

400 2.65 2 3.65 

500 3.66 3 4.12 

6% 

300 1.173 1 1.23 

400 2.16 2 2.35 

500 2.16 3 1.85 

8% 

300 1.061 1 1.03 

400 1.14 2 1.56 

500 1.36 3 1.15 
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Figure 3.  Variation of wear rate with TiC volume fraction at different speeds 

 

Figure 4.  variation of wear rate with TiC volume fraction at different loads 

4. Conclusions 
TiC reinforced aluminium matrix composites were 

produced by the addition of carbon bearing activated 
charcoal powder in to Al-Ti melt successfully with different 
percentage of TiC. The following findings are concluded; 

1.  In this method, TiC forms by the reaction between 
carbon and titanium in the solution. 

2.  SEM micrographs confirm the formation of TiC in the 
prepared composites. 

3.  The wear rate increase linearly with the increase in 
normal load following archard’s law. 

4.  The wear rate is decreasing with the increase in 
percentage of TiC. 
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