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Introduction 

In this technological market, demands are for developing 

much new advanced material in account of suitable economic 

factor. Now-a-days one of an advance property of materials is 

coming out in demand i.e. tribological properties. Tribology 

generally includes wear, friction and lubrication properties of a 

material. 

 Many tribological investigations are carried out about 

ceramic composites to measure their metallurgical/mechanical 

properties [1-6]. Ceramic particles/fibers (e.g. Al2O3/TiO2) 

reinforced composite materials are extensively used in the 

applications where tribological properties are important. 

Ceramic composite with base material metal/metallic oxide 

exhibits extraordinary wear resistance and are used in gears, 

bearings etc [7-9].  

 One of the considerable potential ceramic oxides is 

Alumina due to its excellent mechanical properties such as 

excellent wear resistance and hardness etc [10]. For fabrication 

of metal matrix composites, Aluminum alloys are being widely 

used as matrix material which is reinforced with alumina 

particles. Alumina ceramics have excellent thermal stability 

[11]. This composite can be used in aircraft parts, automotive 

parts & engine blocks, engine pistons and other part which 

operates under severe friction conditions [12]. Highly pure 

alumina ceramics is ideal for hostile environment where 

resistance to both wear and corrosive substances are used.  

Another one ceramic composite is Titanium dioxide which has 

poor mechanical properties. So a combination of alumina & 

titanium gives a better ceramic composite which can give better 

wear resistance than that of pure alumina. Copper matrix 

composites exhibits wide range of properties and are used in 

sliding electrical contacts of welding electrodes, transfer 

switches, railway overhead current systems and other electrical 

applications. Copper matrix composites reinforced with 

Alumina particles gives a better wear resistance and better 

refractory properties than non-reinforced copper. Copper-

alumina matrix gives a better wear resistance as compared to 

pure copper metal or pure alumina.  

 In this investigation, aim is to prepare a matrix of alumina 

oxide, titanium dioxide and copper with varying compositions 

and then different test carried out to find out there wear rate.  

Experimental Procedure 

 The ceramic composite will be prepared by mixing all 

powders i.e. Al2O3, TiO2 & Cu. Melting point of this 

constituting powder are given in Table 2.1. There are three 

sample prepared with different weight percentage ratio. Weight 

of Powders was taken by help of weighing machine. Specimen-1 

constitute by 50 wt % of Cu + 25 wt % of Al2O3 + 25 wt % of 

TiO2, Specimen-2 constitute by 50 wt % of Cu + 35 wt % of 

Al2O3 + 15 wt % of TiO2 and Specimen-3 constitute by 50 wt % 

of Cu + 15 wt % of Al2O3 + 35 wt % of TiO2. Powders were put 

in a mortor which is homogenized by help of pestle. 6-10 drops 

of „PVA solution‟ (binder) was put in the mixture for better 

adhesion strength. Again the stirring process continuing in the 

mortar till they became dry powder. In this way three specimens 

powder have been made and collected in a container. To give a 

desired shape, pressure is applied axially by the help of die and 

punch assembly. Die & punch are cleaned by acetone solution 

before use. Powder was put in to the die slowly with avoiding 

large vacant position inside and also for avoiding loss of powder 

to outside the die. Then punch was inserted in to the die. This 

assembles part kept inside the axial pressing machine. Pressing 

is carried out with dwelling time of 2 minute and with a load of 

4 tons. This compressed pellet taken out from die and again
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compressed in opposite direction to form a rectangular 

compacted section. This green pellets cannot directly use in this 

experiment because it is weak and can break. So sintering 

carried out. Three pellets are labeled in a suitable way before 

sintering so that the label cannot disappear during operation. All 

specimens are kept in a cleaned silica disc and inserted in to the 

furnace. Furnace temperature gradually increases with a rate of 

3°C/min from 100°C to 700°C with soaking time of 1 hour. 

Then furnace cools to room temperature by natural cooling. 

Heating & cooling are carried out slowly to avoid any damage to 

the specimen and for specimen strengthening [13]. Now the 

specimens are ready for wear experiment. The overall 

experimental setup is shown in figure 2.1. 

Table 2.1 Materials used in specimen and their melting 

points 
Materials Chemical formula Melting Point (°C) 

Alumina Al2O3 2072 

Titanium oxide  TiO3 1843 

copper Cu 1083 

 

 

Fig 2.1 Pin-on-disc setup 

Testing for wear rate 

 Initial weight of the specimen was masured by using 

weighing machine. The specimen was clamped to the flat. Load 

of 20 N was applied on the flat. The specimen was kept in 

contact with disc. The disc was rotated by help of motor at a 

given speed for 5 minutes. After 5 minutes, the disc was 

stopped. The specimen was removed from the clamp. Final 

weight of the specimen was taken. Weight loss was calculated 

by using the following formula: 

ΔW = IW−FW 

Where ΔW is weight loss, IW is initial weight, FW is final 

weight. Wear rate in N/m was calculated by using the following 

formula: 

WR= ΔW/dsd 

Where WR is wear rate, dsd is sliding distance. Sliding distance 

was calculated by using the following formula: 

dsd=2ᴨrNt 

Where r is radius of wear track, N is sliding speed in RPM 

(revolutions per minute) of disc, t is time for which disc rotates. 

Sliding speed (v) in m/s is calculated by using the following 

formula: 

v=2ᴨrN/60 

Wear track radius was measured and its value was 5.25 cm. 

Wear rate was calculated for three 

Specimens at three different sliding speeds for 500, 750 and 

1000 RPM. Graphs were plotted between wear rate and sliding 

speed for three specimens. 

Results and Discussion 

 Figure 4.1, 4.2 and 4.3 shows the wear rate vs. sliding 

speed of specimen-1. In figure 3.1, it is observed that wear rate 

decreases from 3.089 X 10
-6 

N/m to 0.362X 10
-6 

N/m as there is  

increase in sliding speed from 2.75m/s to 5.50m/s and sliding 

distance from 824.67 m to 1649 m (shown in Figure 4.1). In 

figure 4.2, it is observed that wear rate decreases from 10.267 X 

10
-6 

N/m to 1.872 X 10
-6 

N/m as there is increase in sliding 

speed and sliding distance in the same way as that of specimen-

1. (Shown in Figure 4.2). In figure 4.3, it is observed that wear 

rate decreases from 5.133X 10
-6 

N/m to 0.909X 10
-6 

N/m as 

there is  increase in sliding speed and sliding distance in the 

same way as that of specimen-1. (shown in Figure 4.3). 

Table 4.1 Wear rate of specimen 1 
Sl. 

No. 

Sliding 

Speed 

(m/s) 

Initial 

Weight 

(gm) 

Final 

Weight 

(gm) 

Weight 

Loss 

(∆W) 

Sliding 

Distance 

(dsd) (m) 

Wear 

Rate X 

10
-6

 

(N/m) 

1 2.75 8.532 8.272 0.260 824.67 3.089 

2 4.12 8.111 7.965 0.146 1237 1.156 

3 5.50 7.965 7.904 0.061 1649 0.362 
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Fig 4.1 Graph between wear rate and sliding speed for 

specimen 1 

Table 4.2 Wear rate of specimen 2 
Sl. 

No. 

Sliding 

Speed 

(m/s) 

Initial 

Weight 

(gm) 

Final 

Weight 

(gm) 

Weight 

Loss 

(∆W) 

Sliding 

Distance 

(dsd) (m) 

Wear 

Rate X 

10
-6

 

(N/m) 

1 2.75 8.194 7.330 0.864 824.67 10.267 

2 4.12 7.217 6.626 0.591 1237 4.682 

3 5.50 6.626 6.311 0.315 1649 1.872 
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Fig 4.2 Graph between wear rate and sliding speed for 

specimen 2 
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Table 4.3 Wear rate of specimen 3 
Sl. 

No. 

Sliding 

Speed 

(m/s) 

Initial 

Weight 

(gm) 

Final 

Weight 

(gm) 

Weight 

Loss 

(∆W) 

Sliding 

Distance 

(dsd) (m) 

Wear 

Rate X 

10
-6

 

(N/m) 

1 2.75 8.552 8.120 0.432 824.67 5.133 

2 4.12 8.120 7.883 0.237 1237 1.878 

3 5.50 7.883 7.730 0.153 1649 0.909 
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Fig 4.3 Graph between wear rate and sliding speed for 

specimen 3 

From the above graphs, we find that as the sliding velocity 

is increasing, the wear rate is decreasing. Wear rate is inversely 

proportional to the sliding velocity, which is supporting the 

theory, i.e. as the sliding speed increased, the coefficient of 

friction decreased [20]. In specimen 2, the wear rate of was 

found to be very high. This is due to very high alumina content 

(35%) which is more than the optimum amount. Due to very 

high alumina content, there is lack of proper binding and fusion 

in preparation of composites. Wear rate of specimen 1 was 

found to be very low as it contained proper combination of 

alumina (25%) and titanium dioxide (25%). Wear rate of 

specimen 3 was more than specimen 1 but much less than 

specimen 2 because the percentage of alumina (15%) is low as 

compared to optimum amount. Due to very low alumina content, 

strength of the composite reduces which results in higher wear 

as compared to specimen 1. 

Conclusions 

 The present investigation aimed at comparison of wear 

rates of three composites made from different percentage of 

copper, alumina and titanium dioxide. The analysis was carried 

out by fabricating the experimental setup, preparing the three 

composites and performing the wear test on the specimens. 

Graphs between wear rate and sliding velocity were plotted for 

the three specimens and wear rates of three specimens were 

compared.  

It draws the following conclusions: 

a) Wear rates of all three specimens decreased with increase in 

sliding velocity. 

b) Specimen 2 having alumina content higher than the 

optimum amount showed higher wear. Specimen 1 having 

proper combination of alumina and titanium dioxide showed 

very low wear rate. Specimen 3 having alumina content lower 

than optimum amount showed higher wear rate. 

c) Amount of alumina and titanium dioxide content affects the 

wear rate. Proper combination of alumina and titanium dioxide 

results in high wear resistance of the composite. 

References: 

[1] Deng Jianxin, Cao Tongkun, Ding Zeliang, Liu Jianhua, Sun 

Junlong, Zhao Jinlong, “Tribological behaviors of hot-pressed 

Al2O3/TiC ceramic composites with the additions of CaF2 solid 

lubricants, European Ceramic Society, 26, 2006, 1317- 1323 

[2] Q. Fang, P. Sidky, M.G. Hocking, “Erosive wear behaviour 

of aluminium based composites. Materials & Design, Vol. 18, 

Nos. 4/6, 1997, 389-393 

[3] B. Prakash, J. Mukerji and S. Kalia, “Tribological properties 

of Al2O3/TiN composites. Am. Ceram. Soc. Bull., 77(9), 1998, 

68-72. 

[4] M. A.Chowdhury, M. K. Khalil, D. M. Nuruzzaman, M. L. 

Rahaman, “The Effect of Sliding Speed and Normal Load on 

Friction and Wear Property of Aluminum” IJMME-IJENS, Vol: 

11 No: 01, 2009, 53-57. 

[5] Winzer Jami, Weiler Ludwig, Pouquet Jeanne, Rodel Jurgen, 

“Wear behaviour of interpenetrating alumina-copper 

composites”, Wear, Vol. 271, Issues 11-12, 2011, 2845-285. 

[6].Deng, Jianxin, Friction and wear behavior of 

Al2O3/TiB2/SiCw ceramic composite at temperature up to 800 

◦C. Ceram. Int., 27(2), 2001, 135-141. 

[7]Xingzhong Zhao, Jiajun Liu and Baoliang Zhu, “Wear 

behavior of Al2O3/TiCN composite ceramic sliding against pure 

Al, Fe and stainless steel”, Ceram. Int., 23(3), 1997, 197-202. 

[8] R. Westergard, A.  Ahlin and N. Axen, “Sliding wear and 

friction of Si3N4/SiC-based ceramic composites containing 

hexagonal boron nitride”, J. Eng. Tribol., 212(5), 1998, 381-

387. 

[9] S. R. Bakshi, D. Lahiri and A. Agarwal, “Carbon nanotube 

reinforced metal matrix Composites-a review”, International 

Materials Reviews, vol 55, No. 1, 2010, 41-64. 

[10] 

http://www.substech.com/dokuwiki/doku.php?id=wear_resistant

_alumina_coatings, june 25, 2013. 

[11] Shoso Shingubara, “Fabrication of Nanomaterials Using 

Porous Alumina Templates”, Journal of Nanoparticle 

Research, Vol. 5, Issue 1-2, 2003, 17-30. 

[12] http://pubs.acs.org/doi/pdf/10.1021/ie50636a003, June 25, 

2013. 

[13] P. Stephen Meador, B. S. Thesis: “Consideration of Wear at 

High Velocities”, Air Force Institute of Technology, Air 

University, 2010. 

 

 

http://www.substech.com/dokuwiki/doku.php?id=wear_resistant_alumina_coatings
http://www.substech.com/dokuwiki/doku.php?id=wear_resistant_alumina_coatings
http://link.springer.com/search?facet-author=%22Shoso+Shingubara%22
http://link.springer.com/journal/11051
http://link.springer.com/journal/11051
http://link.springer.com/journal/11051/5/1/page/1
http://pubs.acs.org/doi/pdf/10.1021/ie50636a003

