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Abstract 
The type and weight percentage of reinforcement play important role in microstructure and sliding wear resistance of the 

composite. The low melting point nonferrous metal matrix composites Tin- Graphite and Tin-Iron metal matrix composites are 

cast by the liquid stir casting technique with up to 5 and 15 weight percentages of carbon and iron respectively as reinforcements. 

The sliding wear characteristics are important if the specimens are used as bearing materials for light duty applications. The 

specimens are polished and etched for microstructure examination to verify the homogeneous dispersion of reinforcements in the 

matrix. The microstructure examination reveals the uniform dispersion of reinforcements in the matrix. The specimens are also 
subjected to dry sliding wear on Pin –on –disc wear testing equipment and the weight loss method technique was used to find 

specific wear rate at the respective sliding distance. The cumulative specific wear rates and friction coefficients are plotted 

against sliding distance. The specific wear rate curves show the necessity of an optimum weight percentage of reinforcements in 

the composite to reduce the wear rate. The frictional coefficient versus sliding distance curves show the decrease in frictional 

force at higher sliding distances as the weight percentage of particulates increases. At higher sliding distances, in case of the Tin 

–Graphite composite the surface of the specimen observed to be smooth which makes the graphite particles to expose as flakes 

and act as solid lubricant to reduce wear. The scanning electron microscope image of the surface which is normal to the sliding 

surface also studied to verify the flake formation during wear. Both mild and severe wear regions are observed. 
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1. INTRODUCTION 

In present decade metal matrix composites are attracting 

enormous interest to researchers [1,2 and 3]. In low 

temperature application bearings to improve wear resistance, 

it is compulsory to apply a lubricant to reduce wear. Self 

lubricated bearing composite material containing lubricant 

exposed automatically during the use has therefore become 

an important branch of wear material and requires careful 

research to prevent degradation and save the life of 

component [4 and 5].   Most of the research articles come up 
with a number of technical solutions for the wear and 

frictional problems in metal matrix composites and provided 

a major framework for the practical analysis [6, 7 and 8]. 

One of the most important solid lubricant materials used is 

graphite. During the optimum conditions the metal graphite 

composites become self lubricating by transferring graphite 

flakes to the contacting surface as thin film to prevent a 

direct physical contact between the mating surfaces [9, 10 

and 11]. The success rate of metal matrix composites 

depends on the ability of the graphite flakes to come out of 

their embedded form from the matrix and spread evenly in 
the form of a solid metastable lubricating film over the 

abrading surfaces to provide lubrication. Wear resistance 

and hardness increase was observed for the optimum size 

and quantity of Graphite particles in the matrix [12 and 13]. 

There is influence of different loads, abrasive particle size of 

wear disc and sliding distance on the wear rate while 

experimenting on pin-on-disc wear testing machine [14, 15 

and 16]. The wear tests were performed under dry 

conditions with a pin-on-disc machine.  There is provision 

to change speed of the disc, track radius and load on 

specimen during testing. The pin-on-disc apparatus is a 

sturdy versatile machine, which facilitates study of friction 

and wear characteristics in sliding contacts under desired 
conditions.  The sliding occurs between the stationery pin 

and a rotating disc. The normal load, rotational speed and 

wear track diameter can be varied to suit the test conditions.  

The tangential frictional force in Newton and wear in 

micrometers are monitored with electronic sensors and 

recorded. 

 

This study presents systematic investigation on the 

microstructure of Tin-Graphite and Tin – Iron metal matrix 

composites. The distribution and interparticle distance play 

important role in deciding the property of composites. Study 

also focuses on the possibility of agglomeration or poor 
dispersion of reinforcements in the matrix. There are limited 

studies on wear behaviour of low melting temperature metal 

matrix composites containing Graphite as the reinforcement. 

In the literature, previous studies were mostly concentrated 

on conventional alloys containing solid solutions or 

intermediate phases. 
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2. EXPERIMENTAL DETAILS 

2.1 Wear Study 

The dry sliding wear pattern is studied. The experiments are 

conducted on pin-on-disc wear testing machine. The 

specimens are prepared using micro-cut machine and 

subsequently turned to the required size. The standard 

cylindrical specimen of 8mm diameter and length 20mm is 

used for the study. First the specimen is weighed and 

positioned on the specimen holder of the machine. The track 
diameter and disc speed were selected as 110mm and 

960rpm respectively. Each specimen was run for two hours 

and weight loss was noted for every 15 minutes of disc 

running. Before taking the actual readings a trial run of 30 

minutes is provided to each specimen. The experiment was 

repeated for two samples and the average weight loss was 

considered. The specific wear rate was calculated from the 

equation 1. 

 

Nm

mm3

load x distnace sliding

loss volume
  rate wear Specific 

 
------------- (1) 
 

Where, Volume = Weight/Density 

Sliding distance in meters for 15 mins of run 

(m) = π D N x 15/ 1000 

Track radius (D) = 110 mm. 

RPM of disc (N) = 960 

Load = 500 grams 

 

The behaviour of the composite with respect to the wear rate 

is analyzed by plotting the graph of cumulative specific 

wear rate against sliding distance. Friction coefficient values 
are also compared with sliding distances. To analyze the 

surface and subsurface of the wear region, the SEM image 

of the surface, which is normal to the contacting surface is 

analyzed. 

 

2.2 Microstructure Analysis 

Initially major burrs are removed using belt polisher. 

Further, specimens are polished with emery papers of 1/0, 

2/0, 3/0, and 4/0. Mirror like polished surface is obtained by 

polishing on disc polisher where the polishing disc is 

covered with velvet clothe. Fine alumina paste is used as 

abrasive during polishing on disc polisher. Specimens are 

washed with cold water and quickly dried with ethanol. 
Dried specimens are etched with Nital, washed and dried 

after exposing for optimum duration with etchant. Inverted 

metallurgical microscope is used to record the 

microstructure at 200X. 

 

3. RESULTS AND DISCUSSION 

3.1 Microstructural Features 

The microscopic images of polished and etched surfaces for 

different Tin-Carbon composites are shown in Figure 1 and 

different Tin-Iron composites are shown in Figure 2. 

 

Microstructure of both types of composites are recorded and 

analyzed. In both verities there is uniform dispersion of 

particles in the matrix. There was no agglomeration of 

reinforcements since sufficient care was taken to prevent 

agglomeration by preheating the particulates to 300
0
C. 

Microstructures show the uniform dispersion of Graphite 
particles on the matrix. 

 

3.2 Wear Property 

Figure 3 shows the results of wear test as specific wear rate 

versus sliding distance for Tin - Graphite composites. 

During the beginning of run the wear rate of all the Tin - 

Graphite composites are similar and also severe. This may 

be due to the improper contact of the mating specimen 

surface with the disc surface. During the moderate running 

durations, one weight percentage Graphite reinforced 

composite shows high wear resistance as compared to other 

variety graphite groups. The strain hardening index of Iron 

is higher than graphite; the strain hardening effect reduces 
the wear resistance. Increase in weight percentage of 

graphite reduces strain hardening effect, which increases 

wear rate during moderate sliding distances. At higher 

sliding distances the wear rate decreases as the weight 

percentage of particulate increases in the matrix. As the 

weight percentage of graphite increases wear resistance 

decreases at higher sliding distances. During abrasion, the 

graphite flakes expose to the surface at higher sliding 

distance and the volume percentage of flakes exposed 

increases with the weight percentage of reinforcements 

present in the composites to reduce the wear. Figure 4 shows 
the graph of friction coefficient versus sliding distance for 

the Tin Graphite composites. There is decrease in the 

friction coefficient values as the weight percentage of 

Graphite increases in the composites. The synergetic effect 

of strain hardening and surface flake formation may be 

responsible to these phenomena. Figures 5 and 6 show 

similar trend with better wear resistance and lesser frictional 

coefficient values compared to Tin – Graphite composites. 

As the weight percentage of Iron increases in the composite, 

the higher strain harden index Iron particles present in the 

matrix strongly increases work hardening effect as the 

running distance increases. Hence slope of the specific wear 
rate versus sliding distance curve is less compared to that of 

Tin – Graphite curves. Figure 6 shows the average steady 

friction coefficient values for greater percentage iron 

reinforced composites even at higher sliding distance. 

Figure 7 shows the SEM image for flake formation on the 

surface and subsurface layers of the contacting surface for 5 

weight percentages of Graphite in the composite. This 

shows the solid lubricating effect of the composite during 

sliding to reduce the wear. 
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4. FIGURES 

 
(a)                                                                        (b)                                                               (c) 

 

Fig 1 Microstructures of a) 1%, b) 3%, c) 5% weight percentages graphite reinforced with Tin at 200x. 

 

 
(a)                                                                        (b)                                                               (c) 

 

Fig 2 Microstructures of a) 5%, b) 10%, c) 15% weight percentages Iron reinforced with Tin at 200x. 
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Fig 3 Wear rates for Tin-graphite composites 
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Fig 4 Friction coefficient vs. sliding distance 
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Fig 5 Wear rates for Tin-Iron 

 

0.00 0.45 0.90 1.35 1.80 2.25 2.70 3.15 3.60 4.05 4.50 4.95

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

 1%  Iron

 3%  Iron

 5%  Iron

 10% Iron

 15% Iron

F
ri

c
ti
o

n
 c

o
e

ff
ic

ie
n

t 
(µ

)

Sliding distance, Km

 
Fig 6 Friction co-efficients for Tin-Iron 
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Fig 7 SEM image of Tin–Carbon composite graphite Flake formation on wear surface 

 

 

5. CONCLUSION 

Inspite of dispersion problem of reinforcement in stir casting 

process due to the difference in densities of matrix and 

reinforcement, it is possible to obtain sound casting. 

However following conclusions can be drawn from the 

results of the present study conducted on Lead-Graphite 
composites. 

 Even though Graphite is softer the solid lubricating 

effect reduces the wear rate at longer sliding 

distances and is evident from the SEM Image. 

 Friction coefficient values of the composites 

decreases at higher sliding distances with the 

increase in the weight percentage of both types of 

reinforcements. 

 Friction coefficient values remains almost constant 

at higher sliding distances for 5 weight percentage 

of Graphite in the composites. 

 Slope of the specific wear rate versus sliding 
distance curve is less for Tin – Iron composites 

compared to that of Tin – Graphite curves. 

 Wear rate and friction coefficient are minimum at 

higher sliding distances for the higher weight % of 

particulates in the composite. 

 There is better dispersion of the particulates in the 

maerix in both verities of composites. 
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