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Abstract— This paper investigates the wear behavior of 

Mg/Tip (Mg)-based composites during dry sliding. 

Experiments were conducted using a pin-on-disc 

configuration against a hardened tool-steel counter-face 

under two different condition of varying speed and 

varying load keeping other variability constant. The 

composites exhibit slightly superior wear resistance under 

the lower load, but the effects of the Ti particulate 

reinforcements on wear resistance are not as conclusive 

under the higher load. Scanning electron microscopic 

(SEM) examinations of the worn composites identified the 

following wear mechanisms: abrasion, oxidation, adhesion. 

The useful range of Mg/Tip composites appears to be 

limited to loads and speeds below 98 N and 450 rpm, 

respectively. Under the sliding conditions, abrasion wear 

and oxidation wear becomes the dominating wear 

mechanisms at varying speed case causing gross 

deformation of the magnesium matrix at the contacting 

interface, thus rendering any component useless. Where 

under varying load, at higher load adhesive wear 

predominates all wear mechanism. 

Keywords— Mg/Tip (Mg)-based composite, Pin-on-disc 

wear test apparatus, Ti particulate, Wear mechanisms. 

 

I.  INTRODUCTION  

In the age of metals we have walked miles in obtaining the 
best couple for an operation. Dependency on needs and 
obtaining the best effective combination of metal is much 
necessary. Aerospace and automobile are the sectors requiring 
materials with high specific strength and stiffness. This leads 
to gross development of research activities in the fields of 
tailoring material properties. 

In the field of aerospace and automobile the lightest metal 
performs the best because of its high fuel efficiency [13].  So, 
much of the research activity aims providing high strength to 
weight ratio. Rather allowing elements to bond atomically, 
composite behaves a combination of the properties by fusing 
of the particles. A number of various combination of material 
are being tested for attaining some of the optimum properties. 
Commonly used light materials are aluminium, magnesium, 

titanium and their alloys. The reinforcement is in the form of 
fibres, whiskers and particulates. 

The ability to combine metallic properties (ductility and 
toughness) with ceramic properties (high strength and high 
modulus) leading to great strength in shear and compression 
and high service temperature capabilities enable the MMCs to 
meet the requirement of tribological applications [15]. 

Magnesium matrix composites reinforced with ceramic 
particles is a result of the fact that these composites possess 
superior properties and hence are potential candidate materials 
in number of applications. 

Compared to ceramic reinforcement phase, the wettability 
is more in-case of metal reinforcements.[12] Hence research 
activity focuses more on reinforcement phase for the matrix. 
Magnesium combined with titanium particulate have shown 
enhanced properties in recent research works [19]. Titanium 
reinforcement induces improved fatigue resistance, increased 
strength, increasing 0.2% yield strength and ultimate tensile 
strength of the matrix [14, 19]. It has been observed that the 
fracture toughness of the matrix generally decreases with 
increase in volume fraction of particulate [1]. Whereas the 
hardness and strength are observed to be increasing with 
increasing particulate content [9].  

The interface between the particles of metal plays a vital 
role in determining the various mechanical behaviour of the 
material. An intimate contact between the reinforcement and 
matrix have to be established through satisfactory wetting of 
the reinforcement by the matrix. [2, 8, 16] 

The prime objective of the experiment is to find the wear 
behaviour of Mg/Tip (vol. 8%) composite material. And 
thereby resolving the various wear mechanisms occurred, 
through Scanning Electron Microscope (SEM). 

The induction of metallic phase particle reinforcement 
improves the lubrication properties of the composite. This 
improves the tribological properties of the matrix metal. [21] 
The predominating wear mechanism due to plastic 
deformation of matrix material has considerably improved by 
the addition of metallic reinforcement. This generally 
transforms to three body abrasion when the boding between 
matrix and reinforcement is poor.[22] 
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II. EXPERIMENTAL PROCEDURE 

A. Material 

The matrix material selected was Mg/Tip (8% vol.) the 
chemical composition of the matrix material is magnesium 
90% and titanium 8% of the total volume respectively. 
Titanium is added as a reinforcement to the base matrix. 

 

B. Preparation of Specimen 

 
The Mg/Tip (vol. 8%) is obtained through powder 

metallurgy route. Magnesium being the matrix and titanium as 
reinforcement phase.  

Magnesium AZ31 metal powder (45µm) is mixed with 
fine titanium powder (10µm) using ball milling machine. Zinc 
metal powder in a very small concentration has been 
introduced as binder. This accounts 2% of the total volume. 

The material preparation is followed through powder 
metallurgy route. In cold compaction, a manual hydraulic 
press of 100 ton is used. To compress the powder mixture 
within, a high carbon high chromium die/punch (HRC 56) of 
size ϕ12*55 mm and clearance 0.001mm is used. 

Using liquid paraffin as lubricant the powder mixture is 
compressed to a load of 10 ton manually, where a of size 
ϕ12*20 mm cylindrical billet is obtained. Which later 
machined to the required dimension. 

Within a mean interval of time the specimens obtained are 
sintered to a temperature of 5120 C for 2.83 hr under Argon 
inert gas atmosphere. For this purpose a high temperature 
tubular furnace is used. The heating rate is maintained at 40 
C/min to facilitate ease evaporation of binder and lubricant 
trapped in the material during cold compaction and also to 
initiate the bond formation. After reaching the sintering 
temperature the specified time is provided. And post sintering 
temperature/cooling rate is maintained at 250 C/min in the 
controlled atmosphere. 
 

C. Hardness test 

 
Micro hardness measurements were made on the polished 

samples of the composite. The Vickers microhardness of the 
composite samples has been measured using a load of 30 kg 
for indention diagonal average length 0.5 mm. five set of 
measurement of microhardness is performed on the sample. 

 

D. Wear test 

 
The sliding wear tests were conducted using pin-on-disc 

wear test apparatus at room temperature of 250 C and 50% 
relative humidity. The disc of the polishing machine is made 
of E32 steel (HRC 65), diameter of 250mm, 0.02 um Surface 
rugosity (Ra) and weighing 5.25kg. The tests were carried out 

with varying velocity and loads, the wear time is maintained 
16 min for all sets of measurements. Precision electronic 
weight balance machine is used to calculate the wear mass 
loss by weighing specimens before/after wear tests. 

 

E. Microstructure analysis 

 

The microstructure of the prepared specimen is analysed 

by using a Scanning Electron Microscope with EDS & EBSD 

Systems at 500µm resolution for sintered composite. And the 

wear surface was analysed at 100 µm resolution. 

 

F. Plan of Experimen 

 
The experimental plan was formulated considering two 

independent variables, load and sliding speed where the 
sliding distance was maintained constant. The levels of these 
variables chosen for experimentation are given in Table I. 

TABLE I.  PARAMETER AND THEIR LEVELS 

Controllable 

factor 

Load (N) Sliding Speed 

(rpm) 

Sliding 

distance 

(mm) 

Level 1 98 (Const.) 150 – 750 

(Varied)  

3000 (const.) 

Level 2  49 – 137 

(varied) 

570 (Const.) 3000 (Const.) 

 

 

III. RESULT AND DISCUSSION 

The experiment is conducted and the wear data were 
obtained for various combination of parameters as shown in 
table 1. The microhardness test is performed on the samples 
and the average hardness values is found as Vickers hardness 
number (VHN). 

 

A. Wear result 

TABLE II.  WEAR BEHAVIOR AT CONSTANT LOAD 

S.No Speed 

(rpm) 

Load 

(N) 

Time 

(min) 

Wear 

(g) 

1 150 98 16 0.0004 

2 300 98 16 0.0007 

3 450 98 16 0.0008 

4 600 98 16 0.0010 

5 750 98 16 0.0012 
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Figure 3 Microstructural image showing composite specimen 

 

Figure 3 

 

Figure 4 Surface microscopy showing abrasive wear 

 

 

Figure 5 Surface microscopy showing adhesive wear 

 

TABLE III.   WEAR BEHAVIOR AT CONSTANT SPEED 

 

B. Graphs 

C. Microstructural analysis using Scannning Elecctron 

Microscope 

 
 

 

 

  

 

 

  

  

  

  

  

  

  

  

  

 

 

The result of wear data shows increasing rate of wear with 
increasing load and speed respectively. 

 
The scanning electron microscopy results of wear 

specimen shows, encase of increasing speed at constant load 
Fig.4, Abrasive wear and oxidation wear are the predominant 
wear mechanisms causing material removal. Where as in the 
latter case Fig.5, the increasing load leads to plastic flow of 
material with the increasing heat, and thereby causing 
adhesive wear and oxidation wear as predominant wear 
mechanism in material removal. 

 
The microstructural image Fig.3, of composite specimen 

shows uniform distribution of Ti particulates in Mg matrix. 
Where in some case the Ti particulate has agglomerated, this 
doesn’t affect much in material property. The porosity of the 
material is seen to be high, the surface is coarse and hence 
while sliding the coarse grained particle detaches easily to 
behave as a third body causing abrasive wear. This has been 
observed with varying sliding speed. Where Ti particle 
accelerates the material removal. 

S.No Speed 

(rpm) 

Load 

(N) 

Time 

(min) 

Wear 

(g) 

1 570 49 16 0.0002 

2 570 68 16 0.0005 

3 570 98 16 0.0009 

4 570 117 16 0.0010 

5 570 137 16 0.0011 

Effect of Speed on Wear Rate
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Figure 1 Effect of speed on wear rate 

Figure 2 Effect on load on wear rate 
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During sliding the reaction of atmospheric air with 

specimen resulting oxidation of the material, which leads to 
oxidation wear. It has been seen in both the case. 

The wear plots Fig.1 and Fig.2, shows linear increment in 
material loss with increasing load and sliding speed. 

 
At low speed, medium load (150*98) the wear rate is less 

compared to high speed medium load (750*98). Similarly at 
low load, moderate speed (49*570) is very significant to that 
of high load moderate speed (137*570). 

 
The 8% volume fraction of Ti in Mg matrix has shown 

considerable effect in increasing wear behaviour of the 
composite.  

D. Microhardness test 

TABLE IV.  MICROHARDNESS TEST READINGS 

Sl No Position A Position B Total 

Hardness 

mm 

Vicker’s 

hardness 

(VHN) 

1 2 47 0.147 42.9 

2 2 45 0.145 44.1 

3 2 35 0.135 50.9 

4 2 40 0.140 47.3 

5 2 16 0.116 68.9 

 

The micro hardness test shown wealthy result of 50.82 
VHN on an average for the Mg/Ti (vol. 8%) specimen. 
 

IV. CONCLUSION 

From the experimental studied the following aspects are 

concluded, 

1) The microstructural image of the composite shows 

uniform distribution of Ti particulate in the Mg 

matrix metal. The porosity of the metal is seen to be 

high and the surface is coarse. 

2) An average value of microhardness of the composite 

is found to be 50.82 VHN. 

3) Wear result showed abrasion wear as the 

predominant material removal mechanism encase of 

increasing speed. Where adhesive wear as 

predominant encase of increasing load. Oxidation 

wear is seen in both the cases which reduces with 

increasing in load and speed respectively. 

4) The experimental result showed L*S*D (load N, 

Speed rpm, Distance mm) [49*570*3000] has the 

least wear rate. 

5) At upper moderate speed and low load the material 

removal is found to very significant compared to 

other combinations. 

6) The wear result is seen to be influenced by the 

lubrication property of reinforcement particle. 
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