
International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 7, Issue-9, Sep.-2019, http://iraj.in 

Effect of Nano-Sized TiO2 Particles on the Wear Behaviour of Aluminium Composites Synthesized by Stir Casting Method 

 

53 

EFFECT OF NANO-SIZED TIO2 PARTICLES ON THE WEAR 

BEHAVIOUR OF ALUMINIUM COMPOSITES SYNTHESIZED BY 

STIR CASTING METHOD 
 

1
RAGHU S, 

2
H M NANJUNDASWAMY, 

3
M SREENIVASA 

 

1,3Assistant Professor, Industrial and Production Engineering Department, PES College Of Engineering, Mandya 571401, 
Karnataka, India 

2Professor, Industrial and Production Engineering Department, PES College of Engineering, Mandya 571401, Karnataka, 
India 

E-mail: 1raghus719@gmail.com, 2hmnanjunda@gmanil.com, 3srujasreeyogesh@gmail.com. 
 

 
Abstract - The Aluminium based Metal Matrix Nano Composites can be used in numerous applications because of their 
splendid Mechanical, Tribological Properties and Light Weight compared to Micro composites. The Nano Particulate 
Composites were synthesized by using bottom pouring stir casting technique in the wt. % of 0, 4, 8 and 12 with the 60nm 
Particle of TiO2 and LM0 Aluminium alloy. The Brinell Hardness Number and resistance to Wear rate will be gradually 
increased when compared with micro sized particulate composites because there will be more number of smaller nano 

particles in the given volume which act as barrier and increases resistance to wear. The wear test was conducted by varying 
speed and load and by keeping sliding distance constant for 3000m, the varied speed are 200, 300 and 400 rpm and the load 
applied are 1, 2 and 3 kg respectively. The rate of wear is measured in terms of height loss in microns. The 12 wt. % TiO2 
particles will have more wear resistance compared with any other wt. % because of brittle nature of nano TiO2 particles. 5 
wt. % of Magnesium was added to the melt in order to improve the wettability of the composites. 
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I. INTRODUCTION 

 

Cammarata R [1] defined nanocomposite as a 

multiphase solid material where one of the phases has 
one, two or three dimensions of less than 100 

nanometers (nm), or structures having nano-scale 

repeat distances between the different phases that 

make up the material. The mechanical, electrical, 

thermal, optical, electrochemical, catalytic properties 

of the nanocomposite will differ markedly from that 

of the component materials. 

Metal matrix composites (MMCs) reinforced with 

nano-particles, also called Metal Matrix Nano-

Composites (MMNCs), and is being investigated 

worldwide in recent years, owing to their promising 
properties suitable for a large number of functional 

and structural applications. The reduced size of the 

reinforcement phase down to the nano-scale is such 

that interaction of particles with dislocations becomes 

of significant importance and, when added to other 

strengthening effects typically found in conventional 

MMCs, results in a remarkable improvement of 

mechanical properties [2]. 

Metal Matrix Nano-Composites are composed of a 

metallic matrix (Al, Mg, Fe, Cu etc) and a dispersed 

Nano Ceramic particles (oxide, carbides) or metallic 

phase( Pb, Mo, W etc). Nano-Ceramic reinforcement 
may be silicon carbide, boron, alumina, titanium di-

oxide, silicon nitride, boron carbide, boron nitride etc. 

MMNCs exhibit significant improvement in physical 

and mechanical properties compared with micro and 

macro aluminium matrix composites and 

unreinforced aluminium alloys, such as in strength, 

elastic modulus, fatigue resistance and tribological 

properties. 

Nano Particulate reinforced aluminium alloy 

composites have shown a significant improvement in 
tribological properties including sliding and abrasion 

wear resistance, and seizure resistance [3]. Thus, 

much research has been conducted on nano 

particulate metal matrix composites for tribological 

applications due to the advantages of MMNCs such 

as good wear resistance, high load carrying capacity 

and light weight. Some studies show that these nano 

composites have potential for applications subjected 

to abrasive wear conditions. High wear resistance of 

nano particle reinforced MMCs due to the ceramic 

particle content, which protects the metal matrix from 
wear. One of the major problems with the aluminium 

alloys that limit their tribological performance is their 

relatively poor seizure resistance in comparison to 

cast iron under dry sliding conditions. 

The incorporation of ceramic materials in an alloy 

increases, its load carrying capacity and hence the 

load and sliding speed range within which dry sliding 

wear is mild. This has been investigated in detail by 

many researchers and opens new opportunities for the 

employment of Al-based metal matrix composites in 

applications where sliding resistance is of concern. 

The investigation of the wear behavior of Al-MMCs 
against friction materials has received particular 

attention because of the possibility of using these 

materials for disc brakes in an automotive application 

[4]. With respect to the conventional cast iron, Al-

MMNCs offer promising advantages, such as lower 

density and higher thermal conductivity [5]. 
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The processing routes of recently developed 

composites could be broadly classified according to 
state of the metallic matrix and reactants during 

processing. Accordingly, the processing routes can be 

classified into four categories: (a) solid–liquid 

reaction process; (b) vapour–liquid–solid reaction 

process; (c) solid–solid reaction process, and (d) 

liquid–liquid reaction process. In the present work, 

solid-liquid reaction has been used to generate nano 

particle reinforced aluminium matrix composites. 

Stir casting is one of the most widespread liquid-

based techniques employed for MMNCs production, 

due to its simplicity and cost effectiveness; moreover, 

it is suited to be applied to large volumes of metal [6–
8]. The reinforcing phase is usually added to the 

matrix and distributed in the molten state by applying 

mechanical stirring through an impeller. Due to the 

low wettability of nanoparticles within the molten 

matrix, their tendency to agglomerate, and the 

differences in density between particles and matrix, it 

is usually difficult to obtain a homogeneous 

distribution of the nano-reinforcement. This results in 

clustering of nanoparticles [6, 9, 10, 11–13]. Stir 

casting technique is known as the most economical 

method for production of metal matrix composite 
because of its important advantages, e.g., the wide 

selection of materials, better matrix particle bonding, 

easier control of matrix structure, simple and 

inexpensive processing, flexibility and applicability 

to large quantity production and excellent 

productivity for near-net shaped components. 

Now a day’s researchers all over the world are 

focusing mainly on aluminium because of its unique 

combination of good corrosion resistance, low 

density and excellent mechanical properties. The 

unique thermal properties of aluminium composites 

such as metallic conductivity with coefficient of 
expansion that can be tailored down to zero, add to 

their prospects in aerospace and avionics. 

The use of Nano-TiO2 reinforcement in a metal 

matrix has a potential to create a material with a high 

thermal conductivity, excellent mechanical properties 

and attractive damping behaviour at elevated 

temperatures. TiO2 has received attention as 

reinforcing phase as it is found to increase the 

hardness, tensile strength and wear resistance of 

aluminium metal matrix composites. Titania or 

Titanium Di-Oxide (TiO2) exists in a number of 
crystalline forms the most important of which are 

Anatase and Rutile. Pure titanium dioxide does not 

occur in nature but is derived from ilmenite or 

Leuxocene ores. Rutile is the thermodynamically 

stable form of titanium dioxide; Anatase rapidly 

transforms to rutile above 700 0C. Rutile melts 

between 1830 
0
C and 1850 

0 
C [14] so in the present 

work Rutile Grade Nano TiO2 is Used as 

reinforcement. 

H M  Nanjundaswamy et al[ 15] analyzed the effect 

of forged and un-forged magnesium based 

composites synthesized by using bottom pouring stir 

casting technique and showed how the BHN will vary 

in the forged and un-forged composites. The BHN 
values showed more for the forged composites when 

compared with un-forged composites because of 

decreased porosity and grain size altered in the forged 

composites. 

Siddesha S. Et al. [16] studied the effect of hardness 

by adding TiO2 particles to aluminium metal matrix 

composite fabricated through stir casting method. The 

Metal Matrix Composite is prepared with varying the 

TiO2 volume fraction which ranges from 2% to 8%. 

The BHN results show that hardness of the composite 

material increases with increasing the TiO2 content in 

the composite materials. The hardness of aluminium 
2024/TiO2 metal matrix composite is 104.6 BHN at 

2% of TiO2 content. The hardness of 4% of TiO2 is 

108 BHN but when add 6% and 8% of TiO2 with 

aluminium 2024 hardness is increases to 116 BHN 

and 124 BHN respectively. 

M Karbalaei Akbari et. al [13] observed that the 

variation of weight loss and wear rate of composites 

versus reinforcement content. The wear resistance of 

composites is higher than that of the non-reinforced 

alloy. The presence of ceramic nanoparticles could 

shield the matrix and TiO2 phases from direct 
experience of applied load from the counter face. 

Moreover, since nanoparticles are on the surface, it 

causes part of the shear strains built up in the 

subsurface to get relieved. 

Maninder Singh et.al [17] conducted the Tribological 

test for Aluminium reinforced with TiO2 produced by 

Stir casting method, They reported that the wear 

resistance of the composites improved with 

increasing amounts of reinforcement, which were 

particularly effective under the higher sliding speeds. 

Satinder Singh et. Al. [18] compared the wear 

behaviour for Pure Aluminium, Al+ SiC (Nano & 
Micro), Al+ Al2O3 (Nano& Micro) composites done 

for two normal loads of 3Kg at constant speed 500 

RPM. The tests were conducted in air having relative 

humidity in range from 40 to 75 % with room 

temperature of 30-32°C. The wear resistance was 

found to increase significantly with the addition of 

reinforcements in aluminium. Wear resistance of 

Al+Sic (Nano) was found to be highest, while pure 

Al showed lowest wear resistance. The wear 

resistances of the pure Al,  Al+SiC (Nano & Micro) 

& Al+Al2O3 (Nano & Micro) composites at normal 
load of 100 kg and 500 rpm followed the trend given 

as:- Al+SiC (Nano) >Al+SiC (Micro) > Al+Al2O
3 

(Nano) > Al+Al2O3 (Micro) > pure Al. 

 

II. EXPERIMENTAL STUDIES 
 

Al (LM0) alloy was chosen as matrix because it is 

having good castability and good resistance to 

corrosion. 

 

Ele

men

S

i 

C

u 

M

g 

M

n 

F

e 

Z

n 
Ni Ti Al 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 7, Issue-9, Sep.-2019, http://iraj.in 

Effect of Nano-Sized TiO2 Particles on the Wear Behaviour of Aluminium Composites Synthesized by Stir Casting Method 

 

55 

t 

Wt. 

(%) 

0.

3 

0.

03 

0.

03 

0.

03 

0.

4 

0.

07 

0.

03 

0.

03 

Bala

nce 
Table 1: Chemical composition of LM0 alloy 
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LM0 

Alloy 
2.7 650 60 209.2 

Nano 

TiO2 
3.97 1843 2000C 11.8 

Table 2: Physical Property of LM0 alloy and Nano-TiO2 

 

About 750g of commercially pure aluminium was 

melted to a desired processing temperature in a clay-

graphite crucible inside the muffle furnace. Before 

any addition, the surface of the melt was cleaned by 

skimming, prior to addition, the weighed amounts of 
elemental Nano TiO2 particles were preheated to 

about 400°C and the rate of addition of particles was 

controlled at an approximate rate of 0.3-0.5 g/s. A 

steeled pitched blade stirrer with four pitched blades 

(45° pitch angle) was used to disperse the Nano TiO2 

particles in the melt. The speed of the stirrer was kept 

constant at 500 rpm. The temperature of the melt was 

measured by using a digital temperature indicator 

connected to a chromel-alumel thermocouple placed 

at a depth of 15-20 mm inside the melt. During 

stirring, the temperature of the slurry was maintained 

within 10 °C of the processing temperature. A 

magnesium chip of 5 wt.% was wrapped in 
aluminium foil and plunged into the melt-particle 

slurry before the addition of Nano TiO2 particles. 

 

 
Fig. 1 - Bottom Pouring Muffle Furnace 

 

When the desired time of the stirring elapsed, the 

stirrer was stopped and taken out from the crucible. 

Then, the graphite plug at the bottom of the furnace 

was removed and the melt-particle slurry will pour 

into a split type, preheated permanent steel mould of 

size 40×40×150 mm kept below the plug. No 

degassing practice of the melt or the slurry was 
carried out at any stage of processing. The cast Al-

based composite ingot was cooled immediately by 

immersing in a water bath. 

The Brinell hardness testing is carried out to 

determine Brinell hardness number of the composite 

as per ASTM E10 standards. The testing was carried 

out at a load of 500 Kg by using a steel ball indentor 

of diameter 10 mm, the load was applied for about 

180 seconds on a sample and then the diameter of 

indentation was measured with the help of travelling 

microscope. For each indentation, an average of two 

diameters measured perpendicular to each other was 
used to find the corresponding hardness. On each 

sample, at least thirty (30-36) indentations for 

hardness measurement were made at different 

locations and the average of these readings is reported 

as the hardness value of the material. The hardness 

was measured from top to bottom of the cast nano 

particulate composites. 

The tribological behaviour of  60nm TiO2 particulates 

composites have been investigated in terms of dry 

sliding wear and by varying Speed and Load, against 

the counter face of hardened EN-18 steel. The testing 
specimen has machined according to the ASTM 

standard for wear test. For each composition of 0, 4, 8 

& 12 wt. % test was conducted for 3 specimens by 

varying load with constant speed and sliding distance 

of 3000 meters and another 3 specimens with varying 

speed with constant load and sliding distance. The 

wear morphology on the surface of the specimen 

were analyzed by using FESEM machine and wear 

debris were collected for the 8 wt. % and analyzed. 

 

III. RESULTS AND DISCUSSION 

 

a) Hardness Measurements. 

The distinctive variation of Brinell hardness 

measured along the height from the top of the ingot of 

cast nano composites with of 0, 4, 8, and 12 wt. % are 

illustrated in Fig. 2.  The hardness measured show 

within a limited band of values and increases slightly 

as one moves from the bottom to the top of cast ingot. 

From the figure it can be seen that the hardness 

increases as the wt. % of nano TiO2 Particle content 

increases in the composites. The Brinell hardness, 

BH, of cast nano composites has been measured at 
different normalized height (h/H), where h is the 

height of the location of hardness measurement from 

the top of the ingot and H is the total height of the 

ingot. 

The average Brinell hardness of cast nano composites 

of 0, 4, 8 and 12 wt. % are 37, 60.35, 70.12 and 77.85 

respectively is illustrated in Fig. 3. The hardness 

increases gradually as the Nano TiO2 Particles 

increases in the composites.  In fact, the hardness of 

composite depends on the hardness of the 

reinforcement and the matrix as well as the size of the 

reinforcement particles used. The reason for 
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increasing hardness is due to the Nano TiO2 particles 

will act as barriers to the movement of dislocations 
within the Al matrix. 

 
Fig. 2 - The variation of hardness with normalized location 

(h/H) along the height of cast nano composites of 0, 4, 8 and 12 

wt. %. 

 

b) Wear Behavior. 

Effect of Load and Speed on Wear Rate. 

The wear test was carried out by keeping speed and 

sliding distance constant that is 400 rpm and 3000 

meter sliding distance and by varying load in terms of 

1, 2 & 3 kg respectively. The rate of wear is 

measured in terms of height loss in microns from the 

specimen. The Fig. 3 shows the variations in the wear 

rate, as the Nano TiO2 reinforcement content 

increases the resistance to wear also increases which 

is more for 12 wt. % as the load increases the rate of 

wear will also increases. From the Fig. 3 we can see 
that as the Nano TiO2 reinforcement increases the 

wear rate decreases because of the existence of TiO2 

nanoparticles which could shield the matrix phases 

from direct occurrence of applied load from the 

counter face. The presence of TiO2 nanoparticles on 

the surface will causes part of the shear strains built 

up in the subsurface to get relieved. As the load 

increases the wear rate also increases from mild mode 

to severe mode which can be seen from the below 

graph. 
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(b) 

Fig. 3 - Wear Results a) by Varying Load; (b) by Varying 

Speed 

 

The wear test was carried out by keeping load and 

sliding distance constant that is 3 kg and 3000 meter 

sliding distance and varying speed in terms of 200, 

300 & 400 rpm respectively. The rate of wear is 

measured in terms of height loss in microns from the 

specimen. As the speed increases the amount of wear 

also increases comparatively the rate of wear is less 

for 12 wt. % when compared with LM0 Alloy i.e 

without reinforcement. As the nano reinforcement 

content increases in the composites the amount of 
wear decreases gradually this can be seen from the 

Fig. 3. The results signify that increasing the speed 

from 300 to 400 rpm both the wear rate and the 

cumulative wear losses are also increased, the 

coefficient of friction increases because at higher 

sliding speed there will be increase in surface 

temperature between pin and disc in dry sliding so 

that the subsurface layer may totally peel off. 

 

c) Wear Debris and Worn Surfaces. 

 

 
(a) 
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(b) 

 
(c) 

 
(d) 

Fig. 4 - SEM micrographs showing the worn surfaces of cast 

60nm TiO2 particulate composites (a) 0 wt. %; (b) 4 wt. %; (c) 

8 wt. % and (d) 12 wt. %. 

 

Fig. 4 shows the wear morphology for 200 nm TiO2 

particulate composites for 0, 4, 8 & 12 wt. % 

designated as Al-NP0, Al-4NP1, Al-8NP1 & Al-

12NP1 respectively. From the SEM image we can see 
that there is a severe plastic deformation for Al-NP0 

because of no reinforcement. The depth and number 

of grooves in worn surface of nano composites 

decreases with addition of TiO2 nanoparticles into 

matrix. The delamination has been seen on the worn 

surface of the nano particulate composites. As the 

nano TiO2 content increases the depth, grooves and 

delamination decreases gradually because of the 

presence of hard nano TiO2 which will protect the 

surface from wear. 
Fig. 5 shows the wear debris of 0 & 8 wt. % of 60nm 

TiO2 particulate composites. From the SEM image 

we can see that for 0 wt. % the size of the debris is 

more and continuous when compared with 8 wt. % of 

nano particulate composites. From the collected 

debris we can see that for 0 wt. % there is severe 

plastic deformation and delamination compared to 8 

wt. % this is because of the no reinforcement content 

present in the composites. The wear debris of the 8 

wt. % results in generating of glossy metallic wear 

debris with irregular-shaped platelet and small 

amount of spherical particles as shown in Fig. 5 (b). 
 

 
(a) 

 
(b) 

Fig. 5 - SEM micrographs of wear debris of cast 60nm TiO2 

particulate composites (a) 0 wt. %; (b) 8 wt. %. 

 

IV. CONCLUSION 

 

The nano composites were synthesized by using 

bottom pouring stir casting technique and the 
following conclusion were made: 

 The variation of the BHN is within the 

normal range which can be seen from the 

Fig. 2. 

 The BHN increases as the wt. % of nano 

TiO2 increases in the developed composites. 

 The resistance to wear increases as the wt. % 

of TiO2 increases but the wear rate increases 

as the speed and load increases. 

 The Speed influence more compared to the 

load during wear test because as the speed 
increases the friction between the Pin and 
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the disc increases which in-turn increases the 

co-efficient of friction. 
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