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Influence of Variable Particle Size 
Reinforcement on Mechanical and 
Wear Properties of Alumina Reinforced 
2014Al Alloy Particulate Composite 

 

Al2O3 may be the most important reinforcement in aluminum-based 
composites that are rising quickly in modern years. The significance of this 
paper is to study the influence of Al2O3p size variation (i.e. 53 µm and  88 
µm) and content (i.e. 9, 12, and 15Wt %) on density, hardness, tensile 
strength, elongation to fracture and wear studies. During the preparation 
of each composite, the ceramic reinforcements were introduced in a novel 
way which involves two-stage additions of reinforcements during liquid 
stirring. It has been found that because the size of the Al2O3p is reduced, 
measurement of the density showed that 2014Al-Al2O3p composites 
contained slight porosity and also the quantity of porosity among the 
prepared composites higher with diminishing the Al2O3p size and 
increasing weight percentage of Al2O3p. In addition to this, the results 
show that by decreasing the Al2O3p size and increasing the weight 
proportion of the Al2O3p the tensile strength and hardness of the prepared 
composites increase. Microstructural characterization carried out for the 
2014Al-Al2O3 composites using scanning electron microscopy (SEM) 
which showed a fairly homogeneous distribution of Al2O3p with grain 
refinement of the matrix. Wear test is conducted for the prepared 
composites by utilizing a computerized pin on disc wear testing machine 
which shows greater wear resistance property as the size of the Al2O3p 
reduced. 
  
Keywords: Particulate Metal Matrix Composites (PMMCs); Particle size; 
Scanning Electron Microscopy (SEM); Mechanical properties; Wear Rate. 

 
 
1. INTRODUCTION  

 
Aluminium Particulate Metal Matrix Composites 
(PMMC's) have a significant involvement to the advan-
cement technology for the wide range of applications. 
This is because of their high quality and rigidity to 
weight proportion and the ability to function at compa-
ratively high temperatures compared with the metal 
matrix while retaining isotropic properties. Among 
metal alloys, aluminum combinations are the most pro-
minent in shaping metal matrix composites because of 
their low density, high thermal conductivity, and versa-
tility in production. PMMC's variety of options invoves 
efficiency driven advanced aviation systems and price 
sensitive automotive components such as rotor blades, 
connecting rod crank shafts, camshafts, carden shafts, 
propeller for helicopters and components of engine for 
example, cylinders and chamber liners and [1-5] in 
moderately elevated temperature applications. Since the 
aluminum-based PMMC is manufactured utilizing a 
pliable metal as the matrix and ceramic (SiC or Al2O3) 
as fortification this outcome is a blend of high-
resistance, hardness, and modulus of elasitisity along 

with great flexibility and durability of the composite [6-
10]. 

Aluminum combinations are widely recoganized for 
their high strength to weight proportion contrasted with 
several other commercially viable metal composites. 
However this additional benefit reduces at elevated 
temperatures (≥250°C) because of their moderately low 
dissolving temperature. Utilizing ceramic particle rein-
forcement, for example, SiC or Al2O3, to shape alumi-
num composites gives quality improvement at increased 
temperature without losing a economic benifits. In 
addition, by increasing the composite volume fraction of 
the reinforcement, the ultimate strength at room tempe-
rature and at elevated temperature has also been demon-
strated [6, 9-11]. The level of progress in the composite 
properties enormously relies upon the natural properties 
of both reinforcement and matrix, the homogeneous 
dispersion of the reinforcement, and its size and volume 
proportion, bonding strength between the constituents at 
the interface. Researchers have reported issues iden-
tified with PMMC prompting wide disperse in a defini-
tive strength and malleability due to non-homogeneity 
of the strengthening of the reinforcing particle disper-
sion [11-13].  

The micro-sized ceramic particle has been effectively 
used to produce aluminum PMMC's through various 
methods, for example, powder metallurgy [14], fluid 
metal infiltration [15], compo-casting [16] and squeeze 
casting [17]. Among these, stir casting is the most 
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encouraging one for integrating discontinuous rein-
forcement scattered aluminum metal matrix composites 
as a result of its better matrix-particle bonding, simpler 
control of matrix structure, effortlessness, and ease of 
handling, closer net shape and the wide choice of mate-
rials with all shape casting process [18]. In addition, 
reduction of strengthening particles size results in enhan-
cement of composite quality [19]. One more benefits of 
reducing reinforcing particles is improved machinability 
of PMMC's particles, for example, SiC and Al2O3 reason 
for speed up wear of the machining instruments. From the 
literature survey, it is seen that small data is accessible as 
respects the mechanical and wear properties of 2014Al 
reinforced with Al2O3 particulates MMC’s processed by 
two-stage stir casting route. With an increase in demand 
for advanced materials in the promising modern appli-
cations, where Al-based composites are being considered 
as a contender to supplant steel or aluminum alloys. 
Classic examples are liners and round and hollow leaders 
of the vehicle motors, just as brake rotors.  

Keeping the above perceptions in see, it has been 
proposed to create 2014Al-Al2O3p composites by vary-
ing the Al2O3p content (i.e. 9, 12, and 15 Wt. %) and 
size variation (i.e. 53 µm and 88 µm) by two-stage stir 
casting method. During processing, Al2O3p particles 
were added to molten Al in the step of two i.e. entire 
mass of particles were divided into two equal parts be-
fore preheating and added into the vortex of the melt at 
750°C to avoid aggregation of particles in Al matrix. It 
has been intended to study the impact of Al2O3p content 
and size variation on the properties include density, 
hardness, tensile strength, elongation to fracture, and 
wear studies of 2014Al-Al2O3p composites developed 
by stir casting method. 

 
2. MATERIAL PREPARATION  

 

In the present study 2014Al alloy (Al–4.0Cu–0.7Si 
0.83Mn-0.19Zn-0.63Mg–0.27Fe–0.01Cr-0.06Ti), Al2O3p 
is used as matrix and reinforcement respectively. Stir 
casting method was adopted to prepare 2014Al-Al2O3p 
metal matrix composites by varying the particle size (53 
and 88µm) and weight percentage (9, 12, and 15wt %) of 
Al2O3p. By using an electrical resistance furnace the 
calculated amount of 2014Al alloy which is placed in a 
graphite crucible is heated to a temperature of 7500C. 
Once this temperature achieved solid hexachloroethane 
(C2Cl6) is introduced into the melt for effective 
degassing, later the preheated (at a temperature of 2500C) 
Al2O3p were added into the vortex of the liquefied alloy. 
With the help of a steel impeller coated with zirconia, the 
vortex is generated and the impeller speed was main-
tained at 400 RPM. The molten composite was poured at 
a temperature of 750°C into the permanent CI (cast iron) 
mold in the shape of cylinders having a dimension of 
12.5mm diameter and 125mm length. Using SEM micro-
structural examination was carried out for the 2014Al-
Al2O3p composites. The Hardness, tensile measurement 
of the as-cast 2014Al and 2014Al- Al2O3p composites 
were carried out using Z-wick Micro-Vickers hardness 
and computerized universal tensile testing machine. By 
using a pin on disc wear testing machine wear properties 
were evaluated and extents of improvements are noted 

down. To reduce the errors, for each test three test 
specimens were used and the value reported is an average 
of three tests. Figure 1 shows the permanent mold for 
producing composites. Molding dies are made of cast 
iron. For the easy removal of the casting, the dies were 
made of two halves called split dies which were pin join-
ted and clamped using C-clamp. 

  
Figure 1. Permanent mold for producing composites. 
 
2.1 Microstructure 

 
The composite was produced via a stir casting method, 
preliminary experiments were first separated to facilitate 
estimation of the uniform dispersion of Al2O3p. Later the 
prepared samples were refined with 400, 800, and 1200 
SiC (Silicon carbide) grit papers, individually. In the 
end, the refined samples were finished on silk cloth the 
use of a diamond paste of 3 μm. In the same manner, as 
cast 2014 Al alloy was also refined. With the help of 
scanning electron microscope (SEM) microscopic 
examinations were conducted on the as-cast 2014Al 
alloy and prepared composites. 
 
2.2 Density measurement 
 
The density of a composite is received via displacement 
methods [20] employing a physical balance with a 
density measurement unit as per ASTM: D792 test 
approach. Due to the distinction between the theoretical 
and experimental density of each sample porosity of the 
prepared composites was examined. 
 
2.3 Hardness and tensile tests 

 
As per the ASTM E384 standard, the polished central 
portion of the casted specimen was taken to measure the 
micro Vickers hardness of the as-cast 2014Al alloy and 
prepared composites. The surface of the specimen was 
produced by grinding via 400, 800, and 1200 SiC 
(Silicon carbide) grit papers later, specimens were 
polished with 3 μm diamond paste. To determine the 
Micro Vickers hardness values of the samples a load of 
HV 2 is applied for 30 seconds with the help of a 
diamond cone indenter. The obtained value is the 
average of 100 readings which is taken at 30 different 
locations to prevent the segregation effects. For the 
prepared composites, as per the ASTM E8 standards 
tensile test was carried out by using a universal testing 
machine to know the mechanical behavior. Three test 
samples were utilized for each run. Tensile strength and 
percentage elongation were extracted with the help of 
the stress-strain curves. 
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2.4 Wear testing 
 

Wear assessments have been performed by ASTM-G99 
standard for the ready composite specimens through a pin 
on disc wear tester as described in Yasmin et.al. [21]. The 
pin was once held against the counterface of a rotating 
EN32 steel disc of 80mm track diameter. By using a 
deadweight method of loading the pin was loaded 
opposite to the rotating disc. The dimension of ready 
composite specimens is 25mm in length and 8mm in 
diameter. Using a SiC emery paper of 200 grit size, the 
surface of the ready composite specimen was polished to 
confirm the effectual flat surface contact with the rotating 
disc, For each test before and after weighing, the wear 
track and the ready composite specimen were cleaned by 
using acetone. Test samples are weighed on analytical 
balance with accuracy of 0.01mg, before and after each 
test to calculate weight loss. The wear loss is caluclated 
by weight loss in grams reported during each test and the 
obtained value is the average of three readings. Using 
calculated value of the densities of the test sample the 
weight loss is converted to volume loss. During the expe-
riment a sliding speed of 1.256 m/sec, a sliding distance 
of 3600m, and a constant load of 29.43N (0.58MPa) have 
been steady all during the experiment.  
 
3. RESULTS AND DISCUSSION 

 
3.1 Microstructure 

 
 

SEM images of 2014Al-Al2O3p (9, 12, and 15 wt %) 
reinforced composites with 53 µm and 88µm particle 
size were produced by stir casting are revealed in Figure 
2. The main intention in the preparation of 2014Al-
Al2O3p composites is to achieve uniform distribution of 
Al2O3p. The uniform dispersion of reinforcing particles 
obtained in the prepared composite is the result of two-
stage stirring. Since the entire weight of the reinforcing 
particles is added in two steps which ensures homo-
geneous dispersion overcoming the viscosity difference.  

As revealed in figure 2(a-c) and figure 3(a-c), uniform 
distribution of the Al2O3p was accomplished in the 
composites reinforced with 53µm and 88µm Al2O3p. 
Figure 2(b-c) reveals the SEM images of the clustering 
and agglomeration of the 12 and 15wt. % of Al2O3p (i.e. 
for 88µm particle size) probably because as the wt.% of 
reinforcement increases, clustering increases due to an 
increase in surface energy, and bond is weakened 
between the hard ceramic and soft matrix thereby 
decreasing wettability [22]. However, agglomerations in 
some areas were observed due to the porosities present 
[23]. Figure 3(a-c) reveals the uniform distribution of 
53µm Al2O3p, whereas in Figure  2(a-c) distribution of 
88µm particles was not that much uniform compared to 
53 µm particles, and some of these particles are 
agglomerated. Accordingly, SEM perceptions of the 
microstructures reveal that the distribution of 53µm size 
Al2O3p was progressively uniform, while the 88µm size 
Al2O3p leads to the segregation and agglomeration of 
Al2O3p. The probable reason for the segregation of Al2O3p 
can be given as that during solidification, solidification of 
the dendrites occurs at first and then surplus particles are 
moved and clustered at inter-dendritic regions using the 

solid-liquid interface. Segregation of the particles is more 
effective with finer particles [24]. 

 
2 (a) 

 
2 (b) 

 
2 (c) 

Figure 2 (a-c) SEM images of 2014Al-Al2O3p composites at 
different wt% of Al2O3p content (9, 12, and 15 wt. %) with a 
particle size of 88µm. 

The actual amount of elements present in the predefined 
zone of the sample is revealed by energy dispersive 
spectroscopy. Figure 4(a) and figure 4(b) demonstrate 
the outcomes of the energy dispersive spectroscopy for 
2014Al reinforced with 12 wt. % of Al2O3p  for different 
particle size (i.e. 88µm and 53µm) which contains oxide 
and aluminum this confirms the presence of Al2O3p. 
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Table.1 The Theoretical, Experimental, Micro-hardness, UTS, and % Elongation of 2014Al alloy and its composites 
reinforced with 9-15wt% Al2O3p and variable particle size 

 
Samples Particle 

Size 
Theoretical 

Density (g/cm3) 
Experimental 

Density (g/cm3) 
Microhardness 

(HV) 
UTS (MPa) Percentage 

Elongation (%) 
2014Al - 2.80 2.78+0.01 99 + 2.63 149.29 + 4.53 4.51 + 0.24 

9Wt. % Al2O3p/2014Al 2.87 2.7+0.01 104.7 + 5.52 167.9 + 4.16 3.95 + 0.17 
12Wt. % Al2O3p/2014Al 2.89 2.75+0.01 142.27 + 1.36 173.61 + 3.56 2.93 + 0.12 
15Wt. % Al2O3p/2014Al 

 
88μm 

2.91 2.81+0.02 167.25 + 5.20 193.47 + 2.87 2.24 + 0.13 
9Wt. % Al2O3p/2014Al 2.87 2.57+0.01 127.89 + 6.83 184.69 + 4.45 3.11 + 0.34 
12Wt. % Al2O3p/2014Al 2.89 2.59+0.02 149.8 + 1.45 206.75 + 4.89 2.53 + 0.53 
15Wt. % Al2O3p/2014Al 

 
53μm 

2.91 2.65+0.02 183.02 + 6.50 226.76 + 5.98 1.56 + 0.17 
 

 
3 (a) 

 
            3 (b) 

 
           3 (c) 

Figure 3 (a-c) reveals the SEM images of 2014Al-Al2O3p 
composites at different wt% of Al2O3p content (9, 12, and 15 
wt. %) with a particle size of 53µm. 

 
Figure 4 (a) EDS outcome of 2014Al alloy with 12 wt. % 
Al2O3p (88µm) 

 
Figure 4 (b) EDS outcome of 2014Al alloy with 12 wt. % 
Al2O3p (53µm) 

 
3.2 Density and porosity measurement 
 
Experimental and theoretical densities and porosities of 
2014Al alloy reinforced with different particle sizes (i.e. 
53 and 88µm Al2O3p) at different weight fractions (i.e. 
9, 12 and 15Wt %) of Al2O3p are illustrated in figure 5 
and figure 6 individually and corresponding density va-
lues are given in Table.1. By using the rule of mixture 
theoretical densities are calculated in which the results 
show there a linear increase value of above-prepared 
composites. In the meantime, experimental densities va-
lues were accomplished by experimentation for 9, 12, 
and 15 wt. % of Al2O3p (53µm and 88µm) composites. 
Densities of the composites were determined by experi-
mentally by utilizing sample mass and dimensions [25].  

From figure 5 it can be concluded that the values 
obtained for the experimental density are lesser than the 
values of the theoretical density, which could be the 
after effect of porosity developed during composite 
fabrication. Throughout the production method of the 
MMCs, some porosity is likely a direct result of the 
steady in surface area, in contact with air, due to the 
entrapment of the gas while casting, hydrogen pro-
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gression, appropriate pouring distance between the mold 
and the crucible and shrinkage throughout solidification 
[26]. Likewise decrease in the density of the composite 
got in the present work is in great concurrence with 
prior work by Mohanty et. al. [27]. 

9 10 11 12 13 14 15
2000
2100
2200
2300
2400
2500
2600
2700
2800
2900
3000

Wt % of Al
2
O

3P

D
en

si
ty

 (k
g/

m
3)

 Theoritical Density
 Measured Density (88µ)  
 Measured Density (53µ)

 
Figure 5. Graphical representation of theoretical and 
experimental density with different wt% of Al2O3p (9, 12, and 
15 wt. %) content and size (53µm and 88µm). 

 
Figure 6. Graphical representation porosity with different 
wt% of Al2O3p (9, 12, and 15 wt. %) content and size (53µm 
and 88µm). 

Figure 6 shows the graphical representation of 
porosities of the prepared composites i.e. 2014Al alloy 
reinforced with different particle sizes (i.e. 53 and 88µm 
Al2O3p) at different weights fractions (i.e. 9, 12 and 
15Wt % of Al2O3p). Meantime for the above-prepared 
composites, the amount of density and porosity is 
increased by increasing the weight fraction of Al2O3p, 
and decreasing the Al2O3p size is demonstrated in figure 
5 and figure 6. These outcomes have been seen in 
earlier examinations [28, 29, and 30]. 

 
3.3 Hardness and tensile test 
 
By utilizing micro Vickers hardness testing machine 
hardness tests were performed on 2014Al alloy 
reinforced with different weight fractions (9, 12, and 15 
wt. %) of Al2O3p with a particle size of 53µm and 
88µm. The effects of variable particle size during 
hardness tests are shown in figure 7(a) and obtained 

values are given in the table.1 From figure 7(a) it is 
concluded that as the weight percentage of Al2O3p 
increases from 9-15wt% and decreasing the particle size 
hardness of the above prepared composite increases. 
This improvement is a direct result of the essence of 
Al2O3p [31]  in the 2014Al matrix and particulate 
fortifying of the matrix material. It has been accounted 
for that the nearness of hard reinforcement particle 
prompts to plastic twisting during the test [32]. Because 
of the expansion in strain energy, the hardness of the 
composite increments at the fringe of the particles 
scattered in the matrix. The expansion in the hardness of 
Al2O3p particles with diminishing the particle size can 
likewise be ascribed to the uniform dispersion of Al2O3p 
in the 2014Al matrix.  

             
Figure 7 Variation of microhardness for different wt. % of 
Al2O3p (0, 9, 12, and 15 wt. %) content and size (53µm and 
88µm). 

Figure 8a and table.1 shows the results of the tensile 
test for the 2014Al alloy reinforced with different wt. % 
(9, 12, and 15 wt. %) of Al2O3p and with the variation in 
the particle size of 53µm and 88µm respectively. As 
shown in figure 8(a)  by decreasing the particle size 
(88µm-53µm) and increasing the weight fraction (%) of 
Al2O3p tensile strength of the above-prepared compo-
sites increases.  

The explanations behind enhancements acquired 
with Ultimate tensile strength (UTS) is; (i) At the 
interface between the ceramic particle and the base 
metal bond respectability is reliant on load move [33]; 
(ii) During handling of composites there are changes in 
the microstructure; because of the transfer of the load 
between the hard ceramic Al2O3p and ductile matrix 
2014Al alloy bringing about fortifying and upgrading 
tensile strength [33, 34]; (iii) Thermal mismatch 
between Al matrix (23X10-6/0C) and ceramic Al2O3p 
(8.2X10-6/0C) will bring about increment in dislocation 
density separated from catching of disengagements in 
the matrix by second phase ceramic Al2O3p particles 
during deformation [35]. From the figure 8(a) it can be 
concluded that the composite reinforced with 53µm size 
of the Al2O3p with different weight fraction (9, 12 and 
15 wt. %) shows a greater result than that of the 
composite reinforced with 88µm size of the Al2O3p (9, 
12 and 15 wt. %).   
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(a) 

 
(b) 

Figure 8. (a-b) Variation of the tensile strength and 
percentage elongation with different wt. % of Al2O3p content 
(0, 9, 12, and 15 wt. %) and size (53µm and 88µm) 
respectively. 

The calculated elongation for above-prepared com-
posites lies with an extremely low range, less than 5%, 
relay on the Al2O3p content and size. As an increase in 
particle content and a decrease in particle size, lower 
will be the elongation is shown in figure 8(b). The dec-
rease in extension is clear as ceramic reinforcement is 
having lower flexibility in examination with the matrix 
and during tensile loading, the unformed Al2O3 particle 
could cause pressure focus around the particles. Conse-
quently, particles collected at grain limits intensified the 
pressure focuses. 

Hardness and tensile strength of the prepared com-
posites are higher as compared to as-cast 2014 Al alloy, 
and by adding Al2O3p the hardness and tensile strength 
of the Al alloy increases [29, 35]. 

It is concluded that with the above-prepared compo-
sites, high tensile strength and higher hardness and 
minimum elongation are observed in composites with a 
particle size of 53µm.  
 
3.4 Wear test 
 
Figure 9(a-b) illustrates the outcome of wear rate as a 
feature of sliding distance for as-cast 2014 Al alloy 
strengthened with 0, 9, 12, and 15 wt. % Al2O3p with a 

variable particle size of 88µm and 53µm respectively. 
Sliding speed is adjusted to 1.256 m/sec, a diameter of 
the wear track is 80mm and a load 29.43N (0.58MPa).  

Figure 9(a-b) shows that the wear rate increases at the 
initial stage, which could be due to the adhesive nature of 
wear at the initial phase [36, 37]. Once the initial 
transition period (run in wear) is over, the materials wear 
rate falls and a steady-state value of wear rate are 
achieved. Moreover, the steady-state wear approaches for 
the composites (2014Al-9,12 and 15 wt. % Al2O3p)  with 
a variable particle size (88 and 53µm) at nearly 3000m 
sliding distance and run-in wear approaches for the 
composite (2014Al-9,12 and 15 wt.% Al2O3p) with a 
particle size of 88µm is higher as compared to the 
composite (2014Al-9,12 and 15 wt.% Al2O3p) with a 
particle size of 53µm at all sliding distance as shown in 
Fig. 9(a) and (b). However, with the increase in the 
sliding distance from 600m to 3600m, the wear rate of 
composite decreases as compare to the as cast 2014Al 
matrix alloy. Figure 9(a-b) illustrates lesser wear rate of 
the composites (2014Al-9, 12 and 15 wt. % Al2O3p) with 
a variable particle size of 88 and 53µm as compared to 
base alloy (2014Al). This is owing to the fact that the 
inclusion of hard ceramic Al2O3p in 2014 Al alloy 
prevents such plowing action of hard steel counterpart 
and thereby MMCs wear resistance increases.  

Figure 9(a) shows the MMCs (2014Al-Al2O3p) with 
a particle size of 88µm shows the excessive wear rate 
and this will be attributed to the weak surface strength 
between the base alloy and 88µm size Al2O3p at a 
different weight percentage (9, 12 and 15wt %) as an 
outcome of the little contact surface zone. These 
conditions facilitate an increase in the wear rate due to  
the particle pull out from the base alloy. Also, MMCs 
(2014Al-Al2O3p) with a particle size of 53µm exhibits a 
lower wear rate compared to the MMCs containing a 
particle size of 88µm owing to the enhancement of the 
load-bearing ability of the 53µm particle size compare 
to the 88µm particle size.  

more interfacial strength exits between the 2014Al 
matrix alloy and 53µm size Al2O3p owing to the great 
surface bonding which makes it hard for the particle 
pullout from the 2014Al matrix. Hence, it is concluded 
that an increase in weight percentage (9, 12, and 15wt 
%) and a decrease  
in the Al2O3p size which provides reduced wear rate, 
thereby wear resistance of the MMCs increases.  

Figure 10 shows an almost gradual increase in the 
volume loss with the increase in the sliding distance took 
place for as-cast 2014 Al alloy strengthened with 0,  9, 
12, and 15wt. % Al2O3p with a variable particle size of 
88µm and 53µm at a constant load of 29.43N (0.58MPa) 
and 1.256 m/sec sliding speed for a distance of 3600m. 
The standard deviation of volumteric wear loss values of 
the produced composites are shown in Table 2.  

Figure 10 determines the appropriate comparative 
wear curves formed and duration of running-in and 
onset of steady state period. The wear curves repre-
sented in Figure 10 were formed by measuring the mass 
of the test specimens at the outset of the test and at each 
time in testing (after 600, 1200, 1800, 2400, 3000 and 
3600 m), so the volumetric wear loss was calculated for 
the above stated sliding distances. 
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Table.2 Standard deviation of volumetric wear loss for 2014Al alloy and its composites reinforced with 9-15wt% Al2O3p 
and variable particle size. 

Sliding Distance(m) 
600 1200 1800 2400 3000 3600 

 
Samples 

 
Particle 

Size Volumetric wear loss (cm3) 
2014Al         - 0.09 + 0.006 0.18+ 0.010 0.23+ 0.038 0.35+ 0.050 0.46 + 0.036 0.55 + 0.025 

9Wt. % Al2O3p/2014Al 0.11+ 0.012 0.15 +0.010 0.22 + 0.015 0.34 +0.021 0.42 + 0.010 0.49 + 0.010 
12Wt. % Al2O3p/2014Al 0.10+0.021 0.15+0.015 0.22+0.021 0.30+0.015 0.39+0.012 0.45+0.031 
15Wt. % Al2O3p/2014Al 

 
88μm 

0.05+0.015 0.11+0.017 0.16+0.012 0.29+0.015 0.38+0.015 0.47+0.021 
9Wt. % Al2O3p/2014Al 0.10+0.021 0.17+0.031 0.21+0.025 0.24+0.020 0.27+0.036 0.28+0.029 
12Wt. % Al2O3p/2014Al 0.07+0.015 0.12+0.020 0.14+0.021 0.20+0.030 0.22+0.032 0.25+0.021 
15Wt. % Al2O3p/2014Al 

 
53μm 

0.07+0.015 0.11+0.021 0.15+0.010 0.19+0.015 0.21+0.029 0.22+0.026 
 

 
(a) 

 
(b) 

Figure 9 (a-b) Variation of wear rate against the sliding 
distance of the composite (2014Al- 9, 12, and 15 wt. % 
Al2O3p) (a) 88µm and (b) 53µm Al2O3p particle reinforced. 

The as cast 2014 Al alloy and varying weight 
percentage of Al2O3 particulates reinforced composites 
wear curves show two different slopes, which relates the 
initial (running-in) period and the steady-state period, 
i.e. before the onset of the typically lower and linear 
steady-state wear, running-in wear appears as the initial 
high-rate transient wear, same was observed by 
Aleksandar Vencl et al. [38] for A356 alloy reinforced 
with SiC and graphite particulates. In the present study 
wear curves (figure 10) shows running in period upto 
2400m and from 2400 to 3600m shows steady state 
period.  

From figure 10 it is observed that the volumetric 
wear loss increases in 2014Al matrix alloy as the sliding 
distance increases and similar trends are seen in the case 
of the composite with different particle sizes (88-
53µm).  

Further, it is observed that as the reinforced particle 
size decreased from 88-53µm, the volume loss of the 
composites gets reduced as contrasted to the 2014Al 
matrix alloy. i.e., the wear resistance increases with 
increasing in wt. % of Al2O3p (9-15 wt.%) and dec-
reasing the particle size (88-53µm). Overall, figure 10 
reveals that the volumetric wear loss increases initially 
and thereafter remains insensitive to sliding distance. 
Similar observations were made by other researchers 
Basavarajappa et al. [39]. Zhang et al. [40] examine the 
wear behavior of the composites. 

 
Figure 10 Volumetric wear loss as a function of sliding 
distance at 29.43N constant load and 300 rpm sliding speed 

3.5  Worn surface studies 
 
As cast 2014Al alloy and produced composites (2014 
Al-Al2O3p) worn surface SEM images for different 
particle size are demonstrated in figure 11(a-e). From 
the SEM images it is found that somehow worn surface 
morphology of produced composites is distinct from 
that of the as-cast matrix alloy (figure.11.a). The as-cast 
2014Al matrix alloy demonstrated clear plastic flow of 
material on the sample contact surface, while for 
composites (2014Al-9 and 15 wt. % Al2O3) with a 
particle size of 88μm, it was barely noticeable, and for 
composite (2014Al-9 and 15 wt. % Al2O3) with a 
particle size of 53μm, it couldn’t have been identified at 
all. 2014Al alloy matrix (figure.11.a) shows the deep 



FME Transactions VOL. 48, No 4, 2020 ▪ 975
 

and larger grooves on the surface and also increases the 
thickness and width of the grooves, while fine grooves 
are observed in case of 88μm Al2O3p composite (figure 
11.b-c) and this type of morphologies are very less in 
case of 53μm Al2O3p composite produced (figure 11.d-
e) which indicates that the composite reinforced with 
53μm Al2O3p has an enhanced capacity to withstand 
maximum load as the sliding distance increases during 
wear testing.  

Figure 11(d–e) demonstrates SEM images of 
produced composites (2014Al-9 and 15 wt. % Al2O3) 
with a particle size of 53μm Al2O3p and it is observed 
that, at all sliding distance the produced composites 
results in smooth and thin surfaces as contrasted to 
2014Al alloy matrix and composite produced with a 
particle size of 88μm. Figure 11(d-e) the produced 
composites with 53 μm lead to lower extent of damage 
as contrasted to as-cast 2014Al matrix alloy and 
composite produced with 88 μm. Possible reason for 
this matrix alloy results in lower surface strength 
contrasted to composite produced and is quickly 
softened by the generated heat at the interface. In the 
present study, both the matrix and produced composite 
with 88 μm Al2O3p results in severe damage as 
compared to the composite produced with 53 μm 
Al2O3p and it can be distinctly observed from the worn 
surfaces SEM images. 

 

  

 

 
 

 
Figure.11 (a-e) Worn surface images, (a) as-cast 2014Al 
alloy, (b-c) and (d-e) 2014Al-9 and 15 wt. % Al2O3p with a 
particle size of 88µm and 53µm respectively.  
 
4. CONCLUSIONS 
 
2014Al alloy reinforced with Al2O3p is mainly used in 
the field of aerospace and automobile, to be more 
specific it is used in building the structural frame for 
aerospace vehicles. Their properties like physical and 
mechanical properties like high hardness, low density, 
high electrical conductivity, etc., can be enhanced with 
the addition of ceramic materials as reinforcements; this 
present work is also such an attempt to enhance and to 
know the impact of variable particle size reinforcement 
on mechanical and wear properties of 2014Al-Al2O3p 
composite has led to following conclusions: 
 

1. 2014Al-Al2O3p MMC’s with different weight 
percentage and variable particle size have been 
effectively synthesized by stir casting method. 

2. Microstructural studies revealed that 2014Al-Al2O3 
MMCs with the particle size of 53µm have a better 
distribution of Al2O3p in comparison to the particle 
size of 88µm wherein lead to agglomeration and 
isolation of Al2O3p were observed. 

3. The density and porosity of the 2014Al-Al2O3 MMC’s 
increased with an increase in weight percentage (9-
15wt %) and decreasing the particle size. 

4. 2014Al-Al2O3 MMC’s have shown improvement in 
hardness for 0, 9, 12, and 15wt% Al2O3p and also 
with decreasing the particle size. 

5. The tensile strength of 2014Al-Al2O3 MMCs inc-
reased with an increase in the weight percentage (9-
15wt %) and decreasing the particle size but the 
elongation of them decreased. 

6. With an increase in weight percentage and 
decreasing the particle size, wear results indicate 
the decreasing trend of wear rate, and thereby 
improves the wear resistance. 

(d) 

Sliding 
direction 

(c) 

Sliding 
direction 

(b) 

Sliding 
direction 

(a) 
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7. In the present study, Al2O3p of 53µm and 88µm 
have been utilized. This can additionally be stret-
ched out to other particle sizes to study the effect of 
particle size on mechanical and wear properties and 
also the prepared composite can subject to heat-
treatment and then mechanical properties and wear 
properties shall be evaluated at different varying 
parameters like load, sliding time, sliding distances, 
etc. Even work can be conducted in extreme 
atmospheric conditions and wet sliding conditions 
shall also be used. 
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УТИЦАЈ ПРОМЕНЉИВЕ ВЕЛИЧИНЕ 

ЧЕСТИЦА НА МЕХАНИЧКЕ И КАРАКТЕ–
РИСТИКЕ ХАБАЊА КОМПОЗИТА НА БАЗИ 
АЛУМИНИЈУМА ОЈАЧАНОГ ЧЕСТИЦАМА 

ЛЕГУРЕ 2014Al 
 

Барат В., Ашита Д.Х., В. Ауради, М. Нагарал 
 

У новије време Al2O3 се највише користи за 
ојачавање композита на бази алуминијума. Рад 
истражује утицај варирања величине Al2O3p (53 µm - 
88µm) и садржаја (9, 12, 15 Wt %) честица на 
густину материјала. У току припремања сваког 
композита увођено је керамичко ојачање новим 
поступком, који се састоји од двофазног додавања 
ојачања за време мешања течног материјала. 
Утврђено је да услед редуковања величине честица 
Аl2O3p густина композита 2014Al-Al2O3p има малу 
порозност и да је већа када опада величина честица 
Al2O3p и расте тежински проценат Al2O3p. Резултати 
такође показују да се повећава затезна чврстоћа и 
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тврдоћа са опадањем величина честица и порастом 
тежинског процента. Карактеризација микрострук-
туре је извршена применом SЕМ технике. Утврђена 
је знатна дистрибуција хомогености Аl2O3p са 

пречишћеним честицама у матрици. Испитивање 
отпорности на хабање извршено је на pin-on-disk 
машини. Отпорност на хабање расте са опадањем 
величина честица Al2O3p.       

 


