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This study is focused on the development and characterization of a stir cast Al-Si alloy reinforced with
titanium carbide nano-particles. The composite was developed using the stir casting method and the
casted samples were prepared with TiC nano-particle at 0.4 (B1), 0.8 (B2), 1.2 (B3), 1.6 (B4) and 2.0
(B5) wt. % of the entire composition, as well as a control sample, and thereafter subjected to tensile
and hardness tests. It was noticed that none of the samples at the chosen concentrations brought about
a greater hardness value than that of the control sample (Sample A), however they all show a positive
trend with an increase in the % wt. of reinforcement bringing about a possibility of increase in the hard-
ness value. This suggests that a further increase above 2.0% of the reinforcement should bring about an
increase in hardness above that of the base Al-Si alloy. On the other hand, the tensile strength was sig-
nificantly increased upon reinforcement. B5 exhibited the highest tensile strength by displaying a tran-
sition from needles/plate-like to globular/fibrous morphology.
� 2020 Elsevier Ltd. All rights reserved.
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1. Introduction

The modification of materials and material properties with the
use of nanoparticles has attracted widespread attention espe-
cially in the area of strength and stiffness improvement. Al–Si
cast alloy is an encouraging material used primarily in automo-
bile industry due to their great strength-to-weight ratio, excep-
tional castability and worthy mechanical properties. Such alloys
blend outstanding mechanical characteristics and strong resis-
tance to corrosion with fine castability [1-4]. The need for
enhancement of properties of Al-Si based alloys has expressed
importance due to the fact that at least 90% of aluminium cast-
ings are based on aluminium–silicon today. Being a binary alloy
providing exceptional castability at low cost, aluminium–silicon
based alloys are commonly used in numerous industries like
for instance, the automotive industry [5]. Aluminium-based
metal matrix composites and aluminium–silicon alloys have
found usage in the production of a number of automotive engine
machineries [6]. Based on these recent growths, there is a
demand for composite materials possessing great chemical and
mechanical characteristics including toughness, improved corro-
sion resistance and high hardness [7]. Recently, researches on
metal matrix composites (MMC) suggest that these materials dis-
play advantageous industrial applications owing to their high
resistance to elevated temperature and greater strength-to-
weight ratio. These prompted researchers to focus on the devel-
opment of reduced-cost products, especially metal matrix com-
posite, which have improved features [8].

The utilization of Al-based cast alloys is currently on the
increase. Although they possess great corrosion resistance accom-
panied with outstanding mechanical properties, the effect and
contribution of reinforcement with nanoparticles however has
not been extensively explored. Al-Si alloys lack adequate corro-
sion resistance and strength amongst other properties. The com-
bination of strength and ductility has warranted the production
of great strength Al-Si alloys with noteworthy ductility in the
recent times [9]. The aim of this research is to significantly
improve certain properties of stir cast Al-Si alloys with the use
of Titanium Carbide (TiC) nanoparticles modifiers. The research
is further aimed at comparing the viability and benefits that the
use of the selected nanoparticles has on Al-Si alloys and their
properties.
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2. Experimental procedure

2.1. Materials

The materials (Aluminium, TiC nanoparticles) used for this
work were purchased from the local market in Nigeria. The mate-
rials were taken to the foundry department where stir casting
was done using a crucible furnace. TiC was added to the alu-
minium matrix composite according to the proportion listed in
Table 1. After casting, the as-cast material was machined into dif-
ferent small circular pieces in preparation for the tests as well as
a standard tensile sample specification on which the tensile test
would be carried out on. Also, a sample size of 1 cm by 1 cm by
1 cm was also machined and prepared for microstructure
analysis.
Fig. 1. Schematic of Tensile Test Specimen (all dimensions in mm).
2.2. Hardness testing

The Brinell Hardness Test was carried out with the aid of a
TQ SM1000 Universal Testing Machine with a steel ball of
10 mm diameter indenter. A small circular sample was placed
in a cavity aligned to the axis as the steel ball indenter, then
the lever that drops the steel ball on the sample applying a
form of hydraulic power is pulled, counting for 15 s and the
reading of the applied force was displayed on the digital read-
out. Using a granule (magnifying glass with a measuring scale),
the diameter of indentation was measured on the samples. The
Brinell hardness value was calculated with the Brinell scale
formula.

HBS ¼ 0:102
2F

pDðD� ðD2 � d2Þ
ð1Þ

Where,

F = Force applied (130 kgf)
D = Diameter of Indenter, mm
d = Diameter of Indentation, mm

2.3. Tensile testing

The Tensile test was carried out with the aid of a TQ SM1000
Universal Testing Machine in accordance with ASTM E8/E8M-16a
standard test method for tension testing of metallic materials.
The material, machined in line with the dimensions in Fig. 1 was
gripped at both ends and slowly pulled (using a form of hydraulic
power) until it fractures. The initial peak force before applying the
load was recorded as well as the final peak force after the material
failed.
Table 1
Proportion for material preparation.

S/N Specimen Sub-specimen %Al-Si %TiC

1. A – 100% –
MASS 500 g 500 g –

2. B B5 99.6% 0.4%
MASS 498 g 2 g
B4 99.2% 0.8%
MASS 496 g 4 g
B3 98.8% 1.2%
MASS 494 g 6 g
B2 98.4% 1.6%
MASS 492 g 8 g
B1 98.0% 2.0%
MASS 490 g 10 g
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2.4. Structural and morphological characterisation

Scanning Electron Microscopy/Energy Dispersion Spectroscopic
(SEM/EDS) studies were also carried out using a JSM-7600F Schot-
tky Field Emission Scanning Electron Microscope.

For X-ray diffraction analysis, powdered samples were pel-
letized and sieved to 0.074 mm. these were later taken in an alu-
minium alloy grid (35 mm � 50 mm) on a flat glass plate and
covered with a paper. Wearing hand gloves, the samples were
compacted by gently pressing them with the hand. Each sample
was run through the Rigaku D/Max-lllC X-ray diffractometer devel-
oped by the Rigaku Int. Corp. Tokyo, Japan and set to produce
diffractions at scanning rate of 2 0/min in the 2 to 500 at room tem-
perature with a CuKa radiation set at 40 kV and 20 mA. The diffrac-
tion data (d value and relative intensity) obtained was compared to
that of the standard data of minerals from the mineral powder
diffraction file, ICDD which contained and includes the standard
data of more than 3000 minerals.
3. Results and discussion

3.1. Brinell hardness values

From Fig. 2, it was observed that the control sample has the
highest Brinell hardness value of 21.89 MPa indicating that the
addition of TiC at the selected concentrations failed to bring about
an increase in the hardness of the sample. An explanation for this
Fig. 2. Graph of Brinell hardness Test against all ‘‘B” samples (i.e. Samples
containing Titanium Carbide) and sample ‘‘A” (Control).
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Fig. 3. Graph of Tensile Strength against all ‘‘B” samples (i.e. Samples containing
TiC) and sample ‘‘A” (Control).
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lies in the fact that aluminium matrix composites, being mostly
reinforced with ceramics, have low toughness in comparison to
the unreinforced aluminium and alloys [10].

However, a positive trend is noticed with a deviation in sample
B4 (0.8 wt. %TiC) and B2 (1.6 wt% TiC), suggesting that a further
increase in the volume fraction of TiC at concentrations higher than
2.0%, would bring about Brinell hardness values greater than that
of the Al-Si alloy, hence increasing its hardness. This is due to
the increase in the volume fraction of the relatively hard-phase
Al3-Ti [11].

3.2. Tensile strength

From Fig. 3, it is seen that sample B5 (2.0 wt% TiC) has the high-
est tensile value of 6400 N. It is also noticed that there is an
increasing trend to the graph which proposes that an increase in
the weight fraction of reinforcement (TiC) leads to an increase in
strength of samples. All the aluminium composites have tensile
strength values higher than the unreinforced aluminium alloy.
The increase in the tensile strength is due to the applied tensile
load transfer which is as a result of the strongly bonded TiC rein-
forcement in the Al-Si matrix [12]. This is a good indication that
TiC has the ability to reinforce aluminium alloy.

3.3. Microstructural analysis

Fig. 4 shows the microstructure and EDS analysis of the Al-Si
control sample. The sample image was taken at 4000X magnifica-
Fig. 4. SEM/EDS of Sample A (Al-Si alloy
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tion, with acceleration voltage of 20 kV, working distance of 50 mm.
The Figure reveals coarse plate-like hypoeutectic silicon in the alu-
minium matrix which can promote brittleness within the alloy
[13].

The EDS shows the composition of the coating of the Al-Si
sample, A. It shows the constituent element peaks and their
wt %. Al and Si peaks are noticed, which are the primary con-
stituents of the specimen under consideration. Fig. 5(B1-B5)
shows the scanning electron microscopic images of the Al-Si-
TiC alloy. The sample images were taken at 5000� magnifica-
tion, with acceleration voltage of 20 kV, working distance
between 10 and 20 mm. Fig. 5 reveals a finer grain structure
owing to the fact that titanium functions as a grain refiner in
Al alloys [8].

From the EDS, Al, Si, Ti and C peaks are noticed, which is
consistent with the primary constituents of the composite pro-
duced. In B1, the reinforcing particles are well dispersed and
clearly delineated in the aluminium alloy [10]. B2-B4 shows
the dominance of hypoeutectic silicon. However, B5 further
shows a transition from needles/platelike to globular/fibrous
morphology, an evidence of improved mechanical property
[12]. It is important to note that B5 exhibited the highest ten-
sile strength and this is also confirmed by microstructural
analysis.
3.4. X-ray diffraction analysis

Fig. 6 shows the XRD analysis of the samples (B1-B5). Peaks of
aluminium and titanium are seen alongside other peaks. This indi-
cates the formation of the phase Al3-Ti.
4. Conclusions

In this study, a metal matrix composite was developed from
the alloy of aluminium and silicon reinforced with titanium car-
bide (TiC) making use of several material testing techniques.
From the experiments concluded matched with experimental
results, specific material properties like tensile strengths were
enhanced with some superior to the monolithic material.
Although precise material properties like hardness were not
seen to progress by a large margin, it is suggested that upon
further increase in the weight fraction of each reinforcement
above 2.0%, great progress is predicted and this alloy would
be able to find applications where high tensile strength is
needed.
) [Control] at 4000� magnification.
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Fig. 5. SEM/EDS of Samples B1-B5 (Al-Si-TiC).
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Fig. 6. XRD of samples (A) B1, (B) B2, (C) B3, (D) B4 and (E) B5 showing a predominant phase of Al3-Ti.
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