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Abstract:

The microstructure of Al-Si-xCu alloys with different percentages (x= 0, 0.1, 0.2, 0.3
wt. %) has been investigated using X-ray diffraction (XRD). Localized permanent
plastic deformation (Vickers hardness (HV)) was conducted for all samples before
and after the sintering process. From the XRD map, the Al-Si alloy consists of a-Al
and Si phases while the Intermetallic compound (IMC) CuAl; has been detected with
the addition of Cu. Also, it was found that there was a small shift in the peak position
to the high angle as more Cu content was added. This shift is a result of the
incoincidence of dny levels in the Al-phase before and after the addition of Cu. This
mismatch in dng levels is associated with lattice defects and localized strain
deformation. From Vickers hardness results, the formation of CuAl, precipitates
promotes an increase in hardness from 11.643 Hv in the binary Al-Si to 27.439 Hv in
the ternary Al-Si-0.3wt. % Cu whereas the highest value was found at 28.755 Hv
with 0.2 wt. % of Cu after sintering. This is attributed to the temperature-promoting
diffusion of copper atoms into Al lattices which improves hardness.
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INTRODUCTION

Aluminium has a high strength-to-weight ratio, is
ductile, and durable, and makes up 8% of the
earth's surface weight as a mineral. These
gualities have drawn the attention of modern
researchers and enterprises to aluminium
(Krishnan et al., 2019; Raabe et al., 2022). Due
to the weak mechanical properties of pure
aluminium, many works have been performed to
enhance the properties of aluminium by alloying
and heat treatment (Trivedi et al., 2004). Al-Si
alloy is being thoroughly studied due to its
exceptional qualities, which include Ilow
coefficient of thermal expansion, superior wear
and corrosion resistance, high strength-to-weight
ratio, and good castability. Because of these
characteristics, AIl-Si alloys are used more
frequently in the automobile sector, particularly
for cylinder heads, cylinder blocks, pistons, and
valve lifters (Kotadia et al., 2010; Lasa and
Rodriguez-lbabe, 2003; Liao et al., 2002; Taylor
et al, 2005; Warmuzek, 2004). Different
elements are alloyed to Al-Si alloys to further
enhance their properties (Callegari et al., 2023).
The current study is an attempt to improve the
strength of the AI-Si alloy by adding traces of
copper alloying elements.

MATERIAL AND METHODS

Materials Preparation

The nanopowder aluminium, silicon, and copper
were accurately weighted in balance to make the
required composition as shown in Table (1) with
high purity of 99.99% for all elements. The
balanced elements were mixed in a powder form
at room temperature and then subjected to
compression using a hydraulic pressure system
with a constant load of 250KN for 5 minutes for
all samples. The compacted cylindrical disks
were obtained with dimensions of 6 x 32 mm.
After that, the compressed samples were
sintered in a controlled atmosphere furnace at
about 450 °C to allow the bounding of particles
for each other. For X-ray diffraction (XRD)
analysis, a ShimadzuX-ray diffractometer (EDX-
720) with Cu ka radiation (A = 1.54056 A°) was
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used to determine the alloy phases, and then
identify other lattice parameters. Vickers
hardness test (localized plastic deformation
resistance or impact force resistance) has been
performed using the mechanical equipment as
shown in Figure (1) (Polanco et al., 2022).

Table 1. Chemical composition of Al-Si-xCu alloys.

Chemical compositions (Wt.%)

Alloys Samples Al Si Cu
Al-Si Al Balance 17 0

Al-Si-0.1Cu A2 Balance 17 0.1
Al-Si-0.2Cu A3 Balance 17 0.2
Al-Si-0.3Cu A4 Balance 17 0.3

O v Load
Elec.Source | Sample
~ 5

|
_E A ForceSensor
‘ Power Link
/ -
[~ Computer

Fig.1. Schematic diagram of Vickers hardness tester.

RESULTS AND DISCUSSION
XRD Analysis

X-ray diffraction is a popular characterization
technique that is used to determine phases
present in metal alloys. The diffraction pattern
obtained is shown in Figures (2a),(2b),(2c) and
(2d). It can be seen that the AI-Si alloy is
primarily composed of two phases identified as
the a-Al phase and Si phase. The lines (111,
200, and 220) represent the Al-phase, and the
lines (111, 220, 311, and 400) represent the Si
phase. This result is in good agreement with the
previous literature (Santos et al., 2021). A new
phase is deduced with the addition of Cu as
shown in Figures (2b),(2c), and (2d). According
to the Al-Cu phase diagram (Massalski et al.,
1986), and from the previous literature (An et al.,
2022), this intermetallic compound (IMC) is
CuAl,. When comparing Al peaks before and
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after Cu addition, there is a small shift in the
peak position to the high angle as more Cu
content is added as shown in Table (2) and
Figure (3). This shift in the angle position reflects
itself in the incoincidence of interplanar spacing
(dne) levels before and after Cu-addition as
confirmed by the values in Table (3). This

[AL_Si A mid] mplelD
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incoincidence of (dn) levels is associated with
the lattice defects, localized strain deformation,
and change in lattice parameters of Al lattice as
confirmed by the values in Table (4). This may
be attributed to the Cu atom dissolution and
diffusion on the Al lattice.
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Fig. 2a. XRD pattern of Al alloy.
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Fig. 2b. XRD pattern of A2 alloy.
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Fig. 2c. XRD pattern of A3 alloy.
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Fig. 2d. XRD pattern of the A4 alloy.

Table 2. The angle position of Al lines for all samples.
Lines 2eo(deg)

Al A2 A3 A4
111 38.6 38.82 38.9 38.899
200 44.879 45.08 45.16 45.14
220 65.28 65.461 65.54 65.521
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Fig. 3. The XRD patterns of Al-Si-xCu alloys.

Table 3. The interplanar spacing of Al lines for all samples.

Lines dhk|(A0)

Al A2 A3 A4
111 2.3305 2.3178 2.3132 2.3133
200 2.018 2.0095 2.0061 2.0069
220 1.4281 1.4246 1.4231 1.4235
Table 4. The lattice parameter of Al lines for all samples.
Lines Lattice constant (A°), a=b=c

Al A2 A3 A4
111 4.0365 4.0145 4.0066 4.0068
200 4.036 4.019 4.0122 4.0138
220 4.0393 4.0294 4.0251 4.0263

According to the Scherrer formula (Patterson,
1939), the particle size is calculated and
tabulated in Table (5).

D = 0.9 M@ CosB 1)

where D is the crystallite size, 6 is the Bragg
angle, A is the X-ray wavelength, and 3 is the
broadening of the diffraction line measured at
half its maximum intensity (radians). It can be
seen from Table (5), that the particle size after
Cu addition has more size than before. This is
further evidence for the occurrence of Cu atoms
diffusion into Al lattices.

The length of dislocation lines per unit volume of
the crystal is known as the dislocation density
(), which indicates the quantity of flaws in the
sample. This dislocation density is calculated
using the following equation:

5=1/D? 2)

where (D) is the average crystallite size
(Dhanam et al.,, 2008). The inverse relation
between & and D is shown in Figure (4) and
Table (5).
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Fig. 4. Particle size and dislocation density as a function of Cu addition.

Table 5. Particle size and dislocation density of Al-Si-xCu alloys.

Alloys Particle size (nm) of Dislocation density(nm?)
a-Al Phase (D) () *10°
Al 32.061 97.285
A2 45.285 48.763
A3 44.24 51.094
A4 44.549 50.388

Vickers Hardness Measurements

The hardness property of the material is a very
important mechanical property particularly, in
structural applications. Vickers hardness was
determined before and after the sintering
process using the following formula (Krishna and
Karthik, 2015),

Hv=1.85L/d’ (3)

Where L is the indentation load in kg and d is the
mean diagonal of the indentation in mm.

Table 6. Vickers Hardness Number of Al-Si-xCu.

Table (6) and Figure (5) show the Vickers
hardness results obtained. It is clear that: (i) the
higher copper content in the alloy means the
higher the hardness value. This agrees with the
finding of a previous study (Zeren and
Karakulak, 2009) and (ii) the Vickers hardness
after the sintering process is higher than that
before sintering. This increment was explained
by a previous research (Ciotek et al., 2019). The
maximum number of finely distributed particles
in the aluminium matrix can be produced by
sintered samples, according to their findings,
which  results in the most noticeable
improvement in hardness.

Alloys

Vickers Hardness (Hv)

Before Sintering

After Sintering

Al 11.643
A2 12.735
A3 14.7696
A4 27.439

13.1317
13.657
28.755
18.153




PSM Biological Research

2024; 9(1): 1-8

T T T

25

20

Hv

15
13.1317
11.64 12.73

10 H

30 4 Before sintering
I After sintering

657

11.76

0 T

0.00 0.05 0.10

T
0.15

020

Cu (Wt.%)

Fig. 5. Vickers hardness as a function of Cu content.

CONCLUSION

The effect of Cu on the microstructure and
mechanical properties (hardness) of Al-Si-xCu

alloys were investigated. The results are
summarized as follows:
1- From X-ray diffraction (XRD), the

microstructure of Al-Si alloy consists of two
phases identified as a-Al phase and Si phase.

2- The presence of alloying elements such as
Cu leads to the formation of intermetallic
compounds; the presence CuAl, phase in the
microstructure strengthens the Al-Si alloy.

3- The formation of CuAl, precipitates promotes
an increase in hardness from 11.643 Hv in the
binary Al-Si to 27.439 Hv in the ternary Al-Si-
0.3wt.% Cu. This phase impeded the movement
of dislocations, and as a result, the alloy has
high hardness.

4- The highest value was 28.755 Hv with 0.2wt.
% of Cu after sintering. This is attributed to the
temperature promoting diffusion of copper atoms
into Al lattices which improves hardness.
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