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Abstract

Because of their combination, there is a growing market for aluminum matrix
composites, which are lightweight, with good mechanical, electrical, magnetic,
fatigue, and tribological properties. This study investigates the fabrication,
characterization, electrical, magnetic, and mechanical properties of composites
made from AA7075-T6 and Al2Os3 prepared by stir casting techniques. Three
nanocomposite materials can be durable and strong and are used in engineering
applications, structures of aircraft, industrial equipment, cars, etc. These
composites were fabricated for three stirring times, i.e., 1%, 3%, and 5wt% Al203
with 2, 4- and 6-minute stirring times. It is found that increasing the amount of
Al203 increases both mechanical and electrical resistivity while electrical
conductivity reduces for the three stirring times used. The electrical, magnetic,
and mechanical characteristics of nanoparticles were assessed. The experimental
results revealed that the composite, including 5wt% Al2Os, exhibited better
electrical, magnetic, and mechanical properties. The maximum improvement for
these properties was found at 4 min stirring time for the best composite 5wt%
Al203. The optical microstructure revealed that good distribution of Al2Os3 into
the matrix had 5wt% at 4 min. stirring time compared to the base metal.

Keywords: AA7075-T6, Al20s Nanoparticle, Electrical, Magnetic properties,
Mechanical properties, Stir casting method, Stirring time,
Microstructure.
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1.Introduction

In the process of element design or structure, the most important features of the
chosen material are electrical and mechanical features. Because of their high
stiffness, strength-to-weight ratio, and good wear resistance, metal matrix
composites have become significant materials for structural, wear, and electrical
expenditures. Composite materials provide the advantages of the fundamental
materials and improved electrical and mechanical properties. These materials are
utilized in practically every manufacturing. The automotive, aviation, and space
flight industries are continuously on the lookout for composites that are both
durable and low in weight [1-3]. Aluminum is a good candidate as a structural
material in these fields, as it is lightweight, low density, high strength, easy to
process, corrosion resistant, and has similar superior properties. Recently,
particulate-reinforced aluminum-metal matrix composites (AMMC) have received
the attention of the researchers. In the AMMC, the matrix is aluminum, while
several reinforced materials, such as graphite, silicon carbide, fly ash, particulate
alumina, red mud, etc., are embedded in this matrix [4-6].

The aluminum 7075-T6 alloy delivers many preferable properties compared to
other aluminum alloy series, including greater toughness and stiffness, increased
strength, and greater wear resistance. It is used in many sectors, including
aerospace, industrial, and military [7, 8].

Depending on the type of reinforcement, AMMC's manufacturing technologies
can vary greatly. Many methods have been introduced to fabricate the AMMC,
such as spray decomposition, stir casting technique, squeeze casting, liquid metallic
infiltration, squeeze moulding, and powder metallurgy are some of the techniques
used. The stir casting technique is usually utilized to produce massive quantities
commercially. Such a method is attractive, as it is uncomplicated, flexible, and cost-
efficient for fabrication of large-sized components [9, 10].

The impact of stirring parameters on both the electrical and magnetic properties
of AMMC has not been investigated yet. However, few studies have addressed the
influence of these parameters on mechanical characteristics. Prabu et al. [11]
investigated the impact of various stirring speeds and times on the microstructure
and the hardness of the aluminum alloy-silicon carbide metal matrix composite. It
was stated that better particle distributions would be achieved by raising both
stirring speed and time. Rasyid et al. [12] studied the effect of the parameters
mentioned above on ultimate tensile strength (UTS), hardness, and microstructure
semisolid rheocrat (SSR) of the aluminum alloy ADC12. It was found that the
optimal values of UTS and hardness were obtained at stirring time. On the other
hand, stirring times (40 and 60 seconds) Mechanical characteristics showed no
substantial enhancement. These results were consistent with those obtained in [13].

Moreover, stirring temperatures, as well as stirring times effect on the
microstructure and mechanical properties of 6061AI matrix composites reinforced
with Aluminum borate whisker (ABOW) and silicon carbide particle (SiCp), were
investigated in [14]. They found that decreasing the stirring temperature and
increasing the stirring time resulted in increasing the reinforcement and tensile
properties homogeneity. Rashid et al. [15] The influence of stirring speed and
alumina volume on the mechanical characteristics of Al6063 reinforced composites
was investigated with Al,Os Particles using the MINITAB 16 program. The
composite material was produced using the stir-casting method. The metal was
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melted, and the alumina particles 2wt% were diverse sizes of 700, 500, 355, 250,
and 106 m when stirred at different speeds of 1000, 900, 800, 700, and 600 rpm for
a given period of 10 min. The factors of stirring speed and particle size were shown
to impact tensile strength substantially.

Furthermore, as the stirring speed increases, the tensile strength rises [16].
Using a stir casting process with three stirring rates, researchers investigated the
ultimate strength and ductility of nanomaterial composites and speeds of 20
seconds and 300 rpm, respectively. AA7075-T6 with amounts of nanoparticles (20-
30 nm) and reinforced material Al,O3 (2, 4, and 6 %wt.). The results indicated that
at the three speeds tested, most of the resultant composites' Vickers hardness and
ultimate strength were stronger than the unreinforced, as-cast AA7075-T6.
However, the ductility was lower than the as-cast alloy. Furthermore, the quantity
of reinforcement greatly enhanced tensile strength. The greatest value was attained
at 850 rpm stirring speed, with a 36.6 percent enhancement over the matrix alloy.
Raju et al. [17] explored the effect of different stirring times and stirring speeds on
the microstructure and mechanical properties of Al7075-T6/1 Wt. % of Al,Os. It
was revealed that satisfactory hardness was produced after five minutes of stirring
at a speed of 400 rpm.

The present work is focused on studying the influence of different stirring times
(2, 4, and 6 min) on electrical, magnetic, and mechanical properties of Al 7075-T6
reinforced with nano Al,Os particles with different weight percentages (1, 3, and 5
%wt.) using stir casting method. A summary of some investigations is given in
Table 1 [18, 19].

a) Speed of stirring is a significant element because it enhances wet ability, and
stirring while the slurry solidifies promotes particle integration into the
mixture of the alloy.

b) The temperature at which the Al matrix is stirred affects the viscosity of the
matrix and speeds up the chemical interaction between the matrix and the
reinforcement.

¢) Stirring time is essential in composite processing because it uniformizes
particle dispersion in the liquid and creates a flawless interface binding
between reinforcement and matrix.

Table 1. Summary of investigations on stirring speed
and time parameters of stir welding of Aluminum alloys.

Ref. No. Mﬁg(;gal Reinforce Stirring parameters Properties Studied
speed of stirring (500,
. 600, and 700 rpm) microstructure and
0,
[11] AA3B4 10% Sic stirring times (5, 10 the hardness
and 15 min)
stirring times (0, 20, mechanical
. 40, 60 sec) properties, ultimate
[12] WA RIGT s speed of stirring (0, tensile strength, and
250, 300, 350 rpm) hardness
speed of stirring (1000
Al20s to 600 rpm) and a . .
[15] Al6063 206 Wt. permanent period (10 mechanical properties

min)
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[13] cz Al 7.1 wt.% Si stirri_ng_ spegds e microstructure
rheocast Al stirring times
stirring temperatures
(ABOwW) (680, 650, 640 and microstructure and
[14] AA 6061 and 630) mechanical properties
(SiCp) stirring times (15 and prop
30 min)
AlO3 - Strength of tensile,
[16]  AA7075 (2,4and6 S%‘;%d °f§t¥5rg(‘)g ) hardness, and
Wt.%) y &N ) a7 ductility)
Stirring tlmes' (5,10 Microstructure
[17]  AA7075  ALOslwi% and 15 min) Strength and
speed of stirring (300, Hardness
400 and 500rpm)
Present Al20s3 Stirring timgs (2,4and  Electrical, Mag_netic,
work AAT7075 (1,3and5 6 min) and Mechanical
wt.%) properties

2. Methodology (Material and Nanomaterial Selection)

2.1. Material selection

AAT075-T6 has been used in this work as a metal matrix due to its wide application
in many engineering sectors. Moreover, it is characterized by strength and good
shape. To fabricate such an alloy, the chemical compositions of the matrix are
illustrated in Table 2 as shown below compared with standard.

Table 2. Chemical composition of aluminum alloy [20].

Chemical

- Si Fe Cu Mn Mg Cr Zn Ti Al
composite
Standard 04 05 1220 03 2.1-29 0.18-0.28 5.1-6.1 0.2 Bal.
Experimental 0.38 041 1.64 0.36 2.62 0.36 5.4 0.2 87.1-914

2.2. Reinforcement

Al>O3 (Alumina) with a particle size of 30 nm and various weights of 1, 3, and 5 wt.% have
been used as reinforcement to fabricate the nano aluminum composite. In engineering,
Al,O3 is widely used since it is a cost-effective material and has an excellent combination
of properties. Table 3 shows the physical and mechanical properties of Al,O3.

Table 3. Physical and mechanical properties of Al.O3 [20, 21].

physical and . Grain Tensile Elastic
mechanical ( Dni;f:l%) size HarBdsr(l)eOss Strength modulus(E)
properties g (nm) (MPa) (GPa)
Standard 37 50 1175 2100 300
compression
. 2018
Experimental 3.62 20-30 1205 297

compression

2.3.Fabrication process

To create a composite material that consists of AA7050-T6 and Al,Os, the stir
casting process and manifestation device were used. A stir casting process
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generally involves a long period of contact between the liquid reinforcement and
the casting medium, which can result in a significant amount of reactivity at the
interface of the liquid reinforcement and the casting medium. It is important to
understand the following steps involved in the manufacture of composites in order
to gain a better understanding of the manufacturing process.

o Melting the required weight of the AA7075-T6 by heating it over its melting
temperature using an electric furnace at (800 °C).

e Adding nanoparticles of Al,Os after preheating to (200 °C) to the molten 7075-
T6 alloy.

e Mechanically stirring the mixture at a constant speed of 450 rpm at three
different times (2, 4, and 6 min) has been selected in the current investigation.

e The finished mixture is put in steel moulds after being preheated to 400°C at
the end of the procedure.
2.4.Rule of mixture
The percentage value of the additional reinforced material, as well as the stirring
times, as shown in Table 4.

Table 4. Reinforced material added to the alloy for 1 kg for each wt.%.
Stirring times  AA7075-T6 Total weight  Al.O3

(o)

ALOsWEY% " (min) (gm) @m)  (gm)
1 2 990 1000 10
3 = 970 S 30
5 = 950 = 50
1 4 990 S 10
3 = 970 = 30
5 = 950 = 50
1 6 990 = 10
3 = 970 = 30
5 = 950 = 50

2.5. Electrical and magnetic properties

Electrical properties testing, including resistivity, p, electrical conductivity, o, and
magnetic behavior of AA7075-T6 aluminum alloy, have been tested before and
after adding Al.Os particles with percentages of (1, 3, 5 wt.%) for each stirring time
(2, 4 and 6 min).

The electrical conductivities for both base metal and hanocomposite have been
tested by LCR-8110G/ 8105G tester device with a frequency of 50 Hz- 50 MHz
Different parameters, including phase angle, AC resistance, inductance,
capacitance, impedance, quality factor, and connector, can be measured by such a
device. The diameter and length of the electrical conductivity test samples are 5
mm and 2 mm, respectively. It should be noted that the electrical conductivity of
the base metals and the compound has been recorded in accordance with the
standard specifications of four wires.

Magnetic behavior, including coercive field (Hc), saturation magnetization
(Ms), remnant magnetization (Mr), and Bohr magneton (uB) have been tested. The
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mentioned parameters are obtained with a maximum applied field of 15 KOe using
the vibration sample magnetometer (VSM).

2.6.Mechanical properties

AMMCs have different impacts on mechanical properties. The mechanical
properties that have been tested in the current study are as follows:

2.6.1. Tensile test

Tensile tests have been conducted to obtain the mechanical properties of the AA
7075-T6 reinforced with 1, 3, and 5wt% of AlOz nanoparticles for each stirring
time (2, 4, and 6 min). A computerized machine (WDW-200E) with a capacity of
200 kN has been utilized in this study for tensile tests.

The required tensile properties can be obtained from stress-strain diagrams, which
are provided by the machine. Tensile testing was performed on the ring-shaped tensile
specimens. For each combination of wt.% percent Al,O3 reinforcement and stirring
time, three experiments were conducted. Each tensile property's main value was
determined. All tensile tests were performed at a crosshead speed of 1 mm/min. The
ASTM (E8/E8M-09) was used for the tension sample.

2.6.2. Microstructure test

An optical microscopic examination at 50X magnification was done. Samples of
base alloy and AA7075-T6-5wt% Al,Os3 stirred at 4 minutes nanocomposite were
prepared including ground, polished, etched, and observed under an optical
microscope in sequences step.

3. Results and Discussion
3.1. Evaluation of microstructure

Figures 1(a) and (b) show typical micrograms of the microstructure matrix A7075-
T6 and AA7075-T6/5wt% Al,O3 composite. Clusters of hard ceramic (AlxOz3) in
the microstructure of AA7075-T6/5wt% Al,Os sintering with 4 minutes (sintering
time) have been observed. Clusters are clearly found near grain borders.

The uniform distribution of Al,O; into the matrix may be coming from the
proper stirring time (4 min) during the casting process, as in Fig. 1(b). the Al,O3
particle agglomeration and porosity are observed in the nanocomposite, and this is
due to the isothermal heat reaction between AA7075-T6 and Al.O3 [22].

3.2. Evaluation of electrical properties

Table 5, Fig. 2, and Fig. 3 show the resistivity, p in Q-cm and electrical
conductivity, o in Q/cm results for pure AA 7075-T6 and AA 7075-T6reinforced
with (1, 3 and 5 wt.% Al,O3) nanoparticles and for all specified stirring time values
(2, 4 and 6 min).
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Fig. 1. Optical micrographs (a) Base metal
(b) 4 min stirring time of AA7075-T6/5wt% Al>03 nanocomposite.

Table 5. Electrical resistivity and conductivity
as a function of Al2Os content and stirring time.

Stirring time 2 Stirring time 6
= (min) (min)
s specific  Conductivi  specific  Conductivi  specific  Conductiv
= resistan ty of resistan ty of resistan ity of
2 ce electricity ce (Q electricity ce electricity
(-cm)  (Q/cm) -cm) (Q/cm) (2-cm) (Q/cm)
A\ 0028 35714 0032 31.25 0027 37.037
7075
AAT7075
1wt%  0.032 31.25 0.039 25.641 0-03 33.33
Al203
AAT7075
3wt%  0.043 23.25 0.49 20.408 0.04 25
Al203
AAT075
15 WE.% 0.051 19.607 0.058 17.241 0.051 19.607
Al203
__0.07
© 0.06
= 0.05 .
-
S 0,04 -
% 0.03
o
= 0.02
RS,
£ 0.01
o
w0 . : : ; ; |
0 1 2 3 4 5 6
weight% of Al203
=f=time 2 min —B—time 4 min ==le=timeb min

Fig. 2. Electrical resistivity against weight % of Al>Oa.
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Fig. 3. Electrical conductivity against weight % of Al20s.

The measurement results of Magnetic properties of AA5075 composites as
function of stirring time are presented in Table 6. The properties were measured at
2, 4, and 6 minutes of stirring. The saturation magnetization trend is not consistent,
or the difference between the value at 4- and 6-minutes stirring is within the
uncertainty of the measuring equipment as they are 72 and 71.9 emu/gm,
respectively. The magnitudes of the remanence magnetization is reducing as the
attiring period is increased from 2 to 4 to 6 minutes.

Table 6. Magnetic properties of AA5075
composites as function of stirring time.

Remanence

Saturation magnetization Hc(Oe) magnetization g

Stirring time (min)

Ms (emu/gm) Mr (emu/gm)
2 68.43 2.71 0.35 2.87
4 72 2.42 0.29 3.04
6 71.9 1.31 0.18 3.1

3.3. Evaluation of magnetic properties

The magnetic behavior of AA7075-T6/5wt% Al,O; composite was examined by
magnetization versus magnetic field at three different stirring times (2, 4, and 6
minutes), as shown in Table 7 and Fig. 4.

Table 7. Mechanical characteristics
experimental results at varied stirring periods.

Material 2 min 4 min 6 min
(%Wt) Ou Oy E Ou Oy E Gu Oy E
(MPa) (MPa) (Ga) (MP) (MP) (GPa) (MP) (MPa) (GP)
1 139 35 70 142 40 72 140 39 70.5
3 141 38 705 146 49 72.5 144 43 715
5 148 42 72 152 47 72.8 150 45 72.5

It is noticed that the value of Ms increases with increasing the stirring time up
to 4 min and then reduced as in Fig. 4 and Table 7. It is observed that at a 4-min
stirring time of 5 wt.% nanocomposite, the grain size is smaller than that of as cast
shown in Fig. 1.
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Fig. 4. M-H loops of AA7075- Al203 nano-
composite samples stirred at 2, 4, and 6 minutes.

3.4. Tensile tests results

Tensile tests were utilized to determine the mechanical ultimate tensile strength of
AAT7075-T6 composites with various quantities of Al,O3 and other parameters,
such as ultimate tensile strength for (1, 3, and 5 wt.% Al,Os). Table 7, Fig. 5, and
Fig. 6 illustrate the mechanical results.

155

Ultimate Tensile Strength
(MPa)

130

2 Stirring ti#ﬂe {min) 6

B 1wt%Al203 H 3wt%Al203 m5wi%Al203

Fig. 5. Ultimate Tensile strength as a function
of Al203 percentage of content and Stirring time.

60 -

50 49 47

31s 42

43 45
40,

35

30

20

10

Yield Tensile Stress, (MPa)

0 . T -
2 4 6

Stirring time (min)
i 1wt%AI203 W 3wt%AI203 W S5wi%AI203

Fig. 6. Yield tensile strength of Al.Os at various contents and Stirring times.

Journal of Engineering Science and Technology =~ December 2023, Vol. 18(6)



2876 B. A. M. AL-Twejri et al.

Ultimate tensile strength results in Fig. 5 and yield tensile stress in Fig. 6 show
that they increase with increasing the amount of Al,Os. The composites, including
5 wt.% Al;O3 shows a higher increase compared to other composites. Also, there
is little difference in the improvement between 1wt% and 3wt% Al.O3; composites.
But in terms of stirring time, all the mechanical composites are enhanced, but the
best improvement is recorded at 4 min stirring time. The main reasons for these
improvements could be due to the following:

- Al,O3 nanoparticles act as obstacles to the dislocation motion resulting in
retardation of the initiation of cracks.

- The uniform distribution of Al,O3 in the matrix played a significant role in
improving the mechanical properties, and the more uniform distribution was
accrued at 4-min stirring time, which is consistent with what has been studied [23].
This study investigates the mechanical properties and the wear behavior of Al 7075/
Al>,O3/SICNP composites. The results reveal that the composites reinforced with
4% of Al,Os3 particulates exhibit superior properties. The wear rate and the
coefficient of friction (COF) decrease with the increase in the reinforcement
content. Itis also in line with the same trend as researched by Wu et al. [24]. In this
work, it was found that the CrCoNi MEA can effectively improve the mechanical
properties of the Al matrix composites, especially the 5 wt.% CrCoNi/Al composite
can achieve a high strength without the sacrifice of ductility, due to the strengthened
interfacial bonding between the Al matrix and the CrCoNi reinforcements caused
by the element interdiffusion and the high mechanical performance of the CrCoNi
MEA itself. In addition, the wear resistance of the composites can be enhanced by
the inclusion of the CrCoNi MEA reinforcement because the CrCoNi MEA can
substantially improve the hardness of the composites and promote the formation of
the oxidative protection film during the friction process.

4. Conclusion

The optical microstructure of nanocomposite 5wt% at 4 min stirring time revealed
uniform distribution of the Al.Os; in AA7075-T6. The block dots in the optical
microstructure indicate the AlOs; nanomaterials in white coloured aluminum
matrix phase. It is observed that electrical resistivity increases with increasing wt.%
of the Al;Os. In contrast, increasing the Al,O; amount results in a reduction in the
value of the electrical conductivity. The maximum value of the electrical resistivity
is delivered at a stirring time of 4 min. Also, it is found that magnetic parameters
Ms, Hc, Mr, and uB are obtained for three stirring times 2,4 and 6 min. At stirring
time of 4 min, the highest values of Ms and Hc have been obtained, about 72
(emu/gm) and 2.42(Oe), respectively. Furthermore, the mechanical characteristics
improve as the quantity of Al,Osincreases, and the optimum mechanical properties
are achieved at a stirring period of 4 minutes for the 5 wt.% Al,O3; nanocomposites.
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Nomenclatures

Acronyms

AA7075-T6 Aluminum Alloy

Al,03AI203 Aluminum oxide

AMMC Aluminum metal matrix composite
UTsS Ultimate Tensile Strength

VSM Vibration sample magnetometer
YTS Yield Tensile strength

Symbols

Q.cm Resistivity

Qlcm Electrical conductivity

p Density

E Elastic Modulus
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