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Abstract

This study investigates the effect of casting methods, content and size of reinforcing parti-
cles and heat treatment on the mechanical properties of A356-Al2O3 composite. First, compos-
ite samples were made by three methods: gravity sand casting, squeeze casting, and semi-solid
compo casting, and then some of them were subjected to the T6 heat treatment. Test speci-
mens were extracted from the samples, and their tensile and yield strength, elongation, and
porosity were measured, analyzed, and compared. In addition, the microstructures of com-
posites made by nano and micro scale reinforcing particles were studied and compared. It
was concluded that the superior mechanical properties were obtained in samples made by
semi-solid compo casting using nanoscale reinforcing secondary phase and subjected to the
T6 heat treatment.
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1. Introduction

Aluminum alloys have been widely used in various
aerospace, automotive, and marine industries due to
their light weight [1–5]. However, the application of
aluminum alloys is restricted to situations where high
strength and modulus of elasticity are required [6, 7].
Significant efforts have been made to overcome this
problem to increase the strength of aluminum alloys
[8–11].
One way to increase the strength of aluminum alloy

is to reinforce it with ceramic particles and upgrade
it to a composite material. Composite properties are
influenced by the type, size, shape, and distribution
of these reinforcing particles [12–14]. These secondary
phase particles increase the strength of the soft alu-
minum matrix and impact its physical properties [15,
16]. In metal matrix composites, reinforcing particles
are ceramic material with a higher modulus of elastic-
ity than the soft metal matrix, enabling them to carry
on mechanical load [17]. Because of this, forces are
transferred and distributed to the reinforcing parti-
cles at the metal-particle interface, and consequently,
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the composite fails at higher strength [18–21]. The in-
terfacial ability of a liquid metal to adhere to a solid
ceramic particle is known as wettability [22]. A supe-
rior wettability is required to ensure proper bonding
between the reinforcing particles and the aluminum
matrix during the solidification. This adequate wet-
ting is crucial to effectively transfer the load from the
metal matrix to the ceramic particles without any fail-
ure occurring at the interface [23, 24].
Casting is a well-known method used economically

among available production methods for metal matrix
composites. The advantages of this method are its sim-
plicity, low cost, flexibility in size and production, and
applicability for mass production [25–27]. The cost of
production of these composites by casting method is
about one-third to half of other methods, which this
number can reduce to one-tenth for mass production.
The following items are essential for making metal ma-
trix composites using the vortex casting method [28,
29]:
– Uniform distribution of reinforcing particles.
– Good wettability between the matrix and the

secondary phase.
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Ta b l e 1. Chemical composition of A356 Al alloy

Sn Pb Ni Cr Ti Zn Mg Mn Cu Fe Si

< 0.01 0.10 0.05 0.01 0.02 0.31 0.33 0.20 0.25 0.3 7.10

Ta b l e 2. Cast samples for composite in this research

Al2O3 (vol.%) 0 1 2 3 5 10

Sand × × × × × ×
100 nano Compo × × × × × ×

Squeeze × × × × × ×

Sand × × × × × ×
5 µm Compo × × × × × ×

Squeeze × × × × × ×

– Reduction of the porosity of the cast composite.
– Chemical reactions between the matrix and the

second phase.
– Reduction of production time and temperature.
The main mechanisms to increase the strength of

composites include [30–32]:
– Orowan mechanism for precipitation hardening.
– Strengthening due to fineness.
– Solid solution hardening.
– Strengthening dislocations.
Yield strength is dependent on all these mecha-

nisms and can be expressed as follows:

σcomposite = ΔσOrowan +Δσgrain +Δσsolution
+Δσdislocation. (1)

The reinforcing particles must be uniformly dis-
tributed in the matrix to obtain good mechanical
properties with perfect wetting and bonding [33–35].
Another requirement is that the porosity and

chemical reactions between the reinforcing particles
and the metal matrix should be minimized [36–38].
During the solidification of the matrix alloy, the par-
ticles in the melt can move towards or away from the
solidification front. This means that the grain size,
due to the freezing rate, affects the distribution of re-
inforcing particles in the final structure [39–41]. Hav-
ing microstructure with smaller dendrite arms spac-
ing results in a more uniform distribution of particles,
while the larger ones lead to particle clustering [42,
43]. Therefore, structures that solidify quickly provide
a better distribution of particles due to the smaller size
of dendrites. On the other hand, once an alloy has a
long solidification range and can form non-dendritic
cells, advanced casting methods such as compo cast-
ing can be used [44–46].
In this type of alloy, the viscosity of the solid-liquid

mixture decreases sharply by applying shear stress in

the semi-solid state [47–49]. In other words, a solid
dendritic structure suspended in the liquid keeps the
mixture viscosity high, which can be decreased by con-
verting this dendritic structure into a globular one.
Reducing mixture viscosity and consequently increas-
ing the mixture fluidity is one of the most significant
advantages of the compo casting process [50–55]. It
has been proven that the injection of the second phase
into the semi-solid mixture entraps reinforcing mate-
rials in the solidifying metal matrix and prevents algo-
rithmization and settlement [56–58]. In this research,
the effect of the casting method on the mechanical
properties of A356-Al2O3 composite with different
content of reinforcements is investigated. The samples
were produced using three casting methods: sand cast-
ing, squeeze casting, and compo casting, and then sub-
jected to the T6 heat treatment. Later, their mechani-
cal properties, such as tensile strength, yield strength,
elongation, and porosity percentage, were analyzed
and compared. Finally, the effect of nano/micro scale
reinforcing materials on the microstructure and me-
chanical properties of this type of composite was an-
alyzed.

2. Experimental

Table 1 shows the alloy composition used in this
study. In addition, different alumina powder sizes and
content were used to produce this composite, as shown
in Table 2. First, samples were made using traditional
gravity sand casting, squeeze casting, and compo cast-
ing. In the traditional sand casting method, the com-
posite melt was poured into a sand mold made using a
step-like pattern, as shown in Fig. 1a. According to the
calculations, the gross weight required for each sample
was about 4.5 kg, including the weight of the casting,
riser and gating system. Charge materials were melted
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Fig. 1. Casting samples: (a) sand, (b) squeeze, and (c) compo-cast method.

in a resistance furnace with a graphite crucible to tap
the melt at 720◦C. After degassing using flux and slag,
reinforcing particles were added to the melt at 720◦C,
stirred and the slurry was poured into the sand mold.
In the end, the casting was shaken out, and the riser
was cut out. Then each step was removed, and the
center of each part was examined.
To produce the composite using the squeeze cast-

ing technique, the composite was poured into a rect-
angular cubic mold, shown in Fig. 1b, and pressed
by weight to squeeze the composite solid-liquid mix-
ture. About one kilogram of melt was required to make
each sample to accomplish this test. The same melt
preparation method used for the gravity casting pre-
vious experiment was also used for the squeeze cast-
ing method. Once the mixture reached the desired
temperature of 720◦C, it was poured into a stainless
steel metal mold and immediately pressed with a 50 kg
weight, then, the cubic test sample was taken out of
the mold, and its center was examined.
In this study, an alternating three-phase electro-

magnetic agitator (Fig. 1c) was used to investigate
the effect of applied shear force on the composition of
the composite that tends to grow dendritically. The
melt preparation method was the same as two pre-
viously explained methods. The temperature of the
resistance furnace was set at 720◦C and after reaching
this temperature and about half an hour elapsed, the
crucible was taken out of the furnace, a small amount
of coating flux was poured on the melt, and the melt
was stirred with a spoon. The slurry was poured into
a cylindrical stainless steel mold in the middle of an
electromagnetic stirrer. At the same time, the pre-set
electromagnetic stirrer was turned on. During the stir-

Fig. 2. Tensile test sample.

ring process, a thermocouple was placed at the center
of the sample. The semi-solid mixture was then trans-
ferred into a rectangular stainless steel mold shown
in Fig. 1b and pressed with a 50 kg weight. Finally,
the specimens were prepared according to Fig. 2 for
the tensile test. The samples were also subjected to
T6 heat treatment, and their microstructure was ex-
amined after metallography and etching with Keller
solution using optical and electron microscopy.

3. Results and discussion

Figure 3a shows the tensile strength of compos-
ites produced using different casting methods in heat
treated and in situ conditions. As shown in this figure,
the amount of tensile strength in the heat-treated sam-
ples is much higher than the one for in situ method,
which can be attributed to the spheroidizing of the sil-
icones, reduction in residual stresses and removing ar-
tificial aging. Also, samples produced using the semi-
solid compo casting method presented higher tensile
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Fig. 3. Effect of heat treatment (a) and effect of particle size (b) on tensile strength in different casting methods.

strength than other methods due to a better distribu-
tion of reinforcing particles in the aluminum matrix,
smaller dendrite arm spacing and distance between
globular dendrite.
Figure 3b shows the tensile strength of composites

made in different casting conditions using two different
reinforcement particle sizes (nano/microparticles). As
seen in this figure, the samples with 100 nm reinforced
particles have a higher tensile strength than those with
5 µm reinforced particles. This reduction in tensile
strength of composites with the micro-sized particle
is attributed to the higher density of accumulated dis-
locations behind the larger particles, which increases
the stress concentration at the particle-matrix inter-
face. Eventually, cracks nucleate and grow at these in-
terfaces leading to composite failure at lower stresses
and, consequently, a reduction in elongation and duc-
tility, as shown in the figure.
Increasing the solid nucleation in the liquid, which

can occur by several methods and mechanisms, re-
duces the dendrite arm spacing, which leads to a finer
microstructure accordingly. This finer microstructure
is responsible for increasing the tensile strength, duc-
tility and toughness. Higher cooling rates, adding
more grain refiner, and mechanical refining of solid
particles suspended in the liquid are the most applica-
ble mechanisms that reduce the dendrite arm spacing.
It should be noted that the aluminum 356A alloy has
a long freezing range, making grain refining possible.
In this study, the following methods were employed

to increase the nucleation and growth: Addition of a

secondary phase (which also acts as a primary nucle-
ation site), high cooling rate (which at the same time
increases the number of nuclei and decreases the criti-
cal diameter of the nuclei) and breaking down the den-
drite tips by shear forces (which turn them into new
nuclei). As shown in Fig. 4, squeeze and compo cast-
ing samples present finer microstructure and smaller
dendrite arm spacing related to the higher cooling rate
and more applied pressure during the solidification. In
the squeeze and compo casting method, samples were
made in a metallic mold under the 50 kg weight, which
both parameters increase the heat transfer coefficient
(HTC) between the cast and mold and increase the
cooling rate. In addition to higher cooling rates, sam-
ples made using squeeze casting and compo casting
methods were under mechanical pressure and electro-
magnetic stirring, which break down the growing den-
drite in the mushy zone.
Figure 5 shows the SEM image of the compos-

ite samples in the semi-solid state. As can be seen,
the particle distribution in the matrix is relatively
uniform. Also, in samples using nano-sized reinforc-
ing particles, the stress concentration is lower due to
the higher number of particles in the same volume
percentage. Therefore, mechanical properties are pre-
dicted to be higher, confirmed in tensile diagrams.
Figure 6 shows the yield strength of composites

made with different casting methods using two parti-
cle sizes. As can be seen in this figure, samples made
with compo casting in the semi-solid state present
higher yield strength compared to other methods due
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Fig. 4. Optical microscope image: (a) sand, (b) squeeze, and (c) compo-casting method of the percentages of 5 % reinforcing
particles.

Fig. 5. SEM image of the percentages of 5 % reinforcing particles: (a) 100 nano and (b) 5 µm.
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Fig. 6. Yield stress in different casting conditions.

Fig. 7. Elongation percentage chart in different casting conditions.

Fig. 8. Changes in porosity percentage according to the type of casting.

to the finer microstructure and more uniform distribu-
tion of reinforcing particles. In sand and squeeze cast-
ing methods, in the absence of electromagnetic forces
and shear forces required for breaking dendrites, the
reinforcing particles accumulate in locations where so-
lidified last and show tendencies to absorb each other
and form larger agglomerated particles. Also, accord-
ing to the optical microscope images, the dendrites in
these two methods are more significant than the semi-
solid method.
Elongation of composites made with different cast-

ing methods using two different particle sizes is seen in
Fig. 7. As expected, semi-solid compo casting samples
show higher elongation due to the fineness of the mi-
crostructure. In the sand casting sample, the porosity

percentage is relatively high due to the absence of ex-
ternal pressure during freezing. In this sample, poros-
ity intensifies due to dendritic growth and air trapping
between the dendrites.
In the case of squeeze casting, external pressure

is applied to reduce porosity. However, in the semi-
solid composite samples, where the microstructure has
changed from dendritic to globular, external pressure
and stirring forces help the dissolved gas to escape
from the castings easily. Because of this, as shown in
Fig. 8, the percentage of porosity has reduced. Re-
ducing the mixture viscosity and easier removal of
gas bubbles are other causes of reducing porosity in
the composite samples produced by the compo cast-
ing method in the semi-solid state.
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4. Conclusions

In this study, the effect of casting methods on the
mechanical properties of A356-Al2O3 composites has
been investigated in different percentages of reinforce-
ment particles. In heat-treated samples, the tensile
strength is much higher, which can be attributed to
the round silicones, removal of residual stresses, and
artificial aging. In addition, the samples made using
the semi-solid compo casting method had higher ten-
sile strength than those made using the sand casting
and squeeze casting methods due to the better distri-
bution of reinforcing particles in the aluminummatrix.
Moreover, smaller dendritic arm spacings and solid
globular structure, which clearly can be observed in
the microstructure, are other parameters highly influ-
encing increasing the tensile strength in the samples
made using the semi-solid compo casting method.
Another finding was that samples with 100 nm re-

inforcing particles showed higher tensile strength than
samples with 5 µm reinforced particles. This can be ex-
plained by increasing dislocation densities around the
larger particles, which introduces higher stress con-
centration around them with a higher probability of
cracking. Also, in samples with nano-sized reinforced
particles, the stress concentration is lower due to the
higher number of particles in the same volume per-
centage. Therefore, the tensile and yield strengths are
higher. In samples made by the semi-solid compo cast-
ing method, yield strength is higher than in samples
made by other casting methods due to the finer den-
dritic microstructure and uniform distribution of re-
inforcing particles. This uniform fine dendritic struc-
ture found in samples made by the semi-solid method
increases the elongation compared to other methods.
Samples made with the traditional gravity sand cast-
ing method, due to the lack of external pressure during
freezing and lower cooling rates, the amount of poros-
ity is relatively higher compared to the other meth-
ods. In addition, in these samples, due to the coarse
dendritic structure and higher melt viscosity, there is
more potential for gas entrapment, resulting in larger
porosities.
On the other hand, in the squeezed cast samples,

the applied external pressure reduced the porosity. In
the semi-solid compo cast composites, the amount of
entrapped gas between the refined dendrites is reduced
because the microstructure has changed from the den-
dritic to the globular one. Finally, the external pres-
sure, along with this phenomenon, makes it easier for
gas to escape, which leads to a reduction in the size
of porosity.

References

[1] A. Contreras, R. G. Vogt, D. M. Oliveira, J. M. Schoe-
nung, J. C. Gibeling, Low cycle fatigue of an ultrafine

grained AA5083 aluminum alloy composite produced
by cryomilling, Metallurgical and Materials Transac-
tions A 52 (2021) 975–984.
https://doi.org/10.1007/s11661-020-06129-w

[2] A. Bahmani, G. B. Eisaabadi, P. Davami, N. Varah-
ram, M. O. Shabani, Effects of hydrogen level and
cooling rate on ultimate tensile strength of Al A319 al-
loy, Russian Journal of Non-Ferrous Metals 55 (2014)
365–370.
https://doi.org/10.3103/S106782121404004X

[3] A. Mazahery, M. O. Shabani, Experimental investi-
gation on the aging response, hardness and total im-
pact energy absorption of Sr-modified heat-treatable
cast automotive aluminum alloys, Transactions of
the Indian Institute of Metals, 67 (2014) 753–759.
https://doi.org/10.1007/s12666-014-0399-2

[4] M. O. Shabani, A. Mazahery, P. Davami, M. Razavi,
Silicon morphology modelling during solidification
process of A356 Al alloy, International Journal of Cast
Metals Research 25 (2012) 53–58.
https://doi.org/10.1179/1743133611Y.0000000018

[5] A. H. Faraji, A. Bahmani, M. Goodarzi, S. H.
Seyedein, M. O. Shabani, Numerical and experimental
investigations of weld pool geometry in GTA welding
of pure aluminum, Journal of Central South Univer-
sity 21 (2014) 20–26.
https://doi.org/10.1007/s11771-014-1910-y

[6] M. O. Shabani, A. Mazahery, Microstructural predic-
tion of cast A356 alloy as a function of cooling rate,
JOM 63 (2011) 132.
https://doi.org/10.1007/s11837-011-0127-x

[7] M. Shamsipour, Z. Pahlevani, M. O. Shabani, A.
Mazahery, Squeeze casting of electromagnetically stir-
red aluminum matrix nanocomposites in semi-solid
condition using hybrid algorithm optimized parame-
ters, Kovove Mater. 55 (2017) 33–43.
https://doi.org/10.4149/km 2017 1 33

[8] M. O. Shabani, A. Mazahery, Automotive copper
and magnesium containing cast aluminium alloys: Re-
port on the correlation between yttrium modified
microstructure and mechanical properties, Russian
Journal of Non-Ferrous Metals 55 (2014) 436–442.
https://doi.org/10.3103/S1067821214050150

[9] A. Bahmani, N. Hatami, N. Varahram, P. Davami, M.
O. Shabani, A mathematical model for prediction of
microporosity in aluminum alloy A356, The Interna-
tional Journal of AdvancedManufacturing Technology
64 (2013) 1313–1321.
https://doi.org/10.1007/s00170-012-4102-7

[10] A. Mazahery, M. O. Shabani, Sol-gel coated B4C par-
ticles reinforced 2024 Al matrix composites, Proceed-
ings of the Institution of Mechanical Engineers, Part
L: Journal of Materials: Design and Applications 226
(2012) 159–169.
https://doi.org/10.1177/1464420711428996

[11] M. O. Shabani, A. Baghani, M. R. Rahimipour,
M. Razavi, M. Zakeri, F. Heydari, Effect of tem-
perature, time, and shear force on the morphol-
ogy and size of dendrites in A356-Al2O3 composites,
Journal of Composite Materials 56 (2022) 329–338.
https://doi.org/10.1177/00219983211052602

[12] A. Mazahery, M. O. Shabani, M. Alizadeh, A. A.
Tofigh, Concurrent fitness evaluations in searching
for the optimal process conditions of Al matrix

https://doi.org/10.1007/s11661-020-06129-w
https://doi.org/10.3103/S106782121404004X
https://doi.org/10.1007/s12666-014-0399-2
https://doi.org/10.1179/1743133611Y.0000000018
https://doi.org/10.1007/s11771-014-1910-y
https://doi.org/10.1007/s11837-011-0127-x
https://doi.org/10.4149/km_2017_1_33
https://doi.org/10.3103/S1067821214050150
https://doi.org/10.1007/s00170-012-4102-7
https://doi.org/10.1177/1464420711428996
https://doi.org/10.1177/00219983211052602


418 M. O. Shabani et al. / Kovove Mater. 60 2022 411–420

nanocomposites by linearly decreasing weight, Jour-
nal of Composite Materials 47 (2013) 1765–1772.
https://doi.org/10.1177/0021998312451298

[13] M. O. Shabani, A. Mazahery, Fabrication of AMCs
by spray forming: Setting of cognition and social pa-
rameters to accelerate the convergence in optimization
of spray forming process, Ceramics International 39
(2013) 5271–5279. https://doi.org/https://doi.org/
10.1016/j.ceramint.2012.12.028

[14] Q. Zhou, Y. Qu, G. Li, A. Singh, R. Su, R. Chen,
S. Zhou, Y. Zhao, F. Yang, R. Li, Improvement
of interface bonding and thermal conductivity of
carbon-fiber reinforced aluminum matrix composites
with Sn-Cu coatings, JOM 74 (2022) 1840–1848.
https://doi.org/10.1007/s11837-022-05225-z

[15] A. Mazahery, M. O. Shabani, R. M. Rahimipour,
A. A. Tofigh, M. Razavi, Effect of coated B4C rein-
forcement on mechanical properties of squeeze cast
A356 composites, Kovove Mater. 50 (2012) 107–113.
https://doi.org/10.4149/km 2012 2 107

[16] M. O. Shabani, A. Baghani, A. Khorram, F. Heydari,
Evaluation of fracture mechanisms in Al-Si metal ma-
trix nanocomposites produced by three methods of
gravity sand casting, squeeze casting and compo cast-
ing in semi-solid state, Silicon 12 (2020) 2977–2987.
https://doi.org/10.1007/s12633-020-00390-9

[17] M. Razavi, R. Ghaderi, M. R. Rahimipour, M. O. Sha-
bani, Effect of addition of TiC master alloy on the
properties of CK45, Materials and Manufacturing Pro-
cesses 28 (2012) 31–35.
https://doi.org/10.1080/10426914.2012.677916

[18] M. O. Shabani, F. Heydari, Influence of solutionis-
ing temperature and time on spheroidisation of the
silicon particles of AMNCs, International Journal of
Materials and Product Technology 57 (2018) 336–349.
https://doi.org/10.1504/ijmpt.2018.095149

[19] M. Razavi, R. Ghaderi, M. R. Rahimipour, M. O. Sha-
bani, Synthesis of TiC master alloy in nanometer scale
by mechanical milling, Materials and Manufacturing
Processes 27 (2012) 1310–1314.
https://doi.org/10.1080/10426914.2012.663142

[20] A. Mazahery, M. O. Shabani, E. Salahi, M. R.
Rahimipour, A. A. Tofigh, M. Razavi, Hardness
and tensile strength study on Al356-B4C composites,
Materials Science and Technology 28 (2012) 634–638.
https://doi.org/10.1179/1743284710Y.0000000010

[21] M. O. Shabani, A. Mazahery, Computational model-
ing of cast aluminum 2024 alloy matrix composites:
Adapting the classical algorithms for optimal results
in finding multiple optima, Powder Technology 249
(2013) 77–81. https://doi.org/https://doi.org/10.
1016/j.powtec.2013.07.032

[22] M. Razavi, A. H. Rajabi-Zamani, M. R. Rahimipour,
R. Kabolib, M. O. Shabani, R. Yazdani-Rad, Synthe-
sis of Fe-TiC-Al2O3 hybrid nanocomposite via car-
bothermal reduction enhanced by mechanical acti-
vation, Ceramics International 37 (2011) 443–449.
https://doi.org/10.1016/j.ceramint.2010.09.013

[23] A. Mazahery, M. O. Shabani, The performance of pres-
sure assisted casting process to improve the mecha-
nical properties of Al-Si-Mg alloys matrix reinforced
with coated B4C particles, International Journal of
Advanced Manufacturing Technology 76 (2015) 263–
270. https://doi.org/10.1007/s00170-014-6266-9

[24] M. O. Shabani, F. Heydari, A. Khorram, The effect of
electromagnetic stirrer on the size and morphology of
intermetallic particles in Al-Si metal matrix compos-
ite, Silicon 11 (2019) 2539–2546.
https://doi.org/10.1007/s12633-018-0042-7

[25] A. Mazahery, M. Alizadeh, M. O. Shabani, Study of
tribological and mechanical properties of A356-nano
SiC composites, Transactions of the Indian Institute
of Metals 65 (2012) 393–398.
https://doi.org/10.1007/s12666-012-0143-8

[26] M. R. Rahimipour, A. A. Tofigh, A. Mazahery, M. O.
Shabani, Enhancement of abrasive wear resistance in
consolidated Al matrix composites via extrusion pro-
cess, Tribology – Materials, Surfaces & Interfaces 7
(2013) 129–134.
https://doi.org/10.1179/1751584X13Y.0000000034

[27] M. O. Shabani, F. Heydari, The enhancement of wear
properties of compo-cast A356 composites reinforced
with SiC nano particulates, Protection of Metals and
Physical Chemistry of Surfaces 55 (2019) 748–752.
https://doi.org/10.1134/S2070205119040191

[28] S. M. Gorbatyuk, A. N. Pashkov, A. Yu. Zarapin, A.
D. Bardovskii, Development of hot-pressing technol-
ogy for production of aluminum-based metal-matrix
composite materials, Metallurgist 62 (2019) 1261–
1266. https://doi.org/10.1007/s11015-019-00784-0

[29] M. O. Shabani, F. Heydari, A. A. Tofigh, M. R.
Rahimipour, M. Razavi, A. Mazahery, P. Davami,
Wear properties of rheo-squeeze cast aluminum matrix
reinforced with nano particulates, Protection of Met-
als and Physical Chemistry of Surfaces 52 (2016) 486–
491. https://doi.org/10.1134/S2070205116030266

[30] A. Mazahery, M. O. Shabani, The enhancement
of wear properties of squeeze-cast A356 compos-
ites reinforced with B4C particulates, International
Journal of Materials Research 103 (2012) 847–852.
https://doi.org/doi:10.3139/146.110707

[31] M. O. Shabani, A. Mazahery, The synthesis of the par-
ticulates Al matrix composites by the compocasting
method, Ceramics International 39 (2013) 1351–1358.
https://doi.org/https://doi.org/10.1016/j.ceramint.
2012.07.073

[32] X. Yu, H. Bakhtiari, J. Zhou, M. O. Bidgoli, K.
Asemi, Investigating the effect of reinforcing parti-
cles size and content on tensile and fatigue properties
of heat-treated Al7075-SiC composites fabricated by
the stir casting method, JOM 74 (2022) 1859–1869.
https://doi.org/10.1007/s11837-022-05248-6

[33] A. Mazahery, M. O. Shabani, Application of the
extrusion to increase the binding between the ce-
ramic particles and the metal matrix: Enhancement
of mechanical and tribological properties, Journal of
Materials Science & Technology 29 (2013) 423–428.
https://doi.org/https://doi.org/10.1016/j.jmst.2013.
03.016

[34] M. O. Shabani, A. Mazahery, Suppression of segrega-
tion, settling and agglomeration in mechanically pro-
cessed composites fabricated by a semisolid agitation
processes, Transactions of the Indian Institute of Met-
als 66 (2013) 65–70.
https://doi.org/10.1007/s12666-012-0227-5

[35] L. A. Yolshina, R. V. Muradymov, N. G. Molchanova,
Corrosion behavior of aluminum-graphene and alumi-
num-graphite composite materials in a 3 % NaCl
aqueous solution, Russian Metallurgy (Metally) 2022

https://doi.org/10.1177/0021998312451298
https://doi.org/https://doi.org/10.1016/j.ceramint.2012.12.028
https://doi.org/https://doi.org/10.1016/j.ceramint.2012.12.028
https://doi.org/10.1007/s11837-022-05225-z
https://doi.org/10.4149/km_2012_2_107
https://doi.org/10.1007/s12633-020-00390-9
https://doi.org/10.1080/10426914.2012.677916
https://doi.org/10.1504/ijmpt.2018.095149
https://doi.org/10.1080/10426914.2012.663142
https://doi.org/10.1179/1743284710Y.0000000010
https://doi.org/https://doi.org/10.1016/j.powtec.2013.07.032
https://doi.org/https://doi.org/10.1016/j.powtec.2013.07.032
https://doi.org/10.1016/j.ceramint.2010.09.013
https://doi.org/10.1007/s00170-014-6266-9
https://doi.org/10.1007/s12633-018-0042-7
https://doi.org/10.1007/s12666-012-0143-8
https://doi.org/10.1179/1751584X13Y.0000000034
https://doi.org/10.1134/S2070205119040191
https://doi.org/10.1007/s11015-019-00784-0
https://doi.org/10.1134/S2070205116030266
https://doi.org/doi:10.3139/146.110707
https://doi.org/https://doi.org/10.1016/j.ceramint.2012.07.073
https://doi.org/https://doi.org/10.1016/j.ceramint.2012.07.073
https://doi.org/10.1007/s11837-022-05248-6
https://doi.org/https://doi.org/10.1016/j.jmst.2013.03.016
https://doi.org/https://doi.org/10.1016/j.jmst.2013.03.016
https://doi.org/10.1007/s12666-012-0227-5


M. O. Shabani et al. / Kovove Mater. 60 2022 411–420 419

(2022) 153–160.
https://doi.org/10.1134/S0036029522020057

[36] A. Mazahery, M. O. Shabani, A. Elrefaei, Search-
ing for the superior solution to the population-
based optimization problem: Processing of the wear
resistant commercial AA6061 AMCs, International
Journal of Damage Mechanics 23 (2014) 899–916.
https://doi.org/10.1177/1056789513518951

[37] S. Evsevleev, I. Sevostianov, T. Mishurova, M. Hof-
mann, G. Garcés, G. Bruno, Explaining deviatoric
residual stresses in aluminum matrix composites with
complex microstructure, Metallurgical and Materials
Transactions A 51 (2020) 3104–3113.
https://doi.org/10.1007/s11661-020-05697-1

[38] A. Mazahery, M. O. Shabani, Assistance of novel ar-
tificial intelligence in optimization of aluminum ma-
trix nanocomposite by genetic algorithm, Metallurgi-
cal and Materials Transactions A 43 (2012) 5279–5285.
https://doi.org/10.1007/s11661-012-1339-6

[39] A. A. Tofigh, M. R. Rahimipour, M. O. Shabani,
P. Davami, Application of the combined neuro-
computing, fuzzy logic and swarm intelligence for
optimization of compocast nanocomposites, Jour-
nal of Composite Materials 49 (2015) 1653–1663.
https://doi.org/10.1177/0021998314538871

[40] M. O. Shabani, M. Shamsipour, A. Mazahery, Z.
Pahlevani, Performance of ANFIS coupled with PSO
in manufacturing superior wear resistant aluminum
matrix nano composites, Transactions of the Indian
Institute of Metals 71 (2018) 2095–2103.
https://doi.org/10.1007/s12666-017-1134-6

[41] E. B. Moustafa, W. S. Abushanab, A. Melaibari,
O. Yakovtseva, A. O. Mosleh, The effectiveness of
incorporating hybrid reinforcement nanoparticles in
enhancing the tribological behavior of aluminum
metal matrix composites, JOM 73 (2021) 4338–4348.
https://doi.org/10.1007/s11837-021-04955-w

[42] A. Mazahery, M. O. Shabani, Existence of good bond-
ing between coated B4C reinforcement and Al matrix
via semisolid techniques: Enhancement of wear resis-
tance and mechanical properties, Tribology Transac-
tions 56 (2013) 342–348.
https://doi.org/10.1080/10402004.2012.752552

[43] A. D. Kotov, A. V. Mikhaylovskaya, A. G. Mochugov-
skiy, S. V. Medvedeva, A. I. Bazlov, Aluminum alloy
matrix composite reinforced with metallic glasses par-
ticles using hot-roll bonding, Russian Journal of Non-
Ferrous Metals 61 (2020) 297–302.
https://doi.org/10.3103/S1067821220030098

[44] V. P. Mahesh, A. Gumaste, N. Meena, J. Alphonsa,
A. Arora, Corrosion behavior of aluminum surface
composites with metallic, ceramic, and hybrid rein-
forcements using friction stir processing, Metallurgical
and Materials Transactions B 51 (2020) 2131–2146.
https://doi.org/10.1007/s11663-020-01932-7

[45] A. Mazahery, M. O. Shabani, Development of the prin-
ciple of simulated natural evolution in searching for a
more superior solution: Proper selection of processing
parameters in AMCs, Powder Technology 245 (2013)
146–155. https://doi.org/https://doi.org/10.1016/j.
powtec.2013.04.035

[46] M. R. Rahimipour, A. A. Tofigh, A. Mazahery,
M. O. Shabani, Strategic developments to improve
the optimization performance with efficient opti-
mum solution and produce high wear resistance

aluminum-copper alloy matrix composites, Neural
Computing and Applications 24 (2014) 1531–1538.
https://doi.org/10.1007/s00521-013-1375-1

[47] A. Baghani, A. Bahmani, P. Davami, N. Varahram,
M. O. Shabani, Numerical investigation of the ef-
fect of sprue base design on the flow pattern of alu-
minum gravity casting, Defect and Diffusion Forum
344 (2013) 43–53. https://doi.org/10.4028/www.
scientific.net/DDF.344.43

[48] P. Saini, P. K. Singh, Physical, morphological, and
mechanical characterization of Al-4032/GMP compos-
ite fabricated through stir casting, JOM 74 (2022)
1340–1349.
https://doi.org/10.1007/s11837-022-05159-6

[49] A. Baghani, A. Bahmani, P. Davami, N. Varahram,
M. O. Shabani, Application of computational fluid
dynamics to study the effects of sprue base ge-
ometry on the surface and internal turbulence in
gravity casting, Proceedings of the Institution of
Mechanical Engineers, Part L: Journal of Mate-
rials: Design and Applications 229 (2015) 106–116.
https://doi.org/10.1177/1464420713500182

[50] M. O. Shabani, M. Alizadeh, A. Mazahery, Modelling
of mechanical properties of cast A356 alloy, Fatigue
& Fracture of Engineering Materials & Structures 34
(2011) 1035–1040.
https://doi.org/10.1111/j.1460-2695.2011.01592.x

[51] A. Mazahery, M. O. Shabani, M. Reza Rahimipour, M.
Razavi, The numerical modeling of abrasion resistance
in casting aluminum-silicon alloy matrix composites,
Journal of Composite Materials 46 (2012) 2647–2658.
https://doi.org/10.1177/0021998311431352

[52] M. O. Shabani, A. Mazahery, M. R. Rahimipour, A. A.
Tofigh, M. Razavi, The most accurate ANN learning
algorithm for FEM prediction of mechanical perfor-
mance of alloy A356, Kovove Mater. 50 (2012) 25–31.
https://doi.org/10.4149/km 2012 1 25

[53] A. A. Tofigh, M. R. Rahimipour, M. O. Shabani, M.
Alizadeh, F. Heydari, A. Mazahery, M. Razavi, Opti-
mized processing power and trainability of neural net-
work in numerical modeling of Al matrix nano com-
posites, Journal of Manufacturing Processes 15 (2013)
518–523.
https://doi.org/10.1016/j.jmapro.2013.08.004

[54] M. O. Shabani, A. Mazahery, The GA optimization
performance in the microstructure and mechanical
properties of MMNCs, Transactions of the Indian In-
stitute of Metals 65 (2012) 77–83.
https://doi.org/10.1007/s12666-011-0110-9

[55] M. Shamsipour, Z. Pahlevani, M. O. Shabani, A.
Mazahery, Optimization of the EMS process param-
eters in compocasting of high-wear-resistant Al-nano-
TiC composites, Applied Physics A 122 (2016) 457.
https://doi.org/10.1007/s00339-016-9840-1

[56] A. D. Romanov, E. A. Romanova, E. A. Chernyshov,
Study of the specifics of liquid-phase oxidation of alu-
minum melt to obtain an aluminum matrix composite,
Metallurgist 65 (2021) 775–782.
https://doi.org/10.1007/s11015-021-01215-9

[57] P. Maji, R. K. Nath, R. Karmakar, D. Madapana,
R. K. Bhogendro Meitei, S. Kumar Ghosh, Wear and
corrosion behavior of Al7075 matrix hybrid compos-
ites produced by friction stir processing: Optimiza-
tion of process parameters, JOM 73 (2021) 4397–4409.
https://doi.org/10.1007/s11837-021-04945-y

https://doi.org/10.1134/S0036029522020057
https://doi.org/10.1177/1056789513518951
https://doi.org/10.1007/s11661-020-05697-1
https://doi.org/10.1007/s11661-012-1339-6
https://doi.org/10.1177/0021998314538871
https://doi.org/10.1007/s12666-017-1134-6
https://doi.org/10.1007/s11837-021-04955-w
https://doi.org/10.1080/10402004.2012.752552
https://doi.org/10.3103/S1067821220030098
https://doi.org/10.1007/s11663-020-01932-7
https://doi.org/https://doi.org/10.1016/j.powtec.2013.04.035
https://doi.org/https://doi.org/10.1016/j.powtec.2013.04.035
https://doi.org/10.1007/s00521-013-1375-1
https://doi.org/10.4028/www.scientific.net/DDF.344.43
https://doi.org/10.4028/www.scientific.net/DDF.344.43
https://doi.org/10.1007/s11837-022-05159-6
https://doi.org/10.1177/1464420713500182
https://doi.org/10.1111/j.1460-2695.2011.01592.x
https://doi.org/10.1177/0021998311431352
https://doi.org/10.4149/km_2012_1_25
https://doi.org/10.1016/j.jmapro.2013.08.004
https://doi.org/10.1007/s12666-011-0110-9
https://doi.org/10.1007/s00339-016-9840-1
https://doi.org/10.1007/s11015-021-01215-9
https://doi.org/10.1007/s11837-021-04945-y


420 M. O. Shabani et al. / Kovove Mater. 60 2022 411–420

[58] B. R. Sathi, S. N. Gurugubelli, H. Babu, TG and DSC
analyses of equi-channel angular processed red mud
particle reinforced 5083 aluminum alloy matrix com-
posites synthesized by stir casting, Transactions of
the Indian Institute of Metals 73 (2020) 1655–1659.
https://doi.org/10.1007/s12666-020-01951-7

https://doi.org/10.1007/s12666-020-01951-7

