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Abstract

The effects of the squeeze casting process on the
microstructure, mechanical properties and wear charac-
teristics of hypereutectic Al–Si–Cu–Mg alloys have been
investigated by optical, scanning and transmission electron
microscopy and mechanical property test; the wear beha-
viour was investigated using a pin-on-disc configuration;
alloy ingots were prepared by gravity casting, liquid
squeeze casting and semisolid squeeze casting. The results
show that the Si phase was refined and the a-Al dendrites
transformed to rosette grains after semisolid squeeze
casting. The peak intensity of the second phase decreased
after extrusion, indicating that extrusion promotes the
dissolution of solute elements into the matrix. Among the
three casting processes, the alloys formed by semisolid

squeeze casting had the best mechanical properties. Ten-
sile strength, elongation and Brinell hardness reached
187.67 MPa, 2.33% and 142.5 HB, respectively. After
semisolid squeeze casting, the morphology of the wear
surface was flat and the number of spalling pits and fur-
rows is less. Meanwhile, the friction coefficient and wear
loss of the alloy sample are minima. Due to the uniform
distribution of Si phases and equiaxed crystallization of a-
Al phase in semisolid squeeze casting Al–Si–Cu–Mg alloys,
the wear resistance is markedly enhanced.

Keywords: squeeze casting process, Al–Si–Cu–Mg alloys,
microstructure, mechanical properties, wear properties

Introduction

Hypereutectic Al–Si alloy has the advantages of low

specific gravity, good wear and corrosion resistances, low

coefficient of linear expansion and excellent casting per-

formance. It is widely used to prepare automobile engines

and some complex shape parts.1–5 Adding appropriate

amounts of Cu and Mg into Al–Si alloys can form a variety

of second phases that can strengthen the matrix and

improve the strength of the alloy. As the hypereutectic Al–

Si alloys contain massive primary Si and lath eutectic Si

phases, it has a great cleavage effect on the alloy matrix

and seriously affects the mechanical properties of the alloy.

Although the morphology of the Si phase can be improved

by heat treatment in the later stage, the improvement in

mechanical properties is limited. In the early stage of the

experiment, the morphology and size of the Si phase in the

alloy are obviously affected by adjusting the forming

process. After the later heat treatment process, the

mechanical properties of the alloy will be greatly

improved.

Squeeze casting is a generic term to specify a fabrication

technology where the solidification process is promoted

under high pressure, which combines advantages of die

casting and die forging into a single operation where

molten metal is solidified under applied hydrostatic pres-

sure. It not only has the advantages of a simple casting

process, low production cost and complex part shapes, but

the products also have the characteristics of fine grains,

uniform structure, good mechanical properties and high

forming precision.6–9 The effects of squeeze casting

parameters on the microstructure and mechanical
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properties of aluminium alloys and magnesium alloy and

their composites have been investigated extensively. Lus 10

studied the effect of casting parameters on the

microstructure and mechanical properties of squeeze cast

A380 aluminium die-cast alloy. The results show that when

the pressure increases from 10 to 50 MPa, the dendrite

spacing decreases to 5.7 lm and the strength and elonga-

tion reach 236 MPa and 2.5%, respectively. Maleki et al.11

studied effects of squeeze casting parameters on the

microstructure of LM13 alloy. The results show that

applying pressure during solidification decreases the grain

size and SDAS of the primary phase and modifies the

eutectic silicon particles. Lin et al.12 studied the effects of

high-pressure rheo-squeeze casting on Fe-containing

intermetallic compounds and mechanical properties of Al–

17Si–2Fe–(0, 0.8) V alloys. The result shows that the

coarse FIMCs are fractured and the sizes of the block-like d
phase and short needle-like b phase are decreased as the

pressure is increased. Dao et al.13 studied the effects of

process parameters on microstructure and mechanical

properties in AlSi9 Mg connecting-rod fabricated by

semisolid squeeze casting. The results show that the non-

dendritic primary a-Al particles distribute uniformly

throughout the connecting-rods. With increased applied

squeeze pressure, the size of a-Al particles decreases while

the shape factor and the mechanical properties of the

connecting-rods increase. Alireza Hekmat-Ardakan 14 and

Lasa 15 et al. studied wear behaviour of hypereutectic Al–

Si–Cu–Mg casting alloys. The results show that the wear

resistance of the alloy is better when the content of primary

Si and Mg is high. Pratheesh et al.16 studied the effects of

the squeeze pressure on the microstructure, wear charac-

teristics and mechanical properties of near-eutectic Al–Si

piston alloys. The results show that the squeeze-cast sam-

ples have better mechanical properties and tribological

properties. Most scholars have only studied the influence of

a forming process or process parameters on the

microstructure and mechanical properties of the alloys.

However, little research has been conducted on the

mechanism of improving the properties of the alloy and the

reasons for the difference of microstructure and properties

between liquid squeeze casting and semisolid squeeze

casting.

In this paper, the macrostructure, Si phase morphology,

dislocation density, mechanical properties and friction and

wear properties of Al–Si–Cu–Mg alloys under different

casting processes were studied. The hypereutectic Al–Si–

Cu–Mg alloys were prepared by different casting process.

The optimal casting process of Al–Si–Cu–Mg alloys was

determined within the experimental range. The differences

in microstructure and mechanical properties of the alloy

under different casting processes were analysed.

Materials and Experimental Procedures

Al–Si–Cu–Mg alloy was prepared by melting pure alu-

minium ingot (99.7%, mass percentage), pure magnesium

ingot (99.8%) and Al–20Si (wt%) and Al–50Cu (wt%)

alloy. The chemical composition of the alloy was deter-

mined using a SPECTROMAX photoelectric direct reading

spectrometer. The chemical composition of the alloy is

summarized in Table 1.

During the melting process, the pure aluminium ingot and

Al–Si master alloy were put into the melting furnace first

and the melting furnace was heated to 760 �C. When the

alloy in the furnace was completely melted, Al–50Cu

(wt%) alloy and pure Mg ingots were added. After the alloy

ingot was completely melted, C2Cl6 was used to refine and

degas the molten alloy. Al–5Ti–B was used to refine the

grains and Si phase was modified by Al–10Sr master alloy.

The addition of Al–5Ti–B alloy into Al melt will form fine

dispersed Al3Ti and B2Ti solid particles, which can be used

as the nucleation core of Al matrix, increase the reaction

interface and the number of nuclei, reduce the number of

crystals and play the role of grain refinement. In this

experiment, gravity casting, liquid squeeze casting and

semisolid squeeze casting were selected. The specific

process is shown in Figure 1. Gravity casting was formed

by natural solidification in the metal die after refining and

standing. Liquid squeeze casting was to pour the liquid

metal in the die and squeeze under 600 MPa. The pouring

temperature of molten metal was 720 �C. The 5000 KN

vertical extruder is shown in Figure 2a. The extrusion

process parameters are shown in Table 2. The semisolid

squeeze casting was to pour the semisolid slurry into the

die and squeeze forming. Semisolid slurry was prepared by

electromagnetic stirring. The model of electromagnetic

agitator is TSOJ3-G as shown in Figure 2b and c. First, the

molten liquid was poured into another die in the electro-

magnetic agitator, the preheating temperature of the die

was 600 �C to prevent the slurry from solidifying too fast.

Then, the electromagnetic agitator was rebooted. The input

frequency was 6 HZ and the input current was 80 A. The

stirring time was kept at 10–12 s. Finally, the semisolid

slurry was rapidly poured into the die for extrusion form-

ing. The pouring temperature of semisolid slurry was

600 �C. The specific pressure was 600 MPa.

The samples were cut at the half radius of the cross section

of the alloy ingots. The size and sampling position of the

extruded specimen are shown in Figure 3a. The ingot is in

Table 1. Chemical Composition of the Alloy (wt%)

Alloys Si Cu Mg Fe Al

17.75 4.36 0.47 0.08 Bal.
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(a)

Pouring Extrusion forming Demoulding

(b)

DemouldingExtrusion formingPouringSlurry preparation

Direction of fabricating

Figure 1. Schematic diagram of forming process. (a) Liquid squeeze casting; (b) Semisolid squeeze
casting.

Figure 2. Forming equipment. (a) Vertical extruder; (b) Control cabinet; (c) Electro-
magnetic agitator.

Table 2. Parameters of Extrusion Casting Experiment

Extrusion speed/mm s-1 Die temperature/�C Holding time/s Die coating

5±2 380±5 60±5 Graphite oil

Figure 3. Specimen diagram. (a) Extruded specimen; (b) Tensile specimen size.
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the shape of a circular truncated cone with a height of 700

± 5 mm. After grinding, polishing and corrosion, the

macrostructure was observed using a LEICA-DMI3000M

metallographic microscope and the microstructure was

observed using a JMS-6301F cold field scanning electron

microscope. The composition analysis of the intermetallic

compounds was performed by energy-dispersive X-ray

spectroscopy. X-ray diffraction analysis was carried out

using an XRD-7000 X-ray diffractometer with Cu–Ka in

the 20–80� scanning range and a 2�/min scanning speed.

The mechanical properties were tested on a WGW-100H

universal testing machine. The loading rate was 1 mm/min.

The loading type was load-controlled. The standard for

tensile testing is according to GB 228-2000. The tensile

specimen size is shown in Figure 3b. Friction and wear test

of the hypereutectic Al–Si–Cu–Mg alloys was investigated

on an MMU-5G pin-on-disk friction wear tester with a

70 N load, 30 min wear time and 200 r/min speed. The

form of wear was pin disc wear, and the wear mode was

dry friction wear. The test standard for friction and wear

specimens is GB 12444.1-1990.The wear test samples with

dimensions of U 4 mm915 mm were cleaned by acetone

solution before and after wear tests. The hardness was

tested by forcing a tungsten carbide ball with a 2.5 mm

diameter onto the polished surface of the samples with an

applied load of 62.5 N for 30 s. Five data points were

collected and an average was taken for each Brinell hard-

ness value. The standard for hardness testing is according

to GB / T 231.1-2009.

Results and Discussion

Microstructure of Al–Si–Cu–Mg Alloys

Figure 4 shows the microstructure from the optical

microscope (OM) and scanning electron microscope

(SEM) images of the hypereutectic Al–Si–Cu–Mg alloys

under gravity casting. It can be seen from Figure 4a that

the hypereutectic Al–Si–Cu–Mg alloys contain massive

primary Si phase particles, lath eutectic Si phase and a-Al

dendrite. It can be seen from Figure 4b that there are white

short rod-like second phase and grey fish-net second phase.

Figure 5 shows the EDS spectrum of the hypereutectic Al–

Si–Cu–Mg alloys. According to EDS analysis, the white

short rod second phase is h (Al2Cu) phase, and the grey

fish-net second phase is Q (Al5Cu2Mg8Si6) quaternary

phase.

Effect of Casting Process on Microstructure

Figure 6 shows the microstructure of Al–Si–Cu–Mg alloys

under different casting conditions. As can be seen from the

figure, the forming process has a great influence on the

microstructure of the alloys. Figure 6a shows the

microstructure of hypereutectic Al–Si–Cu–Mg alloys under

gravity casting. There are large primary Si phase, lath

eutectic Si phase and a-Al dendrite. Figure 6b shows the

microstructure of hypereutectic Al–Si–Cu–Mg alloys under

liquid squeeze casting. Compared with gravity casting, the

size of primary Si in the alloy is reduced, the eutectic Si

phase distribution is more uniform and the change of a-Al

dendrite is not obvious. Figure 6c shows the microstructure

of hypereutectic Al–Si–Cu–Mg alloys under semisolid

squeeze casting. The primary Si phase in the alloy structure

becomes finer and rounder, the eutectic Si phase is smaller

and evenly distributed, and most a-Al dendrites are trans-

formed into approximated to equiaxed crystals. Table 3

shows the primary Si size, SDAS and the morphology of a-

Al dendrite of the hypereutectic Al–Si–Cu–Mg alloy under

the three processes. After semisolid extrusion, the average

size of the primary Si in the structure is 22.1±0.7 lm, and

the SDAS is 3.5 ± 0.7 lm.

The refinement and non-dendriticization of the alloy

structure can be attributed to the increased crystalline core

in the melt and the elimination of dendrite growth condi-

tions. When the liquid metal solidifies under pressure, the

gap between the metal and mould will be significantly

reduced and the heat conductivity coefficient increases,

which will lead to accelerating the solidification rate of the

(a)

α-Al
Primary Si

Eutectic Si

100μm

(b)

Al2Cu

Al5Cu2Mg8Si6

20μm

Figure 4. Microstructure of Al–Si–Cu–Mg alloys under gravity casting.
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alloy. The nucleation rate of the alloy during solidification

can be expressed by the following Eqn. (1): 10,11

I ¼ exp
�ac3Vs

RTmH2
m

� �
s2 1 � sð Þ�1

� �
exp

�DG

RTm

1 � sð Þ�1

� �

Eqn: 1

where a is a geometric constant, c is interfacial tension (N/

m), VS is the solid atomic volume (m3), Hm is the latent

heat of solidification (J/mol), Tm is melting temperature

(K), DG is the activation energy of nucleation (J/mol), and

R is the gas constant (8.31 J/mol�K).

Eqn. (2) is obtained by comparing I(P) and I(P0), the

respective nucleation rates under pressure P and P0:
12,13

I Pð Þ
I P0ð Þ ¼ exp c3 P0ð Þ � c3 Pð Þ

� �
exp

DG P0ð Þ � DG Pð Þ
RT

� �

Eqn: 2

Pressure can reduce the activation energy of nucleation.

Figure 5. EDS spectrum of hypereutectic Al–Si–Cu–Mg alloys.

(a)

(c)

(b)

50μm

50μm

50μm

20μm

20μm20μm

α-Al

α-Al

α-Al

Eutectic Si

Eutectic Si

Eutectic SiPrimary Si
Primary Si

Primary Si

Figure 6. Microstructure of Al–Si–Cu–Mg alloys under different casting processes. (a) Gravity
casting; (b) Liquid squeeze casting; (c) Semisolid squeeze casting.

International Journal of Metalcasting/Volume 16, Issue 1, 2022 157



DG(P0)[DG(P), so I(P)[ I(P0). This behaviour indicates

that pressure can increase the nucleation rate during

solidification, so the microstructure of the solidified alloy

under pressure is refined.

The microstructure refinement after semisolid squeeze

casting is due to the slurry prepared by an electromagnetic

stirring process; an electromagnetic stirring process can

increase the nucleation core and the number of free crystal

grains from the crystallizer wall. Through the repeated

stretching and compression of electromagnetic oscillation

force, the wetting of a melt to high-temperature solid

compounds and quasi solid-phase atomic clusters is

increased and the critical free energy of heterogeneous

nucleation is reduced. Under a high degree of supercooling,

a large number of crystal nuclei are attached to the melt,

resulting in heterogeneous nucleation, which refines the

grains. Due to the simultaneous existence of high-pressure

solidification and plastic deformation, the metal will crys-

tallize and solidify under pressure and the shrinkage cavity

and porosity formed by solidification shrinkage are elimi-

nated. Therefore, castings with dense structure and no

porosity, shrinkage or other defects can be obtained.

The as-cast XRD patterns of Al–Si–Cu–Mg alloys are

shown in Figure 7. Analysing the XRD curves further

shows that there are Q (Al5Cu2Mg8Si6) and h (Al2Cu)

phases besides Si and a-Al dendrites in the matrix. The

positions of diffraction peaks are the same under different

casting processes but the peak intensity corresponding to

the h (Al2Cu) phase and the Q (Al5Cu2Mg8Si6) phase under

the squeeze casting process is lower than that formed by

metal mould gravity casting, which indicates that the

squeeze casting process can promote the solute elements

moving into the alloy matrix and play a role of solution

strengthening.

Effect of Casting Process on Dislocation
Density

Figure 8 shows the dislocation structure of Al–Si–Cu–Mg

alloys under different casting processes. Figure 9 shows

the quantitative calculation of the dislocation densities of

four different crystal planes. It can be seen from the fig-

ure that the forming process has a great influence on the

dislocation of the alloy. Figure 8a shows the dislocation

structure of the alloy under gravity casting and there are a

small number of dislocation lines in the alloy structure. It

can also be seen from the calculation results that the dis-

location density of the alloy under gravity casting is low.

Figure 8b shows the dislocation structure of the alloy under

liquid squeeze casting. Compared with gravity casting, the

number of dislocation lines in the alloy is significantly

increased. From the calculation results in Figure 9, the

dislocation density of the different crystal planes of the

alloy under liquid squeeze casting is also higher than that

of gravity casting. Figure 8c is the dislocation structure of

the alloy under semisolid squeeze casting. There are more

dislocation lines in the alloy structure. The quantitative

calculation shows that the dislocation density of the alloy

structure after semisolid squeeze casting is higher than that

of the liquid extrusion sample.

In the process of extrusion solidification under high pres-

sure, the effect of pressure on the diffusion coefficient of

solute can be expressed using Eqn. (3):
17–20

D ¼ RTd�1g0e�
pv0
RT Eqn: 3

where d is the atomic free path length (m), g0 is the

atmospheric viscosity at the same temperature (Pa�s) and

V0 is the atmospheric volume at the same temperature

(m3/mol).

Table 3. Characteristics of Microstructure of Al–Si–Cu–Mg Alloys

Si particle size/lm SDAS/lm Morphology of a-Al

Gravity casting 48.7±1.2 6.4±0.7 Dendritic

Liquid squeeze casting 28.6±1.9 5.2±0.6 Dendritic

Semisolid squeeze casting 22.1±0.7 3.5±0.7 Rosette

Figure 7. XRD patterns of Al–Si–Cu–Mg alloys under
different casting processes.
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It can be seen from Eqn. (3) that with the increase in

pressure, the diffusion speed of solute atoms in liquid metal

slows down, Si atoms form a supersaturated solid solution

in the matrix, and plastic deformation will occur during the

extrusion process, which increases the possibility of lattice

vacancy and dislocation aggregation. In the alloy structure,

the relationship between the relative density of dislocation

N and the element concentration C in the alloy can be

expressed using Eqn. (4): 21–23

N ¼ B2
ffiffiffiffi
C

p
Eqn: 4

where B is the integral constant, which is measured

experimentally.

In the semisolid squeeze casting process, since the slurry is

semisolid, a large plastic deformation will occur during the

extrusion process. At this time, the internal energy of the

alloy is high and there are large vacancy defects, which

promote the solid solution of Si into the matrix. With the

increase of Si atom concentration in the alloy structure, the

dislocation density increases.

Effect of Casting Process on Mechanical
Properties

Figure 10 shows the mechanical properties of hypereutec-

tic Al–Si–Cu–Mg alloys under different casting processes.

Among the three casting processes, the Al–Si–Cu–Mg

alloys formed by a semisolid squeeze casting process have

the best mechanical properties. Tensile strength, elongation

and Brinell hardness reach 187.67 MPa, 2.33% and

142.5 HB, respectively. Compared with gravity casting,

they are increased by 55.07%, 56.38% and 29.66%,

respectively. Table 4 shows the strength of Al–Si alloys

with different compositions under different forming pro-

cesses. Compared with other experimental results, the

experimental results obtained in this paper have better

comprehensive mechanical properties. The tensile strength

of as-cast Al-20Si alloy can reach 199 MPa, but the elon-

gation is only 0.58%. The strength and elongation of as-

Figure 8. Dislocation structure of Al–Si–Cu–Mg alloys under different casting processes
(a) Gravity casting; (b) Liquid squeeze casting; (c) Semisolid squeeze casting.

Figure 9. Dislocation density of Al–Si–Cu–Mg alloys
under different casting processes.
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cast hypoeutectic Al–Si alloy are also slightly lower than

those of the experimental alloy. After comparison, the alloy

in this paper exhibits both excellent hardness elongation

and relatively high strength after semi-extrusion.

In the process of liquid squeeze casting, with the increase

in pressure, the growth rate of crystal will be accelerated,

and the growth of crystal will be restrained by the growth

of adjacent nuclei, which will hinder the growth trend and

refine the structure. Meanwhile, due to the extrusion force

during the solidification of the alloy, the primary a-Al

dendrites will be broken in the initial stage of solidification,

which will cause dendrites fragmentation.28,29 In the

semisolid squeeze casting, the semisolid slurry prepared by

the electromagnetic stirring process has a more uniform

structure distribution. When the slurry temperature is

600 �C, the cooling rate is faster and the melt is in a state

of greater undercooling. A large number of free nuclei have

been formed in the melt. Coupled with the chilling effect in

contact with the mould, the number of nucleation increases

and the nucleation rate accelerates. The nucleated nuclei

are extruded and solidified before they can continue to

grow, and finally the uniform and fine primary Si phase is

formed.30,31 The variation of the mechanical properties is

closely associated with the microstructural characteristics

in the alloys, because the size of the Si phase is smaller and

the distribution of Si phase is more uniform after semisolid

squeeze casting. The equiaxed a-Al dendrite makes the

anisotropy small and the deformation is even during pro-

cessing. Meanwhile, more solute elements are dissolved in

the structure to strengthen the matrix. The structure con-

tains more dislocation lines, which will also increase the

strength of the alloy, because the size of the Si phase is

smaller and the distribution of Si phase is more uniform

after semisolid squeeze casting. The equiaxed a-Al den-

drite makes the anisotropy small and the deformation is

even during processing. Meanwhile, more solute elements

are dissolved in the structure to strengthen the matrix. The

structure contains more dislocation lines, which will also

increase the strength of the alloy. Therefore, the alloy has

higher mechanical properties after semisolid extrusion.

Figure 11 is the fracture morphology of Al–Si–Cu–Mg

alloys under different casting processes. In Figure 11a,

there are a large number of cleavage surfaces and a large

number of micro-cracks, the size of micro-cracks is about

30 lm in the fracture surface of the alloy under gravity

casting, which easily causes brittle fracture of the alloy.

The primary Si phase is a brittle phase that is not easily

deformed; when it is loaded, the coarse bulk primary Si

phase is prone to stress concentration. When the stress

intensity reaches the limit, the primary Si phase will break.
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Figure 10. Mechanical properties of Al–Si–Cu–Mg alloys under different forming processes.
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In Figure 11b, compared with gravity casting, the number

of large-scale cleavage plane is reduced, and more small-

scale quasi-cleavage planes are added. Meanwhile, the

number of micro-cracks is significantly reduced, and the

size is reduced to about 10 lm. After liquid squeeze

casting, the size of the primary Si phase in the alloy matrix

decreases and the distribution is more uniform, which

reduces the risk of crack aggregation and fracture. Fig-

ure 11c shows the fracture morphology of the alloy formed

by semisolid squeeze casting. There are more small-scale

quasi-cleavage planes and tear ridges in the tensile fracture

surface of the alloy and the number and size of cleavage

platforms are significantly reduced. The size of micro-

cracks is about 5 lm. So, the mechanical properties of the

alloy are greatly improved. Compared with liquid squeeze

casting, the semisolid squeeze casting process uses elec-

tromagnetic stirring technology to prepare the slurry, which

plays a key role in refining the alloy structure while

improving the morphology of the primary Si phase and

reducing its cleavage effect on the substrate.

Effect of Casting Process on Wear-Resisting
Properties

Figure 12 shows the variation curves of the friction coef-

ficient and wear loss of Al–Si–Cu–Mg alloys under dif-

ferent casting processes. The average friction coefficients

of the alloy are 0.3878, 0.3658 and 0.3512 for gravity,

liquid squeeze and semisolid squeeze casting, respectively.

Under a semisolid squeeze casting process, the friction

coefficient fluctuation curve of Al–Si–Cu–Mg alloys is

more stable. The wear losses (m) for the casting processes

are 14.6, 10.8 and 8.4 mg, respectively. Under the condi-

tion of dry friction, the relationship between wear loss and

hardness of an alloy sample can be expressed as follows:
32,33

m ¼ kvt
W

H
Eqn: 5

where m is the wear loss (mg), v is the friction sliding

speed (mm/s), t is the friction time (s), W is the

positive load (N) and H is the hardness of the alloy

(HB).

According to Eqn. (5), the wear loss of the alloy is pro-

portional to the ratio of load to hardness. With increased

Brinell hardness, the wear loss of the alloy decreases

gradually.

Figure 13 shows the wear surface morphology of

hypereutectic Al–Si–Cu–Mg alloys under different cast-

ing processes. There are irregular chipping pits and strip

furrows of different depths on the surface morphology

formed by gravity casting alloy samples. After liquid

squeeze casting, the size of the chipping pits on the wear

surface is reduced, the shape is still irregular and the

depth of the furrow becomes shallower. After semisolid

squeeze casting, the morphology of the wear surface is

relatively flat and the number of spalling pits and fur-

rows is less. Meanwhile, the friction coefficient and wear

loss of the alloy sample are minima and the wear

resistance of the alloy is the best. After semisolid

squeeze casting, the Si phase size in the alloy is smaller,

the eutectic Si distribution is more uniform and the a-Al

dendrites are also transformed into equiaxed crystals.34

Therefore, during the friction process, the furrow of the

wear surface is shallow.

Conclusion

In this work, the effects of the casting process on the

microstructure, mechanical properties and wear properties

of Al–Si–Cu–Mg alloys were investigated. Based on the

experimental data and simulation results, the following

conclusions can be drawn:

After semisolid squeeze casting, the Si phase is refined

and the a-Al dendrites change to equiaxed. The peak

intensity of the second phase decreases, indicating that

extrusion promotes the solid solution of solute elements

into the matrix. The dislocation density in the alloy

matrix is higher than that in the other two casting

processes.

Table 4. Comparison of Mechanical Properties of Al–Si Alloys

Materials State UTS (MPa) Elongation (%) Hardness References

Al–17.75Si–4.36Cu–0.47Mg As-Cast 187.67 2.33 142.5 HB Present work

Al–17Si–2Cu–0.4Mg As-Cast 175 0.35 – 12

Al–12.35Si–3.04Cu–1.03Mg As-Cast 135 – 95 HB 16

Al-8.54Si–2.34Cu–0.23Mg As-Cast 160.11 1.47 – 24

Al–9.75Si–1.44Cu As-Cast 182 0.8 94 HB 25

Al–20Si As-Cast 199 0.58 89 HV 26

Al–10.9Si–2Cu–0.1Mg As-Cast 187.1 2.9 73.9 HB 27

International Journal of Metalcasting/Volume 16, Issue 1, 2022 161



(c)

Cleavage plane

Tearing ridge

20μm

(b)

Cleavage plane

Tearing ridge

20μm

(a)

Cleavage plane

Tearing ridge

20μm
Quasi-cleavage plane

Quasi-cleavage plane

Micro-crack

Micro-crack

Micro-crack

Figure 11. Fracture morphology of Al–Si–Cu–Mg alloys under different casting processes.
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Figure 12. Friction coefficient and wear loss of Al–Si–Cu–Mg alloys under different casting
processes.
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Among the three casting processes, the alloys formed by

semisolid squeeze casting have the best mechanical prop-

erties; tensile strength, elongation and Brinell hardness

reach 187.67 MPa, 2.33% and 142.5 HB, respectively.

Compared with gravity casting, they are is increased by

55.07, 56.38 and 29.66%, respectively, due to the decrease

in coarse primary Si particles, the increase in solute ele-

ments and higher dislocation density in the microstructure.

Owing to the uniform distribution of Si phases and

equiaxed crystallization of a-Al phase in semisolid squeeze

casting Al–Si–Cu–Mg alloys, the wear surface furrow is

shallower and spalling pits are fewer.
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