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Abstract: The effect of Mg/Si mass ratio on the microstructure and mechanical properties of Al-Mg-Si cast
aluminum alloys under sub-rapid solidification conditions was investigated. This study utilized four different Mg/Si
ratios: 2.83, 1.91, 1.73, and 1.53. To analyze the evolution of the microstructure, particularly the second phase,
various techniques were employed: optical microscopy (OM), scanning electron microscopy (SEM), energy
dispersive spectrometry (EDS), and electron backscatter diffraction (EBSD). Additionally, thermodynamic
calculations were performed using the Thermal-calc software to further understand the microstructural changes.
Results show that as the Mg/Si ratio decreases from 2.83 to 1.53, a-Al grains become more uniformly distributed.
Meanwhile, the morphology of the Mg,Si phases changes from skeletal to short stick shapes with a decreasing
aspect ratio. An as-cast Al-Mg-Si alloy with a Mg/Si ratio of 1.53 exhibits high strength, achieving an ultimate
tensile strength (UTS) of 320.6 MPa and a yield strength (YS) of 249.9 MPa. The cast alloy with a Mg/Si ratio of 2.83
exhibits the highest elongation, reaching 5.31%. This superior elongation is attributed to the uniform distribution of
Mg,Si phases, which possess a long skeletal shape. Conversely, the alloy with a Mg/Si ratio of 1.53 demonstrates
the lowest elongation, primarily due to the central concentration of Mg,Si phases, which are characterized by their
short stick shapes.
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1 Introduction properties in the as-cast state. The Al-Mg-Si alloy,
known as Magsimal-59, is notable for its superior casting

The advancement of large-scale integrated die-casting capabilities and mechanical properties. Nevertheless,

technologies has led to the increased use of aluminium as usage demands continue to escalate, the strength

alloy structural components in automotive bodies . of Al-Mg-Si alloy may no longer satisfy these higher

However, the large-sized and thin-walled components are requirements.

easy to deform during heat treatment. This necessitates Microalloying with elements such as Cu or Zr and

those aluminium alloys possess excellent mechanical adjusting the content of the main elements (Mg/Si

ratio) 7 are the main methods to improve the mechanical

properties of cast alloys. However, the addition
of Cu increases the hot cracking susceptibility of the
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mass ratio of Mg/Si is 1.73:1. If the actual mass ratio of Mg
to Si in the alloy is less than 1.73:1, it indicates that there is an
excess of Si in the alloy. The excess Si can lower the Mg/Si
mass ratio of G.P. zones and " phases, promote the precipitation
of B" phases and enhance the age-strengthening, leading to an
excellent strength ™1, high corrosion resistance ), and high

1% If the mass ratio of Mg/Si is larger

thermal conductivity
than 1.73, it indicates that there is an excess of Mg in the alloy.
The excess Mg elements are dissolved into the a-Al matrix
at a high cooling rate of the die-casting process, resulting in
substantial enhancement of strength for a-Al matrix "', Until
now, there has been a lack of comprehensive and quantitative
research exploring how the Mg/Si ratio influences the
mechanical properties of die-cast Al-Mg-Si alloys, especially
under the sub-rapid solidification conditions typical of the
die-casting process. Sub-rapid solidification is characterized
by cooling rates that can reach 10°-10° K-s™ "' This rapid
cooling can significantly affect the microstructure and hence the
mechanical properties of the alloy.

In this work, the effects of Mg/Si mass ratio on the mechanical
properties of Al-Mg-Si negative pressure suction casting alloys
were systematically investigated under sub-rapid solidification
conditions. The study also examined the morphology and
distribution of Mg,Si phases within the alloys. Furthermore, the
investigation included a calculation of the respective contributions
made by Mg and Si elements to the strengthening mechanisms of
the alloys.

2 Experimental procedure

The four Al-Mg-Si-based alloys with different Mg/Si ratios (2.83,
1.91, 1.73, 1.53, wt.%) were prepared using 99.95wt.% pure Al,
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99.95wt.% pure Mg, pure Fe, Al-20wt.% Si, Al-10wt.% Mn,
Al-5wt.% Ti, and Al-4wt.% Zr. Before melting, all the raw
materials were polished to avoid the oxide skins on the surfaces,
and then stored in the preheated furnace at 200 °C for 12 h to
remove the moisture. During melting, pure Al blocks were
heated to 740 °C-750 °C in an intermediate frequency induction
furnace. Then, Al-20wt.% Si, Al-10wt.% Mn, Al-5wt.% Ti, and
Al-4wt.% Zr master alloys were added at 780 °C, 760 °C, 740 °C,
and 720 °C, respectively, and holding for 10 min. When the
temperature of the melts decreased to 710 °C-720 °C, pure Mg
blocks were pressed under the melt surface by using a graphite
hood to prevent being floated and burned. After the melting
was completed, the modifier of Al-10wt.% Sr and refiner of
Al-5Ti-1B were added to the melt and held for 20 min. After
degassing with C,Cl; powder for 5 min, the Al-Mg-Si melt, at
710 °C, was poured into a copper mold preheated to 200 °C
by negative pressure suction casting, as shown in Fig. 1. The
negative pressure was 0.9 MPa. The actual chemical composition
of the as-cast Al-Mg-Si alloys was analyzed using a photoelectric
direct reading spectrometer (QSG-750-I1), as listed in Table 1.

The OM, SEM, and EBSD were carried out to characterize the
microstructure of as-cast AI-Mg-Si samples. All the observation
regions were selected at the cross-section of as-cast samples.
For OM and SEM samples, the as-cast alloys were mechanical
ground and polished on the LaboPol-6 metallographic
machine, and then etched in a Keller’s reagent (95 mL H,0,
2.5 mL HNO;, 1.5 mL HCI, 1.0 mL HF) for 30 s-60 s. The
metallographic analysis was carried out by using a ZEISS
Axio Observer.Z1m microscopic analysis system. The EBSD
specimens were further ion cleaned by Leica 101 operated with
a scanning angle of 6°-12° for 60 min, under the scanning step
size of 2.0 um. All the EBSD data were analyzed using the

Graphite gate cup

ey COpPPET Mold
Temperature
— measurement
/ position
:'—» Clamping tool
3

Thermocouple
(K-type)

Negative pressure

Fig. 1: Schematic diagram of copper U-shaped through slot mold (mm) (a) and negative pressure suction casting

mold assembly (b)

Table 1: Chemical compositions (wt.%) of as-cast Al-Mg-Si alloys with various Mg/Si ratios

Mg/Si Mg Si Ti
2.83 6.31 2.23 0.13
1.91 4.88 2.56 0.11
1.73 4.45 2.58 0.14
1.53 4.20 2.74 0.13
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Mn Fe Zr Al
0.62 0.22 0.060 Bal.
0.65 0.21 0.051 Bal.
0.67 0.17 0.062 Bal.
0.65 0.18 0.059 Bal.
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HKL Channel 5 software.

The tensile experiment was carried out on the AG-Xplus100KN
universal tensile machine at room temperature with a tensile
speed of 1.44 mm-min”. The dog-bone-shaped tensile samples
with a paralell length of 24 mm and a thickness of 3 mm were
cut from as-cast specimens (Fig. 2). For each alloy, three

@ |-

\
\

experiments were performed and the average values of yield
strength (YS), ultimate tensile strength (UTS), and elongation
to failure were recorded. To investigate the fracture behavior
and mechanism of the alloys, analysis was conducted using a
JSM-6301F scanning electron microscope (SEM) equipped
with an Oxford EDS-500 energy spectrum analyzer.

Fig. 2: Preparation of room temperature tensile samples: (a) sampling location; (b) sample sizes (Unit: mm)

3 Results and discussion

3.1 Measurement and calculation of cooling rate

The cooling rate of the suction casting experiment was
measured by inserting a thermocouple, as shown in Fig. 1(b).
The rapid cooling of the sample resulted in a temperature curve
that did not capture the peak temperature. To address this issue
and obtain the missing maximum temperature data, ProCAST
software was employed to simulate the temperature field during
the solidification process of the Al-Mg-Si alloy samples. The
temperature data obtained from the simulation at different
solidification moments were compared with the experimental
results, as shown in Fig. 3. The correlation coefficient r
between experimental temperatures and the simulation results
at the corresponding moments was calculated by using Eq. (1):

)
)

where r is the Pearson correlation coefficient, x and y are

(M

the temperature results obtained by the experimental and
simulation methods, respectively, at the corresponding points
in time, x and y are the mean values of the temperatures
obtained through the experimental and simulation methods,
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Fig. 3: Comparison of the experimental cooling curve and
simulated results

respectively. If r is close to 1, it indicates a strong positive
correlation between the two sets of variables; if » is close to
-1, it indicates a strong negative correlation between the two
sets of variables; and if 7 is close to 0, it indicates no linear
relationship between the two sets of variables. The results
show a strong correlation between the two curves with a
correlation coefficient of 0.99, which suggests that simulation
results can replace the undetected part of the experimental
curve with a certain credibility.

The average cooling rate of the alloy during solidification
(from maximum temperature to solid phase temperature of
567.6 °C) can be obtained by Eq. (2) as 137.5 K-s'.

b = T, -T, o)
aver. ¢

S

where k,,.. is the average cooling rate during solidification, 7,
is the liquid phase temperature of Al-Mg-Si alloy (610.5 °C),
T, is the solid phase temperature of the alloy (567.6 °C), and ¢,
is the solidification time.

The maximum cooling rate calculated by Eq. (3) is
291.3 K-s”', which falls within the cooling rate range of the
sub-rapid solidification process (1 K-s'-10* K-s™).
dr

dr

k

= max
ty<t<ty

©)

max.

where T is temperature, ¢ is time, k,,, is the tangent slope
between the maximum temperature and solid phase temperatures
in the cooling section of the cooling curve, ¢, is the time
corresponding to the maximum temperature point, and ¢, is the
time corresponding to the solid phase temperature point.

3.2 Effect of Mg/Si mass ratio on microstructure
of as-cast alloy

The secondary dendrite arm spacing (SDAS) was measured by

Image-Pro Plus according to the method shown in Fig. 4. The

average SADS is calculated according to Eq. (4):

/1 “4)

where /A is the average secondary dendrite arm spacing (um);
[, is the distance between the first side-branch to the last

L+l—2+.'.+l—n

my—2 my,_2 m, -2
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Fig. 4: Schematic diagram of secondary dendrite
spacing measurement

one of a measured dendrite group (um); m, is the number of
intersections between dendrites and the line connecting both
ends of a measured dendrite group; (m,-2) is the number of
dendrites; and # is the number of measured dendrite groups.
The grain size and SDAS distribution of the a-Al grains were
obtained from the EBSD and OM results, as shown in Fig. 5. The
grain size shows minimal variation at Mg/Si ratios of 2.83 and
1.91, measuring 42.45 pm and 40.65 pm, respectively. However,
when the Mg/Si ratio decreases to 1.73, the grain size reaches a
maximum of 52.54 pm. A further reduction to 1.53 results in a

decrease to 43.95 um. When the Mg/Si exceeds the critical value
of 1.73 for the formation of Mg,Si phases, the average grain
size is decreased with further decrease of Mg/Si ratio, and at the
same time, the microstructure of as-cast alloys becomes more
homogeneous. In addition, the average SDAS value of the a-Al
matrix fluctuates within a range of only 7 pm to 8 um, indicating
that there is no significant correlation with the Mg/Si ratio.

3.3 Effect of Mg/Si mass ratio on second
phase of as-cast alloy

The influence of Mg/Si mass ratio on solidification path of
Al-Mg-Si as-cast alloys was investigated by using Thermal-calc
software, and the phase constitutions were obtained, as shown
in Fig. 6. When the Mg/Si mass ratio is 2.83, the Mg element
is relatively excess resulting in the formation of Al,Mg, and
Mg,Si phases. When Mg/Si is 1.53, the Si element is relatively
excessive, leading to the formation of Mg,Si phases and
eutectic Si. With the decrease of Mg/Si (in other words the
increase of Si), some Si-containing phases formed, such as
n-AlgFeMg,Si; and Al(Fe, Mn)Si.
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Fig. 5: EBSD results (a1-d1), OM figures (a2-d2), and SDAS distribution (a3-d3) of alloys with Mg/Si ratio
of 2.83 (a1-a3), 1.91 (b1-b3), 1.73 (c1-c3), and 1.53 (d1-d3)
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Fig. 6: Temperature-phase constitution of the alloys with different Mg/Si mass ratios: (a) 2.83; (b) 1.91;

(c) 1.73; (d) 1.53

Figure 7 shows the SEM images and aspect ratios of the
Mg,Si phases in the four Al-Mg-Si alloys with different Mg/Si
mass ratios. To investigate the effect of the Mg/Si on the
morphology of the Mg,Si phases, the aspect ratios of the Mg,Si
phases were measured using Image-Pro Plus software under the
same magnification. For each alloy, 10 figures were measured
and at least 200 data were obtained. Then, the measurement
results were counted, as shown in the right column of Fig. 7.

From the SEM results in Fig. 7, it is observed that the
morphology of the Mg,Si phase gradually changes from long
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skeletal shape to short stick or worm shape as the Mg/Si ratio
decreases from 2.83 to 1.73. When the Mg/Si ratio is 1.53, the
Mg,Si phase exhibits a short skeletal shape. This is consistent
with the results of Huang ™ and Yan"® et al. When the Mg/Si
ratio drops from 2.83 to 1.91, the proportion of Mg,Si phases
with an aspect ratio below 10 increases from 55.09% to 70.55%.
However, as the Mg/Si ratio decreases from 1.91 to 1.53, the
proportion decreases from 70.55% to 64.91%. Therefore, the
Al-Mg-Si alloy contains more refined Mg,Si phases when the
Mg/Si ratio is within the range of 1.73 to 1.91.
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F|g 7: Mg,Si morphology and aspect ratio distribution of the four Al-Mg-Si alloys with different mass ratios

of Mg/Si: (a) 2.83; (b) 1.91; (c) 1.73; (d) 1.53
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Figure 8 illustrates the volume fraction of the Mg,Si phase in
four Al-Mg-Si alloys. Among these alloys, it can be seen that
the proportion of the Mg,Si phase is maximized when the Mg/Si
ratio is 1.73.

Some white block phases are observed in the SEM
backscattering figures, as shown in Figs. 9(a)-(d). These
intermetallic phases are indexed in the SEM-EDS, as shown
in Figs. 9(a, e), which are proved to be a-Al(Fe, Mn)Si phases.
This means that the Mn element transforms the B-Fe phase into
the a-Fe phase, reducing the detrimental effect of the needle-

30%

25% 23.13%
c 21.37%
S£20%F 19.29%
8 17.33%
OE) 15%F
=
[e]
2> 10%}
)
)
= 5%

0%
2.83 1.91 1.73 1.53

Mg/Si
Fig. 8: Volume fraction of Mg,Si phase

Element wt.%
Mg 228
Al 76.87

4.80
5.60
9.05
1.40

Fovaatannalonnnnas

like B-Fe phase on the matrix """, In addition, as the mass ratio of
Mg/Si decreases, the distribution pattern of a-Al(Fe, Mn)
Si phases gradually changes from a dispersed distribution
throughout the matrix to an alignment along the grain boundaries.

The EDS results in Figs. 9(d, f) show that the white particles
are also the a-Al(Fe,Mn)Si. According to the research results
of Sang et al. ", the phases at the grain boundary in the alloy
are related to the content of Si. As the Mg/Si ratio diminishes
from 2.83 to 1.53, the concentration of Si rises, making
the precipitation of a-Al(Fe,Mn)Si phase particles at grain
boundaries more probable. This is due to the high interfacial
energy present at the grain boundaries and the lower bonding
energy, which makes the Si-rich phase more prone to nucleation

along these areas .

3.4 Effect of Mg/Si mass ratio on mechanical
properties of as-cast alloys

Figure 10 shows the mechanical properties of the four Al-Mg-Si
alloys with different mass ratios of Mg/Si. It can be seen that
when the Mg/Si is 1.53 (excess Si), the mechanical properties of
the alloys are better: the UTS is 320.6 MPa, YS is 249.9 MPa,
and the elongation reaches 2.31%. As Mg/Si gradually increases
to 2.83, the UTS decreases to 297.8 MPa, with a reduction of

Element
Mg
Al

Fig. 9: SEM backscattered morphology of four alloys with different Mg/Si mass ratios: (a) 2.83; (b) 1.91; (c) 1.73;
(d) 1.53; (e) energy spectrum analysis of Point 1; (f) energy spectrum analysis of Point 2
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Fig. 10: Stress-strain curves (a) and mechanical properties (b) of alloys with different Mg/Si mass ratios at

room temperature

7.11%, and the YS decreases to 159.2 MPa, with a reduction
of 36.3%. Therefore, when there is a certain excess of Si, it can
improve UTS and YS. The above results are consistent with the
results by Zhang et al "”. However, when the Mg/Si is 1.53, the
alloy exhibits the lowest ductility because of the short skeletal
shape and concentrated distribution of Mg,Si phase. A detailed
discussion is provided in the subsequent section about fracture
analysis.

Solid solution strengthening, grain boundary strengthening *”,

2 are the main

and thermal expansion mismatch strengthening
strengthening mechanisms of the Al-Mg-Si alloys. Hence, it is
necessary to quantitatively assess the contributions of various
strengthening mechanisms in distinct alloys.

When the cooling rate of the solidification process reaches the
sub-rapid solidification range of 10° K-s'-10* K:s”, Mg and Si
can form a supersaturated solid solution in the Al-Mg-Si alloy.
The solid solubility of Mg and Si elements in a-Al grains of the
four alloys was examined by EDS and the results are shown
in Table 2. According to Refs. [22, 23], the calculation of solid
solution strengthening is expressed by Eq. (5):

Aoy= D ke, (=Mg and Si) (5)

where k; is the proportional factor of solution element i,
kg=29.0, ks=66.3, and c; is the concentration of solid solution
element i (wt.%). Then, substituting the results in Table 2 into
Eq. (5), the solid solution strengthening (Ac,) of Mg and Si
elements was calculated, as shown in Table 3.

The contribution of grain boundary strengthening (o) can
be supplemented by the Hall-Petch equation ***

-1/
Ao g=nd (6

where Aoy, is the yield strength increment contributed by grain
boundary strengthening, # is a factor related to many variables,
based on the references ™ *”, #=0.04 MPa-m'”. d is the grain
size. The average grain sizes of the a-Al matrix, as shown in
Figs. 5(al-d1), and the results of A, at different Mg/Si alloys
are also listed in Table 3. On the whole, the contribution of
grain boundary strengthening of the four Mg/Si alloys in this
experiment is not prominent.

Table 2: Chemical compositions of a-Al phases in
aluminum alloys with different Mg/Si mass ratios
examined by EDS

Mg/Si Mg (wt.%) Si (wt.%) Al (wt.%)
2.83 2.32 0.0 Bal.
1.91 1.57 0.34 Bal.
1.73 1.57 0.54 Bal.
1.53 1.37 1.03 Bal.

Table 3: Contribution of each strengthening mechanism
and theoretical yield strength increment for
alloys with different Mg/Si ratios

L] (ﬁncpgg) (ﬁgsz;) (?wtg:) (ﬁgya)
2.83 6.14 50.8 18.67 75.61
1.91 6.27 715 21.05 98.82
173 552 82.8 24.74 113.06
153 6.03 103.0 17.22 126.25

For thermal expansion mismatch strengthening, Mg,Si has
a lower coefficient of thermal expansion (CTE, 7.5x10° K™,
which is far from the base alloy thermal expansion coefficient
(15.5x10° K™*) P, Therefore, during the solidification process,
due to the large CTE gap between Mg,Si and the matrix, many
dislocations will be generated, increasing the strength of the
alloy. The thermal mismatch enhancement is expressed by Eq. (7):

12A0ATV,
bd, (1-V,)

Ao = pGLb

m

@)

where f is an intensity factor for Al, G,, is the shear modulus
of the matrix alloy, b is the Burgers vector of a-Al, Aa is the
CTE difference between Mg,Si and the a-Al matrix, AT is
the difference between the pouring temperature and room
temperatures, and d, and V, are the average size and volume
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fraction of the Mg,Si phase, respectively. The values of the
coefficients in Eq. (7) are shown in Table 4.

According to Eq. (7), the smaller the size and the larger the
volume fraction of the Mg,Si phase, the more obvious the
strengthening effect on the alloy. The average size and volume
fraction of the Mg,Si phase are shown in Table 5.

Table 4: Values of variables in the thermal mismatch
enhancement equation "

B G.(GPa) b(nm) Aa(K')  AT(K)

1.25 25.8 0.286 8.0x10° 690

Table 5: Average size and volume fraction of Mg,Si
phase for alloys with different Mg/Si ratios

Average size, Volume fraction,

Mg/Si

d, (nm) V, (%)
2.83 13,508.4 19.29
1.91 12,089.6 21.37
1.73 9,683.9 23.13
1.53 13,934.7 17.33

[21,28]

The YS increment Ao, can be expressed by Eq. (8), and
the results of the four alloys are shown in Table 3.

Ao = Aoy, + Ao+ Ao, ®)
From Table 3, it can be observed that grain boundary

strengthening and thermal expansion mismatch strengthening
contribute minimally to the strength of as-cast aluminum alloys.

In contrast, solid solution strengthening plays a more significant
role. Notably, when the Mg/Si ratio is 1.53, the contribution of
solid solution strengthening from Mg and Si elements to the
increase in yield strength of the alloy peaks at 81.6%.

In addition, the morphology of Mg,Si phase mainly depends
on Mg/Si mass ratio, as shown in Fig. 7. When the ratios of
Mg/Si are 2.83, 1.91, 1.73, and 1.53, the Mg,Si morphologies
are long skeletal shape, worm shape, short stick shape,
and short skeletal shape, respectively. The corresponding
elongation of the alloys is 5.31%, 4.82%, 2.83%, and 2.31%,
respectively. Thus, the elongation of the alloy with the long
skeletal Mg,Si phase (Mg/Si=2.83) is the highest, and the
alloy with the short skeletal Mg,Si phase (Mg/Si=1.53) is the
lowest.

Mg,Si phases, as the main strengthening phases in Al-Mg-Si
alloys, are harder and more brittle compared with a-Al matrix.
During tensile deformation, strain/stress concentrates at the
interface between Mg,Si phases and the a-Al matrix, where
crack initiation occurs. The morphology and distribution of
Mg,Si phases significantly influence the stress distribution at
the interface of Mg,Si phases and the a-Al matrix in Al-Mg-Si
alloys. Uniformly distributed, short Mg,Si phases result in
minimal localized stress concentrations. The long skeletal
Mg,Si phases that are uniformly distributed can crack within
some eutectic structures [Fig. 11(a)], this leads to a relatively
higher elongation of 5.31%. In contrast, island-distributed
Mg,Si phases [as shown in Figs. 11(c) and (d)], even in short
and stick-shaped or skeletal morphologies, cause cracks to
form at the interface between the Mg,Si phases and the a-Al
matrix. These cracks propagate across the eutectic structures,
leading to a reduction in elongation.

Fig. 11: Morphology and area fraction of cracked Mg,Si phase near the fracture zone of different Mg/Si alloys:

(a) 2.83; (b) 1.91; (c) 1.73; (d) 1.53
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Figure 12 shows the microscopic morphology of tensile
fractures at room temperature of alloys with different Mg/Si
mass ratios. The fracture morphology of all the alloys shows
dimples and cleavage planes of different sizes, so it is judged
that the fracture type of all the alloys is ductile-brittle mixed-type
fracture ', The dimples in the alloys with Mg/Si mass ratios of
2.83 and 1.91 are large and densely distributed [Figs. 12(a, b)],
which is consistent with a relatively higher elongation of the
two alloys. Upon further reducing the Mg/Si to 1.73 and 1.53,
the dimple size and the depth become smaller, the distribution
is sparse [Fig. 12(c)], and the elongation of the alloy decreases.

Generally, the increase in the number of second-phase particles
in the alloy can lead to a decrease in the plasticity of the
alloy, and the dimples in the fracture also become smaller and
shallower ™. Therefore, it is inferred that the enrichment of
the Mg,Si phases and Al(Fe, Mn)Si phases in the alloys with
Mg/Si mass ratios of 1.73 and 1.53 is the main reason for the
smaller and shallower fracture dimples. The EDS results show
that the second phases at the bottom dimples [Figs. 12(e, f)]
consist of the Mg,Si phases and Al(Fe, Mn)Si phases, where
stress concentration and crack initiation occur.

Element wt.%

Mg 5.49
Al 74.36
' 6.17
2.16

1.43

10.39

Fig. 12: SEM fracture morphologies of alloys with different Mg/Si ratios: (a) Mg/Si=2.83; (b) Mg/Si=1.91;
(c) Mg/Si=1.73; (d) Mg/Si=1.53; (e) energy spectrum analysis of the alloy with an Mg/Si ratio of 1.53;

(f) EDS results at Point A in (e)

4 Conclusions

The Al-Mg-Si alloys were prepared by vacuum copper mold
suction casting under the sub-rapid solidification with a cooling
rate of 291.3 K-s™'. The effect of Mg/Si mass ratios (2.83,
1.91, 1.73, and 1.53) on the microstructure and mechanical
properties of Al-Mg-Si as-cast alloys was investigated. The
main conclusions are drawn as follows:

(1) The as-cast aluminum alloys with different mass ratios of
Mg/Si exhibit fine equiaxed grains from 40.65 pm to 52.54 pm
and SDAS from 7.83 pum to 8.10 pm. The size of grains and
SDAS is not closely related to the Mg/Si ratio.

(2) As the mass ratio of Mg/Si decreases from 2.83 to 1.53,

there is a notable change in the morphology and distribution
of Mg,Si phases within the aluminum alloy. Specifically,
the Mg,Si phases transition from a long, skeletal shape to a
shorter, skeletal form, and their distribution changes from a
uniform pattern to an island-like, concentrated arrangement.
This shift corresponds to a decrease in the alloy’s elongation
from 5.31% to 2.31%, indicating that the uniformly distributed
Mg,Si phases, even in long and skeletal morphologies, are
more conducive to achieving a relatively higher elongation.

(3) The strengthening mechanisms of the as-cast AI-Mg-Si
alloys are solid solution strengthening, grain boundary
strengthening, and thermal expansion mismatch strengthening,
and the contribution of solid solution strengthening plays a
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major role. The alloy with Mg/Si of 1.53 among the four alloys
has the highest mechanical properties with UTS of 320.6 MPa
and YS of 249.9 MPa because of the highest solid solution
strengthening of Mg and Si elements.
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