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Abstract In the present work, the Al/Mg bimetallic compos-
ites were produced using lost foam casting (LFC) process, and
the effects of the pouring temperature on the microstructure,
mechanical properties, and fracture behavior of the Al/Mg
bimetallic composites produced by the LFC process were in-
vestigated in order to obtain an optimized bonding between
aluminum alloy and magnesium alloy. It was found that the
pouring temperature had a significant effect on the interface
between the aluminum and the magnesium. With increasing
pouring temperature, the thickness of the interface layer obvi-
ously increased. When the pouring temperature was 730 °C, a
compact and uniform interface layer was obtained between
the aluminum and the magnesium. The interface layers of
the Al/Mg bimetallic composites obtained with different
pouring temperatures primarily consisted of three different
reaction layers, namely Al12Mg17 + δ-Mg eutectic,
Al12Mg17 +Mg2Si, and Al3Mg2 +Mg2Si. The interface layers
of the Al/Mg bimetallic composites with different pouring
temperatures had higher microhardnesses compared to the ba-
se metals. The Al/Mg bimetallic composite with the pouring
temperature of 730 °C obtained a maximum shear strength
due to its superior interface, showing an optimized bonding
between the aluminum and the magnesium. The SEM
fractograph of the bimetallic composite mostly exhibited a

brittle fracture morphology, and the Al12Mg17 + δ-Mg eutectic
partly generated a plastic deformation.
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1 Introduction

Currently, magnesium and aluminum alloys are widely ap-
plied in vehicle construction and aerospace industries in order
to improve the energy efficiency [1–4]. However, sometimes,
one of these alloys alone is difficult to meet the demands of the
integrated performance because of their characteristics. It is
well known that the magnesium alloy has many advantages
including low density, good electromagnetic shielding capac-
ity, and machinability, but poor ductility and corrosion resis-
tance. In contrast, the aluminum alloy has good plastic and
admirable corrosion resistance, while its density is relatively
higher than that of the magnesium alloy [5–7]. Thus, the dis-
similar joint between the magnesium alloy and the aluminum
alloy may be a promising solution for the industrial applica-
tions, as the Al/Mg bimetallic composites combine some ex-
pected properties that cannot be fully supplied by a single
material [8, 9].

There are a large number of methods to prepare the Al/Mg
bimetallic composites, such as rolling bonding [10], gas metal
arc plug welding [11], diffusion welding [12], friction stir
welding [13–16], resistance spot welding [17, 18], transfer
welding [19], laser welding [20, 21], and compound casting
[22]. In general, the rolling method is mainly applied in the
layered material or the strip material, which is difficult to
prepare complex parts. Similarly, the welding methods cannot
be used to prepare the bimetallic parts with a complex shape,
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and the bonding interface obtained by the welding method
generally contains a higher stress, thereby results in cracking.
The sand casting process is difficult to satisfy the dimensional
precision and surface roughness of the bimetallic composites.

The lost foam casting (LFC) process has been regarded as a
near-net-shape casting technology, which has many advan-
tages such as high precision, low surface roughness, flexible
structure design, and low cost [23–26]. Recently, the LFC
process has been considered as an attractive method to fabri-
cate the Al/Mg bimetallic composites by use of assembling a
solid part inside the foam pattern prior to pouring, because it
can take the advantages of the LFC process to prepare the Al/
Mg bimetallic composites. Furthermore, the reduction gas
generating from the evaporation of the foam pattern can pro-
tect the surface of aluminum and magnesium alloys from ox-
idation, as pointed out by the literatures [27, 28]. However, the
investigations with respect to the preparation of the Al/Mg
bimetallic composites produced using the LFC process are
relatively less in the present reports [29, 30]. During the fab-
rication process of the Al/Mg bimetallic composites, the
pouring temperature is of importance to obtain an excellent
bonding between the aluminum and the magnesium.
Unfortunately, there is also an unexplored area related to its
investigation, and how to obtain an excellent metallurgical
bonding between the aluminum and the magnesium is still a
challenge during the LFC process.

In this study, the Al/Mg bimetallic composites were pro-
duced using the LFC process, and the effects of the pouring
temperature on the microstructure, mechanical properties, and
fracture behavior of the Al/Mg bimetallic composites were
investigated in order to establish an optimized bonding be-
tween the aluminum alloy and the magnesium alloy.
Additionally, the formation mechanism of the interface of
the Al/Mg bimetallic composites was also discussed.

2 Experimental procedures

The A356 aluminum alloy and AZ91Dmagnesium alloy were
respectively used as a solid insert and a melt, and their com-
positions are shown in Tables 1 and 2. The foam pattern was
made of the expanded polystyrene material.

The cylindrical aluminum inserts were cut from the A356
aluminum alloy ingot by use of an electrical discharge

machine, whose diameter and height were 10 and 130 mm,
respectively. The surfaces of the aluminum inserts were then
polished with silicon carbide papers prior to rinsing.
Afterwards, the aluminum inserts were assembled inside the
foam patterns. The foam patterns together with the aluminum
inserts were finally immersed into a water-based refractory
slurry and then dried in an oven at 50 °C.

The schematic illustration of the experimental equipment is
presented in Fig. 1. First, the foam patterns together with the
aluminum inserts were put into a sand flask, which was suc-
cessively filled with unbonded loose sand and compacted by a
three-dimensional vibration table. The plastic film was then
covered on the top of the sand flask. Finally, a sprue cup was
placed on the sprue prior to pouring. The AZ91D magnesium
alloy was put into a stainless steel crucible to melt in an elec-
trical resistance furnace. The pouring temperatures of the mol-
ten magnesium metal used in this study were 710, 730, and
750 °C, respectively, and the vacuum level was 0.03 MPa.

In order to investigate the influence of the pouring temper-
ature on the interface between the aluminum insert and the
magnesium melt, a simulation software was used to analyze
the time and the temperature of the Mg melt arriving at the
different positions of the surface of the Al insert, as shown in
Fig. 2.

Metallographic samples were first machined from the mid-
dle position of the Al/Mg bimetallic composites, which were
then etched using a 4% nital solution after grinding and
polishing. A Quanta 400 scanning electron microscope
equipped with an energy-dispersive X-ray spectroscopy

Table 1 Chemical composition of A356 (wt.%)

Material Mass fraction (%)

A356 Si Mg Ti Fe Al

6.81 0.439 0.017 0.205 Bal.

Table 2 Chemical
composition of AZ91D
(wt.%)

Material Mass fraction (%)

AZ91D Al Zn Mn Mg

9.08 0.62 0.23 Bal.

Fig. 1 Schematic illustration of the experimental equipment
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(EDS) was used to observe the characteristics of microstruc-
ture at the interface zones and quantitatively analyze the com-
positional variations of the interface between the aluminum
and the magnesium.

The microhardnesses of the interface of the Al/Mg bime-
tallic composites were measured using a TWVS-1 hardness
tester. The push-out tests were performed using a Zwick Z100
universal testing machine with a crosshead displacement rate
of 0.5 mm/min in order to determine the shear strength of the
Al/Mg bimetallic composites. At least three samples for each
pouring temperature were used to perform the push-out test in
order to minimize the errors. Figure 3 illustrates a schematic
diagram of the push-out test. The fractured surfaces of the
push-out samples were finally observed and analyzed using
the SEM and EDS methods.

3 Results

3.1 Microstructures of the interface layer of the Al/Mg
bimetallic composites

Figure 4 shows the SEMmicrographs of the Al/Mg bimetallic
composites with different pouring temperatures. As can be

seen, the pore defects with a large size are apparently present
at the interface layer of the Al/Mg bimetallic composite with a
pouring temperature of 710 °C, as shown in Fig. 4b. With a
pouring temperature of 730 °C, a compact and uniform inter-
face layer can be observed, as shown in Fig. 4c. Increasing
pouring temperature to 750 °C, the thickness of the interface
layer clearly exhibits an inhomogeneous morphology, as
shown in Fig. 4d, e.

In addition, the thicknesses of the interface layers of the Al/
Mg bimetallic composites were measured with the Image soft-
ware. The results show that the average thickness of the inter-
face layer is about 1440 μm with a pouring temperature of
710 °C. Increasing pouring temperature to 730 °C, the average
thickness of the interface layer slightly increases up to about
1480 μm. Further increasing pouring temperature to 750 °C,
the thickest part of the interface layer reaches approximately
2650 μm. These results suggest that the pouring temperature
has a significant effect on the thickness of the interface layer of
the Al/Mg bimetallic composites.

3.2 Phase compositions of the interface layer of the Al/Mg
bimetallic composites

Tables 3, 4, and 5 respectively list the quantitative analysis
results of the Al and Mg elements in different areas of the
interface layers from different pouring temperatures. It was
found that the interface layers can be divided into three differ-
ent reaction layers for all the samples with different pouring
temperatures. The reaction layer I close to the magnesium
base is primarily composed of the Al12Mg17 + δ-Mg eutectic
due to the eutectic transformation, and the Al3Mg2 phase is a
main constituent of the layer III near to the aluminum base.
The ratio of the Al and Mg elements for different areas of the
layer II is not constant. Considering the relatively wide range
of the composition for the Al12Mg17 phase in the Al-Mg bi-
nary phase diagram shown in Fig. 5, it suggests that the mid-
dle layer II is primarily composed of the Al12Mg17 phase,
which is consistent with the other studies [33, 34]. These re-
sults indicate that the pouring temperature has little effect on
the compositions of the interface layer.

Figures 6, 7, and 8 show the EDS maps of the interface
zones of the Al/Mg bimetallic castings with different pouring
temperatures. As can be seen, the composition distributions of
the Al, Mg, and Si elements are clearly observed at the reac-
tion layer between the aluminum and the Mg for all the sam-
ples, showing that the rule of the distributions of the elements
is uniform. The Mg element distributes gradually from the
magnesium side to the aluminum side, while the distributions
of the Al element are just opposite to the Mg element. The Si
element also exists at the interface layer zones, because the Si
element that existed in the A356 aluminum alloy distributes to
the Mg side.Fig. 3 Schematic diagram of the push-out test (unit: mm)

Fig. 2 Schematic diagram of the positions analyzed by the simulation
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More detailed observations and compositional analysis of
the interfacial microstructures with different pouring temper-
atures are shown in Fig. 9 (I, II, and III are respectively cor-
responding to reaction layers I, II, and III shown in Fig. 4) and
Table 6. It is obvious that the SEM micrographs of the inter-
facial microstructures with different pouring temperatures at
different areas of the interfaces almost show a similar mor-
phology. It is also further confirmed that the layers I, II, and III
primarily consist of the Al12Mg17 + δ-Mg eutectic, Al12Mg17,

and Al3Mg2 intermetallics, respectively. Moreover, the Mg2Si
phase is also detected in the layers II and III of the interfacial
microstructures with different pouring temperatures.

3.3 Mechanical properties of the Al/Mg bimetallic
composites

The microhardness distributions of the interface zones of
the Al/Mg bimetallic composites with different pouring

Fig. 4 SEM micrographs of the
interface layer of the Al/Mg
bimetallic composites with
different pouring temperatures: a
710 °C, b pore defect of 710 °C, c
730 °C, d the thickest part of
750 °C, and e the thinnest part of
750 °C
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temperatures are shown in Fig. 10. It can be observed that
the microhardness distributions at the interface zones of the
Al/Mg bimetallic composites with different pouring tem-
peratures basically exhibit a same trend. The reaction
layers at the interfaces have higher microhardnesses com-
pared to the base metals, which implies that the rigid and
brittle phases such as Al3Mg2 and Al12Mg17 have been
generated at the interface of the Al/Mg bimetallic compos-
ites. And, the Al3Mg2 phase has the highest microhardness
at the interface.

Figure 11 presents the results of the push-out tests. As can
be seen, the Al/Mg bimetallic composite with a pouring tem-
perature of 730 °C obtains a maximum shear strength up to
47.67 MPa compared to those of the 710 and 750 °C, due to a
better interface between the aluminum and the magnesium.

When the pouring temperature is 710 °C, the Al/Mg bimetallic
composite has a poor shear strength.

Figure 12 shows SEM fractographs and EDS analysis
of the Al/Mg bimetallic composites obtained by different
pouring temperatures. I t is clear that the SEM
fractographs of the bimetallic composites with different
pouring temperatures mostly exhibit a brittle fracture
morphology, and a larger number of cleavage planes
are observed on the fracture surfaces, especially in the
fracture surface of the Al/Mg bimetallic composite with
the pouring temperature of 750 °C. According to the
EDS analysis results, it reveals that the cleavage planes
are mainly the brittle and hardness Al12Mg17 and
Al3Mg2 intermetallics, as shown in Fig. 12a, c.
Furthermore, the gap and pore defects are obviously

Table 4 EDS analysis results of
Al and Mg elements at the Al/Mg
interface corresponding to areas
indicated in Fig. 4c

Area no. Element compositions (at.%) Element compositions
ratio (Al/Mg)

Inference component

Al Mg

1 10.82 89.18 – Mg

2 32.26 67.74 0.48 Al12Mg17 + δ-Mg

3 37.06 62.94 0.59 Al12Mg17 + δ-Mg

4 38.19 61.81 0.62 Al12Mg17 + δ-Mg

5 36.26 63.74 0.51 Al12Mg17 + δ-Mg

6 48.57 51.43 0.94 Al12Mg17
7 49.35 50.65 0.97 Al12Mg17
8 58.23 41.77 1.39 Al3Mg2
9 60.25 39.75 1.52 Al3Mg2
10 62.08 37.92 1.64 Al3Mg2
11 98.85 1.15 – Al

Table 3 EDS analysis results of
Al and Mg elements at the Al/Mg
interface corresponding to areas
indicated in Fig. 4a

Area no. Element compositions (at.%) Element compositions
ratio (Al/Mg)

Inference component

Al Mg

1 12.29 87.71 – Mg

2 36.16 63.84 0.57 Al12Mg17 + δ-Mg

3 36.15 63.85 0.57 Al12Mg17 + δ-Mg

4 33.66 66.34 0.51 Al12Mg17 + δ-Mg

5 37.98 61.9 0.61 Al12Mg17 + δ-Mg

6 48.98 51.02 0.96 Al12Mg17
7 46.52 53.48 0.87 Al12Mg17
8 58.97 41.03 1.47 Al3Mg2
9 60.84 39.16 1.55 Al3Mg2
10 60.83 39.17 1.55 Al3Mg2
11 98.89 1.01 – Al
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observed in the fracture surface of the Al/Mg bimetallic
composite with the pouring temperature of 710 °C,
meaning that the fracture path may preferentially go
through the porosity defects, which leads to a sharp de-
crease of the bonding strength. Additionally, in the frac-
ture surface of the Al/Mg bimetallic composite with the
pouring temperature of 730 °C, it can be seen that there
are fewer cleavage planes compared to 710 and 750 °C,
especially 750 °C; meanwhile, the Al12Mg17 + δ-Mg
eutectic close to the magnesium base partly occurs a
plastic deformation, as shown in Fig. 12b, which is

benefit to the improvement of the bonding strength of
the Al/Mg bimetallic composites.

4 Discussion

4.1 Formation mechanism of the interface of the Al/Mg
bimetallic composites

The formation mechanism of the interface of the Al/Mg
bimetallic composites obtained by the LFC process can

Fig. 5 Al-Mg binary phase
diagram [31, 32]

Table 5 EDS analysis results of
Al and Mg elements at the Al/Mg
interface corresponding to areas
indicated in Fig. 4d

Area no. Element compositions (at.%) Element compositions
ratio (Al/Mg)

Inference component

Al Mg

1 12.76 87.24 – Mg

2 34.69 65.31 0.53 Al12Mg17 + δ-Mg

3 36.36 63.64 0.57 Al12Mg17 + δ-Mg

4 36.27 63.73 0.57 Al12Mg17 + δ-Mg

5 33.19 66.81 0.50 Al12Mg17 + δ-Mg

6 41.68 56.21 0.74 Al12Mg17
7 55.57 41.33 1.34 Al3Mg2
8 56.55 40.31 1.40 Al3Mg2
9 57.99 38.43 1.51 Al3Mg2
10 98.79 1.21 – Al
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be explained using the fusion bonding and diffusion
bonding, as shown in Fig. 13. When the magnesium
melt is poured into the foam pattern, the foam pattern
quickly melts and partly evaporates due to the heat

capacity from the magnesium melt. The decomposition
products finally escape through the coating layer.
Figure 14 shows the relation between the time and the
temperature of the Mg melt arriving at the different

Fig. 6 EDS maps of the interface zones of the Al/Mg bimetallic castings
with the pouring temperature of 710 °C: a SEM micrograph, b Al
distribution map, c Mg distribution map, and d Si distribution map

Fig. 7 EDS maps of the interface zones of the Al/Mg bimetallic castings
with the pouring temperature of 730 °C: a SEM micrograph, b Al
distribution map, c Mg distribution map, and d Si distribution map
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positions of the surface of the Al insert under different
pouring temperatures obtained by the simulation soft-
ware. As can be seen, the temperature of the magne-
sium melt contacting with the Al insert ranges from 594
to 616 °C, and the surface of the aluminum insert may
melt, thereby forms a molten pool of the melt aluminum
alloy mixing with the molten magnesium alloy. In this
case, the diffusion reactions occur among the molten
pool, aluminum insert, and magnesium melt, resulting
in the concentration gradient of the Al, Mg, and Si
elements. As a result, the interface layer that primarily
consists of Al12Mg17, Al3Mg2, and Mg2Si intermetallic
between the aluminum and the magnesium is finally
formed during the solidification process.

4.2 The effects of pouring temperature
on the microstructures and mechanical properties
of the Al/Mg bimetallic composites

In the present work, the existence of pore defect at the
interface layer is probably attributed to two reasons in the
following. On the one hand, it is very important that the
decomposition product of the foam materials quickly es-
capes through the coating layer for obtaining superior
castings with no defects during the LFC process. With
the decline of pouring temperature, the fluidity and filling
speed of the Mg melt decrease. At the same time, the low
pouring temperature goes against offsetting the heat loss
on account of the foam decomposition. As a consequent,
the decomposition products are difficult to escape through
the coating layer before solidification, which are easy to
gather around the Al insert, resulting in the formation of
the pore defect or the oxide film defect. On the other
hand, the viscosity of the Mg melt increases with the
decrease of pouring temperature, which leads to the de-
crease of the rising speed of the decomposition product
from the foam materials, thereby forms a few pores at the
interface layer of the Al/Mg bimetallic casting with the
pouring temperature of 710 °C.

In contrast, as the pouring temperature increases, the
decomposition products are easy to escape through the
coating layer before solidification so that there are no
pores in the interface layer. However, an excessive
pouring temperature will significantly promote the reac-
tion process and diffusion process between the aluminum
and the magnesium, leading to rapid increase of the thick-
ness of the interface layer. Besides, it is easy to cause

�Fig. 8 EDS maps of the interface zones of the Al/Mg bimetallic castings
with the pouring temperature of 750 °C: a SEM micrograph, b Al
distribution map, c Mg distribution map, and d Si distribution map
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turbulence during the filling process of the magnesium
melt in this case, resulting in the variations of the

temperature and time of the magnesium melt contacting
with the aluminum insert. As a result, the diffusion

Fig. 9 High-magnification SEM
micrographs of the Al/Mg
interfaces with different pouring
temperatures: a 710, b 730, and c
750 °C

Table 6 EDS analysis results of
the Al/Mg interfaces
corresponding to points indicated
in Fig. 9

Area
no.

Pouring
temperature
(°C)

Layer
code

Element compositions
(at.%)

Element
compositions
ratio (Al/Mg)

Element
compositions
ratio (Mg/Si)

Inference
component

Al Mg Si

a1 710 I 39.99 60.01 – 0.67 – Al12Mg17
a2 41.07 58.93 – 0.70 – Al12Mg17
a3 19.37 80.63 – – – δ-Mg
a4 II 49.25 50.57 0.97 0.97 – Al12Mg17
a5 10.99 58.71 30.30 – 1.94 Mg2Si
a6 III 61.61 38.39 – 1.60 – Al3Mg2
a7 18.44 55.00 26.56 – 2.07 Mg2Si
b1 730 I 38.92 61.08 – 0.64 – Al12Mg17
b2 14.48 85.52 – – – δ-Mg
b3 II 44.28 55.72 – 0.79 – Al12Mg17
b4 6.61 66.3 27.09 – 2.45 Mg2Si
b5 III 55.47 44.53 – 1.25 – Al3Mg2
b6 12.09 63.1 24.81 2.54 Mg2Si
c1 750 I 38.44 61.56 – 0.62 – Al12Mg17
c2 14.22 85.78 – – – δ-Mg
c3 II 45.36 54.64 – 0.83 – Al12Mg17
c4 10.28 58.36 31.36 – 1.86 Mg2Si
c5 III 55.78 44.22 – 1.26 – Al3Mg2
c6 14.25 55.72 30.03 – 1.86 Mg2Si
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distances of the elements are different so that the thick-
ness of the interface layer at different zones is
non-uniform.

Furthermore, it can also be seen from Fig. 14 that
the Mg melt first arrives at the point a and finally
reaches the point d because of the special filling rule
of the LFC process. The times and temperatures of the
Mg melt arriving at the four points of the Al insert
have smaller difference for the pouring temperatures
of 710 and 730 °C. For the comparison, when the
pouring temperature is up to 750 °C, the temperature
of the point b is the highest and reaches 616.35 °C,
which is 16.77 °C higher than that of the point d;
meanwhile, the time interval of the Mg melt from the
point a to the point d is also the longest, which makes
the diffusion at different positions greatly vary, leading
to the uneven interface layer. The results of the simu-
lation are in good agreement with the previous theo-
retical analysis. Consequently, an appropriate pouring
temperature is of importance to obtain a uniform and

compact interface for the Al/Mg bimetallic castings
obtained by the LFC process.

The shear strength of the Al/Mg bimetallic composites
is mainly related to two factors including the existence
of pores in the interface and the thickness of the inter-
face layer. The existence of pores in the interface makes
the Al and Mg no contact with each other well and
destroys the integrity of the interface layer, as well as
causes a stress concentration, sharply decreasing the me-
chanical strength of the Al/Mg bimetallic composites.
On the other hand, increasing the thickness of the inter-
face layer will reduce the bonding strength of the Al/Mg
bimetallic composites because the thicker interface layer
may contain more rigid and brittle intermetallics such as
Al12Mg17 and Al3Mg2. Here, it should be noted that the
pore defects have a much bigger effect on the bonding
strength of the Al/Mg bimetallic composites compared to
the thickness of the interface layer. According to Fig. 4,
when the pouring temperatures are 730 and 750 °C, the
interface layers of the Al/Mg bimetallic composites are
compact, while there are some pores in the interface
layer of the Al/Mg bimetallic composite with the
pouring temperature of 710 °C, so the shear strengths
of the samples with the pouring temperatures of 730
and 750 °C are higher than that of 710 °C. What is
more, a thicker and non-uniform interface layer is ob-
tained with the pouring temperature of 750 °C compared
to 730 °C; thus, the Al/Mg bimetallic composite with
the pouring temperature of 730 °C obtains a superior
shear strength. In view of these investigations, it sug-
gests that the pouring temperature has a significant effect
on the microstructure and mechanical properties of the
Al/Mg bimetallic composites during the LFC process. In
the future, we will focus on the effects of other param-
eters on the microstructure and mechanical properties of
the Al/Mg bimetallic composites as well as the controls
of the pore defects and the thickness of the interface
layer.

Fig. 10 Microhardness distributions of the interface zones of the Al/Mg bimetallic composites with different pouring temperatures: a 710, b 730, and c
750 °C

Fig. 11 Effect of the pouring temperature on the shear strength of the Al/
Mg bimetallic composites
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Fig. 12 SEM fractographs and
EDS analysis of the Al/Mg
bimetallic composites with
different pouring temperatures:
a 710, b 730, and c 750 °C
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5 Conclusions

1. The pouring temperature had a great effect on the inter-
face between the aluminum and the magnesium. With
increasing pouring temperature, the thickness of the inter-
face layer significantly increased. A compact and uniform
interface layer was obtained with the pouring temperature
of 730 °C.

2. The interface layers of the Al/Mg bimetallic composites
with different pouring temperatures primarily consisted of
three reaction layers: Al12Mg17 + δ-Mg eutectic,
Al12Mg17 + Mg2Si, and Al3Mg2 + Mg2Si.

3. The interface layers of the Al/Mg bimetallic com-
posites with different pouring temperatures had
higher microhardnesses compared to the base
metals, especially the Al3Mg2 phase, which indicat-
ed that the rigid and brittle phases have been gen-
erated at the interface of the Al/Mg bimetallic
composites.

4. The Al/Mg bimetallic composite with the pouring
temperature of 730 °C obtained a maximum shear
strength up to 47.67 MPa, showing an optimized
bonding between the aluminum and the magnesium.
The SEM fractograph of the bimetallic composite

mostly exhibited a brittle fracture morphology, and
the Al12Mg17 + δ-Mg eutectic partly occurred a
plastic deformation.

Fig. 13 The formation mechanism of the interface layer of the Al/Mg bimetallic composites: a before the pouring, b foam decomposed, c molten pool
generated, d mold filling finished, e elements diffused, and f interface layer formed

Fig. 14 The times and temperatures of the Mg melt firstly contacting
with the different positions of the surface of the Al insert under different
pouring temperatures (a, b, c, and d, respectively, corresponding to a, b, c,
and d indicated in Fig. 2)
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