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Abstract: The evolution of microstructure in the MB8/2024 dissimilar alloy joints by using Al/Zn/Cu/Zn multi-
interlayers via ultrasonic-assisted brazing was investigated. The results show that the addition of aluminum foil on the
MBS side realized the transformation of AlsMg, binary intermetallic compounds (IMCs) to AIMgsZn,; ternary IMCs
along the interface between copper foil and MB8 magnesium alloys. This transformation reinforced the joints and then
the shear strength reached a maximum at 22 s (85.26 MPa). Thermodynamic analysis shows that AGwmg a1,za of AIMgsZn;
(—38.65 kJ/mol) was smaller than that of AlsMg> (—31.94 kJ/mol), which provided a basis for the IMC transformation.
Mgs2(Al,Zn)49 quasicrystal was found for the first time using ultrasonic-assisted brazing due to the cavitation effect.

Key words: Al/Zn/Cu/Zn multi-interlayer; ultrasonic-assisted brazing; intermetallic compound (IMC); phase
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1 Introduction

Magnesium alloys have been widely studied
because of their high specific strength;
unfortunately, their poor toughness and corrosion
resistance restrict their applications. Importantly,
aluminum alloys have complementary toughness
and corrosion resistance to magnesium alloys.
Bonding Mg/Al dissimilar alloys can thus improve
energy conservation and reduce emissions [1-3].
Therefore, Mg/Al dissimilar alloys joining is an
important research topic. the most
challenging problem in joining Mg/Al dissimilar
alloys is the inevitable generation of brittle
intermetallic compounds (IMC) in the joints like
Al;;Mg7 and AlsMg, [4—6]. Scholars have used
friction stir welding (FSW) [7-9], diffusion

However,

bonding [10—13], compound casting [14—16], and
other methods [17,18] joining Mg/Al dissimilar
alloys to overcome this problem. However, it is
difficult to avoid the generation of brittle AlixMgi7
and AlsMg; IMC due to the limitations of these
joining methods [19-21]. For example, some
scholars found that the temperature of stir zone in
the joints will rise (435°C) due to the plastic
deformation in FSW, resulting in constitutional
liquation, which made it difficult to avoid the
formation of AlixMgi; and AlsMg,. The reaction
layer of Mg—Al binary IMCs was reduced at lower
welding temperature via diffusion bonding, but the
generation of AlixMg;; and AlsMg, cannot be
completely avoided due to the high activity of Mg
and Al elements [19]. Some scholars increase the
shear strength of Mg/Al dissimilar joints by
increasing the holding time via adding zinc coating
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during diffusion bonding. Under the long-term
insulation condition, the shear strength of the
joints can only up to 30 MPa due to the formation
of AlixMgi7 and AlsMg, [10]. Ultrasonic-assisted
brazing was widely used in the joining of dissimilar
alloys, such as Cu/Al dissimilar alloys and Ti/Al
dissimilar alloys [22,23]. In this method, cavitation
effect was introduced to break the oxide film on
the surface of BMs, as so to realize the medium-
and low-temperature and flux-free bonding in
air [24-26]. Therefore, ultrasonic-assisted brazing
was expected to join Mg/Al dissimilar alloys via
some auxiliary means to overcome the difficulty
of forming Mg—Al binary IMCs.

Adding interlayers is an effectively auxiliary
method to control the generation of AlsMg, and
AlixMgi; IMC when joining Mg/Al  dissimilar
alloys. There are currently two types of interlayers.
One is the single-interlayer that acts as a “physical
barrier” for the contact of Mg/Al dissimilar alloys
to avoid the generation of AlsMg, and AlixMg;7.
When single-interlayer was used, there were few
kinds of IMCs formed in the joints, and these IMCs
were generally only binary phases, thus resulting in
the general mechanical performance of the joints.
For example, LI et al [27] used pure tin foil as the
interlayer to join Mg/Al dissimilar alloys. Mg,Sn
IMC was generated in the joints to avoid the
generation of AlsMg, and AlixMgi7. The shear
strength of the joints was 60 MPa. GU et al [28]
used zinc foil to join Mg/Al dissimilar alloys.
Mg—Zn IMC was generated in the joints with a
maximum shear strength of 57.62 MPa. The other is
the multi-interlayer that puts the aluminum foils in
direct contact with the Mg base metal (BM) to
transform the reactants from Mg—Al binary IMC
such as AlsMg; and AlixMg7 into Mg—AI-X (X is
generally the foil in contact with the aluminum foil
in the multi-interlayer) ternary IMC. These ternary
IMCs often have smaller Gibbs free energy such as
the Mg—Al-Zn ternary phase [3]. These ternary
IMCs reinforce the mechanical performance of the
joints. For example, ZHANG et al [29] used Al/Ni
multi-interlayer to join Mg/Al dissimilar alloys.
Mg—AIl—-Ni ternary IMCs were formed in the joints,
which increased the shear strength of the joints
from 19.5 MPa using Ni single interlayer with
the MgoNi and Al:Ni IMCs, to 25.8 MPa. PENG
et al [30] used multi-interlayer composed of
Al/Zn/Ni to join Mg/Al dissimilar alloys. Mg—Al—

Zn ternary IMCs were generated in the joints,
which markedly enhances the bonding between Ni
foil and base metals (BMs). Thus, the shear strength
of the joints was increased from 21.2 MPa by using
pure Ni interlayer with the formation of Mg,Ni and
Al3Ni IMCs, to 95.3 MPa [30,31].

To date, copper foil interlayers have been
widely used for joining dissimilar alloys and are
expected to have potential in ultrasonic-assisted
brazing of Mg/Al dissimilar alloys [32—34]. Copper
foil can act as a “physical barrier” to avoid the
generation of AlsMg, and AlxMgi;. The AlCu
formed at the Al/Cu interface enhanced the bonding
of interface [35]. In addition, zinc foils were added
between copper foil and BMs in consideration of
the cavitation effect that can break the oxide film on
the BMs after the zinc liquid wetting the surface of
BMs. This promoted significant amounts of Mg and
Al atoms to diffuse to the brazing seam and react
with copper foil, as so to enhance the bonding
between Cu interlayer and BMs. On this basis,
Al/Zn/Cu/Zn multi-interlayers were used for
ultrasonic-assisted brazing of MB8/2024 dissimilar
alloys in air. Here, the evolution of IMCs in the
joints was investigated and its influence on
mechanical properties of joints was analyzed.

2 Experimental

The alloys used in this work were 2024
aluminum alloy (3.8-4.7 wt.% Cu, 1.2—1.8 wt.%
Mg, 0.5 wt.% Fe, 0.5 wt.% Si, 0.3 wt.% Zn, and
0.15 wt.% Ti) and MB8 magnesium alloy (1.3—
2.2 wt.% Mn, 0.3 wt.% Zn, 0.2 wt.% Al, and 0.15—
0.35 wt.% Ce) with sizes of 20 mm x 20 mm X
3 mm. The thicknesses of the Cu foil, zinc foil, and
aluminum foil in the test were 100, 50, and 50 pm,
respectively; the corresponding of the
foils were 30 mm x 30 mm, 20 mm x 20 mm, and
20 mm X% 20 mm, respectively. The BMs were
treated with 400%, 800%, and 1200* emery papers and
ultrasonically cleaned in ethanol for 15 min.

The ultrasonic-assisted brazing equipment was
used for this test (Fig. 1(a)). The test was conducted
in air with a constant pressure of 0.15 MPa. The
ultrasonic power was set to be 1 kW and the
frequency was 30 kHz. The ultrasonic amplitude
was 12 um. A contact thermometer (TES1310) was
used to control the temperature of samples, which
were heated via a medium frequency induction

sizes
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Fig. 1 Schematic of ultrasonic-assisted brazing and Al/Zn/Cu/Zn multi-interlayer (a); Schematic of metallographic

sample, shear samples, and shear fixture (b)

furnace. At 400 °C, a series of ultrasonic treatment
(UST) time was applied to the samples and then the
samples were cooled in air.

The samples were sliced using an electrical
discharge machine to fabricate metallographic and
shear samples with sizes of 20 mm X § mm and
10 mm x 5 mm, respectively (Fig. 1(b)). The micro-
structure and fracture path were observed using
scanning electron microscope (JSM—7800F). Energy
dispersive spectrometer (EDS, X-MaxN) was used
to determine the chemical composition of each
phase. The electron diffraction patterns were
achieved via a focused ion beam scanning electron
microscopy (FIB-SEM, FEI Strata 400S). Shear
strength values of the joints were obtained by a
tensile machine (WDW-50KN) with 0.1 mm/s
loading speed. Three groups of samples were
measured at each UST time. The IMCs on the
surface of the fracture were detected via X-ray
diffraction (Maxima XRD-7000). An Hysitron
TI-PREMIER nano-indentation tester was used to
determine the nano-indentation hardness and the
elastic modulus. The testing was carried out at
indentation depth of 500 nm for 10s. Five sites
were struck on every phase during nano-indentation.
Two of the data points that were totally struck on

the phases were adapted to create the histogram of
nano-indentation hardness and elastic modulus, and
one of the data points was used to create
load—displacement curves.

3 Results and discussion

3.1 Microstructure evolution of joints with

increasing UST time

The Zn—Al, and Al-Cu binary eutectic
reactions (Egs. (1) and (2)) occurred on the 2024
side with the formation of a(Al), #-Zn, and AL,Cu.
These reactants enhanced the AI-Cu bonding
interface [35]. The microstructures on the 2024 side
had almost no change in the test, and thus the
microstructure evolution on the MBS side of the
joints is the main focus here.

LES(Zn)+(A) (1)
LESALCuta(Al) ()

The main reactions on the MBS8 side using
Al/Zn/Cu/Zn multi-interlayer were

LE5(Mg)+AlMg 3)
LES(AD+ALMg, (4)
LfLi(Al)Jan—Al eutectics %)
L+Al Mg —25 A Mg Zn +ALMg, (6)
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L+MgZn,<2SAIMg4Zn, +MgZn (7)

The evolution of IMCs in the joints by using
Al/Zn/Cu/Zn multi-interlayer with increasing UST
time is shown in Fig. 2. The EDS analysis results of
possible phases in Fig. 2 are listed in Table 1. There
is no defect in the joints in the ultrasonic range
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under the test conditions used here. Therefore,
using Al/Zn/Cu/Zn multi-interlayers can effectively
bond MB8/2024 dissimilar alloys at 400 °C in air.
The ultrasonic vibration can increase the dislocation
density and accelerate the diffusion and reaction
of atoms; the microstructure in the joints changed
accordingly with UST time [36].

LY

Fig. 2 Microstructure of joints by using Al/Zn/Cu/Zn multi-interlayer at 400 °C: (a) 2 s; (b, c) 4 s; (d, e) 14's; (f, g) 22 s;

(h) 34 s
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Table 1 Chemical composition and possible phases of different regions in Fig. 2

Chemical composition/at.%

UST time/s Point Possible phase
Al Mg Zn Cu

A 58.06 39.53 2.15 0.26 AlzMg,

2 B 10.47 58.83 30.71 Zn—Al eutectics + CusZng
C 50.24 42.43 7.33 Zn—Al eutectics

A D 13.88 15.25 56.36 14.51 Mg—Al-Zn—Cu mixture + 7-Zn
E 16.46 14.37 36.48 32.69 Al-Mg—Zn—Cu mixture
F 5.11 92.73 2.15 o-Mg

14 G 36.94 37.30 19.03 6.73 Mg—Al-Zn mixture
H 66.71 0.45 2.73 30.11 AlLCu

- I 22.06 36.87 15.89 25.18 Al-Mg—Zn—Cu mixture
J 1.52 97.08 1.39 o-Mg

With 2 s UST (Fig. 2(a)), Zn—Al and Zn—Cu
eutectic reactions occurred on the Al/Cu interface
on Mg BM side with the generation of Zn—Al
eutectics and CusZns (Region B), and the Zn—Al
eutectic reaction occurred on the 2024 side with the
generation of Zn—Al eutectics (Region C). However,
the aluminum foil on the MBS side did not
completely dissolve due to insufficient reaction,
which hindered the contact and reaction between
Mg and Zn atoms; thus AlsMg, (Region A), a brittle
intermetallic compound (IMC), was produced,
which harms the joints.

With 4 s UST (Fig. 2(b)), the aluminum foil
completely dissolved. Mg—Al and Al-Zn eutectic
reactions occurred in the brazing seam with the
formation of a eutectic liquid phase; this in turn
promoted the diffusion of Mg atoms from MBS to
the brazing seam, thus resulting in an expansion of
the reaction area. However, there was a regional
stratification phenomenon due to the insufficient
UST, which made inter-diffusion of Mg and Zn
atoms inadequate. The light gray layer near the
copper foil was mainly a mixture of Al, Mg, Zn,
and Cu; the dark gray layer was Al:Mg, that was
not completely transformed into the ternary phase.
Semicircular corrosion pits with similar sizes were
locally generated along the surface of Cu foil via
ultrasonic cavitation [37-39]. Oxide film on the
surface of corrosion pits was shattered due to
cavitation effect, and its fragments were scattered
in the brazing seam, while a black oxide film
remained on the surface of Cu foil far from the
corrosion pits. The corrosion pits caused a large

fluctuation in the width of the remaining Cu
interlayer (Fig. 3(a)), and there was a significant
reduction in value. A uniform IMC reaction layer
(Region E) along the surface of Cu interlayer on
MBS side could be observed in the local enlarged
view of corrosion pits (Fig. 2(c)). The EDS analysis
results showed that the reactant in this layer was a
mixture composed of Al, Mg, Zn, and Cu. In
addition, Zn—Al eutectic reaction occurred on the
Zn/Al interface, thus forming #-Zn (Region D).

With 14s UST (Fig.2(d)), the regional
stratification phenomenon on the MBS side
disappeared due to the full inter-diffusion of Mg
and Zn atoms. The Mg—Al-Zn mixtures (Region G)
and granular phase of a-Mg (Region F) were evenly
distributed in the joints. A continuously distributed
IMC layer was also observed on the surface of Cu
interlayer (Fig. 2(e)), and the dispersed AlLCu
particles (Region H) were close to this IMC layer.

With 22 s UST (Fig. 2(f)), the average width of
the brazing seam on the MBS8 side reached a
maximum (Fig. 3(b)), about 460.59 um. Sufficient
UST made the MBS and interlayers fully melt and
react, thus resulting in the generation of a large
number of dispersed massive a-Mg phases in the
brazing seam. An IMCs layer on the surface of
Cu interlayer was also observed (Fig. 2(g)). EDS
results showed that this IMCs layer was a
mixture composed of Al, Mg, Zn, and Cu elements
(Region I), combined with solid solution a-Mg
(Region J).

With 34 s UST (Fig. 2(h)), the liquid metal
was squeezed out of the brazing seam in large
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quantities because it was too soft to support the
ultrasonic pressure [36]. The average width of the
remaining Cu interlayer was the smallest, only
about 71.26 um (Fig. 3(a)). And the average width
of the brazing seam on the MBS side was obviously
reduced, only about 31.44 um (Fig. 3(b)). However,
there was still an IMCs layer on the surface of Cu
interlayer.

3.2 Fracture path

Figure 4 shows the morphologies and XRD
patterns of the fracture path for joints prepared with
4s, 14s and 22 s UST. As shown in Figs. 4(a—c),
the joints were all broken on the IMCs layer. The
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XRD patterns (Figs. 4(d—f)) confirm that the IMC
on the surface of fracture was a mixture of
AlMgsZn, AlLCu, and AlsMg, with 4 s UST. The
IMC on the surface of fracture was a mixture of
AlMg4Zn11, A15Mg112n4, A13Mg2, and ALCu with
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to play a role of reinforcing phase fully dissolved
with CusZns on the surface of Cu interlayer after
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diffusion of Mg atoms. The reactants were then
transformed into Cu—Mg—Zn ternary IMC. The
evolution of IMC layer on the surface of Cu
interlayer was caused by the sufficient inter-
diffusion and reactions of atoms with increasing
UST time, which in turn promoted the
transformation.

3.3 Calibration of IMC layer by TEM

Figure 5 shows TEM images of the IMCs at
different UST time; the sampling positions
corresponded to I, II, IIl, and IV in Fig. 2. The
calibration results of 4 s UST were consistent with
the XRD analysis (Figs. 5(a—c)). The IMCs layer
was the mixture of AlLCu, AIMgsZn;;, AlsMg», and
MgZn.

An interesting phenomenon occurred in 14 s
UST (Fig. 6). Quasicrystals were found in the IMCs
layer expect the AlMgsZn;; phase. This reactant
was considered to be a quasicrystal of the system
composed of Al, Mg, Zn, and Cu based on the
elements distribution in the region where the
quasicrystal was located. The electron diffraction
pattern shown in Fig. 6(a) suggests that the
quasicrystal was a decagonal quasicrystal. Fourier
transform (FFT) of its high-resolution picture
(Fig. 6(g)) shows diffraction spots in Fig. 6(h).
These observations proved that it is decagonal
quasicrystal. The inverse FFT in Fig. 6(i) shows
that the distance between two adjacent quasicrystals
that was calibrated according to the parallel
symmetry of quasicrystals were 0.96 and 1.163 nm,
respectively. The growth direction of the different
crystal planes was different, and thus the crystal
plane spacing was also different [40]. BOKHONOV
et al [41] found that the crystal plane spacing of
the (110) plane of Frank—Kasper (F—K) phase
Mg (Al Zn)ss is about 1.01 nm, which is quite
close to our calibration distances. Therefore, we
believe that the quasicrystal in this test is
Mg3(Al,Zn)s. Quasicrystals can be prepared not
only by mature processes such as valence electron
concentration, but also by rapid solidification
technology [42,43]. At present, no quasicrystals
were found in the ultrasonic-assisted brazing
dissimilar alloys. We think that the formation of
quasicrystals was related to the cavitation effect.
The molten liquid alloys could produce bubbles
under cavitation effect during the brazing process.
These bubbles could rapidly collapse when the

external pressure was higher than the internal
pressure. As a result, the joints experienced a
localized and rapid increase in temperature and
pressure. Therefore, there was a rapid cooling
process [37—39], and the quasicrystal appeared
due to the short and rapid cooling process of
molten liquid alloys during solidification. These
quasicrystals were considered to be metastable
quasicrystals according to their grain size. The rapid
cooling process in solidification was very short, and
the transformation from quasicrystal to single
crystal was not completed; thus, it was present in
the joints in the form of a quasicrystal [44].

With 22 s UST, the IMCs layer was calibrated
as a mixture of AIMgsZn;;, MgZnCu, CusZns, and
Mg,Cu (Figs. 5(e—h)). The molten aluminum foil
and zinc foil completely wetted the MBS BMs
due to the adequate ultrasonic action. This in turn
led to Mg—Al-Zn and Mg—Zn—Cu ternary eutectic
reactions in the brazing seam with the generation of
AlMgsZn;, and MgZnCu IMCs.

With 34 s UST, there was still an IMCs layer
on the surface of Cu interlayer, although a large
amount of liquid phase was extruded. This IMCs
layer was calibrated as a mixture of Mg,Cu, MgZno,
and CusZns (Figs. 5(1,j)) by TEM. There was no
IMC containing Al with 34 s UST, because the
molten Al liquid phase was basically extruded via
ultrasonic vibration.

Experiments show that the use of multi-
interlayers is conducive to the transformation from
binary phase into ternary phase. The ternary IMC of
the Mg—Al-Zn system is considered to be the
reinforcing phase in Mg/Al dissimilar alloys, and
scholars have verified the role of AlMgsZn;; in
strengthening the mechanical properties of the
Mg/Al joints [30]. Ultrasonic action affects the
composition of the IMCs layer by promoting the
reaction in the brazing seam, which in turn affects
the mechanical performance of the joints according
to the microstructure evolution of the brazing seam
in the joints. Therefore, we attribute the change of
mechanical properties of the joints to the IMCs
layer that evolve with UST time.

3.4 Thermodynamic analysis

The excess Gibbs free energy of binary
systems (AGaimg, AGznal, AGzomg) at 400 °C was
calculated via the Miedema model, as shown in
Fig. 7(a). Obviously, values of AGzy a1 were positive
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Fig. 6 Electron diffraction pattern (a); Element distribution of quasicrystal area (b—f); High-resolution image (g), FFT of

high-resolution image (h) and inverse FFT of high-resolution image (i)

while values of AGaime and AGzamg Were negative.
This suggests that there was no spontaneous
reaction between Zn and Al while the generation of
AlsMg; and MgZn in the brazing seam was due to
the spontanecous reaction between Al and Mg as
well as Mg and Zn. The values of AGaimg Were the
lowest, which indicated that the reaction forming
Mg—Al IMC was the most favorable. Therefore,
AlsMg,, with a smaller Gibbs free energy, was the
main reactant in the joints.

The systems became ternary systems
(AGmgalzn) When the aluminum foil cannot block
the reaction between Mg and Zn. The Gibbs free
energy of the Mg—Al—Zn ternary was calculated via
the Toop model (Fig. 7(b)) to reveal the reaction
tendency among Mg, Al and Zn elements.
According to the principle [44—47], Mg was
selected as an asymmetric component in the
calculation of AGwmg,aizn. The values of AGugaizn at
400 °C were always negative, which suggested that
there was always a spontaneous reaction in the
Mg—Al—Zn ternary systems. The ternary phase with
the lowest AGwmgalzn in this system was considered

to be AlMgsZny; (—38.65 kJ/mol); the AGmgaizn of
AlsMg, IMC in this system was —31.94 kJ/mol.
These results show that AIMgsZn;; IMC is most
easily formed in this system, and a thermodynamic
basis is provided for transformation of AlsMg, IMC
into AIMgsZn;; IMC in the brazing seam.

The chemical potential in the ternary system
explains the driving force in the reaction process
(Figs. 7(c—e)). The chemical potentials of Al (ua1) at
the composition points of Mg and Zn were both
about —46.50 kJ/mol. The chemical potentials of
Mg (ume) at the composition points of Al and Zn
were about —58.80 and —66.60 kJ/mol, respectively.
The chemical potentials of Zn (uz:) at the
composition points of Mg and Al were about
—55.68 and —51.75 kJ/mol, respectively. Therefore,
there was a more obvious mutual diffusion trend
between Mg and Zn in the process of elements
diffusion and reaction. The diffusion trends of Al to
Mg and Zn were basically the same. During
bonding, the aluminum foil hindered the inter-
diffusion between Mg and Zn, and AlsMg, was
formed in the brazing seam when the aluminum foil
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did not dissolve. The reaction in the joints became
sufficient with longer UST time. This in turn
led to a reaction among Mg, Al, and Zn with
transformation of the IMC in the brazing seam from
A13Mg2 into AlMg4Zn11.

3.5 Mechanical performance of joints

The nano-indentation hardness and elastic
modulus of the IMCs layer and the nano-
indentation load—displacement curves with different
UST time by using the Al/Zn/Cu/Zn multi-
interlayer are shown in Fig. 8. Obviously, with 4 s
UST, AlLCu + AlMgsZn; + AlsMg, + MgZn IMC
layer had the highest hardness of 2.38—2.633 GPa
with elastic modulus of 37.7-38.94 GPa. The
hardness of AIMgsZni; + Mgz (Al,Zn)s9 quasicrystal
IMC layer with 14 s UST was 1.51-1.94 GPa with
elastic modulus of 35.51-38.95 GPa. The hardness
of AlMgsZn;+ MgZnCu + CusZng+ Mg,Cu IMC
layer with 22 s UST was the lowest (1.22—1.36 GPa)
and the elastic modulus was 31.96—34.56 GPa. The
change of shear strength with UST time is shown
in Fig. 9(a). Figure 9(b) shows the shear load—
displacement curves with different UST time. The
shear strength peaked at 22 s UST (85.26 MPa).
This was because the Mg—Al and Al—Cu binary
phases in the joints on Mg BM side were fully
transformed into ternary phases under sufficient

reaction. The AlMgsZn;; and MgZnCu, as main
reinforcing phases, were formed in the IMCs layer.
They combined with bulk a-Mg, leading to optimal
mechanical performance of the joints.

However, the mechanical performance of the
joints was worse due to incomplete dissolution of
aluminum foil when the UST time was less than
22 s. This was because the Mg—Al eutectic reaction
occurred at the Mg/Al interface at the beginning of
dissolution of aluminum foil with the formation of
AlsMg;,, a brittle IMC that destroys the mechanical
performance of joints. And the eutectic reactions
at the Zn/Al interface to form #-Zn and oa(Al)
insufficient. Furthermore, the insufficient
dissolution and diffusion of Mg atoms led to less
a-Mg solid solution in the brazing seam. This was
not enough to improve the mechanical performance
of joints. Specifically, when the UST time was 4 s,
the IMCs layer only existed where the corrosion
pits appeared. This discontinuity also had an
adverse impact on the mechanical performance of
the joints. The mechanical performance of the joints
was not enhanced when the UST time was 14s
because the quasicrystal was hard and brittle at
room temperature [48] and it distributed in the IMC
layer in the sheet form. When the UST time was
over 22 s, the dissolved aluminum was squeezed
out of the brazing seam, resulting in a large number

were
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of Mg atoms contacting and reacting with Zn
and Cu atoms with the formation of the brittle
MgZn, and Mg,Cu IMC [49], which increased the
brittleness of the joints and reduced the mechanical
performance of the joints.

In conclusion, the mechanical properties of the
joints was closely related to the IMCs layer on the
surface of Cu interlayer on MBS8 side. Therefore,
the composition of this IMC layer can be controlled
by adjusting the UST time, which impacts the
reaction in the brazing seam. One can also change
the set-up of the multi-interlayer to obtain a joint
with the required mechanical performance.

4 Conclusions

(1) MB8/2024 dissimilar alloys by using Al/
Zn/Cu/Zn multi-interlayers could achieve defect-
free joining at 400 °C in air, and an IMC layer was
formed along the Cu interlayer on the MBS side,
which changed from Al,Cu + AlMgsZni; + AlsMg,+
MgZn (4s) to AlMgiZn; + Mgn(Al,Zn)g

quasicrystal (14 s), to AlMgsZn;; + MgZnCu +
CusZng + Mg,Cu (22 s), and to Mg,Cu + MgZn, +
CusZng (34 s) with increasing ultrasonic treatment
(UST) time. At each UST time, the joints fractured
along this IMC layer.

(2) An Mgsx(Al, Zn)s9 quasicrystal was found
in the ultrasonic-assisted brazing MB8/2024 for the
first time because of the rapid cooling process due
to ultrasonic cavitation.

(3) The thermodynamic analysis shows that
the AGwmgaizn of AlMgiZn;; was the smallest
(—38.65 kJ/mol) and provided the basis for
transformation from Mg—Al binary IMCs into
Mg—Al—Zn ternary IMC.

(4) The shear strength of the joints peaked at
85.26 MPa when the ultrasonic treatment time was
22 s.
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