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Characterization of High-Frequency Induction Brazed
Magnesium Alloy Joint with an Al-Mg-Zn Filler Metal
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In this paper, a novel Al-Mg-Zn filler metal was designed to join magnesium alloy AZ31B plates by
means of high-frequency induction brazing in argon gas shield condition. The microstructure and the
mechanical properties of the brazed joint were investigated. The experimental results showed that the
brazed joint contained large amount of o-Mg and p-Mg;7(Al, Zn);, phases. The homogeneous Mgs,(Al,
Zn)4 phase in the original filler metal was consumed due to the intensive alloying during the brazing
process. The results indicate that the shear strength of the brazed joint is 35 MPa. The fracture mor-
phology of the brazed joint exhibits intergranular fracture mode, and the fracture originates from the

hard p-Mg,-(Al, Zn),, phase.
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1. Introduction

Magnesium alloys have been widely used in various fields
such as aerospace and transportation vehicles due to their high-
specific strength, low density, good damping capacity, easy-
casting forming, and recycling (Ref 1, 2). In order to further
expand the application of magnesium alloys, joining processes
such as friction stir welding (Ref 3-5), tungsten inert gas
welding (Ref 6-11), vacuum diffusion welding (Ref 12),
reactive brazing (Ref 13), laser beam welding (Ref 14-17),
and electron beam welding (Ref 18, 19) have been applied to
the magnesium alloys. Among them, brazing is advantageous
in the manufacturing component with complex shapes, such as
heat exchangers, condensers, and sealed containers. Some
investigations on the brazing of Mg/Al dissimilar materials and
similar magnesium alloys have been done (Ref 13, 20-23). It
was addressed that to develop a filler metal with lower melting
point for magnesium alloy joining is crucial and study on the
microstructure and mechanical property of the brazed joint is
also important. In this paper, the brazing of magnesium alloy
AZ31B plates was investigated with a novel Al-Mg-Zn filler
metal. The microstructure, microhardness, and shear strength of
the brazed joint were examined, and the fracture morphology
was also observed. It is expected that the results provide a
valuable basis for further development on the of magnesium
alloy brazing technology.
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2. Experimental Procedure

The base metal is a wrought magnesium alloy AZ31B plate
with dimension of 80 mm x 24 mm x 3.3 mm. Its chemical
composition is as follows: Al 3.0 wt.%, Zn 1.0 wt.%, Mn
0.3 wt.%, Si 0.1 wt.%, and Mg as the balance. The phase
constitution determined by x-ray diffraction (XRD) is a
homogeneous ao-Mg solid-solution containing Al and Zn
elements. The solidus and liquidus temperatures of the alloy
are 566 and 627 °C, respectively.

The preparation of the Al-Mg-Zn filler metal is conducted in
a crucible electrical resistance furnace at 700 °C under the
protection of argon gas. The melting filler metal is performed in
a steel mold. The chemical composition determined by x-ray
fluorescence (XRF) is as follows: Al 58.2 wt.%, Mg
26.7 wt.%, and Zn 15.1 wt.%.

Prior to brazing, the specimens were degreased in acetone,
and the oxide films on the surfaces of both the magnesium alloy
AZ31B and the Al-Mg-Zn filler metal were removed by manual
grinding with SiC paper up to 600 grit. In order to further
remove oxide film and prevent the cleaned joint from oxidation
in the brazing, flux QJ201 in form of powder is selected in the
experiment, which has a constituent is as follows: KCI
50 wt.%, LiCl 32 wt.%, NaF 10 wt.%, and ZnCl, 8 wt.%.
The melting temperature range of the flux is 460-620 °C. High-
frequency induction heating device was used in the experiment.
The heating power and working frequency were 25 and
50 kHz, respectively. During the brazing, the flux were spread
on the surface of filler metal with a dimension of 24 mm x
3 mm x 3 mm, which was set on the edge of overlapping
position of bottom specimens. The overlapping length and
clearance of the brazed joint are 6 and 0.4 mm, respectively, in
the experiment. Schematic drawing of the brazed specimens
are presented in Fig. 1. The specimens were heat treated at
520-550 °C for 120 s. During the brazing process, argon gas
was maintained to protect the samples from oxidation through-
out the experiment. When the temperature of brazing chamber
was cooled to room temperature, the brazed specimens were
taken out, and the residual flux on was removed with a brush in
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clean water. The brazed specimens were then cross-sectioned
by a cutting machine. To observe the microstructure of the
brazed joint, 4 vol.% nitric acid alcoholic solution was applied
to etch the samples surface. The microstructure, fracture
morphology, and phase constitution in the brazing region were
investigated by a scanning electron microscope (SEM) with
energy dispersive spectrometer (EDS) and an x-ray diffractom-
eter. The microhardness of the formation phases in the brazing
region was measured by means of a Vickers hardness tester
with a load of 0.5 N for 15 s indenting time. The chemical
composition of the brazing region was analyzed by an XRF
spectrum analytical apparatus. The mechanical properties of the
overlapped joint were tested by a MTS 810 materials test
system.

3. Results and Discussion

3.1 Microstructure of the Filler Metal

The phase constitution of the Al-Mg-Zn filler metal
determined by XRD is a homogeneous Mgs,(Al, Zn)49 phase,
as shown in Fig. 2. These phases are shown in Fig. 3,
presenting the coarse Mgs>(Al, Zn)ye crystal grains display
on the black matrix with same phase composition. The solidus
and liquidus temperatures of the filler metal determined by
differential thermal analysis (DTA) are 447 and 462 °C,
respectively, as shown in Fig. 4. The DTA curve of the filler
metal also indicated that the filler metal has a narrow melting
zone, which is beneficial for the magnesium alloy brazing.

3.2 Microstructure of the Brazed Joint

The secondary electron image of the brazed joint is
presented in Fig. 5(a). The coarse phase is distributed at
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Fig. 1 Schematic drawing of the brazed specimens
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Fig. 2 XRD pattern of the filler metal
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boundaries of the grains in the brazing region, and no porosity
or tiny crack can be seen in the brazed joint. An apparent
boundary between the diffusion zone and the base metal
AZ31B was formed, which has a diffusion zone with width of
6-7 um. The EDS analysis indicates that the matrix of the
diffusion zone is a-Mg with a small amount of Zn and Al solid
solution. This is favorable since the solid solution strengthens
the brazed joint. The EDS line scan analysis (Fig. 5Sb) shows
that the relative content of Mg element in the diffusion zone
decreases gradually from the base metal to the brazing metal. It
is due to diffusion of Zn and Al elements in the Al-Mg-Zn filler
metal. The farther distance is, the less capability of diffusion is.

3.3 Phase Constitution of the Brazing Metal

The results of XRF indicate that the chemical composition
of the brazing metal consists of Mg 80.1 wt.%, Al 16.4 wt.%,
and Zn 3.5 wt.%. Compared with the original chemical
composition of the Al-Mg-Zn filler metal, a complex exchange
between the molten filler metal and the base metal happened in
the process of the brazing. As a result, the content of Mg
element greatly increases, and the relative content of Al and Zn
elements decreases in the brazing region. The interaction
between the molten filler metal and the base metal leads the
Al-based fill metal to be transformed into Mg-based brazing
metal. XRD pattern of the brazing metal is presented in Fig. 6,
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Fig. 4 DTA curve of the filler metal
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Fig. 5 (a) SEM secondary electron image of the brazed joint and (b) the EDS line scan showing the magnesium, aluminum, and zinc distribu-
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Fig. 6 XRD pattern of the brazing metal

showing the brazing metal consists of o-Mg and B-Mg;;(Al,
Zn);, phases. The backscattered electron image of the brazing
metal in the center of brazing region is shown in Fig. 7. The
coarse 3-Mg7(Al, Zn),, phase is distributed at the boundary of
the black o-Mg grains. The EDS analysis indicates that a-Mg
solid solution contains Zn and Al elements. Compared with
phase constitution in the original filler metal, it can be seen that
the intensive alloying between the molten Al-Mg-Zn filler
metal and the solid base metal AZ31B occurred in the brazing
process and the homogeneous Mgs,(Al, Zn)se phase in the
original filler metal is consumed after the brazing process.

3.4 Fracture Morphology of the Brazed Joint

The tensile test results indicate that the average of the shear
strength is 35 MPa for the brazed joint. The microhardness
value of the a-Mg and B-Mg;,(Al, Zn);, phases is 109 and
177 HV, respectively. The results indicate that the microhard-
ness value of -Mg;(Al, Zn),, phase is much higher than that
of 0-Mg phase. Therefore, the microhardness between o-Mg
and B-Mg;7(Al, Zn);, phases is discontinuous for the brazed
joint. The fracture morphology of the brazed joint is shown in
Fig. 8. The fracture surface of the brazed joint presents brittle
fracture pattern. There is no evidence of ductile fracture such as
dimples on the fracture surface of the brazed joint. The fracture
morphology of the longitudinal cross section of the brazed joint

Journal of Materials Engineering and Performance

Fig. 8 SEM fracture morphology of the brazed joint

is shown in Fig. 9. From Fig. 9, itis indicated that fracture of the
brazed joint exhibits intergranular fracture feature. The crack
was originated from B-Mg;7(Al, Zn),, phase. Stress concentra-
tion is created easily from the hard B-Mg;;(Al, Zn);, phase
when there is an external force acting on the brazed joint. With
the effect of stress concentration, the hard B-Mg;7(Al, Zn),,
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Fig. 9 SEM fracture morphology of the longitudinal cross section
of the brazed joint

phase would be the weakest part in the brazed joint. Whereas,
Zn and Al elements dissolved in a-Mg solid solution make an
effect of solid-solution strengthening. As a result, the crack of
the brazed joint would not originate from o-Mg solid solution.

4. Conclusions

Magnesium alloy AZ31B plates can be successfully brazed
by means of high-frequency induction brazing with an Al-Mg-
Zn filler metal. XRD test indicates that the brazing region
consists of a-Mg and B-Mg;(Al, Zn);, phases. It is found that
the homogeneous Mgs,(Al, Zn)sy phase in the original filler
metal was consumed after the brazing process due to the
intensive alloying between the molten filler metal and base
metal in the process of brazing. The average of the shear
strength is 35 MPa for the brazed joint. The fracture morphol-
ogy of the brazed joint exhibits intergranular fracture mode and
the crack originates from B-Mg;7(Al, Zn),, hard phase.
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