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Abstract This investigation into the microstructure and
mechanical properties of a joint produced by laser braz-
ing between AS5052 and AZ31 with AZ125 filler wire
reveals that an increase in laser power from 480 to
620 W reduces the weld toe angle and increases the
bead width, resulting in an enhanced wettability. Any
further increase in power, however, results in a rapid
increase in the thickness of the intermetallic compound
(IMC) reaction layer. The IMC layer consists of
Mg,7Al;, on the AZ125 side and Mg,Al; on the
A5052 side. The tensile shear strength is increased by
using a laser power of 480—600 W owing to the in-
creased wettability, but is reduced when using a laser
power of 610-620 W owing to the thickness of the
reaction layer and the presence of voids, which cause
brittle fracture through the brazed filler metal.
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1 Introduction

The need for joints between dissimilar materials often
arises in industrial applications with complex functions,
with it being particularly important to develop a sound
joining technique that reduces weight and fuel consump-
tion in the transportation industry. A 10 % reduction in
the weight of a car body, for example, is said to im-
prove the mileage of that vehicle by roughly the same
amount [1]. This has created considerable interest in
finding ways to replace steel with aluminum alloy in
body shell parts such as the hood or the fenders.
Recent years have also seen the adoption of motor parts
made from lightweight magnesium alloys, which, much
like aluminum alloys, have a high strength-to-weight
ratio that can be expected to result in a reduction in
energy consumption and carbon dioxide emission in
automobiles.

From a structural design viewpoint, multi-material
structures created from aluminum and magnesium alloys
provide an effective means of creating lightweight hybrid
constructions. However, conventional welding techniques
tend to produce hard and brittle intermetallic compounds
(IMCs) that have a detrimental effect on the joint’s
strength [2]. The microstructural features and microstruc-
tural evolution created by friction stir welding (FSW)
have been investigated with the aim of reducing the gen-
eration of heat responsible for the formation of IMCs
[3-5]; however, this technique is difficult to apply on a
commercial scale owing to the high control needed over
the joining conditions and the limitations this places on
the shape of materials that can be used.
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Table 1 Chemical composition

of materials used (mass %) (a) A5052

Si Fe Cu
A5052  0.08 0.27 0.02
(b) AZ31

Al Be Cs
AZ31 2.86 0.0005  0.0009
(c) AZ125

Al Zn Mn
AZ125 1193 499 0.21

Mn Mg Cr Zn Ti Al

0.04 2.37 0.19 0.00 0.00 Bal.

Cu Fe Mn Ni Si Zn Mg
0.0004  0.0016 0.2800 0.0002 0.0270  0.9400 Bal.
Si Fe Cu Ni Be Mg

0.03 0.001 0.001 0.0005  0.0011  Bal.

Brazing is a much simpler process than FSW that can be
used to join dissimilar materials, but even this has problems
with regard to ensuring a high-quality joint. The use of a laser
as the heat source for brazing (laser brazing) has been sug-
gested as a way of overcoming this [6, 7], with the authors
having previously reported on the great possibilities offered
by a semiconductor laser (HD laser) given that its short wave-
length results in a high absorption rate for metals [8—13]. The
present study therefore seeks to extend the use of laser brazing
to the dissimilar joining of aluminum alloy and magnesium
alloy by exploring the bead formation and joint characteristics
produced by a fiber laser.

2 Experimental procedure

2.1 Specimens

The base metals for each test specimen were 1.0-mm-thick
sheets of aluminum alloy A5052 and magnesium alloy

Table 2 Melting point

of materials used Melting point (°C)
(mass%)

A5052 607-649

AZ31 575-630

AZ125 400425
Table 3  Laser brazing conditions
Processing parameter Value
Beam power (W) 480-620
Defocusing distance of beam (mm) 5.5
Traveling velocity, V'w (mm/s) 5
Wire feeding speed, Vf (mm/s) 21
Ar gas flow rate (I/min) 15
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AZ31, with 1.2-mm-diameter magnesium alloy AZ125 wire
used as the filler metal. The chemical compositions of these
alloys are shown in Table 1 and their melting points are shown
in Table 2.

2.2 Brazing method

After placing the magnesium alloy on top of the alumi-
num alloy, laser brazing was applied to the lap weld
using a fiber laser machine without flux. Acetone was
used to clean the surfaces of the base metals before
laser brazing. The laser brazing conditions are shown
in Table 3. Inspection of the resulting microstructure
and elemental analysis were performed using an optical
microscope and a scanning electron microscope capable
of energy-dispersive X-ray spectroscopy (EDS) and
electron probe micro analysis (EPMA). Microstructural
factors measured in the laser-brazed joint were the weld
toe angle, bead width, and thickness of IMCs, as shown
in Fig. 1. The mechanical properties of the brazed joint
were evaluated at room temperature through tensile
shear testing at a tension speed of 1.0 mm/min, as
shown in Fig. 2. The joint strength (N/mm) was obtain-
ed by dividing the failure load by the specimen width.
The mean strength was calculated from five samples.

Weld toe angle Bead

width

A
Thickness of IMC

Fig. 1 Schematic illustration showing the method used to measure the
weld toe angle, bead width, and intermetallic compound layer thickness

AZ31 AZ125

A5052
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Fig. 2 Schematic illustration of
the laser-brazed specimens used
for tensile shear testing

3 Results and discussion

Brazed layer
60mm

AZ31 Y| Asos2 [smm—>

Spacer
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outputs. An output of less than 480 W failed to
achieve brazing due to the filler metal not wetting

3.1 Microstructural analysis of A5052/AZ31 laser-brazed onto the base metal. Laser brazing was also not

joints

achieved when the laser output was higher than
620 W, as here an unstable bead was obtained. All

Figure 3 shows the appearance of the AS5052/AZ31 outputs between these values succeeded in producing
joints produced by various laser brazing power a laser-brazed joint, but both low (480-530 W) and

Fig. 3 Appearance of A5052/
AZ31 laser-brazed joints with
varying laser power
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Fig. 4 EPMA mapping of the
A5052/AZ31 interface produced
by laser brazing at 530 W

high (610-620 W) outputs produced voids in the root
of the joint. This means that the laser output range in
which it is possible to braze aluminum alloy and mag-
nesium alloy is very small when compared to the con-
ditions suitable for joining aluminum alloy to steel
(1000-1500 W) [13].

The distribution of elements at the interface of the
AS5052/AZ31 laser-brazed joint was investigated through
EPMA mapping as shown in Fig. 4. The mutual diffu-
sion of aluminum and magnesium was produced at
530 W, along with the intermetallic compound (IMC)
layer formed between the A5052 plate and AZ125 filler
metal. An SEM image of this IMC layer is provided in
Fig. 5. The corresponding EDS analysis results are
shown in Table 4. It is evident from this that while
the AZ125 filler-metal side of this IMC layer is a Mg-
rich layer (spots 1 and 2), the A5052 base-metal side is
an Al-rich layer (spots 3 and 4). These Mg- and Al-rich
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layers were identified using the Al-Mg phase diagram
[14] in Fig. 6 as Mgy;Al;, and Mg,Alz, respectively.

=
Fig.5 SEM image of the A5052/AZ31 interface produced by laser braz-
ing at 530 W
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Table 4 EDS analysis

of spots 1-4 in Fig. 5 Mg Al Zn
(mol%)
Spot 1 56.4 435 0.1
Spot 2 55.8 441 0.1
Spot 3 39.1 60.9 0.0
Spot 4 38.7 61.2 0.1

Figure 7 shows EPMA mapping of the A5052/AZ31
interface in an A5052/AZ31 laser-brazed joint at 590
and 620 W. Increasing the laser output power from
480 to 590 W caused dendrites to grow, but this had
little effect on the overall thickness of the IMC layer of
150200 um (Fig. 7a). However, increasing the power
beyond 610 W resulted in a rapid increase in the thick-
ness of the IMC layer owing to its formation over the
entire surface of the AZ125 filler metal (Fig. 7b). This
output power is therefore considered to melt not only
the AZ125 filler wire but also the A5052 base metal, as
the difference in melting point between the two is not
that high (Table 2).

Measurement of microstructural factors in the laser-
brazed joint (Fig. 8) revealed that increasing the laser
power results in a decrease in the weld toe angle and an
increase in the bead width, which indicates superior
wettability (Fig. 8a, b). Increasing the laser output pow-
er from 480 to 590 W had little effect on the overall
thickness of the IMC layer of 150-200 wm, but the
thickness of this rapidly increases above 610 W as de-
scribed above (Fig. 8c)
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Al x/% Mg

Fig. 6 Al-Mg phase diagram [14]

(a)

(b)

i oo
Fig. 7 EPMA mapping of the A5052/AZ31 interface produced by laser
brazing at a 590 and b 620 W

3.2 Tensile properties of A5052/AZ31 laser-brazed joints

Tensile tests were performed to determine the effect of
laser output power on the mechanical properties of
A5052/AZ31 laser-brazed joints. The cross sections of
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Fig. 8 Relationship between a weld toe angle, b bead width, and ¢
intermetallic compound layer thickness and laser power in an A5052/
AZ31 laser-brazed joint

the fracture surfaces in Fig. 9 demonstrate that although
failure occurred at the interface of brazed joints created

confirming that fracture occurred within the Al-rich
Mg, Al; phase.

Shear testing of brazed joints usually produces a stress
concentration in the weld toe of the filler metal, which in
the case of the 520-600-W laser-brazed joints was
Mg,Al; (Fig. 13a). In contrast, IMCs occupied a large
area of the filler metal in the brazed joints produced with
laser output powers above 610 W due to a mixing of

600

610
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Table 5 EDS analysis
of spots 1-4 in Fig. 12 Mg Al Zn
(mol%)
Spot 1 40.2 59.8 0.1
Spot 2 38.8 61.2 0.1
Spot 3 40.6 59.3 0.1
Spot 4 39.1 60.8 0.1

testing of joints produced by laser brazing at a 520 and b 600 W

Fig. 12 SEM images of the
fracture surface of a A5052/AZ31
joint formed by laser brazing at
600 W

melted AZ125 filler metal and A5052 base metal, the
solidification of which is believed to be responsible for
the formation of voids. This increases the likelihood of
crack initiation and propagation, thereby resulting in a
change in the fracture morphology. Based on the micro-
structural analysis and tensile properties, it can be con-
cluded that a high-strength laser-brazed joint can be
achieved through the combination of good wettability
and a thin intermetallic layer, produced by a laser power
of 600 W in this study.

4 Conclusions

The microstructure and mechanical properties created by
the fluxless laser brazing of A5052 aluminum alloy and
AZ31 magnesium alloy were evaluated. The results ob-
tained were as follows:

1. Laser-brazed joints can be successfully achieved using a
laser output of 480 to 620 W, though this range is very
small compared to that for the brazing of aluminum alloy
and steel.
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Fig. 13 Cross section of the macrostructure in the weld bead of an
AS5052/AZ31 laser-brazed joint formed with laser powers of a 520 and
b 610 W

2. Intermetallic compounds of Mg;;Al;, and Mg,Al; are
formed at the AZ125 side and A5052 side, respectively,
of the A5052/AZ31 interface.

3. Increasing the laser power reduces the weld toe angle and
increases the bead width, resulting in improved wettabil-
ity. However, the thickness of the intermetallic com-
pounds rapidly increases above 610 W.

4. Fracture occurs within the Mg, Al; intermetallic owing to
a concentration of stress in the weld toe of the filler metal
in specimens produced with a laser output power of less
than 600 W, but is caused by a large amount of IMCs and
voids in specimens with an output power of 610 W or
more.
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5.

A high-strength laser-brazed joint can be achieved
through the combination of good wettability and a thin
intermetallic layer produced by a laser power of 600 W.
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