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Abstract: Dissimilar friction stir welding between 5052 Al alloy and AZ31 Mg alloy with the plate thickness of 6 mm was
investigated. Sound weld was obtained at rotation speed of 600 r/min and welding speed of 40 mm/min. Compared with the base
materials, the microstructure of the stir zone is greatly refined. Complex flow pattern characterized by intercalation lamellae is
formed in the stir zone. Microhardness measurement of the dissimilar welds presents an uneven distribution due to the complicated
microstructure of the weld, and the maximum value of microhardness in the stir zone is twice higher than that of the base materials.
The tensile fracture position locates at the advancing side (aluminum side), where the hardness distribution of weld shows a sharp

decrease from the stir zone to 5052 base material.
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1 Introduction

Aluminum alloys are widely used in automotive,
aerospace and ship industries due to the combination of
mass reduction and high strength. Magnesium alloys are
also attractive in these fields due to their lower density
and high specific strength. Therefore, it can be expected
that the joining of aluminum alloys and magnesium
alloys needs to be solved in industrial application.
However, it is difficult to obtain sound dissimilar welds
of these two kinds of alloys through conventional fusion
welding techniques since large inter-metallic compounds,
which have a strong negative effect on the mechanical
properties of the weld, are easy to form in these
processes[1].

Friction stir welding (FSW), a solid-state welding
process patented by The Welding Institute (TWI) in
1991[2], is a potential candidate for the joining of
dissimilar materials due to the lower processing
temperature over conventional fusion welding[3].
Defect-free welds have now been made by FSW in the
joining of different Al alloys (e.g. Al 2024/A1 7075)[4-5],
Al/steel[6—7], Al/copper[8—9] and Al/Mg[3, 10—13]. For

Al/Mg dissimilar FSW, YAN et al[11] investigated the
microstructure of AZ31 Mg alloy and 1060 Al alloys,
and found that the complicated microstructure
characterized by the intercalation lamellae band was
formed during dissimilar FSW. SOMASEKHARAN et
al[12] reported that microhardness profiles exhibited
uneven distribution and suggested that the complexed
intercalation structures should be responsible for
microhardness distribution. SATO et al[3] investigated
the dissimilar welding of AZ31 Mg alloy and 1050 Al
alloy and attributed the intermetallic compound Al;,Mg;;
to the uneven microhardness profiles. Due to the
complicated flow mechanism during dissimilar FSW, the
mechanism of microstructure evolution is not fully
understood up to now. The present study concentrated on
the understanding of microstructure evolution and
mechanical properties of the dissimilar FSW between
5052 Al alloy and AZ31 Mg alloy.

2 Experimental
5052 aluminum alloy and AZ31 magnesium alloy

plates with thickness of 6 mm were used in the present
study, and the chemical compositions are listed in Table 1.
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Table 1 Chemical compositions of AZ31 Mg and 5052 Al alloy
(mass fraction, %)
Alloy Al Zn Si Mn Cu Fe Cr Mg
AZ31 274 0.75 0.02 0.294 - - -  Bal
5052 Bal. 0.01 0.10 0.03 0.02 024 0.15 2.46

Before welding, the surfaces of the plates were ground
with grit paper to remove the oxide film and then cleaned
by ethanol. During FSW process, 5052 aluminum alloy
and AZ31 magnesium alloy were placed at the advancing
side (AS) and the retreating side (RS) of the tool pin,
respectively. Dissimilar FSW was carried out on the
FSW-3LM-003 welding machine made by the China
Friction Stir Welding Center, at a tool rotation rate of 600
r/min and a traverse speed of 40 mm/min. The butt joint
was produced parallelly to the rolling direction of the
plates. A tool with a concaved shoulder of 15 mm in
diameter and a cone-threaded pin of 6 mm in diameter
and 5 mm in length was used. The tilt angle was 2° from
the normal surface of plates.

Microstructural analysis was performed on the cross
section perpendicular to the welding direction. A solution
of 4.2 g picric acid, 8 mL acetic acid, 10 mL distilled
water and 70 mL ethanol was used as the etchant of the
specimen. Microstructure of the weld was observed by
optical microscope (OM, KEYENCE VHX-600) and
scanning electron microscope (SEM, Quata200)
equipped with an EDX system. The measurement of
hardness was performed on a HVS-1000 digit hardness
tester with a load of 1 N and dwelling time of 20 s.

3 Results and discussion

3.1 Microstructure of dissimilar weld zones

Defect-free weld was successfully obtained by FSW
with a rotation speed of 600 r/min and welding speed of
40 mm/min, as shown in Fig.1. A zigzag line showing the
interface between Mg alloy and Al alloy was observed
from the smooth surface.

A cross-sectional macrograph of the dissimilar weld
is presented in Fig.2. As shown in Fig.2, no obvious
welding defect was found in the joint, indicating that

Fig.1 Surface appearance of dissimilar weld prepared by FSW

sound weld of 5052 Al alloy and AZ31 Mg alloy can be
obtained by FSW. From Fig.2, it could be found that a
simple bond interface was formed on the top of joint and
an intermixed structure existed in the bottom of the joint
due to the complicated materials flow during dissimilar
FSW. The typical microstructural zones, including base
material (BM), heat-affected zone (HAZ), thermo-
mechanical affected zone (TMAZ) and stir zone (SZ),
could be observed in Fig.2. Fig.3 presents the SEM
microstructures of these zones. The base material
consisted of large equiaxed grains of about 50 um and
fine grains of about 10 pum, as shown in Fig.3(a).
Dynamic recrystallization occurred in SZ due to the
plastic deformation and thermal cycle effect caused by
rotational tool. It should be noted that the fine equiaxed
recrystallized grains presented different structures in the
different locations of SZ, such as region d, e and f in
Fig.2. The grains with average size of 5.4 um and 6.9 pm,
which were much smaller than BM, were obtained in
region d and e located in the Mg side and Al side of SZ,
respectively. Intercalated structures were formed and the
average grain size of AZ31 Mg alloy in these structures
was about 2.8 pum, as shown in Fig.3(f).

Fig.2 Optical macrograph of cross-section of dissimilar weld

Some interesting observations can be made about
the region g in Fig.2, which was located at the bottom of
the stir zone near the 5052 Al side and surrounded by the
AZ31 Mg alloy. As shown in Fig.4(a), the microstructure
consisted of two bands with different contrast. According
to EDX analysis results, the gray band was mainly
composed of Mg, while the white band was composed of
Al. The banded structure looked like onion-ring pattern,
but its shape was different from that of monolithic
friction stir welds. In previous studies, SUTTON et al[14]
and KRISHNAN][15] investigated the mechanism of
formation of onion rings in Al alloys, and suggested that
the spacing of the layer in onion ring pattern is equal to
the forward motion of the tool in one rotation. However,
the layer thickness of the onion ring was uneven in this
study since the two alloys had different flow abilities. In
consequence, complex flow patterns were formed during
dissimilar FSW process. Fig.4(b) exhibits the EDX maps
of Al and Mg distribution in region g. The chemical
composition consisted of about 83% Al and about 17%
Mg (mass fraction). From the EDX maps, it can be seen
clearly that the lamella structures were composed of
aluminum bands and magnesium bands.
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Fig.4 Microstructures of onion ring in dissimilar weld: (a) Optical microstructure; (b) EDS maps of Mg (c) and Al (d) distribution in

onion ring
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3.2 Distribution of microstructure

The Vickers microhardness values of the dissimilar
weld were measured along the dashed lines marked in
Fig.2, which were 1.5 mm (top), 3 mm (middle) and 4.5
mm (bottom) to the top surface, and the results are given
in Fig.5. The microhardness presented an uneven
distribution, and the hardness of the stir zone was much
higher than that of the base material. The maximum
value of hardness existing in the middle of the stir zone
was twice higher than that of the base material. The
hardness measured along the 1.5 mm line was generally
lower than that of 3 mm and 4.5 mm due to almost no
intermixing occurred between 5052 Al alloy and AZ31
Mg alloy in top region (shown in Fig.2). Onion ring
structure and the intercalated microstructure were
responsible for the sharp variations of hardness in the
weld zone.
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Fig.5 Microhardness profiles of microstructure from Mg to Al
with different locations

3.3 Tensile testing

Fig.6 shows the tensile fracture location and the
fracture morphology of the dissimilar weld, which was
tested perpendicularly to the welding direction. The
tensile specimen failed at a location which is 2.5 mm to
the joint center at the advancing side, as shown in
Fig.6(a). In this location, the hardness gradient was the
sharpest according to Fig.5. Fig.6(b) shows the SEM
fracture morphology observed from the normal direction
to the fracture surface. Cleavage-like feature can be
found in the fracture surface, indicating that the
dissimilar weld failed through brittle facture.

4 Conclusions
1) Sound weld between 5052 Al alloy and AZ31 Mg

alloy could be produced through FSW with a rotation
speed of 600 r/min and welding speed of 40 mm/min.

Fig.6 Fracture section of AZ31/5052 dissimilar friction stir
weld: (a) Tensile fracture location; (b) SEM image of fracture
surface

2) Microstructure of the base metal was replaced by
equiaxed and fine grains in stir zone. At the top of the stir
zone, 5052 and AZ31 alloys were simply bonded, while
onion ring structure which consisted of aluminum bands
and magnesium bands was formed at the bottom of the
stir zone.

3) Microhardness profiles presented uneven
distributions and the maximum value of microhardness
in the stir zone was twice higher than that of the base
materials. The fracture position located at a distance of
2.5 mm from the joint center leaning to the advancing
side (aluminum side), where the hardness gradient was
the sharpest.
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