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Fig.1 Weld surface morphologies of Mg/Al joint: (a) P=1900 W,
v=50 mm/s; (b) P=2300 W, v=50 mm/s; (c) P=2500 W,
v=50 mm/s; and (d) P=1500 W, v=80 mm/s
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Fig.2 Microstructure of Mg/Al joint weld shape (a), magnesium

based material (b), magnesium side heat affected zone (c),
and magnesium side weld zone (d)
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Fig.3 SEM morphologies of Al (a), Mg (b) side shear, tensile (c)

and enlarged view (d) of fracture joint



.« 2442 « WA SRS T2 B 44 3
8 NI MR RE XRD 20 #r it o 4% i
Vg @ 140 A WZ Al R T Mgl7A|12\ Mnglg b & Mgol44A|o,5e %8 a1k

N
o
o

=
[$a]
o

=
o
o

IAETA

...... S—

Hardness, HV/ x 10 MPa

12 06 00 06 12
Distance/mm

24 12 00 12 24
Distance/mm
Kl 4 BEMEGS SRR D RANEE B 4 AR
Fig.4 Microhardness distribution of Mg (a) and Al (b) side in
Mg/Al joint
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Fig.5 SEM images of Mg/Al alloy interface layer (a) and its

enlarged view (b)
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Fig.6 Backscattered electron image of Mg and Al elements
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Fig.7 Energy spectrum analysis position for Mg and Al elements
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Table 1 Contents of Mg and Al elements in different

interface layer positions (at%)

Position Mg:Al Mg:Al  Intermetallic compounds
A-1 60.60:39.40 17:11 Mgi7AlL,
A-2  47.37:52.63  9:10 Mga7Al12+ MgaAls
A-3 39.05:60.95 2:3 Mg.Als
A-4 64.64:35.36  17:11 Mgi7Alz,

A5 68.56:31.44  17:8 a-Mg+Mgy-Als,
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Fig.8 XRD pattern of weld joint
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Table 2 Calculated elastic constants of Mgi7Al1; and Mg.Al3

phases
Phase C11 C12 C13 Cs3 Cas Ce6
MgirAl, 9032 27.16 — 32.74
Refl®! 8838 2354 — 26.95
Refl* 933 274 — 30.7
Mg.Al; 723 488 466 747 203 121
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Table 3 Moduli of Mgi7Ali; and Mg.Al; phases (B, bulk

modulus; G, shear modulus)
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Fig.9 Thermodynamic properties of Mgi7Al12 (2), Mg2Al; (b) and Gibbs free energy of Mgi7Ali2 and Mg2Al; phases (c) at different

temperatures
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Microstructure and Mechanical Properties of Magnesium/Aluminum Alloy Laser
Welding

Zhou Dianwu, Tian Wei, Xu Shaohua, Liu Jinshui
(State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University, Changsha 410082, China)

Abstract: The laser welding test was carried out on the AZ91 magnesium alloy with thickness of 1.8 mm and the 6016 aluminum alloy
with thickness of 1.2 mm. By optical microscopy, horizontal microscope, scanning electron microscopy, X-ray diffraction, electron
micro-hardness and tensile test, the weld surface morphology, microstructure, interface element distribution, fracture morphology, main
phase, hardness and mechanical properties of joints were studied. The results indicate that the morphology of welding surface can be
improved, the heat affected zone is narrow and grain size is fine when the welding power is 1900 W, welding speed is 50 mm/s, the
defocus distance is 0 mm, and Ar gas acts as the protection gas with flow rate 15 L/min. The average tensile and shear strength of the
welding sample reaches 13.99 MPa and 12.79 MPa, respectively. The hardness in magnesium and aluminum side is both higher than that
of the based material, shear fracture is relatively flat and smooth, and parallel fatigue cracks appear. Tensile fracture has many cleavage
steps with brittle fracture characteristics. The main phase, such as Mgi7Al12 and Mg;Als, can be found in magnesium and aluminum weld
interface, and Mgi7Al1; brittle phase is more stable than Mg.Al; with ductility at high temperatures, which lead to the brittle welded joints
and thus it is difficult to realize the welding between magnesium and aluminum.

Key words: magnesium and aluminum dissimilar metal; laser welding; intermetallic compounds; mechanical properties
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