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Microstructure, mechanical properties and localized corrosion
property of friction stir welded joint of Al-Zn-Mg-Sc-Zr alloy
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Abstract: The mechanical properties and localized corrosion of Al-Zn-Mg-Sc-Zr alloy friction stir welded joint were
investigated by hardness testing, polarization curve testing, corrosion immersion testing and slow strain rate tensile
testing. Moreover, the microstructure of the welded joint was characterized by optical microscopy and the transmission
electron microscopy. The results show that the hardness curve of the welded joint exhibits “W” shape, and the lowest
hardness appears in the transition zone between heat affected zone(HAZ) and thermo-mechanical affected zone (TMAZ).
Compared with the base material, the localized corrosion resistance of the welded joint decreases, and the stress corrosion
cracking susceptibility increases. The TMAZ exhibits the lowest corrosion potential, the highest current density, the
largest intergranular corrosion depth and the lowest corrosion resistance. During welding, most ' phase dissolves and a
number of # phase is located at grain boundaries in the grains of TMAZ, which leads to the decrease of hardness and
corrosion resistance.
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Bl 1 Al-Zn-Mg-Sc-Zr & G SR AN R DR i e O
Fig. 1 OM images of friction stir welded joint of Al-Zn-Mg-Sc-Zr alloy at different zones: (a) Transverse section; (b) WNZ;
(c) TMAZ; (d) HAZ; () BM
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Fig.2 TEM images of base materials: (a) Subgrains; (b) Grain boundary
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Fig. 3 Low magnification((a), (c), (¢)) and high magnification((b), (d), (f)) TEM images of friction stir welded joints at different
zones: (a), (b) HAZ; (¢), (d) TMAZ; (e), (f) WNZ
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Fig. 4 Hardness distribution in friction stir welded joint of

Al-Zn-Mg-Sc-Zr alloy
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Fig. 5 Polarization curves of friction stir welded joint of

Al-Zn-Mg-Sc-Zr alloy at different zones
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Table 1 Polarization parameters of friction stir welded joint

of Al-Zn-Mg-Sc-Zr alloy at different zones

Zone Peon!V Jeord(RA-em™®) R /(Q-cm’)

BM -0.580 307 30.7
HAZ —0.607 544 28.3
TMAZ —0.652 850 8.9
WNZ —0.648 827 9.9
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Fig. 6 Cross-sectional microstructures of friction stir weld joints and parent metals of Al-Zn-Mg-Sc-Zr alloys at different zones: (a)

WNZ; (b) TMAZ; (c) HAZ; (d) BM
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Fig. 7 Slow strain rate tensile curves of base metal(BM) and friction stir weld(FSW) of Al-Zn-Mg-Sc-Zr alloy: (a) BM; (b) FSW joint

.

Pl 8 B AP I SEM 14 % OM 1%, MK
8(a)Fl(b) il %1, BEALEZSSFN NaCl i b A b 1 1
HTERVF 2 F R, LK A Bk 1 2
AR, HENA R AR OLE 1), NaCl %
(I AR T 10 v 0 DRI 2R 1) LA B o ARG T2 SR )
Wi T, SRR NaCl S (b 7 1 m] LU 2|
[FIRE AR, 1T H B 8(d)rl %0, w24 L

B S I 8(e) T A, A8 R Sk A S
FUNT BRI Dy, R RSB ARG AR
IR (L 1), B EE R 2 mm, i AREE O
MERERAE 1.85 mm. HE 8(DFT A, 7EER AR
PRSP0 5 W40 AE FAN L M X5 SR A% X (1) 43 5t
ARUOY, e RE R, I X R R R, A
LUz THr I, phAh, SE SR, EX
IR — AN RADX, B AN 1 1 e /ML



45 25 %45 10 1] M BE, 45 ALZn-Meg-Sc-Zr £ @ B AEBT B 0 SORALIN . )2 e Ko O ok 2663
32 NS R Sy A A5 R

Table 2 Results of slow strain rate tensile testing

Material Tensile Tensile strength/ Yield strength/ Elongation/ Fracture time/ Tsir
environment MPa MPa % h

Welding joint Air 436.9 362.1 23.4 64.1 0.079

Welding joint 3.5%NaCl 4314 350.7 15.1 30.7 0.079

Base material Air 509.6 490.8 25.6 70.3 0.049

Base materia 3.5% NaCl 501.3 480.2 21.4 59.1 0.049

250 um|
8  Al-Zn-Mg-Sc-Zr & & REM FI5E R BE BP0 S B M NT 1R SEM 15 LB 358 B R4 AR 2 3 Sk B Aeh W7 1000 1T P A R
Fig. 8 SEM images of fracture surface of BM and FSW joint of Al-Zn-Mg-Sc-Zr alloy((a), (b), (c), (d)) and cross-sectional OM
images of FSW joint((e), (f)): (a) BM in air; (c), (¢) FSW joint in air; (b) BM in 3.5% NacCl solution; (d), (f) FSW joint in 3.5% NaCl

solution
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