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ABSTRACT With the rapid development of rail transit, high-speed trains are gradually exported to
Southeast Asian countries. Aluminum alloy is widely used as a structural material such as train body and
rail beam in high-speed trains, so that it is important to study the corrosion behavior of different aluminum
alloy in Southeast Asia. The exposure test was conducted on 5083, 6063 and 7020 aluminum alloys in
Bangkok, Thailand for 1 a. SEM, XPS, electrochemical experiment and scanning Kelvin probe force mi-
croscopy (SKPFM) were used to study the corrosion morphology and corrosion mechanism of different
aluminum alloys. The results showed that the corrosion potential of 6063 aluminum alloys were relatively
high, about —0.66 V (vs SCE), and the corrosion morphologies were relatively mild, which was due to
less alloy elements such as Mg, Si and Fe in the 6063 aluminum alloys. The corrosion rate of 6063 alu-
minum alloys in Bangkok, Thailand was about 0.7 g/(m?-a). 7020 aluminum alloy contains more Zn ele-
ments, and the corrosion potential was about —0.78 V (vs SCE). The corrosion rate was the highest,
about 3.26 g/(m?-a). The second phase of Fe-Si-Al or Fe-Si(Mn)-Al formed in the microstructure of the
three aluminum alloys. The surface potential of the second phase was higher than that of the matrix,
about 225~280 mV. In the atmospheric environment, the second phase acted as the cathode phase, and
the surrounding matrix Al dissolved preferentially. The second phase fell off and formed a pit.
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Table 1 Chemical compositions of experimental materials

(mass fraction / %)

Al alloy Si Mn Cr Cu Ti Fe Mg Zn Al
5083 0.044 0.60 0.077 0.030 0.015 0.22 422 0.0086 Bal.
6063 0.60 0.18 0.12 0.014 0.038 0.15 0.65 0.01 Bal.
7020 <0.10 0.45 0.16 0.10 0.047 0.096 1.14 4.58 Bal.
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Fig.1 EBSD images of 5083 (a), 6063 (b) and 7020 (c) Al alloys
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Fig.2 The macro morphologies (a~c) and OM images (d~f) of 5083 (a, d).6063 (b, e) and 7020 (c, f) Al alloys exposured in

atmospheric enviroment in Bangkok area for 1 a
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Fig.3 The micro surface (a~c) and cross-sectional (d~f) SEM images of 5083 (a, d), 6063 (b, e) and 7020 (c, f) Al alloys ex-

posured in atmospheric enviroment in Bangkok area for 1 a
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Fig.4 Polarization curves (in 0.1 mol/L NaCl solution
at room temperature) of different Al alloys ex-
posed in Bangkok area for 1 a (£, —pitting po-
tential, £, ,—corrosion potential)
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Fig.5 Electrochemical impedance spectroscopy (EIS,
in 0.1 mol/L NaCl solution at room temperature)
of 5083, 6063 #l 7020 Al alloys exposed in
Bangkok area for 1 a
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Fig.6 Electrochemical equivalent circuit of EIS (R,—
solution resistance, CPE,—electrochemical re-
sponse of the passivation film, R,—hindrance of
passivation film to ion migration, CPE,—elec-
trochemical potential of the electric double layer,
R,—corresponding charge transfer resistance, Q
and n are the admittance value and fitted expo-
nential of CPE, respectively)
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Table2 Values of parameters observed from the EIS diagrams

Al alloy R, R, 0, R, 0,
Q-cm? Q-cm’ Q'-cm?s" Q-em’ Q'em?s™
5083 25.31 2.249x10° 7.041x10°° 65.60 2.633x10°°
6063 66.08 4.077x10° 6.094x1077 13.69 7.406x107°
7020 65.96 8.233x10° 6.094x10°° 54.69 7.573%10°°
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Fig.7 XPS results of 5083, 6063 and 7020 Al alloys
(a)Al2p  (b)Ols (c)Fe2p (d)Mgls (e) Zn2p
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Fig.8 Pitting morphologies and surface scan results of 5083 (a), 6063 (b) and 7020 (c) Al alloys
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9 Fe-Si(Mn)-Al 25 —#1# SEM 1% . il EDS [fii 3% [ SKPFM 45
Fig.9 SEM image of Fe-Si(Mn)-Al (a) and EDS surface scan results of Al (b), Si (c), Fe (d) and Mn (e), and scanning Kelvin
probe force microscopy (SKPFM) results (surface potential (f), surface potential of Line 1 in Fig.9f (g))

Al matrix

1 1
20 30
Position / pm

10 Fe-Si-Al % —AH 1) SEM 14 . % 1fi EDS [ 4 % SKPFM 45 5

Fig.10 SEM image of Fe-Si-Al (a), and EDS surface scan results of Al (b), Si (c¢) and Fe (d), and SKPFM result (surface po-
tential (e), surface potential of Line 2 in Fig.10e (f))
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