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ABSTRACT;\JIn order to assess the durability and corrosion performance of materials under
different environmental conditions such as seawater and industrial chemicals. Different solution
environments are used to simulate the corrosion that the alloys may encounter in practical
applications. The electrochemical corrosion behavior of Ti6-Al-4V titanium alloy in different
solutions (HC1, NaOH, NaCl) and different solution mass fractions (1%, 3.5%, 10%) was studied.
Polarization curves and electrochemical impedance spectra were obtained to analyze the corrosion
performance of the titanium alloy in different solution environments. The research results indicate

that the corrosion current density of the titanium alloy varies with the applied voltage in a similar



activation range in different solution environments. The corrosion performance of the titanium alloy
in different solution environments with the same mass fraction showed that it is most sensitive in
acidic solution (HCI) and least sensitive in alkaline solution (NaOH).
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Fig.1 Metallographi¢ orgdnization of Ti-6Al-4V alloy
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Fig.2 Schematic diagram of the electrochemical experiment
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Fig. 3 Polarization curves of titanium alloys in different solution envirenments: (a) HCI solutions; (b) NaOH
solutions; (c) NaCl solutions
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Table 1 Results)of Tafel analysis in different solution environments

W H N, B R (A/em?) By Be Rp/KQ  JEEZE/(mm/year)

1%HC1 -0106, 2.26x10° 0.72 1.09 833 0.0006
3.5%HGI -0.37 1.16x10° 047 0.19  5.06 0.3072
10%HC1 -0.53 7.23x10°¢ 0.20 0.21 6.15 0.1918
1%HaOH -0.10 2.39x10°¢ 041 0.68 4647 0.0694

3.5%Ha0OH -1.34 4.20x10° 023 0.19 1.09 1.2207
10%HaOH -1.37 3.68x107 045 0.15 1.33 1.0697

1%NaCl -0.41 2.09x10¢ 1.68 0.15 28.61 0.0887

3.5%NaCl -0.42 2.76x107 0.82 022 27290 0.0117

10%NaCl -0.84 2.90x107 1.18 0.89 759.64 0.0123
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Fig.4 Electrochemical AC impedance spectra of titanium alloys in.diffétent solution environments: (a) HCI
solutions; (b) NaOH solutions; (c) NaCl selution
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Table.3 EIS equivalent circuit fitting results for titanium alloys With oxide films in different solution environments

Ry
. R CPE,, 1,
B Rs/(Q-cm?)  CPE,, Yy/(s) CPE,, n CPE,, n (Q-cnr
/(Q-cm?) (s)
2
3.03x108+ 1.83x107 8.84x106
1%HCl 664 £35.99 0.67 £0.002 * 7.21x105 £ 4.2x10* 0.42 £ 0.01
6.54x1010 £3.64x10? £5.02x103
5.43x10°5
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52493% 107
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£033%1077
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Table.4 The thickness of the oxide film calculated by C,p¢

T Cop/(F/em) WA S R /nm
1%HC1 3.18E-10 1.76
3.5%HCI 1.16E-11 48.24
10%HCI 2.70E-11 / 20.72
1%NaOH 2.40E-12 6&@.16
3.5%NaOH 4.20E-12 133.23
10%NaOH 9.31E-13 601.04

1%NaCl 4.17E-12 134.19
3.5%NaCl 1.72E-11 32.53
10%NaCl 1.64E-10 < 3.41
Y
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Fig. 6 SEM images of alloy samples in various solutions at different concentrations: :(a-c) corresponds to the
corrosion morphology of the alloy in HCl solution at 1%, 3.5% and 10% concentrations, respectively. (d-f)
corresponds to the corrosion morphology of the alloy in 1%, 3.5% and 10% concentration of NaCl solution,
respectively; (g-i) corresponds to the corrosion morphology of the alloy in 1%, 3.5% and 10% NaOH solutions,
respectively.
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Fig.7. Diagram of the corrosion mechanism of alloy samples in various solufions atdifferent concentrations.
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