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ABSTRACT: The work aims to study the galvanic corrosion mechanism of anodized 5A06 aluminum alloy/1Cr18Ni9Ti
stainless steel coupling and the effect of CI” concentration on its corrosion behavior, It provides a basis for the corrosion and
protection of aluminum alloy in different service environments. The galvanic corrosion experiments of anodized SA06
aluminum alloy and 1Cr18Ni9Ti stainless steel were set at different Cl” concentrations. The effect of CI” concentration on the
corrosion behavior of anodized 5A06 aluminum alloy was discussed, according to the analysis of the change law of the
corrosion current, the characterization of the surface corrosion morphology and composition, and the electrochemical test. With
the increasing of corrosion time, the galvanic current fluctuated zigzag and gradually decreases and then tended to be stable. The
variation of galvanic current with Cl” concentration was 3.5%>5%>2%>6.5%>8%>0.5%, When the CI" concentration was
3.5%, the maximum galvanic current was 16.56 pA/cm?. In the process of galvanic corrosion, the corrosion products on the
surface of 5A06 aluminum alloy anodic oxide film block the pitting pits, hinder the further reaction of CI” with substrate in
solution. The anodic oxide film shows a cyclic process of destructing-repairing-destructing; CI” can not only promote the
dissolution of anodic oxide film of aluminum alloy, increase the sensitivity of galvanic corrosion of aluminum alloy, but also
reduce the concentration of dissolved oxygen in solution, which help to inhibit the occurrence of anodic reaction. When the
concentration of CI is less than 3.5%, the effect of promoting dissolution is greater than that of inhibiting reaction, and when the

concentration of Cl” is more than 3.5%, the effect of inhibiting reaction is more obvious than that of promoting dissolution.

2022 47 A

Therefore, The galvanic corrosion rate increases first and then decreases with the increase of CI” concentration,

KEY WORDS: anodic oxidation; SA06 aluminum alloy; galvanic corrosion; Cl” concentration; pitting
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Tab.1 Comparison of different surface treatment methods of aluminum alloy

Technology Advantage

Disadvantage

Electroplating, 1. Good corrosion resistance

1. Poor adhesion between coating and substrate
2. The plating solution contains hexavalent

electroless . . S
. 2. Simple process chromium, which is harmful to human body
plating . [12]
and the environment
Anodic 1. Good corrosion resistance, good combination of film and substrate Compared with micro arc oxidation, the
oxidation 2. Simple process and environment-friendly coating is thinner, with poor hardness and
3. Good economy and wide applicability wear resistance
Micro arc 1. High hardness, good wear resistance and corrosion resistance Large energy consumption and high cost, not
oxidation 2. Electrolyte pollution is small and environment-friendly suitable for large-area treatment('*
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Tab.2 Chemical composition of 5A06 aluminum alloy

wt.%
Si Cu Mg Zn Mn Ti Fe Al
<04 <0.1 58-68 =<0.2 0.5-0.8 0.02-0.1 =<0.40 Bal

% 3 1Cr18Ni9Ti NEFEWMMILFEH 5
Tab.3 Chemical composition of 1Cr18Ni9Ti stainless steel

wt.%
C Si Mn S P Cr Ni Ti Fe
5(C%-—
<0.12 <1 <2 <0.03 <0.035 17-19 8-11 0.02)-0.8 Bal.
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Fig.1 Connection diagram of galvanic corrosion sample
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Fig.2 Galvanic corrosion current curves of

anodic aluminum alloy and stainless steel
at different CI” concentrations
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Fig.3 Curve of galvanic current density
with CI” concentration
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Fig.4 Variation curve of dissolved oxygen
content with CI™ concentration
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Tab.4 Galvanic corrosion potential of anodic aluminum
alloy and stainless steel in different CI™ concentration

Electrode potential ~ Electrode potential after

WVE/?Q/ before coupling/V coupling for 20 h/V
5A06 1Cr18NiMnTi 5A06 1Cr18NiMnTi
0.5 —0.803 -0.223 —0.847 —0.258
2.0 —-0.783 -0.195 —0.884 -0.254
3.5 —0.798 -0.170 —0.853 —0.184
5.0 -0.782 -0.146 —0.818 -0.167
6.5 -0.779 -0.138 -0.811 —0.165
8.0 —0.753 -0.131 -0.773 -0.151
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Fig.5 Electrochemical impedance spectroscopy of anodized SA06 samples after coupling in
different CI™ concentrations for 20 h: a) Nyquist plot; b)Bode plot
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Tab.5 Electrochemical parameters of anodic aluminum alloy prepared by
ElS after coupling in different Cl™ concentrations for 20 h

w(CI)/wt.%  RJ/(Q-cm?) % R,/(10°Q-cm?) O Ry/(108 Q-cm?)
0-7, n 0-7, n
0.5 9.99x107° 4.70x107° 8.87x107" 8.04 2.43x107  7.84x10™" 6.74
2.0 431x107* 1.14x1078 8.11x107" 9.02 2.17x107  7.46x107" 2.46
3.5 2.32x107* 5.00x107° 9.18x107" 10.1 1.63x107  7.69x107" 1.16
5.0 4.96x107° 1.88x107° 7.92x107" 10.1 2.52x107  7.61x107" 2.08
6.5 2.86x10°° 2.81x107 7.83x10™" 10.0 2.46x107" 7.63x107! 3.01
8.0 8.05x107° 2.75x1078 7.88x107" 9.83 2.17x107  7.57x107" 5.67
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Fig.7 Macromorphology of anodized 5A06 aluminum alloy original samples andsamples after coupling in different C1™
concentrations for 20 h is as follows: a) original sample; b) 0.5%; ¢) 2%; d) 3.5%; e) 5%; ) 6.5%; g) 8%
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Fig.8 Microstructure of anodized 5A06 aluminum alloy original samples andsamples after coupling in different CI
concentrations for 20h is as follows:a) original sample; b) 0.5%; ¢) 2%; d) 3.5%; e) 5%; ) 6.5%; g) 8%

x6 AECIRETERE 20 h FHEBELEZMNILEE
Tab.6 Porosity of anodic oxidation film in NaCl solution

with different CI™ concentration after coupling for 20 h
%

0.5wt.% 2wt.% 3.5wt.% Swt% 6.5wt.% 8wt %

0.719 1.986 3.023 2.019 1.858 1.328
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Fig.9 Typical pitting morphology of anodic oxide film on 5SA06 aluminum alloy after
coupling with different CI” concentration for 20 h
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Tab.7 EDStest results at different locations
at.%

Points (0] Al Cl Cr S Mg
1 60.5 34.5 0.9 0.6 2.6 0.9

2 37.0 57.6 1.1 2.6 1.7

3 69.5 26.8 0.5 0.5 1.8 0.9
4 57.5 37.3 0.6 0.8 2.9 0.9
5 359 56.7 7.4

6 68.6 29.4 1.0 1.0
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