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Galvanic corrosion and protection of 6061 aluminum alloy coupled
with 30CrMnSiA steel in simulative industry-marine atmospheric
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Abstract: The galvanic corrosion and protection of 6061 aluminum alloy coupled with 30CrMnSiA steel in simulative
industry-marine atmospheric environment was studied. The anodized and organic coated 6061 aluminum alloy and
cadmium-plated and organic coated 30CrMnSiA steel were assembled into standard galvanic samples. After xenon lamp
aging and alternate immersion, the mechanical properties and microstructures of the samples were investigated. The
results show that the strength (¢,) and toughness () of the anodized 6061 aluminum alloy decrease obviously, o, and &
decrease by about 24.2% and 13.4%, respectively. However, g, and ¢ of 6061 aluminum alloy coated with acrylic
polyurethane and epoxy polyamide resin composite decrease slightly, only about 4% and 5%, respectively. In addition,
the average pitting corrosion depth of the uncoated samples is significantly greater than that of samples with coating, and
the maximum difference of the depth is about 32 pum. Therefore, the galvanic corrosion can be reduced by organic
coating.
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Table1 Chemical composition of 6061 aluminum alloy (mass fraction, %)

Mg Si Cu Cr

Fe Mn Zn Ti Al

0.8-1.2 0.4-0.8 0.15-04 0.04-0.35

<0.7 <0.15

<0.25 <0.15 Bal.

2 30CrMnSiA 45 KRG 24 R 5

Table 2 Chemical composition of 30CrMnSiA steel (mass fraction, %)

C Si Mn Cr

Cu P S Fe

0.27-0.34 0.9-1.2 0.8-1.1 0.8-1.1

<0.20 <0.025 <0.025 Bal.
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Table 3 Composition of coupled materials

Sample No. Anode Cathode

1 6061 aluminum alloy (boracic-sulphuric acid anodizing) 30CrMnSiA steel (cadmium-plated)
MnSiA steel ium-plated+

2 6061 aluminum alloy (boracic-sulphuric acid anodizing) . 30CrMnSiA steel (cadmium-p a. ed .

acrylic polyurethane and epoxy polyamide coatings)
3 6061 ah.Jminum alloy (boracic-sulphuric a(.:id anod.izing + 30CrMnSiA steel (cadmium-plated)
acrylic polyurethane and epoxy polyamide coatings)
4 6061 aluminum alloy (boracic-sulphuric acid anodizing + 30CrMnSiA steel (cadmium-plated+

acrylic polyurethane and epoxy polyamide coatings)

acrylic polyurethane and epoxy polyamide coatings)
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Fig. 1 Morphologies of Sample 1 in accelerated corrosion test with different cycles: (a) Initial state; (b) Two cycles; (c) Four cycles;

(d) Six cycles; (e) Eight cycles
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Fig. 2 Morphologies of Sample 2 in accelerated corrosion test with different cycles: (a) Initial state; (b) Two cycles; (c¢) Four cycles;
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Fig. 3 Morphologies of Sample 3 in accelerated corrosion test with different cycles: (a) Initial state; (b) Two cycles; (c¢) Four cycles;
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Fig. 4 Morphologies of Sample 4 in accelerated corrosion test with different cycles: (a) Initial state; (b) Two cycles; (c) Four cycles;

(d) Six cycles; (e) Eight cycles

(d) Six cycles; (e) Eight cycles

(d) Six cycles; (e) Eight cycles
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Fig. 5 XRD patterns of corrosion products of 30CrMnSiA steel: (a) Sample 1; (b) Sample 3
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Fig. 6 Stereology microscopy images of different 6061 aluminum alloy samples after removing corrosion products: (a) Sample 1;

(b) Sample 2; (c) Sample 3; (d) Sample 4
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Fig. 7 Average pit depths of different 6061 aluminum alloy

samples after etching
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Fig. 8 Stereology microscopy images of different 30CrMnSiA steel samples after removing corrosion products: (a) Sample 1; (b)

Sample 2; (c) Sample 3; (d) Sample 4
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Fig. 9 Average pit depths of different 30CrMnSiA steel

samples after etching
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Fig. 10 Stress—strain curves of different samples after etching: (a) Sample 1; (b) Sample 2; (c) Sample 3; (d) Sample 4
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Table 4 Mechanical property parameters of different 6061

aluminum alloy samples after etching

Sample No. ¢9,/MPa  o,/MPa /% E/GPa
1-1 220 230 2.0 61.5
1-2 220 240 2.6 62.5
1-3 220 235 2.7 61.1
2-1 245 270 6.0 62.3
2-2 250 265 3.9 64.8
2-3 250 270 42 65.7
3-1 255 290 17 64.6
3-2 250 275 12 63.1
3-3 255 280 12 62.9
4-1 270 290 12 66.2
4-2 260 285 10 66.4
4-3 270 300 8.0 68.3
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Fig. 11 Fracture SEM images of different samples: (a) Sample 1; (b) Sample 2; (c) Sample 3; (d) Sample 4
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BT R R 2 P S L, SR Ry forec/MPa  rawes  difference
C—N BRI O—CH 4 HFZ08), (1 b e, T 2-1 Cathode 8.12 88.5 11.88
KRS, TR Sl A SR R A R . 3% 5 B Al 22 Cathode 8.08 84.3 14.65
NIREEREE S 3R 5 WTLLEH, WRERK 2-3 Cathode 7.92 84.6 10.59
FRAEZERIRR, PRI EIL 852%, Ptz 3-1 Anode 8.92 97.8 44.56
IRH] 18.53, Ui W A TR 2R 2 MR TR 2 A A ™ B 3-2 Anode 8.84 97.6 25.29
AR 3 RO ERR, A 98.0%F1 33 Anode 297 98.7 31.57
33.8, X EELERNAAE 3 BICIRE, g™, A1 Anode 8.51 71 16,11
=i B A & PR EAR AT E, W, iR

N 42 Anode 8.68 732 17.83

JEII A I RFE R K, P30 8.72 MPa, H.
‘ o 43 Anode 8.43 722 17.35

FHZENANK, UL IR SR I T R O A8 B
4-1  Cathode 9.43 84.9 11.35

S, SHBH AT BT 94 P 7 RO TR,
AR AR R B s, g P Cede 930 8RS0
Y4 A M B L T SR 1 8 4-3 Cathode 9.38 84.7 11.85
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