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ABSTRACT The marine corrosive environment is complex, and the marine structure itself is also sub-
jected to stress and other effects, which gradually highlights the corrosion and performance degradation
problems of high-strength Al-alloy welded joints used in marine equipment. Herein, the corrosion behavior
and performance degradation of welded joints of 7-series high-strength Al-alloy under different stresses,
while immersion in Qingdao natural seawater at 5 °C for different times was studied via a lab simulation
set, electrochemical measurement, universal test machine, SEM and XPS, in terms of the corrosion mor-
phology, corrosion products, and degradation regularity of welded joints. The results show that as stress
increases and immersion time prolongs, the corrosion tendency of high-strength Al-alloy welded joints in-
creases, and their corrosion resistance gradually decreases; while the corrosion potential of the welded
joint becomes more negative, the charge transfer resistance decreases, resulting in lower potential, higher

ks B ER 2024-10-01 EFSHER 2024-11-26

EZRN § W8, <0, 1999 4 4F Wit

BIE#E #2301, E-mail : pengwenshan1386@126.con, i 75 77 [a] REEJE il 5 B 37« 22 A9 ik K2 34 B3 452453 15 3
DOI 10.11902/1005.4537.2024.321



966 H ] e B A 2 AR

45 %

corrosion sensitivity, and poorer corrosion resistance. When subjected to tensile stress exceeding 25%oa,,

as the pre stress increases, the proportion of oxygen in the corrosion products continues to increase, the

corrosion product film is damaged, and the corrosion becomes more severe. With the increase of stress

and immersion time, the elongation and cross-sectional shrinkage of the welded joint after fracture de-

crease, and thus the sensitivity to stress corrosion increases.

KEYWORDS aluminum alloy, welded joints, low temperature, stress, corrosion, performance

degradation
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Fig.1 High-strength Al-alloy welded joint sample
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Fig.2 Macroscopic morphologies of high-strength Al-alloy welded joint samples immersed in low temperature seawater for 1 d
(a), 5d (b), 10 d (c) and 20 d (d) under applied stresses of 0 (al-d1), 25%g, (a2-d2) and 50%g, (a3—-d3)
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Table 1 EDS analysis results of the welded joint im-
mersed in low-temperature seawater for 20 d un-

der different stresses
(atomic fraction / %)

Pre-stress (0] Al Zn Mg Cu
0 46.45 4572  0.85 4.45 0.17
25%0,  41.82 5274 0.87 4.00 0.14
50%c0,  46.73  47.41 1.97 3.03 0.38
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Fig.3 SEM images of high-strength Al-alloy welded joint samples immersed in low temperature seawater for 1 d (a), 10 d (b)
and 20 d (c) under the stresses of 0 (al—c1), 25%a, (a2-c2) and 50%og0, (a3—c3)
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Fig.4 Polarization curves of the welded joint immersed in low-temperature seawater under different stresses for 1 d (a), 5 d

(b), 10 d (c) and 20 d (d)
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Table 2 Fitting results of polarization curves of the welded joint immersed in low-temperature seawater under different con-

ditions of applied stresses and immersion period

Immersion time / d Pre-stress Self-corrosion potential £,/ V Self-corrosion current density 7, / A-cm™

0 -0.652 0.395 x 107
1 25%o0, -0.693 2.023 x 10°°
50%o0, -0.754 4467 x 10
0 -0.757 0.775 x 10°°

5 25%o0, —0.856 46x10°
50%oa0, —-0.820 6.94 x10°°
0 -0.766 0.983 x 10°°
10 25%o0, -0.813 15.58 x 107
50%oa, -0.897 1537 x 10°°

0 -0.801 2.36x10°
20 25%o0, -0.838 12.56 x 10°°
50%oa, —-0.846 17.2x10°
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Fig.5 EIS of high-strength Al-alloy welded joint immersed in low temperature seawater under different stresses for 1 d (a),
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Table 3 Fitting results of EIS of the welded joint under low-temperature seawater conditions

Immersion time / d Pre-stress R/ Q-cm’ R,/ 10° Q-cm’ R,/ Q-em’
0 10.17 8.805 1.328
1 25%oa, 7.09 5.037 29.45
50%a, 12.74 2.764 32.76
0 8.29 7.577 3.659
5 25%a0, 10.32 4.237 1.489
50%a0, 6.554 0.865 2.489
0 13.3 3.850 847.2
10 25%o0, 6.679 3.783 29.03
50%a, 8.834 1.453 149.4
0 7.81 3.409 2200
20 25%a0, 8.593 1.564 3.391
50%a0, 6.725 0.789 538.9
(@) —— Actual curve (b) ——Actual curve () —— Actual curve
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Fig.7 XPS spectra of high-strength Al-alloy welded joint immersed in low-temperature seawater: (a) Al, (b) Mg, (c) Zn
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Table 5 Fracture data of the welded joint immersed in

low-temperature seawater under different condi-
tions of applied stress and immersion time

Immersion  Pre- Post-fracture ~ Section shrinkage

time/d  stress elongation () / % )/ %
25%o0, 10.85 11.383

: 50%o0, 10.15 11.041
25%o0, 10.81 10.564

: 50%o0, 9.24 10.220
25%o0, 9.87 10.250

P 50%o0, 8.56 9.861

Fig.8 Microscopic fracture morphologies of the welded joint after immersion in low-temperature seawater for 1 d (a) and 15 d

(b) under the stresses of 25%0, (al, b1) and 50%a0, (a2, b2)
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Table 4 Tensile data of the welded joint immersed in low-temperature seawater under different conditions of applied stress

and immersion time

Immersion time / d Pre-stress Yield strength / MPa Tensile strength / MPa

25%o0, 211 270

1
50%a, 175 225
25%a, 163 241

5
50%oa, 150 220
25%o, 150 218

15
50%o0, 145 178
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