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Abstract: To study the corrosion behavior and differences between 1070A and 6063 aluminum alloys in
simulated marine atmospheric environments, the corrosion processes of 1070A and 6063 aluminum alloys
in marine atmospheric environments are simulated by indoor cyclic salt spray experiments. The corrosion
morphology, pitting parameters and the corrosion products of the 1070A and 6063 aluminum alloys are
observed and detected by ultra-depth-of-field microscope and X-ray diffractometer respectively. The
corrosion mass loss of 1070A and 6063 aluminum alloys is analyzed by corrosion kinetics methods. The
differences of corrosion behaviors between the 1070A and 6063 aluminum alloys are analyzed by
electrochemical impedance and polarization curves. The test results show that pitting corrosion is the main
corrosion form on 1070A and 6063 aluminum alloys in the simulated marine atmospheric environment.
With the extension of corrosion time, the average pitting depth, the maximum pitting depth and the pitting
density gradually increase. The corrosion behaviors of 1070A and 6063 aluminum alloys are similar in the
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early stage of corrosion test. However, the pitting depth and pitting density of 6063 aluminum alloy doubled

in the later corrosion stage, which is due to the re-cracking of the surface corrosion layer, resulting in a

serious increase in the corrosion degree of 6063 aluminum alloy. What’s more, the corrosion mass loss and

corrosion time of both 1070A and 6063 aluminum alloys show a power exponential relationship. Combined

with the analysis of electrochemical impedance spectra and polarization curves, it is confirmed that the 6063

aluminum alloy is more susceptible to corrosion in simulated marine atmospheric environments, with a

higher degree of corrosion compared to 1070A aluminum.
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Table 1 Chemical compositions of 1070A and 6063 Al alloys (mass fraction/ %))

Alloy Si Fe Cu Mn Mg Zn Ti Cr Al
1070A 0-0.10 0-0.20 0-0.1 0.05 0.03 0.03 0.04 Bal.
6063 0.20-0.60 0.35 0.10 0.10 0.45-0.90 0.10 0.10 0.10 Bal.
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Fig.1 Macroscopic morphologies of 1070A and 6063 aluminum alloy with different corrosion cycles in simulated marine atmospheric environment
(a)-(e)1070A aluminium alloys after corrosion for 0,250,500, 750, 1000 h; (f)-(j)6063 aluminium alloys after corrosion for 0,250,500, 750, 1000 h
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Fig.2 Microscopic corrosion morphologies of 2D(1) and 3D(2) of 1070A aluminium alloy in simulated marine atmospheric environment

(a)original; (b)after corrosion for 1000 h

(745 s P BT IR B 5 R R s TR BETE 250~750 h J] sl PRI 2 28.17 pum s 6063 FR 5 43 14 s T 2 B2 1
N B RHR BE R 7R 750~1000 h A, feoRsi il 5 s ph e R A H AR ], RIS T 5256 /5 19, 6063
IR BURIE PG B S HE AT 2 1000 ha  fe kB 4 At P 28 B8 Mt 1 B DR S R i . i



Ho3k 1z

1070A 1 6063 #7444 FEAR LNV R EREE P (1) 85 1ok

f1h 243

50010) (65219

3 6063574 4 FERMIREAE R SRR EE B oMU ol — 4k (1) F =4k (2) JE AR
() AR s (b) JB§ 1k 1000 h

Fig.3 Microscopic corrosion morphologies of 2D(1) and 3D(2) of 6063 aluminium alloy in simulated marine atmospheric environment

(a)original; (b)after corrosion for 1000 h

&2 1070A 56063 58/ £ FERIUEF K SING A A G ik B HA B = S 5 1 20 4R

Table 2 Pitting corrosion statistical data of 1070A and 6063 aluminum alloys at different corrosion

cycles in simulated marine atmospheric environment

Specimen Test time/h Average pitting depth/pm Maximum pitting depth/pm Pitting density/cm?
1070A 250 2.5104 4.976 2x10°
500 3.8043 8.379 2X10°
750 4.9412 8.490 1x10*
1000 4.9647 9.849 1X10*
6063 250 6.1956 8.877 1x10*
500 6.9088 9.055 1X10*
750 7.3656 9.922 5X10*
1000 17.7556 28.170 1X10°
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Fig.4 Scanning electron microscopy (1) and EDS spectra(2) of corrosion products of 1070A and 6063 in simulated marine atmospheric environment
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Table 3 Equivalent circuit fitting data for 1070A and 6063 aluminium alloys in simulated marine atmospheric environment

Sample Testtime/h  R/(Q-cm?)  R/(Q-cm?) Q/(Frem %) m R/(Q-cm?) Q,/(Feem™® n, R,/(Q-cm?)
1070A 0 31.87 1.610<10* 7.295X107%  0.9210  2.440X10* 1.065X107*  0.9979  4.05x10*
250 49.67 1.226 < 10* 1.238X107°  0.9007  5.848X10* 1.105X10°*  0.8596  7.07x10*
500 60.55 1.295X10* 1.040X107°  0.9163 1.577%10* 2.827X107°  0.9786  2.87Xx10*
750 34.15 4.837%10° 8.258X107%  0.9321  7.639x10° 7.542x107%  0.8318  7.69X10°
1000 39.01 1.279x10* 1.019X10°°  0.8946 7.018X10° 9.071xX10°%  0.9974 7.15%10°
6063 0 61.77 1.347<10* 9.567x<10°%  0.9176 5.390< 10" 1.544<10°°  0.9985 6.74 10"
250 39.16 8.378 X 10° 8.332X10° %  0.9439 5.482X<10° 1.068X10°°  0.7275 5.4910°
500 31.19 1.908<10* 8.630X10°  0.9041 8.222x10° 497610 % 0.8428 2.73%10*
750 31.12 1.278X10* 1.060X10°  0.9017 4.899 % 10* 1.568X10°°  0.8356 5.03X10°
1000 48.96 1.482%10* 1.128X10°°  0.9094 5.633x10* 5.551X10°°  0.7971 7.12x10*
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Fig.9

Polarization curves of 1070A(a) and 6063 aluminium alloys(b) in simulated marine atmospheric environment
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Table 4 Polarization curve fitting data

) ) Corrosion Corrosion current
Specimen Test time/h . )
potential/V  density/(A-cm™?)
1070A 0 —0.824 3.092x10 ©
250 —0.559 3.590x 10"
500 —0.728 6.185x10°
750 —0.677 1.866>10"7
1000 —0.816 2.654 1077
6063 0 —0.817 3.850x107°
250 —0.773 2.386>10 "
500 —0.885 2.121x10°°
750 —0.837 2.482Xx10°°
1000 —0.937 3.747X10 5
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Fig.10  Corrosion current and corrosion current density of 1070A and

6063 aluminium alloys in simulated marine atmospheric environment
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