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Anodizing is a typical electrochemical surface treatment method that can improve the corrosion and insu-
lating properties of aluminum alloys. The anodization process can obtain a dense structure. It can be used
to artificially grow the thickness of an anodization film. Aluminum 3003 alloy used in this study is the
most commonly used alloy for batteries due to its high strength and excellent formability as well as its
weldability and corrosion resistance. Aluminum 3003 alloy was anodized at 0 °C with 0.3 M oxalic acid at
20 V, 40 V, or 60 V for 1 hour, 6 hours, or 12 hours. As a result of analyzing the composition of each spec-
imen with an Energy Dispersive Spectrometer (EDS), aluminum was converted into an oxide film. The
thickness of the formed anodization film increased when the applied voltage and anodization time
increased. High corrosion potential values and low corrosion current density values were observed for the
thickest oxide layer. The anodization film formed by anodization acted as a protective layer. The electrical
resistance increased as the applied voltage and anodization time increased.
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Fig. 1. Schematic diagram of electrical penetration as the
thickness of the anodization film increases

Table 1. Chemical compositions of Al 3003 alloy

Wt (%)
AlK Mn K FeK SiK CukK
98.345 1.052 0.470 0.081 0.022
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Fig. 2. FE-SEM of surface morphology and thickness of aluminum oxide produced by anodization time at 20 V, 40 V, and 60 V

applied voltage

Table 3. EDS component content according to anodization time and voltage

20V 40V 60V
Wt (%)
Al K OK Mn K AlK OK Mn k AlK OK Mn K
1h 76.45 22.94 0.61 60.77 39.01 0.23 58.09 41.51 0.40
6h 57.54 41.88 0.58 56.92 42.72 0.36 56.70 43.03 0.28
12h 56.16 43.61 0.23 55.87 43.86 0.27 55.76 43.92 0.31
IAIZE B1F AAISE Aldolel= AS & 4 3lA, 60V
18000 - —a—oo Vv o} OFZALELE AIA]S bz =
v o 12413F BF FIAAE AT AHo] A T
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=<
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= Table 2. Oxide thickness of aluminum oxide formed at 20 V,
= 40 V, and 60 V
3000
Thickness (nm) Anodizing Volt
0 . . . Time 20V 40V 60V
Th 6h 12h 1h 563+15.51 | 956+ 12.11 | 1567 +37.34
Anodization time 6h 2180 +36.02 | 3283 +24.87 | 3606 + 54.10
Fig. 3. Variation of thickness according to anodization time 12h 7580 + 40.44 | 8249 + 49.08 17064 + 139.94

and voltage
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Fig. 4. EDS analysis after anodization with anodization time and voltage; (a) 20 V, (b) 40 V, (¢) 60 V
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Fig. 5. Potentiodynamic polarization curves for aluminum
oxide formed at 20 V

Table 4. Potentiodynamic polarization test results for
aluminum formed at 20 V

E,, (mV) L,,,, (Alem?)
1h -30.854 1.80 x 10
6h 18.967 2.54 x10”
12h 179.984 2.75 10"
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Fig. 6. Potentiodynamic polarization curves for aluminum
oxide formed at 40 V

Table 5. Potentiodynamic polarization test results for
aluminum formed at 40 V

E,,,(mV) 1,,, (Alem?)
1h -16.87 1.03 x 108
6h 21.492 8.30 x 10
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Fig. 7. Potentiodynamic polarization curves for aluminum
oxide formed at 60 V

Table 6. Potentiodynamic polarization test results for
aluminum formed at 60 V

E,, (mV) L, (Alem’)
1h -15.97 3.85x 107
6h 44.614 6.23 x 107°
12 h 191.254 6.68 x 10"
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Fig. 8. Electrical resistance measurement results for
aluminum formed at 20 V,40 V, and 60 V

Table 7. Insulation resistance measurement results for
aluminum formed at 20 V, 40 V, and 60 V

Electrical
Resistance Anodizing Volt
MO
Time 20V 40V 60V
1h 0.061 £0.001 | 1.917+0.001 | 2.896 + 0.004
6h 4346 +£0.002 | 7.873+0.046 | 8.608 +0.002
12h 15.930+£0.004 | 19.915 +0.003 | 34.320 + 0.025
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