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Anodizing is an electrochemical surface treatment method conferring corrosion resistance and durability
by forming a thick anodization film on the metal surface. Aluminum has a long service life and high ther-
mal conductivity and formability, as well as excellent corrosion resistance. Aluminum 3003 alloy has
improved formability, strength, and corrosion resistance due to the addition of a small amount of manga-
nese. However, corrosion occurs in seawater and environments polluted with corrosion-inducing sub-
stances, which reduce corrosion resistance. Therefore, it is necessary to artificially form a thick anodized
film to improve corrosion resistance. In this study, the anodization treatment time was 4 minutes, and volt-
ages of 10 V,20 V,30V,40 V,50V, 60V, 70V, 80V, 90V, and 100 V were applied. The thickness and
pore size of the oxide film increased according to the applied voltage. A barrier film was formed under
voltage conditions from 10 V to 50 V, and a porous film was formed under voltage conditions from 60 V to
100 V. After anodizing, coating was applied. Wettability and corrosion resistance were observed before and
after coating according to the surface shape and thickness of the oxide film.
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A STUDY ON THE SURFACE PROPERTIES AND CORROSION BEHAVIOR OF FUNCTIONAL ALUMINUM 3003 ALLOY USING

ANODIZATION METHOD
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Fig. 1. Schematic diagram of penetration of corrosion-inducing
substances in anodized films produced at low and high
voltages
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Fig. 2. Top view and cross view of aluminum 3003 alloy SEM image that is anodized by applying a voltage of 10 V, 20 V, 30 V,

40 V,50V,60 V,70 V, 80 V,90 V and 100 V
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Table 1. Measurement of oxide film thickness, pore size, interpore distance, and solid fraction of anodized aluminum 3003
alloy by applying different voltages

Voltage Thé;‘;‘)ess D, D,, Solid Fraction
10V 43.85+2.06 None None None
20V 64.04 £5.45 None None None
30V 82.29 £ 5.31 None None None
40V 101.83 +£3.96 None None None
50V 124.02 £9.10 None None None
60V 151.35+11.82 9.06 + 1.87 98.09 +27.05 0.9923
70V 183.10£9.76 12.59 £2.96 128.22 +33.07 0.9913
80V 233.08 +£9.58 15.46 £2.24 153.44 + 51.03 0.9908
90V 469.93 £ 4.86 18.61 £4.32 183.70 + 47.03 0.9907
100 V 600.00 +23.29 23.74 +2.89 193.70 £41.72 0.9864
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Table 2. Analysis of composition and content by EDS of oxide film for different applied voltages

Element Voltage
(Atomic %) 10V 20V 30V 40V 50V 60 V 70V 80V 90V 100 V
Al 63.64 62.20 59.33 58.91 57.18 54.27 50.83 49.80 4523 41.82
o) 4.92 8.79 11.06 12.60 13.26 17.38 23.49 25.79 32.43 38.35
Mn 0.24 0.22 0.22 0.22 0.26 0.74 0.19 0.18 0.14 0.15
C 31.20 28.79 29.39 2827 29.30 27.61 25.49 24.23 22.20 19.68
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Fig. 5. XPS spectra of (a) Al 2p and (b) O 1s regions after anodization at 100 V for 4 minutes
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Fig. 6. Contact angle images of the surface after anodization for different voltages
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Fig. 7. Contact angle images of SAM coated surfaces after preliminary anodized for different voltages

Table 3. Contact angles before and after coating of anodized oxide films with different voltages

10V 20V 30V 40V 50V 60V 70V 80V 90V 100V
Before | 20.19 | 18.40 | 1747 | 1687 | 1514 | 1477 | 11.98 8.85 7.98 433
Contact | Coating | £322 | 435 | +£354 | £565 | £428 | £451 | £226 | £253 | £237 | =435
Angle ) | After | 105.75 | 10623 | 106.85 | 108.41 | 110.93 | 114.03 | 115.12 | 116.53 | 117.55 | 120.13
Coating | +0.68 | 142 | 091 | =138 | =094 | 057 | £0.17 | £0.60 | £027 | £0.60
(a) (b)
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Fig. 8. Graphs of contact angles before and after coating of surfaces anodized with different voltages; (a) before coating (b)

after coating
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Fig. 9. Electrochemical polarization curves in 3.5 wt% NaCl solution of oxide films produced by anodization at different

voltages

Table 4. Corrosion current density (Z,,,,) and corrosion potential (E,,,) of the uncoated surface after anodization as a result of

corr.

the Potential polarization test

10V 20V 30V 40V 50V
1, (Alem?) 5.94 x 10* 5.15x 10 2.88 x 10* 7.95 x 107 1.25 x 10°
E,, (mV) -499 -482 298 -119 +33
60V 70V 80V 90 V 100 V
1, (Alem?) 6.37 x 10 450 x 10 222 % 10% 1.24 x 10 4.14 % 10°
E,, (mV) -451 282 -280 -205 -104
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= 3do]H, Table 4= A7} AsHE F-24] AFL%(,,)
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Fig. 10. Electrochemical polarization curves in 3.5 wt% NaCl solution after coating of aluminum oxide films produced by

anodization at different voltages
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Table S. Corrosion current density (7,
potential polarization test

) and corrosion potential (E,

corr.

) of the coated surface after anodization as a result of the

corr.

10V 20V 30V 40V 50V
(A/cm ) 5.16 x 107 4.68 x 10° 2.88 x 10° 7.51 x 101 1.69 x 1070
o (mV) -498 -481 -301 -108 +115
60 V 70V 80V 90 V 100V
(A/cm ) 1.08 x 107 1.04 x 101 6.90 x 107" 3.08 x 10" 2.55x 10"
o (mV) -438 272 262 -90 +112
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