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Fabrication of functional aluminum surface through anodization mode transition
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Abstract

This research develops an easy-to-use, environmentally friendly method for fabricating functional
1050 aluminum alloy surfaces with excellent corrosion resistance. Functional aluminum surfaces with
various nanostructures are fabricated by controlling the experimental conditions of anodizing process.
The experiment used a multi-step anodizing process that alternates between two different anodizing
modes, mild anodizing (MA) and hard anodizing (HA), together with a pore-widening (PW) process.
Among them, the nanostructured surface with a small solid fraction shows superhydrophobicity

with a contact angle of more than 170°

after water-repellent coating. In addition, the surface with

superhydrophobicity is difficult for corrosive substances to penetrate, so the corrosion resistance is

greatly improved.

Keywords : Pulse Anodizing; Functional Hydrophilic/Hydrophobic Surfaces; Aluminum 1050 Alloy; Corrosion.
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Fig. 1. Schematic diagram showing the formation of anodization film on the
aluminum surface.
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Table 1. Staged Anodization Process Conditions (MA: Mild Anodization, HA: Hard Anodization).
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First Second . Third
Sample Anodization AAO Removal Anodization Pore Widening Anodization
Time Time Step Time Time Step Time
A 6 hour 10 hour MA 30 min. 50 min. MA 30 min.
B 6 hour 10 hour MA 30 min. 50 min. HA 30 s.
C 6 hour 10 hour HA 30 s. 50 min. MA 30 min.
D 6 hour 10 hour HA 30 s. 50 min. HA 30 s.
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Fig. 2. FE-SEM top view images for each process
condition after step—by-step anodizing. (a) MA - PW
- MA, (b) MA - PW - HA, (c) HA - PW - MA, (d) HA -
PW —HA. Scale bar =500 nm.

Table 2. Characterization of the AAO structures on 1050 aluminum alloy.

FE-SEM o|u|R]& &F3sto] 7|53 7](Pore
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distance, Dint), AFstalo] =7, 14 &2
S5} slo] 18 49 # 20f YEfQIL 7132
7] 9 7]ZAe] Agle FEAESE 3 27°] MA
- PW - MA 94 97.50 + 10.90 nm, 106.60 +
13.15 nm, MA - PW - HA°|A] 91.56 + 8.13
nm, 97.01 + 12.79 nm, HA - PW - MA©JA]
100.48 + 5.67 nm, 113.75 + 12.40 nm, HA
- PW - HAOIA 108.37 *+ 6.94 nm, 125.14 *
9.97 nm 2 A= o, 715 27] 9 7]5At0]
Ag]= HA - PW - HA 27004 7 34 Vet
oh. J8uv Ak Ete] £7= MA - PW - MA &
oA 1416.47 + 12.33 nm & 7 FAHLOH,
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Fig. 3. FE-SEM cross—view images for each process
condition after step—by-step anodizing. MA - PW -
MA, (b) MA - PW - HA, (c) HA - PW - MA, (d) HA -
PW —HA. Scale bar = 500 nm.

Sample Second Pore Widening Third Pore Diameter | Interpore Size Thickness Solid fraction
Anodization Step (min.) Anodization Step (nm) (nm) (nm)
A MA 40 MA 97.50 + 10.90 [ 106.60 + 13.15|1416.47 + 12.33 0.198
B MA 40 HA 91.56 £ 8.13 | 97.01 + 12.79 | 845.58 + 14.68 0.093
C HA 40 MA 100.48 + 5.67|113. 75 + 12.40| 979.32 + 12.02 0.212
D HA 40 HA 108.37 + 6.94| 125.14 + 9.97 | 408.47 + 5.80 0.266
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Fig. 4. Variation of pore diameter, interpore distance, thickness, and solid

fraction according to stepwise anodization.
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Table 3. EDS analysis by mode of 1050 aluminum anodization

rOCess.
Element (At %)
Sample Al (0]
A 43.65 42.96
B 48.51 27.24
C 40.93 44.94
D 41.58 45.45
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Fig. 5. EDS Analysis Comparison of aluminum and oxygen contents according to the
anodization mode: (a) MA - PW - MA, (b) MA = PW - HA, (c) HA - PW - MA, (d)

HA - PW - HA.
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Fig. 6. Contact angle images before and after coating of
anodization 1050 aluminum alloy by processing mode.
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Fig. 7. Contact angle of 1050 aluminum alloy by anodization
process mode. (A) MA - PW - MA, (B) MA - PW - HA, (C)
HA - PW - MA, (D) HA - PW - HA.
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Table 4. Analysis of Contact Angle and Contact Hysteresis Angle after Coating of Anodized 1050 Aluminum Alloy.

Water Oil
Sample Contact Angle Contact Angle Hysteresis Contact Angle Contact Angle Hysteresis
A 177.82 £ 1.55° 6.31 £1.74° 128.85 + 1.11° 22.92 £5.25°
B 178.23 £ 1.26° 5.45 + 1.12° 129.68 + 1.45° 17.36 + 3.17°
C 17631 + 3.76° 13.89 + 5.44° 128.81 + 0.41° 23.32 + 3.66°
D 144.45 + 3.34° 24.66 + 5.82° 122.07 + 4.82° 23.65 +3.17°

Fig. 8. Contact angle and contact hysteresis graph after coating of anodized 1050 aluminum

alloy.



422 Youngju Park et al./]. Surf. Sci. Eng. 55 (2022) 417-424

Fig. 9. Potential polarization curves according to anodization
process conditions.

Table b. Potential polarization test measurement according
to anodization process conditions. (A) MA - PW - MA, (B)
MA - PW - HA, (C) HA - PW - MA, (D) HA - PW - HA.

Sample Eeor (MV) Ieo., (A/cm?)

A 18.4 9.56 x 10"

B 103 6.39x 107"

C -49.1 1.39 x 107

D -111 428 x 107
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