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A study on fast Hydrophobization using organic solvent and corrosion
resistance on the surface of CeOs—coated anodized aluminum

Jong Hun Lee

Department of Metallurgy, The Graduate School,

Pukyong National University

Abstract

Rare—earth oxides, which provide favorable sites for adsorption of
hydrocarbons in ambient, are well-known to shows an intrinsic hydrophobicity.
Such rare-earth oxides are chemically stable at high temperature and under UV
irradiation, so that the coating with rare—earth oxides is considered to be a
promising alternative for hydrocarbon or fluorocarbon—-based materials for
realization of hydrophobicity. However, the adsorption of hydrophobic
hydrocarbon molecules 1s dependent on the ambient condition, thus the
hydrophobicity of rare—earth oxide surface cannot show reliable reproductivity.
To solve such limitations, we introduce a new method to realize hydrophobicity
on rare—earth oxide by immersing the oxide in immiscible solvents (e.g., hexane
and toluene). The immersion of cerium oxide coated surface in immiscible
solvents significantly promotes the adsorption of hydrocarbons, so that the
surface shows hydrophobicity less than 24 hours. In addition, the hydrocarbon
on cerium oxide can be removed at high temperature, but the hydrophobicity
can be also recovered by immersing in immiscible solvents. Therefore, if the
surface of cerium oxide layer exists on the surface, the desorbed hydrocarbons
on the cerium oxide layer can be restored by immersing in hexane or toluene.
Due to the adsorption of hydrocarbons on cerium oxide layer, the anodic oxide
surface with cerium oxide coating shows hydrophobicity so that the surface is
not wetted well. Therefore, the corrosion resistance can be also improved.
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Table 1. Physical properties of rare earth elements and iron™.

Melting Point | Boiling Point Density | Heat of fusion
Element o o 3
C C Kg/m KJ/mol
Fe 1536 2859 7860 15.5
Ce 804 3599 6800 9.2
La 920 4516 6200 10.0
Nd 1024 3299 7000 10.9
Pr 935 3449 6800 10.0
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Rare Earth oxide l Rare Earth oxide

Figure 1. Schematic of the rare earth oxide hydrocarbon adsorption
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Table 2.

Physical and chemical properties of aluminum.

34 &%
1 LA S 13
2 AR 26.97
3 ARA (A A QA=) 20T<KA> a= 4.0413
4 H] F 20T (g/cm) 2.698
5 &54 (C) 660.2
6 H A (T) 2427
7 Hd 100TC (cal/b) 0.2226
8 4834 (cal/v) 94.6
9 A4 (cal/®) 7.389
10 A7NAEE(EEZ sl (%) 64.94
11 H A4 20T (Q cm) 2.6548
12 A7 A5 (cgs) 0.677
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Figure 4. Wetting models (a) Young's model. (b) Wenzel model, and (c)

Cassie—Baxter model.
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Table 3. Surface constitution and their critical surface tension®,

Surface constitution

Critical Surface Tension (dynes/cm)

—CF3 6
—CFZH 15

—CF3 and _CFz_ 17
—CFZ— 18
—CHZ—CFB— 20
—CFZ—CFH— 22
~CH, (Crystal) 22
~CH, (Monolayer) 24
—CFZ—CHZ— 25
—CFH—CHZ— 28
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Figure 6. (a) A typical i vs. n, plot for the Butler-Volmer equation and
(b) the Tafel plot(log I vs. n) to obtain corrosion potential(E.,.) and

corrosion current density(eor)*°
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Table 4. Experimental conditions for the Surface functionalizing of
anodic Al oxide. A: anodizing, S: NiF, sealing, C: CeOs coating, AE:

Atmospheric exposure, HI: Hexane immersion, TI: Toluene immersion

A S C AE HI TI

Bare X X X X X X
AO 0] X X X X X
AOS 0] 0) X X X X
AOC 0) X 0] X X X
AOSC 0] 0] (0) X X X
AOA 0) X X (0] X X
AOH ) X X X 0] X
AOT 0] X X X X 0]
AOSA 0] 0] X 0 X X
AOSH 6] 0] X X 0] X
AOST 0] 0] X X X 0]
AOCA 0) X 0) 0] X X
AOCH 0) X 0) X 0] X
AOCT 0] X 0] X X 0]
AOSCA 0] 0] 0) 0] X X
AOSCH 0] 0) 0] X 0] X
AOSCT 0] 0] 0) X X 0]
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7+ AlH g A 2 et xA L field emission scanning electron
microscope (FE-SEM, JSM-7610F, JEOL, Japan)¥} transmission
electron microscope (TEM, JEM 4010, JEOL, Japan), energy dispersive

x-ray spectroscopy (EDS, INCA Energy, Oxford Instruments, UK)E ©]
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zZb g ZA4319 Y. 249 ¥ #-8-7]+= fourier transform
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Figure 7. SEM images: top (i) and cross—sectional (ii and iii) views of

(a) anodized Al oxide (AO), (b) anodized Al oxide treated with NiF,
sealing (AOS), (c) anodized Al oxide coated with CeO, (AOC), and (d)
anodized Al oxide treated with NiFs sealing and CeO; coating (AOSC).

Black and white scale bars in (a)-(d) indicate 100 nm and 1 um,

respectively.
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Figure 8. TEM image (left) and EDS mapping of Ce (right) of (a)
anodized layer (AO), (b) anodized layer with NiF, sealing (AOS), (c)
anodized layer coated with CeO; (AOC), and (d) anodized layer with

NiF; sealing and CeO, coating (AOSC). The top right inset in each
figure shows the initial contact angle of a water droplet. Black scale

bars in the insets of (a)-(d) indicate 1 mm.
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Figure 9. Hydrocarbon adsorption effects on the wetting property of
the ceria film. Contact angle of a water droplet on anodized Al oxide
before (0 h) and after CeO, coating (up to 96 h) (a) at atmospheric
exposure, (b) immersed in hexane, and (c) immersed in toluene.
Droplet images indicate the final contact angle. Black scale bars

indicate 1 mm.
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Figure 12. Hydrophobic effects on corrosion resistance of CeO, film.
Potentiodynamic polarization curves of (a) before and after CeO,

coating, (b) immersed in hexane, and (c) immersed in toluene.
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Table 5. Estimated corrosion current density (I..) and corrosion

potential (E¢orr).

Name Leorr (A/cm?) Ecorr (mV)
Bare 1.60 x 107" — 707.34
AO 3.77 X 107" — 515.78
AOS 6.04 X 1077 — 503.51
AOSH 6.75 X 1078 — 555.12
AOST 6.88 < 10°® — 569.42
AOSC 1.49 x N — 562.93
AOSCH 6.16 > 107° — 440.20
AOSCT 2.14 < 1077 — 434.06
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