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Characterization of Structural Properties of Conversion Oxide Film on
Aluminum by Electrochemical Impedance Measurement

Yong-Cheol Kim
R & D Center, Korea Gas Corporation

Effects of anodizing conditions on various properties of electrochemical conver-
sion oxide films on aluminum were investigated. Oxide films on AIMgl-surface
were formed by anodizing either at 40 V for 30~ 700 seconds or at 109 V for 3~
150 seconds in 1 M H3;PO, electrolyte at room temperature. Thicknesses of the
films, determined by a spectroscopic reflectance measurement, were in the range of
100 to 800 nm. In order to characterize the oxide film surface, electrochemical im-
pedance spectroscopy(EIS) was utilized. Using the equivalent circuit considering
two layers of barrier and porous layer, the characteristic parameters such as the
barrier layer thickness(d,) and the relative cross-sectional area(A,) in pore of the
films were calculated. It was found that the barrier layer thickness increased with
increasing anodizing voltage and it’s proportionality constant was determined to be
1.14 £0.12nm/V which is a comparable value with that observed by electron mi-
croscopy. The behavior of the maximum value of pore resistance(R,) of porous
layer, obtained by EIS result, can be attributed to the interaction between the
thickness and the relative cross-sectional area of porous layer. Chemical dissolution
of pore wall during anodizing is responsible for the increase in the relative cross-
sectional area. It is suggested that the measured corrosion potential(E.,) in the
presence oxide film is influenced not only by the thickness of barrier layer but also
by the pore resistance of porous layer.
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Fig. 1. Fitting example of reflectance spectrum for
determining the total thickness of oxide layer (d,).
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Fig. 2. Growth rate of conversion oxide layer
formed on AIMg1 in phosphoric acid. Anodizing
conditions; electrolyte -1M H;PO,, applied volt-
age -40V or 109V, room temperature.
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Fig. 3. Simplified equivalent circuit of the porous
oxide layer on aluminum. R,; electrolyte resis-
tance, R,; pore resistance, R,; resistance of bar-
rier layer, C,; capacitance of porous layer, Cy;
capacitance of barrier layer, d,; thickness of po-
rous layer, d,; thickness of barrier layer.
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Fig. 4. Bode plot of impedance spectrum of oxide
layer after 2,000 seconds in 0.1M Na,SO,.
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Fig. 5. Thickness of barrier layer (d,) of the
oxide layer formed in 1M H;PO, with 40V or
109V at room temperature.

Table 1. Proportionality constant with respect to
the anodizing voltage of the thickness of barrier
layer formed in phosphoric acid

Researcher  ¢(HiPO,) d,/Vol. Method of
[nm/V] measurement
Keller? 4% 1.14 TEM
Wood?® 4~25% 0.96~1.08 "
O’Sullivan'¥ 0.4M 1.04 ”
Kim 1.0M 1.14+0.12 AC impedance
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Fig. 6. Pore resistance (R,) of the oxide layer
formed in 1M H;PO, with 40V or 109V at room
temperature.
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Fig. 7. Relative cross-sectional area of pore (A,
o,) of the oxide layer formed in 1M H,PO, with
40V or 109V at room temperature.

313t & 2)(chemical dissolution®*'#)x]¢] sz

o AAdch o] A, E4E g3 A
Fge FA F7E Q¥ d¥ROe 3HE FHd
AF AF dHH Frrt 9% AujFeoz g
3tA @ Aeolch Keller 59 AP ostd 23
Aol F7bd wel Al =7 £33 Fbsied,
olo} o] A AzE M FAAN A Had
g% gAY Fr7t adE HE A Yelg A
oith. o]RoZ Fig. 74 Uetyd Asagd ma
AZ 2BH F7te] A%e 498 + Ao

ol A#E F§3Y, B33 FA9 Fiig
33t3 sl o MF @Ed Frle Auzg
o 3N, HA A3EF FAd W AF W AF
S Huge A E AgE el o g
Yehdi = 349 Hele Atz Ade 98 a8
Z7d ot & AEE Jdeh e, ole A3z
AEe Haggd o8 Ay g iy F2
7t A48 "Rl

323 #AMTLS HE

7] Fel =28 ¢FvE ¥§F FAdE U
3] gk 2t 43} (natural oxide)o) FAS &),
AlMgl AWM e duds FHogRE 1 %=
Ae o} 4nm=Z A 2EA o, 0.1M Na,SO, €9
Well A Hg/HgSO, 71&RFd dia) < -1,300mV
o] FAAH7 FF=AT. e FNE 5F
o2 ¥F B AN d3lFd s @F0



Azlsety dAdx 44 @ FRuE Ao T2

54 et 173

-700

o . 20V
-800 13 \\ el . 109 v

-900 / -
-1000
-1100
-12004 /
-1300 / ‘
1400 ~

0 200 400 600 800

d, [nm]

E_orr [MV, vs. Hg/HgSO,]

Fig. 8. Corrosion potential (E.,,) of the oxide
layer formed in 1M H4PO, with 40V or 109V at
room temperature.
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Fig. 9. Schematic correlation between corrosion
potential (E.,,}, pore resistance (R,), thickness
of barrier layer (d,) and total thickness of oxide
layer (d,).
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