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Figure 1 (A) The I-V curves at a constant scanning rate of 0.1 V-s (the dotted line is the repeated experiment data); (B) the corre-

sponding /-T curves of iron foil when anodized at different potentials. (color on line)
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Figure 2 Top view (A-C) and sectional view (D-F) of iron oxide film obtained after 20 min of potentiostatic anodization at 10 V (A

and D), 16 V (B and E), 20 V (C and F).
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Figure 3 Schematic diagram showing the morphological evolution of iron oxide film during potentiostatic anodization at three po-

tential intervals. (color on line)
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Figure 5 Top view (A-C) and cross-sectional view (D-I) of iron oxide film obtained after 20 min at 30 V (A, D and G), 40 V (B, E
and H), 50 V (C, F and I), where (D-F) is the cross-sectional view at high magnification.
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Figure 7 Morphologies of iron oxide film obtained by anodizing iron foil at a constant potential of 50 V for (A) 10 s, (B) 30 s, (C)

300 s, (D) 600 s; (C) The inset in (C) is a cross-sectional view of the corresponding time.
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Formation and Morphological Evolution of
Nanoporous Anodized Iron Oxide Films

Jin-Wei Cao, Nan Gao, Zhao-Qing Gao, Chen Wang,
Sheng-Yan Shang, Yun-Peng Wang’, Hai-Tao Ma’
(School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, Liaoning, China)

Abstract: The preparation of iron oxide films with nanoporous structure by anodization has attracted much attention for its po-
tential applications. However, the formation mechanism of porous structure during anodization is still unclear. In this paper, the
composition of anodic current during the formation of nanoporous anodized iron oxide film was analyzed in combination with the
current density-potential response (I-V curve) and the derivation of Faraday’s law. The results showed that the anodic current consist-
ed of an ionic current (leading to the migration of ions to form oxide) and an electronic current (leading to the oxygen evolution), and
the formation of the nanoporous anodized iron oxide film was correlated with the ratio of the two currents. Only when the potential
was higher than a certain critical potential (20 V under the present experimental conditions), the ionic current to electronic current
could maintain a proper ratio, and the precipitated oxygen promoted the formation of nanoporous structures. Otherwise, the an-
odized iron oxide film existed in the form of an irregular loose layer or a dense layer. However, at relatively high potential of an-
odization (e.g. 50 V in this experiment), the electronic current might accounted for a large proportion of the total current, which was
not conducive to the increase of nanoporous anodized iron oxide film thickness. In addition, the dense film covered on the nanopore
channels at the initial stage of anodization, as well as the cavities between segmented oxides, indicated the possible evolution of
oxygen bubbles inside the oxide film. And the cations and anions achieved mass transfer around the oxygen bubbles, leading to the
formation of the nanoporous anodized iron oxide film. Further, during the morphologic evolution of the anodized iron oxide film,
the pore size of the surface increased with the time of anodization, which may be related to the dissolution of the oxide on the sur-

face by prolonged erosion in the electrolyte and the continuous outward spillage of oxygen bubbles punched out the surface oxide.

Key words: nanoporous; iron oxide; anodization; critical potential; oxygen bubbles
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