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Figure 1.1.  Breakdown of corrosion costs in Japan in 1997, estimated with the Uhlig method. 
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Figure 1.4.  Polarization curve of current versus overpotential for the system in Eq. 1.1. 
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Figure 1.5.  Schematic illustration of local cell reactions at an iron substrate/acid solution 

interface.  
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Figure 1.6.  Tafel plots for the dissolution of iron and the reduction of hydrogen. 
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Figure 1.7.  Potential-pH (Pourbaix) diagram for the system iron-water at 298 K, considering 

only Fe, Fe2O3, and Fe3O4 as solid substances.  
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Figure 1.9.  Emission of photoelectron by incident X-ray. 
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Figure 1.12.  Schematic illustrations of (a) meniscus and (b) gasket type micro-capillary cells.  
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Figure 2.1.  Annealing condition for polycrystalline iron substrate. 
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Figure 2.5.  (a) Stereographic projection for the formation of an IPF of a sample ND; (b) {1 2 2} 

and (c) {1 2 3} planes are perpendicular to the sample ND; (d) IPF color-coded map of the unit 

triangle for a sample with cubic crystal symmetry.  
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Figure 2.6.  EBSD IPF map of a typical polycrystalline iron specimen. 
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Figure 2.7.  Optical micrographs of (a) total image, (b) ground, (c) feathered, and (d) glued tip 

of the glass capillary.  
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Figure 2.8.  (a) Schematic illustration of a micro-Ag/AgCl reference electrode and (b) 

potential-time transients of the electrode against the commercial Ag/AgCl reference electrode; the 

potentials were measured on several different days after the micro-electrode was fabricated.  
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Figure 2.9.  (a) Photograph and (b) schematic setup of the MCC. 
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Figure 2.12.  Concept of the calculation of optical interference caused by the bi-layered thin film 

on a substrate.  
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Figure 2.16.  (a) Photograph and (b) schematic setup of the electrochemical cell designed for in 

situ 2D ellipsometry.  
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Figure 3.1.  Optical images of capillary tips: (a) C1, (b) C2, and (c) C3. 
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Figure 3.4.  SEM images of the surface of iron (a) {0 0 1}, (b) {1 0 1}, and (c) {1 1 1} grains 

after the potentiodynamic polarization until 1.1 V (RHE). 
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Figure 3.7.  High magnification SEM image of the grain boundary in the {0 0 1}/{1 1 1} 

bi-grain electrode (a111 = 0.88) after the potentiodynamic polarization with the capillary C1; the 

upper left part is the {0 0 1} grain and the lower right part is the {1 1 1} grain.  
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Figure 3.8.  Electric charge densities qa and qp consumed in active and passive states, 

respectively, and length of a grain boundary LGB in bi-grain electrodes as a function of a111; the 

values of qa and qp were obtained from the integration of the polarization curves shown in Fig. 3.5 

in potential ranges from Ecorr to 0.76 V (RHE) and from 0.76 to 1.46 V (RHE) respectively.  
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Figure 3.10.  (a, b) Optical microscopic images and (c, d) SEM images of the iron {1 1 1} grain 

surface after potentiodynamic polarization by the MCC with (a, c) capillary C1 and (b, d) C2.  
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Figure 3.13.  Equivalent electronic circuit used to fit the EIS data, where Rct is charge transfer 

resistance, Rel is electrolyte resistance, and CPE is used instead of a capacitor. 
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Figure 4.1.  (a) Inverse pole figure map of the substrate iron surface and (b) optical image of the 

iron surface after thermal oxidation at 573 K in air for 1 h.  
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Figure 4.2.  (a) Optical model of interference of light caused by a thin film on a flat substrate; 

(b) relation between the thickness of a thin film d and the color of the thin film caused by 

interference of light.  
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Figure 4.4.  SEM SE images of the oxidized surface of iron (a) {0 0 1}, (b) {1 0 1}, and (c)   

{1 1 1} grains.  

 

 




















































































