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6.4. DISCUSSION 

In the solutions dominated by Cl- the evolution of the corrosion process can be directly observed 

since the additional anions present in the other solutions do not obscure the changes on the 

surface due to corrosion. Due to the prior exposure of the specimens to a humid laboratory 

atmosphere the surfaces are already visibly corroded prior to first immersion. The dominant 

surface corrosion layer is γ-Fe2O3 and some areas of the surface, possibly those associated with 

pearlite grains, are already visibly more corroded than others.  

Over the first ~50 days this γ-Fe2O3 disappears most likely via its reduction driven by galvanic 

coupling to the corroding steel substrate. This would be consistent with the claims of Stratmann 

et al. [31] who proposed that in anoxic environments, such as periods of high water content in 

the pore structure of rusts formed during wet/dry cycling, the dissolution of iron metal is 

balanced by the reduction of FeIII oxides within the rust layers. In our experiments this reductive 

dissolution of the FeIII oxides could occur in the acidic conditions (6.3 ± 0.5) used which, 

according to Stratmann et al. [31] would lead to the reduction of γ-Fe2O3 to Fe3O4 via the 

following mechanism: 

 𝐹𝑒 → 𝐹𝑒2+ + 2𝑒− (6-81) 

 4𝛾 − 𝐹𝑒2𝑂3 + 𝐹𝑒2+ + 2𝑒− → 3𝐹𝑒3𝑂4 (6-82) 

 

At the pH used in our experiments the solubility of Fe2+ would be high, which would kinetically 

favour reaction 6-82. In addition, this is facilitated by the similarity in crystal structures of the 

two oxides. Both exhibit inverse spinel structures in which the O2- sub-lattices are almost 

identical, the only difference being the slightly different octahedral and tetrahedral holes 

occupied by the Fe2+/Fe3+ cations [31, 32].  

After ~100 days, Fe3O4 is the dominant surface phase and appears to be present as a uniformly 

distributed film. Also, only minor amounts of deposited oxide are observed over moderate 

exposure periods (up to ~250 days) but a significant deposit accumulates over extended 

exposure periods. These observations are not unexpected since the Fe2+ solubility is quite high 

at pH 6.3. 

Corrosion appears to be preferentially located at pearlite grains, the cross-sectional analysis of 

the samples exposed for extended periods of time (252 to 910 days) showing the remnants of 
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Figure A-81: SEM micrographs recorded on a specimen surface after 14 days of exposure to 

solution (iv) showing: (a-f) regions in which the underlying surface morphology remains visible; 

(g-i) a region of significant crystal coverage. 
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Figure A-82: SEM micrographs recorded on a specimen surface after 28 days of exposure to 

solution (iv) showing: (a-c) a region of significant crystal coverage; (d-i) two regions where the 

underlying surface morphology is visible. 
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