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Condensation of acidic liquid phases with subsequent corrosion was found to be a critical 
corrosion mechanism in simulated flue gases with elevated concentrations of impurities as 
possible in the CCS process chain [Kranzmann et al., 2011]. Both sulphur and nitrogen 
oxides can form acids together with water. The identification of heterogeneous corrosion 
products formed on steel samples exposed to CCS gas mixtures and the mechanisms 
behind is not trivial. X-ray and electron diffraction techniques are limited to crystalline 
corrosion products while resolution of energy or wavelength dispersive spectroscopic tools is 
not sufficient to analyze chemical compositions of porous or thin microstructures. 
Comparison of morphological characteristics might help to obtain information about corrosion 
mechanisms.  

A simple approach was conducted in the present investigation to roughly simulate dew point 
corrosion by adding 10 µL of various defined acidic solutions to the centre of ground steel 
surfaces. Corrosion kinetics, corrosion behaviour, droplet expansion, and gravimetric 
changes were monitored. A data base providing morphological macro- and microscopic 
structures of corrosion products formed under defined conditions was the major aim of this 
investigation. 

 

Figure 1: Macroscopic bright field images of steel (L360NB) surfaces after contact with 10 µL 
of acidic solutions of hydrochloric acid (1st column), nitric acid (2nd column) and sulphuric acid 
(3rd column) as concentrated solution (1st row), 1+1 mixture (2nd row) and 1+5 mixture (3rd 
row) with deionized water. 



Macroscopic morphologies of corrosion zone induced by a small droplet of acidic solution are 
shown in Figure 1. The expansion of the liquid phase significantly varies for different acids. 
The size of the corrosion zone is similar for different concentrations of hydrochloric acid. Acid 
concentrations of nitric acid and sulphuric acid reveal different areas of the influence zone. 
Nitric acid mixed with deionized water (1+5) only slightly expanded, while the largest 
corrosion zone was observed for sulphuric acid mixed with water (1+1). Effects of acidic 
vapours were only observed with hydrochloric acid and nitric acid while the ground steel 
surface was unaltered when sulphuric acid was added. Topographic details of the corrosion 
zone are recorded with an optical profilometer. 

 

Figure 2: Exemplary scanning electron microscopic images of microstructures formed in the 
presence of hydrochloric acid (1st column), nitric acid (2nd column) and sulphuric acid (3rd 
column) as concentrated solution (1st row) and as mixture (1+1) with deionized water (2nd 
row). 

Exemplary microscopic structures found on the steel (L360NB) samples are shown in Figure 
2. Concentration gradients at different radiuses lead to varying boundary conditions that lead 
to a variety of corrosion products. The corrosion leads to dissolution of iron into the droplet 
and depletion of acids. Therefore the pH value is expected to decrease with increasing 
radius. Diffusion of dissolved iron through the expanding liquid phase with super imposed 
gas exchange from and into the gas phase is difficult to describe. Furthermore the thickness 
of the liquid film and the proportions of liquid to solid phase vary. Concentrations and pH 
gradients therefore lead to excess of different solubility products of minerals. 

Corrosion products formed in the presence of sulphuric acid have a clear crystalline shape 
while no crystalline structures were found in the presence of nitric acid. Some observations 
are in good agreement with corrosion products formed in experiments with gaseous and 
supercritical carbon dioxide. 
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