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Corrosion of Various Metallic Materials in Alcohol-HCI-H,O Solutions

Takashi SAKAKI
Tooru ISHII

The corrosion behaviors of carbon steel (SS400), stainless steel(SUS304), titanium (Ti) and zirconium (Zr) in
alcohol-HCI-H,O solutions were investigated by performing electrode impedance measurement , polarization curve
and immersion corrosion test, and the following results were obtained.

Corrosion rate in acidic alcohol solutions increases with decreasing chain length of the alcohol in the following
order ; methanol>ethanol>n-butanol. This finding can be mainly explained by the increase of the dielectric constant
as the physicochemical property . When HCI and H,O were both in alcohol solutions, the corrosion rate of various
metallic materials increased with increasing HCI content, but decreased with increasing H,O content in order to
form the protective passivation film. H,O/H" mol ratio in alcohol solutions is a factor which is very important for the
passivation reaction process of metals . Titanium and zirconium in particular are easily passivated under H,O/H’
>1.5 in methanol solutions and H,O0/H">0.4 in ethanol solutions and consequently their corrosion rates decreased
remarkably.This finding can be used as a corrosion attack prevention method.

Furthermore, the corrosion resistance measured by the electrode impedance correlated closely to the corrosion
rate estimated from the immersion corrosion test of various metals . Therefore, it is found that electrode impedance
measurement is expected to be widely used as a rapid corrosion rate measurement method not only in aqueous

solution but also in anhydrous solution such as alcohol.
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Table 1 Physicochemical properties of water and alcohol at 298K
methanol ethanol n-butanol water
Dielectric constant 32.6 24.3 171 78.5
Solubility of oxygen  [mol/ L] | 9.28X107 | 9.02X10® | 7.89X107 | 1.10X107®
Specific conductivity  [S/cm] | 1.6X107! | 4.3X107% | 5.9X10° | 56X107!
Dynamic viscosity ~ [mPa-S] 0.61 1.19 2.95 1.00
Diffusion coefficient H™ [em?/s] | 1.3X107° | 4.1X10° | 1.1X10° | 87X107°
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Fig.10 Dielectric constant and corrosion rate of carbon steel (SS400) in
primary alcohols different chain length (methanol,ethanol,n-butanol)
with addition of HCI (0.01N,0.1N and 1N) for18ks (5h) at 293K
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Fig.13 Relationship between reciprocal resistance, 1/R
obtained from impedance diagram and corrosion
rate in alcohol-HCI-H,O solutions at 293K

Table 2 Proportionality constant values obtained by relationship between
reciprocal resistance (1/R) and corrosion rate in alcohol-HCI-H20

solutions at 293K

Proportionality constant value K

Metallic material

\% Q-cm? mm/y

carbon steel (SS400)

stainless steel (SUS304) | Calculated as dissolution of M>™

0.0297 345

titanium (Ti)

Calculated as dissolution of M?**

0.274 4769

zirconium (Zr)

Calculated as dissolution of M**

0.0215 047
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