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A Study on the Effect of Electrolyte Thickness on
Atmospheric Corrosion of Carbon Steel

Kyeong-Woo Chung and Kwang-Bum Kim

Department of Metallurgical Engineering, Yonsei University

Effect of electrolyte layer thickness and increase in concentration of electrolyte
during electrolyte thining on the atmospheric corrosion of carbon steel were inves-
tigated using EIS and cathodic polarization technique. The electrolyte layer thick-
ness was controlled via two methods : one is mechanical method with microsyringe
applying a different amount of electrolyte onto the metal surface to give different
electrolyte thickness with the same electrolyte concentration. The other is drying
method in which water layer thickness decreases through drying, causing increase
in concentration of electrolyte during electrolyte thinning. In the region whose
corrosion rate is controlled by cathodic reaction, corrosion rate for mechanical
method is larger than that for drying method. However, for the electrolyte layers
thinner than 20~30 m, increase in concentration of electrolyte cause a higher
corrosion rate for the case of the mechanical method compared with that of drying
method. For a carbon steel covered with 0.1M Na;SO,, maximum corrosion rate is
found at an electrolyte thickness of 45~ 55um for mechanical mathod. However,
maximum corrosion rate is found at an electrolyte thickness of 20~ 35xm for dry-
ing method. The limiting current is inversely proportional to electrolyte thickness
for electrolyte thicker than 20~ 30xm. However, further decrease of the electro-
lyte thickness leads to an electrolyte thickness-independent limiting current
reagion, where the oxygen rate is controlled by the solvation of oxygen at the
electrolyte/gas interface. Diffusion limiting current for drying method is smaller
compared with that for mechanica controll. This can be attributed to decreasing in
O, solubility caused by increase in concentration of electrolyte during electrolyte

thining.

Keywords . atmospheric corrosion, concentration build-up, electrolyte thickness, oxygen

solubility, drying.
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Fig. 1. Cells used for the EIS (a) and cathodic po-

larization curve (b).
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Keithley 196 DMM

Fig. 2. Experimental arrangement used for the de-
termination of electrolyte thickness.
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tween Pt needle and sample with the distance be-
tween the two.

micrometer head ﬁ temerature and humidity sensor
4

e—
gas inlet

lamp

P ﬁ cell

ga5 outlet

Fig. 4. Atmospheric chamber used for controlling
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Fig. 5. Nyquist diagram (a) and bode diagram (b)
for carbon steel covered with 0.1M Na,SO, elec-
trolyte thickness adjusted by drying.
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Fig. 6. Plot of corrosin rate of carbon steel cov-
ered with 0.1M Na,SO, vs. electrolyte thick-

ness ; electrolyte thickness adjusted by drying.
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Fig. 7. Cathodic polarization curves on carbon
steel covered with 0.1M Na,SO, ; electrolyte
thickness adjusted by drying.
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Fig. 10. Nyquist diagram (a) and Bode diagram
(b) for carbon steel covered with 0,1M Na,SO,
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Fig. 11. Plot of corrosion rate of carbon steel cov-
ered with 0.1M Na,SO, ; electrolyte thickness
adjusted mechanically.
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Fig. 12. Cathodic polarization curves on a low car-
bon steel under 0.1M Na,SO, ; electrolyte thick-
ness adjusted by mechanically.
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Fig. 13. Diffusion limiting current on carbon steel
covered with 0.1M Na,SO, ; electrolyte thickness
adjusted mechanically.
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Fig. 15. Diffusion limiting current on carbon steei

covered with 0.1M Na,SO, vs. electrolyte thick-
ness (a) and reciprocal of electrolyte layer thick-

ness (b).
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