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Atmospheric corrosion poses a significant threat to durability of metallic materials and safety of struc-
tures, making precise prediction of corrosion rates crucial in industrial and engineering settings. Under-
standing the exact rate of corrosion is essential. However, accurate inclusion of various environmental
factors that can influence atmospheric corrosion in the calculation of corrosion rate is a complex chal-
lenge. This study introduces a physics-based model that incorporates electrochemical methods and con-
siders active surface area affected by surface contaminants to estimate atmospheric corrosion rate of
carbon steel. The model can evaluate corrosion levels using key factors such as chloride deposition rate,
relative humidity, and the presence of surface particles. By integrating these considerations, this model
moves beyond empirical estimations, providing a more stable prediction of corrosion rate that is less sus-
ceptible to environmental variations. This model provides a robust tool for defense applications, offering
precise insights into the dynamics of atmospheric corrosion that could enhance the maintenance and safety

of weapon systems.
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ATMOSPHERIC CORROSION MODEL OF CARBON STEEL CONSIDERING RELATIVE HUMIDITY, CHLORIDE DEPOSITION

RATE, AND SURFACE PARTICLES
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Electrolyte (NaCl solution)

1 t

Boundary 1: Working Electrode (Iron)

Boundary 2: Reference Electrode

Fig. 1. Scheme of 1D iron corrosion model
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Fig. 2. Conceptual illustration of corrosion at active area
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Fig. 3. Flowchart of corrosion model
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Table 1. Parameters used in derivation of dose-response
function

Symbol Description Interval Unit
T Temperature -17.1-28.7 °C
RH Relative Humidity 34-93 %
P, SO, deposition 0.7-150.4 mg/(m*d)
S, CI” deposition 0.4-760.5 mg/(m*d)
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Fig. 4. Electrochemical modeling result (a) raw data (b) log
scale
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Table 2. R? values for ROKAF and USAF data, and the combined dataset

Model
Data
1SO 9223 n=100 n =300 n=>500 n=700 n =900
ROKAF -0.9683 -0.4242 0.1387 0.3405 0.4217 0.4846
USAF -2.0202 -1.0079 -0.2947 -0.0428 0.0711 0.1829
Combined -1.2418 -0.4914 0.0389 0.2261 0.3107 0.3936
Table 3. RMSE values for ROKAF and USAF data, and the combined dataset
Model
Data
1SO 9223 n=100 n =300 n=>500 n="700 n=900
ROKAF 54.4418 46.3091 36.0133 31.5134 29.5085 27.8584
USAF 312.0775 254.4605 204.3271 183.3780 173.0760 162.3289
Combined 280.1904 228.5367 183.4640 164.6227 155.3654 145.7249
= 233 AL vy Zrh ' [
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[ Global
Vo= 32. 24CD°382Jexp(O 01945RH) [g/(m a)] (14)
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s 9 v Ae S T Atk

ron=4.097CD"*exp(0.01945RH) [um/a] (15)
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Sensitivity

Fig. 7. Sensitivity analysis of corrosion rates for physics-
based model and ISO 9223
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