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Evaluation of Corrosion Behavior of Railway Axle Material (RSA1) in

Seawater
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'Korea Railroad Research Institute.
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Abstract In this study, we evaluated corrosion behavior of a common rolling stock axle material, RSA1, in seawater.
3-electrode electrochemical cell experiment was conducted using artificial sea water, fabricated according to
ASTM-D1141 set by American Society for Testing and Materials, where the corrosion current density and corrosion
rate were determined to be 18.3 pA/cm2 and 0.217 mm/yr, respectively, by employing potentiodynamic test method
and impedance spectroscopy method. Considering the fact that life time of railway car is ~25 years, the expected
corrosion layer depth is Smm. Constant-current corrosion test was conducted to accelerate the corrosion process, to
reach corrosion periods of 1,3 and 4 years based on Faraday’s law, followed by tension tests where the reduced
specimen gauge cross-section was re-measured for stress calculation. While no apparent corrosion-related changes in
mechanical properties were observed in the elastic regime, the reduction in ductility of the material was found to be
increased as the corrosion period increased. The results of this study are expected to be basic corrosion data for the
design of rolling stock axles, which will be operated in the sea water environment.
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Society for Testing and Materials, ASTM)°ll A #7443t
ASTM-D11419] 3i@sl= g5 AHgatlom, &
Aol g}etxd-S Table 20 YERARITE

Table 2. Chemical composition for artificial sea water
(g./L) according to ASTM-D1141.

NaCl|MgCl,|Na,SO4 CaCl,| KCl [NaHCOsl KBr [H3;BOjs| SrCl, | NaF
245152014191 11610661 020 [010100310.0310003
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(2) Working electrode specimen preparation

(1) Specimen polishing

Fig. 2. Sample preparation procedure and connection
setup for a three-electrode-cell electrochemical

experiment
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Fig. 3. Electrochemical potentiodynamic tests
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Table 3. Electrochemical parameters from the
potentiodynamic graph are given. G and &
correspond to Tafel slopes(mV/decade) for
the oxidation and reduction curves,
respectively.

No. G yes Ecor corr C. R

(mV/dec.) | (mv/dec.) | (mVscg) | (1A/cm”) | (mm/yr)
1st 924 577 =747 17.57 0.203
2nd 94.4 570 -749 17.63 0.204
3rd 93.2 559 =747 17.82 0.206
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Fig. 4. Nyquist plot for 3 repetitive tests. The x-axis
and y-axis correspond to real-part impedance
and imaginary-part impedance, respectively.
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Fig. 5. Equivalent circuit for the analysis of the
impedance spectroscopy method. RE. and
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working electrode, respectively. R, Rust, R,
CPE represent solution resistance, rust
resistance, charge-trasnfer resistance and
constant phase element, respectively.

Table 4. Electrochemical parameters from the
impedance Spectroscopy method.
N Rs Riust Ret R, fcorr CR.
0. 2. 2. 2. 2. 2;
(Qem’) | (Qem’) | (RQem’) | (Rem’) | (W/em') | (mm/yr)

Ist 2.9 33 1523 1526 19.9 0.231
2nd 2.6 1.6 1565 1566 19.0 0.220
3rd 2.8 5.5 1522 1527 20.5 0.237
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Table 5. Diameter measurement after accelerated
corrosion tests.

Diameter Reduced
per Year (mm)

Reduction in
Diameter (mm)
0.48

Corrosion
Period (yr)
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Fig. 6. Stress-strain curves for railway axle specimens.
The area of the gauge section was re-measured
after removing the corroded layers.
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Fig. 7. Stress-strain curves for uncorroded specimens

having different diameters of gauge section.

Table 6. Summary of yield strength (Y.S.), ultimate
tensile strength (UTS), elongation (E.L.) and
reduction in area (R.A.) as a function of
corrosion periods.

Corrosion | Diameter Y.S. U.T.S.
period (vear)| (mm) (MPa) (MPa) EL(%) | RA(%)
0 6.35 303.9 639.1 31.8 52.9
5 295.1 612.9 30.7 50.2
1 309.9 625.6 259 41.0
3 6.35 303.8 609.5 214 36.0
4 209.45 5601.0 15.5 314
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