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Investigating Corrosion Behavior of Hard Coatings of Iron-base Electrodes
Containing Carbide Elements
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ABSTRACT

In this research, using the manual shielded metal arc welding (SMAW) process, a wear-resistant layer was created by
AMA1600v, AMA1622v, and AMA1623v hard coating electrodes on the St37 carbon mild steel, and the effect of the
number of welding passes on the microstructure and corrosion resistance of the coatings was evaluated. For this
purpose, optical microscope, scanning electron microscope (SEM) equipped with Energy-dispersive X-ray spectroscopy
(EDS) and X-ray diffraction (XRD) were used. The results showed a distribution of different carbide deposits in the
microstructure of the coating metals. The deposits were complexs of the carbides of chromium, molybdenum, and
vanadium. The results of the XRD demostrated the presence of martensite, austenite, chromium carbide, and
molybdenum carbide phases in all three coating metals. Tungsten carbide (W,C) was observed only in the AMA1623v
sample. The results of the Tafel polarization test showed that the bare and the 1622v samples had the highest corrosion
current density (15.23 pA/cm? and 7.06 pA/cm?, rspectively) among the under-studied samples, and therefore had the
highest corrosion rate and the lowest corrosion resistance. Also, the results of the test showed that the corrosion current
density of the 1600v sample (6.29 uA/cm?) was higher than that obtained for the 1623v sample (4.80 pA/cm?), which
revealed the lower corrosion resistance of the 1600v sample. In addition, according to the results of the electrochemical
impedance spectroscopy (EIS) analysis, the highest charge transfer resistance and coating resistance with the values of
6.3 kOhm.cm? and 68.5 Ohm.cm?, respectively, belonged to the 1623v sample, which was also proven by the
polarization test. Moreover, the lowest charge transfer resistance and coating resistance among the coated samples with
the values of 2.73 kOhm.cm? and 42.5 Ohm.cm?, respectively, belonged to the 1622v sample.

Keywords: Arc welding, Hard coating electrode, Carbid complexes, St37 steel, Anti-corrosion coating, Fe-Cr-C-X.
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SEMMAG 300kx  WD: 1299 mm
SEM HV. 2000 b Det BSE
Date(michy 112718 Vac Hivac

10um

Element Series unn. C norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]
Carhon Kseries 556 6.13 22.86
Aluminium Kseries 1.78 1.96 3.25
Titanium K series 3.97 438 410
Vanadium  Kseries 7.80 859 7.55
Chromium  Kseries 16.86 18.57 15.90
Tron K series 48.94 53.91 43.23
Molybdenum L series 5.87 6.47 3.02
Total: 90.8 %
Element Series unn. € norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]
Carbon K series 439 4.28 17.43
Vanadium Kseries 4.390 428 4.11
Chromium K series 25.99 2538 23.86
Manganese Kseries 0.91 0.89 0.79
Iron K series 37.70 56.34 4931

Molybdenum L series 9.04 8.83 450

Total: 102.4 %

Element Series unn. C norm. C Atom.C
[wt.-%] [wt.-%] [at.-%]
Carbon K series 7.20 839 23.61
Aluminium K series 302 353 535
Titanium K series 773 %01 771
Vanadium K series 042 049 039
Chromium K series 454 530 417
Iron K series 62.87 73.20 53.76
Total: 85.8 %
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Element

Carbon

Iron

cpsiey

Chromium

Molybdenum L series

Series unn. C norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]
K series 343 331 1532
K series 10.33 997 10.67
K series 58.92 56.85 56.67

30.96 29.87 17.33

Total: 103.6 %
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SEM MAG. 500 kx WD 1203 mm
SEM HV. 2000 &V Det BSE
Date(m/dhy): 112918 Vac: HiVac

Element Series unn. C norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]
Carbon K series 419 423 19.08
Vanadium Kseries  17.72 17.8619.01
Chromium Kseries  14.87 14.99 15.63
Iron Kseries 3834 38.64 37.52
Molybdenum L series  5.88 593 335
Tungsten  Lseries 1821 1835 5.41
Total: 99.2 %
Element Series unn. C norm. C Atom. C
[wt.-%6] [wt.-%] [at.-%6]
Carbon Kseries 482 498 21.09
Vanadium Kseries 4.02 415 415
Chromium Kseries 20.82 21.5321.05
Manganwe Kseries 160 1.65 153
Iron Kseries 4797 49.60 45.17
Molybdenum L series 7.68 7.94 4.21
Tungsten  Lseries 9.80 10.14 2.0

Total: 96.7 %

Element Series unn. C norm. C Atom.C
[wit.-%%] [wt.-09] [at.-99]
Carbon  Kseries 562 610 23.00

Titanium  Kseries 3.56 3.87 3.66
Chrominm K series  4.49 ]

Iron

487 424

K series 78.48 85.17 69.09

Total: 92.2 %

VEGAWTESCAN SEM MAG 300 kx
7 SEM HV. 20.00 KV
Date(midy) 1126118 Vac: MiVac
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sheilded metal arc welding (SMAW)

X-ray energy dispersive spectroscopy (EDS)
saturated calomel electrode (SCE)
electrochemical impedance spectroscopy (EIS)
fine grain heat affected zone (FGHAZ)

coarse grain heat affected zone (CGHAZ)

heat affected zone (HAZ)
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