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This study investigated the impact of microalloying with chromium (Cr) and silicon (Si), along with shot
blasting, on the formation of surface oxides and the long-term corrosion behavior of ultra-high-strength
steel in saline environments. X-ray photoelectron spectroscopy revealed that the combined addition of Cr
and Si promotes the development of stable oxides, such as Cr,0; and SiO,. In contrast, Si-only alloys,
despite having a higher Si content, formed less stable oxides like SiO, during the high-temperature anneal-
ing process. Electrochemical tests indicated that the Cr-Si-bearing samples exhibited the highest polariza-
tion resistance and the lowest corrosion current density, although some fluctuations were noted. This is
closely linked to the stable formation of adherent (Fe,Cr)-enriched corrosion products, which can inhibit
the penetration of corrosive species. Although the shot-blasting process initially compromised the stability
of the surface oxide layer, increasing electrochemical reactivity, corrosion resistance gradually improved
over immersion time. In contrast, Si-only samples demonstrated relatively higher electrochemical reactiv-
ity due to the formation of unstable Si-containing Fe oxides, characterized by higher defect levels and
weaker interfacial adhesion to the steel substrate. These findings offer valuable insights into alloy design
strategies for ultra-high-strength steel aimed at enhancing surface stability and long-term corrosion resis-

tance in chloride-rich environments.
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Table 1. Chemical compositions (Wt%) of the tested samples
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Fig. 1. Equivalent circuit model of the metal/solution
interface
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Fig. 2. High-resolution XPS spectra of the four samples: (a) Fe 2p,,; (b) Mn 2p; (c) Cr 2p; (d) Si 2p
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Fig. 3. (a) EIS Nyquist plots of the six samples measured
after 2 hr of immersion in 3.5% NaCl solution; (b) Variation
in R, of the three non-shot-blasted samples with immersion
time; (c) Variation in R of the three shot-blasted samples
with immersion time
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Fig. 5. Cross-sectional FE-SEM images and EDS elemental distribution maps of the six tested samples after four weeks of
immersion in 3.5% NaCl solution: (a) Cr-Si; (b) Cr-Si SB; (¢) Si-L; (d) Si-L SB; (e) Si-H; (f) Si-H SB
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G vty nked A ek HEIANE, 23 /Pl Askd & Q& Zlow ddsilt
=5 FAES 7097ke] A7) Az (18101 2. JA718e A A 24 Ay Ot siel 59 A
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L= 2t 5 UERler, o= 7] 4% g4 Akl =4
A, Cr B Sif] 59 AArhs 2= AL i ) olF A AUst B E SP0 Qs
<37 T A At FARES, s B2 T 9 TR HRE Alste] A71A]l A F
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