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Table 1 Chemical compositions of alloy steel W/%

C Al Si Co Mn Cu P Nb

S Ti Cr \% Mo w Ni Fe

0.0043 0.0037 0.5510 <0.0020 1.3200 0.0087 0.0097 <0.0020 0.0015 0.0014 9.6400 0.0997 12200 <0.0150 0.0139 87.1000

W is mass fraction.
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Fig. 1 Schematic diagram of steel specimen
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Fig. 2 Ecom Rp and I, curves during the passivation stage of alloy steel in CH, LC, and ST simulated solutions
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Fig. 3  EIS diagram of alloy steel specimens in CH simulated solution
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Fig. 4 EIS diagram of alloy steel specimens in LC simulated solution
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Fig. 5 EIS diagram of alloy steel specimens in ST simulated solution
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Table 2 EEC fitting results of EIS parameters in the CH simulated solution

Sample Ry 2 CP}nEI, Qi CPE1, af R/ 2 CP]nE2, Qi CPE2, of R/ 2 Chi- 2
(Q-cm”) (S's"-cm 7) [0<o<1] (Q-ecm”) (S's"-cm 7) [0<a<1] (Q-cm”) squared (")
0d 13.21 1.03x1077 0.965 4 32.96 7.58x107° 0.892 1 2.53%10° 4.52x107*
1d 5.913 3.60x107 0.958 5 25.95 6.80x107° 0.918 6 4.61x10° 1.06x107
2d 7.661 3.05%107 0.945 4 34.12 6.45x107° 0.927 5 6.43x10° 1.46x107
3d 8.204 1.97x1077 0.956 9 33.93 6.32x10°° 0.9272 1.08x10° 4.28x107*
4d 9.897 3.04x107 0.9514 31.03 6.24x107° 0.928 0 1.27x10° 3.85x107*
5d 7.837 1.84x1077 0.958 5 39.59 6.10x10°° 0.928 6 1.52x10° 4.06x107*
6d 11.92 1.46x1077 0.948 6 30.29 6.10x10°° 0.928 3 1.67x10° 3.51x107*
7d 7.104 9.18x107" 0.978 7 28.42 6.04x107° 0.928 6 1.93x10° 6.01x107*

R represents the resistance of the simulated solution. R is the resistance of the passivation film. Ry is the charge transfer resistance. The constant phase angle element

CPEI is related to the characteristics of the passivation film; CPE2 is a double-layer capacitance formed at the interface between steel reinforcement and solution.
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Table 3 EEC fitting results of EIS parameters in the LC simulated solution

Sample Ry 2 cplnal, Qi CPEL, af R/ 2 cplnzz, Qi CPE2, of Re/ 2 Chi- 2
(Q-cm”) (S's-ecm ™) [0<a<I1] (Q-cm”) (S's"-cm™) [0<a<1] (Q-cm”) Squared(y")

0d 15.76 4.90x1077 0.9527 17.25 7.07x107° 0.878 7 1.72x10° 1.78x10°*
1d 4555 6.81x10” 0.946 7 16.64 7.61x107° 0.903 9 3.51x10° 5.95x10°*
2d 4927 6.19x10” 0.909 7 15.83 7.22x10°° 0.9255 5.59x10° 4.82x10°*
3d 3.760 3.78x10” 0.883 2 18.04 6.88x10° 09111 9.13x10° 3.31x10™*
4d 5.592 4.14x107" 09125 19.13 6.77x10°° 0.909 2 1.02x10° 3.58x10*
5d 5.583 2.96x1077 0.926 4 19.15 6.96x10° 0.909 8 1.11x10° 5.41x107™
6d 5.790 4.66x1077 09126 16.54 6.57x10°° 0.8917 1.27x10° 3.21x107
7d 4982 4.02x107 0.9123 17.28 6.45x107° 0.897 4 1.47x10° 3.55x10°*

4 ST ST BHIER G &89 EIS 245
SRR A AR, R R EUE () 100 &= 107
2], R\HERBEEEFYIE. 75 ST B,
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Table 4 EEC fitting results of EIS parameters in the ST simulated solution

Sample Ry 2 CP1n~:1, Qi CPE1, af R/ 2 cpfz, Qi CPE2, af Re/ 2 Chi- 2
(Q-cm”) (S's™em ) [0<a<1] (Q-cm”) (S's"-cm 7) [0<a<1] (Q-cm”) Squared(y”)

0d 4.019 2.65%107° 0.9232 18.54 1.51x107* 0.868 4 420x10* 5.67x107
1d 6.963 3.67x10°° 0.9557 16.59 1.11x10™* 0.900 1 1.76x10° 1.86x107
2d 1.180 1.99x107° 0.887 0 3.008 9.76x107° 0.8176 2.45x10° 5.18x107
3d 1.072 521x10°° 0.8932 5.394 8.13x10°° 0.902 2 3.99x10° 1.55x107*
4d 1.429 2.27x107° 0.949 4 5.982 8.73x107° 0.894 9 4.70x10° 2.46x107
5d 2.243 3.22x107° 0.879 0 2.699 9.14x107° 0.8809 5.61x10° 2.63x107
6d 4216 2.52x107 0.748 7 12.98 7.99x107° 0.905 3 9.05x10° 3.64x107*
7d 1.540 6.02x10°° 0.853 1 6.250 7.81x107° 0.8972 1.39x10° 1.89x107°
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Table 5 Thermodynamic data of the species considered

Species AG /(kJ'mol™) Species AG /(kJ-mol™)
Cro, —529.59 crt -161.89
Cr,05 ~1056.78 cr*t -198.36
Cr(OH), -576.22 HerO, ~757.69
Cr(OH); —847.32 Croy —724.55
FeO 24428 Cr,07 ~1296.10
Fe,03 ~743.16 Cr(OH)*" ~609.05
Fe;04 -1012.79 Fe** —78.91
Fe(OH), —487.19 Fe** -17.19
Fe(OH); ~703.59 FeCr,04 ~1345.13

AG is Gibbs free energy.
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Extended Abstract

Introduction As the issue of steel corrosion in reinforced concrete structures becomes increasingly severe, enhancing their
durability has become crucial. Therefore, the application of highly corrosion resistant steel, such as stainless steel and corrosion
resistant alloy steel, is an effective countermeasure. However, the durability of steel in concrete is influenced by numerous factors,
and its corrosion mechanisms exhibit long term and complex characteristics. The use of simulated concrete pore solution methods in
research simplifies influencing factors and shortens the research cycle, thus being widely applied in academic studies. In modern
construction practices, to meet low carbon and environmental requirements, a large amount of mineral admixtures is often added to
cement. However, the use of these admixtures can cause fluctuations in the pH value of the concrete pore solution, thereby affecting
the stability of the passivation film on the steel surface and increasing the risk of steel corrosion. Therefore, this study aims to
investigate the passivation behavior and evolution of Crl0Mo alloy steel in simulated concrete pore solutions with different pH
values.

Methods Steel was machined using a controlled lathe to produce rebar electrode discs with a diameter of 16 mm and a thickness of
10 mm. The bottom surface of the rebar was used as the working surface, with a working area of 2.01 cm? All other non-working
surfaces were sealed with epoxy resin. Each experiment utilized three rebar electrode discs as parallel samples. The working surfaces
were gradually polished to a mirror finish using 400 #, 800 #, 1200 # and 2000 # silicon carbide sandpaper, then cleaned with
deionized water, followed by an alcohol wash to remove grease. After drying, the discs were immediately placed into the standard
corrosion cell. This procedure was repeated to polish a total of nine rebar electrode discs.

The electrochemical measurements were conducted using a classical three electrode system. The rebar electrode served as the
working electrode, the saturated calomel electrode was used as the reference electrode, and a platinum electrode was employed as the
auxiliary electrode. All measurements were performed at a laboratory temperature of 20 ‘C. The parameters selected for the linear
polarization resistance test were as follows: the scanning potential was 10 mV vs. OCP, and the scanning rate was 10 mV/min. The
EIS test parameters were as follows: the perturbation voltage was a sine wave signal with an amplitude of 10 mV, and the scanning
frequency range was from 10 mHz to 100 kHz.

Results and discussion The OCP and LPR test results indicate that in the CH simulated solution with the lowest pH value, alloy
steel exhibits the lowest corrosion tendency after passivation. In the higher pH LC solution, corrosion tendency slightly increases,
while in the highest pH ST solution, it is the highest. The R, and I, values are as follows: CH solution at 1100 kQ-cm?> and 0.047
pA/cm?, LC solution at 806 kQ-cm? and 0.064 pA/cm?, and ST solution at 534 kQ-cm? and 0.097 pA/cm? Thus, the passivation
performance ranks as CH > LC > ST, indicating that lower pH conditions lead to a more stable passivation film, effectively
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preventing further corrosion. EIS and equivalent circuit fitting results show that the CH simulation has the best passivation effect,
with its a value and R, value surpassing those of the LC and ST simulated solutions, highlighting its superior passivation performance.
Additionally, the electrochemical behavior of the rebar samples in different environments reveals that the integrity and
electrochemical protection capability of the passivation film are closely related to the pH value. Comprehensive investigations,
including Pourbaix diagrams, Gibbs free energy analysis, and the passivation reaction process of chromium, indicate that the selective
transformation of Cr(OH); to Cr,O; or CrO; in the passivation film influences its stability at lower pH values. Specifically, at lower
pH values, Cr(OH); tends to convert to Cr,0;, forming a denser passivation film, thereby enhancing the passivation performance of
the alloy steel. Conversely, under higher pH conditions, some Cr(OH); may convert to the less stable CrO;, leading to a decrease in
the stability of the passivation film and weakening its protective effect.

Conclusions Regardless of the pH conditions, alloy steel can spontaneously form a gradient passivation film consisting of an inner
layer of Cr,0; and an outer layer of Fe,O;. As the solution pH decreases, the content of Cr oxides/hydroxides in the passivation film
increases, resulting in a denser and more stable film structure. The passivation performance of the alloy steel improves with
decreasing pH value, primarily due to the selective transformation of Cr(OH); to Cr,O3 or CrO; in different pH environments. At
lower pH values, the I, of alloy steel significantly decreases, and R, significantly increases, indicating better formation and stability
of the passivation film. In different pH simulated solutions, the passivation performance of the alloy steel follows the order: pH
12.4(CH) > pH 12.9(LC) > pH 13.5(ST).

Keywords alloy steel; passivation; pH values; simulated concrete pore solutions; electrochemical



