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Abstract: This study aims to investigate the passivation behavior and mechanisms of low carbon steel in concrete
pore solutions with different pH values. Through open circuit potential, linear polarization resistance, electroche-
mical impedance spectroscopy and Time-of-flight secondary ion mass spectrometry (ToF-SIMS) analysis, the
effect of pH on the passivation behavior of low carbon steel was examined in detail. The results showed that in satu-
rated calcium hydroxide (CH) solution with low pH, the polarization resistance (R,) increased slowly and finally sta-
bilized at 120 kQ-cm?, and the corrosion current density (I.,,,) remained at a high level of 0.15 pA/cm?. It shows that
the CH solution has no obvious effect on the passivation of mild steel; While in the saturated Ca(OH),+
0.1NaOH+0.3KOH (ST) solution with a higher pH, the capacitive reactance arc changes significantly within one day,
indicating that it passivates within one day. Regardless of the pH value of the concrete simulation solution, mild

steel can spontaneously form passivation film, and its surface passivation film went through the process from rapid
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initial growth to the later gradual stabilization. pH value is a key factor to promote the passivation of mild steel and

there is a positive correlation with the performance of the passivation film, the thickness of the passivation film in

the CH solution increased from the initial 1.930 nm to 3.733 nm, and the thickness of the passivation film in ST solu-

tion increased from 4.786 nm to 9.187 nm in one day in ST solution, indicating that the passivation film thickness

tends to increase with the increase in pH of the simulated solution to form a more stable passivation film, which

leads to the enhancement of its passivation performance.

Keywords: low carbon steel; passivation; pH values; electrochemical; concrete
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C Si Mn S P Fe

0.2 0.55 1.42 0.028 0.026 97.776
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Fig.1 Corrosion potential curves of steel specimens in the passivation
stage in saturated calcium hydroxide (CH), deionized water (LC) and
solutions with certain ratios of calcium hydroxide, sodium hydroxide and

potassium hydroxide (ST)
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Fig.2 Polarization resistance (R,) (a) and corrosion current density (I,y) curves (b) of steel specimens

in the passivation stage of CH, LC and ST solutions
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Fig.3 Nyquist, Bode and Phase plots of steel specimens in passivation phase and their equivalent circuit fitting results in CH, LC and ST solutions
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Table 2 Fitting results of EIS data of steel specimens

Solution  Time/d R/ CPEL Q/ CPEL a/ R/ CPE2, Q/ CPE2, af R Chi-squared
(Q-cm?  (S:s™cm™) [0<a<1] (Q-cm?  (S-s™cm™) [0<a<1] (Q-cm?)
0 30.99 0.000181 0.8801 3524 0.00007947 0.6681 37 950 1.62x107°
1 34.79 0.0006243 1 4439 0.0001044 0.6391 79 980 4.18x107
2 30.94 0.0001127 0.8815 5494 0.00004949 0.6548 117 700 4.44x10™
3 33.37 0.0001092 0.8853 4838 0.00004493 0.6353 155 900 6.45x10™*
4 32.86 0.0002026 0.8861 5367 0.00004023 0.6493 186 520 5.36x10™*
CH 5 29.14 0.0009702 0.8869 6 947 0.00003695 0.6698 225 400 4.11x10™*
6 31.38 0.0001019 0.8840 7993 0.00003565 0.6095 218 800 7.27x107*
7 29.54 0.0009796 0.8898 7 881 0.00003274 0.6943 284 900 5.77x10™*
8 30.53 0.0009453 0.8914 7976 0.00002633 0.6764 316 300 1.07x10™
9 33.21 0.0008241 0.9017 7023 0.00002888 0.6980 367 900 1.69x10°°
10 31 0.0008867 0.8954 8 369 0.0000271 0.6853 338 700 1.67x107°
0 26.88 0.00007963 0.9061 68 810 0.0001285 0.8469 55570 1.76x107°
1 29.81 0.00008169 0.9162 49 580 0.00003099 0.8537 80470 3.31x1073
2 27.02 0.00008597 0.9147 34970 0.00003930 0.8694 96 460 1.57x107°
3 27.35 0.00007808 0.9202 35500 0.00001436 0.9261 71310 8.15x10™
4 28.73 0.00007633 0.9234 25330 0.00001419 0.8907 78 030 1.06x10™*
LC 5 29.51 0.00003119 1 13 280 0.00005319 0.8801 1417 000 1.18x107°
6 26.56 0.00007546 0.9189 29 240 0.00001400 0.8347 1114 000 1.39x10°°
7 26.03 0.00007776 0.9115 37 020 0.00002071 0.8937 704 000 1.58x107°
8 29.48 0.00007773 0.9123 31 290 0.00001734 0.8714 2148 000 4.01x1073
9 30.64 0.00007588 0.9165 21900 0.00001732 0.9250 4 468 000 1.22x107°
10 30.25 0.00007609 0.9173 23960 0.000018 0.8852 7 130 000 6.82x107*
0 38.06 0.00007504 0.9183 54 850 0.0000255 0.2326 686 100 9.78x10™*
1 33.09 0.00003052 1 15 580 0.00005107 0.8384 619 000 1.38x107°
2 30.92 0.00003169 1 25 560 0.00004324 0.8214 656 700 1.84x107°
3 29.45 0.00002717 1 12 940 0.00005259 0.8538 741 300 5.99x107*
4 33.62 0.00002766 1 13 730 0.00004696 0.8482 846 000 9.22x107*
ST 5 34.40 0.00007253 0.9229 14 380 0.00001506 0.8328 562 500 1.20x10™
6 35.79 0.00002826 1 14 090 0.00004813 0.8487 988 800 4.91x10™
7 38.06 0.00007504 0.9183 14 850 0.00003524 0.8326 6 861 000 9.78x10™*
8 38.24 0.00002682 1 12 490 0.00005017 0.8504 0.85 1237 000 7.70x10™*
9 31.27 0.00007871 0.9116 13 360 0.00005955 0.7915 1 256 000 7.13x10™*
10 34.21 0.00004021 1 18 620 0.00001925 0.7912 1 145 000 6.35x107

Notes: CPE1, Q—Constant phase element 1, describing the non-ideal capacitance behavior; CPE1, «—Exponent of CPE], indicating
deviation from ideal capacitive behavior; CPE2, Q—Constant phase element 2, associated with surface processes; CPE2, «—Exponent of
CPE2, indicating deviation from ideal capacitive behavior; Chi-squared—Indicator of the goodness-of-fit for the model.
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Table 3 Calculation of passivation film thickness at passivation stage (Unit: nm)

Solution od 1d 2d 3d 4d 5d 6d 7d 8d 9d 10d

CH 2.16 2.252 2.681 2.536 2.693 2.795 2.884 3.287 3.564 3.629 3.757
LC 2.412 2.699 3.285 3.997 3.869 3.789 3.854 3.905 3.881 3.798 3.773
ST 3.572 4.379 4.317 4.296 4.271 4.165 4.137 4.364 4.152 4.312 4.288
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Fig.5 Time-of-flight secondary ion mass spectrometry (ToF-SIMS) results of normal mild steel specimens passivated

for 7 d in CH (a) and ST simulation solution (b)
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