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ABSTRACT: To evaluate the effects of five organic/inorganic inhibitors on corrosion behavior of Q235 carbon steel in simu-
lated concrete pore solution (SCP) containing 3.5% NaCl through the potentiodynamic polarization curve and electrochemical
impedance spectroscopy (EIS). Among of these inhibitors, 0.0015 mol/L D-sodium gluconate shows the best /E, i.e. after soak-
ing for 30 days, Ry and JE reach 282.74x10* Q-cm? and 99.99%, respectively. Therefore, 0.0015 mol/L D-sodium gluconate has
an optimal application value for Q235 carbon steel in simulated seawater concrete pore solution. Results show that there is the
optimal concentration/ratio for each corrosion inhibitor, which significantly improves the pitting potential (£},) and charge trans-
fer resistance (R) of the reinforcement in SCP solution containing CI". The corrosion inhibition efficiency (/E) increases with
the immersion time.
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Fig.1 Potentiodynamic polarization curves of Q235 carbon steel soaking in SCP solution with different concentration of single
component corrosion inhibitors for 2 h: a) D-sodium gluconate; b) zinc gluconate; c¢) sodium pyrophosphate
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Tab.1 Fitting parameters of potentiodynamic polarization curves of Q235 carbon steel soaking in SCP solution with different
concentration of single component corrosion inhibitors for 2 h

LR #e & /(mol- L") Ecor/mV Jeore/(NA-cm ™) b/(mV-dec™) b/(mV-dec™) E,/mV
=X IR 0.00 ~396.39 484.83 163.96 169.53 203.04
0.01 ~462.09 282.62 234.10 152.49 ~51.85

D-F % b
- 0.03 -398.97 127.69 222.52 162.55 128.56
0.05 ~479.01 198.52 252.00 143.36 -70.23
0.001 ~563.75 96.46 298.77 88.38 ~4.60
T R R BT 0.0015 -512.92 88.65 264.06 74.63 46.31
0.003 ~598.47 267.73 884.40 100.78 ~114.71
0.01 -318.25 115.44 258.23 139.03 —67.47
FERETR AN 0.03 —417.84 98.93 272.91 134.00 —45.18
0.05 -358.54 103.88 153.68 176.33 -98.15
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Fig.2 Nyquist (a) and Bode (b) of Q235 carbon steel soaking in SCP solution with different concentration of D-sodium gluconate
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Tab.2 Fitting parameters of EIS for Q235 carbon steel soaking in SCP solution with different concentration of single component

corrosion inhibitors for 2 h

Al /(mﬁ%l) RJQem?) (s sgg’ll(cmls“) m (Qﬁ/ﬁ (x10°5 ég’lz(cmz-s") 2 (xloff{cmﬁ IE/%
75 ISR 0.00 1.95 3.10 0.97  240.92 1.20 0.74 8.45 —
0.01 3.75 4.71 0.96 1952.00 31.20 0.84 9.95 15.07
D- 7] 2 #l
il 0.03 3.58 2.29 0.98 8.64 2.31 0.84 16.12 47.58
0.05 2.36 2.53 0.98 58.04 1.80 0.78 15.84 46.65
e 0.001 2.30 4.90 092  683.91 1.30 0.77 10.29 17.88
gg% 0.0015 4.15 23.74 0.88 62.97 7.04 0.85 25.00 66.20
0.003 2.78 30.22 0.78 31.62 10.15 0.89 15.82 46.59
0.01 3.46 137.5 0.75  202.14 4.41 0.90 17.73 52.34
IR 0.03 3.50 31.01 0.89  841.20 4.42 0.85 19.22 56.03
0.05 3.24 2.93 0.97 7.35 2.04 0.83 12.53 32.56
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Tab.3 Content of each inhibitor in composite inhibitor A mg/L

®4 ERBEMFNREMFE
Tab.4 Content of each inhibitor in composite inhibitor B mg/L
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Fig.6 Potentiodynamic polarization curves of Q235 carbon steel soaking in SCP solution with different group of composite in-

hibitors for 2 h: a) composite inhibitor A; b) composite inhibitor B
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Tab.5 Fitting parameters of potentiodynamic polarization curves of Q235 carbon steel soaking in SCP solution with different

group of composite inhibitors for 2 h

S 2151 Egor/mV Jeor/(NA-cm™) b/(mV-dec™) b/(mV-dec™) Ey/mV
25 TR — -396.39 867.87 163.96 169.53 —203.04
Al —448.35 124.99 321.07 127.67 ~85.29
R A A2 -433.39 120.51 311.36 123.60 -78.21
A3 —424.31 339.71 213.00 199.55 —249.66
Bl ~439.36 96.51 205.79 135.52 122.07
S HL B B2 —444.43 144.19 220.85 150.00 76.83
B3 -536.53 445 .41 137.33 69.58 96.61
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Fig.7 Nyquist (a) and Bode(b) of Q235 carbon steel soaking in SCP solution with different group of composite inhibitor A for 2 h
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Fig.8 Nyquist (a) and Bode(b) of Q235 carbon steel soaking in SCP solution with different group of composite inhibitor B for 2 h

*®6 Q235 BIMEREERL EEEMFIE SCP AR FIRE 2h 1 EIS WlESH
Tab.6 Fitting parameters of EIS for Q235 carbon steel soaking in SCP solution with different group of composite inhibitors for 2 h

SERF] g (Q{chl/nz) (x10° é‘}l{/ sy M ( Qifl/nz) J(x10°3 g‘lﬁcmz.s,,) ny  RJ(x10*Qecm?)  IE/%
THEWR  — 1.95 3.10 0.97 240.92 1.20 0.74 8.45 —

Al 3.85 0.67 0.88 172121 2.30 0.78 16.17 47.74

SH A A2 4.47 1.03 0.89  1787.62 2.31 0.81 18.60 54.57
A3 5.43 0.85 0.89  3462.00 2.92 0.63 8.04 —

Bl 3.27 37.54 0.85  1527.36 4.08 0.57 23.33 63.78

S B B2 2.35 2.14 0.98 770.62 1.79 0.83 22.55 62.53
B3 3.40 25.04 0.85  2879.32 5.11 0.96 8.10 —
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Tab.7 Fitting parameters of potentiodynamic polarization curves of Q235 carbon steel soaking in SCP solution with different

corrosion inhibitors for 30 d

= . , D-# A BEIREN . B SHIREN . — Sl
il 2 FIR MAPETREE D-HAIMEIREN  FREEIRN " S s
! RN AIBLIRAE I A R S
Epy/mV -220.01 -52.26 604.43 404.21 541.20 72.04
Jcorr/(nA~cm’2) 867.87 16.94 2.12 9.43 6.92 10.46
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Fig.10 Nyquist (a) and Bode (b) of Q235 carbon steel soaking in SCP solution with 0.0015 mol/L D-sodium gluconate for 30 d
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Tab.8 Fitting parameters of EIS for Q235 carbon steel soaking in SCP solution with different corrosion inhibitors for 30 d

B B RAQem) (s YOI/ o M RA@em) o YOZ/ o ™ (Xlo‘{eﬁ/.cmz) IE/%
1 3.70 4.00 0.94  7634.00 0.49 0.80 18.18 53.52

e 3 3.84 20.67 0.85  3057.52 2.87 0.98 122.60 99.62
gﬁ'g@% 7 421 14.85 0.83 452225 2.85 0.87 150.25 99.81
15 5.65 13.74 0.80  5185.14 221 0.90 176.42 99.93

30 1.19 9.92 0.79  9550.87 1.60 0.95 282.74 99.99

1 3.21 2.57 0.96 6.55 231 0.82 11.32 25.35

3 3.34 18.00 090  3633.54 3.09 0.97 88.27 99.48

WA PR 7 3.43 16.84 090  4111.02 2.76 0.98 134.60 99.79
15 3.58 17.11 0.88  4372.66 2.56 0.99 152.70 99.92

30 3.02 20.30 0.88  4370.82 2.60 0.98 107.81 99.98

1 3.26 4.15 0.90 3.85 0.38 0.80 22.08 61.73

3 3.42 94.93 0.71 6.19 2.15 0.91 153.65 99.70
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30 4.03 99.06 0.66 7.17 2.24 0.91 213.72 99.99

1 4.86 0.18 0.93  3188.52 1.68 0.60 50.58 83.29

3 4.20 0.50 0.87  6098.70 0.95 0.82 82.59 99.44
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30 3.52 0.39 0.88  4243.10 1.12 0.80 145.24 99.99

1 3.11 2.51 0.97 4.01 2.18 0.84 15.33 44.88
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30 3.35 47.90 0.99 324.52 2.59 0.96 231.00 99.99
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