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Corrosion Inhibition Effect of Perimidine Derivatives Corrosion Inhibitor on Rebar in
Simulated Concrete Pore Solutions
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Abstract: 1H-perimidine (PED) and 2-hydroxy-1H-perimidine (HPED) were prepared as corrosion inhibitors for HRB400 reinforced
steel in simulated concrete pore solution. The corrosion inhibition performance and adsorption mechanism were investigated via dry
and wet cycle experiments, scanning electron microscopy, electrochemical impedance spectroscopy and related theoretical
calculations. The results show that the inhibition efficiencies of these compounds are more than 80% for HRB400 reinforced steel in
SCP at a concentration of less than 0.12 mmol/L. Moreover, HPED functions as a more effective inhibitor rather than PED due to the
presence of 2-position hydroxyl-group. In addition, the inhibitor molecules spontaneously adsorb onto reinforced steel surfaces to
form a protective film, and the adsorption process follows the Langmuir isothermal model.
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Fig. 1 Fourier-transformed infrared spectra of pure PED and HPED
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Table 1 Results of dry and wet tests for HRB400

reinforced steel in 3.5%NaCl and saturated

Ca(OH), solution with and without different
concentrations of PED and HPED

PED HPED

¢/(mmol-L™")
Al% R W% A% RM /%

0 50.60 50.60
0.02 2526 4992  50.08 2031 40.14  59.86
0.04 1721 3401 6599 1508 2980  70.20
0.08 11.16 2206 7794 1036 2047  79.53
0.12 7.16 14.15  85.85 6.56 1296  87.04

50 pm

(b) Reinforced steel in SCP

(c) Reinforced steel in SCP with 0.12 mmol/L PED

(d) Reinforced steel in SCP with 0.12 mmol/L HPED

2 HRB400 HA IR 15 25 A5 A BEHAS 7RO BHU LR P ) SEM IR 7
Fig. 2 SEM micrographs of HRB400 reinforced steel immersion in SCP with and without inhibitors
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Fig. 3 Contact angle for the reinforced steel samples exposed

0.12 mmol/L HPED

to differernt solutions
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Table 2 Contact angle and surface free energy values
obtained for reinforced steel samples exposed to
different solutions

Sample No. al(®) Psv /(mJ-m?)
Blank 15 67.02
PED 50 46.80
HPED 57 41.38
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Fig. 4 EIS plots for reinforced steel in SCP without and with different concentrations of inhibitors at 25 °C
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Fig. 5 Equivalent circuit used to fit the impedance spectra
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Table 3 EIS parameters of reinforced steel in SCP in the absence and presence of inhibitors

CPE,

CPE,

con/(mmol' L) RJ(Q-em?) T pE— . R/(kQ-cm?) o rE— . RJ/(kQ-em?®) /% 0/°)
PED Blank 10.25 3334 0.90 0.34 1786.5 0.59 7.35
0.02 36.33 2462 0.87 0.62 996.3 0.58 12.10 3925 03925
0.04 65.16 1875 0.85 1.05 805.6 0.61 16.43 5526 0.5526
0.08 76.31 112.6 0.90 223 682.3 0.57 24.63 70.16  0.7016
0.12 84.63 60.3 0.88 6.15 90.5 0.58 36.92 80.09  0.8009
HPED 0.02 40.72 2127 0.86 0.74 860.2 0.59 14.76 50.19  0.5019
0.04 67.93 149.7 0.87 2.13 7273 0.67 21.07 65.11  0.6511
0.08 80.19 99.7 0.85 4.18 309.8 0.64 28.82 7450  0.7450
0.12 99.68 49.6 0.90 8.18 593 0.68 49.68 8521  0.8521
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Fig. 6 Langmuir adsorption isotherm for reinforced steel in
3.5% NaCl saturated with Ca(OH), solution in absence
and presence of different concentrations of inhibitor at
25°C
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Table 4 Thermodynamic and equilibrium adsorption

parameters for inhibitor adsorption behavior
during corrosion

Inhibitor Ka/ (mol-L7) AGY,, /(kJ-mol ")
PED 30892.8 -35.58
HPED 47709.9 -36.66
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Table 5 Quantum chemical parameters of PED and HPED

Inhabitor Ey/eV  Ei/eV  AE/eV u/(Debye)  x n AN

PED -4.88 —0.64 4.24 3.02 2.758 2.12 1.00
HPED —4.83 —0.68 4.15 4.12 2.763 2.06 1.02
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