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Corrosion inhibition and quantum chemistry studies of hot dip
galvanized steels in diluted HCI solutions
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2. Graduate School, Chinese Academy of Sciences, Beijing 100039, China)

Abstract: The inhibition effect of nicotinic acid, acridine and berberine on the hot dip galvanized steel in HCI solution
was investigated by quantum chemistry calculation, mass loss test, electrochemical measurement, and scanning electron
microscopy. Quantum chemistry calculation results show that these heterocyclic compounds have planar structure with a
number of active centers, and their frontier orbitals can interact with those of Zn atom on the surface of coatings. Thus
they might form an adsorption barrier film on the coating surface to decrease the corrosion rate of zinc. Mass loss test and
electrochemical measurement results indicate that these compounds can perform good inhibition for the zinc coating in
HCl solution, and the highest inhibition efficiency is up to 99%. Among them, berberine shows the best performance with
inhibition efficiency up to 80% when at a relatively low concentration of 1.0>X10™* mol/L. These compounds can be
adsorbed on the coating surface by chemical adsorption with single molecular layer to protect it. Therefore, nicotinic acid,
acridine, and berberine are effective and environmental friendly corrosion inhibitors for galvanized steel in HCI solutions.
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Fig.1 Molecular structures of target heterocyclic: (a) Nicotinic acid; (b) Acridine; (c¢) Berberine
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Fig.2 Optimism geometries of three heterocyclic molecules (Left: top view; Right: front view): (a) Nicotinic acid; (b) Acridine;

(c) Berberine
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Fig.3 Mulliken charge population of nicotinic acid (a), acridine (b) and berberine (c)
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Fig.4 Population of molecular orbital (Left, HOMO; right, LUMO): (a) Nicotinic acid; (b) Acridine; (c) Berberine
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Fig.5 Curves of open circuit potential vs time for hot dip

galvanized coating in hydrochloric acid with different

concentrations
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Table 1 Inhibition efficiency of 0.1 mol/L hydrochloric acid

with addition of different contents of inhibitors

5 E/%
c/(mol- L)
Nicotinic acid Acirdine Berberine
1.0X107° 16.44 24.22 56.90
1.0x107* 77.86 69.55 80.67
3.2%X107* 87.46 75.78 93.64
1.0x107° 92.47 84.36 97.12
3.2X107° 94.64 92.73 99.04
1.0X 1072 96.74 99.30 99.40
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Fig.8 Equivalent circuit for galvanized steels in HCI solution
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Table 2  Electrochemical parameters for galvanized steels in free and inhibited 0.10 mol/L HCI solution

Inhibitor ¢/(mol-L™") Peor(vs SCE)/mV R,/Q C4(EIS)/F El%
Blank 1010 7.09 3.62X107 -
1.0X107° 1010 14.3 1.77X107 59.0
1.0X107* 1005 222 1.30%X107° 68.1
Nicotinic acid 3.2%x107* 993 29.2 1.18X107° 75.7
1.0X107 992 37.8 9.93X10°° 81.2
3.2X107 991 432 9.58X10° 83.6
1.0X 1072 987 55.6 8.10X10°° 87.3
Blank 1005 7.10 3.62X107° -
1.0X107° 1001 16.8 2.01%X107° 495
1.0x10™ 999 26.3 1.20X107° 68.9
Acridine 3.2%x107* 998 37.8 1.14X107° 81.2
1.0X107 999 433 1.06X107° 83.6
3.2X107° 995 55.8 8.11X10°° 87.3
1.0X1072 988 73.8 4.80x10°° 90.4
Blank 1010 7.10 3.62X107 -
1.0X107° 1010 17.1 1.24X107° 58.4
1.0X107° 999 39.2 1.04X107 81.7
Berberine 32X107° 995 55.3 8.10X107°° 87.2
1.0Xx107° 992 67.7 5.22X10°° 89.5
3.2%X107° 991 80.6 4.66X107° 91.2
1.0X 1072 991 86.6 3.95x10°° 91.8

9 APEBFEAGE AN 1.0X 107 mol/L ZEUhFHIf) 0.10 mol/L LR % 7% FUIHK 0.5 h Jii 4 1H B 33t
Fig.9 Surface morphologies of galvanized steels immersed in 0.10 mol/L hydrochloric acid with and without 1.0X 10~ mol/L
inhibitor for 0.5 h: (a) Blank; (b) Nicotinic acid; (c) Acridine; (d) Berberine
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Table 3 Quantum parameters obtained by Gaussion03
Heterocyclic compound w/D Eyomo/Hartree Eymo/Hartree Eumo—Enomo/Hartree Total energy/(a.u.)
Nicotinic acid 3.90 -0.27 —0.08 0.19 436.83
Acirdine 2.14 -0.22 —0.08 0.14 555.55
Berberine 1.44 -0.18 —-0.04 0.14 1204.32
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