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zine Mannich base chitosan derivative corrosion inhibitor CS-N-MB was synthesized in this paper, and its corrosion inhibition
performance on N80 steel in 15wt.% hydrochloric acid solution was studied, and its mechanism of action on the metal surface
was calculated. Using kojic acid and N-methylpiperazine as raw materials, Mannich base (MB) was synthesized through
Mannich reaction, and then the Mannich base was grafted onto chitosan molecules. The synthesized products were characterized
by infrared spectroscopy, and the corrosion inhibition ability of CS-N-MB on N80 steel in this strong acid environment was
evaluated by electrochemical method and static weight loss method. The reactivity of chitosan (CS) and CS-N-MB was studied
based on density functional theory, the active sites were clarified, and the adsorption energy of the corrosion inhibitor and the
mean square displacement of water molecules in the system were calculated by molecular dynamics. The corrosion inhibition
effect of N8O steel was good in the environment of 15 wt% hydrochloric acid, and when the corrosion inhibitor dosagewas less
than 200 mg/L, the corrosion rate of N80 steel decreases gradually with the increase of concentration. When the addition of
corrosion inhibitor was more than 200 mg/L, the corrosion rate of N80 steel increases slightly with the increase of concentration
in a short time, but after 72 h, the corrosion rate of N80 steel decreases slightly and tends to be stable. Electrochemical studies
showed that CS-N-MB can inhibit both cathodic and anodic reactions of corrosion simultaneously, and was a mixed inhibitor.
Molecular simulation results show that the main active sites of CS-N-MB were concentrated in N, O and ring structures, and the
movement of water molecules in the system was slowed down after adding CS-N-MB, which inhibits the occurrence of metal

corrosion. CS-N-MB was a green corrosion inhibitor with good corrosion inhibition effect in strong acid environment. Multiple

active centers can form a dense protective film on the metal surface, thereby effectively inhibiting the corrosion of metal.

KEY WORDS: chitosan; mannich base; corrosion inhibitor; molecular simulation; acidic condition; submarine pipeline
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Fig.1 The synthesis route of CS-N-MB
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Fig.3 Polarization curves of N80 steel in

corrosion solutions with different
concentrations of corrosion inhibitors
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Tab.1 Polarization curve parameters of N80 steel electrode in 15% hydrochloric acid solution
with different concentration of CS-N-MB corrosion inhibitor

Concentration/(mg-L™") Ecore (vs. SCE)/mV Sa/(mV-dec™) —B/(mV-dec™) fcorr /(LA -cm ) 0%
Blank ~426 70.3 74.6 26.4 —

50 —454 74.1 89.2 4.35 83.52

100 —453 78.5 89.2 4.04 84.70

200 —458 753 81.1 2.57 90.27

300 —453 78.5 86.9 3.26 87.65

400 —450 85.5 96.4 4.02 84.77
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Tab.2 Electrochemical impendence spectroscopy parameters of CS-N-MB corrosion in
15% hydrochloric acid solution with different concentrations.

Concentration/(mg-L™") RJ(Q-cm™?) f Yo/(107°S-s"-cm ™) n CPEy 0%
Blank 0.708 9 21.65 280.5 08166  113.9262228 —
50 0.929 7 163.5 114.6 0.8103  30.751 44855  83.52
100 0.900 2 201.4 113.2 0.8084  28.80430297  84.70
200 0.822°5 254.6 111 0.8134  28.01879399  90.27
300 0.869 4 240 114.3 08163  29.79722247  87.65
400 0.703 9 211.2 108.6 0.8184  29.42496442  84.77
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*3 HERESARRREZMAIN 15%EBARFHREBERBER
Tab.3 Weight loss of hanging tabletsin 15% hydrochloric acid solutions containing
different concentrations of corrosion inhibitors

C/(mg-L™" 24 h AW/g Corrosion rate /(g-m >-h™") n/% 72h AW/g Corrosion rate (g'm>-h™") n/%
Blank 0.074 85 251.512 — 0.35570 398.409 —

50 0.022 05 74.092 70.54 0.079 85 89.438 77.55

100 0.015 00 50.403 79.96 0.076 30 85.461 78.54

200 0.008 65 29.066 88.44 0.047 15 52.811 86.74

300 0.016 50 55.443 77.96 0.045 85 51.355 87.11

400 0.020 45 68.716 72.68 0.044 05 49.339 87.62
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Fig.6 The Sem images of surface before and after corrosion of N80 steel: a) N8O steel sheet;
b) N8O steel without corrosion inhibitor; ¢) add 200 mg/L CS-N-MB corrosion inhibitor;
d) add 400 mg/L CS-N-MB corrosion inhibitor
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Tab.4 Geometrically optimized structure diagram and frontier molecular orbital density distribution
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Fig.7 Molecular electrostatic potential of chitosan
and CS-N-MB
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Tab.5 Fukui index, Mulliken charge distribution and frontier orbital coefficient of corrosion inhibitor molecule

Molecule Atom f(g) @& Charge Xhomo Xiomo
Oy 0.011 0.097 -0.514 0.108 959 9 0.004 659 9
O 0.01 0.073 —0.532 0.087 2409 0.015883 1

cs O;s 0.003 0.126 —0.486 0.265 087 0.007 826 5

N —-0.103 0.075 -0.426 0.137 938 9 0.207 763 3
Cy -0.026 -0.016 0.411 0.031 714 0.055042 1
C, -0.016 -0.018 0.189 0.035 1854 0.004 476 6
(021 0.114 0.026 —0.555 3.724 73%107° 0.144 245 61
Cis 0.103 0.005 0.312 2.896 54x107° 0.207 959 37
Cis 0.102 0 0.309 1.614 28x10°° 0.2155398

CS-N-MB Ci7 0.079 -0.013 0.248 0.000 115 177 0.131 380 21
N»s 0.002 0.097 —0.255 0.630 810 527 0.000 972 48
N 0.001 0.095 -0.39 0.001 715 687 2.026 23x107°
N»», -0.014 0.057 —0.285 0.001 568 34 0.018 703 63
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