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ABSTRACT: The work aims to synthesize a new type of environmentally friendly corrosion inhibitor, and study the corrosion
inhibition performance of corrosion inhibitor on Q235 mild steel in 1 mol/L hydrochloric acid solution at 25 ‘C. AM
(acrylamide), MAA (methacrylic acid), AMPS (2-acrylamide-2-methylpropanesulfonic acid), AMHB (3-(acrylamidomethyl)-2-
hydroxybenzamide)) and SMA (octadecyl methacrylate) were heated and stirred to synthesize a new type of hydrophobic
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association complex containing capsaicin-derived monomer PAMAAS according to a certain ratio. The weight loss experiment,
electrochemical method, surface analysis method and theoretical calculation were used to evaluate the corrosion inhibition
efficiency of PAMAAS. PAMAAS had excellent corrosion inhibition performance on mild steels. When the mass concentration
was 2 g/L, the weight loss inhibition efficiency reached 92.56%. The weight loss experiment results of monomer control showed
that the efficiency of polymer was higher than that of the monomer. Electrochemical experiments showed that when the inhibitor
mass concentration was 2 g/L, the corrosion inhibition efficiency reached about 92%. According to the analysis of
electrochemical impedance spectroscopy test and contact angle test, PAMAAS corrosion inhibitor formeda highly hydrophobic
(141.2°) adsorption film on the surface of mild steel. From the scanning electron microscopy and laser confocal microscopy, the
surface of mild steel was well protected in the presence of corrosion inhibitors. According to the fit analysis of the adsorption
model, it was found that the inhibitor PAMAAS was adsorbed on the surface of mild steel by chemical adsorption-based mixed
adsorption, and its adsorption model followed the Langmuir adsorption isotherm, and its fitting regression coefficient reached
0.9999. Quantum chemical calculations of the polymer monomers showed that the corrosion inhibition performance of the

polymer was better than that of monomer, which was consistent with the results of weight loss experiments of the monomer

control. PAMAAS is a highly effective and environmentally friendly mixed corrosion inhibitor.
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Fig.1 Molecular structure of PAMAAS
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Tab.1 Weight loss test results of different concentrations of

PAMAAS
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0.1 0.367 75.73 0.757
0.2 0.272 82.01 0.820
0.5 0.169 88.82 0.888
0.142 90.61 0.906
2 0.112 92.59 0.926
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Tab.2 Comparison of weight loss experiment results with
different polymer monomers

System v/(mg-em 2-hh) IE/%
Blank 1.512
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SMA 0.653 56.81
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PAMAAS 0.112 92.59

3.3 MUHMENIXER

5 WARBRAILE 1 mol/L HCI AW (25 C, &FH
AR PAMAAS ) H s st fei 2k, MIE
AT LB, TETI PAMAAS S 25, I
A FEL I R B BB AR A R 38 2 ) J 3 R AT X TR R %
M4 FH N Oy S JRF E I LT REUS 5 Fe i
TR PEELS A, TR, 1 I R f b 2
7 P14 SH AR DX 3k R SH AR X3k e, AT [ el %o BH AR 4R Ak
N4 i ) FBAMRATT SR B 7 A T — e BRI
I F B R B4R A A B A ol e A
(Eecor ) BHPHBRE D EE % (Jeor ) LA S BH PHAR 1)
Tafel &R (23910 b F1 b,) W 3. MK IE,



- 256 * wm #H R

2020 4F 11 A

A

J. —J
IE, =~ 90 100% 3)
o, 70 H Jeore 2 AN INGE 1oh 5 F0I0 2 1k 5750) B 1)
B ol L 9 B
-1
_2 - _
= -3
5 4t Blank
— al
g’ -5t —0.1g/L
= —02¢gL
-6 0.5g/L
— 1.0gL
1T 20¢g/L
_8 1

-07 -06 -05 -04 -03 -02 -0.1
Potential (vs. SCE)/V

Bl S AIRBRSNZE 1 mol/L HC VAW i 3l i A i Ak il &
Fig.5 Potentiodynamic polarization curves of mil steel in
1 mol/L HCI solution

3 RBNTE 1 mol/L HCI & & * 89 3h BRI 4Rk 14 i Z& 3
B

Tab.3 Potentiodynamic polarization curve fitting parameters
of mild steel in 1 mol/L HCI solution

c/i1 Ecor (vs. b,/ » =b./ » Jeorr! L IE%
(g'L) SCE)/mV (mV-dec ")(mV-dec ) (LA-cm )
Blank —445.5 104.83 175.16 581.02

0.1 —430.5 87.40 179.67 143.95 75.22

0.2 —430.1 82.59 171.74 103.09 82.26

0.5 —437.9 80.66
1 —434.8 73.38
2 —431.1 73.19

165.20 67.46  88.39
161.36 54.68  90.59
109.57 37.59  93.53
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Tab.4 Parameters of fitting impedance for mild steel in 1 mol/L HCI solutions with and without different concentrations of
inhibitor

/(gL RJQ-em®) Rf(Q-cm?) R /(Q-cm?)  CPE/(uF-cm?) n, Cy/(uF-cm™?) n IE/%
Blank 1.176 41.31 514.02 0.760 0

0.1 1.216 4.47 156.30 397.46 0.596 35.74 0.954 73.57
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2 1.183 52.39 530.70 153.91 0.663 58.01 0.907 92.22
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Fig.8 Three adsorption isotherms of different concentrations of inhibitors on mild steel
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Fig.9 Surface morphology of mild steel before and after 24 h immersion in solution with or without PAMAAS inhibitor: a) before
immersion; b) after immersionin solution without PAMAAS; c) after immersion in solution with PAMAAS

SEM HV: 20.0 kV WD: 10.31 mm VEGAS TESCAN|
View field: 553 pm SEM MAG: 500 x 100 um
Det: SE Date(m/dly): 06/13/19 — QDSM

VEGA3 TESCAN|

SEM HV: 20.0 kV
View field: 553 pm SEM MAG: 500 x 100 um
Det: SE Date(m/dly): 05/13/19 _ QDSM

a BASREPAMAASIHCIH8 h b BASHPAMAASHHCIHS h

Kl 10 RERANIY SEM BRI A
Fig.10 SEM micrographs of mild steel: a) after immersion in HCl without PAMAAS for 8 h; b) after immersion in HCIl with
PAMAAS for 8 h
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Fig.11 Water contact angle on mild steel: a) in the polished state; b) after immersion in solution without inhibitor for 24 h; c) after

immersion in solution with 2 g/L PAMAAS for 24 h
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Tab.5 Optimized molecular structures and HOMO/LUMO distributions of five polymer monomers
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Tab.6 Frontier orbital parameters of five polymer mono-
mers by quantum-chemistry calculation

Monomer Epomo/eV  Erumo/eV AE/eV 1/Debye
AM -0.26836 —0.05351 0.214 85 3.7234
AMPS  —0.27157 -0.06042 0.21115 5.4517
AMHB -0.25100 -0.06284 0.188 16 5.3756
MAA —0.283 21 —0.06253 0.220 68 1.8753
SMA —0.274 83 —0.05208 0.22275 2.2404
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