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Study on Corrosion Inhibition Behavior of Imidazoline Laurate on
Copper in Hydrochloric Acid Solution

ZHOU Xin,LI Mengran,FU Yidong,ZHOU Wenbin,SUN Jie

(Shenyang Ligong University, Shenyang 110159 ,China)

Abstract; The corrosion inhibition behavior of imidazoline laurate on copper in 0. 5 mol/L hydro-
chloric acid was studied by the potentiodynamic polarization curve and electrochemical impedance
spectroscopy in electrochemical method. The corrosion inhibition mechanism of imidazoline laurate
was explored by quantum chemical calculation ( Gaussian ) and molecular dynamics simulation
(MD). The results showed that 0. I mmol/L imidazoline laurate had the highest corrosion inhibi-
tion efficiency in 0. 5 mol/L hydrochloric acid, which was 96. 58% , and increasing the concentra-
tion would reduce the corrosion inhibition efficiency. Imidazoline laurate forms an adsorption film
by combining physical adsorption and chemical adsorption,and the adsorption membrane is relative-
ly dense,and the imidazoline has characteristics of parallel adsorption.
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Fig.1 Synthesis route of imidazoline laurate
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Fig.2 FTIR spectrum of imidazoline laurate
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Fig.3 Schematic diagram of electrochemical testing device
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Fig.4 Molecule structure and 3D model of

imidazoline laurate
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Fig.5 Kinetic potential polarization curves of copper
in 0. 5 mol/L hydrochloric acid solution with different

concentrations of imidazoline laurate
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Table 1 Parameters of the kinetic potential polarization

curves of copper in 0. 5 mol/L hydrochloric acid solution

with different concentrations of imidazoline laurate

C/ ECO]T/ iCUn/ Ba/ BC/ /W
(o
(mmol-L™")  mV (pA-cm™2) (mV-dec ™')(mV-dec ') K

2 -243.24  173.61 91.38 603. 95 —

0.4 -337.16  6.71 93.71 109.29  96. 14
0.6 -340.80  5.92 100.83  208.66 96.59
0.8 -352.35  3.38 92.25 164.06 98.05
1.0 -340.18  2.27 96. 34 146.47  98.69
1.2 -349.23  2.89 97.75 164.54  98.34
1.4 -218.46  3.53 101.10  210.52 97.97
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Fig.6 Nyquist,Bode and phase angle of copper in

0. 5 mol/L hydrochloric acid solution with different

concentrations of imidazoline laurate
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Table 2 AC impedance curve parameters of copper in 0. 5 mol/L hydrochloric acid solution with

different concentrations of imidazoline laurate

¢/(mmol -L™") R/ (Q-em?) R/(Q-em?) R,/ (kQ-cm?) Cy/(pF -cm™?) n, Cy/(mF -cm %) n,
2 H 2.12 137.50 0.06 899. 80 0.84 26.91 0.76
0.4 2.13 9.74 2.40 5.77 1.00 0.58 0.47
0.6 2.09 20.22 3.35 6. 44 1.00 0.30 0.55
0.8 2.13 30. 63 4.99 5.51 1.00 0.26 0.52
1.0 1.87 190. 50 5. 66 0. 10 0.93 0.19 0.55
1.2 1.88 192.20 5.11 8.65 0. 94 0.19 0. 54
1.4 2.16 10. 08 2.87 5.30 1.00 0.52 0.47
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Table 3 Calculation of corrosion inhibition efficiency of
copper in 0. 5 mol/L hydrochloric acid solution with
different concentrations of imidazoline laurate by

electrochemical AC impedance experiments

¢/ R/ R,/ R,/

(mmol-L™") (Q-ecm?) (kQ-cm?) (kQ-cm?) W%
ZH 137.50 0.06 0.20 —
0.4 9.74 2. 40 2.41 91.90
0.6 20. 22 3.35 3.37 94. 06
0.8 30. 63 4.99 5.02 96. 02
1.0 190. 50 5. 66 5.85 96. 58
1.2 192. 20 5.11 5.30 96. 22
1.4 10. 08 2.87 2.88 93.06
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Table 4 Quantum chemistry parameters of

imidazoline laurate

ELomo’eV Egomo’€V AE/eV

A LR R s 0.025 70 -0.210 80 0.236 50

HI Pl 8 AT L, 3 T R s bk 1) 43 PN e
P53 ¥ H i (HOMO ) 1 5 Ik 5 96 73 7 %L iE
(LUMO) ¥ DL WK s i B4 Ay 00 23 A3 6 LB 3T, 3R
A H LR KRR L K ISR BRI Ay S5z 17 57 5 R o4
SIEFem, 8 (b) nl WL, H FER DK e pHk s 2 55
AT (8 e L X8, — Ml ESP R4l
L XI5 & A 2 A% N R B 7 3 P R G, 1 £
S DX — 5 ke AR o R RO B R N T A
B B A e e o 0 i o TR
BT X B B R, S & R
25 d WA AR DY AL s, AR, EERR K
MR AT 55 22 1) B fL - X s, B 5 Tk ol R
ok [ eh S 2R R R R A e, B
R (1A VR B 1

1 43 F RTER FLIE B T 0, 43 F & AR I Y
TP B A A 40 F O A e v o R 4 T LA A
Ko — MK AR AR FUERE R (E oo ) B
AR BT RIAR T, J2 R AP H 324K i
B 4> F B o LB RE DL ( Eyomo ) BN H
JE RGPt R BRI I 45 g
GEEF 4 M 8 TR, A R K na ok 2L 45 SR A%
P, BT, 58 R IR B Fl R
2.4 SFRAFEEUSH

P19 Sk i R s R A K A SR R (111) &
THT P e I B 7R

L9 AT LA 3, 2% 1l 7] 43— 110 DK 1 b 34 )
SPAT 1 R A % T T B o B 7E A [R) P LA IR



82 % M

¥ I XK ¥ F Ik

%43 %

EL TR AT mR IR, 731 3h J1 2L
HETESIE R B W& TP
TRRPEIRER L i HC 5) 5 i 2 11 57 LA
o, [, Z20h 3R o0 1 B AT R T Jm 2R, LA
KB di R A4 fiph A i AR BELA I et o X < e
R AR, W B L B 1] SMET i, AR 22 A e Bk i
HERUE— kS, TP B K B )2 , 1 — 254 1 )68 o
I O G B AR T AR

(a) ERLE

9 AEEEERKMERKTEK A TR (111) RERY
FARE R M 2
Fig.9 Front and top views of the stable adsorption
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Fig.10 Schematic diagram of the mechanism of

corrosion inhibition of imidazoline laurate

molecules on copper
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