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Fig.2 IR spectra of the products obtained at different
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Table 1  Electrochemical parameters and inhibition efficiency obtained by fitting the EIS spectra of Q235 steel after
adding different synthetic products

- R/ Copp/ ) Cy/ R,/ L/ R./ C/ R/ R/ 0/
(Qeem?®) (" -em ™ -p0 ") (s"-em 2epQ7") (Qeem?) (Heem®) (Qeen?) (pFrem=?) (Qeem?)  (Qeem?) %
Blank 3.026 586.7 0.7861 256. 4 77.09 5.369 27.1 0.2272 40. 34 144.53 -
Al 3.580 254.3 0.8321 207.7 1229 - - - - 1229 88.2
A2 3.224 228.17 0.8443 189. 6 1462 - - - - 1462 90. 1
AM 3.113 204. 6 0.8599 172.8 1733 - - - - 1733 91.7

&1 BIETUER , 55 ABRHL, s 5,0, (AM) <C, (A2) <C, (Al) < C, (Blank),
B=H)JE WU 2 L2 C i, LT 5 B BB R 3 R, (AM) >R, (A2) >R, (A1) >R, (Blank) , i 7
I, BB G SO IR Q235 MAEA LI MR T AR SCIIE IR R R G 0™ W 4 92 R He e B
PE S T B R M EIER . R L R R R AM > A2 > AL, R B BRI IR Y 22 AR AR
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Fig.5 The polarization curves of Q235 steel measured with dif-

ferent synthetic products in CO,-saturated brine solution
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Table 2 Electrochemical parameters and inhibition efficiency of 0235 steel in the solution after adding different synthetic products

B E(vs. SCE)/mV B,/ (mV-dec") B./(mV-dec ") i/ (WA em ™) JEEEAE/ (mmea™)  1,/%

Blank -733 48.6 -464.3 151.6 1.7790 —
Al -636 66.7 -99.2 22.5 0.2640 85.16
A2 -618 67.2 -107.5 16.8 0.1971 88.92
AM -601 65.9 -98.0 10.7 0.1256 92. 94
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Fig.6  Optimized structures for imidazoline and amide

molecules at the B3LYP level
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Table 3 Quantum chemical parameters for imidazoline

and amide molecules at the B3LYP level

B Ewowo/eV Epgwo/eV AE/eV I7eV A/eV

bRk -5.819  0.557 6.376 5.819  -0.557
Tk iz -5.470 1. 405 6. 875 5.470  -1.405
FE x/eV n/eV S/eV ! w/eV

BRI 2. 631 3.188 0.314 1. 086
ok Jie 2.033 3.438 0.291 0. 601
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Table 4 Fukui index values for imidazoline and amide

molecules

FE J5F (i) Sii(r)~ S ?
N(1) 0. 180 0. 150
C(2) 0. 036 0.032

IR c(3) 0.033 0. 020
N(4) 0. 146 0. 046
C(5) 0. 060 0. 150
N(1) 0. 067 0. 003
N(4) 0.242 0.014

it C(5) 0. 034 0.011
N(7) 0. 009 0.079
0(26) 0. 043 0. 184

3 %%
(1) JMBRAN — 0 = R R B & ke 1: 1.2
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Comparison of the corrosion inhibition performance of imidazoline and
its intermediate amide
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2. Gas Production Branch Company of Daqing Oilfield Company Ltd. , Daqing 163453
3. Beijing Key Laboratory of Electrochemical Process and Technology for Materials, College of Materials Science and Engineering,

Beijing University of Chemical Technology, Beijing 100029, China)

Abstract; Three kinds of corrosion inhibitors A1, A2 and AM were synthesized by a step-heating method. Three-
stage step heating of a mixture of oleic acid and diethylenetriamine in the molar ratio of 1: 1. 2 successively afforded
an oleic acid amide (Al), which on further heating underwent cyclization to form a mixture ( denoted A2) of an
imidazoline and unreacted Al, followed by—at the highest temperature—complete conversion to the imidazoline
(denoted AM). The products were characterized by infrared spectroscopy. Electrochemical impedance spectroscopy
(EIS) and potentiodynamic polarization curves methods were used to evaluate the corrosion inhibition performance
of Al, A2 and AM in a 3. 5% (mass concentration) NaCl solution saturated with carbon dioxide. EIS and poten-
tiodynamic polarization curves showed that A1, A2 and AM can all significantly inhibit the corrosion of Q235 steel
under these conditions. The corrosion inhibition efficiency was found to decrease in the order AM > A2 > Al, indi-
cating that the imidazoline has better corrosion inhibition than the amide. The mechanism of corrosion inhibition of
imidazoline molecules and amide molecules was studied theoretically by quantum chemistry calculations. The calcu-
lations showed that the imidazoline molecules have stronger bonding ability, stronger electron attracting ability, and
a stronger interaction with Fe matrix than the amide molecules. The Fukui index of atoms in imidazoline and amide
molecules was calculated by the Hirshfeld method and the reactive sites in imidazoline and amide molecules were
analyzed. The results of the Fukui index analysis were consistent with the results of the molecular frontier orbital
HOMO and LUMO analysis.

Key words: imidazoline; amide; electrochemical measurements; quantum chemistry calculations; corrosion inhibi-

tion
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