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ABSTRACT: The work aims to synthesize three imidazoline corrosion inhibitors with different carbon chain length for
corrosion protection of N80 carbon steel and explore the effect mechanism on the corrosion protection performance in carbon
dioxide miscible oil displacement environment. The imidazoline corrosion inhibitors with C7, C11 and C17 carbon chains were
synthesized by amidation and cyclization reaction with octanoic acid (OA), lauric acid (LA), stearic acid (SA) and
diethylenetriamine (DETA), respectively. Fourier transform infrared spectroscopy (FTIR), quantum chemical calculation, weight
loss method, electrochemical measurements including electrochemical impedance spectroscopy (EIS) and potentiodynamic
polarization curve (PDP), Raman spectroscopy and surface observation technologies were employed to study the anti-corrosion
mechanism of the synthesized three corrosion inhibitors. FT-IR results proved that imidazoline corrosion inhibitors with
different carbon chains were successfully prepared. Quantum chemical calculations showed that the synthesized C17
imidazoline corrosion inhibitor had the best electron donating ability and hydrophobic ability. The results of weight loss
indicated that all the synthesized inhibitors had good inhibition effect on N80 steel in CO, miscible oil displacement corrosion
environment. The inhibition effect of inhibitors increased as the inhibitor concentration and carbon chain length increased, and
reached over 90% for imidazoline inhibitor with 17 carbon chain at 10 mg/L. The EIS results indicated that the capacitive arc
radius increased with the increase of imidazoline concentration and carbon chain length. The polarization curve results
suggested that the imidazoline corrosion inhibitor behaved as an anodic corrosion inhibitor in the test environment, and its
self-corrosion current density decreased sharply with the increase of imidazoline concentration and carbon chain length. It could
be seen that the same trend of inhibition efficiency was obtained by the method of weight loss and electrochemical test. Raman
spectroscopy results indicated that corrosion inhibitors with C7, C11 and C17 carbon chain length were adsorbed on the N80
surface after immersion in test solution for 48 h due to the C=N and C—N character absorption peaks. The electron pushing
effect of alkyl could enhance the adsorption effect of inhibitor onto steel surface. The SEM results showed that the surface of
N80 added with C17 imidazoline was smooth and flat, and grinding marks could be clearly observed. This result proved that the
imidazoline with C17 carbon chain length had the best corrosion protection effect compared to those with C7 and C11 carbon
chain length. The adsorption film formed by inhibitor with longer carbon chain had better hydrophobic effect, which led to the
better inhibition effect of synthesized imidazoline inhibitor. The synthesized imidazoline corrosion inhibitor with C17 carbon
chain has excellent corrosion protection effect for N80 carbon steel. With the increase of carbon chain length, the electron
donating ability of the imidazoline is enhanced, which makes the imidazoline corrosion inhibitor easier to be adsorbed on the
surface of N80 steel. At the same time, the longer the carbon chain of the imidazoline corrosion inhibitor is, the better the
hydrophobic effect of the adsorption film formed on the surface of the carbon steel is, so imidazoline inhibitor with C17 carbon
chain has the best protection for N80 steel.
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Tab.1 Main chemical composition of N80 steel
wt.%

C Si Mo P S Cu Ni Cr Mo Fe
0.43 0.35 1.62 0.01 0.015 0.11 0.02 0.03 0.18 Bal.
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Fig.1 Structure of the synthesized imidazoline corrosion inhibitor (a) and standard curve (b)
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Fig.2 FT-IR spectra of the synthesized imidazoline corrosion inhibitors with different carbon chain length
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Fig.3 HOMO and LUMO distribution of
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Tab.2 EISfitting parameters of three synthetic corrosion inhibitors on corrosion inhibition
of N80 steel in CO, driving oil corrosion environment

Inhibitor Concentration/(mg-L™") R/(Q-cm?) Ry/(Q-cm?) Cy(uF-cm?) ne

R./(Q-cm?) Cy/(pF-em?)  ng

Without 0 7.24 — — 592.6 209.9 0.798
2 8.56 4.49 24.66 0.788 953 143.77 0.859

4 8.51 7.27 31.42 0.711 1142 93.45 0.989

C7 6 7.87 8.17 45.38 0.827 1359 109.16 0.809
8 7.97 12.09 43.26 0.819 1519 88.98 0.987

10 6.19 18.17 28.73 0.851 1675 113.78 0.824

2 7.29 12.88 943.4 0.704 1292 220.5 0.713

8.66 17.52 81.15 0.752 1 660 186.4 0.798

Cl1 7.31 22.16 133.2 0.745 2007 182.4 0.861
8.67 24.92 90.18 0.834 2553 141.1 0.828

10 7.75 27.59 23.44 0.978 2867 193.7 0.842

7.29 12.88 943.4 0.704 1292 220.5 0.713

8.66 17.52 81.15 0.752 1 660 186.4 0.798

C17 7.31 22.16 133.2 0.745 2007 182.4 0.861
8 8.67 24.92 90.18 0.834 2553 141.1 0.828

10 7.75 27.59 23.44 0.978 2 867 193.7 0.842
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Fig.7 Polarization curves of N80 steel with different concentrations of corrosion inhibitors
in CO, driving oil corrosion environment.
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Tab.3 Electrochemical parametersin
polarization curve (Fig.7)

Inhibitor COI(“;le;ti‘ﬁi)‘m/ Ee/V  Jeon/(nA-cm)  IE/%
Without 0 ~0.662 54.022

2 ~0.564 41.746 22.72

4 ~0.551 33.899 37.25

c7 6 ~0.528 26.305 5131

8 ~0.482 23.402 56.68

10 ~0.514 20.746 61.59

2 0618 27.368 49.34

4 ~0.595 20.244 62.52

cl1 6 ~0.584 14.64 72.90

~0.591 11.726 78.29

10 ~0.535 10.437 80.68

2 ~0.629 16.368 69.71

~0.493 10.544 80.48

C17 6 ~0.467 7.85 85.46

~0.553 6.668 87.65

10 ~0.41 4.861 91.01

MR- ) C=N XU A (4 3R shig ™, 1 440 cm™!
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[ —CH,NH, Hh C—N SR aFIE ) [/ 8 rh
Raman Sl 3 ANMFAE S N B REAI KB 3 Fhkms
WhRZZ [ ) AE BN b 1T S I B . b4k, Raman S6i
Hr 1302 e A AR I 04 5 T AR B0 2 T A % ok 7R W

¢ 10mg/L Cl1

El 9 N80 M7 CO, IKJEihA
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Fig.8 Raman spectrum of N80 steel surface immersed
in corrosion environment with different corrosion
inhibitors for 48 h
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Fig.9 SEM morphology of N80 steel immersed in CO, driving oil corrosion medium for 48 h:
a) No corrosion inhibitor; b) 10 mg/L C7; ¢) 10 mg/L C11; d) 10 mg/L C17
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Tab.4 EDStest results of N80 steel surfacein Fig.9

wt. %
Sample C o Fe N Total
Without 2.13 0.16 97.71 0 100
Cc7 2.25 0.11 97.49 0.15 100
Cll1 2.40 0.08 97.36 0.17 100
C17 2.11 0.09 97.60 0.20 100

3 #Hig
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