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however its corrosion inhibition performance in CO,/H,S co-existence system is poor. In order to improve the corrosion inhibition
effect for X65 steel in CO,/H,S corrosion environment, Propargyl alcohol is used to modify TAI to obtain a new corrosion
inhibitor-dipropargyl methoxy thioureido-imidazoline (DPFTAI). In this article, the inhibition effect and mechanism of TAI and
DPFTALI is studied by dynamic weight loss corrosion experiment and electrochemical tests, and the results shown the inhibition
efficiency of DPFTALI is significantly improved. Material Studio 7.0 software is employed to calculate the molecular orbital
energies of TAI and DPFTAI, adsorption energy of inhibitor, Fukui index, surface interaction force and adsorption state, the
interaction between corrosion inhibitor molecules and corrosive ions, etc. The experiment results show that the inhibition
efficiency of TAI and DPFTAI are both higher than 93% in the absence of H,S. When the H,S content is 2000 mg/L, the
inhibition efficiency of DPFTALI is still as high as 91.96%, which is 18% higher than that of TAI. DPFTAI has three adsorption
centers, namely two N atoms on the imidazoline ring and S atoms on the side chain of the molecule. The interaction energy
between DPFTAI and iron surface is 29.66 kcal/mol. While TAI has only one adsorption center, which is S atom on the molecule,
and its interaction energy with iron surface is 22.46 kcal/mol. The HS™ concentration around CO,/H,S environment with DPFTAI

inhibitor is significantly higher than that of TAI inhibitor, which further proves that DPFTAI has dramatically better adsorption

2021 47 A

effect and corrosion inhibition effect on carbon steel than TAI in CO,/H,S corrosion system.

KEY WORDS: CO,/H,S corrosion; imidazoline; corrosion inhibitor; propargyl alcohol
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Tab.1 Chemical composition of experimental water
mg/L

HCO; SO
19655 166 2567

Na'+K* Ca* Mg** cr
11 396 1185 766

RIS TR X65 4, )5k 40 mmx13 mmx2 mm,
22l oy WER 2.0 X65 Wil i AP ARZ W4T 55 2 1500
H, SRJEHR ARG K . TEAS RN ER S U8, B XU
T, AT AT 4 ho BN HTFHAMERR) MS204S
RUHL 50 KPR

&2 X65 WMEILFHES
Tab.2 Chemical composition analysis of X65 steel
wt/%

C Mn Si P Nb Mo S Fe
0.08 1.17 0.30 0.026 0.009 0.009 0.004 Bal.

T IR L R bk ( TAY ) AU P 366 Y AU 6 i R 5
Dknenbk ( DPFTAL) B4 F45H WK 1, G RTES%
SCHK[19],
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1 TAI #1 DPFTAI (4540
Fig.1 Chemical structures of TAI and DPFTAI
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FIH Materials Studio #X{F"H' Y Amorphous cell
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2.1 TAI %0 DPFTAI B892 4 gE izt
211 BhEKEIRE

) FH v T e e Bh S 22 1R B IR S DK e bk TAT Al
DPFTAI 7E i N 50 mg/L BFAYEMEfE, 45
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X 201
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71 0.7 MPa & & A1t &8 5 Z/(@ - o)
Tab.3 Corrosion inhibition effects of two inhibitors in 0.7 MPa <}
CO, brine solution with and without 2000 mg/L H,S N 2000
o Concentration Mean corrosion Inhibition
Inhibitor of HZS/(mg~L’1) rate/(mm-a ") efficiency/% 1000
Uninhibited 0 1.0322 0 . . . .
TAI 0 0.0677 93.44 0 1000 2000 3000 4000 5000
DPFTAI 0 0.0506 95.10 Z/(Q - om?)
Uninhibited 2000 0.6101 &3 X651 TAI Il DPFTAL FiJ5 09 i/ B EIS
TAI 2000 0.1602 73.74 ML 1K) Nyquist 5]
DPFTAI 2000 0.0521 91.96 Fig.3 EIS of X65 steel in corrosive media before and after
adding TAI and DPFTAI
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Fig.2 Polarization curves of steel X65 in corrosive media
before and after adding TAI and DPFTAI
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Tab.4 Orbital energy of TAI and DPFTAI

Inhibitor EHOMo/eV ELUMo/eV AE/eV
TAI -5.114 0.287 5.401
DPFTAI -5.478 —-1.000 4.478

x5 BREREFETFINEAMETFH Fukui I55E

Tab.5 Fukui index of atoms of atoms other than carbon and
hydrogen

Atomic positions f f
Imidazoline N (18) -0.006 0.051
ring N (19) —-0.004 0.007
TAI N (54) 0.033 0.033
Side chain S (69) 0.593 0.229
N (70) 0.035 0.037
Imidazoline N (18) 0.13 -0.012
ring N (19) 0.173 0.032
N (62) -0.003 0.075
DPFTAI N (64) 0.006 0.007
Side chain S (65) 0.063 0.323
0 (72) —-0.008 —-0.02
O (81) 0.01 0.021
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Fig.4 Balance adsorption structure of (a) TAI and (b) DPFTAI
on the surface of iron
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