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ABSTRACT: The work aims to study a new method to analyze the synergistic effect between inhibitors. The amorphous cell

module in material studio 7.0 software was used to construct object. In different systems, discover module was employed for

optimization and calculation and carry out FFV test with water molecule as the probe to obtain FFV through simulation and

calculation. Then, the change rate of FFV was adopted to predict the synergistic effect between inhibitors and the correctness of

the method was verified by traditional method. From the simulation result of FFV, MTIAS and AB2N had synergistic effect in

CO, system. When these two components were combined in accordance with the mole ratio of 3 : 2, FFV was the smallest, FFV

had the maximum change value D, the best synergistic effect and the highest inhibition efficiency, while MTIAS and CPQA had

no obvious synergistic effect. In CO,/H,S system, when MTIAS and CPQA were combined with a mole ratio of 4:1, FFV was

the smallest, D was the largest, the synergistic effect was the best, and the inhibition efficiency was the highest. However, when

MTIAS and CPQA were combined with a mole ratio of 1 : 4, there was obvious antagonistic effect. MTIAS and AB2N had no

obvious synergistic effect. The results of weight-loss method and the polarization curve test were in agreement with the above

results. It is a fast and effective method to predict the synergistic effect of inhibitors by FFV of inhibitor film.
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Tab.1 Ionic components of water sample

mg/L
HCO5 cr SO% Ca* Mg®*  Na'+K*
160 21978 852 1345 1000 13033
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Fig.3 Final state simulation diagram of the inhibitor film in CO, system
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Tab.2 FFV simulation results of inhibitor film in CO, system

Number Inhibitor Cwuvtias © Chanibitor V,/nm?3 Vinm? FFV/% D/%
a MTIAS 50:0 81.27 8.25 10.16 —
c AB2N 40 : 10 54.76 4.80 8.76 13.78
e CPQA 40 : 10 57.24 6.03 10.53 —-0.04

d Curias © Capon=20 : 30 € Cwurias © Cagan =10 1 40 f Curias © Capan=0 : 50
Bl 4 CO, kR H AR Ll & A 7 ik 39 I 2 LS

Fig.4 Final state simulation diagram of the composite inhibitor films in CO, system
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®3 COMHRMESEMFMER FFV EBER
Tab.3 FFV simulation results of composite inhibitor film
in CO, system

Cwumrias * Occupied Free FEV/%  D/%
Capon volume/nm®  volume/nm?
50:0 81.27 8.25 10.16 —
40 : 10 54.76 4.80 8.76 13.78
30 : 20 37.30 1.79 4.79 52.85
20 : 30 38.25 2.47 6.45 36.52
10 : 40 34.49 2.42 7.02 30.90
0:50 31.34 3.15 10.06 —

a MTIAS

b Curias © Capan=40 : 10
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PRI
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Fig.5 Final state simulation diagram of inhibitor film in CO,/H,S system
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Tab.4 FFV simulation results of inhibitor film in CO,/H,S system

Number Inhibitor Cwumrtias © Chohibitor V,/nm? V/nm? FFV/% D/%
a MTIAS 50:0 38.46 4.88 12.68 —
AB2N 40 : 10 42.23 5.30 12.54 0.01

c CPQA 40 : 10 37.24 4.43 11.67 7.97

a Cyrias © Cepa=50 : 0

d CMTIAS : CCPQA=20 130

b Curias * Cepoa=40 * 10

€ Cwurias * Cepa=10 : 40

f Cwmrias * Cepoa=0 * 50

K6 COy M FR A ] LU B A 52 475 G 50 5822 ) 4 2SR ]

Fig.6 Final state simulation diagram of the composite inhibitor films in the CO, system
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Tab.5 FFV simulation results of composite inhibitor film
in CO,/H,S system

Number Cyrais @ Cepga Vo/nm®  Vinm* FFV/%  D/%

a 50:0 4275  6.09 12.68

b 40 : 10 40.51 454 1037 18.22
c 30 : 20 37.24 443 11.67 797

d 20 : 30 3400 415 1321 —-4.18
e 10 - 40 3045 431 14.69 -15.85
f 0:50 2730 395 1447
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CPQA 1MW {fF B2 B8 B3Ik, i R ik, &
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22 KEE

FIHRED, PO T N2 s Wk 50 mg/L
if, MTIAS 5 AB2N A [E] HL6 &2 B R AU4T CO, Ji ik
PEfE, a5 WEE 6, Hip, MTIAS 5 AB2N #2184 :
1, 3:2,2:3, 1 4 FEAFHNMZE RS 5350 8
N MA41., MA32., MA23. MA14, MTIAS 5 CPQA
ANTE) 9 58 B R B4 COL/H,LS JE il M R4t 3 L3 7,
Hrf, MTIAS 5 CPQA #%/8EE/RI 4 :1,3:2, 2
3.1 04 ZEAT RS RS 4 B E S MB41
MB32. MB23. MBl4,
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Tab.6 Corrosion inhibition effect of composite inhibitors
in CO, system

. Mean Inhibition  Synergistic

Ntlmte)er Cumias © (orrosion efficiency/ effect

yp Canan rate/(mm-a ") % parameter S
Blank — 2.4120
MTIAS 5:0 0.4072 83.12 —
MA41 4:1 0.0966 96.00 1.16
MA32 3:2 0.0536 97.78 2.09
MA23 2:3 0.0675 97.20 1.66
MA14 1:4 0.0812 96.63 1.38
AB2N 0:5 0.6635 72.49

KT COMSHERPESEMAANEMHYR
Tab.7 Corrosion inhibition effect of composite inhibitors
in CO,/H,S system

Number type  Cyrais © Cepoa V/(mm~a71) n/% S

Blank 0.6101

MTIAS 50:0 0.0582 90.46
MB41 40 : 10 0.0202 96.69 1.25
MB32 30 : 20 0.0508 91.67 0.49
MB23 20 : 30 0.1709  71.99 0.15
MB14 10 : 40 0.3122  48.83 0.08
CPQA 0:50 0.2635 56.81
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Fig.7 Polarization curve of Q235 carbon steel in CO, system
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Tab.8 Results of polarization curve fitting in MTIAS+AB2N
solution

Inhibitor Cyrias * Capan Jeor/(RA- ™) 17,/% S

Blank — 279 —

MTIAS 50:0 184 34.1 —
MA41 40 : 10 56 79.9  1.87
MA32 30 : 20 13 95.3 7.99
MA23 20 : 30 20 92.8 522
MA14 10 : 40 55 80.3 1.91
AB2N 0:50 26.7 43.0 —

MELE AR AT LI Y, 18 CO AR, By JE
ol el (37 B bR B T S 35 A%, L ol r i
JE R R AR, 0 1 5 o 750 DAy 00 1) PR Sy 2 A9 TR 4 1 2%
MRl [RIE, BEE AB2N RAIA, HOk Ak R T A 22
PRI b, TEEEAR LN 3 ¢ 2 YR, R
NGEBEE , " H BRI A . 1R COL/H,S R
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Fig.8 Polarization curve of Q235 carbon steel in CO,/H,S system
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Tab.9 Fitting results of polarization curve of Q235 carbon
steel in CO,/H,S system

Inhibitor Jeor/ (WA -cm 2) 1o/ % S
Blank 76.1

MTAIS 2.41 96.83
MB41 0.258 99.66 1.04
MB32 1.16 98.98 0.35
MB23 7.57 90.06 0.04
MB14 14.40 81.02 0.02
CPQA 8.48 88.86
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