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Abstract

CO: geological storage is the most promising negative carbon technology at present, and it is the
backstop for China to achieve the goal of the carbon peaking and carbon neutrality goals. Saline
aquifer sequestration is considered to have the most potential for COz geological storage technology
in the future. The dissolution of COz in water is an important mechanism for saline aquifer seques-
tration. How to improve the solubility of CO: is very important for the storage effect. In this paper,
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based on molecular dynamics simulation method, the distribution of COz and H20 molecules near
the hydrophobic solid wall of formation is studied to find a way to improve the solubility of COz in
the underground water. The influence of non-thermal effect of electric field on the solubility of CO2-
H20 system under certain temperature and pressure is studied. The results show that the distribu-
tion of molecules at the solid-liquid interface is regulated by the direction and intensity of the ex-
ternal electric field: COz molecules gather at the interface under the electric field parallel to the in-
terface, and leave the interface under the electric field perpendicular to the interface and dissolve
into the aqueous solution. Based on the electric field perpendicular to the interface, the higher the
field intensity is applied, the more COz molecules tend to leave the interface and dissolve in the
aqueous solution. When the electric field direction is perpendicular to the interface, the solubility
of COz can be enhanced by 297.26% at most. This study reveals a new mechanism to regulate the
accumulation and dissolution of COz in aqueous solutions, which has great application potential in
improving the effect of COz geological storage.
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Figure 1. Contribution of different storage mechanisms to COz storage in deep saline aquifers at various time scales [2]
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Figure 2. Schematic of H20 model and CO2 model (Red: O; Gray: C; White: H)
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Table 1. Force field parameters

# 1. sy
E'E%ffﬂ”?’f;ﬁfﬁ JR ¥ & (kcal/mol) o (A)
Fsali: C-C 0.07 3.55
H20: 0-0 0.1553 3.166
H.0: H-H 0 0
CO2: C-C 0.0559 2.8000
CO2: 0-0 0.15728 3.028
%%ﬁg%ﬁg% i et K (kcal/(mol-A2)) 0 (A)
F#EM: C-C 469.0 1.400
H20: O-H 600 1
CO2: O-C 1008.962715 1.162
i By Ko (kcal/(mol-rad?)) 6 ()
H20: H-O-H 75 109.47
CO2: C-0-C 54.003346 180.0
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Figure 3. Validation models for CO2 and H20 (Blue: O-H20; White: H-H20; Red: C-CO2; Yellow: O-COz)
3.C0: 5 H.0 BIEAEEN(EE: O-H:0; H: H-H:0; £I: C-COz; #E: 0-COz)
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Figure 4. Model validation: (a) (b) Comparison of the density of CO2 and H20 models with actual densities, respectively
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Figure 5. Initial simulation system (Blue: O-H20; White: H-H20; Red: C-COz; Yellow: O-COz; Cyan: Graphene): (a) Initial
state of the simulation system, (b) System after energy minimization and NVT relaxation
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Figure 6. Changes in the number of hydrogen bonds in the early stages of system simulation
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Figure 7. Distribution of CO2 and H2O numbers at different temperatures
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Figure 8. Solubility of CO: in the aqueous phase at different temperatures
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Table 2. Solubility of COz in the aqueous phase at different temperatures
# 2. FREEET CO» 7k B MAMRE

I (K) FEIX A AR A XS AR A AR
298 0.0095 0.0050 0.0073
323 0.0126 0.0100 0.0113
348 0.0109 0.0104 0.0106
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Figure 9. Distribution of CO2 and H>O numbers at different pressures
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Figure 10. Solubility of CO2 in the aqueous phase at different pressures
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Table 3. Solubility of COz in the aqueous phase at different pressures
# 3. FRIENT COr TEKBHRIFEE

J£77 (atm) Jr X IR A A XA A AR

1 0.0095 0.0050 0.0073

150 0.0080 0.0104 0.0092

300 0.0104 0.0127 0.0116
HHSELAE AT RN, BEE S HIIE K, CO, MMM RIS . — B0 S, s R, i L) CO, 7

THIRERGR, ARG LA 35 s e, #EABAR COn ﬁ?iﬂl I B MR & Y A 22, AT A HL 9 A
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Figure 11. Distribution of CO2 and H2O numbers under different electric field strengths: (a) (b) (c) (d) correspond to electric
field strengths of 0.00 V/A, 0.05 V/A, 0.01 V/A, and 0.02 V/A, respectively
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Table 4. Solubility of COz in the aqueous phase at different pressures
# 4. TRIBIHEBET CO» FEKAFERHIBREE

Wy (V/IA) F XIS AR A A XA AR A AR
0.00 0.0095 0.0050 0.0073
0.05 0.0108 0.0130 0.0119
0.10 0.0192 0.0206 0.0199
0.20 0.0269 0.0311 0.0290
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Figure 12. Solubility of COz in the aqueous phase under different electric field strengths
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Table 5. Distance between CO2 and the graphene wall under different electric field strengths
5. TEBFHEET CO. SAEKEHZ EREE

Wk (V/IA) Fr BETM A BETH
0.00 0.0955 0.0824
0.05 0.1011 0.1124
0.10 0.1261 0.1545
0.20 0.1541 0.1965
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Figure 13. Distance of CO2 from the graphene wall under different electric field strengths: (a) (b) (c) (d) Electric field strengths
0f 0.00 V/A, 0.05 V/A, 0.1 V/A, and 0.02 V/A, respectively
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Figure 14. Number of hydrogen bonds in the CO2 adsorption layer on the graphene wall under different electric field strengths
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Figure 15. Distribution of CO2 and H2O numbers under different electric field strengths: (a) (b) (c) (d) Representing no electric
field, 0°, 45°, and 90°, respectively
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Table 6. Solubility of CO2 in the aqueous phase under different electric field angles
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FHEE(C) 7 X3 AR AR A X IR AR L NN
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Figure 16. Solubility of CO: in the aqueous phase under different electric field angles
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Table 7. Distance between COz and the graphene wall under different electric field angles

#=7. TEBRAAET CO: SARKERZ BRIES

FRE(VIA) e BETH A BET
JTCH 0.0955 0.0824
0 0.0709 0.0646

45 0.1034 0.0963

90 0.1541 0.1965
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Figure 17. Distance of CO: from the graphene wall under different electric field angles: (a) (b) (c) (d) Representing no electric
field, 0°, 45°, and 90°, respectively
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Figure 18. Number of hydrogen bonds in the COz adsorption layer on the graphene wall under different electric field angles
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