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Molecular Dynamics Simulation of Methane Hydrate Replacement With Carbon

Dioxide in Aqueous NaCl Solutions
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Abstract The process of methane hydrate replacement with carbon dioxide in aqueous NaCl
solutions is investigated using molecule dynamics simulation. The results show that at the beginning
of the simulations, the cages near the hydrate/solution interface distort in the presence of Na*,
Cl~ ions which causes the opening formation. CO2 molecules directly replace CH; molecules from
CH,4 hydrates.
molecules escaped from the cages readily accumulate to form a bubble in NaCl solution. The hydrates

start to decompose due to the methane concentration gradient between the hydrate phase and liquid

Multiple swapping of CO2 and CHy molecules occurs when the hole is larger. CHy

phase. With more COz molecules being trapped in hydrates phase, CH4-CO2 mixed hydrates formed

near the interface are more stable, which hinders the further swapping process.

Key words

035 &

KREKEWR—FIEMEITE . SMREIK A
gk, BARREXR, 44T 2. EBREES,
BEFREREA, ®IANVE 21 KRR RHRM
HELSRER Y, 2, FROARFRXEZEHAA
B4, SIuFeT, CO, fEARESBMERESAS,
HFHEREBHXESH, E598 CO, KER
KRBT, AEME CO: KEHEBIHRWRESY,
¥ CO, AR CHy KEWBELEZEHI K CH,y
B4k, 35 CO, ifae iKYl THZ, 7T

WA BERI. 2016-01-23; #&iTHH: 2016-06-13

hydrate; replacement; molecular dynamics simulation

AR B LR R KGRI T KR E SRR,
WERM I EEBFEH 1M 2 55, Ohgaki % 12
HRNLR AFIEHAT CO, B#t CHy KEHH T
fEM:. Uchita % 1B | HHL & 6IEHFSE CO, Bt CH,
KEVLR, RABEBRK N R AFEKEYH/ AR
i E, BV EREE R, (FFHEEFEIL
R, ATNRERRNVER, Bges Y HAERA
CO2 FLRW B e CH, KEWHITTRE, INVEI SR
T CO; URWH BB B EE B H TS CO, WE

ELWE: EXARPLESFHAE (No.51176192); "' AEHRBEES KA (No.2015A030310422)

feE A HFAE (1985 ), &, BEFAR, L, TEAFKSYER. 08 BRSNS T ERURE.

%, P& A, Email: liangdq@ms.giec.ac.cn

miEfEE: #



1384 T B # 9% # % # 37 H

WeR, TR AMMIRE, BRTXTF CO, Bt
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SFB151% (Molecular Dynamic, MD) ##)
RN FIE S 2 R BT B Y
B, B2RNTESTRE LBSBMIILEARAK LT
£. Lin % B R A MD k%A CO, B CHy
KEY, I CO, FTUEBEER CH, KEW+HH
CHs 2+ F, BRI BASYIRE K ENE. Bai £
N CHy KEMEEREN R, HMEERILER
CO, KEME. NaCl YEMK ¥ WEL, HAEE
RATgE & B ot g, E2&%T NaCl ¥l
H CO, Bt CHy KAHIH MD #HIFFSE, BEM
FKWMRE . AR ET MD B NaCl Bl
CO, BE#t CH, KAV, HREEHIAE,

1 MR s

MR RO R 1 iR . SR RZ—
MR R, B —NKEDFEM—NERAE. KE
YA 3x3x3 4 sl B CHy /KEWEAMAR, H
RS 1242 KT 216 4 CHy 22 F. 816
NHEFT— CHy 53+F. CHy KEWHHI KA FH
SEFHEAIBERET 1 BKEY X BREMTHE
R, KT E R TSR T E W 2 Bernal-
Fowler M|, K T %% NaCl Xt CO, H# CH, /K
B R, TR B AT A AR AR
R, —#HIKER, IXMARBERALETET; —
204 NaCl R &. NaCl R RZHH NaCl W EIKRE
K 1.0%, Hitt, NaCl R E 4 4~ Nat BT, 4
A Cl- BF. BNERAAETYER 1242 MKASFA
88 4~ COg 43T . FE/KMF . NaCl &+ CHy KEG
YA/ B A EEETEUE T « .

ST %R LAMMPS ®{&#17i2

H. Velocity Verlet ¥R IR FHZEZ R, BHE
FRA 2 s, KT RA TIP4P #aER B, 3FH A
SHAKE S HIK - FRIEK A 0.0957 nm, B4
K 104.52°, CH, £ TR 8 SRR H# 1, CO,
s+ ¥l EPM2 SRR [0, F Nat, CI- &
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B 1135 S B RE B AR I 09 1R X B B T E K IS W
WTTR . REFEEFZ B EEARESH0E
T FRHERY Lorentz-Berthelot 1B-SHI 03548, 7 NPT
Bt F2H, Nose-hoover {EERHEESEH 0.1 ps,
ERMEESHIRR 1 ps, AUBHELIKRNE
JMBEETRE L. EBEEH A 275 K, ES#EH
£ 8 MPa, MRAMEEMAMENFEHN 1.2 0m, K
RERIER IR A PPPM HkiTH., & TH
XY, Z ZAHHECRH BN R &,

2 SR

2.1 CO,; B# CH,; K&

&l 2 & NaCl B H CO, E#: CH, /KEWIHIH
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BYI IR B, TIFE/K S YA/ WO R R
FEHRESE, MEREH CO, HTHANKEHH,
R, CHs-COz IBE/KEY, AT H—FE#, m
50 ns B,

& 3 24 50 ns BIK{E R CO, Bt CHy KEY
WEEIMEE. WA 3 FRIUEER], 50 ns BfKEY
A/ WA R B KB MR R A S RV R R
v, A MEYRERR, KEYH/ EHRARE

B 1 B RISRMEL, CO2 4 TFHRME/NER, CHy FTHKE/PER, Nat BTHREKIK, C1I- HFHRERR, KT
AR

Fig. 1 The initial molecular configuration. Small black spheres represent CO2, and small gray spheres represent CHy, and big

black spheres represent Na+ ions, and big gray spheres represent C1~ ions, and H20 mwlecules are given in the stick model
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Fig. 2 Snapshots from CHy4 hydrate replacement with COg2 in aqueous NaC]l solutions, and HoO molecules in the middle
region are omitted for clarity
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Fig. 3 Snapshots from CHy hydrate replacement with CO9 in aqueous solutions
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Fig. 4 Time evolution of the number of CH4 and CO2
molecules in region A
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T-Hi%; 4.3 ns B, Nat BFERKSFHE 5'%6°
K%, HET CHy KA ETHIHERHA, 4.6 ns
B} Nat SAGIKEFENERAE.
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ACRAS T A%, BT NaCl B H
CO, BE#t CH, KEWHIHMLERE, BEIUTHR:

1) Na*, CI" BF5K4FZAIFELRNE
BERSS, SWBRELEFHE KD FHHE
FR, KEY/BRAREL CHy KEMETHEN
BB, CO, HEEH CHy KEYP CHy, RAL
BKE, CO.-CHy - FRIREZKE

2) I CHy, CO; A FHIBESG, BiH
MAKEHEFHELRLH CHy 77 F1 NaCl IHHH
BEGRERSH. KEYWAMBEBRAHER CH, KE
BEEE, MHHKERR, NaCl W CHy KEVBFZE
5

3) BEE CO; A FHEAKEYHF, FHEHLE
ALH) CHs-CO2 IRE/KEMIBNTEE, HBT #H—%
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