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Abstract: With the massive emission of greenhouse gases, global warming has become an important challenge for human
beings at present. Storing carbon dioxide in the form of solid hydrates in the ocean is an effective strategy to mitigate climate
warming. Clay in the ocean may have an effect on hydrate formation and CO, storage. In this study, montmorillonite and
kaolinite were selected as clay minerals, and the effects of clay particles on CO, hydrate formation in suspensions with
different mass fractions were experimentally analyzed. The results showed that the clay particles were able to promote hydrate
nucleation and shorten the induction time, but the final amount of hydrate was reduced, which was related to the bound water.
CO, hydrate storage in clay minerals with different water contents was investigated. The amount of CO, storage in
montmorillonite minerals first decreased and then increased with the increase of water content, while the amount of storage in
kaolinite minerals increased. The reason was that the amount of bound water on the surfaces of montmorillonite and kaolinite
was different, and the stronger bound water was difficult to form hydrates. The results revealed the effect of clay particles on
CO, hydrate formation and provided some experimental support for the CO, storage by hydrate method in the ocean.

Keywords: Carbon Dioxide Storage, Hydrate, Clay, Induction Time

&L K & YIE R

B, BT, B, FEY, BEDY, RER", RKE'

KRR TR REIR 5 30 1 B BRI ST RR A I E ke, KiE, T E
PRI TR B R AR UK A E K E s, bt hE
SREH TR T TEbE, T A

HBFE
yuze0420yuen@mail.dlut.edu.cn (EEF23%) , fengyu2019@mail.dlut.edu.cn (552) , 121747387@qq.com C(EFHD ,
ligp@cnooc.com.cn (ZEF) , leiyang@dlut.edu.cn (#7%) , lunxiangzhang@dlut.edu.cn CiKABFH) , songyc@dlut.edu.cn CARKE)

WE: BERE AR, SBRAURALIR B 21K I K = kiR — . FCO, LA K & Wi Xt 77 4E

e T AR SR AR R AR IR A ROk NG o R LRI EZ R 2 —, XK EWIE R CO, B A7 = A . A
W FCIE IO A A 0 A N R L™, SR B 1 @ R AN [R5 i 20 B0 35 R ORI COK S MR I, 45



Science Discovery 2024; 12(2): 27-32 28

SRR H LB RES (3K SV, 4B SR, Hib T2 SRR SRR . WA F S KERE
LW COyREMBEATHOLHAT TR T, B SR, S0 Y COBMF B e/ 5 i, i
7R B 2 K RGN G 0o X2 DR DA B A A e e A SR I IRAF R 45 B K AN AL, B i 48 5 K LR K S5 40 o
SKH A RAE 7R 1 R HBURLAE CO KGR BN, e Re K & MIE B AF COR It 1 SEIR 505

SKE: AR, KaT, BL, S

1. 5|8

A RS AR BE A 3 B T — S B A R KR HETR

KA IR R IR ORI, AR AL R By = i
R RUERIAGT R, BRI AR 5 AR 2
SR 2] B2 T B BT AR BEBOR K A FERR I, %
G A R N IKOR S BURF S o B SR AN A7
(CCS) AEA— Al ELHZ B SRR B A N A AN A R
HO7 (3, 4]0 BEHILHRRIR UK EWRITFRA K
EVBRITRANIE T, A5 NI 4 CO, LU AR 73Uk
FAAEHFAEIR RS, 6] KEWEH AR THIK T DA
AT SRIEIZALIN, R b i TR A = A Frt
IARIL ST VRS AL A (7, 810 TEARUBIRIL T, 1m’
IKE VIR EAE120-160m’ [1ICO <M, HLLEAIE IR
T TR EMIRENS KINORFFRE9] . TR ik 52
COMINT AP 22 4 e R € IO et A7 7 1%, O AT 2k
A BR AR AR A ORI, AR RA IR A 5

HEPE SR EL R AF 2 8] (1 RN A7 A 1R 2 B AN A
Pho WAL RIRZ AN, WK IS A T ] RE 2o
IRE PN LR o 9F 7R B o ) B ST P A1

COLPE/K T RV A RE LA KK 7315 8 1 Rl g s ELAE A

WFCO K AW =0, XFCO K AR A 30
I HMgCl, #0H 24 5% T NaCl [10-12]. LiuZF A[13, 1417
RIS RE AR K G SO RE MR I, S I
U7 F AR AT WA O] LMK SRR R, T
JR5 2 A . Tadava N[151R B Y077 A 1) A i v vk
) CRZERERE AR IETER) AT S, RSk
K EVIRFACER, g K EWRIE RSN 1%, BN
H HAE2EGRISDS [161 56 RLIrERE. ioh, BEFERMZ AL
IR AP A BOE R R TR, I HCO SR I #E
SRR R T RN G N[ 17, 18],

NI R AR S KA 0 it J2 BURE 43 B 3% BH 5 U A
HARB—MR R Z AN, B S8 L P[19-21]. 3
T YRR E IR HIARLR NS 1R, Z 2R R R LA
W, TR T —FMRER 2 A iR [22, 23]. AR AR
HH BV N S A 2 A K B %, AHBE o 75 4
(BN, IELE R R K [24]. HREFIRRE -0 YR
A T, B BRSOk 2 18R] BE R A AR AR A
Taehyung§ ANTE/KEWIE Pt b3, RILES LRI
WAk Ky FARRE T K G k% 8h 1124251 &)
PAEAE TR, S SRR A WTY ORI 43 A 1) =
B K 2K [26]. 1EZ LA B/KE Y S FE G L
b 2R K TR, FREHEK K A&V 46[27]. Ma
R T2 ORI AR 5 R B AN S, &R Ui

Yrb S KR IGINS K KGR e A 34T T AR [28]
WFFCHFAE I N 1 S ABRK S EAFIN, A B2 & UL
B B 203 S L K B R R o B8R H RS
PRI P % R Z K SR RS2 C 2 H B2
BT X 2 AR R BB TR B R RORI CO K & 1A A
MR R, ARt 2.

ARTAE, B0 R L0 — SRR & TR B
WAHEAT T SERMTIE o AT E BRI R ST T A FRRE T
S5 Tt A I e A S VT COL K 5 W A F I PR 55 52 6 TR A
SRHERER, T ARE S KRR L AR COL I
BAETE Lo SR 45 R BT B R L BURLE K & 0 L3
T R, RS LUK G0k 17 CO 8R4
—E RS SO -

2. SEIGEASy

2.1. KA

AR S B R R SR IR A F R A, 4l
FE999.99%; 2585 ¥ /K s % 2 B KL % SR
A R U A E R R S B B L PR A R A
Al 999%, HHATRIAE N1 5um, N2 5g/em’s B 1R
S BT 5 M A R e o i B SEMIE

(a)

(b)

22. LHRE

ASCRHERFTR e &N & RFALKEE . ZRA
H AR A& — N ANEB I 5 R R B 28, e KR 32 ]
i520MPa, HRUAFIN110mL. & RN S50 i SRS %
FRE 1 5 1SCOZE PA K& AL U A% . Seit i fe
B E IR KIS AR T SN S AR, R RIS EN
263.15~323.15K, K5/E N0.01K . SN 28 7% FE il o A% Ik 2%



29 BT S R TR ARROK & E AR R T ST

FOE 345 s, IR AL K2 NPTI00 B J i fl, KN
0.01K, F 145 B 2e k5 1 90.01MPa. i i 548 R 5 R4
MCGS 310 3 S50 FE A IR AN 5080

=

Computer|

[N

D>

2[ ]

' ' 1-Reactor
2-Magnetic stirrer
3-Stirrer
4-Pressure sensor
5-Temperature sensor
6-Pressure reducing valve

B2 LB R R R AL
2.3. KB

FE A A LI FR N R o SR E T 7E383.15K
ITER LR 24 N, SRETE S T 0 IR E E B 5
it o £, BN B TR, IREHA, BRI
TR B T RBF AR Y. BRI R
MITBON R T RNE S, AR JE K N S TN KR AR o 1
FACRS, IEZEIMPaZify, %5 EHE Ak, %
eI R P AR SRR OB S B3R, DAHERR N =
Ko WEKIBIERN2T5.15K, HRGEERER, B4R
BN EE RN TRIE ), BERMNENEE. K
TR P, EEAR AR P AT LR R
FRRE R AR . AR S AR R, RN E )
BTN, M JIRE R AR, SRR

24. HHEBE

KIS RE AR, BEAE AR RE, SRR M R AR ek
b, BWIEARER. BRSSO ARG R B
J L) S B B AR A7 I TN =0 28 A — S AR BE /R
K5 I ) =iy — A AR R B 22 . BRI R k5

An — POVCR _ PtVCR
€02 ™ zRT, z.RT,

ﬁ;qj ’ P() *ﬂToﬁ\%u%Hﬂ’ I‘E—Jt:OHTJ‘&&/)ﬂ% Ij\] E@Eﬁ*ufﬂ?l}g ’
P AT, 53 ) I (B 6=t S 8 58 PN TR SRR S s Vg A& SUBE
SWAMRET SRR, TESCI R R AR AR 202 A
IR SAR I B G R T, B BWRSIRZS 5 FE[29175 2.

3. ZR5WR
3.0, BRI KSR T8 IR

IKEDHIE B RE W] BLr N =ANF B AR
P BAZII AN PR A K KA IR O AR AR B 3 2
gl B AE, fEAE S KR MBI KoK S P A K2

HIA AR A — BUN TR] R G 2 AR AE A 2 R B H K2 1L,
XA T I ] ARG WA R I ] e T SR 5 3
I 1a], HE SO R GEIT IR A 1 2 55— U BT Bk
ST DRI AI[30]. ASEgh DUES S R R Gi5
5E Ji B HA 28 H B TR PR IS TR D 175 S (1]

(a) 2762
0 wt%
0.2 wt%
276.0 4 — 0.5 wt%
— 1.0 wt%
7 27584 2.0 wt%
2
=]
=
5 275.6
(=9
£
3
275.4 4
275.0 T T T T T T
0 100 200 300 400 500
Time/min
(b) 276.2
0 wt%
0.2 wt%
276.0 4 — 0.5 wt%
— 1.0 wt%
7 275.8 2.0 wt%
=
=
5 275.6
=%
£
&
275.4 4
27521 lmg
275.0 T T T T T T
0 100 200 300 400 500
Time/min

B3 AFFRES B () FRAASER (b) SR SR KW
TR AR 2R

SIS A 1~9 43 B HEAT T A K AU R R & 5 B S A
H U A BIF W I COL K B WA a5, S i ik FE
BEARESL E3 AR . WITERY B, BT CO AR IR
VEN, EWNIREYGE FTFE276K A4, FITETENETIN
3MPa. 1 )5 iR N BRI KB A% E 19275.15K, LK
COSMIEIK P HIEIR, WK TG F R, X5 Sk
WA S I . K-SV A S AL RE, S5 Hh
LR TRIR E TR ARSI R, bt N Pd A= K 3,
B BT KAV BGE R T, KA R R /N
T E R K AR 3 A, 28 I BT B K I B e
B, SREFERE RN, K FREEE R Easg, X
T ANE JJERIEALRFEAARS, KEVIIE L



Science Discovery 2024; 12(2): 27-32 30

—#— Montmorillonite
—@— Kaolinite

Induction time /min

40 T T T T T
0.0 0.5 1.0 1.5 2.0
Mass fraction /wt%

B4 Bl COREMIE I i) 5 &t h 7 B < &

TR LR s B A B TR) B R Al KR &R, T L
AN TR 28 5 4 ) L 5 0 HE AL D B R RT VA 1 RN
FiAE. B T A F R &5 EIF R COK & A
s S E, 4. ATLURIE, 54K RS
e, BN ERE T Bik%, KR4 175 S . Bl
5 %6 R BUN0. 2wt %3 I E2.0wt%, 52 AT 2 iF i h
75 S5 H) A5 8. 7minf 45 $1/48.3min, =R BIFRTIE S
I 18] A 65.3min4i %6 31)51.5min. H48, ME3HRE1, W&
LR B3I, K R AZ I 1L A R R,
VLK B WA K FE R U R b, 2K SR A
RIS FTE . B BRI (R B A A P A 1
DI TIN5 = S N N R -l O T By 1
FEAIC 1 COSRTE AR I 8R[31], AT — E FE B b s %
TIKEIRERK . 28R, BV R R I i A T4l K
12, A BN R, 0L I NG 58 T AL HA[32],
fRHE T 25 PUARAH K ) B2 BE I B IR, A3 /KB W0 AR
T B R R A A 3 BRI KIS A T, TN T K&
A R R Y B

3.2. BEBRACOHEREEM

R4 S 06 FF U A0 25 SRR 1) 58 N LR T A0l ok A
TR B S IR I CO SR THFEEZEAT 1 204, WIEISHR .
WA RIS E A T I N34 T COK &M B T -
B B LR A N, RS A BFE I, COM
L FE R N 55.2mmoliii /> 2252.8mmol; IR A BT,
CO, ) B 2878 #E B M\ 56.8mmol 1% 249 .4mmol, KT 46
IR Z2 1 57.6mmol (S ARTH FE & IX PP 22 5B 1 AR T3
TR RS AL RN, BRI TR A, FEE TR S
Zb ORI M A 0% o b BRI R 1Y) i A 4 A H A
BKJEFAEF T T, BT KB R AR Y ONUE
(DDL)H1, XSk 77 KB HE AR L RN R T, B4
&K7[33, 34]. E/KANEMSS B BHKM L KIERFRK, 75
MK K BV E AT T, 456 /KIRMES 5TE oK
EW35]. BINGE B /KIIAELE, PRAK T B B K& E
b, BCNREIKEMAK K EER K. Frbl5 4Kk &1
b, BEFRTRESS5KEMERKKER D, #15C0,
MR AR 2 K T 14.3%.

60

I Montmorillonite

58 - Kaolinite
)
g 56
E
L
254
]
w
3504
&}

504

48 4

0 0.2 0.5 1 2

Mass fraction /wt%

IS R AP B RCOMAH 2
3.3. ZEKMCOKEYRILR

N HE— B T B R 2R T 45 A /K COL K BT
FRIGEEI, RN T R LU TR I CO B F A, 4T
T KER N 10%~30% 1) 5 Bt A Al s I A pi ) 1 1 CO,
IKE DA RS . AR S 56 UA R B 1 8 T 5O,
A& EfFE, WE6HT R NEFERME L P & KE
B2k X F B IR, B &K ERIE N, COo,
B A BRI G RN, 7E20% & K B B 7ECO b .
XA RUNTE S KRR T20%0, 7K 501 LB SR A 45 G 7K 1
TE AR ATAE B R R, XK A3k LU UK &9,
CO, T Z @ W A 7E S i 26 Lok b, BEE SKE
W%, St b 2 WAL S K TS S, AT
COL Pt HIAT AR, BT LACO, S A7 B D (ERE 4
KEFET20%0, Mt RE MRS A /KCEMM, o
EE A KM A KD TR, EREREXG TS
COJE B A K G — MRk, 1 em’ (7K &4aT LA &
25160 e’ IASAK[9), HEA7 S i KT, AL
B CO, B KA REF. MEKENIEZ,
AR BV IR T2, CO KA A RAR 22
HE, BTLLCO 7 2 KRN .

100

—=— Montmorillonite
—e— Kaolinite

60

40

Gas storage/mmol

204

0 T T T T T
10 15 20 25 30

Water content/%

Blo AFEEKFEH T DT COMAHIFE,




31 BT S R TR ARROK & E AR R T ST

4.0 281.5
3.5 I 280.5
3.0 i

k2795

S 5 14

& 2.5+ F

= L2785 &

2 204 =

= [

z "‘PIOZA’ L2775 &

£ 15+ ————PBOf 5

—=-TI0% | 965
1.0 —T30%
0.5 l275.5
0.0 11— ; , , —L 2745
0 200 400 600 800

Time /min

B7 A KRR B R AR h 2

H5ZBAay AR, @ik A iRy i Cco, B 7 2kt
BRI 0. AR P SO0k AR v B IR RE R 7 i %
(E7) , 10%R130% & AKEMIF T, Wi R I
MRS BT, HE DR JR s R, RIHCOKE
VIR, e A 2SS Fase , S JEIREE /N, IR
RE 1A [36], BT LA B A R 3R 45 &K & BT 10%,
8 IKRAE10% A _FIs, 286 3R TH RO B S B8 K 4
T, XEEK TR OGS A K, LB UK &
Wy, —E MONEEE KA HK, 2 5EBUKEY, CO,
LK S RSB . B Ta a5/ X ), o] LA
TSRS GKE &> 5 A, B AER
FEEKEFIE LT, @& AR A 2 K& A i,
HAFEE K. HHMESKEN10%HEME30%, —HEHE
HCOKEWIHITERL, FTLLCO, M) e & B fF B ki % .

4. 45

HEVET I3 0 Y &6 CO K W B A B B ()
o, ST COMEME R BT . ARS8
WP IR S T A RN W AT A AT, R T AN TR R A B
FhE B ICO KA WA L. 45 REW, FLH
PEHRE T COKEINIRRAZ, 4% 7S, JFHKE
VTR S A A 0 A o A B A 0, 175 S R —
WA, 2.0wt% I 5 i A B K n] 15 5 ) () 46 9.46.6% -
{HE T2 L3RR T OGRS 6K, MEUUE K&
Y, HRFCOKEWIIAERER D . Moh, ARG KK
G T & AF T ICOKEMEAAE AT T 2 & 58,
BEE S KRN, AT Y CO, M3 17 R i 4% Ay
KEW, BRI EIEIN; SIS AH )b A7 R BE
FKE NN, X544 KKEEE R, B EIE
T BRI A K KA B o A T AR 5256 45
B BT BRI P B b R A K KA I
HICOE RIS . AT 458 I RE 1 S i A Al s 0 A 36+
TR COK AT RSN J1 5 s, Lk R KA
YA B S AR K A KRR ], 1% 33— 25 2 FE 28 - Stk
(1403 THT R0 RN 45 B /K TE K B TR s A (AR F AL, DAFE 43
T RZE DU COL B A A

BoA

AR T EEKEHARR RS (U19B2005) « [
K E SRR (2021YFC2800902) A EEHIEF A
A2 T (YESS20200088) (1% B Fl 3 4%,

23 3CHR

[1] Gleick P H, Adams R M, Amasino R M, et al. Climate change
and the integrity of science [J]. Science, 2010, 328(5979):
689-690. Doi: 10.1126/science. 328.5979.689.

[2] Seinfeld J H. Insights on global warming [J]. Aiche Journal,
2011, 57(12): 3259-3284. Doi: 10.1002/aic. 12780.

[3] Gasser T, Guivarch C, Tachiiri K, et al. Negative emissions
physically needed to keep global warming below 2°C [J].
Nature Communications, 2015, 6. Doi: 10.1038/ncomms8958.

[4] TIPCC. ARS climate change 2014: mitigation of climate change:
contribution of working group iii to the fifth assessment report
of the intergovernmental panel on climate change [R].
Cambridge: Cambridge University Press, 2014.

[5] Saji A, Yoshida H, Sakai M, et al. Fixation of carbon dioxide
by clathrate-hydrate [J]. Energy Conversion and Management,
1992, 33(5-8): 643-649. Doi: 10.1016/0196-8904(92)90067-7.

[6] Veluswamy H P, Wong A, Babu P, et al. Rapid methane
hydrate formation to develop a cost effective large scale

energy storage system [J]. Chemical Engineering Journal,
2016, 290: 161-173. Doi: 10.1016/j.cej.2016.01.026.

[71 Englezos P. Clathrate hydrates [J]. Industrial & Engineering
Chemistry Research, 1993, 32(7): 1251-1274. Doi:
10.1021/ie000192a001.

[8] Yang M J, Song Y C, Ruan X K, et al. Characteristics of CO2
hydrate formation and dissociation in glass beads and silica gel [J].
Energies, 2012, 5(4): 925-937. Doi: 10.3390/en5040925.

[9] Veluswamy H P, Kumar A, Seo Y, et al. A review of
solidified natural gas (sng) technology for gas storage via
clathrate hydrates [J]. Applied Energy, 2018, 216: 262-285.
Doi: 10.1016/j.apenergy.2018.02.059.

[10] Falahieh M M, Bonyadi M, Lashanizadegan A. Effect of

different salts on the kinetic parameters of the carbon dioxide

hydrate formation [J]. Journal of Natural Gas Science and

Engineering, 2022, 100. Doi: 10.1016/j.jngse.2022.104461.

[11] Chong Z R, Chan A, Babu P, et al. Effect of nacl on methane

hydrate formation and dissociation in porous media [J].

Journal of Natural Gas Science and Engineering, 2015, 27:

178-189. Doi: 10.1016/j.jngse. 2015.08.055.

[12] Long Z, Liang D Q, Li D L. Kinetic effect of single MgCl,

and NaCl aqueous solutions on ethane hydrate formation [J].

Canadian Journal of Chemistry, 2015, 93(8): 891-896. Doi:

10.1139/cjc-2014-0535.

[13] Liu Y Z, Feng Y, Zhang L X, et al. Effects of protein
macromolecules and metabolic small molecules on kinetics of
methane hydrate formation in marine clay [J]. Chemical
Engineering Journal, 2021, 412. Doi: 10.1016/j.cej.2021.128496.



[14]

[15]

[16]

[17]

[18]

[19]

[22]

[23]

[24]

[25]

Science Discovery 2024; 12(2): 27-32 32

LiuY Z, Zhang L X, Yang L, et al. Behaviors of CO, hydrate
formation in the presence of acid-dissolvable organic matters
[J]. Environmental Science & Technology, 2021, 55(9):
6206-6213. Doi: 10.1021/acs.est.0c06407.

Jadav S, Sakthipriya N, Doble M, et al. Effect of
biosurfactants produced by bacillus subtilis and pseudomonas
aeruginosa on the formation kinetics of methane hydrates [J].
Journal of Natural Gas Science and Engineering, 2017, 43:
156-166. Doi: 10.1016/j.jngse.2017.03.032.

Kumar A, Sakpal T, Linga P, et al. Influence of contact
medium and surfactants on carbon dioxide clathrate hydrate
kinetics [J]. Fuel, 2013, 105: 664-671.

Doi: 10.1016/.fuel.2012.10.031.

Mekala P, Busch M, Mech D, et al. Effect of silica sand size
on the formation kinetics of CO, hydrate in porous media in
the presence of pure water and seawater relevant for CO,
sequestration [J]. Journal of Petroleum Science and
Engineering, 2014, 122: 1-9.

Doi: 10.1016/j.petrol.2014.08.017.

Linga P, Daraboina N, Ripmeester J A, et al. Enhanced rate of
gas hydrate formation in a fixed bed column filled with sand
compared to a stirred vessel [J]. Chemical Engineering
Science, 2012, 68(1): 617-623.

Doi: 10.1016/j.ces.2011.10.030.

Ning F L, Liang J Q, Wu N Y, et al. Reservoir characteristics
of natural gas hydrates in China [J]. Natural Gas Industry,
2020, 40(08): 1-24.

Doi: 10.3787/j.issn.1000-0976.2020.08.001.

Sha Z B, Liang J Q, Zhang G X, et al. A seepage gas hydrate
system in northern south china sea: seismic and well log
interpretations [J]. Marine Geology, 2015, 366: 69-78. Doi:
10.1016/j.margeo.2015.04.006.

Dutkiewicz A, O'Callaghan S, Miiller R D. Controls on the
distribution of deep-sea sediments [J]. Geochemistry
Geophysics Geosystems, 2016, 17(8): 3075-3098.

Doi: 10.1002/2016GC0064238.

Luo H X. The composition microstructure and physico-
chemical properties of marine soil in South China Sea [J].
Rock and Soil Mechanics, 1989(04): 45-53.

Doi: 10.16285/j.rsm.1989.04.006.

LiYL, LiuCL, Liao H L, et al. Mechanical properties of the
mixed system of clayey-silt sediments and natural gas

hydrates [J]. Natural Gas Industry, 2020, 40(08): 159-168. Doi:

10.3787/j.issn.1000-0976.2020.08.013.

Ren J J, Liu X H, Niu M Y, et al. Effect of sodium
montmorillonite clay on the kinetics of ch, hydrate-implication

for energy recovery [J]. Chemical Engineering Journal, 2022, 437.

Doi: 10.1016/j.cej.2022.135368.

Park T, Kwon T H. Effect of electric field on gas hydrate
nucleation kinetics: evidence for the enhanced kinetics of

[26]

[27]

[29]

[30]

[31]

[32]

[33]

hydrate nucleation by negatively charged clay surfaces [J].
Environmental Science & Technology, 2018, 52(5):
3267-3274. Doi: 10.1021/acs.est.7b05477.

van Groos A, Guggenheim S. The stability of methane hydrate
intercalates of montmorillonite and nontronite: implications
for carbon storage in ocean-floor environments [J]. American
Mineralogist, 2009, 94(2-3): 372-379.

Doi: 10.2138/am.2009.3018.

Feng Y, Zhao Y, Han Y Z, et al. Formation and dissociation
of co2 hydrates in porous media in the presence of clay
suspensions [J]. Chemical Engineering Journal, 2023, 465.
Doi: 10.1016/j.cej.2023.142854.

Ma X L, Jiang D D, Lu J, et al. Hydrate formation and
dissociation characteristics in clayey silt sediment [J]. Journal
of Natural Gas Science and Engineering, 2022, 100. Doi:
10.1016/j.jngse.2022.104475.

Coquelet C, Chapoy A, Richon D. Development of a new
alpha function for the peng-robinson equation of state:
comparative study of alpha function models for pure gases
(natural gas components) and water-gas systems [J].
International Journal of Thermophysics, 2004, 25(1): 133-158.

Sohnel O, Mullin J W. Interpretation of crystallization
induction periods [J]. Journal of Colloid and Interface Science,
1988, 123(1): 43-50. Doi: 10.1016/0021-9797(88)90219-6.

Zhang Y P, Hyndman C L, Maini B B. Measurement of gas
diffusivity in heavy oils [J]. Journal of Petroleum Science and
Engineering, 2000, 25(1-2): 37-47.

Doi: 10.1016/S0920-4105(99)00031-5.

Hamid K A, Azmi W H, Nabil M F, et al. Experimental
investigation of thermal conductivity and dynamic viscosity
on nanoparticle mixture ratios of Tio,-Sio, nanofluids [J].
International Journal of Heat and Mass Transfer, 2018, 116:
1143-1152. Doi: 10.1016/j.ijjheatmasstransfer.2017.09.087.

Li S, Wang C M, Zhang X W, et al. Classification and
characterization of bound water in marine mucky silty clay [J].
Journal of Soils and Sediments, 2019, 19(5): 2509-2519. Doi:
10.1007/s11368-019-02242-5.

Kuligiewicz A, Derkowski A. Tightly bound water in
smectites [J]. American Mineralogist, 2017, 102(5): 1073-1090.
Doi: 10.2138/am-2017-5918.

Zhang Y, Zhang L, Chen C, et al. Role of different types of
water in Dbentonite clay on hydrate formation and
decomposition [J]. Chinese Journal of Chemical Engineering,
2022, 50: 310-316. Doi: 10.1016/j.cjche.2022.08.001.

Mbey J A, Thomas F, Razafitianamaharavo A, et al. A
comparative study of some kaolinites surface properties [J].
Applied Clay Science, 2019, 172: 135-145. Doi:
10.1016/j.clay.2019.03.005.



