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Abstract

A large number of hydrates in nature are present in the pores of the seabed and permafrost re-
gions, rather than in the form of massive hydrates. Therefore, studying the characteristics of hy-
drate formation in the pore environment of porous media is of great significance for the commer-
cial exploitation of hydrate resources. The formation characteristics of hydrates in pure water and
surfactant sodium dodecyl benzene sulfonate (SDBS) solution were studied by using alumina and
silica particles with particle sizes of 100, 200 and 300 mesh. The following conclusions were ob-
tained: for the particle size scale adopted in this experiment, when the hydrate is formed in the
particles of larger particle size, it is beneficial to the improvement of its gas storage capacity, and
the formation rate is faster; a hydrate generating system composed of alumina having micropores
on the surface has a better adsorption capacity for gas; the addition of surfactant SDBS can reduce
the surface tension of the gas-liquid interface, make the gas molecules more soluble in the liquid
phase, promote the formation of hydrate nucleus, and thus can significantly improve the for-
mation of hydrates and increase the rate of hydrate formation and its gas storage capacity. This
study provides theoretical guidance for the rapid generation of hydrates, which in turn promotes
the industrial application of hydrate processes and the commercial exploitation of hydrate re-
sources in nature.
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RIRFKEDVEN—FIF R, BEAMENR. PVERARRS I NS A, PR 21 i A
A IR BRI R REIR . & KR — S RO A 43 1 /N o3 1 i SR PRI 2 3
BRRAER, CHMFREN, Bl Lkt Ak LA 1) DY S 553 v] 57K 9 FAE UK &4,
TR A oK SR S5 M AN [E] T 70 o 1AL, 2 BUF0 H BUK-EY[1] [2] [3].

TEFRUEIRE TR, 1 ABIBIKEWITT UAELT 164~180 RIS k4], Bk, AR R IS4 A7RE
77 A R 2 A VAR FLAE Tk B Ay B Rk B B A £, EU A RAR SR Sigi . R E.
WrsA B KR AR AR S AT K 5] [6] [7] [8]. WHITRMI, S /K& MO A i A% v B 5504
RE .25 D0 PR ICAE OE FE[9] o 17T 22 LA J5 AR 1 ¥t 12 770 R N T e DL I B85 oK & WA R A% FAse
JIRNBRAR A T 3R T 7 7 1077 320 A4 R 1AL ORI I3 25 AR [10] [11], 331 50 7K & 420 000 2B R 17 10
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Linga % [12] 73 s AERE WS RIORL A ANAE K thdE AT /K S AR s, G5 R, (ERERD K& R0 A s 2 1
2 HOKIER . Mohammadi 2513170 BIFEG KR HUITRL 5 SDS (- ke kBB im) i) B — R AP H IR
Bt Z b AT 1K S VIR AR SRS, B R R RC AR R SRR AR R SR THBOR . JA R S5 (1410 it i
9K AT SERURLAT SDS - (1 e Bt B) &R B R WIE AU 15 G (] (0 52mi, 25 Rk, P B 5L AT LA
K A PR 5 S IR TRD AR X 20K f R R 45, I HLHLCRAT M ) B PR S — IR S 4

HHT, RTXREWIAEZ FLI BB RN S VAV AR R T FE A, A B BN F )
WEFURCR, (HZ, XFTREVIPIE AE AR R T AR, JTCHRAEZ LA BLLBRIASE R R S0 A A
AR TS PEF K S A ENLEE, B AT 05 Reinai. Jutl, ASCERER A FPR AR 1 4 1L
BOFN A RERIURL,  BIFTE 1225 R /KB MR ALK AN SR TN 1 77 — B FE IR AR B (SDBS) A Hh ) A B
FrrE, SR T 2L BUBRIRLAR, AL U SR DL R R T R AR A7 A2 TR S A e s s, A
AT LUK A i pRag A s T e HE 7K & P0H R H o

2. SCUGER4Sy
2.1. SEIEMARL

i N 100, 200, 300 H HIRERD SR A EAL SRR, RARS(H el fE > 84.6%), HITLBHAE
FEFIRARA AR RETFK, sSEIR=EEM; i K RE(SDBS), 4% > 90.0%, M SR
AR A IR AR R 4E, U N 5.5 cm x 6.5 cm AR 28, BN 2K —HIR £ - FERE(PET).

2.2. SEHO{YER

S KB

Figure 1. Experimental apparatus for hydrate dynamics
1L KB NFIRERE

NERK GV AR RE, T ERBK AP A B 75 BRI 2 A, B IE I A 8 s 8 5 Hh A R AR PR
FEIE DI AT LA SR G, BRIARSCR ] 1 s i 5256 256 BT /K G0 A8 O R A0, . %2 B 42 32
MR RN THRK REAE RS . B RERGA R, KB EME AN, 8% 350 ml,
B LAEE 7108 25 MPa,  TAERFEVER-10C~90°C o o 55 (iR FE ph TR /K 7B 42 i), 1 iR 7K V8 B2 i) R
FE0.1°C. AN IIRAE A 100/3 FHFBHINE, F5FEN 0.1°C, W38 PN IR 70 AR IR A%l &5 Bl 0~30
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MPa, FE%A 0.01 MPa.

BKEWE B f1 25 B By N =AM, BN 3 B %40 i

FeUE gt RO B RS, RO E. THEHTE BN RN SIR. FEELN: 12 MPa
EES 12 MPa = FRAHE . TR I

BEEhEY: RV EIZ T R TR R, At ftriR R Z&: -10C~90°C. 8%
BN —EWESERIRIEEAKE . BINAGE. PID FEFPEEAL HAT.

B R, AR FEREHIEA: 2 SRR RSN R, 2 3RS EEESs M ENE T, B
AR AN SR A, Cx S8R, FRBE. K E SN RE.

2.3. SEHBR

BT SR88 FK A MTE Z AL T AR G FLBR A KA 0 A Bt e DO, RIS T8 T W80k &
WAERIES LAt B, IR BN 5.5 cm, & 6.5 cm RIS R N ZEH, A Z LA R K&
SFAE, FOKEMERB T AR, SR WE, I, DUE LB SR S R R

1) TR ERRE, BCHIE )y 300 ppm HIZE TG 77 SDBS MW, {RAErH

2) FHEBS KO8 IRLEE P BERTIERL25 45 P90 AN A0 RE [ s & e 488, 7 LB DG 2903 0 7K &
(S & RIS UR o s

3) HEMAEF Ny 100 ml (1) Z LA FRTRLBON SRV R 2 T, 2 S IO RS I % E, AU I 2 5
TR BT RS S, AR SRR, I R A O IR 0N 100 mil 3 T
W

4) B TRONIRE Ny 274.15 K EIRAKIBFTH, 2 S b 38R B M B SEI0 IR I, FTHF R, a8

W HES RS0 RN S NI AU, R ik E) 6 MPa i) [ 3hE S Ok TAZ I R A4 /D)

5) i i HeHE KA FR G0 S 1o SRS KR R R B, 24 NS A s JLE 150 min PREFRR E I (U5
AT 0.1 MPa), BRI R/KEMERGE R, Yol R N 3E, KEWTE AR T o, xf
KGR AG S A RN, U SR 38 5 IS K S AL SO S A A &

3. ERE5Hh

R AE HH 50 B 3 B R BRI R S 00 e, /KA MR 2 A7 T I K O X 398 ) FLER B £ 5%
B, R R ERIKEYR UBOR SR RAFAE[L5], B, 34T 2 LA IR 2R rhok &9 A4 o
mmnﬁ?mAWQEMﬁﬂ%mﬁ%Wﬁﬁﬁmix F—Jii, KE R HEIEREE 1 AR

WA (AR R e, AR R S AT VA A EIER BN 8], mREIA T,
% I 5T G T (A T LI S (3t i T ) 7 3R AR K B i A% T B 3 I KR AR K 5 i A
FGER[16], LA, Joil@xd T 5 T /K G Wi it Lol R & K G Bt il %, 04T 2040 oA
A KGR TR A TT N 2

3.1. BFLIrERIEXMKSYE AR

3.1.1. ZFLArRFngkpkEPERTER

2 SR AR AN SRR RO Al SRR A 1 R /K B AR B B i 2, 7 SE50 BT F I B R 2 AL A
IKEPEREE G, N8 TR 43 K F1 5 BE 26 R R AR (R 3 KTk, MR SRR B, X F = Ak
FACER IR, BEEIRARIIE R, FIAE /14050y 5.58, 5.49 F115.32 MPa, X T AALiEGR, BEE KL
1R KL 43 TR #1430 5.74, 5.65 A1 5.55 MPa. #5/IMIF A3 Ui A T 2 Uk T AE UK &9,
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Figure 2. Pressure drop curve of hydrate formation in porous media and pure water

2. I BRnAtk shok &4 R Lk

Table 1. Experimental data of hydrate formation in porous media and pure water

= 1 ZFLA RANGIK Rk S A SEI iR

B AT S v A A 0 i
300 48 (5) 0 63 0.087 19
fgif‘ 200 74 (+8) 0 85 0.101 23
100 165 (+15) 0 141 0.126 28
300 48 (5) 0 93 0.062 14
:t;}f;ﬁ 200 74 (+8) 0 105 0.076 17
100 165 (+15) 0 146 0.091 21

1A AP R S RE U, BRI L8P IR A0 T W T LA s R Rtk
AP PR . WP o LS e (PR BT LRI, S5 PR, B RFRAPOR T I, 9 A
EYE R O ) 2 R, ELA% LS T R M 25, UM 5 S K A
I AR BRI, [ 3 o 0K A AR IR REED T3 4, AESHIET IR 50 06014,
AR K AP RO AR MK, I S BURLR R F AR R, SCITF A 150
YR ZIR, PSR K S R JLP N, KA. e, R SRR K
R B4R T RUK S PSR MR, (LR TR A I, 6 TE0 S0
3.1.2. S7LAER SDBS BAHAAMERIER

[ 3 9K A PTE S ALA SRR SDBS W RIE KR 1 26, 11 3(a) 4125 LAy — UL TREBTRL,
4 3(b) LB, R T LK S AR S AR . TR, 3T UL
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b, TERTRRR=MRiRNZ AN, BRI R, KA RS A5 SN2 TR A2 i),
YA EZ SRS TRKEWRIAR, KEDA UG IS R <% A N B s (e 2 Bt
Yo AT EACEERUR R I A RIS, BIBESE 2 LA BORLAR IS R, S0 25 TR 5 B 28 N R R T
N, WRIESEE R, A AALREBRh, BEE = RTRCRAR K, RN S RIARE SN 4.74,
4.45, 3.95MPa, FALEENISN 50 4.39, 3.94, 3.45MPa. K, 78 SR 1 22 FLA BRI TS P v
W, AT LRI SRR K, /KA WA UG i S A SRR TR, /KA WA BRSCR R AT
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Figure 3. Pressure drop curve of hydrate formation in porous media and pure water

3. %FL4r BTN SDBS AR P& IE RE L

MG SLIe K, WU 53— DN ELRAE, X TR FRAR ) S A A ROk, FE R A i A o
IKEA R IR AR A B ASF], AR S AR RIORE K S A s AR A T 0 B 8 25 /N T — S AL R A
R, X—BRUEN], R AR N 2 AL B R, SR R AR T2 U, R
F T AU AR RE B« TEZATRIBETTH, Pan S5 [171R F T 2= K G0 it S0 B0 A0 — S A b iR, 2
RILT ERBLIG, BRSO A R K G0 AE R SR BRI IS 7 . X AT REAL B AR SR AL AR RURE
T FAEREREFENMAL, M TRAREE e EE ST, DRI T 2R i T AL — S AL RE R
R, H SRR AL K A WA AR S TR 3 S A B RE ), B 330 T BRI .

Table 2. Experimental data of hydrate formation in porous media and SDBS solution
F* 2. ZILNFRFN SDBS iR iR KE W E B KR

300 48 (45) 0 150 0.212 47

%ﬁf 200 74 (+8) 0 300 0.253 56
100 165 (+15) 96 230 0.323 72

300 48 (45) 125 280 0.261 58

AR R 200 74 (8) 118 296 0.323 72
100 165 (+15) 109 362 0.388 87
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DOI: 10.12677/jogt.2020.422056 355 TR IR AR


https://doi.org/10.12677/jogt.2020.422056

FNER

RAEX K EWA G RERIWETE, T AN LB R S A B RE 2 0 3 MBS
PR, S HIRAAII[18]. fEASFKIBT B A R L RE IS ks & P AN AL, fEds i, %
NSRS SRS T R TR AR, R RIE IS IR RS B IR AR TS N
MEAEH, BHERNRCH, AR EBEZ )G, WHAHR, KEWITHE KEEM[19].
HI T iZB BOK S AW L B, IF AR S AL A G, BT DAL AN ) AR R R A 32 [20]
Ja—BTBL R HIE R R E f i A ORI IS, U O R A K SRR A G RO A
B, RERE B EEREE), IF TR AW AR, KRN TRIE TR, ERK SR
ZiR

MG 2.1 #or i 2 ME 3 oK SIS g2, TLVE N, H12 L BN SDBS IR ALK 4
b, KEWAERSGERAFAEA BON B R3S (K 3), BIFEK S R thZerh, &2 Fma i
e, e RN IRRFRE, ZJa RE T AR, 76 BRREWERN ra i =1, —
FoAy, KA AR T S A AR SRR S TR B KA R BOR BB L, JF B 5 A4 i & R
B, B, ZRBCLRAE AN B — R R, F MRS E R EIE KK S AL BT fi T,
BETT PR AW B AR A, R ANA T KSR PR A AL, PRI i i s ] SR 2% 1, A1
KA I H DU K SR BRI A o 2 BRI N R AT T ST
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Figure 4. Comparison of hydrate formation rate between pure water and SDBS solution
4. #7KF0 SDBS jA R K &L BUERRTEE

F—J7 M, 6 F R 2 LA K A PITEAEK R SDBS W H A R I RI R T g, T LUE HTE
SDBS Y, SIS WG [ RS B 2 AR R ) B N T Ak b, UiIFE SDBS il K &4
BOLFRPE HZ SIS 5 TREMNA R, FIKEY A RUG PSS RSN, KED
AR b 1] 4 K EPIHERM RIRAR I E D Z LA, AKEPILESL KT SDBS ¥ ) A s %2
Xtbe ATRURIN, ST RIFRLARA [F (0 2 FLA BRI, K-E47E SDBS ¥ A 1 A2 i 6 K T4k,
[FIEF, KGR R, KA A R A — B sl 5, BB KEPAERIIE R,
FoA g At 2B dka e T 0 mol/min. 4b, EASE RN, BARAKAR FR K-G0 AE U RFSE I (A4
i, KGN AR ARG T SDBS ¥R H L, (RIS B T ali K oK A s s> S, R
P TR, JEANRE UK S AR B R, F A OB AR T SDBS W a1 4 HkE
YA i R i A B T X — IR
3.3. REBMFBREHKEDERFEER S

KGR, SRS ol SR ST N, PRI A = R 25 4 5 FA R AT R K 43T T B
IKEDEIZ, FHAWRERK KB APRKED . SR, TEAUKFET, B FAORS HR I K AFE L
FHEEor ¥ H S g, K SRR AN, FTDMERRSR R, KR R KSR R AESUK
ACFHAL A B SR, I BEAS SRS I VB TR B B R, K EWIHERAE B R, BTRL, TR
W, KEVHEADK A BEAR D, SNAR F A DLW S 3B 5 0 R B 72, I B AR o 22 45 4%
&[21] [22].

ionized
SDBS Z/L\ 0
Na A AAAAA-080
0

Figure 5. SDBS ionization process of anionic surfactant in solution
5. AR IAEFREE M SDBS BEid 12
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MR HE VT BATXOCRVESE M, TP 25 i R 5 TR PRI (4], A L e 6 80 28 3t IR =R T
5K 7o AR IR IS G, Heo 7 DASRKIE SRR, SRt 2R [ U HESI[23] [24]. X TARSE
KR HI BB & 7R S ER SDBS, [ 5 o 1 HARRM P I B I /e, HiE KA, i@ mhawiEd
Aif (VB S R D LT RO PR A, O P P 1 A UORVE S, RENS I 25 IR = T ) 2 T 5K
71, IIAE R Be o FAE R S E AR R 5 5 T s . i S EZ R b 1 a, R
BEREVIAZ RIS, RS 2 10 F b A BE A K 2 708, BEMTHE K T 28 UK & VRt A ik
EE . BIMERTRK SR G T, XT 2 LA FUBRA AR AR IR R, K G A R SO % A 3R
RIEIVER, KEWERGER . AR SIS RE AN xS T SDBS Il pT 4L ik & 1,
IKEPERBCRNASE] T B REEE, FEZNRSE KGR, g R pridm it B A
IKEVIERZ

—SOEE+ K SR +EK

~

S8 +SDBSIAR

Figure 6. Hydrate formation in porous media under the conditions of
pure water and SDBS solution
6. ZFNRPKEMELIKI SDBS BREH TERIAK

K 6 Jvkife 100 H AR AL RERUR K S0 HIAEAE/KAT SDBS A I 5.
B, EZ A BANAKE SR, KEMERREED, FE£L2AN AL A KBRS KRR
NIREW, KREDIAE BTG LR, ARG 7 B U 1) S B 22 e RO R A, 2 i Bl
15 7 KERIRE— A . TAE 2 FLA FURT SDBS WA R b, H1 TSR A I B R T 5K 1 RORFEG,  H
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BEr 1 oy RO, ARSI AL UK S P BRSSO R0V AR R, R DR T A s
Beor 1, DI RN 2EE 2 fLA BLALBE WA KRERKEWAR. Bk, FRSCIGIR U, RiE
PEFURIIIN, BESBONA RO SGE KGR SR, REAEINDUK G E R RIS, 3N Ad < A
filt VE L, AR EIAI L B

4, 4Eip

ASCIEIE R kAR 43 728 100, 200 #1300 H WA AR FI — S ALEERURIAE 9 2 FLA T, WAL T i %1
KA HIAEAE KA E Ay 300 ppm [ SDBS ¥ AL o, 58 1 I R 4518

1) fEAMES TN SRR, 0 T AR S50 R R RS N KA WIAE SRR (1) R A A2 BSOS
BAT HAE SRS, IF B AR SR AR EE.

2) FAMATRRL, fAEERETE AL, &L TR —E R ey, PRI T3 e
L) AR RO, R AR A R K B A AR B TS 5 A IR B RE T, BT UK ELA W
e J1HIARME 7K A WA B I3 T LA RO a2 A4 UM 2 (0 SR i A7 R

3) KIENEF] SDBS (AN T DL SR S R T 5K 7, SRS 50 5 VAR s, itk
VI AZ I AR B, R R DA 2 3 B S K A 0 AR BOSCR 32 /KB A G 2R 1 [R]85 n i <,
7

& o

HAl, EAAMRZ2H BT RR TG, KRR TR A R R, SRR SRR BN
8 ey NG ot S G DR St K A iR R NN B A 5 D Py - TN ol R DL s T R R N
T IR RUN, I HA BRI R 7 - KSR m A, I REINRK & W25 Bk % [25] [26] [27]. fE3R
[LTRGER &l W T PR 7 i = B TR el i B A o AL R NS BT 0 P P4 N 7 X LY S s = R S e i = ]
AR SRS T REAH , PAEGE R S A SCR [13] [28] [29], 530 H AT IO SESR 25 R S /0 Al — B
AT T 8RS N 2 AN R AR TER SDBS I ERCAR RAUK GV LRI T, BT =EMHN
AFEM N A, FFASREE K S AE B R BEAT LN, I L 0 s N S B I A T A
FEREW— LR LM . I, 7E4 FORMIBT T, ROR AR T W8 35 B s I 38 A 2 R 45
Bl CASE S 3 W K 5 1 2 LA B LB 0 26 B R S A L o

S 3k

[1] Carroll, J.J. (2009) Natural Gas Hydrates: A Guide for Engineers. Gulf Professional Publishing, Oxford.

[21 X9, R, R, NS, EEE M. 205 SDS Bk R RARUK SRR R].
T3tk 2018, 37(6): 2203-2213.

[3] Khodaverdiloo, K.R., Erfani, A., Peyvandi, K. and Varaminian, F. (2016) Synergetic Effects of Polyacrylamide and

Nonionic Surfactants on Preventing Gas Hydrate Formation. Journal of Natural Gas Science & Engineering, 30,
343-349. https://doi.org/10.1016/j.jngse.2016.02.027

[4] Sloan Jr., Dendy, E. and Koh, C. (2007) Clathrate Hydrates of Natural Gases. CRC Press, Boca Raton.
https://doi.org/10.1201/9781420008494

[5] Mazraeno, M.S., Varaminian, F. and Sefti, M.V. (2013) Experimental and Modeling Investigation on Structure H Hy-
drate Formation Kinetics. Energy Conversion & Management, 76, 1-7.
https://doi.org/10.1016/j.enconman.2013.07.006

[6] Dashti, H., Yew, L.Z. and Lou, X. (2015) Recent Advances in Gas Hydrate-Based CO, Capture. Journal of Natural
Gas Science and Engineering, 23, 195-207. https://doi.org/10.1016/j.jngse.2015.01.033

[7]1 Xie, Y., Li, G, Liu, D., Liu, N., Qi, Y., Liang, D., et al. (2010) Experimental Study on a Small Scale of Gas Hydrate
Cold Storage Apparatus. Applied Energy, 87, 3340-3346. https://doi.org/10.1016/j.apenergy.2010.05.028

[8] Li, G, Hwang, Y. and Radermacher, R. (2012) Review of Cold Storage Materials for Air Conditioning Application.
International Journal of Refrigeration, 35, 2053-2077. https://doi.org/10.1016/j.ijrefrig.2012.06.003

DOI: 10.12677/jogt.2020.422056 359 A RIRS R


https://doi.org/10.12677/jogt.2020.422056
https://doi.org/10.1016/j.jngse.2016.02.027
https://doi.org/10.1201/9781420008494
https://doi.org/10.1016/j.enconman.2013.07.006
https://doi.org/10.1016/j.jngse.2015.01.033
https://doi.org/10.1016/j.apenergy.2010.05.028
https://doi.org/10.1016/j.ijrefrig.2012.06.003

[10]
(11]

[12]

(13]

[14]
[15]
[16]
[17]
(18]

[19]
[20]
[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Li, J., Liang, D., Guo, K., Wang, R. and Fan, S. (2006) Formation and Dissociation of hfc134a Gas Hydrate in
Nano-Copper Suspension. Energy Conversion & Management, 47, 201-210.
https://doi.org/10.1016/j.enconman.2005.03.018

Liu, Z., Pan, Z., Zhang, Z., Liu, P., Shang, L. and Li, B. (2018) Effect of Porous Media and SDS Complex System on
Methane Hydrate Formation. Energy & Fuels, 32, 5736-5749. https://doi.org/10.1021/acs.energyfuels.8b00041

Wang, F., Jia, Z.Z., Luo, SJ., Fu, S.F., Wang, L., Shi, X.S., et al. (2015) Effects of Different Anionic Surfactants on
Methane Hydrate Formation. Chemical Engineering Science, 137, 896-903. https://doi.org/10.1016/j.ces.2015.07.021

Linga, P., Daraboina, N., Ripmeester, J.A. and Englezos, P. (2012) Enhanced Rate of Gas Hydrate Formation in a
Fixed Bed Column Filled with Sand Compared to a Stirred Vessel. Chemical Engineering Science, 68, 617-623.
https://doi.org/10.1016/j.ces.2011.10.030

Mohammadi, A., Manteghian, M., Haghtalab, A., Mohammadi, A.H. and Rahmati-Abkenar, M. (2014) Kinetic Study
of Carbon Dioxide Hydrate Formation in Presence of Silver Nanoparticles and SDS. Chemical Engineering Journal,
237, 387-395. https://doi.org/10.1016/j.cej.2013.09.026

Zhou, S.D., Zhang, J., Zhao, Y.L., Lu, G.-W., Wang, M., Zhou, F.L., et al. (2016) Effect of Graphite Nanoparticles and
SDS on Induction Time of Gas Hydrate Formation. Science Technology & Engineering.

Wang, C.C., Chen, H.H., Chen, S.C. and Wang, Y. (2015) An Introduction to the National Energy Program—Gas Hy-
drate Exploration in Taiwan. Oceans, 62, 1-6. https://doi.org/10.1109/OCEANS-Genova.2015.7271667

X, SRR, WEIRA SRR R K AR A R[], RIR A T (CL 546 T0), 2005, 30(2): 22-27
Pan, Z., Liu, Z., Zhang, Z., Shang, L. and Ma, H. (2018) Effect of Silica Sand Size and Saturation on Methane Hydrate
Formation in the Presence of SDS. Journal of Natural Gas Science and Engineering, 56, 266-280.
https://doi.org/10.1016/j.jngse.2018.06.018

Sloan, E.D. and Fleyfel, F. (1991) A Molecular Mechanism for Gas Hydrate Nucleation from Ice. Aiche Journal, 37,
1281-1292. https://doi.org/10.1002/aic.690370902

W™ 3. B AN RIRSOKE WA B R WA 7T [D]: [ 22 A8 5], T T BEVE FTHT, 2004.
Li, M.C. and Fan, S.S. (2010) The 3 Stage of the Formation of Natural Gas Hydrate. Renewable Energy, 28, 80-83.

Govindaraj, V., Mech, D., Pandey, G., Nagarajan, R. and Sangwai, J.S. (2015) Kinetics of Methane Hydrate Formation
in the Presence of Activated Carbon and Nano-Silica Suspensions in Pure Water. Journal of Natural Gas Science &
Engineering, 26, 810-818. https://doi.org/10.1016/j.jngse.2015.07.011

Mekala, P., Busch, M., Mech, D., Patel, R.S. and Sangwai, J.S. (2014) Effect of Silica Sand Size on the Formation Ki-
netics of CO,, Hydrate in Porous Media in the Presence of Pure Water and Seawater Relevant for CO,, Sequestration.
Journal of Petroleum Science & Engineering, 122, 1-9. https://doi.org/10.1016/j.petrol.2014.08.017

WpdkE. RIS R S R M), B At AR RS R, 2012,

B, R, S5tPH, ZAFE, PUPH, RINGIA. RS PR e R K A AR BRI [0]. A T
%, 2017, 68(4): 1542-1549.

Wrottesley, L. (2015) Investigation of the Induction Time for THF Hydrate Formation in Porous Media. Journal of
Natural Gas Science & Engineering, 24, 357-364. https://doi.org/10.1016/j.jngse.2015.03.030

Turner, D.J., Cherry, R.S. and Sloan, E.D. (2005) Sensitivity of Methane Hydrate Phase Equilibria to Sediment Pore
Size. Fluid Phase Equilibria, 228, 505-510. https://doi.org/10.1016/j.fluid.2004.09.025

Chong, Z.R., Yang, M., Khoo, B.C,, et al. (2015) Size Effect of Porous Media on Methane Hydrate Formation and

Dissociation in an Excess Gas Environment. Industrial & Engineering Chemistry Research, 55, 7981-7991.
https://doi.org/10.1021/acs.iecr.5b03908

JATRS, TRER, BRI, S5 9KRA SRS SDS EELH CO, KA ST A2 m[]]. BH#HEARE T,
2016(1): 58-62.
Najibi, H., Shayegan, M.M. and Heidary, H. (2015) Experimental Investigation of Methane Hydrate Formation in the

Presence of Copper Oxide Nanoparticles and SDS. Journal of Natural Gas Science & Engineering, 23, 315-323.
https://doi.org/10.1016/j.jngse.2015.02.009

DOI: 10.12677/jogt.2020.422056 360 Fl AR 2R


https://doi.org/10.12677/jogt.2020.422056
https://doi.org/10.1016/j.enconman.2005.03.018
https://doi.org/10.1021/acs.energyfuels.8b00041
https://doi.org/10.1016/j.ces.2015.07.021
https://doi.org/10.1016/j.ces.2011.10.030
https://doi.org/10.1016/j.cej.2013.09.026
https://doi.org/10.1109/OCEANS-Genova.2015.7271667
https://doi.org/10.1016/j.jngse.2018.06.018
https://doi.org/10.1002/aic.690370902
https://doi.org/10.1016/j.jngse.2015.07.011
https://doi.org/10.1016/j.petrol.2014.08.017
https://doi.org/10.1016/j.jngse.2015.03.030
https://doi.org/10.1016/j.fluid.2004.09.025
https://doi.org/10.1021/acs.iecr.5b03908
https://doi.org/10.1016/j.jngse.2015.02.009

	Study on the Promotion of Natural Gas Hydrate Formation by SDBS in Porous Media
	Abstract
	Keywords
	多孔介质中SDBS对天然气水合物生成促进研究
	摘  要
	关键词
	1. 引言
	2. 实验部分
	2.1. 实验材料
	2.2. 实验仪器
	2.3. 实验步骤

	3. 结果与分析
	3.1. 多孔介质粒径对水合物生成的影响
	3.1.1. 多孔介质和纯水中水合物生成情况
	3.1.2. 多孔介质和SDBS溶液中水合物生成情况

	3.2. 水合物在SDBS溶液和纯水中生成情况对比
	3.3. 表面活性剂溶液促进水合物生成原因分析

	4. 结论
	参考文献

