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N H cage F7n) BT 254 20-cage: 24-cage:
28-cage=1.91: 1.43: |, BFHEHRER T HIH
0.418nm, 0.379nm, 0.337nm. #4 100K K, ¥ &
YRR 514 0.1588 nm3, 0.227 8 nm3, 0.3038 nm?.
FaTHREHM 04~050m. — KU, X T 20-
cage IR AR 1K, 11 BLAEL 1 UK (MR DBRS).
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(REHEE) LKkEs, RTRENENZKE
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YEMEK, KEVERBOBBBRABKEY
BELHHESERE, B5ERNEREREY K18,
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BN B TFKEYE B 48 B RN M 724, KA HE
T A B (B BRI A IR D AR 1)
Ak 10°C PA L.
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B ERRE R 2; (3) KL Gibbs H ffEMAE
B HAG, B R R B M A
FRETNHEBANE Ap, B Ay = pge + 1y -
w — Ph = fhs — P, =3 Ap > 0, KEYEH A K;
Ap <0, KEVIHMEHE; Ap=0, K. 5. K&
RF=MPEER, NE 3. EF, ygs, e T pn N
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BRI K EWERI RS F P EEE D, |
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18 PR IR AR S AR B, RO B3R A A AR B R, N
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KA T BINLEIEATE 8, AP &R TRIAR R
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R UKHRAE LR, AR EAR B T UKL
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HKE PR — DAL [ B SR A,
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PRI RIZREBN LA B, ISk
WG IRARE B S K &4, R T, TR

@
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BX A TRy B R, FRTTRYILER
RE. FURYI B R LR SRR
i\ FEAR L BB M N R XK &Y AR 1 =
N
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DA E P RAEEI, XX T IR
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FLBR R BE R AR S0k 1 3R T 49 2 AL R TR
ZXKEPHE. RN S A,

3.2.1 KWBEHESELKEERBRAKEY

RHAREAED (BBR) #TTR, 2L
KA B/P RN B LA MBRKEBSRAK KR
B RIEBEEME L2 5B EN
A7 T AP fh 2 B LT, 7k —4.0°C #15.5 MPa
B, 12h FKEWF G RITRERE. SBFH
HEFR - KAH, BREEREER—NKED
& KEYRERENEE RO EKEWTMH
Bk, mE s AKEYMRERRERE — B
6], WK &4 5 o A X ol il 2 A 2 K T R
REMAMEREAE JFHB I, KE W4 TG/
BOE AR, Wi O Bk, SRE A B HE,
N E P AT UUA & TP SR L B AR
e, GRG0 2 w16 H IR Y (self-regulation) 3
S WA 20,
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H AR (BER) TSR, 2EER
EKN ST RRARPHE 24 FH
I8 B P4 SR A K R A AT A A S
4 Fuk LR, WA KD 6.2MPa, B EIEAE
& 9K BY, B E 48h BB KEWEN; REEE
WiREh, Ah EAKEMRMIFHR L. KEVREEK
BRI N 55um/s. £, KEYarEE
ot 7L BRI SR R T K & 40, TR TR AT B L 1 X
MRS AR RERT. WRAEE 203.15K £
KEYFANE, W RH S E R3] 0.60 MPa i,
FH SR

£ F DU AR I K & s R T AR R, —f&
K FH 40% i L ROVS W LA/ TR EE B Y.
TPk 4K REERAN, FLRREAT
TS YT B AE BN AR RE S
BN, AERK T, FEE MR 2CHER T, W
0.5°C fl 1 MPa BIT]. K&WEEHEE, LR
KB ERME &M NE 48h, XEIRIK &Y
ZH—MEARRBOAROEFFLR £X
T & B BURL (0.313mm) X, KWK AKEHLEH
&, ETF/NBRL (0.07mm) X, KEWHEBKRE
AL BBk, ARG RN, AEE KHMBRIX, K&
Y RAEFLBR T R, FLEREE E T WA KR 2
FHEARG, AT R B, )5 & PR AR
;{‘5 [26]‘

S FUR S PR AT R R S KT K&,
BT ARSI, & BB SR AR B A
RN B F TR NFL, BRdRLS%EKEY)
B AEAE R K IR 5, L UL ) £ S 465 4k 5
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KB 46 AR TTRR D o 19 8 4 52 B/ TSR OK
B0 B 30 P LB K I A 0 B AR /D FLBR P G /D
BB AL . BN BE T LA BK &
YRAETREAES, SRRYERANIRE
IR EA A X B KEY LRI
BRE BB R UK SR FPE R ENRRK,
B 3 40 2507 B 2k BE T LAY R K& A B e SR
AR MBI AR KB X nE R
R B EELR T £ A B AR AT LUH B4

MR MaBHRZTETHKEDE I
SEUKRIHEFET T, XFRS - TRIAZATLLS]
BITRYENERISR (KEKEMERE ).
KibFEEERES B FEHRARKAEKT
A kst o 4 B8 4 A B B KB 4, T MRS
th KEYWTEA T ILER b IF KB S Fh B & R
ZULE TR A G s, H¥EEREEL
RAETERANEL. BELAKERS S EES)
FMGURRALBR P R K K, TR
FU R Hh 3R £ B BOUKGE B R R UK vk B 2 O TE AR
fE R AR PR R (0.02~0.08)°C/m B,
T3 5 B B e e 4 4 1 S B o AR T T A
EhKEY.
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W FLBR G UK 2R, — T A B AR
B0, — 77 T A FLBR LB R R N K R, X (18K
& AR AT R AT, W 6, BT, re, Ty Tiws T
11, Oiw, Yiw 7 HIRTRILNAR SME UKOKFETE
A% BN AR KOKE D A R oK S E
3N, BRBRAE LR EMRIIER, 5887
B e FLBR A 2 B R AN BEIE L. A ER
MK GRS M. & T o, thi1
T — ST AR B LB R E F K&
MIAT M, BT T 7K A W 0K B 45 4 0 3 A S

TES 3 S

7 LBk _;é
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& 7), TR AR REA R B R S R R 8. MR
FARI, KEWERERANRE R B AR,
HAGLEKE, BEBEMER ST S
GBS

B 7 RIS BRSEKGY

WA Handa B9V BU & gHEp
(quartz sand) PR HK A MRS, K&
LRbTRL R B AE 1) 2, T Mallik #1 X 5 4R FE &,
ERKEVSBEERE B XA Bt 2 HE
EATTARK S, AL S RPIEL HI—L%
EHHEIMIE: EKEYE RS BT m
A2, FLBRAK W B R AR AR A, FLBR AR B 1
RUX B MEFEAENEME K, 4RIER S,
BT7E 24 B 3L E T K8 I A BB B S48 U o A 24 B
B T HBHSERE N PR EA S, KEWE
JEH B K AR

Kneafsey %% B4 FIFH CT NWMATHE, #
1T T8I KBERMBEE KSR %
MERR. RMEZNEHMARE 762em, 52
89cm MIAZE, FK 31.75cm. WH R~ FEN
100~200pm. BRE P RIK S E BRI R L —
MIEERE, YRS R EREE K SRR, T
KEY 2h ARRFFERFER, T —kM7E T 8
20h; TEFNADS B R EREGKEY, FEFR
T E A, X 58N (B—REEKEY
RIKE B RFERE) R,

Uchida % B9 B LR AP 40m HAH
LB LK &Y AR E T S REEHRBIA
12.3K, 100nm Bt R# 05K. I RBTH HWBEE R
H#H gibbs-thomson 75 FERL-4, WIAT LAFE 3 B &%,
ZEMBA ZER KA - KA RE RS B K
1.73x 1072J/m?, 1.43 x 10~2J/m?, 2.51 x 10~2J/m?,
RIFE AT UK - KR EREN 2.96 x 10721/ m?,

X B TR EEANREKEPRKZ B R
7K AR, KL B A 4 4 1
FERKOE®OSRE KOETEEATRE N
B s S RRAR, 45 K N BEEE AR T
B, $h AT, KRS T 2 PR

Xu % B f—AMENT B TRESE.
REMREERTBENBRILBY P RRSKEDH
BURMRERN TR BATRXTEEKEY
BEXMWARMER., LhHKESY= SRS
RAMBER. BEARDTKEURBNEAR
BEHRRERTMRER. NP T ESHK
ERINT: (1) 7K SE R A7 AL A X 330 PR JEE 57 ik
FYREXEHERAAL M, MREHKE
VIR ER SRR R SRS TN
WARMKEHREMTHTRHA—BMBEHT
BRENYEBE. 2) WERNEERSE (BSR) #
BEWE TR, H2 BSR SN Z L
KGR ERFRRAT RN E. 3) £F 5
SEKEVNES - BEREHREIEREFITR
REKEVOFSL, RREKEDREEF bk
FLBRI A T v AR Bt T PR S AR i B 4
SRR BB T L H O A 5 0 s S (i B
A&

Wilder %5 B B T1& IF ) Waals-Plateeuw
M, ZRFLEIHER AR DK ESYR R
FUMME.  Ostergaard 25 18 4T T /FLER
(30.6nm, 15.8nm, 9.2nm FHHZ) BV FE B B4
MR TR EWERER. EREH, &
IKE YT AN 43 S L B P B U A Y AR SR
ELRPHEER K EYFEHEEEEH 4T
Rk ML, WM E A FHILRE R4
0.1pm, HWEWBHYS, HS/NLBRBY B
BRI KA AR E, WK 8.

1 . . .
266 270 274 278 282 286 290
TK

B 8 FLBRANT K AR 4 K
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Uchida %5 B 457K & 9176 W1 53 R R 3R
Rl T IR E T B K &I # A AE Y
HEER . W& K X B E K &Y RITIRE
M RARKRNTRE. T B THE
RER, BHTH N DIEHERTETER. 2
B T XL bR A FLRE 2 ) 2 A A R4 X ) R
. M ERAENGER B, AMRIKMEN T
I 7 R P B K SRR I M RIR AR, 4
MR KRBT, X4 R KB

s RE—B. AFHEmKSPERY 2
AR EERRRIABRA KA, TOREGEM
WA R 2ot 5 R W R KB .

Gupta % 10 4 ST o R BURLIK B LK &40,
WL CT &L, #mAMEHEZ MK, 282
WA AET. NE 9 FTLUEN, BT KEY
o B B AR LR IL R B, 2B
FERARRBERRNI GRS, ZEANRZEX
NI K SRS R T RIRE,

1/G

Touter

Tinner

Tcenter

(a) KEMHRH

by KEVMERE

B9 KEYHERRIEY S 1 (edge, outer, inner, center 4} Wl /1< i1 BE, {m 7hEF, f A3 &, H0)

Henry %5 WU Fi—ANK &Y B #sh 1 2448
MUt ETURERRFSOK SRR - EHR
fEPERE ALK T HBEE. TREWH, XA
FA PRI RESAT, FEEARNME R
FLBR K T FLBR  HI Z8 EK & sk S AR 4 B
HUKEY + K + SBRFEXKBTKED
AR E 2 H. ERESBFERITE F Legl64
(blake ridge) MIBLAHEIER W, K& W T4 &4
NI EERE T 2K EE2FL, XEEHT
FHYNMEH. ENMRERELRNMIE A
BRE24&MF (20nm, 30MPa).

Handa Fil Stupin 3 FIBFSLE I, FERI L

BB AR K. A K& S5
fR AR, FLBR 8] JLAT \ FLBR PR 2440 41 71 % [0) 72
LB 25 (R 6 AT R B0 RO 8 46 0% B8 Tsim-
panogiannis 2% (42 @it 7 M E T @B M4 1L
BRI AL RV R T PR RBERRAE X K & 078 LA
SRR, RETRAEMENES. PIAR
i, KAFLARAIMIE .. K EZENRYMERNEL
SRR FE, BT RER DL EKITR
AR K S & BEER, BKEWI R4 T

B

Circone 7§ (43l MR EYR, XA EHEE R
MU R, KEYSRARK KA ARTRER
BB A A E A TR I RUKAY,
PA R Ho0, DoO 1F N T4k 5 FHE R N5
B, BBEST H0 5 D0 KR AR, KEY
HEALEEK + KAARK + R, KEYH
WA R R N BRI TR IR, B8RS, X
FAEZR M T HE AR R A — N K
TIKEMEEER 20 M BERTAK#E S
RIE T KEWERSMERE B L FI 50 EE A
K AN XTFKEYIE BRI 45 4 sk
+ SREHEIKEULRER, FTEFRE K
EYS RN + BARKEMR, XEETKIAE
R EER S EER.

Stern % 14 FIH# B RIHAT T HOUBR 54
MILBR G0t K &Pt MR SR
FU, REBIELHMIKEYNRTEZ5H
HEREMT, EKERUTH, REABRNEZ3
). Bl R AT R vk AR, L R T 4k 4 T A B
5~30 um MK EHF. BEERHIMRR, MiEk®
HBAGERRR T KEWHBRILR, REkS
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HICRIRLL. B BT UER R 2% 1, 1Pl o B 4k 4
JEAT T T T80 SE A FLBR K & P RURL IX 3,
oFBURL A SR RGE R LR, SRR K&
5o MBI 20 R B AN AL A, RS
M AR R A E B R A RL UK R K &
MK, (EVEE & AT b A58 2 R R AT T
BOMOZ T ) BT 92 28 Y FLBR BEIE K11 R k.
M-SR ESBNER KT SRR
KEDEBBIRLRRERER, UZTREM
LR AR AL R IR A

Circone % 145 BT R, 244 0.1 MPa B,
M 210K FFE5 L 13K /h #8300l 1 7K ) i p BT
I8 CO, KEWL 1B CH, KEWMHISNIBITHE
HEKNAR. JBE LT 240K, BT /K& F
# R 22K B, CO, KEMRBIN 3% MR BE B,
EFH3] 270K B, B 20%; BIR M4 (27140.5)K
REW, LNEGRBE —HRBFHKSYL#E
1k 2 CH, /KEYERFER S FEE LR K%
LT, 95% U EMSAAAEFERRRE 25K LI
B (193K, 0.1 MPa).

Handa 7§ B 7F 7.0nm FLER B2 MR FLER
o LR E K S MRKEY - 1k - Stk
KEW - BAK - SENETEEEHT T
B OWWRM, B 100K I EER, B
EABAKEYINE 20%~100%. 24 FF 54 58 5,
KRG, KEYIREFLEREE ERMILBRFF O b
FHIUKIE . BRI B T LB W BB B K & A L BR
FUK MR R A R R, BRI K Syt
HRAKEYHE. 7.00m FLRE 2 AR N
CHy-5.94H,0(5.94 K GV — Mo T4
KD TFHIEB), 5B BRILBRAT S 2R
45.92kJ /mol; T 4 7K-& Y1 B I 2 B 4 6kJ /mol
# 54.19kJ /mol.

IKE YV E FE L 5 R B R 7 41 R O
B/ BIRTTIEH Circone % 146 iR 50 BT L.
EMPEHKEVMETEEENEZ L. LAH
PRIR R T UK s, 28 X M08 B i T vt
NART N, BE FRIKEDEL BRI
BRA—MHLR. EEHBTNS A Q B (k&
VIR FHEURE. UK + BMAKNBEAREHT
R)(E 10), BERFAAURRMERNE 5. &
BARMENT, BARKRE RIK - KAD% 7R %,
SX PR T B 1R A AR 2 57 AR A RR 46 T DT 4> A i
FEHE 71 %44 3 (2.55+0.02)MPa F1 (272.8540.03) K.
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Abstract The study on the formation of gas hydrate in sediments is mainly summarized. Firstly, the formation

mechanism and advances in bulk gas hydrate study, including nucleation mechanism, armor effect and memory

effect etc., are briefly described. Secondly, the difficulty and advances in the formation of gas hydrate with
low-solubility gases, such as methane, and the effects of chief factors, such as pore size, on the formation of gas

hydrate in sediments are summarized. Thirdly, the major mathematical models on the kinetics of gas hydrate

formation are presented. Finally, several issues to be further studied are highlighted.
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