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Abstract -~ This paper describes about the formation of methane hydrate that is
artificially made in jacket-type stirred reactor and is observed the change of hydrate
shape during the course of reaction. The combustion of manufactured methane hydrate
is showed the probability of a storage and transport of gas. And the influence of
various experimental conditions of temperature, pressure and stirring rate on the
manufacture of methane hydrate is measured. The growth rate and the induction time
of methane hydrate is observed according to the conditions. Especially it is important
to investigate the effect of temperature and pressure on the growth of hydrate such as
the nuclear creation and the structure formation of hydrate in order to study the
storage and transport of gas.
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‘Fig. 1. The kinetics of manufacturing of methane hydrates.(ref. 13)
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Table 1. Geometry of Cavities

Hydrate Crysial Structure L i m

Cavity Small Large Small Large Small Mediunr Large
Description - --. ~ 57 5%t 5% 5%t 517 4%5%0 5%
Numbef of Cavities/Unit Cell _ 2 6 . 16 8 3 2 |
Average Cavity Radius, A 395 433 391 473 391 ' 406" S71°
Energy Density; keal/m’ 5.32% 10° 1.46 % 10° 1.90 % 10°
Volume of Methane, m’(Small cages) 56.02(5) 154.08(59) 200.93(5", 4°5%’)

a : Estimates of structure H cavitiecs from geometric models
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Fig. 2. The schematic diagram of
hydrate formation apparatus.
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Fig. 4. The combustion of methane hydrate.

v. 2% 2 =8 Nzbol Astgrel wet stol=elolEr AmE

A ZoAM 2417ke] BHAE Fele (b)g} 2ol

Id 3¢ "' sfel=olES Ax Fo B dr) o]y d FHdME B EME A ¥

& YEd ol g F 168 ¥ 27 Q¥ 4 glon, Tz ue wusie] =g

(@ 2ol A dEHAAY A 22 ggm go] REslsl oy 45 Y=

FARZ Holn, stol= EJIOIEE} A #e& BE AO% 3 ol HMWo 2o RET m401Ea]7]7}
A BT olg g FEH= whgo] AR ¥ oyt oj¥e HAsE £4 wiBeM £

dutE A @S A4, F induction timeo] &F o] g 7L ujn u_u,qgou -5}0]_!;3-]]0]_1’;‘_7]»

2 oy

- 59 - 57t 8 2] A5 A3Z 20014 94



A=} AREH olFo]l WY FAE oFY)
st 89eg FHEdudn Ba¥Em Qv =
& ol Fol=HolEx HF BHS o
AA3AAM w3 e 2B A ste EAHE oY)
&7] wo] glolmolEv) AAEA R
& M7t dRdAM B gHe A3 Y
3t gleh d Ax AuR AgEER Gt
AE AHANE Ao ZE stz oEs} o
Y And gdojgst HYyw E& Mz =27
of melx FleoltHolEE HAEE X o
2N HAFHoR olAY AnF Pz g
o] nptatslel olel et Huudh

aY 4 Az v FolzuelEe dAa
AR S UERd Aol ¥ (a)E stel=d o)
E9 HAH d2ALHAE vEehd Aoz, (b)E &
oj=dolEZ} 3 sta2 R HWA 2AE
mgrel A4 AFRS ek Aot} dlol=g)
olEf - #& 7}28 FHI Al IF 4
&7t bsagen, olgd AAdA o=
olEZ} 7t&8 F£% - AZY AL UEd
2 g F U a28zz stad AR Y
FAAIE mEHo] g BodE A
2 #FoA AT & Qg Aot
5& €% 35Celx, rpmo] 6008 A%
o] dMPa ~ TMPaZt* ztzhe] 8o
Arel g ang He shxe] g e
Zojct. o] F7l&4E induction time
I, WAEEE F7teE Aoz 4
. O RAL HHYol Fge wEr deol=
Eo Ago] FAHT m2A AFste A
ouj ety At 53] ¢tPel 6~7 MPa
ol=olEg AMEEZL w§
Fe Tt ARFHOH,
go] 4dMPadl X & ARdE HE
Aoy, gHol Frtggo w

0 o
3
e P

o
2, o

SER

)

Induction Nucleation

T

Lz

9

LR

o

2 A2RF g 129 5 FIHstd, TMPa
AN 2R W' 7t2%e] HuHo 53] ¢
o] gMPa¥® TMPadl A& 8HE ¥ o 408 &
AFse 229 dg r2go) F 68 cc/ee
watero] A plateau region®] 4A4HUT. BE
gtelo] 5MPa¥d wWeolx ARE dg 7tA%ge)
¢k 60cc/cc waterel A 5 plateau region® 2 A}
BEHE FEol UERen, 53] o] gHoA
v 493 1 @Y plateaud Fo] YEYTH
o] 713hd o]l @ plateau region= &
At} o] W& 259 Walo 2d HFM F
gatA dEsth oj# @ FRAAM vEehvde
plateau region2 Sloan[14]%5°] F%3se +2
A A ME OE FH(cavity)o2e A
ol 9% Aojeln Bustn Yo}

30000 v T T v -
o
E TMPa e
2 25000 F e ) ]
: e "T§MPa
S % 20000 [ i
£ © S5MPa ——
vz P Ry
E o 15000 Y A i
o : : /
o 3 RN
E3S g/ .
29 10000 + // 4.5MPa -
c b, e — T
8 ! / e —"
5000 [ // -
N4 anra
0 20 40 60 80 100 120 140
Time[min] ”
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Fig. 6. Schematic model of hydrate cluster growth.(ref.10)
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