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Byong-Jae Ryu*, Yu-Taek Seo, Seong-Pil Kang and Huen Lee

*Petroleum & Marine Division, Korea Institute of Geology, Mining & Materials
Department of Chemical Engineering, Korea Advanced Institute of Science and Technology
(Received 5 August 1999; accepted 6 March 2000)

[=] (1]
I =

[¢3

g sloj=# o] A 3 24 4771 NaCl 3wt% 89, MgCl, 3 wt% 8 olx dHE 53
FolRTE © Jéséiﬁ% et Bollae] HygzAd vwslgt. Agel QES’% 4= 9= NaCl 3 wt% =82l
G-l 274. 16 287.96 K, 2,920-18,090 kPaz]al, MgCl, 3 wt% -39 272.86-286.41 K, 2,910-11,840 kP& tl. 244
o] vg slo|=dolE, die] B 2 s veog o|fofzl 4 HE A¥454E van der Waals-Platteeu® 2
202 gt dSFste} vwsgict. g sfolmHlo|Ew adw A2 Y x7o] vEEw o] AR HAFA
Ao EAT ¢ Jon, T FF AQo) thgt XrE 4 gAF AARFE vg slo|=HolE QY] FHo] &,
¥ 12]31 geothermal gradierit 2ls] EAE 4= o] #alRlch. ARG 4 1,100 mA| Gl o] Hg slo]=# o]
E A g e T A HozRE ¢k 400 nvllA] 550 kA2 AsA o] AR we)l 2EH wWiks Ao= vz

ok

2

1:

EZ[‘_“ZE,.,.,OE

Abstract — Three-phase equilibriunbaditions for forming methane hydrate were experimentally obtained in aqueous single
electrolyte solutions containing 3wt% NaCl and 3 wt% MgCThe experimental temperature and pressure ranges were 274.41-
291.11 K and 2,500-19,050 kPa for pure water, 274.16-287.96 K and 2,920-18,090 kPa for NaCl 3 wt% solution, 272.86-
286.41 K and 2,910-11,840 kPa for Mg@lwt% solution, respectively. The experimental three phase equilibria consisting of
solid methane hydrate, liquid water and gaseous methane were compared with the predicted values calculated from the van der
Waals-Platteeuw based model. Methane hydrate could be stable under specific temperature and pressure condition that occurs
in the ocean floor sediments. Geophysical survey was implemented in the southern area of the East Sea, and the methane
hydrate stability field was determined by simultaneously considering temperature, pressure and geothermal gradient obtained
from the survey and well data. In the study area, methane hydrates might possibly exist in the sediments below the water depths

of about 100 m, and the length of stability field appeared to be locatbduit440 m beneath the seafloor and varied with the

type of electrolytes.
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Table 1. Optimized Kihara potential parameters for watermethane and
water-carbon dioxide interaction

Parameter CH Co,
a(d) 0.300 0.720
o(A) 3.300 2.5935
elk(K) 153.7 173.5

HWAHAK KONGHAK Vol. 38, No. 3, June, 2000



382 FopA - Al

A E PSS B8 d9HE phom], ME £ T Ay ¢gEe)
021 AEjfA] §l Slo]=go]E 2“1?}9% T—’Fit FA A1 5hst
£ Aol 2 evise, ARl ok avlTY e iz} ul sel=we]

AR w4 A & EAAele] Balgy], 2259 Xjols vt
. g AR AR EE AREHE B S5=E s, &5
ﬁl—r. Vo & ASNE-E XFER] G ARl B 22E, x, Akl
02 F¥Ect AdFgie] 2ol gk BALS Holderl ©J3) =)
g olggou, slo|=dolEd dig 88 W EHEF 7]
2 Parrisi¥} Prausnitel] 2J8] Aol Ax= o451 rH10).
NaCk] 7= ol& wAsl= &35 Zd3sh7] $Jsi4= RKS-EOS
9} Debye-Hiickel electrostatic contributind Alg-ste] A &
9 FAANEE ALsiAT. FAAE A= Aasberg-Peterseh 2]3]
AAE 2d-S AL838ld ARSI EH11).

e
H,

n:H

nﬁ
o

S T O B w A FM

AN
ru1n

Ing =IO+ Iy

o] R, Pire] FANAE AFE F ] Filgdos thyefzi.
0EOS= RKS-EOSIA ddojx= %HH%JOIL Y- electrostatic
in- teractore Z&ldt FEujglo|tl, B Exjo| t)s) electrostatic

interac-  tiorg %@ 5}71 23t yFL% A 29| BT ifa A

i=1, K, N 9)

AbsofA]e, el S el =7
s PitzerE‘%i—rH ﬁ]*‘}ﬂcﬂﬁﬂr.
MW,
a\N:exp{—¢(mC+mA)*m} (10)
15,
_ 0 m, veVarge 2 PV oo
® = L+ faczf*+ meg EB+m Al vrv, 1)

f‘P(T)=-A‘P(T)1—“1%[I 12)

o714 %= Debye-Huckel@ol®], MW= E&A9] AT, me
Ao 89 Frolth o AF Aold, K= ionic strengthlth.
A7b C,A ¥ CAE ZH2 ¥ol < a8, As)E Al v
elditt, Aalde st -‘4 ol Ve 7H9‘r At 2,8 2012, Vy,
MNE vREA Ay, 7k oA 39 ion interaction par-
ameteB VERJE B} Ch= A3 ] ]HE regressionl<
A% tH12]. Debye-Hickeldh ¢~ Z-& ionic
strengtitll A 2] AT Aol Wist

® 1 [2mNAp.(T) ¢ I_I3/2
A= 3y~ 1000 L&(T)kTO (13)

A7 %
density, static dielectric constart =2 <
52 yepdt}. E2] dielectric constaft Englezos] 723 25-E
Aofzl Fhg AHESIATHL3]

Pitzer} 3l|d-g Tl {AoAX AF AFE
o e o]&-2 AABIA, 14 i/ fRFES OiF-E 298.15 K2
o] el AEe dlSds-E Bt BakkeFE e mdg AL
43te] NaCl, KCl z28]32Z CaCl, 59 theFst dajd AA o]itks)
T sto|Eo|Ee] AR ﬂ%ﬁi 253 4= @4% BALm[14],

\1
o
T
1:10
-5

B oHE o T
A

1
b

o o
i
EE rlo
i

2
o
ﬁi
rl.! 3
<
® >
p

;1

R

]/\]-g}l-_ W

2EHYE 27315 KRTHE W W7lx] 4692 o2 8
AE AT ES ARSI NaCIﬂ‘r MgClLel q]ﬁﬂ A= A5 W9
Axle] e S wiisEe] dElA AR ¥7] Wi B A
Al 298.15 KA g of sl miSE-S AME-SFATE

3. HE Slo[=d0|Ee| HEEA

ststa8l X38d 3% 20004 63

I €, P & ot K= 2 E24)0] thal elementary charge,

AR o) &

Fig. 1. Schematic diagram of experimental apparatus for the determr
nation of phase equilibrium condition of gas hydrate.
1. Equilibrium cell 8. Gas cylinder
2. Magnet 9. Line filter
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4. Thermometer 11. Cooler & Heater
5. Rupture disc 12. Magnetic spin bar
6. Check valve 13. Regulator
7. High-pressure pump
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Fig. 2. Experimental equilibrium condition of methane hydrate in pure
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Table 2. Three-phase H-Lw-V equilibria and for the binary water+methane
system and for the two ternary water+NaCl+methane and water+
MgCl,+methane systems

System T(K) P(kPa)

Water+CH, 274.4 2410.0
276.5 3640.0
278.3 4425.0
280.2 5470.0
282.2 6760.0
284.2 8350.0
286.2 10550.0
288.1 13150.0
290.2 167450.0
291.1 19050.0

Water+CH+NaCl 3 wt% 274.15 2920.0
276.35 3580.0
278.4 4550.0
280.65 5640.0
282.95 7648.0
285.65 9750.0
288.00 13765.0
289.96 18090.0

Water+CH,+MgCl, 3 wt% 272.85 2910.0
277.35 4510.0
280.65 6340.0
283.05 8030.0
285.45 10455.0
286.40 11840.0
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Fig. 3. Experimental equilibrium conditions of methane hydrate in NaC
3 wt% solution.
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Fig. 4. Experimental equilibrium conditions of methane hydrate in
MgCl, 3 wt% solution.
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Fig. 6. Methane hydrate stability field in the East Sea.
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A® : parameter of Pitzer’s model

a : activity

B¢ : binary ion interaction parameter

C : Langmuir constant [baf]

ce :ternary ion interaction parameter

e : elementary charge

f : fugacity [bar]

fe : Debye-Huickel term

h : enthalpy [J/mol]

| s ionic strength

k : Boltzman’s constant [J/K]

m : salt concentration in molarity

MW : molecular weight

N :number of components

Na : Avogadro’s number

Nc :number of clathrate hydrate-forming substances

P : pressure [bar]

Q : surface area parameter in UNIFAC model

R : universal gas constant [J/mol]

\Y : molar volume [n¥mol]

X :liquid phase mole fraction

y :vapor phase mole fraction

z : charge of ion

Jz2|o|A 2Xt

O] : osmotic coefficient

€ : static dielectric constant, maximum attraction potential

y : activity coefficient

¢ : fugacity coefficient

u : chemical potential

\Y - number of cavities, number of ions

p : density

o : Kihara potential parameter

w(r) :spherically symmetrical cell potential

AR

H : clathrate hydrate phase

L :liquid phase

L° : pure liquid water

MT  :empty

o : standard state

\% :vapor phase

=Ry

A :anion

C : cation

i, j :component i and j

m : cavity type
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