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A Study on the Phase Equilibium Conditions of Mixture Gas Hydrates
using CSMHYD
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Abstract : Gas hydrate is a special kind of inclusion compound that can be formed by capturing
gas molecules to water lattice in high pressure and low temperature conditions. When referred to
standard conditions, Im° solid hydrates contain up to 172Nm’ of methane gas, depending on the
pressure and temperature of production. Such large volumes make natural gas hydrates can be used
to store and transport natural gas. In this study, three-phase equilibrium conditions for forming
methane hydrate were theoretically obtained in aqueous single electrolyte solution containing
3wt% Nacl. The results show that Nacl acts as a inhibitor, but help gases such as ethan, propane,

i-butane, and n-butane reduce the hydrate formation pressure at the same temperature.

1. M B
7} lo]l=glol E(gas hydrate)d EAI 2
=9} XAl A ERAZE o]FoA FFU=R
gk, odeg, T2 Fo] 7tav) Sojr7) 8829}
M2 E8)3Q Agow FAHE 9t I3 v
=% 3A ETRER, 2 AR FRE F424%o0=
o] Fojz EEAo] o HAH viHAle] FEF
Z2 "o F7gc). 9E E9 5%°E 12709
52t3 W3 2719 6213 Wow FAH 14WA 9
35 < 9vistd, dA7A 43R 5 F3 S
512, 51262, 51264, 51268, 4356630] 95)\7:’]' E’]_‘C-’-}: 67H9~1
14A A (5"%6%) 9+ 2709 129 A (527} Agrsld
Z Iolgtx 3t dg oek, A, o]AtgEk A
5ol &%}, =3 16709 128 A (5%) 9} 8789] 16
AAGYHE TAY AL T2 O 39 =2
¥, B8 o] £33}, vix|goz 3749 1295
(5, 2709 129Aa1(4%%%) T 18l 209 A
(5%6°) TFo= A AL FZ HIT 9
HigdAlo] 2284, dgrlelZ 2 gk QAL
Agk 5 Z BEAE o|FoA ©@3rihSo] &g
oV ouked Zgstad A9 3 zAwld) ulaka
g EF s F Y. S s 7B
O

[0 T =)
ge FAR

. o]
o 3= HAZMEE Eo THAIA ¢
stol=glolEE Axd 4 U] e A
T% R Ao FdoEN F{IT F lo
strS BT 24%2) H| g2 o] o] Fo
sact.?

upeta] B AFdie 1FHez He sol
HolEE Az 4 N=A o 4H3
of thalA £FE2} Nacl wthsS H7td B¢

1) 2EX . MFoi o ofdX] Stnt 435

E-mail : shoo5029@cheju.ac.kr

Tel : (064)754-3643 Fax : (064)757-9276
2) HEMUME S AASAtE W

E-mail : pyb2514@jeju.ac.kr

Tel : (064)754-0341 Fax : {064)702-8330
3) MFEdistw of{X| Z&D} w

E-mail : wgchun@cheju.ac.kr

Tel : (064)754-3646 Fax : (064)757-9276
4) HAXK} : HFPohetw olH4X| &t W=

E-mail : jnkim@cheju.ac.kr

Tel : (064)754-3643 Fax : (064)757-9276

- 585 -



g3 dgrtie g, X2@, i-F%", n
T BEVIAE FUVE 4o 38Y 2de °
Hog dFstuxt gt

2. O|EX 3

B ATlAE CHMD ZEaAe ARENe
o, 2 olge ted PP miz olFoal
Aol N, el stol=dlolE A7t Tgslol 9l
= 7%, ddetd Wy 3L thes) gol K4
g 5 gk

U= i=12-N (1)

714 7ol F7HAE f7e Hde FAE £

L.

fl=yolP (3)
fr=zotP (4)

oli, y,% ¢/, % ¢’ AT 71T Aol
Aol ¢teo] PY o sle &l Wit EFET
FAAE ASE ov @t ¥ Nacl shol= o]
E A=z ¥HHA] G Agodwt SAsing
stol=do]E & AWyl AsliMe 4 (298

o3} go] Al &+ gigh.”

A=y (5)

MT~-H
ma ) )

7= fMTexp 5

T spol=olE AXE olF = & £AY #
AN O 3, Al H =T -yl Btol=dlo]E
Azl AARA7T AAAA 1 vodEsE F
Ag olFe EEx s xdd, M A
2at A9A Qe AAE o) BEA 3t
XA, o] Aol EET). A7]A

A“MT*H
RT

N, '
1+ )] cmjf,.) (7)

k

= E v, In
m=1

o] H9, kit sto]=i#lolE Azhel AREF

F v 2 slol=dgolE AU ZAst= sk

o) BRAT FTY &, £, 71730 SAG= A

Ag 89 FAANE, ¢, Langmuir FFE 3t0]

=golE FFUAA FAERQ B3 AMEA

Alolol A5 AL 2 gt oy, I L 7}

A%t Kihara XL 357 Apgdc P

Sl S e ©

w,=z:i%(&°+%&l)-%(&+%aﬁ)? )

1 [ T a\™" T a i

2 FdS T, N 4,510,119 #&E 7FAIH, &
Hj9)4, RE F39 ¥hAolt}, 3, Flol=glo)
E AAE olFE= T 2R FAANE fMTE

. AuMT—L“
MT _ L W
fu o =foexP\— Ry — (11)
z, ff=  ax  BEY FAAE,

AT = MT_ e Slolsglo]E ARl A
AR AAAA Fe vlojdE ARE olFE
2EA9] B3 LAY, Mo £5AY £ 8
s U4, 400 Aole TG, =T

apr ) oA
RT  \ RT° _f r\ RT®

AUMT—L"
+ ‘;ET )—lnaw (12)
Ahf’*""'" = AR® + i[38.12—0.141(T— 273.15)]dT
' (13)

oltk. A7IA AL = 273.15K, HuigtdE 091 AZH
g wl slol=olE Axlet &5 FAEAY
st Tl A z}o], y i 273.15K°) T}
ARMT-E M7= W) slol=do|E ARt &
F dF B EARAoleg  Edgd Aol
AMTE = MT = ) Blo|=Elo|E AR &
3 A B Exjlole] EEFO zolE ould
th, A= 273.15 K, AuitE 091 ZHEidlA R
stol=go|E Aol &5 FAEAY 2AEY
ztol & LTl X3 o= BY @FEE IUiE
o, FAF, 1,9 A2 L TFSHA| &2 H
Q B9 EE &, 7,9 Fo8 EAHI, Nacle]

A7lE B BEEE 1E 2L ARgATHYY

Ina, =-— 18% [1 +z,2_0, +mb, +m2ﬁ2] (14)
A 1{].5
o]
= 5
¢ 1+1.21°% (15)
6, = B, +B,expl—21°%) (16)

vE 129 Nacldll E9) & o) EZ59) FEdE
5, me AHA ETEE, 7, 2.€ Naclol E
o] = o} E9 AEHF, 4, & Debye-Huckel 4
&, Ie o|2A%} A7), 8, 8, B,E Piers)
A= ZE2e A% vzl

- 586 -



3. AlotEw g nE

Fig. 13} Fig. 2 & dFdA =g A9}
71&e AgANE vy a;WTolrk, o
A B g 5ol B dAFo =9 v Ad
@3}7} U x5l 9,1-%% & F UG, U—}E}"ﬂ i
Gl A AlE3l G5t E’_‘:“—J A7 =28
4 o o}, 3 Fig. 3& 527} Nacl 3 wth
T8 Ao xe] vEl slo|=YolE AHE & vl
g 22 Naclo] vlg slo]=golE AAA] o
AA=H ALt USS ¢ 5 AT} Fig. 454
Fig. 5= €923 Nacl 3 wt% 52Hd A o7}
2o e7}AE 0, 1, 3, 5, 10 wt%S P&
735 stol=dlolE AHE Astoltt, O™olM B
o] &g “47}“ A4 slol=glo|E A
e ¢ T A 0wthE TFE A T
£5h}, FZ 9 2L A E oég T
== FUs3tt. Fig. 67 Fig. 72 £5E7

3 wt

t

A
o
-
I

-_Q._E.>

TgAoA detrtio T2 PIAS
10 wt2E ZFHL 399 6}°lcaﬂ
Zdioltt, aYoA E £ gxo
2ot Frlstolx dlol=dolE *3*401}
433 %a@% Y4 7 v}, Fig. 8% Fig. 9.._
TTE3 Nacl 3 wth —r%°"‘°ﬂ’~1 o g7} 2o (-5
2 AE8 0, 1, 3, 5, 10 wt%E ZFZRS AL A
AEHE slol=olE AHy Axlolt). aYdA
I-FEAE 1 wi% A=) A4S Arlstdx 3
OlEalolE AAAREE AA3] L F Y28 ¢

T 9o}, T=3H Fig. 103 Fig., 11& 523
Nacl 3 wt% 2NN A ogol n-F& 0, 1, 3,
5, 10 wt%S =% Y& H§ BAHHE= ’%Eé?’é @
3ol

a8 B F 50| -8 3 wth ol =g
Al Y 2=04 43HE 4L dA35 gAt
5 wth o]gol X+ & BHIE Holx] g}, Fig.
129} Fig. 132 &2 Nacl 3 wt% T2 Roj A

%
,3,5
%‘

Higto] olgt 10 wt%, = 1 wt%, -2 1
wt®h, n-5-€ 10 wte=S 2tz %31 %4 43
< Yeld A3o|tt. oet 10 wissS =33 A$

TZ 1o &8y, 72 09 e ARE 4S8

% itk E3 o] i-RE 1 wsE T3
24 P2 Mol alaA AHsE Arbale) =
Houg QP Sol=dol=E WS A9 Y
RolA ol e & 5+ AUk
12
4 & Deaton & Frost(1946)
v de Roo ot al. (1983) X,
104  x  Adisasmito etal. (1991) bl
| -=--- Prediction V,*,
g 81 a;?,,(’
% 6 »p?&’
7 | pod
e 4] ¥
a -
'uﬂ*wx
2
or————r—

0 2 4 B8 8 10 12 14 16
Temperature (°C)

Fig 1. Equullbnurn points of Methane hydrate in
pure water

- 587 -

Pressure (MPa)

2

¢

&  Englezos etal {1991)
1 ----- Prediction :

—_———r : , :
0 2 4 &
Temperature (*C)

8

Fig 2. Equilibrium points of Methane hydrate in

Pressure (MPa)

12

104

Nacl 3 wt% solution

] —-85-- Naci 3wt%
—&— Pure Water

T T T T T T T T T

Temperature (°C)

Fig 3. Equilibrium points of Methane hydrate in
pure water and Nacl 3 wt% solution

Pressure (MPa)

12

10

—&— CH4{100wt%)+C2HE(0W%)
{ == &= - CH4{99wt% HCIHE(1with)
~ = A== CH4GTWI% +CIHE(Iwt%)
— = B- - CH#{95w1% +CZHE(5wI%) AD ©
~ = -~ CH4(O0WH% #+CRHE{10WM%Y,” / ¢+ [/
L
$
!
/’
¢
’I
-----------------
0 3 6 ] 12 15 18

Temperature (°C)

Fig 4. Equilibrium points of Methane hydrate
added ethane gas in pure water

Pressure (MPa)

12

10

—@— CHA( 100w ) +C2HE{Dwt%)
J= - ©- - CHA{9OWI% )+ CIHE( W)
- - A=~ CHA{9TwE 1+ CTHE(IW%)

4= - 8-~ CH4{F5wWI% H+C2HE(SwWI%) AQ @
CHA(90Wt% 1+ C2HE10W%) /) [ 7/

—— -

— T ——
0O 2 4 & 8 10 12 1s
Temperature (°C)

Fig 5. Equilibrium points of Methane hydrate
added ethane gas in Nacl 3 wt% solution



14 14

——— CHA{100WI%HCIHBOW% ) —&— CHA{100WI% - 4H 10{0wi%)
1= =8= - CHA{29w%HCIHB{ twi%) 1 -~ ©- - CHA{99WIS ) +1-CAH 10{ Twi%)
12 4 = = A=« CHA(OIWER PCIHEIWIN) 12 4 = = &= = CH4{STWA%)+n-CAHIO{In%)
|- =B - CHa(@IWIRHCIHB(SwI%) | = - 8- = CHA(95WI%)+n-CAH10(5w%)
== o= = CH4(90w1% )+CIHE({ 10wl%) = = &- - CHA{95wtH+n-CAHT0{10wm%)
=z 10+ w 10
o o ]
= =
o 87 e 9]
'g ) § )
8 8- £ ol
o ] o
4 4 4
2 24
0”; —ﬁr 9 12 15 18 21 '24 O:ISG: 9" 1:’!‘.1'5'.18
Temperature {°C) Temperature (°C})
Fig 6. Equilibrium points of Methane hydrate Fig 10. Equilibrium points of Methane hydrate
added propane gas in pure water added n—-butane gas in pure water
14 — @ CHA( 100wt HC IHE( D) 14 —8— CH4{100#% H0-CAH 10{0wt )
1= = 8- - CHA(99wWI%)+CIHB! 1wi%) 1 - = &@- — CHA99W % )+-CAHIM 1Wt%)
12 4 —— 8- — CHHISMGHCIHE 3wE) 12 4 - - A= = CH4{95atBHN-CAH1Iwt%)
] — - 8- - CH4{90W% +C3H& 5% ) - — 8- - CH4{90m b -CAHI0Gt%)
== @~ ~ CH4{0WI%+CIHS{ 10wt%) - = 8~ ~ CHAGOWE+n-CAH10{ 10wt %)
c 10+ w 10 4
o ] Qa ]
= =
o 87 o °7
5 s *
8 6- & 5
a ] o
4 - 4 -
21 2 4
0‘ ; 'ér19r_'_'112‘ '175' '178r‘_2'1. .24 #] o ; ) r; o ‘.;) o 1r2'—' 1'5' '18
Temperature (~C) Temperature {°C) : :
Fig 7. Equilibrium points of Methane hydrate Fig 11. Equilibrium points of Methane hydrate
added propane gas in Nacl 3 wt% solution added n—butane gas in Nacl 3 wt% solution
14 14
——@— CHA{100WI% PH-C4H 10{0wi) —&—— CHA{100wt%)
1- - e-- cHaigowts)riCar10(twt%) 1 - - 0 = CH4{OOWI% HCIHE(10WIN%,)
124 - - A- - CHA{GTWI% HICAH 10(IvX) 12 { - - a- - CH4{9WIHHCIHE(1wik)
{ -~ 8- - CH4(95wt%)+HCAHI10(5W%) | - - 8-~ CHA{90WI% )+ CAHI0( Twi%)
— - 9- - CH4(95wi% j++C4H10{ 10wk} == &= = CHA(99wI% Hn-CaH10{ 10wt%)
= 10 4 p ? P 4 = 10 1
S $ 4@ ¢ S
PR ® AD o o ®7
2 o L@ g 5 |
. oy n
- 8 Af s S
41 & Ad 2 41
: o &a ¢
2 7 .
0";rré--é- '1] 1IS 1I3. '2'1. .2I4' '2? 0 o ?l’ - é o é - 1l2‘ '1'5' 113
Temperature {°C) Temperature (°C)
Fig 8. Equilibrium points of Methane hydrate Fig 12. Equilibrium points of Methane hydrate
added i-butane gas in pure water added help gases in pure water
14 14
—0— CH4{100wWt% H-CAH10(0wi%) —8— CHA{100W1%)
| - - ©- - CHA{9OWL% )} +LCAH 100 Wi} 1 - - A- - CH4{S0WEIHHCIHE! 10wt %)
12 4 - - A- - CHA{9Twi%)+-CAH10(3wt%) 12 A = —©- -~ CH4OOwWt% +CIHB! 1wt}
| = = B- - CHA{95w1% 1+ FC4R10{5nt%) |- -B- - CH4{S9w) +-CAH10( 1wite)
-~ = = CHA{G5WI%+RCAH 10(10wW%) - - - — CHAIW%)+r-C4AH10{10wt%}
- 101 ") -~ 10
c | &
= = ]
v g
3 1 35 ]
g 5 é 5
o a
4 4 4 -
21 2
Oé;é ;2'*1'5"118";1"24 Oéé é 1'2‘.1'5"18
Temperature (°C) Temperature (°C)
Fig 9. Equilibrium points of Methane hydrate Fig 13. Equilibrium points of Methane hydrate
added i—butane gas in Nacl 3 wit% solution added help gases in Nacl 3 wt% solution

- 588 -



4. 8B E

slol=glo]E AAA & BEIIAE FHU)
T A dEY gt F3¢E FHEIIA} o| B F
o7 A Al GEL slo|=Ho]lE Ao o
ARz ZAR37 ARG, £ g olgk 10
wihs B3 A9 FZ 19 &3, 3FF 019
£ 4 A3, i-F8 1 wihE &
Holl £3BA AR ST H7hA|9)
B Ho] AAHYE & F U

[1] Sloan, E. D., 1998, Clathrate hydrates of
natural gases, Marcel Dekker, inc., New
York, pp. 1-318.

[2) AgR, AZFH 2003 “HaA7tx 4L 9
3t 712 slol=dlo|EY] XA EA| digh
AFA A iz ASE =23 BAH, 29
A 23, pp. 251-258.

[3] Okuda, Y., 1996 “Exploration research on
gas hydrates in Japan” 5th Petroleum
exploration and development symposium,
pp. 62-98.

[4] Gudmundsson, J. S., Mork, M., and Graff,
0. F., 2002 THydrate Non-Pipeline
Technology” Procee -dings of the 4th
International Conference on Gas Hydrate,
pp. 997-1002.

[5] Huron, M. J. and Vidal, J., 1979 "New
mixing rules in simple equations of state
for representing vapour—-liquid equilibria
of strong -ly non-ideal mixtures" Fluid
Phase Equilibria, Vo. 3, No. 4, pp.
255-271.

[6] Soave, G., 1972 “Equilibrium constants
from a modified Redlich-Kwong equation of
state” Chem . Eng. Sci., Vol. 27, No. 6,
pp. 1197-1203.

[7] van der Waals and Platteeuw, J. C., 1959
"Clath -rate Solutions" Adv. Chem. Phys.,
Vol. 2, pp. 1-57.

[8] Parrish, W. R. and Prausnitz, J. M, 1972
"Dissoc —1ation Pressure of Gas Hydrates
Formed by Gas Mixtures" Ind. Eng. Chem.
Process Des. Dev., Vol. 11, pp. 26-34.

[9] Englezos, P. and Bishnoi, P. R., 1988
"Predicti -on of Gas Hydrate Formation
Conditions 1in Aqueo -us Electrolyte
Solutions" AIChE Journal, Vol. 34, No. 10,
pp. 1718-1721.

- 589 -



