20 3 Vol.20 No.3
2002 9 ACTA SEDIMENTOLOGICA SINICA Sept. 2002
1000-0550 2002 03-0519-05
AICI ;
3
1 1 2 1
1 730000 2 102249
AlCk —AIC,  — Al-
Cly 4.040~8.382 MPa 272.15~278.15 MPa AlCl,
KCl
AlCl3
AlCk
1976
TE122.171 A
1
AlCl;
methane hydrate AlCl
CHy 5.75H,0 2
2.1
1
JEFRI
25.4 mm 78 cm’
20 MPa -90~
150 C LG100H
JP-1
50 MPa
1:1
WGD4025A
KP1250B010
Pt100
Robinson Ng  Song 10713 0.1C
Knox "% Kubota ®  Berecz ' 0.1C 03¢C
Sloan ' Bishnoi '* Englezos * '  Dholabhai ” *
Tatsuo Pt100
Majumdar 2 % 2800
@ 49973024 SJJ-01-02

2001-09-06



520 20

5 HEETER
,,,,, EAESH
‘ 4~6
- T
R | ——JEFRIEEZRE
BT
I Y ¥ {3
- HE
3 3
777777 ;—im ™ 3.1
H=
L, k_r—g&# ﬁﬂm&ﬁi%%&
1%%& BEHRE |
217
1
Fig.1 Schematic diagram of the experimental Yened = Ko f g
instrument on gas hydrates Kend
Y des ™ Kd(se
0~25 MPa Yend = 7V des
HEISE 0.1
STGISLC _
=K,
K= Kencl Kdes 0
Iy
0
0.8~1.0
3.2
+ 273.7~286. 4K 2.75~9.99
MPa
2.2 22 135
2
99.95% 8 AlCl3
1 AlCl;
10wt%  18wt% AlCl4
AlCl; 6H,0 AlCly 6H,0O
3
AlCly; 6H,O
+0.1mg - —AICl;
5 3 AICk
KCl

AlCl,



AICl

521

T

AICL; 6H,0

Pculc AP = Pexp - Pcalc

Table 1 Experimental data on hydrate equilibrium conditions T P,,, the calcula

tions P using the empirical equation and AP of methane in aqueous electrolyte containing AICl;

T K P., MPa Po. MPa AP
10wt% AlCly 6H,O 272.15 4.040 4.044 —0.004
273.15 4.540 4.488 —0.052
276.15 6.070 6.160 —-0.090
278.15 7.680 7.638 0.042
18wt% AlCly 6H,O 272.15 4.523 4.468 0.052
273.15 4.921 4.948 —-0.027
276.15 6.675 6.750 -0.075
278.15 8.382 8.340 0.042
10wt % KCl7 269.16 1.83 1.856 —0.026
272.16 2.59 2.577 0.013
275.9 3.94 3.919 0.021
278.96 5.56 5.571 -0.011
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Fig.2 Comparison of the experimental

data and the data from the literature

KCl 4

AlCl;

In P =A+BT3
P MPa T

KCl

£ (MPas

B - A

w

M

AlCH

Fig.3 Experimental data calculated using the

empirical equation and predicted methane hydrate equilibrium

conditions in the aqueous AlCl; solutions at different concentrations

2 A B
Table 2  Fitted values of constants A and B
A B
2 —7.8806 4.3441E07
10wt%KCl 7 —9.084 6 4.9709E07
10wt % AlCly 6H,O —8.008 9 4.6664E07
18wt % AICl; 6H,O =7.736 0 4.5805E07

2.6%~7.9%
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Phase Equilibrium of Methane Hydrates in the Presence of AICI;

ZHENG Yan-hong' LEI Huai-yan! WANG Feng® WU Bao-xiang’

1 State Key Laboratory of Gas Geochemistry Lanzhou Institute of Geology Chinese Academy Sciences Lanzhou 730000
2 University of Petroleum Beijing 102249

Abstract Methane hydrates are nonstoichiometric crystalline compounds. They are formed by water molecules
that are linked together with hydrogen bonds and form a three — dimensional structure with cavities. The cavities
can be occupied by certain molecules of methane gases. One cavity can accommodate only one molecule. These
molecules should not interfere with the hydrogen bonds among the water molecules and they should have molecu-
lar diameters that are smaller than the diameter of the cavity. Methane hydrates play an important role in the ex-
ploitation transportation and processing of natural gas. There is a risk of hydrate formation at all the stages of
natural gas handling due to the operating conditions of pressure and temperature that favor hydrate formation. We
mainly discussed the equilibrium conditions of methane hydrates in this paper. The three-phase H-Lw-V  equilib-
rium of the methane hydrate experiment system in aqueous solutions containing AlCl; was experimentally measured
at pressures ranging from 4. 040 to 8. 382MPa and at temperatures between 272. 15 and 278. 15K using the
isothermal pressure search method. The addition of AlICl; exhibited a stronger inhibition effect as that observed for
other electrolytes KCl with the same concentration and discussed the reason. An empirical exponential equation
is proposed to well correlate the measured data for aqueous solution. The computed values matched the experimen-
tal data obtained in this work very well. At last the aqueous solutions containing AlCls is a better inhibitor for oil-
gas pipeline in the oil-gas industry.

Key words methane hydrates  AlCl; solutions  phase equilibrium





