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Schematic view of the calorimetric system.
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Relation between hydration number and com-

position of ethane in the hydrate phase.
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CSMHYD Sloan a

Gas compositions, hydration number, molecular weight, crystal structure and dissociation heat of

synthetic gas hydrates. (a) estimated from the ethane composi-tion of the hydrate phase.
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CSMHYD Sloan,

Composition of ethane in the hydrate and

in the residual gases plotted against the

initial ethane composition. The solid and
C-C

dotted lines indicate the composition of

ethane in the structure I and structure II
a A b

gas hydrates, respectively, as estimated by
B.

the CSMHYD model (Sloan, ).

Raman spectra of the C-C symmetric stretch-

ing mode of ethane at di erent composi-

tions of ethane in the hydrate. (a) Group A

and (b) Group B.
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kJmol

a

b

Dissociation heat [kJ mol ] of gas hydrate

plotted against composition of ethane in

the hydrate for (a) dissociation of gas hy-

drate to gas and ice and (b) dissociation of

gas hydrate to gas and water.
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kJ kg

a

b

Dissociation heat [kJ kg ] of gas hydrate

plotted against the ethane composition of the

hydrate for (a) dissociation of gas hydrate to

gas and ice and (b) dissociation of gas hydrate

to gas and water.
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gas hydrate. Proceedings of the International Work-

topic composition of gas hydrates in Lake Baikal.

Paper presented at th International Conference

on Gas in Marine Sediments, University of Bre-

men, Bremen, Germany, Sep.
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rmodyn., , .

Handa, Y.P., b: Compositions, enthalpies of dis-

sociation, and heat capacities in the range to
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hydrate, as determined by a heat-flow calorimeter.
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Proceedings of the th International Conference on
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Lett., , L , doi : . / GL . Rydzy, M.B., Schicks, J.M., Naumann, R. and Erzinger,

Kida, M., Sakagami, H., Minami, H., Takahashi, N., J., : Dissociation enthalpies of synthesized

Hyakutake, K., Hachikubo, A., Shoji, H., Takeya, S., multicomponent gas hydrates with respect to the

Kamata, Y., Ebinuma, T., Narita H., Soloviev, V., guest composition and cage occupancy. J. Phys.

Khlystov, O. and Grachev, M., : Hydration Chem. B, , .

number determinations of natural gas hydrates Sloan, E.D. Jr., : Clathrate hydrates of natural

using C-NMR. Proceedings of the nd Interna- gases ( nd ed.). Marcel Dekker Inc., New York,

tional Workshop on Gas Hydrate Studies and pp.

Other Related Topics -for the Future Energy and Subramanian, S., Kini, R.A., Dec, S.F. and Sloan, E.D.

Environment Considerations-, Oct. , , Jr., a: Evidence of structure II hydrate forma-

Kitami, Japan, . tion from methane ethane mixtures. Chem. Eng.

Kida, M., Hachikubo, A., Sakagami, H., Minami, H., Sci., , .

Krylov, A., Yamashita, S., Takahashi, N., Shoji, H., Subramanian, S., Ballard, A.L., Kini, R.A., Dec, S.F.

Khlystov, O., Poort, J. and Narita, H., : Natural and Sloan, E.D. Jr., b: Structural transitions in

gas hydrates with locally di erent cage occupan- methane ethane gas hydrates part I: upper

cies and hydration numbers in Lake Baikal, Geo- transition point and applications. Chem. Eng. Sci.,

chem. Geophys. Geosyst., , Q , doi : . / , .

GC . Takeya, S., Kamata, Y., Uchida, T., Nagao, J., Ebinuma,

Klerkx, J., Zemskaya, T.I., Matveeva, T.V., Khlystov, T., Narita, H., Hori, A. and Hondoh, T., : Coexis-

O.M., Namsaraev, B.B., Dagurova, O.P., Golobokova, tence of structure I and II hydrates formed from a

L.P., Vorob’eva, S.S., Pogodaeva, T.P., Granin, N.G., mixture of methane and ethane gases. Can. J.

Kalmychkov, G.V., Ponomarchuk, V.A., Shoji, H., Phys., , .

Mazurenko, L.L., Kaulio, V.V., Solov’ev, V.A. and Takeya, S., Uchida, T., Kamata, Y., Nagao, J., Kida, M.,

Grachev, M.A., : Methane hydrates in deep Minami, H., Sakagami,H., Hachikubo, A., Takahashi,

bottom sediments of Lake Baikal. Dokl. Earth Sci., N., Shoji, H., Khlystov, O., Grachev M. and Soloviev,

, . V., : Lattice expansion of clathrate hydrates of

Lu, H., Seo, Y., Lee, J., Moudrakovski, I., Ripmeester, methane mixtures and natural gas. Angew. Chem.

J.A., Chapman, N.R., Co n, R.B., Gardner, G. and Int. Ed., , .

Pohlman, J., : Complex gas hydrate from the Uchida, T., Takeya, S., Kamata, Y., Ikeda, I.Y., Nagao,

Cascadia margin. Nature, , . J., Ebinuma, T., Narita, H., Zatsepina, O. and Bu ett,

Nakagawa, R., Hachikubo, A. and Shoji, H., : B.A., : Spectroscopic observations and thermo-

Dissociation and specific heats of gas hydrates dynamic calculations on clathrate hydrates of

under submarine and sublacustrine environments. mixed gas containing methane and ethane: deter-

mination of structure, composition and cage occu-

pancy. J. Phys. Chem. B, , .

July, http://hdl.handle.net/ / Yoon, J.-H., Yamamoto, Y., Komai, T., Haneda, H. and

Kawamura, T., : Rigorous approach to the pre-

Rue , R.M., Sloan, E.D. and Yesavage, V.F., : diction of the heat of dissociation of gas hydrates.

Heat capacity and heat of dissociation of methane Ind. Eng. Chem. Res., , .

hydrates. AIChE J., , .

A

+-

0

,**2

1+ / ,**3

,.0*- +* +*,3 ,**0 *,2,30

,**1

,**1 3/-3 3/./

+332

, , 1*/

,, ,- ,**/ ,***

31 +*,

+32+ +333

,**3 ,***

#

*/**- +* +*,3 /10- /11+

,**3 **,.1-

,**-

.13 .2.

,**-

+-., +-.0 ,**/

$ 03,2 03-+

,**1

-*- -*0 #

,**2 ,**,

+,.,0 +,.-+

0 +* ,.,3 ,03/

,**3 *- +/ ,**-

# +322

++++ +++.

+.02 +.1/

--

+++

//

+* //

2+

-3-

..

../

+*0

.,

-.



� � � � �

�

�

�� � � � � 	
� �
�
������������

� � � ���� � � � !��� � � ��"� #$%& � � ��

�

� � � �

�
�

�

�

�
�

351

ACHIKUBO IDA KUDA AKAGAMI HOJIAkihiro H , Masato K , Mitsuru O , Hirotoshi S and Hitoshi S

: The dissociation heat of gas hydrates is one of the important parameters that control the

formation/dissociation speed of the gas hydrate. We investigated the e ect of the ethane concentra-

tion on the dissociation heat of the mixed-gas (methane and ethane) hydrate. The dissociation heat

of the mixed-gas hydrate [kJ mol ] was within the range between the dissociation heat of pure

methane hydrate and that of ethane hydrate, and it increased with the ethane concentration. Only

several of ethane composition was quite e ective to increase the dissociation heat. The hydration

number, which changed according to the crystal structure (sI/sII hydrates), determined the dissocia-

tion heat during the transition from hydrate to gas and water. The dissociation heat of the

mixed-gas hydrate [kJ kg ] was greater than that of pure methane and ethane hydrates

during the transition from hydrate to gas and ice, and greater during the transition from

hydrate to gas and water.
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Abstract

Dissociation heat of mixed-gas hydrate composed of methane and ethane
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