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| ntroduction

e Application of gas hydrates
¢ The methods to harvest the huge amounts of methane h
being devel oped.

# Itispossible to use hydrates as a sequestering r
dioxide at the bottom of the ocean.

e Environmental problem

+ Releasing of methane hydra
permafrost regions migr
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A flame held over room-temperature hydrates will
ignite the evaporating methane and result in "burning
ice.” New production techniques are now being
developed in hopes that hydrates may become a major
energy source in the future. (Source: GSJ Symposium
on Methane Gas Hydrate on June 10, 1996.)
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What are gas hydrates ?

e Crystalline solids consisting of a guest(s) component(s) and
waler

e Hydrates can form at conditions above the normal freg
point of water by the hydorogen bonding.

e Three cavitiesin gas hydrates

(a) Pentagonal Dodecahedror
(Reproduced from “ Clatt
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e Structures of gas hydrates

+ Structure (@) and I1(b) form with
ethane, nitrogene, etc.

¢ Structurel and Il contal

+ Structure H(c) ison
methane) and one
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Van der Waals and Platteeuw(vdWP) model

e The statistical thermodynamic model for determining hydrate
equilibrium pressures and temperatures

Aty = " =ty ==RT > v;In(l=> ©5)
j i

o - Sl
"1+ Cu(T) £ (T, P)
o 1" is the chemical potential of the
e Langmuir constant, C;(T) IS c
etc.
o f(T,P) isthe fugacity
equation of state
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Three Models for hydrate Phase Equilibria

e Thechemical potential difference between the hypothetical
empty hydrate and the fluid phase or ice is calculated by
classical thermodynamic relations.

¢ Holder et al.(1& EC Fund.,1980, 19, 282-286)
e A fugacity(or chemical potential) model for the e
+ Klaudaand Sandler(1& EC,2000, 39, 3377-33¢
« Fitting the vapor pressure of the empty ©
* Not applicable to the mixed hydrates
¢ Yang et al.(Fluid Phase Equilik

» Using the same value of
irrespective of the kinc

* Applicableto the
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Holder et al.(1980)

e Thechemical potential difference between the hypothetical
empty hydrate and the fluid phase or ice

EH I1 EH EH
My —Hw _ Uty (T.,P) T AH . P AV, q
0’70 T + )

RT RT J RT2 j R RT

AHEY = AH? + jT ACS +a(T —T,) AT

e Theparameters( Au,," ,AH;" , AV,
equilibrim curve.

e The solubility of wate
expression of Kri
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Klauda and Sandler(2000)-|

e The equality of fugacity for a hydrate in equilibrium with f
phaseis
f, (T,P)=f, (T,P)

e The fugacity of water in the hydrate phase is

H 0
fo' (T,P)= exp(’UWRTM’V j =

= fw (T,P)exp

fx (T,P) isthefugac

1:V\I/EI_| (T! P) = I:)W%IE
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Klauda and Sandler(l1)

e Thefugacities of ice and liquid water are
£1°(T, P) = R (T) g (T) exp(V/(T, P)(P— Ri™(T)) / R
£S5 (T, P) = X, i R (TS (T) explVi (T, P)

e The solubilities of guest components &
1-x,=x = f' /H. exp

e The PRSV equation of st
success with water
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Klauda and Sandler(ll)

e Thismodel usesthe publised Kihara cell potential parameters
from viscosity and second virial coefficient data.

e Making the vapor pressure of empty hydrate depe
guest components improve the predictability
equilibria

e Because the vapor pressure of
dependent, a mixing rule fc
be needed to extend the
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Y ang et al.(2000)

e The equality of chemical potential for a hydrate in equilibriu
with fluid phase(Il) is
M =ty = Ly =ty =ty =ty + fhy = oy
i IUVI\EIH _RT In(PWsatEH %s/atEH )_Vv\s/atE
e Assuming that the structure of the hypotheti
Independent of guest molecules.

+ The vapor pressure of the empty h
molecules.

¢ The Kiharacell potentia
optimized with 3-phac
+ Extended to mixe
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Comparison of three models for methane hydrate

Pressure(MPa)
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Comparison of three models for ethane hydrate
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Comparison of three models for carbon dioxide hydrate
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Comparison of Three Models

e % AAD from Experiments

Methane Bhane
Phese IHV LHV owedl| IHV LHV LLH ovedl
Soan 162 719 69| 674 878 3H7
Klaudaand
Srda 142 27/ 268 | 404
Yagd d. 323
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Conclusion

e Thefugactiy or chemical potential model (Klaudaet al. or Y an(
et al.) Is more accurate than the classical thermodynamic
model (Holder et al.) for the prediction of hydrate equili
pressures.

e A mixing rule for the vapor pressure pare
to extend the predictions to the mixec
model.

e Yang smodd is appli
phase equilibriare
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