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Effect of Catalyst of Iron Oxide—Carbon on Methane Hydrate Formation under Weak Stirring Condition

Masahiro TAKAHATA, Yoshiaki KASHIWAYA, Masayori OUcHI and Kuniyoshi ISHII

Synopsis

: Mecthane gas hydrate, MGH, has cage-like crystal structures of water molecules having a methane gas in it. Under atmospheric temperature

and pressure, the amount of methane gas contained in MGH is equivalent to 172 times volume of methane gas hydrate. Many researchers are

planning to develop the storage and transportation system of methane gas using MGH according to gas hydrate properties.
The goal of this study is to develop the technology of collection and transportation of the methane gas from small-scale methane sources.

In this study, the possibility of catalyst of iron oxide and carbon was investigated. And effect of catalyst of iron oxide, carbon and its mix-

ture on the methane hydrate formation under weak stirring condition was studied and kinetic analysis was carried out. The acceleration effect

of catalyst of iron oxide, carbon and its mixture on the hydrate formation was elucidated, when they became fine and activated by the me-

chanical milling.

Key words : methane; gas hydrate; catalyst; mechanical milling; iron oxide; graphite; kinetic analysis; reaction mechanism; environmental control.
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Fig. 1. Structures of methane hydrate.
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Table 1. Comparison of the cost of initial investment of
NGH and LNG processes.

Hydrate /LNG | Transportation Re-gasiﬁcalion( Total cost for

formation by ship process construction
NGH Process 33 30 13 76%
LNG process 51 32 17 100%
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Fig. 2. Schematics of experimental apparatus.
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Fig. 3. Phase diagram of Methane hydrate-water system.
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Fig. 4. Typical variation of temperature and pressure
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Fig. 5. Typical variation of reaction degree and reaction
rate for methane hydrate formation without cata-

lyst.
Fe,0;(Hem) Iaraphite (Gra) I | Mixture (Mix)J
Fe,O; reagent

Pressing

200kg/cm? Hem:50g
@ Vo5 (5ra:14.334¢g

¢ :20mm
000C 24hr Vi
sintering /

Planetary ball
milling:
200rpm

Ar atmosphere

Particle size
75~500 £ m

Particle size
75~500 £ m

Fig. 6. Procedures of catalyst preparation.
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Fig. 7. Effect of catalysts on the variation of reaction de-
gree of methane hydrate formation.
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Fig. 9. Effect of kind of catalyst on the reaction degree of
methane hydrate formation.
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Fig. 10. Effect of water keeping method for preventing the
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Fig. 15. Arrhenius plot of the rate constant A”.

Table 3. Activation energy obtained by kinetic analysis on
the methane hydrate formation. (In(k")=

—(E/R)/T+F).
(-E/R) F E(kJ/mol) | Kk’ x10%at0°C
No-add -47613 163 39 0.96
Mix0 -36786 123 306 1.22
Mix24 -52182 180 434 1.21
Mix48 -63984 223 532 0.92
Mix168 -99032 347 823 0.02
Mix6(2) -31597 104 263 0.79
Mix24(2) 25011 80 208 1.05
Mix48(2) -16766 50 139 1.22
Mix72(2) -38505 129 320 0.74
Mix96(2) 79335 277 660 0.12
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Fig. 16. Variation of the rate constant A with milling time.
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for different catalysis treatment.
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