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ABSTRACT: Gas hydrate is formed by physical binding between water molecule and gas such
as methane, ethane, propane, or carbon dioxide, etc., which is captured in the cavities of water
molecule under the specific temperature and pressure. 1 m' hydrate of pure methane can be
decomposed to the methane gas of 172 m’ and water of 0.8 m’ at standard condition. If this
characteristic of hydrate is reversely utilized, natural gas is fixed into water in the form of hydrate
solid. Therefore, the hydrate is considered to be a great way to transport and store of natural gas
in large quantity. Especially the transportation cost is known to be 18~25% less than the liquefied
transportation. However, when methane gas hydrate is artificially formed, its reaction time may
be too long and the gas consumption in water becomes relatively low, because the reaction rate
between water and gas is low. Therefore, for the practical purpose in the application, the present
investigation focuses on the rapid production of hydrates and the increment of the amount of
captured gas by adding zeolite into pure water. The results show that when the zeolite of 0.01
wt% was added to distilled water, the amount of captured gas during the formation of methane
hydrate was about 4.5 times higher than that in distilled water, and the methane hydrate formation
time decreased at the same subcooling temperature.
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1. Gas tank

2. Regulator
3. Air compressor
4. Gas booster

15 15 16

5. PUT

6. Needle valve

7. Connector

8. Pressure sensor

9. Temperature seasor

10. Supply vessel

11. Relief valve

12. Analog pressure gauge
13, Solenoid valve

14. Indicator

15, Metering valve

o

16. Diaphragm vaive
17, Chiller
18. Check valve

—
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19, Rotary pump
28. Reactor

21. Magnetic stirrer
22. Datalogger

23. Computer

Fig. 1 Schematic diagram of experimental apparatus.
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Table 1 Properties of Zeolite

Properties Zeolite
Particle size(um) < 45
Pore diameter(A) 4

Bulk density (Ib/cuft) 30

Moisture(%) <2

Eq’m. H20 capacity 28.5
Regeneration temp(TC) 200~315
Form powder
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Fig. 2 Amount of captured gas as a function
of the weight fraction.
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Fig. 3 Phase equilibrium in distilled -water.
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Fig. 4  Comparison of the phase equilibrium.
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HAA LTl EE o] 8¢ W@ solugolE AMd e 97 263
0.1 b Table 2 Comparison of the capture velocity
-——&— Distilied Water
= MERes b . Capture Velocity
E 0.08 1| —o— 7o Meterial {mol/min)
8 Distlied Water 335107
3 SDS 650 ppm 411x10°
pl -
§ DBD 25 ppm 546X 10
5 Zeolite 135%10
g
15 sed Qo] Az 2UAR A8 F 98S o
T Ut} =3 B d?"ﬂ’ﬂ ALl EE # } &hod
" : 2&92 FAilsld Az AZGoE ERFAE
0 4 8 12
Time(hr) A&eolE YaAT)7t molr] wiite] %}"]L v
Fig. 6 Comparison of the amount of captured ¢S A FAEG] FASATE SR T o= 3}
gas with various additives. olmgolE A A w7 A g o FEE &
Ao, e w‘%%ﬂ?z HHE ALS G wel MR
1200 8 AR st stolmdolE Aol o
N ® @ @ Distilied Water ;
- L4 N [0 0 [ Zeolite O]V?—-O«];‘('}\IZ}
= .
£ o0 \
g » @ 3.3 MAMAIZH 5
E N
5 -
§ o] \e @ AAkE AAFES At AFHOR o=
i N HEE A2 o YAALE BSAFE 22
D AY
8 a0l S . ARHESE O B Fol=doleg BaAE & UV
2 o ‘\% dio] AAYE Y & ok gk B AgelA
X =g 249 g7t solmeolE 44
° ' " ) \W ’*R}“’ﬂ ol gk ‘%“2}:% =2 ol 938t

o 2 4 6 8 10 12
Subcooling Temperature, AT, (K)

Fig. 7 Methane hydrate formation time.
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T(min) = —157.2 X AT, +1241.5 ; Distilled water
T(min) = —54.6 X AT,,, +434.5 ; Zeolite fluid (2)
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