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ABSTRACT: Natural gas hydrate typically contains 85 wt.% water and 15 wt.% natural gas,
and commonly belongs to cubic structure I and . Also, 1m’ hydrate of natural gas can be
decomposed to 200 m® natural gas at standard condition. If this characteristic of hydrate is
reversely utilized, natural gas is fixed into water and produced to hydrate. Therefore the hy-
drate is great as a means to transport and store natural gas. So, the tests were performed on
the formation of natural gas hydrate is governed by the pressure, temperature, gas composi-
tion etc. The results show that the equilibrium pressure of structure II is approximately 65%
lower and the solubility is about 3 times higher than structure [. Also if the subcoolings of
structure I and structure II are more than 9K and 11 K respectively, the hydrates are rapidly
formed.
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Fig. 1 Natural gas hydrate.
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Fig. 2 Crystalline lattice of natural gas hydrate,
structure 1.
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Fig. 3 Crystalline lattice of natural gas hydrate,
structure II.
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Fig. 4 Crystalline lattice of natural gas hydrate,
structure H.
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1. Reactor

2. Sapphire glass

3. Thermocouple

4. Double distilled water
S. Stirror

6. Water injection nozzle
7. Precooling tube

8. Check valve

9. Bath
10. Coolant
11. Chiller
12. Magnetic driver
13. Motor
14. M.D. controller
15. T. digital indicator
16. P. digital indicator
17.PC
18. A/D, D/A convertor
19. Press.(heise) gauge
20. 3-way valve
21. Liquid MFC

Fig. 5 Schematic diagram of the apparatus.
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Table 1 Compositions of natural gas

Certified
concentration Uncertainty

(mol/mol)

Methane(CHa) 90.8784%
Ethane(CzHs) 5.63% *+2%
Propane(CsHs) 2.52% +2%
iso-Butane(i-C4Hio) 0.493% +2%
n-Butane(n-C4H,o) 0.447% +2%
iso-Pentane(i-CsHi2) 102 PPM +3%
Nitrogen(N2) 214 PPM +3%

22. Gas MFC(high)
23. Gas MFC(low)
24. Water reservior tank
25. Liquid pump

26. Water tank

27. Gas reservior tank
28. Gas booster

29. Air compressor
30. Gas bombe

31. Relief valve

32. Stop valve

33. Coolant inlet

34. Coolant outlet

35. Gas vent

36. Water vent

37. Gas & water vent
38. Pressure gauge
39. Back press. regulator
40. Regulator

41. Vacuum pump
42. Vacuum gauge
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Table 2 Hydrate crystal structure according to
composition ratios based on methane

gas
Compositions Ratios (%)  Structure
Ethane(CzHe) =10 1(a"
Propane(C;Hs) >0.0146 il
iso-Butane(i-C4Hio) >0.01 i
n-Butane(n-C4Hio) >0.108 1@ ]
iso-Pentane(i-CsHi2)  =0.866 H
n-Pentane(i-CsHiz) >0 No formation
Nitrogen(Nz) >0 I
Carbon dioxide(CO2) >0 I

‘Apparent character
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Fig. 6 Experimental method.

S "dojyA =53 44 &3 st22 REEHe &
Aol Ut H}E‘rﬁ o= oE AR EIE
A 4 97l Wi Ay A
13%6}04 498 H¥g 59354
Yoz Fig 63 #o] &
%"Jé_@% E F Uk F, dee] 2=
B(Tew oA 3lo] =2 o] EF} UM% F de ¢
Y DPeqBt 2 948 APup)E o) =80
g 4N F #AH A-BY Zo] 228 ¢
A FASHA G4HE HAM3 BdaAdE 5
A A A-Ce 2ol dHE dAsA F
WA 2E2E AANE dsAdle SgEgel
P2 Agdqae 99 5 7l7 2de 25
fz A% 43I EQY 528 Trxl*lﬂ
HyEchE e dASA A F
olgon T3 do]l=dolESL Tsﬂﬂ
& ANZgHoz HEgs] 2T + YA
e e wyog TUAYL £y

o
b s
o _151

mErll‘oS‘:_Q_?L‘mZ.SL

iﬁ:ﬁl“(‘oﬁ*{)“{)ig_drfooﬁfm
(o]

Li:l,ﬂ

JHEZE o) f3sledd w7 WZ 300mLel

L
o>
uE

Table 3 Characteristics of structure I and structure I

Parameters Structure [ Structure I
No. of H2O molecules in the unit cell 46 136
No. of 5% 2 16
No. of 5%6° 6 -
No. of 56" - 8
Latice parameters at 273 K (nm) 1.2 1.73
Crystal type Cubic Cubic
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Fig. 7 Equilibrium points of structure I and structure II.
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Table 4 Constants for pressure in MPa and
temperature in K

Structure [ Structure I
a 5.384E-01 1.111E-00
b 1.023E-14 3.303E-26
1.205E-01 2.078E-01
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Fig. 9 Induction time of hydrate nucleation.
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Table 5 Constants for induction time in minute

Structure [ Structure I
a —1.046 —1.654
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Fig. 10 Gas consumption volume for variable
degrees of subcooling.
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subcooling below the freezing point.
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