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Experimental Study on the Structural Characteristics of Gas
Hydrates for the Transportation of Natural Gas

Namjin Kim and Chongbo Kim
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Abstract

Natural gas hydrates typically contain 85 wt.% water and 15 wt.% natural gas and commonly
belongs to cubic structure I and II. When referred to standard conditions, Im® solid hydrates
contain up to 172Nm® of methane gas, depending on the pressure and temperature of production.
Such large volumes make natural gas hydrates can be used to store and transport natural gas. So,
the tests were performed on the formation of natural gas hydrate is governed by the pressure,
temperature, gas composition etc. The results show that the formation pressure of structure II is
lower about 65% and the solubility is higher about 3 times than that of structure I.
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Table 1 Structural characteristics of gas
hydrates

Parameters Structure I Structure I

No. of H»O molecules

in the unit cell 4 190
No. of 5% _ 2 16
No. of 5‘%6'4 6 i
NO, Of 51.464 - 8
Latice parameters 12 173

at 273K(nm)
Crystal tvpe Cubic Cubic
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Fig. 1 Gas hydrate

72 E dAHEE 2147] A euxgoez

HE7ts sol=golEr} F5-&

it
ofh
6 ox
o
o

Q.
5 ¥

=
i
X2
=

T+ il
95% o]/do] wvigto=w
Al 7k slol=dolE
149 dsAE 2 o
TAANA AAdH ez

2 (mo(m
o o 332

>

N
(g
1
42

HE slol=glolEe] AL 46749
Zpol g7hel wgtrtx PR X YH TRE,
2Aae CHY - 575H,00]t}. whaba] vlghs}
o Eo| o232 Larur} 216124, T
A g stol=gelEx: 172mPel wg
sbz9b 08mPe 22 2 eo.® uep o9

doz ol AHAY wes FAHAR
3t HAZI2E B9 EX-AA Fig. 13

soluelol=g Az¥ 4+ 9l
A

A

p

ul
=

.{
o

H
s =
. .. .
SN L & . »
“« L7 + 0 et e
< P . e,
> e A N J
b\ Y L LS ]
>*—4d
nopl2n2
2(5'%) 6(5%6%)

Fig. 2 Crysralline latice of gas hydrate
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1. Reactor 22. Gas MFC(high)
23, Gas MFC(low)
24 Water resen ior tank

2. Supphire ylass
2, Thermocouple
4. Double distilled water 25, Liquid pump

5. Stirror 26. Water tank

6. Water injection nozzle 27, Gas reservior tank
7. Precooling tube 28. Gas booster

8. Check valve 29. Air co.npressor

9. Bath 30. Gas bombe
10. Coolant 31. Reliefvalve
11. Chiller 32 Stop valve
12. Magnetic driver 33. Coolat inlet
13. Motor 34, Coolat outlet
14. M.D. controlter 35. Gas vent

I5. T. digital indicator 36. Water vent

16. P. digital indicator 37. Gas & water vent
17.PC 38. Pressure gauge

| I8 AD, D/A convertor  39. Back press. regulator
| 19. Press.(heise) gauge 40. Regulator

20. 3-way valve
21. Liquid MFC

41. Vacuum pump
42 Vacuwm gauge

Fig. b Schematic diagram of the apparatus
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Table 2 Compositions of natural gas
Certified
Concentration Uncertainty
(mol/mol)
Methane(CH.) 90.8784%
Ethane(CaHg) 5.63% +2%
Propane(CsHsg) 2.52% *+2%
iso-Butane(i-CiHi0) 0.493% *2%
n-Butare(n-C,Hjo) 0.447% +2%
iso-Pentane(i-CsH;2) 102PPM +3%
Nitrogen(N») 214PPM +3%

0.25% w|gtel opd 2 71 ®FARl Heise ¥ AN19,
0-350kgt/cm’, Heise Co.)s} tixl& #1716,
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Fig. 8 Photograph of hydrate nucleation

Table 3 Constants for pressure in MPa
and temperature in K

Structure 1  Structure I

a 5.334E-01 1.111E-00

b 1.023E-14 3.303E-26

C 1.205E-01 2.078E-01
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Fig. 9 Induction time of hydrate nucleation
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Fig. 10 Gas consumption volume for variable
degrees of subcooling
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Fig. 12 Comparison of the volume of gas
consumed according to gas injection

and water spray methods
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Fig. 13 Pressure change according to water
spray and gas injection
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