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Fig. 1.3 Hydrate structure showing methane gas trapped in ice lattice
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Fig.1.4 Cavities in gas hydrates
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Table 1.1 Structural characteristics of gas hydrate

21

Hydrate crystal

I 11 H
structure
Crystal type cubic cubic hexagonal
Lattice
a=1.293 a=1.731 a=1.226, c=1,017

parameters(nm)
Cavity small | large small large small | medium | large
Cavity type 512 51262 512 51264 512 435663 51268
Number of

o 2 6 16 8 3 2 1
cavities
Average cavity

] 0.391 | 0.433 | 0.3902 | 0.4683 | 0.391 0.406 0.571
radius(nm)
Coordination

. 20 24 20 28 20 20 36
number
Number of water
molecules in the 46 136 34
unit cell
Ideal
S 6X-2Y-46H,0O | 8X-16Y-136H20 1X-3Y-27-34H-0

composition

a. Number of Oxygens at the periphery of each cavity.

b. X and Y refer to large voids and 12-hedra, respectively;

7 indicates the 4°5°6° cavity.
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1.3.2 7}~ Slol=dHolE EA

Table 1.2 Physical properties of hydrate and ice'”

Property Ice Structure 1 Structure 1I
Number of H2O molecules
) i 4 46 136
in the unit cell
Lattice parameters at a=0.452
1.2 1.73
273K(nm) c=0.736
Dielectric constant at 273K 94 =58 =58
H>0 molecule reorientation
] 21 =10 =10
time at 273K(usec)
H-O diffusion jump time
2.7 >200 >200
at 273K(usec)
Isothermal Young's modulus
9 9.5 =8.4 =8.2
at 268K(10°Pa)
Speed long sound
3.8 3.3 3.6
at 273K(km/sec)
Poisson's ratio 0.33 =0.33 =0.33
Bulk modulus at 272K 8.8 5.6 NA
Shear modulus at 272K 3.9 2.4 NA
Velocit ti h
elocity ration(comp/shear) L a8 195 NA
at 273K
Bulk density(g/cm®) 0.917 0.91 0.94
Adiabatic bulk compressibility
i 12 =14 =14
at 273K(10 “'Pa)
Thermal conductivity
2.23 0.49£0.02 0.51%£0.02
at 263K(W/m-K)
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v = SIGMA-ALDRICHAF®] 985vol% 3-methyl-1-butanol, 99vol% 1,4,-dioxane,
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Fig. 2.3 (¢) Mechanical System

Fig. 2.3 (d) PC
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Fig. 2.3 (e) screw

Fig. 2.3 (f) reactor of Mechanical System

Fig. 2.3 Photograph of the apparatus
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Figure 2.4 Experimental method
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2.3 Raman Spectroscopy
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Figure 2.5 MICRO Raman spectrometer LabRAM HR

Figure 2.6 sample vessel
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3.3 CO; + 1,4-dioxane + water A =4
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3.4 CO; + THF + water A 2%
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= CO; + THF + water (5.56, 7Tmol%)
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Abstract

Clathrate hydrates are crystalline solid compounds formed by the physically stable
interaction between host molecules and relatively small guest molecules under
specific conditions, generally low temperature and high pressure. The gas hydrates
are divided into three distinct structures I, II and H by formational condition of
hydrate, cavity size and shape. In particular, carbon dioxide forms structure I
hydrate.

The four-phase hydrate equilibria and the phase behavior of CO: +
3-methyl-1-butanol + water, CO2 + 1,4-dioxane + water and CO; + THF + water
were investigated using both a high-pressure equilibrium cell and a mechanical
stirring system in the temperature range of 270-292K and the pressure range of
0.1-4.0MPa. The dissociation pressures of CO2 + 3-methyl-1-butanol + water were
identical to those of pure COz hydrate, indicating that CO2 is not acting as a help
gas for structure H hydrate formation, thus the formed hydrate is pure CO-
structure I hydrate. Interestingly, at lower concentrations than 3mol% of
1,4-dioxane, unstable dissociation behavior was observed for binary CO: and
1,4-dioxane hydrates. The dissociation pressures of CO, + THF + water were lower
than those of CO» + water at all experimental conditions. This indicates that the
CO:2 molecules could be encaged in small cavities of the sII hydrate framework
formed with THF.

The Raman spectroscopy of binary hydrate samples was measured to confirm the
crystallographic structure and guest occupation in cage of hydrate. The results

show that CO: was existed in small cavity the sII hydrate framework.

_48_



	1. 서론
	1.1 연구배경
	1.2 연구내용 및 범위
	1.3 가스 하이드레이트의 일반적 성질
	1.3.1 가스 하이드레이트 구조
	1.3.2 가스 하이드레이트 특징


	2. 실험장치 및 실험방법
	2.1 실험장치
	2.2 상평형 및 상거동 실험방법
	2.2.1 상평형 실험방법의 종류
	2.2.2 상평형 실험방법
	2.2.3 상거동 실험방법

	2.3 Raman Spectroscopy
	2.3.1 샘플제작 및 Raman 측정방법


	3. 실험결과 및 토의
	3.1 CO2 + water 시스템
	3.2 CO2 + 3-methyl-1-butanol + water 시스템
	3.3 CO2 + 1,4-dioxane + water 시스템
	3.4 CO2 + THF + water 시스템

	4. 결론
	참고문헌
	초록

