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ABSTRACT 
In order to avoid wasting resources, environmental 

pollution and prevent gas explosion in mine, purifying 
methane from low concentration coal bed methane by 
hydrate formation has been studied. For increasing the 
hydrate formation rate and methane recovery, 5.8 
mol% tetrahydrofuran （ THF ） -300 ppm sodium 

dodecyl sulfate（SDS）solution were introduced. The 

key factors that influenced the gas consumption, 
reaction rate, methane concentration in the hydrate, 
methane recovery and separation factor were 
investigated. Experimental results indicated that the 
higher pressure, lower temperature, longer reaction 
time facilitated gas consumption, methane recovery 
and separation factor. The temperature was the key 
factor affecting the methane separation factor, and the 
increase of temperature is propitious to the improve 
selectivity of methane hydrate. Since the hydrate 
separation technology can substantially avoid the 
explosion problem caused by methane and on the basis 
of the results obtained in this work, we may say that 
this technology is quite suitable for the separation of 
coal bed methane mixed with air and has broad 
prospects for industrial applications. 
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1. INTRODUCTION 
The total amount of coal mine methane (CMM) in 

the world is up to 2.6 × 1014 m3. The reserves of CBM 

are huge in China, with the amount of about （3~3.5）

×1013 m3, roughly equivalent to the proven reserves of 
natural gas[1]. And most of the low- concentration 
CMM (less than 30%) is directly discharged into the 
atmosphere. However, emission of methane to the 
atmosphere has a global warming potential that is 21 
times greater than that of CO2 [2]. In order to use the 
low concentration CMM as energy source, researchers 
have carried out a lot of research on methane 
separation from CMM. Compared with the traditional 
separation method, gas hydrate crystallization has the 
advantages of small pressure loss, low cost, mild 
reaction conditions, simple technology and safety, etc. 
But the equilibrium pressure for gas hydrate formed 
from such a gas mixture is much higher than pure 
methane at a given temperature. Some additives such 
as tetrahydrofuran (THF), tetra-nbutyl ammonium 
bromide (TBAB), and cyclopentane (CP) are 
thermodynamic promoters, which can shift the 
equilibrium hydrate formation conditions to lower 
pressures and higher temperatures [3-5]. Some 
additives such as sodium dodecyl sulfate (SDS) and 
sodium dodecyl benzene sulfonate (SDBS) [6] are kinetic 
promoters, which do not change the phase equilibrium, 
but change the gas solubility in the liquid and the 
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gas/liquid interfacial tension so as to increase hydrate 
formation rates [7]. Zhong et al. [2, 8-14] used TBAB, 
CP, SDS and water-in-oil (W/O) emulsion for the 
enhancement of gas hydrate formation. The 
concentration of CH4 from 30% increased at least 13%, 
methane recovery rate is about 17~34%. Sun et al. 
[1,15] studied the separation of CH4 from coal bed gas 
in TBAB and tetrahydrofuran (THF) solution. The 
recovery rate of methane is over 34.06%, and the gas 
storage in hydrates is 19-21 m3/m3. Zhang et al. [16-17] 
found 1 mol/L THF solution was the optimal condition. 
And SDS can increase the rate of hydrate formation 
[18]. The sponge can not only increase the hydrate 
formation rate, but also increase the gas storage 
capacity of the hydrate, but it does not play a role in 
improving the methane concentration. Li et al. [19] used 
THF and SDS as promoters for the separation of 
methane from CMM. The concentration of methane can 
be increased from 50% to 69.93%, and the recovery rate 
of methane can be up to 86.44%. Zhao et al. [20] had 
conducted separation experiments by adding promoters 
(THF and SDS). THF performed better than SDS for CH4 
separation from the CH4/N2/O2 gas mixture. Tang et al. 
[21] found that SDS could increase the hydrate 
formation rate by promoting the dissolution of gas 
molecules in the solution. In recent years, separation of 
methane from CMM through forming hydrates have 
been studied by many researchers. However, most of 
them are CMM with methane concentration higher 
than 30% and the operation pressure is large during the 
separation process. The few studies on separation of 
methane from low concentration CMM have been 
conducted.   

The objective of this work is to study the 
characteristics of CH4 separation from the low 
concentration CMM gas mixture through hydrate 
formation in the mixed solution of THF and SDS. The 
effect of pressure, temperature, reaction time on gas 
consumption, concentration of CH4 is investigated. The 
kinetic data reported in this work may prove useful in 
the development of hydrate-based technology for CH4 
separation from low concentration CMM gas.   

2. RESULTS AND DISCUSSION 

The CMM gas was simulated by 13.11 mol% CH4/N2 
gas mixture and all experiments were carried out in the 
the 5.8 mol%THF-300 ppm SDS solution. The 
experimental apparatus and procedure were reported 
in our previous works [19].  

 

 

2.1 Effect of pressure 

 

Fig. 1 gave the mole of accumulative gas consumed 
by the hydrate formation process after nucleation in 5.8 
mol%THF-300 ppm SDS solution at 273.15 K with 
different pressure driving forces. Therefore, time-zero 
in the figure corresponds to the induction time. As 
shown in Fig. 1, the gas consumption curve indicated 
that gas hydrate grows quickly once hydrate nucleation 
occurred. Because the mixture was at the explosive 
limit, the pressure was not too high. When pressure 
raised from 0.13 MPa to 0.14 MPa, and the pressure 
increased little. Therefore, it had little effect on gas 
consumption. However, as the pressure increased, the 
reaction time was shortened, and the rate of hydrate 
formation accelerated. The concentration of CH4 in the 
decomposed gas increased from 17.6% to 19.19%. The 
increase of pressure resulted in more CH4 hydrates 
forming 

 

2.2 Effect of temperature 

The effect of temperature on the gas consumption 
and the mole fraction of CH4 in the decomposed gas at 
0.13 MPa is shown in Fig. 2. As the temperature rised, 
the gas consumption decreased. Lowering temperature 
was beneficial to increase hydrate formation rate. 
When the temperature decreased, the concentration of 
CH4 in the decomposed gas decreased. As the 
temperature rised, the molecular motion accelerated 
and the surface tension of the solution reduced. The 

 
Fig 1 Effect of pressure on gas consumption and CH4 

concentration in the decomposed gas 
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selectivity of CH4 molecules entered into the hydrate 
lattice raised. So the concentration of CH4 in the 

decomposed gas increased. 
 

2.3 Effect of reaction time 

Fig. 3 shows the effect of reaction time on gas 
consumption during hydrate formation and the CH4 
molar fraction in the decomposed gas at 0.13 MPa and 
275.15 K. With the increase of reaction time, the 
consumption of gas increased and the concentration of 
CH4 in decomposed gas increased. This indicated that 
CH4 and N2 molecules continuously entered the hydrate 
lattice with the reaction, but the amount of CH4 
entering the hydrate was more than that of N2 in the 
latter stage reaction. 

 

3. CONCLUSIONS 

In this paper, the separation and purification of 
CH4 gas in 13.11 %CH4+86.89 %N2 mixture was studied 
in a 5.8 mol% THF-300 ppm SDS composite solution 
system. The effects of pressure, temperature and 
reaction time on gas consumption, hydrate formation 
rate, CH4 concentration in hydrate phase, CH4 
separation factor and separation efficiency were 
investigated experimentally. The following conclusions 
were obtained. 

1) increasing the pressure was beneficial to increase 
the gas consumption and formation rate, which was 
beneficial to hydrate formation and the enrichment of 
CH4 in the hydrate phase. 

2) reducing temperature was conducive to 
increasing gas consumption and generation rate. 
Increasing the temperature improved the selectivity of 
hydrate to CH4.  

3) increasing the reaction time had no effect on the 
reaction rate, but it could increase the gas 
consumption, which was conducive to the enrichment 
of CH4 in the hydrate phase. 
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