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Abstract: Methane adsorption characteristics in

144 Lirtle Measured Data

coal play an important role in the gas content '@__JI,._::—LF»' %_[ c:z
estimation and gas productivity prediction in s 1,
coal-bed, one group of methane adsorption data in fL] Jj - a
coal under a certain temperature is only applicable | .Di_—: % 02
0

P

to the adsorption isotherm in this temperature iz and Low Temperamure Environment Test System R T T
which can't predict methane adsorption capacity % *“”“‘_f“_"l‘_’.‘fffl‘f

under other temperature and pressure conditions. In - 2
the practical work, both the coalbed methane S T £ ] ¢
resources exploration and the prevention and
control of gas disaster in coal mine need to know
methane adsorption characteristics in coal seam at
certain temperatures and depth. Because there are
differences of methane adsorption isotherms at different temperatures, so many adsorption isotherms need to test at
each temperature, which will cause high cost and long time. So according to the metamorphic grade of coal, gas-fat
coal, cooking coal, meager coal and anthracite coal were chosen as test coal samples, methane isothermal adsorption
tests at 243.15, 263.15, 283.15, 303.15 and 323.15 K were carried out with high and low temperature environment
test system for gas adsorption and desorption. Based on Dubinbin—Astakhov (DA) equation and polanyi adsorption
potential theory, the relationships of saturated adsorption quantity and characteristic adsorption energy with
temperature can be gotten by fitting the measured data, and then the gas adsorption isotherm of coal at other
temperature were predicted. The results showed that the gas adsorption capacity of coal with different metamorphic
degree increased with the temperature decreasing, and there had good linear relationships between the gas saturated
adsorption capacity and the characteristic adsorption energy of different metamorphic coals, which correlation
coefficients reached above 0.98. At the same temperature, as the coal metamorphism degree increases, the methane
adsorption amount increases under the same adsorption equilibrium pressure. Under different temperatures the
predicted adsorption isotherms of coal based on the DA model with different metamorphic degrees agreed well with
the experimental results. The relative error was no more than 5%. With little measured data of isothermal adsorption
tests, DA model can accurately predict the adsorption abilities of coal at different temperatures and pressures, which
will greatly reduce the workload and provide an important basis to study the coal reservoir adsorption properties.
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1. Methane tank
4. Sample canister

2. Reference cell
5. Advection pump

3. Vacuum pump
6. Measuring cylinder
7. Desorption apparatus 8. Temperature control system

9. Temperature collector 10~17. Valve
1 EMGIR TR B3 B R
Fig.1 Diagram of high/low temperature adsorption device
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Fig.2 Methane adsorption isotherm on coal at different temperatures
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Fig.4 Simulation results of methane adsorption isotherm on coal by DA equation
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Table 1 Fitting parameters of linearized DA equation

HRELMEFSE, WESEwE 2 # 3 s, MHEKRE
1A% 0.98 UL L.

®2 BRI ENSSH

Table 2  Fitting parameters of saturated adsorption

Coal A B R?
Gas-fat 1.40138 -0.00549 0.9920
Coking 2.35259 -0.00831 0.9877
Meagre 1.68574 -0.0045 0.9981

Anthracite 1.92748 —0.00494 0.9958

* 3 FHERMEEN A S

Table 3 Fitting parameters of adsorption energy

Coal C D R?
Gas-fat 1.48913 0.01870 0.9956
Coking -2.93763 0.03745 0.9968
Meagre 6.94095 0.00319 0.9816

Anthracite 10.2195 -0.00171 0.9831

Coal Temperature/K InQs [RT/Eq]*® R?

Gas-fat 323.15 —0.38514 0.13976 0.9971
303.15 —0.25753 0.13970 0.9822

283.15 —0.14290 0.13356 0.9991

263.15 —0.03008 0.12934 0.9842

243.15 0.05013 0.12500 0.9881

Coking 323.15 —0.36128 0.09696 0.9997
303.15 —0.14462 0.09919 0.9937

283.15 0.03086 0.11196 0.9991

263.15 0.16459 0.10882 0.9910

243.15 0.31468 0.12015 0.9985

Meagre 323.15 0.23242 0.13860 0.9740
303.15 0.31351 0.10716 0.9796

283.15 0.41765 0.10153 0.9937

263.15 0.50321 0.08994 0.9767

243.15 0.58780 0.07881 0.9734

Anthracite 323.15 0.32114 0.08741 0.9994
303.15 0.43613 0.07783 0.9948

283.15 0.53867 0.06706 0.9999

263.15 0.63000 0.05845 0.9956

243.15 0.71817 0.04968 0.9942
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Fig.5 Relationship of methane saturated adsorption and characteristic adsorption energy with temperature
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Fig.6 Comparison of prediction and experimental values of isothermal adsorption curves at 293.15 and 253.15 K
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