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Thermodynamic Characteristics of Coal under Temperature

Variation Desorption in Closed System
Cai Tingting', Zhao Dong”
( 1.Institute of Mining Technology, Taiyuan University of Technology, Taiyuan 030024, P.R. China;
2.College of Mining Engineering, Taiyuan University of Technology, Taiyuan 030024, P.R. China)
Abstract: Methane adsorption or desorption in coal depends on pressure and temperature, and desorption
volume increases with raised temperature and decreased pressure. In a closed system, once temperature is raised,
desorption volume grows correspondingly, and the pressure of system increases to inhibit desorb more methane.
Energy changes in mutual transformation between free methane and adsorbed methane. Based on real gas state
equation, Boltzmann energy distribution theory and two energy states model, mathematical expression of adsorption
heat was obtained in this paper, and was verified by physical experiments. The experiment results show when
temperature was raised in a closed system, desorption promotion by temperature and adsorption inhibition by pressure
interacted at the same time, but desorption promotion was much more significant, so more methane desorbed in this
process. The two energy states model can reflect the changing relationship among adsorption heat, pressure and
temperature very well. Besides, adsorption heat was the function of temperature and pressure, and its value concerned
with initial equilibrium condition, namely, the larger initial equilibrium pressure, the smaller adsorption heat, and
the shorter desorption time to get dynamitic equilibrium.
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Table | Experiment scheme

s LK P/MPa SISV 1/°C

P, 30~90, [a]ff 10

HS AP, P,=P,-AP 30~90, [A]ff 10

HS AP, P,=P,-AP 30~90, [l FE 10
1" 2!
HES AP, P, =P,-AP 30~90, (][ 10

HEX AP,P;=P,-AP 30~90, [A]FfF 10

H'S AP, P, =P,—-AP 30~90, [A]FfF 10

3 SRR GHT

31 #HAKRPEBEESENXER
XEPIERE S A HEAT T 6 AURERI AR R H1 T 8
AR EE R0 2 TR R B R S AR
NFACFE LS T S WIIE 1T 45 iR
JE AT TR - R R L TR 2 R
45 1 —0—1.145 MPa

40 | —0—0.63 MPa
35 | —%—0.305MPa

—0—0.821 MPa
—+—0.445 MPa
—0—0.19 MPa

30 1
25
20 1
1.5
1.0
05

1% W45 FE /1 P/MPa.

0 10 20 30 40 50 60 70 80 90 100

BIEYC
(a) 1#EHE
60 o 1595MPa —o— 1.032 MPa
55 _A—0765MPa —+— 0.539 MPa
50 I 0362MPa —o— 0.189 MPa
g 45t
§ 40 |
R 35
¥ 30 |
ﬁzi 25
= 20 |
=5 |
10 |
0.5 |
0 10 20 30 40 50 60 70 80 90 100
WREYC
(b 2R

2 ERHBRTEEEN-REHLZE
Fig. 2 Equilibrium desorption pressure vs. temperature

curves in constant-volume container
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Table 2 Simulated results

VAN
| w4
HEE BT ’r & B R?
/MPa -

1.145 P=1.166 4Te ' **¥™ 1 580.2 1.166 4 0.998 0
0.821 P=1.153 3Te”' ™" 1754.9 1.153 3 0.998 3
0.630 P=1.097 0Te " *®¥T 1 808.3 1.097 0 0.993 0
0.445 P=1.337 1Te”" %" 1963.8 1.337 1 0.991 9
0.305 P=1.810 9Te™'**"" 2 165.1 1.810 9 0.991 8
0.190 P=3.123 0Te 2*“*¥" 2 460.3 3.123 0 0.992 2
1.595 P=1.692 8Te ™" 1367.4 1.692 8 0.997 4
1.032 P=1.3753Te ! ™" 1 747.6 1.3753 0.998 6
0.765 P=1.537 1Te " ***" 1 866.0 1.537 1 0.999 7
0.539 P=1.756 6Te 2" 2 000.9 1.756 6 0.998 4
0.362 P=2.210Te 2" 2175.3 2.210 2 0.994 2
0.189 P=5.273 5Te %" 2 618.2 5.273 5 0.994 4
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Table 3 Fitted results of desorption rate and desorption time of 1* coal sample

LG 13 A *ﬂ?@ e W R Ps *ﬂa@ il
£ IX.[i] n EX 1 I 1] R X [] 4 i B A
/MPa /C R’ /min  /MPa /C R’ /min
20~30 y=0.356 In x—0.895 0.9790  76.7 20~30 4=0.3221nx-0.781 0.9534  85.1
30~40 y=0.3121nx-0.743 0.9648  86.9 30~40 y=0.347 In x-0.920 0.9786  92.2
40~50 y=0.376In x—1.057 0.9891  93.7 40~50 y=0.406 In x—1.205 0.978 0  96.4
1.145  50~60 y=0.3381nx-0.886 0.9537  94.1 0.445  50~60 y=0.3731nx-1.083 0.9645  104.2
60~70 y=0.347 In x-0.954 0.9528  101.7 60~70 5=0.329 In x-0.922 0.9890  118.8
70~80 y=0.3351nx-0.935 0.960 1 113.4 70~80 y=0.3551nx-1.030 0.9783  113.6
80~90 y=0.366 In x—1.104 0.9587  120.6 80~90 5=0.364 Inx-1.124 0.9792  130.8
20~30 y=0.314Inx-0.735 0.9742  82.3 20~30 5=0.323 In x-0.805 0.967 1  90.4
30~40 y=0.401 Inx-1.135 0.9864  85.7 30~40 y=0.376 In x~1.063 0.9742  95.2
40~50 ¥=0.376 In x—1.063 0.9723  95.2 40~50 ¥=0.3961nx-1.176 0.9848  100.6
0.821  50~60 ¥=0.3531nx-0.970 0.9668  98.4 0-305 50~60 y=0.342 In x-0.965 0.9508  112.4
60~70 y=0.347 In x-0.973 0.9675  107.5 60~70 y=0.366 In x—1.068 0.9743  109.3
70~80 y=0.3551Inx-1.059 09872 123.3 70~80 y=0.388 In x—1.219 0.961 4  123.6
80~90 y=0.362Inx-1.080 0.9639  119.1 80~90 5=0.3921nx-1.270 0.9828  134.0
20~30 y=0.4051nx-1.149 0.9737  84.9 20~30 4=0.343 In x-0.921 0.9879  97.5
30~40 y=0.363 In x-0.985 0.9038  90.4 30~40 5=0.329 In x-0.883 0.990 5  105.6
40~50 ¥=0.371 In x—-1.052 0.9785 983 40~50 y=0.3541In x-1.001 0.9682  106.0
0.630  50~60 y=0.3521nx-0.958 0.9457  96.4 0190 50~60 5=0.378 In x—1.120 0.966 1  108.0
60~70 y=0.328 In x-0.919 0.9863  119.6 60~70 y=0.358 In x—1.053 0.9597  116.4
70~80 y=0.334 In x-0.928 0.9646  112.8 70~80 y=0.344 In x—1.021 0.9403  128.7
80~90 y=0.339 In x-0.997 0.9812  128.8 80~90 5=0.328Inx-0.968 0.9738  138.8
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Table 4 Fitted results of desorption rate and desorption time of 2* coal sample

Pk EE A ﬁ% firle Pk ﬁ% A ﬁ% fiee s
J& X [f] s U miE R X [i] g B4 i []
/MPa /C R /min /MPa /C R’ /min
20~30 y=0.384 In x—1.063 0.967 9 86.6 20~30 y=0.347 In x-0.940 0.962 0 97.7
30~40 y=0.332 In x-0.852 0.950 8 92.2 30~40 y=0.328 In x-0.871 0.957 7 103.3
40~50 y=0.329 In x-0.846 0.966 8 94.4 40~50 »=0.377 In x—1.118 0.966 6 108.8
1.595 50~60 y=0.367 In x—1.058 0.975 3 105.0 0-539 50~60 y=0.367 In x—1.099 0.994 6 117.4
60~70 y=0.409 In x—1.299 0.948 9 117.4 60~70 y=0.396 In x—1.251 0.948 7 121.6
70~80 y=0.371 In x—1.138 0.942 4 123.9 70~80 y=0.323 In x-0.927 0.977 8 131.9
80~90 y=0.358 In x—1.086 0.976 6 127.6 80~90 y=0.335In x-1.007 0.982 0 140.7
20~30 y=0.346 In x—0.930 0.989 2 96.2 20~30 y=0.367 In x—1.057 0.981 5 104.7
30~40 y=0.353 In x-0.948 0.933 5 92.5 30~40 y=0.346 In x-0.971 0.939 8 108.3
40~50 y=0.341 In x-0.931 0.952 7 103.2 40~50 »=0.391 In x—1.201 0.984 9 113.8
1.032 50~60 y=0.359 In x—1.071 0.980 9 120.8 0362 50~60 y=0.388 In x—-1.217 0.942 6 123.0
60~70 y=0.320 In x—0.856 0.989 3 110.5 60~70 y=0.343 In x-1.020 0.978 8 130.2
70~80 y=0.396 In x—1.255 0.9924  122.8 70~80 y=0.329 In x-0.957 0.972 6 132.2
80~90 y=0.334 In x-0.969 0.977 8 127.4 80~90 y=0.337 In x—1.005 0.983 4  135.8
20~30 y=0.352 In x—0.956 0.962 5 95.8 20~30 y=0.344 In x-0.952 0.982 3 105.3
30~40 y=0.323 In x-0.839 0.958 8 100.5 30~40 y=0.3711nx-1.106 0.953 6 113.7
40~50 ¥=0.358 In x—1.030 0.941 1 109.2 40~50 y»=0.354 In x—1.043 0.981 1 119.4
0.765 50~60 y=0.353 In x—1.017 0.9515 112.4 0189 50~60 y=0.347 In x-1.025 0.991 2 124.9
60~70 »=0.339 In x—0.982 0.978 2 123.2 60~70 y=0.326 In x-0.942 0.986 2 132.2
70~80 ¥=0.379 In x—1.188 0.987 8 127.7 70~80 »=0.355Inx-1.083 0.976 4 131.7
80~90 y=0.322 In x-0.926 0.9862  133.5 80~90 ¥=0.362 In x—1.140 0.984 0 140.4
5w WL AR K 5 B BRI I R 5
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