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Abstract: In order to study the difference in adsorption/desorption characteristics and the desorption hysteresis of CH, in different
coal ranks, low, medium, and high coal rank samples are collected for the experiments of micro—component determination, liquid
nitrogen adsorption, and isothermal adsorption/desorption to systematically analyze the composition, pore structure, differences in
adsorption/desorption characteristics and desorption hysteresis effects of different coal rank sample materials. Combined with the
calculation results of methane adsorption heat, the mechanism of coalbed methane desorption hysteresis from the energy
perspective is discussed. The results show that: (DThe reflectance R, of the vitrinite group of coal samples are 0.43 %, 1.26 %,
and 3.27 %, respectively. Low—rank coal samples have low vitrinite group content, high inert matter group content, high volatile

content and fixed carbon. Medium—rank and high—rank samples are reversed. The degree of coal metamorphism increases.
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Porosity, BET specific surface area, BJH total pore volume, and fractal dimension D, change in a “V” shape, and D, changes in an

inverted “V” shape. @ Under isothermal condition, the residual adsorption amount becomes larger as the coal rank rises, and the

desorption becomes more difficult. As the temperature rises, the residual adsorption capacity increases first and then decreases.

With 40 °C as the inflection point, the temperature influences both the degree of activation of gas molecules and the pore structure

of coal. @When the pressure is the same, the higher the coal rank, the faster the methane adsorption rate at the low—pressure stage

(p<4 MPa), the adsorption capacity increases rapidly at the high—pressure stage (p>4 MPa), and the adsorption capacity does not

increase significantly. @ For the three coal samples, DFS4*, SGZ11*, and SH3’, in the desorption process, their isosteric heat of

adsorption are all greater than that in the adsorption process, indicating that the desorption process needs to continuously absorb

heat from outside. Therefore, the methane in the adsorption state needs to absorb energy from the external environment, and the

energy difference between the adsorption and desorption processes will cause desorption hysteresis. The methane in the free state

enters into the micropores due to high pressure, resulting in the expansion and deformation of coal matrix, changes in pore

structure, limit of methane desorption, and finally a desorption hysteresis effect.

Key words: metamorphic degree, isothermal adsorption, isobaric adsorption, fractal dimension, adsorption heat, desorption hysteresis
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Table 3 Liquid nitrogen adsorption results

et BET H 3w HALR B AR TR L/ % BJHFLEY/ B BALILAE /%
(m’-g™) <10 nm 10~100 nm > 100 nm (mL-g™) <10 nm 10 ~ 100 nm > 100 nm
DFS4* 11.46 90.51 9.25 0.24 0.019 47.47 43.37 9.16
SGZ11* 0.34 81.51 17.58 0.91 0.001 30.00 54.00 16.00
SH3* 2.04 95.30 4.66 0.04 0.002 67.61 26.72 5.67
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Isothermal adsorption curve of liquid nitrogen
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Table 4 FHH fractal dimension of different coal

samples
ﬁ# A D=A+3 A, D,=A+3
DFS4* -0.71 2.29 -0.25 2.75
SGZ11* -0.65 2.35 -0.35 2.65
SH3* -0.73 2.27 -0.11 2.89

2 W R AFAIE

2.1 WRBH/AR IR SEIG

I o/ e TR 52 56 S R FH AST—2000 KA It
J2 S U W B0 I L SIS A, S IR BE R E
25 °C,30 °C,35 °C,40 °C,45 CH: 5 AR S, fien IR
710 8 MPa.  HI e W B 2o 78, S5 56 k46 ok
Langmuir(3X2) Jy I THEA , HH T i WA e e
5, SO RSO R FH 2 2 R A A g i
(0 3) A THEAR
1";]’5; (2)
Ko VO BAEZ R T p T RIWERF , emg s a W AR
e B W2 B8, e/ 5 b, A WG BRF i M s 5 5 8 o A2
A4

adbdp 4
1+b,p

o VORI E SRR p FE TR B R, emg; au
Ry PR B R B £, em s ba A WG BRF | i M R 5
FFIREE G S0 ¢ i Bl PR AR B i, em g o

V,= (3)

2.2 [RMI/AERRIGEER

DFS4* SGZ11*  SH3* =N HEFE Y 5 /> T BE p5 2
BRF /i W S i DL 1 3, 5 25 R L 5. BETRE T
DFS4* SGZ117  SH3" = /™ S5 A 1 T B 125 422 Y I8 ik
INCHE 4a) , W B B 2 80 AR LR ARRAE (T 4b) , HL
HARIF LR R G RT 0.9, B LE
ARG I T 6 T B, S A
VS0 RRTR i e i Y L L B S e 22 4 (RN IR =P
By AU S, A —IRBER , SH3EEARE (1% 1 FH B
K, HUOK SGZITEFRE , 55/ INI A DFSA AL

AHRVE TR R — A ) HE e i o6 ok 2 44
e S LR VERRAR G S (181 5) , X Ry il B s, FH BE 231
iz BRI BN, 53T S RE R, AN T B i A )
T BT A FE e DAL B 2 T e A i s RS . AT IR
JETR AN TRIRRE B AR (it R o 5 R R o 3k % 2 S D 4,
40 °C A9, W Bk oo R e, SH3 IR S 8 49 m A B,
SGZ11'¥K 2, DFS4" i /N, AR BB (p <4 MPa) |, Fifi
JE 3385, W 5o B S 348, W o o A b L TR
Wi (p >4 MPa) , W i s34 ka2 22 (K 6) it &
Z RBETHRE , B 30— (R, W T RRE
ANFHE

SV, SH3 ER AR W B 1t e K, SGZITMIR Z,
DFS4* S5/ )s , W BB s, PP Joe e v A AL , 55 0 ) i
BRFRE 775 55 AE T 7, RIVIGRE fr 2 BT e T b, Bk HE e
W oo e R (7)o I BE T+, DFS4* SGZ117 SH3*
SABRERE Y B A W B AR AR 22 S (E T,
SH3"FI SGZ 11" (1) 5% 43 W B it 52 4 T+ s B e 3, 91 LA
40 C R 455 50, T DFSA" (1) 5% 453 W B 2 AR 22 34 R
B, X b TR BE 5 TR R 6 AR % W B e 2 ) A G
REI, G TE =, AN [V 18 1 g o £ 4 52
R B XTI A R N S I R I AR Ak TR

ir DFS4* 4§

y=-0.25x+1.366
| R=0.92

y=-0.71x+0.978
R>=0.96

SGZ11#4

y=-0.35x-2.312
R=0.98

y=-0.65x-2.352
R=0.97
1

SH3*4

y=-0.11x-0.221
R>=0.70

1=-0.73x-0.65
R=0.99

&\‘

6 5 4 3 2 1 0
In(n(p,/p))

J
1

&2

5 4 3 2 -1
In(n(p,/p))

ASTRHERE FHH 43 AR 8 il 2%

0

- 1 1 1 1 1
6 5 4 3 2 -

In(In(p,/p))

Fig. 2 FHH fractal model curves of different coal samples

0

J
1



5543 ORI, A5 AR EE A o s A 22 PP e AL O e A i 22 S 21
10r DES4* 14 SGZ117t 35 SH3
or 12+ —— 30
T~ 8r === o = —e
Tk ===s V10k 725 = A
Eor Bt £20 =
~ 5F ~ ~
o 4L ¥ 6 I#15
= 3L 25U~ 35 CILH R = —m2SCUR AR = 35 CIURHHEUR = T mosCR R - 35 CIR AR
= o 25CEELYE o~ 35 C IR AR X4r e 25 CHEMALDE o 35°C AR AR =10 / ~e 25 CRMRALIE o 35°C AR B
2 = 30CHR P ELdE - 40°CIK i K = 30CIRHIAYE = 40°CIR B 4diE . 30“(:”&51#?{“)2 - 40°C I B A0
~o-30°CHANLHE  —o- 40°C AL Al 2F +30”1*ﬁ;’é“)}d:m ~e- 40°C iR Hirdin Y ~e30°CHLHLd  —e— 40°C iR Ko
117 ~mASCI PR e 45 CHL I R =4S CIRHEE  -e-45C Wﬁé’,’dfs —=ASCIRHEHE o 45C Willi A
1 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
o 1 2 3 4 5 6 7 8 0]23456789 0123456789
J£/1/MPa J£/1/MPa J&/1/MPa
P 3 S [ 5 T AL /e T £
Fig. 3 Isothermal adsorption/desorption curves at different temperatures
®5 TFEIREZRRH/BRERIIEIL SR
Table 5 Fitting results of isothermal adsorption/desorption experimental data at different temperatures
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% C a, b. R aq ba c R
25 11.563 0.448 0.992 8.623 0.701 0.949 0.996
30 11.566 0.396 0.990 8.341 0.619 0.994 0.997
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45 30.910 0.310 0.999 22.320 0.687 3.120 0.996
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Fig. 4 Relation between temperature and saturation adsorption capacity, adsorption constant
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