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Evolution mechanism of thermodynamic characteristic parameters of CH,

adsorption influenced by structural coal quality ratio
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Abstract: With the increasing depth of coal seam mining in China, the consequences of coal and gas outburst accidents are becoming more
and more serious, which poses a great threat to mine safety production. Tectonic coal is one of the main coal sample types prone to out-
burst, and the outburst law and phenomenon change obviously with the proportion of tectonic coal quality. In order to explore the thermo-
dynamic mechanism of gas adsorption in structured coal with different mass ratios, PCT-C80 adsorption calorimeter was used to carry out
gas isothermal adsorption and calorimetric test based on mixed coal samples, and the calculation models of adsorption enthalpy, Gibbs free
energy and gas adsorption entropy were established from the thermodynamic point of view. Based on the test and calculation results, the

relationships between adsorption capacity and adsorption heat, gas adsorption constant and the proportion of structural coal with different
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mass ratios are discussed respectively, and the variation laws of gas adsorption enthalpy, surface free energy and adsorption entropy of

structural coal with different mass ratios are analyzed. The results show thatthe gas adsorption heat of structural coals with different mass

ratios increases with the increase of adsorption capacity; The adsorption heat and adsorption constant A both increase first and then de-

crease with the increase of structural coal mass ratio, and the adsorption constant B shows the opposite change law. With the increase of

the ratio of structural coal, the gas adsorption heat, adsorption enthalpy and adsorption entropy all increase at first and then decrease, and

all reaching the maximum when the proportion of structural coal is 50%, while Gibbs free energy shows the opposite change law; Accord-

ing to the test results and fitting formula, the mathematical relationship between the thermodynamic parameters of gas adsorption and gas

emission in mixed coal is summarized. Through the above research, the variation law of thermodynamic characteristic parameters of gas

adsorption under the influence of structural coal ratio is obtained, and the thermodynamic action mechanism of mixed coal samples is re-

vealed, which provides a certain theoretical basis for clarifying the mechanism of coal induction and gas outburst caused by mining dis-

turbed structural coal.

Key words: structural coal; gas and coal outburst; thermodynamics; enthalpy of adsorption; Gibbs surface free energy

0 35 El

PR —FP AR 5T 2 FL A T, B AT A5 1% W B
LR W B 3 B v A7 7 2 0 2 R A A TR A
P 2E B0 e R 551 e 5 B J 1 ) 0 i 5 04
P A1 i 2 2 38 38 1 JR AR o A e R R A Tt
R IR, FEFER S F s I 2 A e, A 5 B 3
FHE S B o 9 E & A0 R, b A 3 fi
PRI 2 TR N 58 4 — 3, M2 v 5 4 i T i N TR,
PRI, B 53 2 TR A5 AR (A SO s ) R o i
HI ) SRR S B AR, REE— 25 B S B
J2 R B FCITAILEE . [ N A S ki e
5SS T AR, 8 7R A 5 B =2 R B
VeI . S 2487 52T Langmuir W% fif #4727
sy 2E e, M T R R AR AR A0 A
B ER Y = e TR R, ST T 4 FPAS ) A2 o R A
(L BREE 1 S BRSSP R T
2 PR TRVREA: () S5 R IR B, ) FH B 2 I o 22 22
I B IR 2 S0 1B S AN T REARE R o A sl A e ) L
M Gibbs PREUEAL, M EEERTH Gibbs R fb A1 3
BT T SR PLEE . 2R 50 bl R
53 T e 22 20 53 AR B 4 —F A0t 0 5 1 A s
WSS, BB 1 A [ 28 43 AR W B 3t R v g 3
“HEPE, NODZENSKI 28 A5 S IRMERE 4 728 o 7
FEATR], W BB R/ NS ], LA B 5 R o A
SEIE B, A5 U B A /N BT LR SR X B 4
OB T . RIRERESET R GE MR T W B A A
THOULATLER, AR 4l S EARAY, 15 2L T B IR 24 2 43 A 1)
P REAS AL, IR Tt A R A W B AR A 2 6
T A R s A TR B R RO T, 1 T
FH B AT 0% 85 s BU W RS, X6 AN [] JE2 B L A T
B IR T SR B SE, A5 ER A R 2 X

FUTZE AR, XS 0 ) TR A R U
T, 15 TR G A W BT AT f5 AL B 235 44 722 Ak 55 B 3
W Z B E AR

IR AR TR R IR B PR 2 oY F2 AT
X B — SR X TR A BRI S R D
BT, BB A A A [ B o R A R S R
WO R A ERE, T e 55 T I R A i P g, 1 ]
Langmuir W B A 15500 BfH5 . I B Gibbs H Hi fig
R W R, 53477 1 B o i L 52 e T O  2
BB AL, TRERAT )5 2805 PO & 2 [H 1
KFZ . R ZRG R AR LS, v
W SR Bl i AR SR 5 RO o8 LB S
W I LT R AR B iR I S %

1 iREAER

1.1 R E RS &

JRRERAE L7 BH SR A X 322K A T A ) i I
FR A 5 kg, FIH 53 DR )y 57 0T BERE R4 T i A5
4%, e B AR R 20 ~ 30 mm B/ NEB S EA T
FEO S, A5 20 5 A 5 Kb i 55 G R B o
1.51 }2 0.44, XPERESEAT Tk orAT, W 1.

F1 BERERTEMESETILSH
Table 1 Proximate analysis of coal sample in

Yangquan main mining face

%
TR M, Au Va FC,
Je A S 0.86 3228 11.58 55.66
H I 0.88 24.64 11.06 63.74

R T WFFE AN RS o B s T U B A
SRR ) S AR, X R T TR | R RN 7
ALBR, 5 kAR R 60 ~ 80 H (0.150 ~ 0.180 mm) [
PR AR A A o 88 S e %) e s RS A A T 42 A
I 5 AR SRR rh o 2 R SEIR A, 2 A A,

75



2024 4F5 8 11

#HEHMFHAK

52 %

PIRETNR A ELE SRR, S S
AV, HRE M SRR ARSI Ik 1 R,

A JRA R 1:1:1(33.3%)  1:2:1(50%) 1:3:1(60%)

1:4:1(66.6%) 1:5:1(71.4%) 1:6:1(75%) s

(o(FIIEHE)) o
Bl BEHEEREIEETE
Fig.1 Schematic diagram of coal sample tank

full of coal samples

1.2 gt

SR PU LR R 2 P S PO R SL 50 == 1Y
PCT-C80 M Fff &t $h I F AT g i 5, 2% B 45 4 n
Kl 2 s

B I B MERE, 76 60 °C FREE T ELZS T4 12 h,
FETIRIE S, OBRRERE T, R B R 20C.
W2 BFF R F7 2540 51k 1.8, 2.6, 3.4, 42, 5.0, 5.8, 6.6
MPa, i) BEREGE 78 A e AR, [FIET S 2h €80, SEhT
I e AR AR A

2 IR

>R I PCT-C80 M Bt i B I AX, I SR A TR 4 i
MR T ECJREAE ) 25 T A B B PR . A5
W B EG 25 PR, PCT A% T RS0 45 R 4] 3 fr
o XF C80 JIT i I 2] i e R BA i U {2 A b 2 04T
FELR AR, AT BT B B R B A R

SERANM 4 FiR .

Fa 3 IR A LA B B 4l ok 3, LS BRIk
TiF, TRt 25 A5 45 K T RO REAL IR 70, A i e P30T 42
BET RAFI P ERSA . BESL I A FLBR S5 F S AL 1Y
A AR USRI 6 R o 1) W R R 7 BITAR G
WFFRF W, 43 2 VR A A L6 W BB fFL b 2 1T AR
Fgs S A AR A2 A by v R R 50% B
AL L R AR B R K o X BRI AT SRR A
LB, SR e FEAEM 111, 1201,
T:3:0,1:4:1,1:5:1,1:6:1FEHAFL
B R A9 0.407 3, 0.7892, 0.854 1, 0.835 4,
0.8157, 0.7758. 0.7342, 0.742 5 m*/g. LB L Z0H
FRE R/ IN SRR R W B8 ) =22 A A A DG R,
RIFLB b 2R T B ER AR B RE TR

H1 & 3 AT, FERD AR B BRI [A] e 0 2864 R 1Y
FLHT & 5 BIHE S FUE &7 ol 50% 438 I i
Bt £ 0 250 T B A R B it 2 B 7, TR 7 ] — s
JIF a5 R 50% 4 B R B R, XS
O3 2R A AL e R E BV IS SR A . S,
Wi P e SR o 7 LU BB, O B S AN TR o, {8
I AN, R I A AR AL AR B )9 )N, ELE N
AR TR B A X R e O {EL
XL 4 W BT Rt 2 40045 7T A5 380 A2 o A 5 g i

ZIEF KRR

0 =26.374 45 +8.380 48¢~

A O NWLRMEA, /s x AR

i P14 ), kg R AR Y I B TR 26.28 ~
35.33 J/g, Bifi 5 F i A0 ek E P 398 o 2 B S 348 U U

FE‘AE'.

%

(x—0.481 34)
0.0225

(1)

RV i A

kit

Pl

C80 fE A AR

___________________

___________________________________________________

E 2 PCT-C80 % [ & 8k il L&
Fig.2 Structure of PCT-C80 adsorption calorimeter

76



XSRS . R T LU CHL W BT SRR 2 R (L A SR 752

2024 455 8 A

30
28

._A._U—AH_P
WN»—AE‘

Ji 4 g5
01
'l
‘1

41
:501
601

Fey I

LTt

2 3 s 6 7
"% Bff & F3/MPa

e BAERE N m(BEAE) . m RS . m(FARE), FE.

W3 ERE A %8R &

Fig.3 Isothermal adsorption curves of structural coals with

different mass ratios

sl R*=0.987
2|
o0
=
2 301
=
=
28
")
26 o Wftn d
i Wﬁmﬂ/*ﬂﬁda
0 20 40 60 80 100
o) 3 A R 5 B /%

B4 KR M#HER

Fig.4 Experimental adsorption heat results

A, HAE S Ik F] 50% Bk SR X
H T A 0, DA AR e S g 2, T RE
d7 AL, SR AR LR B R LA R
AR, BERT I B /N, Bl R T A, FLBR 45
P38, W B e folcf L =2 TR e 3 /N L, TR
T R 3 R 2 7 LA E] 509% I, ZNFL Y H R T AR
o7 PR B, W Atk B
2.1 AERE S EEEERMESRMHAMXR

T8 P A [ T f o R 35 R P R o 5 R o A
Z IR 4 an &l 5 B o

FH &5 AT 20, B T W2 5640 0 i o B 40 1 o £ 1
BEUTHGIN, aX50 HEAE BY) W B PR TE RGO, S R
Ko TE B I SR A W B B 307 328 v K 28] 4 R, WO
Pt R AR R T AR o

5T 2RI, 7E M B A R v, B h e 2 3 1
WA LT o1, Bl B B R AT, HRE 1T B BL AT o
N LT S P ANy 4 TN R S e e d
JF 5 R 0 B 40, 40 (B A B4R FH g Bl 45 2% 1

o3 i BE TR K, DRI o A 2 2 S BB A I
A2 18 8 sz B et s o IR 5 2R nl g, AN TR
TR R L AR B i E T

34
32+F
30 -
28 +
:‘26-
24-
\22-
-‘—»20.
’%18-
16 +
14 +
12 +
10
0

1 B /(mol kg ™)

B 5 ARJE & HAEE R G R &Rl &

Fig.5 Variation curves of adsorption heat and adsorption capa-

city of structural coals with different mass ratios

2.2 ARRELLMEERMES o b THHE
TRIG 25 T B FFE R B . b B TS B R L
Ak IIE 6 s

1.7
11.6
11.5
11.4
11.3

38|
36
T34t

)

N

30 b
2 28t
=
= 26
24+
2t

B 5 % b/MPa™!

11.2

111 =

—o— s a |
—o— WML 0.9

0 20 40 60 80 100
eI LT 5 EL /%
o BHRMEHR ab A REMELTE LT MK R b4

Fig.6 Curve of relationship between adsorption constants @ and

b of coal samples and ratio of different

masses to coal samples

R R 3 R b FRAE R W B T g 2R B, AR A 3
SREFLBR AR E I AR, b b SR S
ARSI RINAT IR, AN TR, 7 B i LR
LRI AT E T, FTIRERY 8 B PEREATR, DA T4 o 8 A
R LT IB B 1P

sl 6 R, %U}ﬁr?vé‘ﬁ( a W T AR o HE Y
ST £ PR S RS N R, FE A R L
N 50% ¥ I8 B fe KA, 17 B8 b L2 BT A L
AR S A f R B s m] R, ) T JE L e J A A
R RS RE 7 o, PR RE BRI o OB/ NI AL T, L
& 2 JR AR SR AR R AR 1 I8 T FURER, A

77



2024 4F5 8 11

# £ M FH K 5550 %

T AR A A FL BRI T AR, S BOR GRS
BB I, Wi D A A i B R 0 o 2 S AT, I
B RE 1A/ IN o Bl A AR A o ARG, DR
Sl A b VAR WA N R EDAR X bR )
50% B, iR EKAE, T2/

3 HMIERRE SR TRRNESHRE
&L

31 EHRMBHESTHRES N

R4 G112, 7F Langmuir J5 F2 o, WRR
b SIRE TAAAEI T LR,

In(b VT) = Inby — AH/RT (2)

2 by R W53 AH S H B, B 2.3; AH R W
%, Jmol; R A BUIM AR 2L, B 518.2 J/(kg'K) o

ph 2 (2) 28 AT 1, 3 2ok X 75 8 W A 8 b LU
R AR v 1 R S AH, IAZ(3):
bNT ) RT

0

(3)

AHz—ln(

KBRS &, B S R 2R OG0, FUIrme b

Kor 5 U BE R RN AT OG0 A St I P 5l A

ZHRACATN (3) 2, AR [ i o AR T S Il
BRI AR, A 7 B

-4 600

—4 800
=5000

R=0.938
-5200 |
= ~5400 |
& 5600}
~5800 |
~6.000¢ o WL
—6 200 + —— GaussAmp L5 2k

0 20 40 60 80 100

T L 2 o B/ %
B 7 AR FE & RS R A &

Fig.7 Variation curve of adsorption enthalpy of coal mass ratio

mol ™)

Uiped

o
o

in different structures

i PR 7 o A R AT U, A B R
SR TR LR AR

AH = A (4)
\2n
. AH R IHRE A, B, C R i x Rt E

H k.
i1 7 FLA A3 () F33, FUT R EREE
Fay i R S 7 LAY R S IS R N A A
78

PG5 M2 B IE S S0 A0 0 S 3, 7E R 1 B o o
LA 50% B, KB R, I ks B T (e, X Ul
T S 082 R B 357 2 R S N, A ) 3 O BT A o L R
50% B, W BRHE 7 246 X6 SR K, BV HE A A i e 22
155 A AR A T A i o LA 3
3.2 Gibbs XREHHETESTUMEST

R 2 T Ak 22 S, > A B 7B T,
TR AR ) U MR R O T R4 A v Y B VAR B, 3
Tofv BC e 1) 22 S oy e e o 10,

14
VoS

s 3R 4, mol/m?®s vk FLHTL M, Ls 7
R AR JRARAR, AR DL T Sk 22.4 Limol; S, ARG e
FI A, mY/g.

SRR - RFRAT a, JUEERY LR AR AT LIS

aNpo

= (6)
Ao N A BTRINFE S F 8 o bR FLI <A 1
AR AR, H 16.4x1072° m?,

1R B SRR, SR TSR T R AR, AT DA
Gibbs 7R k.

—dd = RTTd(In p) (7)

Ao o AFEMIK ST, Im’; R MR SUREEG T4
XHREE, K; p N Hs, MPa,

G X (ORARX (D, K o~PHY
JE 1A B AARAS ZE AR R R 7 5519 Gibbs BREIAS
A o I M s S B AF & )2 Langmuir
W Bh :

AG

Ir= (5)

Ss

RT fp abp aRT

- P In(1 8
Vs, d n(l+bp) (8)

0 T+bp VS,
It PCT FUIT A S A5 T e B 36 15 2 )
TR 7 LR U B ARRAE S8, 2565 (8) 1R
Aok M AS TR AR s A5 o G B B2 H Y Gibbs EZE
ARAE, AN R R A Gibbs [ 1 REZERESE J7 4
TR 7 AR AN A 8 BT .

A & 8 BIAT, FEASIA] R i L 2544 T FLHE Gibbs b8
WAL R 247.57 ~ 616.97 Jem®, TE[E—F ST,
RIGIERE ) Gibbs [ Hh AERE & F4 1 00 T & o EL A 3
TS 0 5 3G T AR AR LA, 38 i A
50% I35 B B 1K 05, J 52 Bl 2 A4 1 08 o o 7 L ) 34
il Gibbs [ 1 BB W Tt 55 o Bl R 3 935 N Gibbs
I BEASWTIG N, 4k B S 4 i B T A R
ZRARK, ZRFIEN 2.36 Jem®,

REAAALE I B FC S0 2 v e S ABL Ay e i i 2



XSRS . R T LU CHL W BT SRR 2 R (L A SR 752

2024 455 8 A

Q ,,;,.“J ;_JQ.Q % 66'6 ,\\P‘ ,\59\@.0

T3 SR o L/ %

B8 F RIS E itk Gibbs B B fE R L &
Fig.8 Gibbs free energy change curve of coal mass ratio in

different structures

J B A ML PR, H T 3 T A Bl S 2 A — T
FRERAEZS S, BRI IR 52 TR, AT
A0 ST A5 ARG T 0 s R G 45 SR AT LS
ATe] o e S i Gibbs A Hi E BB AN R 1,
o LT W2 B0 1% ¥ oy A 2 AN (], WAl mT L HH oA A i
SRR FC TG T RE T o Bl 2% 1T RE A3, JEX AR
AW B 2 8T 2L . Gibbs H H RE _REGE /]S, 16 1%
TRFERLZS 5y e, A 5 R A U g i
33 EHRMETESTARESI W

TARHTE HBE G E LIRT B — 2
8 AR R A AP )RR —
e AR AN

6Q = dU + PAV - 6W; (9)

b U I TI2ERE, 15 O WG, I w ol i, 35 W,
NFEN, I P AANE, MPa; VAT, Lo

P22 TR AR R R

dS—@>O (10)
T

. S AN, J/(mol-K); T AR IRE, K, BEE(9)
F=(10) A

TdS —dU —PdV +6W; >0 (11)
MR R AT AR AR R AR, (1) 2R
d(TS)—dU —d(PV)+6W; > 0 (12)
XX (12) 2P0 HE 5 AT Ay
—d(U+PV-TS) > —6W,; (13)

e (13) B9 EEAE b, fHIR . fH T, Al i A, &
P R GEXT AN E I i R IR B D55 T R 48 Gibbs H i
RERIR B . B
—dG > —6W; (14)
H kS BT L H=U+PY, RIS

G=U+PV-TS=H-TS (15)
HIBIFC AR
AG =AH -TAS (16)
R nT A5 20z B AS 1A =0k
AH - AG (bx/f) aR
=—In R-
T b() V()Ss

AS = In(1+bp)

(17)
SRER TR B RO 307 30 2 v 3R 00 1 T L R B VR
WA FAELY, R RIRFLARRE T BT H e/ 1Y
TEhYE . K BRI TR RS K 2B Gibbs fig
AKX (17) S A FC TR BRHR AEAS, BLIbTI
BRSAS 55 Hh Y B i o ARtk th 2 an &1 9 o .

-17
,]8 L

= R=0.938

M-19t

g2 20

=

2 21

=

X ot .

o o m °

—23 —— GaussAmp L& 28

0 20 40 60 80 100
s R 2 o5 Ll/%
B9 7R ] A T bR T R Al &
Fig.9 Variation curve of adsorption entropy of coal mass ratio

in different structures

FEANTR) B o 7 HE 25T B0 0TI R A8 A LA
—17.86 ~ —22.89 J/(mol-K), " i} 4 /1Nt T 0, 2 BH A
AU AT IR B 2ot P2 1 b /IS | R Nt R, R
Jo AR 55 R T S R B 2 (A 0.16 J/(mol K)o

W9 A B AT LA, 15 20 R R
by I 7 R e RS

2
—x2

e C (18)

A
Bn/2
3 AS R B A, B, C R B x SR H s o
Hi k.

Hi B 9 A& 225 (18) f5 i, Bt 1) 3 PR it
7 LA, I BRI S B S 1 R i/ N R F, TR
IR R 509% Wk BIE(E, W R 2R S A TR AL,
IS R e AR 1T A S B/, CH, 73 A
HEEB/D, RO I B AL BOR, Ko 75

4 REERERIIR PN F S HT FLAT IR Ay

)

TR REAE R 5 A e SR A 0, 5 FL AT
79



2024 4F5 8 11

# £ M FH K 5550 %

B e 5 BT I B 40 7 2 S 0RE 2 AR Ak, AR G
55—y FUWTI A A, AR AR SR g 458, 153
MRS . A R AR BUIT 2 AR A e R
P T B A8 A 5 o B A o 2R G i,
I B AR SR U Ry 1 B B 4 A 5 F e o T E B
FH SR sh o2 f, BLaA
0=AH + W; (19)
At O W, gy W, ), T,
B
Q =AH + (-V.P) (20)
s v, R RO AR, L.
A2 (17) 28 el 75

VoSoAG

e aRT —1

P =
b
(DA 21 FIHACAR(19)5
x—0.481 34)

(
b|AH - (26.374 45 +8.380 48" 005 )|
V.=

(21)

VoS oAG

e aRT —1

(22)

300 3 0 g B 2 U 4t 5 B IR R R 0
T, A5 BN 2 20T LS e BUSUTIR S

W AR LB B A TR, B e AR oy 2 5))
S B i W X 0 LB, 7R BT ST L, A2 3 AE
HETTRIVERT, 7 A 1) W B R TS T 2 3, i T Y
St o FHAE S BB, I~ T sh s, X &85 6e
I TR BT S AR AR ARk . AR
FERILBN G, B2 FUT SR 0 ) 2 R 2B
FTH, T 35U R M 2 B i R A8k o X A5 AE FU T
JE R B At R e, S PRGN, R i R R R
T RS R

[, FOIUTIR i, R h T2 S8 sk
AR, ARPEIN T 2E e B, FUHIA i SRS . A
HREZMAATER R o FRARTE S A S B2,
) s EL A R R R, S L BT A A KT
LU, Hi 5T kA 3 g RN 5T A FH 45 DR 28 2 5 A
JE LT B S B AT 2o Al . SR g SRR W, 7R
PR LU 50% Bsf, W BT 1K B 5 KA, G
W B 2R 298 TR LR B A K, BRI PO S i T A 5
KA.

5 &

-l

1) i B0 BREAF: 1 I (B E 26.28 ~ 35.33 U/g, Bifi

5 RA) A MR T b 0 T R T R o A 2 R S R

Je TR N, FER T T o Ik B 509% AR, T
80

B AR B AR A R A 55 R o B (X 2 A s
LT B 7 L4 1 2 ST 8 O /N 1 R A T
Wb B AL RLAE

2) IR A HERENL it 2 b Gibbs A FHRERY AR {1
il N 247.57 ~ 616.97 J/em®, Gibbs [ 1 AE Fifi % #4) 1
LT A b A R S S D I B A AR AL R,
I HITE T 5 H A 50% B ik BIEAR S . A R
S0 R SR 5 VR B B A R O A 1 L S U
JINy ARG TE IR 7 RSN R 50% B, W RRERS 5
TR B fe KAA, OB I B 2R Gt f M IR AL, 25 50 5 0

3) 7 FUIT IR Bt a8 T3 2 SR 5 A a0 S 2
fili I, 75 2R A (AR W B PO B 4R 2 28 B
v B G R, RO FU I 5 R B A T
SESROTAAT G o AR I R i AR A o LU DA
SRR, RIS IR A S A BUR A K T, Ryt —
AT S U oS AL R L AR AR

2% 3 #ik(References):

(1] vEdeng, fLE e, Bob e, 45, W™ FAR T M b5 JT
A S EREEOAR L], 5 BB S5 4R, 2023, 51(2): 1-11.
WANG Jiyang, KONG Yanlong, DUAN Zhongfeng, et al. Geo-
thermal energy exploitation and storage in coal field under the dual
carbon goal[J]. Coal Geology & Exploration, 2023, 51(2): 1-11.

[2] FRILFE, B, T o el A7 Fis B e e B FLI 32807
LY. I, 2023, 48(1): 212-225.

CHENG Yuanping, HU Biao. A new pore classification method
based on the methane occurrence and migration characteristics in
coal[J]. Journal of China Coal Society, 2023, 48(1): 212-225.

[3] Bk, VR, JAK, 2. B85 TUIToR i 2 A iy M = L B T A AL
BT 1], SR 524 TAR2AHE, 2021, 38(1): 206-214.

YANG Xiaobo, XU Jiang, ZHOU Bin, et al. Evolution law of coal
seam temperature before and after coal and gas outburst[J]. Journ-
al of Mining & Safety Engineering, 2021, 38(1): 206-214.

[4] CHEN F, ZHOU C, LI G, et al. Thermodynamics and kinetics of
glyphosate adsorption on resin D301[J]. Arabian Journal of Chem-
istry, 2012, 9(S2): S1665-S1669.

(51 ZmWl, I sie, §10%, 5. AR AR FLAS RS B X H ek

FFPERERE M L], 5 M BT S R, 2023, 51(2): 127-136.
LI Shugang, ZHOU Yuxuan, HU Biao, et al. Adsorption pore
structure characteristics of low rank coal and effect on methane ad-
sorption performance[J]. Coal Geology & Exploration, 2023,
51(2): 127-136.

[6] MHm-¥, Tt WIEHAES LR R R RIITE D). s,
2021, 46(1): 180-198.
CHENG Yuanping, LEI Yang. Causality between tectonic coal and
coal and gas outbursts[J]. Journal of China Coal Society, 2021,
46(1): 180-198.

(7] 5P, T8, 2Bl ANIR] AR JFUie BE A ) e R BE 01 -5 e R g


https://doi.org/10.12363/issn.1001-1986.23.02.0104
https://doi.org/10.12363/issn.1001-1986.23.02.0104
https://doi.org/10.12363/issn.1001-1986.22.09.0743
https://doi.org/10.12363/issn.1001-1986.22.09.0743

RAMEFNAE AR

it X CH, IR B R S R AL AL A S I

2024 455 8 A

[10]

[11]

[12]

[13]

[14]

[15]

[16]

SRS (V). SRR, 2014, 42(6): 130-135.
LU Shouging, WANG Liang, QIN Liming. Analysis on adsorption
capacity and adsorption thermodynamic characteristics of different
metamorphic degree coals[J]. Coal Science and Technology, 2014,
42(6): 130-135.
R, A, 20, . SRR AR R HE R T Gibbs #R
BOLACHUEE (V] B, 2019, 44(2): 509-519.
LI Xiangchun, ZHANG Mengting, LI Zhongbei, e al. Variation
law of coal specific surface Gibbs function in gas adsorption pro-
cess[J]. Journal of China Coal Society, 2019, 44(2): 509—-519.
2RI, 1A%, MK, 45, CH,. CO, FII N, 240 SIRTER 3+
o I B A T 2 R 0 A3 BR[O R SR 4 AR, 2018, 43(9):
2476-2483.
LI Shugang, BAI Yan, LIN Haifei, et al. Molecular simulation of
adsorption thermodynamics of multicomponent gas in coal[J].
Journal of China Coal Society, 2018, 43(9): 2476-2483.
AR, B SO, ZERR, A5 BRI R CH, J2 CO, #O A e
WIHIFE V], % 2R, 2018, 28(6): 129-134.
LIN Haifei, WEl Wenbin, LI Shugang, et al. Experimental study
on thermodynamics characteristics of CH, and CO, adsorption on
coal [J]. China Safety Science Journal, 2018, 28(6): 129-134.
NODZENSKI A. Sorption and desorption of gases (CH,, CO,) on
hard coal and active carbon at elevated pressures [J]. Fuel, 2018,
77(11): 1243-1246.
XUAEHE, W RE]. AT FUTI A i B I 5T (7). B 2741,
2012, 37(4): 647-653.
LIU Zhixiang, FENG Zengchao. Theoretical study on adsorption
heat of methane in coal[J]. Journal of China Coal Society, 2012,
37(4): 647-653.
FE G, R, M . RS ERE T AR S S TU S
Wi (7], PHZERH SRR, 2013, 33(1): 18-22.
XIAO Peng, ZHAO Pengxiang, LIN Haifei. Influence of soft
stratification on coal and gas outburst in mixed coal samples[J].
Journal of Xi’an University of Science and Technology, 2013,
33(1): 18-22.
A, ZEAR N, SRR, 45, TR AR I B BUIr X FL IR Mo R i
B R (9 198 0F 5 (] o [ 2 B 2222412, 2016, 26(10) :
104-109.
ZHAO Pengxiang, LI shugang, ZHANG Yuanchen, et al. Re-
search on effect of methane adsorption on mixed coal on specific
surface area of pore[J]. China Safety Science Journal, 2016,
26(10): 104-109.
BRSO, TR TR B LB 25 A4 X BUIT I BRI 24 R 5 ) S 362
WF5E [D]. P42 ViR, 2017.
WEI Wenbing. Experimental study on the influence of pore struc-
ture of low-rank coal in Zhunnan on thermodynamic characterist-
ics of gas adsorption[D]. Xi’an: Xi’an University of Science and
Technology, 2017.
R, B, 2], A AR SR SR I SR e e R A
W PEPRSETRTE T 0] MES~#41, 2017, 42(8): 20632073,
SONG Yu, JIANG Bo, LI Ming, ef al. Super critical CH, adsorp-
tion characteristics and applicability of adsorption models for low,

middle-rank tectonically deformed coals[J]. Journal of China

[17]

[18]

[19]

[21]

[22]

[23]

[24]

[25]

[26]

Coal Society, 2017, 42(8): 2063-2073.

Wi 2, X <pr, RIRIEE, 45, N[l A2 R BE AR AL B 45 #A 20 JE R AIE
X PLITIR BT A (0] BB 0R, 2020, 48(2): 118-124.
CHENG Xiangjun, ZHAO San, SI Chaoxia, ef al. Fractal charac-
teristics of pore structure of coal with different metamorphic de-
grees and its effect on gas adsorption characteristics [J]. Coal Sci-
ence and Technology, 2020, 48(2): 118—124.

NIE B, LIU X, YANG L, et al. Pore structure characterization of
different rank coals using gas adsorption and scanning electron
microscopy [J]. Fuel, 2015, 158: 908-917.

TEAR, E S, O, F. MR U AR B X I A AL AR
FRZIR D). o 2 oy, 2022, 32(4): 51-58.

HONG Lin, WANG Wenjing, GAO Dameng, et al. Influence of
coal rank on CPSD in low-temperature N, adsorption[J]. China
Safety Science Journal, 2022, 32(4): 51-58.

XER. TG TR AR IESE R [ 22 7 22 5 SR BB 5T [D].
P PHERHEREE, 2021: 26-32.

LIU Hui. Research on factors affecting adsorption and thermody-
namic characteristics of mixed coal [D]. Xi’an: Xi’an University
of Science and Technology, 2021: 26—32.

TEFEA, T, BOUE. BET W2 5 B FE A AR
HHAEHT (7], SR, 2016, 41(3): 653-661.

YUE Jiwei, YUE Gaowei, CAO Hansheng. Mechanism analysis

I BRI

on adsorption properties of soft and hard coalbased on adsorption

layer thickness theory[J]. Journal of China Coal Society, 2016,

41(3): 653-661.

ZER R, R, BRI K, A5 TR ik Lo I B RO R

HEESE [J]. 10T TREBOR K2 (A A RA 18D, 2012,

31(5): 586—589.

LI Shugang , ZHAO Pengxiang , LIN Haifei, et al. Effect of mass

ratioof mixed coal on adsorption constants and initial velocity of

methaneemission [J]. Journal of Liaoning Technical University

(Natural Science), 2012, 31(5): 586—589.

RN, PNESR, PRI, A5 TRAREFLBR 23 A M A L R

FEPE L] 3L 7 TR 24 (A SRBLA M) , 2015, 34(2):

155-159.

LI Shugang, SUN Xiangrong, LIN Haifei, et al. Pore distribution

regularity and gas absorption characteristics of mixed coal[J].

Journal of Liaoning Technical University (Natural Science ), 2015,

34(2): 155-159.

SRS, AR DA A 3R o AR T I AR R AT AR R PR

FELI]). WU R 2510 5 TRESAE, 2018, 14(3): 697-704.

CAI Tingting, ZHAO Dong. Thermodynamic characteristics of

coal under temperature variation desorption in closed system[J].

Chinese Journal of Underground Space and Engineering, 2018,

14(3): 697-704.

Ak, YRR, AL, S DS 58 R i e e S5 T R B ) R

JIEE (1], B4, 2018, 43(S1): 229-235.

LI Xijian, YI Xin, LI Weiweli, et al. Thermodynamic characterist-

ics of isothermal adsorption of methane at high temperature and

pressure in shale[J]. Journal of China Coal Society, 2018, 43(S1):

229-235.

JESFR, UL, RAKEE, S5 TR B B A SRR 3 I S e I AR
81


https://doi.org/10.3969/j.issn.1672-9315.2013.01.004
https://doi.org/10.3969/j.issn.1672-9315.2013.01.004
https://doi.org/10.3969/j.issn.1672-9315.2013.01.004
https://doi.org/10.3969/j.issn.1672-9315.2013.01.004
https://doi.org/10.1016/j.fuel.2015.06.050

2024 4F5 8 11

#HEHMFHAK

52 %

[27]

[28]

[29]

[30]

[31]

[32]

82

SIMTLI]. 44, 2019, 50(4): 169-172.

LU Shouging, SA Zhanyou, ZHANG Yongliang, et al. Analysis
on lsosteric adsorption heat of high-rank normal coal and de-
formed coal [J]. Safety in Coal Mines, 2019, 50(4): 169—172.
JRAEE, 25, T4 TR L AL B his B SO S Bt
S LB L] I 35 5 R, 2009, 37(4): 6-8.

HU Weiyue, LI Jing, WANG Shouquan. The flowing and out-
burst mechanism of gas in coal-based pore and fractured
medium [J]. Coal Geology & Exploration, 2009, 37(4): 6-8.
AITKEN J F, FLINT S S. The application of high-resolution se-
quence stratigraphy to fluvial systems: a case study from the Up-
per Carboniferous Breathitt Group, eastern Kentucky, USA[J].
Sedimentology, 1995, 42(1): 3-30.

GASSER R P H. An Introduction to chemisorption and catalysis
by metals[M]. Oxford: Oxford Science Publishers, Clarendon
Press, 1987: 1-13.

KA, ThTFAE, RO, 45 AN AR B B A R
i R PRy 2o O] BEBEOR, 2020, 35(5): 46-51.
ZHANG Xuemei, MA Qinghua, HAO Jingyuan, et al. Thermal
dynamical analysis on the calculation of isosteric enthalpy of ad-
sorption for different coal rank coal [J]. Coal Quality Technology,
2020, 35(5): 46-51.

TR MR T B R R R AR 9 SCTY T I P v o S5 4R,
1994,22(2): 18-23.

WU Jun. Calculation of coal surface energy by adsorption meth-
od and its research significance[J]. Coal Geology & Exploration,
1994,22(2): 18-23.

TR, TR JLA W B SRR R T 2 S RO T
D). PR 241, 1998, 26(2): 99-103.

ZHANG Zenggiang, ZHANG Yiping. Calculation methods of
thermodynamic parameters of several adsorption isothermal mod-
els[J]. Journal of Northwest A & F University( Natural Science
Edition), 1998, 26(2): 99-103.

[33]

[34]

[35]

[36]

[37]

[38]

SEEE, TRk, FETT. MERYSRIE At S ER 1], K
T R2#244R, 2000, 31(4): 346-348.

NIE Baisheng, HE Xueqiu, WANG, Enyuan. Surface free energy
of coal and its calculation[J]. Journal of Taiyuan University of
Technology, 2000, 31(4): 346-348.

T, 3K B B, R, A5 A AR Y b 0 B 2 i e A oY (1] O
H T 554K, 2014, 42(1): 31-34.

JIAN Kuo, ZHANG Yugui, HE Shaopan, et al. The surface en-
ergy of methane adsorption of tectonic coal[J]. Coal Geology &
Exploration, 2014, 42(1): 31-34.

Jlit, REd R R R R A T H b A E A AR ) )
MIAET., 2021, 49(14): 154-155.

ZHOU Hai, KANG Min. Calculation formula of Gibbs free en-
ergy variation in different processes[J]. Guangzhou Chemical In-
dustry, 2021, 49(14): 154~155.

AR, ERM, XK, 55 Je IR 22 T5E 0] i
HiRLE, 2004, 2(3): 197-201.

SHAO Zhiguo, WANG Qichao, LIU Ruhali, ef al. Research on the
thermodynamics of adsorption of mercury on peat[J]. Wetland
Science, 2004, 2(3): 197-201.

SR, AR, DA, S TR AR T A O B SR 2R L
K5 RURGE R BRI L] B T 558 FH, 2019(12):
42-47.

ZHANG Xuemei, LI Dong, MA Qinghua, et al. Research about
comparison on adsorption isostere between indigenous coal and
tectonic coal and its relationship with outburst of gas[J]. Coal
Processing & Comprehensive Utilization, 2019(12): 42—47.
T, BT, SR, 45 R REFLBR S 14 2 1 AE K FCTIR
BE TS HICRRE (O] 241k, 2021, 46(10): 3221-3233.

JIANG Jingyu, CHENG Yuanping, ZHANG Shuo, et al. Quantit-
ative characterization of pore structure and gas adsorption and dif-
fusion properties of low-rank coal[J]. Journal of China Coal So-

ciety, 2021, 46(10): 3221-3233.


https://doi.org/10.3969/j.issn.1001-1986.2009.04.002
https://doi.org/10.3969/j.issn.1001-1986.2009.04.002
https://doi.org/10.1111/j.1365-3091.1995.tb01268.x
https://doi.org/10.3969/j.issn.1007-9432.2000.04.002
https://doi.org/10.3969/j.issn.1007-9432.2000.04.002
https://doi.org/10.3969/j.issn.1007-9432.2000.04.002
https://doi.org/10.3969/j.issn.1007-9432.2000.04.002
https://doi.org/10.3969/j.issn.1001-1986.2014.01.007
https://doi.org/10.3969/j.issn.1001-1986.2014.01.007
https://doi.org/10.3969/j.issn.1001-1986.2014.01.007
https://doi.org/10.3969/j.issn.1001-1986.2014.01.007
https://doi.org/10.3969/j.issn.1001-9677.2021.14.056
https://doi.org/10.3969/j.issn.1001-9677.2021.14.056
https://doi.org/10.3969/j.issn.1001-9677.2021.14.056
https://doi.org/10.3969/j.issn.1001-9677.2021.14.056
https://doi.org/10.3969/j.issn.1001-9677.2021.14.056
https://doi.org/10.3969/j.issn.1672-5948.2004.03.006
https://doi.org/10.3969/j.issn.1672-5948.2004.03.006
https://doi.org/10.3969/j.issn.1672-5948.2004.03.006
https://doi.org/10.3969/j.issn.1672-5948.2004.03.006

	0 引　　言
	1 试验方案
	1.1 试验煤样制备
	1.2 试验设计

	2 试验结果
	2.1 不同质量占比构造煤吸附量与吸附热的关系
	2.2 不同质量比构造煤吸附常数a、b变化规律

	3 构造煤质量占比影响下的热力学参数的变化规律
	3.1 瓦斯吸附焓计算与变化规律分析
	3.2 Gibbs表面自由能计算与变化规律分析
	3.3 瓦斯吸附熵计算与变化规律分析

	4 混合煤样的吸附热力学参数对瓦斯涌出的影响
	5 结　　论
	参考文献

