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Test and analysis of coal adsorption volume of CH,

JIANG Yanhang'”, BAI Gang'*’, ZHOU Xihua'?, WANG Yuxi', FU Tianyu', HU Kun'
(1. College of Safety Science and Engineering, Liaoning Technical University, Huludao 125105, China; 2. Huayang New Material Technology Group Co.,
Ltd., Yangquan 045000, China; 3. Key Laboratory of Mine Thermodynamic Disasters and Control of Ministry of Education,
Liaoning Technical University, Huludao 125105, China)

Abstract: CH, in coal seams mainly occurs in free state and adsorbed state. The performance of coal adsorption of CH, is often affected by
various factors such as coal rank, temperature, pressure, particle size and moisture content. In order to study the influence of multi-factor
coupling on the Langmuir volume of coal adsorbing CH, According to the law, coal samples from changcun and zhaozhuang Coal mines
in Changzhi area of Shanxi are selected, and the HCA—1 high-pressure adsorption device is used to determine the volume of CH, adsorbed
by coal samples with different ambient temperature, coal sample size and water content, and then the test results of Zhaozhuang Coal mine
Based on the design of the Box Behnken test using Design Expert software, a quadratic regression response surface model of coal adsorp-

tion CH, volume was constructed to analyze the influence of temperature, particle size, and moisture content on the volume of coal adsorp-

YriE B H#A: 2022-01-12 EERE:F I DOI: 10.13199/j.cnki.cst.2021-0617
E£WH: BE AR EE DI H (52274204, 52104195)

EE BN £2E40(1996—), B, STRBA, MLHRE. E-mail: 1205068586@qq.com
BEIEE: 8 R091—), B, LHREAN, B8EUR, E-mail: 1272661640@qq.com

144


https://doi.org/10.13199/j.cnki.cst.2021-0617
mailto:1205068586@qq.com
mailto:1272661640@qq.com

FAEMTAE . SRR CH, ARRBUIHEA 55347 2022 4F55 12 #8

tion CH, when the three factors are coupled. The volume of coal adsorbed CH, was predicted and verified, and the engineering application
enlightenment of the test results was discussed. The results show that the amount of CH, adsorption decreases with the increase of temper-
ature, particle size and moisture content; when the ambient temperature increases from 15 ‘C to 40 “C, the amount of CH, adsorption of
Changcun and Zhaozhuang Coals decreases by 37.09% and 37.5%, respectively; coal samples When the particle size increases from 0.15
mm to 0.3 mm, the CH, adsorption capacity decreases by 14.87% and 15.52%, respectively; the water content of the Changcun coal sample
increases from 0.08% to 4.21%, the CH, adsorption capacity decreases by 10.61%, and the water content of the Zhaozhuang coal sample
decreases from Increased from 0.04% to 3.62%, the amount of CH, adsorption decreased by 16.31%; the single factors of temperature,
particle size, and water content all had a very significant impact on the amount of CH, adsorption (£<0.000 1), and the degree of influence
of the three factors on the amount of CH, adsorption It is: temperature (F=2 307.95)> coal sample particle size (F=346.64)> water content
(F=133.32); the degree of influence of each interaction item on the amount of CH, adsorption is: particle size and water content
(F=21.31)> temperature And particle size (F=6.33)>temperature and water content (F=3.65), the interaction between particle size and wa-
ter content is extremely significant (P=0.002 4), and the interaction between temperature and coal sample particle size is significant
(P=0.040 1). The interaction with water cut is not significant (P=0.097 8); the maximum deviation between the test value and the model
prediction value outside the coding interval is 3.98%, the minimum is 2.01%, and the average error rate is 3.315%; during downhole recov-
ery, temperature and water cut when the coal sample particle size and other factors change, firstly monitor the temperature change in real
time to prevent the sudden change in temperature from causing a large amount of gas desorption, leading to excessive gas limit and even
coal and gas outburst accidents.

Key words: coal; CH, adsorption capacity; temperature; moisture content; particle size; response surface method
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Table 1 Industrial analysis results

JERE M /% A% Vil %o FCy/%
HR 1.18 9.06 13.17 76.59
AR 1.45 15.25 11.21 72.09
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Fig.2 Humidifying system for coal sample
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Fig.3 The change of adsorption capacity with coal temperature
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Table 2 The relationship between coal sample D and V,,

RS A D/ mm Vi /(mL-g™h
0.275 19.236 1
WA 0.225 21.044 1
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0.275 20.159 3
B 0.225 22.900 2
0.175 23.8632
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Table 3 Levels and codes of influencing factors

it K- X
A ESES =2 i)
-1 0 +1
ME/C A 20 30 40 10
A%/ mm B 0.175 0.225 0.275 0.05
FrKHI% C 0.04 1.83 3.62 1.79

3.2 BRI EEMRE
XF% 4 g bt v AR s S T 2 o R A,
RN CH, MR v, ST A, EEERIAE B &
IKE C 1Y 2 REIAIH T A
Vi =18.37-3.10A - 1.20B - 0.66C—

0.23AB—-0.14AC +0.35BC+
1.064%+0.27B*+0.17C> (1)

A, 20<4<40,0.175<B<0.275,0.04<C<3.62,

72 MraE LR S, W TR 4 R L 6,
Horp F3ORR 50 T8, SO 245 X v, B3¢
M, AR K, R RE M F2 B 8K, A I, S e i
WNe PONEAREE, Foom B BUR T RES AR, HAE
DN, BRE B WA ) 0 . FAEBOR, PR,
T Hras B mT 4, W PR . 0.01<P<0.05 &
N, P<0.01 FoRil i3, P>0.05 £n AN,

M2 5 Al X v Bk R R AR B
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Table 4 Experimental design and results

Erass A/C B/mm Cl% V/(mL-g™!)
1 30 0.175 0.04 21.0711
2 30 0.275 3.62 17.320 1
3 40 0.275 1.83 15.065 1
4 30 0.225 1.83 18.459 1
5 20 0.275 1.83 21.893 1
6 20 0.175 1.83 23.688 1
7 40 0.225 0.04 17.403 6
8 30 0.275 0.04 17.901 1
9 40 0.175 1.83 17.763 1
10 20 0.225 3.62 22.069 1
11 30 0.225 1.83 18.478 1
12 20 0.225 0.04 23.188 1
13 30 0.175 3.62 18.833 1
14 30 0.225 1.83 18.268 1
15 30 0.225 1.83 17.945 1
16 30 0.225 1.83 18.207 1
17 40 0.225 3.62 15.599 1

x5 WHWE Vv, @ERETES
Table 5 Variance analysis of adsorption capacity V

regression model

WiH SEHR O BHEE ¥y F P
A 99.40 9 11.04 342.82  <0.000 1
33 0.23 7 0.032 — —
RAUT 0.037 3 0.012 0.26 0.850 5
gl 0.19 4 0.047 — —
¥l 99.62 16 — — —

5T 22K 2
e FHR= 0.997 7 BEERBR] 4= 0.994 8
TN ARAL RE = 0991 1 AERFR D 0.94%

KB, o= 62.079

(P<0.000 1, F=342.82); fRAIJAUEEA B3 (P=0.850 5,
F=0.26), BRI A S0 B al, AT BT I ATE
R R, Rl R 2L RP=0.997 7, Ui
PRI AR s I REUR, M 0.994 8, BEHIIA
ANF]0.1% 5722 5 A BB H 3208 A fige B I 2R 2K
Ry 0.991 1, 5 RS (2 {FH N 0.003 7(<0.2), 22 57 &
B V=0.94%(<10%), K% BEH 62.079(K T 4 MAG
B, VAR AR Y AT A5 BEFORG 2 FEH o

e 6 PRSI0 AT M1 ARARY ) — R IV EE 4., 18
FERIAR B, F7K 3 C YR B i 2 7KF (P< 0.000 1),
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Table 6 Significance test of the coefficient of adsorption capacity V, regression equation

ES EIEER Ryl F H ¥ FrifEiR2E 95% {5 T IR 95% 815 IR F P

HE 18.37 — 1 0.080 18.18 18.56 — —
A -3.10 7435 1 74.35 0.065 -3.26 -2.95 2307.95 <0.000 1
B -1.20 11.17 1 11.17 0.065 -1.36 -1.05 346.64 <0.000 1
-0.66 429 1 429 0.057 -0.79 -0.52 133.32 <0.000 1
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T AC W2, & 292 A .
V. =18.37-3.10A - 1.20B-0.66C—
0.23AB+0.35BC+
1.06A%+0.27B*>+0.17C? (2)

K1, 20<4<40; 0.175<B<0.275; 0.04<C<3.62.
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H 20<A<40; 0.175<B<0.275; 0.04<C<3.62, %5
FXF e EAR LR 7,

M 3% 7 VLIS, B AL v, SEPRI Y
P FIONME, 2 & 1R 25 R 1E 2.01%~3.98%, F-1i%

®7 WA SEETNE R

Table 7 Comparison of test and model prediction results

0V, /(mL - g1

F% T°C Dimm W% o — BRER/%
1 15 0225 389 253356  24.826 2.01
2 45 0275 389 160447 154482 3.72
3 15 0175 425 262535 253225 3.55
4 45 0275 425 153825  14.7708 3.98




FIEMTAE: ME CH, (RFINE S 204

2022 4F55 12 #8

2E738R 3.315%, AR 2EITER] LI IETE RN, 45 R 3%
HH 2 SR R o o i T A A A5 21 0 S B0 7T &, W2
iV BEAIE HIR N R K
35 IFENARBT

R CH, BE DR Z IR L ) R
IKEEAFEZ R R AL R, R R R, SRR
2 ke A B KA Ak, K CH, W BFHE: v, B2 A HE
FF R R R >R AR >F K R, BT 2 T R ke 3
VR, RS A e, R CHL, AR FT e K
FEWIN, B, R SR AR v R SRR R
R Z N AR AT, T2 S0 A Wi B2 i AR 4k, AR
VR R R AR 5 e i T A e, S SR S R PR
KA S TUT R IS, ek, R re g il 15
SRR | 5K B SRR BAREUE, P R B
Vv BERYEE AT A5 CH, W B 5, T2 B %% o A
b Rl 2 1S, MR Y% Langmuir 72 (X (3)) AF
R IR b CH, SRR 7, T2 BU 3 S 4 R ) 2
T ) A R i % S ORI — A E AR R,
308 3 ) 1 TS 1A T T AR 78 B 455 i PR 2R I 2
G3 BRI AL S0 B 55 B9 H S B Iyl o $ it
TSI

abp

V=1+bp (3)

o, VOB R, m/t a, b SRR, o N
e BRIz BB, m*/t; b 4 Langmuir Wit 2%k, MPa™'; p
R BERAR T, MPa.

4 & &

1) BEW BF CH, 1% Langmuir 14 2 bl 27 55 78 1 T
15 R RO BG In B Bk e i N, iR 15 °C
TH2 40 °C B, FAT BBt I CH, I8 AR 8/ N i
79 R 37.09%. 37.5%; WEFERLFE T 0.15 mm 3G &
0.3 mm I, A Kol PR CH, W FFH A R s/ N R 138 43
K 14.87% . 15.52%; “H B HEF K M 0.08% 14 Jin
| 4.21% B, CH, W AT/ INIF BE A 10.61%, #X
HEE KN 0.04% B F] 3.62% B, CH, W AR
I/ NMIF R 16.31%

2) B[RRI | HERERLAR B B 7K 302 % i i
VS E T, W R v R AR R/ IMIR YR R IR
Kifd, FKFE, ZHEBEXWE Vs sceR A
FERLAR 5 5 KR 28 TR A 2, Tt 2 R R A
LHAER R, BEMS KR EAERA S E, X
Vi WISZIR AR B R/ IMIYR Ry REAR A KR | TR Rk
& BRI KR,

3) 5T gl T O 7 5 3 B I R R v AR
ATAE, S DX R] A1 6 -5 A5 75 0000 1L 174 152 25 % de
KN 3.98%, /NN 2.01%, F- iR 2= 5K 3.315%,
A5 B 000 e B, MR A R B 7K 238 X6 O % o
CH, IRFR A Ema e, XTI AT 18 0] R o) A% v 13 B
WS R — B SR

2% X ik (References):

(1] AR, RSO, RN, 45, BRI CH, & CO AT 2 etk i
Btk (1], PR ARl AoAl, 2018, 28(6): 129-134.

LIN Haifei, WEI Wenbin, LI Shugang, ef al. Experimental study
on thermodynamics characteristics of CH, and CO, adsorption on
coal[J]. China Safety Science Journal, 2018, 28(6): 129-134.

(2] MEP, Bi/NE. FERZEAOR R IR A (1], Bk
Bl R, 2016, 44(1): 24-28.

YE lJianping, LU Xiaoxia. Development status and technical pro-
gress of China coalbed methane industry[J]. Coal Science and
Technology, 2016, 44(1): 24-28.

(3] JApate, sEWIE, (A W, 5. COEE X Y R B
HUHESCIRRTIE (V] B LT 55 R, 2021, 49(1): 8186, 99.
ZHOU Xihua, HAN Mingxu, BAI Gang, et al. Experimental study
on the influence of CO, injection pressure on gas diffusion coeffi-
cient[J]. Coal Geology & Exploration, 2021, 49(1): 81-86, 99.

[4] GANG Bai, YANHANG Jiang, XUEMING Li, et al. Quantitative
experimental investigation of CO, enhancement of the desorption
rate of adsorbed CH, in coal[J]. Energy Reports, 2020, 6: 2336—
2344.

(5] ZEulifh, Wikat, oS, 45, HENE /R #h R 4 8 COL MM =<

ST AR (] BEBeRLA R, 2021, 49(3): 175-180.
LI Zhanwei, TANG Dazhen, TANG Shuling, ef al. Study on form-
ation mechanism of CO2-enriched CBM reservoirs in low-rank
coal seams from southern Zhunggar Basin[J]. Coal Science and
Technology, 2021, 49(3): 175-180.

(6] T2, R3S, B/NGE, 55, R RE XA 07 I B R P ) S 6
ST 0], TR B TR 2 FARBAR, 2014, 33(5): 553-557.
WANG Zhijun, SONG Wenting, MA Xiaotong, et al. Analysis of
experiments for the effect of temperature on adsorbing capability
of coal[J]. Journal of Henan Polytechnic University:Natural Sci-
ence, 2014, 33(5): 553-557.

(7] ¥ VL 8CRR, AP, 5. TREEXT U AL BB R KL

LRI SE L] RBRLAER, 2021, 49(11): 21-29.
XU Jiang, CAI Guoliang, PENG Shoujian, et al. Effect of carbon-
ization temperature on adsorption characteristics and pore struc-
ture of secondary carbonized coal briquette specimens[J]. Coal
Science and Technology, 2021, 49(11): 21-29.

[8] BRmIZE, #X <, wlWEE, 55 AIFE BURE RE LRSS 1 S I AeAiE
X LR B R R [O]. RO BLAEER, 2020, 48(2): 118-124.
CHEN Xiangjun, ZHAO San, SI Zhaoxia, et al. Fractal character-
istics of pore structure of coal with different metamorphic degrees
and its effect on gas adsorption characteristics[J]. Coal Science

and Technology, 2020, 48(2): 118—124.
151



2022 4F55 12 4

#EMFHK

5550 45

[9]

[10]

[11]

[12]

[13]

[14]

[15]

HUANG J, XU G, HU G, et al. A coupled electromagnetic irradi-
ation, heat and mass transfer model for microwave heating and its
numerical simulation on coal[J]. Fuel Processing Technology,
2018, 177: 237-245.
AR, A, BORVEL, 55, HEEHTCO,. O FIN,AYRE ) H5a 4
P22 5 [T]. PR T4, 2017, 11(7): 4229-4235
WU Siyuan, DENG Cunbao, DAI Fengwei, et al. Differences of
ability and competitiveness on coal adsorbing CO,, O, and N, [J].
Chinese Journal of Environmental Engineering, 2017, 11(7):
4229-4235.
FISFE, B 58, FAL L AN [ SO R A A A T 3 - A
JIEREEAT (V] BRI R, 2014, 42(6): 130-135.
LU Shouqing, WANG Liang, QIN Liming. Analysis on adsorp-
tion capacity and adsorption thermodynamic characteristics of dif-
ferent metamorphic degree coals[J]. Coal Science and Techno-
logy, 2014, 42(6): 130-135.
WRImZE, X 25, bR, 55 SRS BURERE SR AL AR 43 A0 B
X R B BB LO). 2R, 2013, 38(2): 294-300.
CHEN Xiangjun, LIU Jun, WANG Lin, ef al. Influence of pore
size distribution of different metamorphic grade of coal on ad-
sorption constant [J]. Journal of China Coal Society, 2013, 38(2):
294-300.
AR Y, T SO, 2RI, A5 22 PR Z0 R I A FLI0T R i
WHoE 0], %R EaR i, 2015, 25(9): 121-126.
LIN Haifei, WEI Wenbin, LI Shugang, ef al. Experiment study on
effects of factors on gas adsorption of coal sample[J]. China
Safety Science Journal, 2015, 25(9): 121-126.
Bk, BOSLEE, AN, S ORCORIEEAHOIRARE A5 T I B CHLI
Bise ()], A2 RBEAER, 2017, 13(3): 53-57.
LIANG Bing, JIA Lifeng, SUN Weiji, et al. Experimental study
on isothermal adsorption of methane by granular coal and lump
coal[J]. Journal of Safety Science and Technology, 2017, 13(3):
53-57.
RN, A, AR, A5 R BE XTI B FLIT Y 3 1 2 R
SRS ATIE (7], PHERHE RS 244R, 2018, 38(2): 181-186.
LI Shugang, BAI Yang, LIN Haifei, et al. Experimental study on

152

[16]

[17]

[18]

[19]

[20]

[21]

the effect of temperature on the kinetics characteristics of gas ad-
sorption on coal [J]. Journal of Xi’an University of Science and
Technology, 2018, 38(2): 181-186.

A%, AR R, AR, A5 RE X IR R ER
B [J]. MBS R, 2012, 40(6): 24-28.

LIN Yabing, MA Dongmin, LIU Yuhui, ef al. Experiment of the

B Wi 5

influence of temperature on coal bed methane adsorption[J]. Coal
Geology and Exploration, 2012, 40(6): 24-28.

LS, 2R 0F, Bk SO, KA SRR e s (0] A
A, 2017, 42(12): 3196-3202

TIAN Weibing, LI Aifen, HAN Wencheng. Effect of water con-
tent on adsorption/desorption of coalbed methane[J]. Journal of
China Coal Society, 2017, 42(12): 3196-3202.

JE PR, HRR, R, S K XA R R e 5
Wi B LA (D). 30 7 TR K2R (A A RR), 2019,
38(5): 402-408.

ZHOU Xihua, CHANG Ligiang, BAI Gang, et al. The influence
of water on methane adsorption characteristics of different coal
types and the mechanism analysis[J]. Journal of Liaoning Tech-
nical University(Natural Science), 2019, 38(5): 402—408.
TR, R E, RER, AR SRR T RIZ
TR BRI AL O] R BeRLA R, 2019, 47(6): 158-163.
WANG Fenglin, YUAN Yu, ZHANG Suian, et al. Isothermal ad-
sorption and desorption of coalbed methane under different water
saturation and negative pressure[J]. Coal Science and Techno-
logy, 2019, 47(6): 158-163.

FENG Yanyan, YANG Wen, CHU Wei. Coalbed methane ad-
sorption and desorption characteristics related to coal particle
size[J]. Chinese Physics B, 2016, 25(6): 068102.

XUPRPE, X 5, 2R, AR LT N IR oy 2B v
EACE MBI ] BRBAHOR, 2020, 48(4): 224-229.
LIU Dandan, LIU Heng, LI Dewen, et al. Optimization of coal
dust concentration measurement device based on response sur-
face methodology [J]. Coal Science and Technology, 2020, 48(4):
224-229.


https://doi.org/10.1016/j.fuproc.2018.04.034
https://doi.org/10.1088/1674-1056/25/6/068102
https://doi.org/10.1016/j.fuproc.2018.04.034
https://doi.org/10.1088/1674-1056/25/6/068102
https://doi.org/10.1016/j.fuproc.2018.04.034
https://doi.org/10.1016/j.fuproc.2018.04.034
https://doi.org/10.1088/1674-1056/25/6/068102
https://doi.org/10.1088/1674-1056/25/6/068102

	0 引　　言
	1 试　　验
	1.1 试验样品与装置
	1.2 煤样制备
	1.3 试验步骤
	1.4 试验条件设定

	2 试验结果与分析
	2.1 温度对吸附量的影响
	2.2 粒径对吸附量的影响
	2.3 含水率对吸附量的影响

	3 响应面试验设计与预测
	3.1 试验设计及结果
	3.2 模型的显著性检验
	3.3 响应曲面分析
	3.4 模型验证
	3.5 工程应用启示

	4 结　　论
	参考文献

