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Influence of fixed carbon on coal textural character and
methane adsorption capacity

HAO Shi-xiong'*, WANG Cheng-yang' ,JIANG Cheng-fa'

(1. School of Chemical Engineering ,Sichuan University ,Chengdu 610065 ,China;2. College of Material & Chemical Engineering ,Sichuan University of Sci-
ence and Engineering , Zigong 643000, China)

Abstract; Four kinds of coal with different fixed carbon content were selected as experimental samples. The sur-
face morphology and textural character of the samples were characterized by scanning electron microscope (SEM) N,
adsorption-desorption at 77 K ,respectively,and their specific surface , pore volume and pore-size distribution were cal-
culated based on N, adsorption-desorption isotherms. And the volumetric method was used to determine its performance
of methane adsorption. The influences of fixed carbon content on coal surface morphology, specific surface area, pore
volume , pore size distribution and methane sorption capacity were discussed. The results show that fixed carbon con-
tent has little influence on specific surface area, pore volume ,and pore size distribution when fixed carbon content is in
the range of 70.17% —88.34% . When fixed carbon content changes from 88.34% to 94.45% ,coal specific surface
area and micropore volume increases 1. 84 and 5. 06 times respectively,and the pore size distribution moves to micro-
pore. Methane adsorption capacity follows a U shape second-order polynomial trend with fixed carbon content.
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Table 1 Proximate of coal samples %
SRR A Vat FC M.
DL R 8.40 29. 83 71.17 0. 80
PRAE R 1. 66 21.47 78.53 0.68
VSRR AR 11.71 11. 66 88.34 0.67
R BH TT AR A 18.45 5.55 94. 45 0.15
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Fig. 1 Schematic of experimental setup
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Table 2 Textural characteristics of coal samples

PR SBET/(mZ . gil) Vmir/(mms : gil) V[/(mms : gfl )
DL R 2.455 0. 446 4 3.541
PRA AR AR 2.581 0.3723 2.706
VG R 2.635 0.5143 3.317
A BH TG AR 7. 486 3.1190 10. 210
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Fig. 3 Pore size distributions obtained by applying
NLDFT analysis
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Table 3 Adsorption parameters of Langmuir
model for adsorption isotherms of methane on

coal samples at 298 K

JRRE Vi/(em® - g™") pr./ MPa R?
MR 23.2356 6.5155 0.998 3
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VF AR JR I 18.270 5 7.988 4 0.996 2
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H :p, M Langmuir JE 77,

&7 Jg 4 FERER) Langmuir RV, 5 Sy, V..
IR, BT WA SR L R A B v,
5 Sper B0V, BOEAHSE, 5 3CHR[29 ] 19458 — 3.
V., 5V, BMHXREH0.720 1, KTV, 5 Sy M
PR, UV, XV, BB EE Sy, K, 5 3CHk
(301 Z51E—3, 53CHk[29-30 ] 2510, HERER Sy
BV, KOIEARBWREL Vv, —@EHi K, V550
BV, H0.514 3 mm’/g, L% HIER V. K (R
VEGIRARIEE v, RO FE 245 IR v, /b X &
HIER Vv, AN VA R RE S AL A
R EE R SRR A XK,

30

R=0.690 6

2 4 6 8
Sper/(m? + g7)

R=0.7201

Vi (mm? = g™

7 MR Langmuir RFR V, 5 Sy BV, BIRR

Fig. 7 Relationship of Langmuir volume and Sy, V, .

B8 g MERERy v, 55 1 i B i A B G R ]
TSR R TR 2 I A I 2 UG A DG R 8K
R* 0 0.662 1, 1A [ i i 405 v, K3
B TWCRREOCR X SO0 7] S ie—8, SOk
[24 1IN, S e = i BOh 75% ~87% |, Bt 5t
TSI BREA0 ALK 20N | AT 5 S5 0 [
BERIRE ST A, A SCARIR N, W G B 52 56 235 SR 2 1
X — B BRI FLBR S B IR R, B, X —By
BRI RE 1 AR S R FLBRZE A 6, 10 5
AR 2R, Qn AR B s IR A AR T s A ) 2 T
T2 PE A S0 Sk [ 24 1IA 1 B 5 1 40 4
H 87.0% ~93. 4% I HRE ) W i BE 77 385 I J2& i TR
3T 1 HE B R, DT R BORE R L R G R AR
SC SEM ZRAE LA KA N, 18 I B R A1k 45 SRAIE S | [
R ST 5140 94. 45% Bt 2 FH JC AR AR (%) J50RE A /N34
5] HESA Ty, L i AL FLAS LA 3 FR ARG, B
LA AL A P B K A e A X SE R R A
AR X IR o F

3 & it

(1) >4 [ 2 ik BT & 43 B0 70.17% 3§ K 5
88. 34% M}, FOXTEE R RIHITE AN | Lb R AL LA DL &
RN oA T ENTE

(2) 4 [ 22 Bk 5 5 B0 88.34% 3 K
94. 459 I | 4L 1Y) 3R TR A0 3% 30 TR A2 /1N R /N
A HES A 50 H R R LA K, FLAR A A
LT 18580

(3) &5 B T e 0 BUTE 70. 17 % ~94. 45% I}, I



IR T 5% « 1 T X A 18 L AR R R R 4 52 i

1481

% 8

9 1
30 "
R=0.662 1
w251
=
S
= 20t
15 I I I
60 70 80 90 100

I T B T A 4 U %
SERERY Langmuir PARFRURN [ K2 fik 5T 12 20 8500 5% &

Fig. 8 Relationship between Langmuir volume and

fixed carbon content

(1) Langmuir ARV, 55 [ % Bk 5 70 %052 0T H i) b
R ZIAK R,

SRR DU R 2 A2 TR 2 B A s A ) - B 9

T

SE Lk

(1]

(6]

(9]

White C M,Smith D H, Jones K L, et al. Sequestration of carbon di-
oxide in coal with enhanced coalbed methane recovery-a review[ J].
Energy Fuels,2005,19(3) :659-724.

Yu Hongguan, Zhou Lili, Guo Weijia, et al. Predictions of the ad-
sorption equilibrium of methane/carbon dioxide binary gas on coals
using Langmuir and ideal adsorbed solution theory under feed gas
conditions[ J ]. Int. J. Coal Geol. ,2008,73(2) :115-129.

e AR e T R v R )Z RS U R [ EB/OL . hutp://
www. cege. en/fuwulingyu/001,2008/0405/309. html, 2008 — 04 -
0s.

China national administration of coal geology. A summary of China
coalbed methane resources[ EB/OL]. http://www. ccge. en/fuwul-
ingyu/001,2008/0405/309. html,2008-04-05.

LR TR B . 2RI O X R P e B e G R
PTERERIREMA[ J]. AR 2% 4 ,2011,36 (12) :2080-2085.

Feng Yanyan, Huang Lihong, Chu Wei. Surface modification of coal-
based activated carbon and its effects on methane adsorption[ J].
Journal of China Coal Society,2011,36(12) :2080-2085.

Busch A, Gensterblum Y. CBM and CO,-ECBM related sorption
processes in coal:a review [ J]. Int. J. Coal Geol. ,2011,87(2):
49-71.

Bustin R, Clarkson C. Geological controls on coalbed methane reser-
voir capacity and gas content[ J]. Int. J. Coal Geol. ,1998,38 (1-
2):3-26.

Laxminarayana C,Crosdale P J. Controls on methane sorption capaci-
ty of Indian coals[ J]. AAPG Bulletin,2002,86(2) :201-212.
KA, 25 7 0 B e B RE T 52 ma I R [ 7). PE 2 R4
KA 2007 ,27(2) 1247-250.

Tian Yongdong, Li Ning. Affecting factors of the coal ad-
sorbting methane capability[ J]. Journal of Xi” an University of Sci-
ence and Technology,2007,27(2) :247-250.

Mastalerz M, Gluskoter H, Rupp J. Carbon dioxide and methane

sorption in high volatile bituminous coals from Indiana, USA[J].

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[21]

[22]

Int. J. Coal Geol. ,2004,60(1) :43-55.
Hildenbrand A, Krooss B M, Busch A, et al. Evolution of methane
sorption capacity of coal seams as a function of burial history-a case
study from the Campine Basin, NE Belgium[ J]. Int. J. Coal Geol. ,
2006,66(3) :179-203.
Faiz M,Saghafi A, Sherwood N, et al. The influence of petrological
properties and burial history on coal seam methane reservoir charac-
terisation, Sydney Basin, Australia[ J]. Int. J. Coal Geol. ,2007,70
(1-3):193-208.
Krooss B M, Van Bergen F, Gensterblum Y, et al. High-pres-
sure methane and carbon dioxide adsorption on dry and moisture-
equilibrated Pennsylvanian coals[ J . Int. J. Coal Geol. ,2002,51
(2):69-92.
TR S, B A . VRS AR o R B FH e 5 0 Fr) LR 23-A
[J7. I K22 4% ,2009,38(5) :707-712.
Zhang Shiyin, Sang Shuxun, Yang Zhigang. Mechanism analysis on
the effect of liquid water on coal adsorbing methane[ J]. Journal of
China University of Mining & Technology,2009,38(5) ;707-712.
Crosdale P J,Moore T A ,Mares T E. Influence of moisture content
and temperature on methane adsorption isotherm analysis for coals
from a low-rank , biogenically-sourced gas reservoir[ J]. Int. J. Coal
Geol. ,2008,76(1-2) :166-174.
SRIRAR, S, 28 B, A5 AN (R BE 1o A 45 U % B AF 52
[J]. A B LR 4% 2005 ,34 (4) :427-432.
Zhang Xiaodong, Sang Shuxun, Qin Yong, et al. Isotherm adsorp-
tionof coal samples with different grain size[ J]. Journal of China
University of Mining & Technology,2005 ,34 (4 ) :427-432.
TREE VRIS AN, 2R M, A58 R TR/ X A W R Y 5 114 5 i
[J]. W RHBOR 2224 (B IRBRAR) ,2009,24 (1) :9-12.
Zhang Tianjun, Xu Hongjie, Li Shugang, et al. The effect of particle
size on adsorption of methane on coal[ J]. Journal of Hunan Univer-
sity of Science & Technology ( Natural Science Edition) ,2009,24
(1):9-12.
Sakurovs R,Day S, Weir S, et al. Temperature dependence of sorp-
tion of gases by coals and charcoals[ J]. Int. J. Coal Geol. ,2008,
73(3-4) :250-258.
Xu Jungiang, Chu Wei, Luo Shizhong. Synthesis and characteriza-
tion of mesoporous V-MCM-41 molecular sieves with good hydro-
thermal and thermal stability[ J]. Journal of Molecular Catalysis A
Chemical ,2006,256 (1-2) :48-56.
Rahman K A,Loh W S, Yanagi H, et al. Experimental adsorption
isotherm of methane onto activated carbon at sub- and supercritical
temperatures| J |. J. Chem. Eng. Data,2010,55(11) :4961-4967.
Garcia T, Murillo R, Cazorla-Amoros D, et al. Role of the activated
carbon surface chemistry in the adsorption of phenanthrene[]].
Carbon ,2004 ,42(8-9) :1683-1689.
Luo Jingjie, Liu Yuefeng, Jiang Chengfa, et al. Experimental
and modeling study of methane adsorption on activated carbon de-
rived from anthracite [ J ]. J. Chem. Eng. Data,2011,56 (12) .
4919-4926.
Rouquerol F, Rouquerol J,Sing K S W. Adsorption by powders &
porous solids ; principles, methodology and applications [ M ]. Lon-
don; Academic Press,1999.



1482 # 2

1’ 2012 455 37 &

[23]

[24]

[26]

MR 3, S SRR U vk 5 4 P AL B AR OB 5[]
HEBAFAR 2001 ,26(5) :552-556.

Chen Ping, Tang Xiuyi. The research on the adsorption of nitrogen
in low temperature and micro-poreproperties in coal[ J]. Journal of
China Coal Society,2001,26(5) :552-556.

PE S BIOHT IR IR TR BB 77 5 AR AL R B R 4 i Y
KAL) LR SR, 1990,18(4) :29-36.

Zhong Lingwen, Zhang Xinmin. The relationship between coal ad-
sorption capacith, degree of coalification and maceral composition
[J]. Coal Geology & Exploration,1990,18(4) :29-36.

Zhou Li, Zhou Yaping, Li Ming, et al. Experimental and modeling
study of the adsorption of supercritical methane on a high surface
activated carbon[ J]. Langmuir,2000,16 (14 ) :5955-5959.
Ozdemir E,Morsi B I,Schroeder K. Importance of volume effects to
adsorption isotherms of carbon dioxide on coals [ J]. Langmuir,

2003,19(23) :9764-9773.

[27]

(28]

[29]

[30]

Do D D. Adsorption analysis; equilibria and kinetics| M ]. London ;
Imperial College Press London,1998.

Wen Jie, Han Xue, Lin Hongfei, et al. A critical study on the ad-
sorption of heterocyclic sulfur and nitrogen compounds by activated
carbon ; equilibrium , kinetics and thermodynamics [ J ]. Chemical
Engineering Journal ,2010,164 (1) ;29-36.

PR IC, K B BUoR AR RN L 3R T ALFL AR B X SR
BRYRE T B2 IR [ ] S5 BT 5 344, 2002 ,30(3) :26-29.
Zhong Lingwen ,Zhang Hui, Yun Zhengrong, et al. Influenceof spe-
cific pore area and pore volume of coal on adsorption capacity[ J].
Coal Geology & Exploration,2002,30(3) :26-29.

Lozano-Castello D, Cazorla-Amoros D, Linares-Solano A, et al. In-
fluence of pore size distribution on methane storage at relatively low
pressure ; preparation of activated carbon with optimum pore size

[7]. Carbon,2002,40(7) :989-1002.

T T T YT YT YT YT T YLCTYCY T YCCTYT Y YT CTY T T YT T YT T T T T T T T T T T X

1 T Ak

(B ZIR) F1¢ Journal of Coal Science & Engineering ( China) )
# Elsevier 2B B 2R 3L EREIHEEE Scopus IR

By (BE R SR ) 2 330 R o9 (R 32 3R #2(Journal of Coal Science & Engineering ( China) ) (( Mt & A5 5
IA2FIR) )M Elsevier 2 3] 69 = R Ik # 3 % Scopus ¥ T,
Scopus A& Ak K 69 48 FFe 5] LI B WAL 57 2 B0k B AT, Scopus %l A B F) 2 L&
230 794 A, L P A L 28 169 AF, P E AT Bt 927 A, H P E S (Active) BT 667 FF. 2011 FF B A%
12 B PTRR P BRI SRR 2 | B 2% Elsevier 2 8] #9 =K S ak 238 & Scopus 3B FE N T %tk %
BRI T F TR G IR A R R G TR R L FHNT RERARRGH 8 A TRZRF G5 8 E,

B & ey





