83 HE  HoO W »2, ~ ~ ST ~ Vol.83 No. 5
o0 s MW R ACTA GEOLOGICA SINICA oy 2008

A A AR X EREXT CO,F0 CH,
S 0% Bl 4 BY £R 15

RER- 2 KNP, g5E" 2 %0 &” ,CHOU Chenlin ¥
1) A Bt 5 22 A T R B 58 B S0 = P b 22D, A 5T, 1000835 2) il Ry (b ) B R S
HERBRE £ b AT, 1000835 3) P B TR R AEAE . 4540035 4) Illinois State Geological Survey.,
615 East Peabody Drive, Champaign, IL 61820, USA

MR E ] A TT e AN [R) A% o 72 3 i M 64T T 4 CO, A al CHL A< 4 55 TR W% JF 52 56, 91 ] Langmuir 5
R, =S40 BET BRI B AR BT (D-R, D-AD % 8 0 W% B 52 30 5008 3047 T 8L5 B 30 T & BRI A L5 R B
SERL L] P BB R D RN E 9 S (R, = 1. 21%0) % CH, Al CO, W2 K} B 1 HC AR B MM B Ak plg 2 11 5
HECR,, won = 0.58%0) HY WL FEAE 3 s EAHTR IR 3 T TRl — BEREXF CO, i W B R 0 B 8K F 3% CHL R B RE 7 . B R
WA 9 SN CO, Al CH, 1Y %5 3 W B 28 B A7 SR 0% T B4R AE , 4% 40 700 %) o Bt A7 oA 400 & iR 22 40 22 AR /N, AT A
Langmuir 77 #2834 ; Mg O 7 3 S5 0 R B2 B2 2% VT Langmuir $if 3R 12 25 50K, NG 56 35 5 15 22 0/ 1y R o 34

Wit D-A BRDR R R HAT R . 9 5B CHL A 11 S HEXT CO, Fl CH, i 05 B 24 LB 23 T2 R B
KA T U X 5 45 3 R R 5 0% MR ASE R 5 — AR AR 5 Y e

BEZ AT B — R AR LR SR
R LR T SV TERB IR o T Jr O o A=A I o A
AR BOEASE A [ BIF 5 o AN A AT LA Bl o 2 A< i
SRR T R WCR I R T, i L E D O
CO,-ECBM AR HEZ A7 CO, M M 2y 2 K
AR E RIS R B SRR . BR T N
THIZ TG Langmuir B35 J2 0 B AR (E
FoBE,1992; Laxminarayana et al. ,1999; #X 8 &,
2002 ; FBEWL . 2005) F o 7 W BE AT 58 GUEGL 42 1 1T
AR I ) 2 I T 9 1 e A g3 1 B S U
BET £ 73 ¥ )2 W B AR A L W B 34 21 38 455 Y (Dubinin-
Radushkevich #& F1 # 78 #% %I (D-R) il Dubinin-
Astakhov f AL IR FUE FERL AL (D-A)) (B N4
1994 ; Clarkson, 1997 ; Laxminarayana et al. , 1999;
Krooss et al. ,2002; F 3t WL 45, 2004) , 3% & 455 7 1
ZRCHR A W B 4 ) 3L 3 5L, AT Sz e s WA 5D % LB
R RS B R B R . RS B DL O TR 1
B R T 1 A 2% AR 3l VS L, — A O Langmuir
R B0 7 e PH R AR T 280 45 Tk IR RS £k 4 3 9 R
- RWE R EAGBET FRZH T EEN 2

FL4 S5 AR R 7 (P/Po) 29 4E 0. 35~0. 70 [ £ 4
TR R SRR T L I1 T AY 55 3 0 BfF 2k 5 D-R
i AR 3E T 5 e A= 22 )2 WM B B A B 2 IR 1Y)
FLARE /N W R 0] s D-A J7 F eh A4 il I B 590 A9 L
B 25 A T A2 Ak & VS B L) (Brunauer, 1945
Mcenaney et al., 1984; Amankwah et al., 1995;
Weishauptova et al. ,1998; 4 7K F ,2003) , 2 3L X}
TG T PR XA () A2 5 2 B A 7 A~ )2 R AT T 4l
CO, Fnal CH, fy Wz B RS B 805

1 MR RRAE

AR X AL T A6 48 R T Hy S A
ARG, 3620 10 A . Ha B2 Bk
BT (Col) RIS TR 4 (Cozh) \ F &40
MR EHPid, &H15~20 K2 HEZEE 20
~28m, EEARMEEE N b ARG S A 5.
M6 BT 89 T B G K AL 11,
B2, FFER XA 28 DU B Fn £ 050 =
PR TR H B SR b A s s . 5T IX L
A T T AR Ry L IR B R A R B

AR SO RS AN HEZR A3 R BTN [ 5 973 I8 (45 2006CB202201) ¥E Bl i B 2 .

Wk H 9 :2008-10-12 5 2k 8] H 8 : 2008-12-17 5 T 4 4 48 - R K 11

PEH A AR, I3, 1970 4R 4 . 181 208 2R HL T % (A HR B R AL 2 R 2 SR~ B9 . B iR - 100083, b
BT 115, P E Ak KA H R E S K % s Email ;. dsfeumtb@vip. 163. com,



732 bR = S 2009 4
v N 2. pr 18
2 FESWERES LI 16 €O, (MK-9)
7 5 30 0 o A T 1) 2 S M D R AL G ) R 14
JE AR FRE R PR 11 552 ]
(LNC-1D A JFFHE H h i) B 585 9 5 5 )2 (MK- i? o]
OWBIN G Hoh 1L BT Fomsk ] A///’Aij:jfifff
FEZL .9 S MR E T EAT RG4S FEAL . 33X A S/ e CH, (MK-9)
SRR HEAT T B4 T 43 B A0 A 5T 2H S I 3R 1 I A - @ifl/!
W B S 56 A 4% R 55 [ Terra Tek 23 ] A2 7= (1 sl & A,
I r— = = T
1S-100 B AR 58 1 W2 B Ao WA, 52 36 i » 1 5% A1 2_',5'/"'\ “mé-mn
A AR A K, SO, 1Y 18 R A X AR E 4T 0 15 X -.y:'/ o
T K ERE » TR 15 B 4 JERE 1) 35 /KR G 00 B A
WS- M5 K 4y R 1. 7800 B R I W V- 5 K Sy R JEH (MPa)
0.8970) . SNJFALE 40 C T AT 45 U B 56 . OB MY BT AH O 1B NC D RIS R 9 5
S RS HE I 1) 8 T 1Y B R 7 SRR G R IR A (MVIK-9) 45 364 0 o 2%
RRF S 167 5 30 578 S 465 1 7 0% T T AT G W R R B Fig.1 Isothermal adsorption curves of the No. 11 coal
W RS R G 6 NSEE S (R D B E from the Linnancang Mine (LNC-11) and the No. 9 coal
9 3 B T 65 1 I ] 25 24h, 9K S TR FE S R — A from the Majiagou Mine (MK-9) of the Kailuan Coalfield
s, MEas 11 58X CO, f CH, 45 i 0 B
U6 1 B 5 P 5 FE ) 4 B3k B 4. 82MPa 16, 66 ®2 BHOTLSFTRERERHNE(%)
MPa, B ZEHH 9 S X CO, fil CH, % & 5 & 11 Table 2 Proximate analysis and vitrinite random
JY3135 5] 5. 02MPa Al 6. 81MPa. 5% I CO, Al reflecance (%)
CH, iy 4l B K F 99. 999 %, RH | M A i Y Koo
LNC-11| 3.57 9.23 0.67 38.88 0.58
51 WEHTBANEDG 6 4 FHE S MK-9 | 0.66 16.58 0.93 24. 35 1.21
Table 1 Six equilibrium pressure points in the W M—7K Gy s ad— UL B B A— K G35 d— T 4 B V—18 & ) ; daf
adsorption expriment FHREICIKHE S 2B it s Ro, v — 2T ABEHL G2
A A 1 F7 (MPa) (LNC-11)
CO, [ 0.622555 [ 1. 459107 | 2. 334969 | 3. 243245 [ 4. 094969 | 4. 816348 (DREEFMET TN CO, i CH, A,
CH, |0. 7643357| 1. 947094 | 3. 158818 | 4. 354681 | 5. 529163 | 6. 664336 AV TR B I S Z I 9 S0 0 B BE A7 LA
L PO AP (I | H BB O PR B 11 24 M B 1 LI 7 e
CO, [0.6487619] 1. 581176 | 2. 45221 | 3. 363245 | 4. 255658 | 5. 016348
CH, |0. 8318884| 2. 013957 | 3. 199475 | 4. 431199 | 5. 678095 | 6. 813268 K W 2 S A A DR 7 T AR A R R Y

3 4R 5k

3.1 BRIl HMmERARSE

1 Tl 43 A7 R0 R Bt 2 R T R IR A R 3k 2
PR M 11 5B EZEM SRR 9 5 K250
o Je A SR R K R R e A A R ) T A
B MRE G 11 S5 2 8 TAURMRE A 55K
W9 SRy K AR AR
3.2 EIRWRBT R AHIE

MHET 11 S B L T 9 5 4555 5 0 F
Mg 1 s, I 1 o] LA .

MREAEH 11 5 500 b L3 8 B0 AL & g
I 2 AL AR T B B 5 rP 2R K R RE AT I R
COHD 5 - WK 23 BE 77 38 (5K /NZR L 2005) Tl R
7 93 X R B S PR o R S AR T X AR A
MHaeTy . RE DLW 9 SHIE T8 T SRR
JEE T JE AR AR LR AL 5 4 2/ TR A AR (R R 7Rk
FIRT R BB BB 0 /0N 5 DRI IEG 5 7K 3 e A 1 82 B 52 i BT /)
THIH
(OTERF R R —HARE X CO, i Fff RE

KT CH, W BERE I3 o J50 PR 7E 1 X =04 £ 0%
FR15 %% A U 5 AT S o, i 55 8 B A R R A ) A
1z gl ) ZURR B2 A 5% Wl OB L R R S IR R A



%5 AR 08 452 T B T U™ X M oty R ARE XS CO, A CHL AT A IR B3 R ) 733

T HGE B ST KR 32 AR R W R R AR B 4005 A TR LA 6 XoF 8 o6 A e 0 A T M A s
AT T CHLR UL, CO, BB 55 5 . W B B 2R, #iz 3.3 ZERMERKENS

59 I LLBEE CO, (9 B RE 0 X CHL (1102 A YT G T 1 4 A~ 0% B TR0 fr 2 % 5
A8 77 R R 7 R 52, 1997 ;3 Scott, 19995 Hh 7K %2 T,
2, 2001; Harpalani Hl Pariti, 1993; Hall #0 Langmuir B4y T 2R .
Chunhe, 1994 ; # 4 K £, 2001 ; Krooss FiI Bergen, __V.P
V_

2002) PP

(3) TR 9 5 M 45 R B 2k EL A W1 6 4 T Hore VO W ks PO IR R T35 Ve R
RUREE , AR P G 11 5 09 %8 R B 28 b e g Loanmuie WREEIERG P Jy Langmuir B J7 305K
Zi TR T 7 B W T AR B R B BET 295 T J2 B0
4§ Brunauer(1945) Al [ 7 4 £ 2 5 1 Ji f 22 06 42 VimCPL1— (kD (4 (5]
2T 1985 4EFTRI S 1945 5 W 2% 6 i 26 780 o (1 4T V=

<P°—P>[1+<c—1><£>—c<§>;“*”]

faf —BhE L, DRI L 7 3R PR T G 0 A ) TR RS A P’

IF o IO a2 FH G AR 5 ok JHL R A4 DA BEAT P05 o 4R i

to

(em¥g)
L
1

[*))
I

W M Cem/g)

U
F:

= ] / = 64
2 ]
2_
(©
0P— T T T T T T 0F——T—T—T—T—TT7
0 2 4 6 8 0 1 2 3 4 5 6
JE4 (MPa) J&J3 (MPa)

2 RS AR COL A CH A 25 35 W B ith 25 1]
Fig. 2 Isothermal adsorption curves obtained from the model fitting
(BRI A LNC-11 % CHy BB 5 () IR 4 LNC-11 XF CO» AW B 5 (o) B8 815 MK-9 %o CH iy Wz B 5
(DA A MK-9 % CO» 1 I
(a) Model fitting of CHyadsorption for LNC-11; (b) Model fitting of COzadsorption for LNC-11;
(c) Model fitting of CHyadsorption for MK-9; (d) Model fitting of COzadsorption for MK-9



734 Moo

Eiid 2009 4

Hor . PRI Z8IRE .V, O BET J5#& $0r1
JZE W Bt k5 C D 55 W% B BRAH S 1) 2805 e O 5 0 E A
BEFL B3 A A RIS 5L

W B 4 PRI A5 A

V:Voexp[—Dlnz(%o)](DR)

Horp D gy b i) 5 e B AR G BV R
PR s Ry 55 TR RUREAL BRS040

TE 40 C&MF » CO, T CH, ABAL F Il FUIR 2
G 346 T2 B . 2002a, b) , T A CO, F1 CH, & 2411
FZERE W # PO =P (T/ T A X5 (P R iIE
JEJ1.Te i B ) (Ozawa %,1976 ; Amankwah
1 Schwarz, 1995; J& W #0 & #, 1997) , & &,
CO, F1 CH L FIZE 35 & P° 4391 Ky 7. 82MPa 112, 42
MPa,

BT FRAE 2 5085 A 53 0 WL 3% 3, 45 i
04 T ARE I B CO, #T CHL, 9 25 iR it £k n 18 3 pr

LNC-11

/3\ CH, : -o- Langmuir

\
\
\
\
\
\
\
\
\
\
1

(@

3% (AE)
.

Yot

=}
N
9
1
———
" ——
——

>
—
[\S]
w
o~
n
)}
]

anemuir

=
£

(]:
E;
£

wo o
oo

ce

No ATRIE

(DMFE T 11 5 HEX CO, F1 CH, LA B B 5
WA B9 S X CH, By 25 5 W B2k 48 & Jir
Langmuir B8 1 V, 2558 F D-A Al D-R BRI 4
TR ELIARTR Voo B BET BRI RAE 1) 55 — )2 W B
HBZHV, KT Langmuir BRI Ve,
B 1 WA B AU 2R T B 1 S I LB
A I8 B By W R B9 B R B (e <Z1) X AT BE
e FT T AR T AR A A TR A T 45 K 1
K o T8 R B K o3 T B T B B AL R i R
CO, F1 CH ARG 7K 1 52 4 1 W B A T 32 BORE
M 22 51 1 2 W B LR AR (T BE LA, 2004)

(2) H AR 9 5 BEXE CO, By W B AL 5 5
7% WER A Langmuir #8558 47 #0165 € 09 e KK
Bf & VORT D-A A D-R B S AL AR VL BB
COL TE B AR B B 9 5 S T W B T —
ROy T Z )5 T RO B AR A B B RS ik

2 LNC-11
] | (b)
CO, ~o-Langmuir
0.8 ?
= D-A
~ 0.6 —A-D-R
[§a] ] \ V// =
< .. [ \ P 17//4
— 041 o) —®- BE1 V//4
il ! . A 1//4
s T A SN 1//4
o V.2 7 K N\ rl/4
o iy AN N\ &/
= P /4 / \ @ \\ ), 4
[ U BT TN T y, A T T
& 1l —~a N\ N\ m
e b R\ mw
-0.2 4 AN /4
N\ )
N N\O\ )/
-0.4 - N\ V7
NN\ y /4
N\ NV
-06 4 N W
0.6 =~
-0.8
0 1 2 3 4 3 6
[l PV
. _JJ(MFa)
1
MK-Y N
)
n g CO, =o0-1Lanemuir (o]
0.8 CO; =0-Langmu T
/
= D-A II
0.6 0 s oD /
e /- \ T LI\ 1
= / N\ /
< / \ & RET /
~ 04 / \ It / &
Rl / \ /T
N / N - VAN
e / /AN / A
=onn d / N\ AN 4 I/
= V. - 4 N\ \, )/}
[ Vadly, 4 AN N\ v V5
Y yd V/4 A\\N O—" V4
) y/A A\V'Y Y/
U IS Tar /N T T \P_ T T T /|
AN\ w7/ E\\ Y/
\ AN 1/
A NN /7
2072 NN o
AN .
~a——~
oA
-0.4
0 1 2 2 4 3 6
0 1 2 3 6

B3 REALLG R 4 0 1R 22 il 2%

Fig. 3

Absolute error curves of model fitting
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(a)—LNC-11 adsorption of CHy; (b)

LNC-11 adsorption of CO;; (c)

MK-9 adsorption of CHy; (d)—MK-9 adsorption of CO,
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Table 3 Characteristic parameters obtained from fitting models
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B | A

Vi /em®/g P../MPa Vo/em®/g D Vo/em®/g D n Vm/cm?® /g C n
LNC-11 CO; 10. 88 0. 27 10. 66 0.07 10. 26 0.02 3 18.23 15 0. 36
CH, 3.65 0.03 3.61 0. 0007 3.78 0.018 5 6.96 10724 (0. 001

MK-9 CO, 20.22 0.99 16.73 0.13 16. 85 0.14 2 27 6.4 | 0.6
CH, 10. 88 1. 44 9.35 0.17 10 0.13 | 1.86 20 6.87 | 0.35
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Table 4 Mean relative errors and standard deviation of fitting models

\ S A2 (MRE %) bR 22 (SD/ %)
TR Ak

Langmuir D-R D-A BET Langmuir D-R D-A BET
N CO; 5. 96 4.08 2.85 3.54 0.73 0.56 0.49 0.58
) CH, 32.15 10. 10 5.17 8.01 2.55 0.48 0. 34 0. 45
5 CO, 2.55 1.51 1.38 1.47 0.53 .27 0. 30 0. 34

L 5 VA
CH, 0.59 0.63 0.09 0. 20 0. 05 .05 0.01 0.02
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Abstract

Isothermal adsorption experiments of pure CO, and CH, on different coals in rank (the No. 11 Coal

from the Linnancang Mine and the No. 9 Coal from the Majiagou Mine) from the Kailuan Coalfield of
Hebei Province, China, have been studied. Four different models (Langmuir, BET, D-R, and D-A) were
used to fit the experimental data of CO, and CH, adsorption and their fitting degree were investigated. The

results showed that the adsorption capacity of the Majiagou coal(R,. ... =1. 21%)is higher than that of the

Linnancang coal (R, .. =0.58%). The adsorption capacity of CO, is higher than that of CH, on the same

coal under the same pressure. The adsorption isotherms of pure CO, and pure CH, on the Majiagou coal

can be classified as Type I and their fitting errors of curves are very weak; thus the experimental data can

be presented using the Langmuir isotherm. However, the adsorption of Linnancang coal is more

complicated, and can be presented using D-A model because of its minimum error. Monolayer adsorption

occurs during the adsorption of pure CO, and pure CH, on the No. 11 Coal and that of pure CH,on the No.

9 Coal.

Key words: Kailuan Coalfiel; isothermal adsorption; models fitting; carbon dioxide; methane
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