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Comparative studies on methane isothermal adsorption models of shale of Longmaxi
formation in Pengshui area

TANG Jianxin
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Abstract: In order to study the simulation effects of different isothermal adsorption models on isothermal adsorption experiments
and better describe the adsorption rule of shale methane, isothermal adsorption experiments were carried out on seven core samples
from well PY1 in southeast of Sichuan Basin. The experimental results showed that the maximum excess adsorption amount was
positively correlated with the organic matter content, and the maximum correlation coefficient was 0.859 4, while it was negatively
correlated with clay minerals. The experimental results were simulated by different models. The simulation results of different mod-
els were quite different. Among them, the correlation coefficient fitted by the Langmuir model was the best, while the maximum ex-
cess adsorption amount obtained by the SDR model was the largest. Followed by that was the fixed Langmuir model. Both the SDR
model and the modified Langmuir model had corrected the excess adsorption amount of the experimental results, but from the cor-
rection results, the adsorption phase density obtained by the SDR model was the most reasonable. Finally, the fixed density correc-
tion Langmuir model and the SDR model were considered to describe the adsorption of methane in the shale more accurately, which
could guide the calculation of the shale adsorption gas content better.
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Table 1 Basic information of experimental samples
PRS2 WEm TOC,% FETW,% A9, %
PY1-2  Ji—Bt 2076.90 1.01 52.8 29.8
PY1-52 JB—Bt 2084.85 1.80 49.3 27.7
PY1-62 Jg—Bf 211346 121 28.6 34.2
PYI-8  E—B 212921 1.35 41.6 326
PY1-76 JE—Bf 2138.13 238 23.0 39.6
PY1-84 Jp—Er 215342 358 25.1 57.6
PY1-85 JB—Ef 215514 425 20.7 61.1
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Fig. 1 Experimental results of isothermal adsorption
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Fig. 2 Correlation coefficient distribution
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Table 2 Simulation results of different models

.y SDR Langmuir % BB 1Y Langmuir & B IS IE Y Langmuir
4 ‘g no/ Par/ D/ ) no/ pl ) no/ pard 12 ) no/ p/ R
(em’+¢") (mgeecm™) (mol*+kJ?) (em’-g"') MPa (em’-g") (mgrem™) /MPa (em’-g"') MPa
PY1I-2 1.78 249.43 0.0142  0.98 1.33 1.81 0.972 1.76 332.55 2.83  0.981 1.64 2.54 098
PY1-52 265 175.55 0.0136 0.952 1.88 1.02  0.928 2.54 230.57 1.76  0.962 2.18 1.35  0.954
PY1-62 251 288.26 0.0101 0.947 1.91 1.14  0.963 1.98 1766.52 1.22° 0.963 2.23 1.53  0.958
PYI-8 1.23 441.91 0.009 0.994 0.95 1.43  0.999 0.95 79 955.61 1.43  0.999 1.17 2.11  0.987
PY1-76 298 304.32 0.0115 0978 2.30 1.61 0.981 241 1467.52 1.75 0.982 2.76 2.19 0979
PY1-84 3.59 378.54 0.0117 0.983 2.85 2.18 0.984 2.88 7019.91 222 0984 3.49 3.00 0.981
PY1-85 4.01 413.06 0.0093 0971 3.13 1.49  0.965 3.13 46 058.05 1.49  0.965 3.77 2.09  0.958
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Fig.3 Relation between maximum excess adsorbance and TOC
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Fig. 4 Relation between maximum excess adsorbance

and clay mineral
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Fig. 6 Relation among TOC, clay mineral and quartz content

3.4 AN

FFH SDR AR FIME 1E #Y) Langmuir 5 75 24 7] 75 5]
R R AR L AE P 2 R AP TERBCR 22 5% . SDRAGHY
JITAS 9 W 6 AR 285 JB2 K 22 A1 #E 200 ~ 400 mg/em® Z
(], B PY 1-8 SN AL O HGE 1 424 mg/em™,
R PEE(E B3 A B T A B IE 1Y Langmuir
FEETRY A 2] A A A 2 4R T 424 mg/em”®, B R
LR MAEEE, BARRAS A, B, BKSDR
TR IE () Langmuir 5570 2528 761 W B AR X SE 56
TR R B2, (EL AR AR S5 b R B IR
1) Langmuir 152 51 45 (1) W FfFAH 25 82 2 SR AN HA ) 3
)=

B AIFFE AW, 24 T P e A5 i I B 52 56 1) T
FIE— 2L REIMI, DU R AL AR 2 R R e Ak, B
W A5 J5 7 Bk — 25 3G, U I R R 5 T
AR IR A 3 0 R k5 4 o R )
BEIE o BARTEAR AR FT T Langmuir A5 AR 1 4 i
TG DU b W R L, (H 2 2 Ry i — 2D
JNASE, H HEB Langmuir S8Y £ 28 I35 T, Rk, A
JH B Langmuir FERU T30 01 75 J L+ MPa i Hb 2
FE 3 2615 B MR AR AN Y

A3 9 A FH 28 A& TE Y Langmuir\%%§1gﬁﬂg
Langmuir A1 SDR W fp 58 A1 40515 2L i PY1-52 48
[F) i R s 3 31 P PR ) e DA 48 of W B it (&1 7)o et
XF H b3 3 i AU 4L 5 2 R R I« E R B R
(1) Langmuir BT SDR AR A L5751 19 fe R 4 X
Wi i AT PR A R R AU T 3 P A Al T e A= B
ARAY o 11T %8 B4 E Y Langmuir #5589 A9 e 48 % W B
ik B OLE T T R B B 0 g s ), e AR 0 Y R
FIR) e X W B 24 g e O s g 9 R I B 1 548, 5 EL



4] FEEL . 52K X T TR 20 T P R SR I PR H 5 77
T . = R ERLangmuirgi Langmuir 1570 ST 75H51) i 05 BFAF 285 2 0l 25 V0 AR 1 Jo2 2

o e tanemur BRI L
o 4) Langmuir 578 1 T X 26064 18 - 1
2 - W kR A I PRI, e AR S 22 7 A 9L
| PO T . T O . 25 % 18, AR BT S0A SDR A
. . . . . . RUFIE 2% B 1E 1) Langmuir*ﬁﬂﬁ%ﬁgﬁﬁ%i&%ﬁﬁ
R SR T AR | IV P T M JR 4% L 0 TR R

M7 PY1-S2 RS IR R P HOBREDRE A
DR SELM

Fig. 7 Fitting results of maximum absolute adsorbance under

different maximum pressures of sample PY1-52

il 5 0 R R B4, 46 %o W A 0 340 7 422 30 SDR AR
TN R 28 FEAB A 1Y) Langmuir B2 o [KE, #H 38 T4
JE 46 1E 1Y) Langmuir #2780 | 3¢ %5 B2 & 1F /) Langmiur £5
RUFN SDRAZ AL 4 G R e M S Ao [ S5 2 1Y
ZHCEIMUER

LERARW SIS 45 5 AWESE, F ] SDR 45
HUHNE 2 FE G IE Langmuir 575 BE 0% 0 UMl i FH 0
TE DU b R BRI, DX 512 3 45 SR ) 4005 A PR
o S A B B S ECE S B i T SDR AR AL
I B A I Langmuir B 5185 0] 5250 i 195 21 ) 13 78]
W BfE i AT B IE, PR, PR (8 T ZR A R ARSR
T o AR TE S RAMUESE 1 A FH I S8 i
FN AN SEOIFFE YR S AR B R,
LA RGN R SDR A7 a2 2% B 16 1E 1Y)
Langmuir B EA7 12 55 10 T 5A F e Mg i 4 1 1
DR B A A

1) WEAE vUA E R RN & 5 00 A LB & &
AOC A BT B, R R, X R T
A BB AR RS A BB AL o B3 AL T Kt
PRV A7, DT A B 3 o o

2) AN[ERIRA AL 25 R B, I Langmuir A7
BV B2 A e, M OC R B KT 3K 0,999, F1I T
SDR #5 RUASALIA5: 31 14 fie A ask 7 82 o f O, LR Oy
FE S EAEIE ) Langmuir LAY

3) FIH SDR AL B AU 1E 1) Langmuir £ %Y 7 15
) (1% F o2 W2 BFE AR %85 82 2 S AR, SDIR B A i 145 3] 11
W BFFAH 25 B K 22 7T 424 mg/em®, 17 A F A& 1E ()

[1] ZHANG T, ELLIS G S, RUPPEL S C, et al. Effect of organic—mat-
ter type and thermal maturity on methane adsorption in shale—
gas systems[J]. Organic geochemistry, 2012, 47(6): 120-131.

(2] ok B R, BRI SUA SO R B AR 5 2
BRI ATIR S 4, 2018,45(4) : 561-74.

(3] SR, B TRAEW], 2 TR SR LI ). BUHLST
2013,17(4) :466.

(4] BEREIR R E S ATEAN, A5 VU F 4t T2 — b B4 0T
HURMT RN | AR ST 4, 2017,44(1) :69-78.

(5] JEIZ%, WM, BReete, 45 DURFLIBRUK P U R R S
H BRI B2 241, 2013, 38(5) : 800-804.

[6] Bt Bz, HEN . UA BN Bt FIAR IR 7 12
WFFE[)). Blf R 5 T, 2015,35(29) : 33-38.

[7] PAN L, XIAO X, TIAN H, et al. Geological models of gas in
place of the Longmaxi shale in Southeast Chongqing, South Chi-
nalJ|. Marine and Petroleum Geology, 2016, 73: 433-444.

[8] MU, EIRIL, T 204k, 45 IR AT GO R RE AT 5O 2 R KT
P B R R[], KR THIER B2, 2013, 24(6) : 1290-1297.

(9] BRI T, B, Wia . S5 TR B o 030 T vk g A5 B i L ).
LTS R AR, 2018,25(6) : 56-62.

[10] TIAN H, LI T, ZHANG T, et al. Characterization of methane ad-
sorption on overmature Lower Silurian—Upper Ordovician
shales in Sichuan Basin, southwest China: Experimental results
and geological implications[J]. International Journal of Coal Ge-
ology, 2016, 156: 36-49.

L] KM, ZE AR A (] R RS 0 255 b 12 , o b Y200 D
FRFA5 R I 2R 805 A BT B 24,2016, 41(S1) : 164-168.

(12]  SickER], SRR, AR, A5 DU R TR AR IR T2k S TR
SIS HHIE SR AT 5 T 42, 2018,45(1) : 119-127.

[13] AT, T IEAR , A, 45 . DA S5 R B SRR X L 43 #r
(] DR Ber 4 (2870 , 2014, 16(6) : 55-58.

[14] B, TR, 2B E 5 AR R 00 1 I UE MR RE T &
HEAERERE R VE R AR AR CHARRARD L 2012, 34

(4):40-48.

[15] SR, . 5UA TR A DT SE (). 5250 127,
2012,27(4) :492-497.

[16] Z=i)" ke Mt , 55 25 EHIZ R BRI ) B E I
T ] AR ERRL ,2012,23(4) : 791-796.



78 RN ST A

FoE

[17]  RDUM, BB, A 55 B R X 5 A LB U LB
Bkl A GER R RE 11T 40770, 2018,39(4) :391-401.

(18] Pk, SR A, BREM], 45 DU IR R IR B it R
HUEERIRER)]. Hb2ARiTZ%, 2018, 25(2) :204-209.

(19] TEJEAE 2508, 20 A 25 IR TR W R A8 TR ) DU ~OR I
SR il RO 5 TT %2, 2016,6(4) : 79-86.

[20] JEWGSC, FLLA  BEARIR, A5 . DU 2L 0B B e 5 26 X 5
11925 5 B BUA SAE T A1) KRR TIE, 2016, 36
(11):12-20.

[21] BAE J S, BHATIA S K. High—pressure adsorption of methane
and carbon dioxide on coal[J]. Energy & Fuels, 2006, 20 (6):
2599-2607.

[22] MURATA K, EL-MERRAOUI M, KANEKO K. A new determi-
nation method of absolute adsorption isotherm of supercritical
gases under high pressure with a special relevance to density—

functional theory study[J]. The Journal of Chemical Physics,

(23]

[24]

[25]

[26]

[27]

2001, 114(9): 4196-4205.

MURATA K, MIYAWAKI J, KANEKO K. A simple determina-
tion method of the absolute adsorbed amount for high pressure
gas adsorption[J]. Carbon, 2002, 40(3): 425-428.

WUee, T IEAR LIS , 45 DU T e B R At A X
LML B AH AR 2013,41(11) : 86-89.

PINI R, OTTIGER S, BURLINI L, et al. Sorption of carbon diox-
ide, methane and nitrogen in dry coals at high pressure and
moderate temperature[]]. International Journal of Greenhouse
Gas Control, 2010, 4(1): 90-101.
X, phdt e, SBUE AR SR R TUE O LBR &5 44
5 U AR T SEN]. A s 2 4R (A SR B
hi2),2015,39(1):33-42.

JEIER, BB, SRR, AF R IG FURE S Z AL
AR B AL 1999, 11(3) 1 221.

(4m#E IR

(4% 67 )

178 %A T-(0.003 ~ 0.495)%107° wm?, ZEE R H

B =B R
2) PIZE R BRI RN IS4 F T 35U A P Y

UUREAL , Je 4 i vUa IR A A B AL R B i %

R TUA mMETERAE 1= 7E 5 i iz s

FRAERARAL T SE , MU T2 BRI K i B 25 ] )

[F 47 o 2 2 i) AR TRBE T o

& % ok

[1] JARVIE D M, HILL R J, RUBLE T E, et al. Unconventional
shale—gas systems: the Mississippian Barnett Shale of north—cen-
tral Texas as one model for thermogenic shale—gas assessment|[J].
AAPG Bulletin, 2007, 91(4): 475-499.

[2] POLLASTRO R M, JARVIE D M, HILL R J, et al .Geologic
framework of the Mississippian Barnett Shale, Barnett—Paleozoic
total petroleum system, Bend Arch—Fort Worth Basin, Texas[J].
AAPG Bulletin, 2007, 91(4): 405-436.

(3] WU, A/INR, 5K 2 B ORI R IX R B R — T
A TR R I AR A S R AT ] KRR R}
%,2018,29(1):1-16.

(4] BEREHT, EDK AT 45 NZRHE T IS T TR 4 DU 2
SERH SO RITRA 2R AR ,2016,13(8) :6-10.

[5] Tk, 202, T8 AR AT SE AL 2 AR B LR P R
IR AR TR (AL AABIANRD , 2010,37(1) : 1-8.

(6] SKFFWI, SRAEA:  SRILHGE AR B —#5 L X T i A TUARR
Bt BRI S )], Hu T 2%, 2012, 19(1) : 136-145.

(7] SifE9E, 0 HE, kb e, 45 I AR B sl X T i AR FLOUA k2
TR TR 5 REAE K O 5 AUk BRI [ ML~ 7T 2%, 2014, 21
(4):331-343.

(8]

9]

[10]

[11]

[12]

[12]

[13]

[14]

[15]

[16]

SR, ik, GRS, A5 1 AR Tuld— g IR 20 DUE AR )2 N

PERRAE e 4% B 2R 400D, A i SE 56 B, 2016, 38(3) : 320~

325.

BT RGBT DR TR R BE X DU AR

PRI LE AR, 2015,33(11) :60-63.
SRAETT, AR TR, A B X e LR A U R
TERIRE FEF R[] R T, 2014,34(12) : 16-24.
RMFTE A2 ), HhaE, A WU A B & X B R 4t 2
— RS I IR AU A M UUBARRE . AT im2EdiR
2017,38(2):160-174.
Fan C H, Zhong C, Zhang Y, et al. Geological factors control-
ling the accumulation and high yield of marine-facies shale
gas—a case study of the Wufeng— Longmaxi formation in the
Dingshan area of Southeast Sichuan, China[J]. Acta Geologica
Sinica(English Edition), 2019, 93(3): 536-560.
TRMER, T R 4 DU )1 Z A A U X DU i
JERRE B AR R ] A4, 2015, 36(8) : 926-939.
et 57  HRAEDS , BRI, 45 001 5 T 20— g S IR A it
ARVUE TR M ERAL 2 R AR S A LT R B M OC AR ). A1 2
#,2015,36(12) : 1470-1483.
Bl 28 A lREs A DU A T A — e TR AL T
FrE ISR S TIRUAEE )] Al , 2016,37(5) : 572-586.
TIWOF, AL, TR, U AR R DR ER
VU MR PR AR SRR IR S (D] 07 0 A1 s R AL 2 3
2015,34(6):1203-1212.
Bk, ZEAR, 2RMG , S5  i AR T i DX VLIV e 2 — T
BT GUEH i 2 R AIE S X 5 Sk A S ], KRS BR A
2,2014,25(8) :1275-1283.

(m#E w &)





