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Abstract: Studies on the adsorption mechanism of shale gas are of great significance to shale gas accumulation and reserves eval-
uation. Methane is in supercritical state at conditions under formation temperature and pressure, so the adsorption of shale gas
is supercritical adsorption, however, its mechanismis still controversial. Based on Ono-Kondo lattice model, micropore struc-
ture and supercritical adsorption curves of Longmaxi shales were analyzed, combining with low temperature N, adsorption and
high pressure CH, adsorption experiments. The results show that its pore size is small but specific surface area is large, and
adsorbed gas may mainly exist in the micro-mesopores. The excess adsorption capacity will reach a maximum value when the
pressure reaches about 10 MPa, and then the excess adsorption capacity decreases with the increase of pressure. The decreasing
phenomenon is not abnormal, but the essential characteristics of excess adsorption capacity of supercritical methane. The fitting
effect of the high pressure isothermal adsorption curves by Ono-Kondo lattice model is very good with its correlation coefficient
above 0.99, indicating that the model can characterize the process of supercritical methane adsorption. Based on the fitted
absorbed phase density of methane, the excess adsorption was converted into absolute adsorption. Then the number of adsorbed
molecular layers under formation temperature and pressure was calculated and they are all less than 1, showing that the meth-

ane molecules are not entirely covered on the whole pore wall. Considering the influence of supercritical fluid properties,
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adsorption capacity and pore structure of shale, the adsorption mechanism of shale gas should be monolayer adsorption instead

of two-layer or multilayer adsorption.

Key words: shale gas; Ono-Kondo model; supercritical; adsorption mechanism; excess adsorption; monolayer adsorption.
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Fig.1 The sketch of lattice model for methane adsorption in

slit pores



%8l

Jal 1 SC A HE T Ono-Kondo A% 45 B A TT 4 SR e 54 % B AL 2 PR3 1423

23 [A) 3T AR A AN A2 4% - AR ol 14 A B £L AR A
FHESLIE T Rl n R B S 2 Y W
oy F 5 W B Z A — Ay T kAR RS, IR 2
SPEBIA

AH — TAS =0, (D
Horp, AH Rsg e ad B b kAR AR, T3 AS 43 51k
Lt B R RS L T/KG T R4 X EE L K.

KO AH W RLRR N

AH =E, —E, , (2)
Horp S E, S RME A F A RIEE L T E, S TR B AE 2
A I GE L.

M =2 B E AT LA R R R R

E}):Zo€1'h ) (3)
E1:22€I;+]+21€I;+2’2€I; ) (4)
2o =21+ 2z, S

Horp ooy RN 2 N 53 T B E =0 S W (R] 43
FRAE 20 A TFRERENBCNA 2 WA
JZ W B 53 0 R OR 43 B8 o, S PR A F Y BE R 43
Bse BB o3 5 18] A A SV RE L.

M CD S AS AT AR R N

AS =kInW, — £InW,, (6)
Fob b NBIR2E 2 W8 T/ K Wl o3 1 W B 7 56
iR E WA L TS A S S B R 2 LA W,
o1 SRR A T B R R E A O A B R A L
F AR RGN SRR W, A .

W, /W, =2, (1—x,) » (7

W,/ Wo=z,(1—x,;) » (8)
M2 B2 (DR O FRAR ) BIF

AS =kln{z, (1 —x) /[2s (I —2:) ]} » (D
Besra(2) . (3) () (9 ALAK D #15

Infx; (1—2) / [en (1 —2,) ]+

o€ (X T xi1) /kT +21ex, /T —

zoexy /BT =0, (10)
RARK G, BB 240 R

Infx; (1—2) / [en (1 —2,) ]+

226 (X T a0 — 2xy) /T —+

zie(x; —xy) /kT =0, (1D
HB A FZMT .

DY i=10, E, =e, +21ex, + 26z, . FH 7
TN

In{z,(1—ay)/[xv(l—2x,) ]} + /T +
(z121 T 2220 —2oxy,) e/kT =0, (12)
Horbeo S W BE BT 20 7 5 W B SR 26 T ] R A
M. ].

QW T W XTI o e =, TR L
Wi W2 B 2R 0 10 3k e A O e

nexzami:(x,*xb) y (13)
Hodra, by W B B 4 R

MT |e|<< |e.| HHEEGBRZMHT ML

AR Z 2B QD KM E, A 13) 1%
(Bénard and Chachine, 1997):

neX:
2a ., [/ (xy + (1 —ay) exp(e/kT))—x4] »
(14)
JFH7E Lk g,
X :&71“]):‘07g ’ (15)
O mc O mc

Horboo 50 W REZE W B BT o T L g/em’ s p,
AR AT B g/ em’ s po K TR BT 43 F B K%
E,g/cm’.

i 2 (14) 75 F] Ono-Kondo i3 78 W B £ 4 7l
(Bi et al., 2016) :

nCX:
€
2 ., 17 -
“[ exp(k : TH/
PePme €,
Lelme 4 mcexp( ” . (16)
[Pmc —p ke T

2 AR Tk

2.1 H&

AR SC R BCT R AL AR VR M IX 0T R 4 B g
4 — o R A & A ML BT (R DX A TR K
(SR ITRUH T T U N TES & i o= Il N ol 1
BHR - CERPEREHECREE 1998 . H— &
G 1) 55 3 N g 00 4R 1) e A RS A ] A ]
TBEF-AT HEZ #8180, 18 315 52 7% RO, 1998) i 4R
Jb i X HE 2 — B TR A A AL DU e LR
TUA MEER TS N £ ROATASUZREHRET 8
B L A R R K B AR TR IR B
(Liang ef al., 2016).
2.2 RIBES WA

FIF 22 58 ASAP 2420 H 38 1 A 2E 47 B & 19 45
ek S0 B 3k, A B AR X R 1 p/po =0.009 5~
0.995 0% 20 W B LGB T 4R AT BET J7 #2355
HrpRmAR, HAKXMT .

C—1_ »p

b 1
V(po—p) V.C V.C  p,




1424 HERBLY:  http://www.earth-science.net

B
[
Gl

F1 HERILREMAERINER

Table 1 Analysis results of specific surface area and pore volume of shale samples

B G5 TOC(%) S o (m?/g) S miero (% /g) meso (Mm% /) Vo (cm? /@) V micro (cm? /) V imeso (em® /)
X3-1 3.1 9.83 2.22 7.64 0.023 05 0.001 15 0.021 84
X3-2 4.3 11.81 3.22 8.91 0.023 14 0.001 68 0.021 72
X3-3 3.7 12.17 3.64 8.81 0.022 84 0.001 91 0.021 25
X3-4 3.5 11.90 3.45 8.78 0.024 18 0.001 80 0.022 66

TE : Sowly BET J5 RS BRE i & LR AR m? /@5 S miero 7 t-plot J7 B TH 5T 9 BAL L R T8 B m? /g5 S meso A BIH 5 #2357 9 P AL LU SR IR
m” /g5 Vi 9 BET Jr IR AR i SRR em® /25 Vinien A7 t-plot TTEETT A B BALATR . cm® /5 Vinew 7 BIH D7 B2 B H LA, cm? /g

Hr,p B IE S MPas p, —196 'C FAAMW
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(2) H HI7E AT DT 04 45 5 W B it Ze Dl i, 52
1% B M R 1 — /N (<14 MPa) (Zhang et al.,
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b DAk Ry 2ok A8 Ry 35 T b 3R W R ASE AL A ST R N 1Y 3k
T W o RS TR 5 g AR TR g 3 P P AR, AN R R L
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2007; Yu et al., 20163 Tian et al., 2016) , 1 B H
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Fig.4 High pressure isothermal adsorption curve fitting results by Ono-Kondo lattice model
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Table 2 Results of parameter fitting by Ono-Kondo lattice

model
PR 2 (mri;l/g) ZT/ (g/p:r(n**) (miibc;l[/g) *H)It?;%é&
X3-1 0.038 2 —3.234  0.2637 0.069 52 0.996
X3-2 0.0455 —3.496 0.3051 0.084 65 0.993
X3-3 0.0438 —3.369 0.2845 0.079 64 0.994
X3-4 0.0391 —3.536 0.3187 0.074 16 0.997

TE st MR TR ) 5 PF TR B B0 4 %00 0% B

s LI FE AH 2 B H AT 1k xF 3 00 bR i A
Joe ) e T S5 ik PR R T 8 = 2 ] ORI 3] — Ao 288 2R
(e EFH)E TR (Zhou et al., 2000, 2003; Saku-
rovs et al., 2007; Tian et al., 2016) .3 B B ke e
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Fig.5 Calculation results of the adsorbed phase volume, the number of adsorbed layers and the proportion of adsorbed gas
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