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Isothermal Adsorption Model of Supercritical Methane in Shale
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Abstract: Methane may physically be absorbed on shale in a supercritical state within shale reservoirs.
Based on these characteristics, research has been conducted for isothermal absorption models of supercriti-
cal methane in shale. Excess adsorption is introduced to correct conventional adsorption models, such as
Langmuir, Freundlich, Expended-Langmuir, Langmuir-Freundlich, Toth, B-BET, T-BET, D-R and D-
A. Thus, conventional adsorption models are expanded into supercritical adsorption models. In addition,
relative error is used to assess fitting results for isothermal adsorption of supercritical methane on shale be-
fore and after correction for those adsorption models. By analyzing the physical significance of fitting pa-
rameters in these models, it is possible to investigate features and mechanisms of adsorption in shale.
There are certain differences in absorption mechanisms reflected by fitting the parameters of the absorption
models. In particular, multi-molecular layers BET models (B-BET and T-BET) and Expand-Langmuir
model have no physical significance for some shale samples. Accordingly, these models can no longer be
used to determine features of supercritical methane adsorption. Furthermore, fitting parameters generated
through Langmuir model and D-A model can accurately reflect supercritical methane adsorption character-
istics. Comparison of the fitting results shows that the corrected adsorption model fits better than the orig-
inalone. The corrected Freundlich model fits badly, while the corrected Toth and D-R models display bet-
ter performances than the corrected Langmuir model. But the overall fitting performances are not satisfac-
tory. The corrected Langmuir-Freundlich model and D-A model have better performance in terms of fit. Re-
search results show that fitting parameters determined by using the corrected D-A model are suitable for fitting the
supercritical isothermal adsorption of methane in shale. Accordingly, the corrected D-A model can be seen as a de-
sirable model for representation of supercritical methane adsorption characteristics in shale.
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Table 1 Test data for CH, isothermal adsorption on shale

Green Woodford LeeC Blakely
EJi/ W B <A/ EJi/ W B <A/ EJ1/ W B/ £/ W B </
MPa (em® g 1) MPa (ecm® « g 1) MPa (ecm® « g 1) MPa (ecm® « g™ 1)
0. 74 0.358 4 0. 15 0.179 2 0.70 0.380 8 0. 20 0.313 6
1.75 0.761 6 0. 64 0.515 2 1.61 0. 806 4 0. 55 0.582 4
3.01 1.187 2 1.43 0.963 2 2.56 1.164 8 1.04 0.851 2
4.52 1.612 8 2.52 1.411 2 3.49 1.433 6 1.56 1.075 2
6.22 2.060 8 3.78 1.836 8 4.43 1. 680 0 2.04 1.254 4
8.09 2.396 8 5.23 2.240 0 5.33 1. 904 0 2. 80 1.456 0
9. 86 2.688 0 6.57 2.508 8 6.31 2.060 8 3. 96 1.702 4
11.51 2. 889 6 8.07 2.755 2 7.24 2.217 6 5.44 1.926 4
12. 84 3.024 0 9.52 2.934 4 8.24 2.329 6 6.99 2.083 2
13.73 3.113 6 10. 70 3.068 8 9.20 2.419 2 9.21 2.172 8
14. 32 3.180 8 11.93 3.180 8 10. 12 2.441 6 11.08 2.217 6
13.16 3.248 0 11.08 2.486 4 12.72 2.240 0
13.98 3.315 2 12.05 2.553 6 13. 83 2.240 0
13.09 2.553 6

13. 80 2.576 0
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Table 2 Conventional adsorption models and their corrected models

AR B AR (1) e 1k 5 B IEAL A 1 3k 2

L A V ="Vua=pV./CpL+ p V/(— py/pd) = pVL/CpL+ p)

F 7 V =V = Kpp" V/(1— pg/pud) = Kp p™
E-LAg A V=Vua=K,pVe/ A+ Ky, p+m VK, p) V/( = pg/pa) = Ky pViL/(1+ Ky p+ m Ky p)

T M V= Vi = Ky pVi/ (14 (K p)m)/m V/ (= pe/ ) = K pVi/ [14+ (K p)n]/m
L-FA Y V=V =K, p"VL/[1+ (K,p™] V/(1— pg/ ) = K p"Vi/[14+ (Kyp)™]
B-BETH AL V=Vu= o pn X(EP— DCp/p] 17;;/(;“ T — p)[lf"éféll DCp/ p]
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VL O Langmuir L, cm?® /g5 pr. A Langmuir /. MPa; Vi, 8 BET 77 H2 502 e KW om® /g5 p° MR FIZEIRE . MPa; C 2 51 fff
A M HEG Vo R WL FRIEALIREL, em® /g5 Kiy A28 55 50, 55 W R 700 R0 R J550 140 288 M S35 9 5 o O 5 W2 R 50 A 89 50 e g Al 3% Joi i A G
IS0 /I L W R 590 2 T R 250 5 m O 5 908 B8 0 0 L B A 7 S OB B B 805 D O 5 1 W B S B R 8.

P ot A 0 2 T 110 W R Ak i IR 28 g e
e AN BETRAL » AT DG 1l 53D 25T A 1 R0 28 350 1 it
R KT RH S B B SC L L B A S R O R R 4K
PR BT R AT AR BE )Y H R P Ah A AR R
JH R FOLUR R 25 3 T ) B 2 A R A A 2 9 L O 42
T 2R R IR R R VR IR A R

F M Amankwah % A 42 1 i 2 2 Dubinin 2420 (I
2P R I, 4 2 Bh g B A R T R
PO B 2 B TE R ] Ozawa 58 VT
1255 s (W)

o _ T

c



%43 B 3 M B fEF

B P RIERFTIRF BB WA R < 99 -

_ 8Mp.
Pad RT(

K pe MW BERIIG A K F7, po=4.59 MPa; T. A
FH B 1 I A4 T B2 . T =190. 55 K5 o, g BB 19 1
B g/em’ s Ty KSR T B Be i i 2 R
Ty=111.7 Kk 5 W0 A CH REL.

Xif < U e I A e A6 R R SO L 4 SR
FHH FUBTRL MG IE AR AT 06, O 78 s 3 b b XF
RS R IE A ) LA 5 IR AT A BT L AR 2 4
B R BT 1 W R ASE AR [ B A TR R A AR AR X
W o6 5 i ) FL A5 R L 5T A X 5 25 LR () X4
B RASET I

3

b E X R 2 Ve AIRI 2R @ DR A
Wt em® /g Ve DRSS @ AN ST E 5 W B i
em’/g,

AR A1 AF X 152 22 AT DA £ AL B 405 OR  AE
R 2 /N | A DL 2K R B G 5 R R 15 2 K, A A
A RO 2

3 BG4
AR PO T 5 5 0 S 25 6 24 P 5

BT A A B S S B 3 R L&
S5 2 v ) 3B 2 RN AT A ) B SV

Ez‘“w_VW>um% Gy O RO BT RS BUOAE A L A A At
Ve T R it SR W B Ba e AT L
*3 ERMEREENENINESH
Table 3 Fitting parameters before and after correction of the adsorption models
LeeC Blakely Green Woodford
e ¥ - - - - - -
WAL BIERAL CWBUELAL  BIERLAL CRBUEAL  BIERAL RO AY B IE LAY
L Vi 3. 668 5. 830 2.651 3. 685 5.659 11. 938 4.678 7.507
pL 5. 181 9.615 2.169 3. 745 11. 111 26. 316 5.682 10. 526
P Ky 0. 784 0. 710 0.934 0.911 0.611 0. 535 0.872 0. 815
m 0. 484 0.617 0. 367 0. 467 0.631 0. 784 0.531 0. 649
VL 2.772 6. 954 33.771 5.315 30.163
E-L Ky 0.483 0. 336 0.017 0.176 0. 042
m 0.143 2.384 1. 346 0. 286 3.171
\% 2. 585 5.036 2.518 7.850 5.014 21. 237 5. 581 19. 650
L-F K 0. 545 0.235 0. 816 0.234 0.199 0. 046 0.297 0.078
m 1.398 1. 064 0. 887 0.679 1. 048 0.910 0. 908 0. 785
Vi 2. 854 5.077 2.734 7.242 4.953 35.402 5.132 32.707
T Ky 0.177 0.110 0. 485 0. 336 0.096 0.016 0.176 0. 043
m 1. 864 1.195 0.922 0.456 1. 181 0.571 0. 875 0. 399
Vi 3. 667 5. 826 2.651 2. 649 5. 656 5. 637 4. 493 4. 100
B-BET C 47 128.9 5322.1 223 956.0 27.912 6 161.8 6.295 118. 339 10. 579
k 20. 557 17. 607 21. 860 11. 379 18. 152 5.210 9.317 4. 589
Vi 1. 596 1.413 52. 809 1. 226 50. 186
n 2.938 3.121 0.521 3. 308 0. 003
T-BET
C 3.599 3.769 0. 641 5. 966 267.742
k 1. 310 1. 433 4. 852 0. 666 7. 344
Vo 2.693 4. 885 2.361 4. 936 4.922 81. 867 4. 464 29. 373
D-R D 0. 185 0.119 0. 100 0. 055 0.113 0.043 0. 094 0. 041
k 2. 865 5.331 3.129 7.780 5. 848 17. 797 5. 380 14. 874
Vo 2.581 3.534 2.272 3.199 3.271 8.676 3. 247 5.176
D 0. 337 0.451 0. 201 0.293 0. 500 0. 534 0.419 0.515
DA k 2. 069 2.394 2. 084 2.751 2.381 4.526 1.992 2. 830
m 1. 628 1. 393 1. 639 1. 373 1. 332 1. 240 1. 327 1.193
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