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Abstract

Deep shale gas reserves account for a large proportion in China. It is of great significance to clarify
the adsorption law of deep shale gas for accurate evaluation of deep shale gas reserves. However,
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the high temperature and pressure of deep shale reservoirs far exceed the experimental test
range, leading to the unclear adsorption law of deep shale gas. Therefore, a deep shale kerogen
model was constructed by molecular simulation technology to simulate the adsorption behavior of
methane in deep shale at high temperature and high pressure, and to reveal the in-situ adsorption
law of deep shale gas reservoirs. On this basis, the isothermal adsorption mathematical model of
deep shale gas was studied. The results show that with the increase of temperature, the adsorp-
tion amount of deep shale gas decreases, and with the increase of pressure, the adsorption amount
of deep shale gas increases first fast and then slowly, and tends to be flat in the high pressure sec-
tion. By using the Langmuir model, Freundlich model and Langmuir-Freundlich model to fit the
simulated data, it is clear that the Langmuir-Freundlich model can better describe the adsorption
law of deep shale gas.
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1. 58
TUASRARE S A PUT . BRI G T BBV DU T B A LSRR A T B A A7 AR 2R
SERNFL T FLBR, f 2 A SR ANORAT 1 — 38 FA B M A (B A AP R A R A A B — 2 TR R B R AR S [ 1

o USSR R R, RIS S 5 MR B4 2022 SRR AT I — iR Bor, R E R TUE S EHEA
AERE — (A 31.6 LK) IR, hIREHIE M ECA S B T AR i E R 30%, HHIRE.
FEIRZEZ a1 34.3% A A1 59.5% KRS, #IERIE I EK[2]. 8RR A L TUA BHE,
AT DAY W A REYR, G AT AN AR, 1 5 B S RV 45 1 R IRRE ), PRI TR RRR 2 42,
[ B By 0 XOR B AR sE Bt B A BB . AR H AT HE R 3500 m LAY )RR JE TUSR ST R HR B4 M
R, 1S TR S S LA B T &, SR T HEEE 3500 m IR FE IR 2 T0UE ST K BOARATY Ak T 0
B, MAREE SCRERMUBIT R . ZIUA LIRS A BRI, R 2 TUSE SR AL HANE 2, Hoh Sk
W AR B R — B R 5

REITUAEAURM S ARAE, X EZEARTEAVURTUE AN - THAPRILIGE RS, REAET
iRk R A PR RAL(FLE < 2 nm)-JrfL(FL42 0 2~50 nm) [3]. H AT, TUA TR BETT 1
PN FBCEEAT 3 R, BIE 370032 = PRI TR SRR 2 2 B R 5 T 1.8 ) 2.2,
RJEZ1E 393.15 K UL b, 573l aiEfl = AFAM RS2 38 R 0 IR, — AN T 40 MPa, Bl 3R 2
TUE SN E T TR, 7 TR R R R T TUE SR B AU R8T 7732, SO VAR
ELEN R ZRS4F RIS (GCMC) JHEM 73 T8 /174(MD) JiiA[4]. MD 20 T /13 58 it 72 IR B 45
RIBACK AT AT, CAEELEsh 7 R ALY, I8 R SR T Bl () AR s B L R R
THALE . S ESESEGAT 155, AR 8 TR A5 B RINT 8RS REE MR .
GCMC 77 X R BEH LA FE B T S2 50 vk, R TR IS A T ES 1 — R B, tHENLBENLER
SORF RIS B ER AT, 205V 5 NI R 2% 8 R B AR R TFIEE . GCMC JiiEE 1
ENRZEFE E W R R AT, B R 7 TR PR . BEEE . AR, R TANER NS+
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T EAR R IIREE . (R T, IR E FIBURE VBN 25 MR v e AL 2, [ AE s TR [5]
o1, 2 S RE[6] 55 N K 525 R I 7 VE R 23 T AU 5 R 78 CH, 75 1 BY T B b B SO0 B AT 9 AL B,
B LR, CH, B b K, TR, CH, B R, 3575 AR B IE U 5245
ISR FEN I RE TTE, TR BRI, TR, R FLARAIFL B RO B ot I A B 1) s il
U, a1 H e T W B B R A B S R B RN s B T v, R e 4 I R AT B AR R R
s R AR [81% NI I SR RS R 73 78l J15 0510, BEAUL T W BE 70 A RS B 1 485 44 FL I Hh 1 W B A 2 AT
9, BN RS S5 A5 R e (IR B B R SR, R /T 20 MPa B, REDRE SRS Hh R B R K. AT
REL[9]5 NEE T 0 1 30 D1 B e 7y FAEGURALBR R IR 3047, 48 H e 7 7 7R I T A AL AR 1
ORI HOmER,  7E K 13 K B 2% .

BN 2% O 1218 7 PR R BEAT USSR BB 7L, B T FRaUS R, (AR 25T
R HRJZETUS S, BRI B AR SE IR RN F (T B AR o T8 8L, B T 5 S Brtids 2 AR 245 6 Bt 7L
M APRE RS SE T T S o AN 902 T DU N [t S b X B P e V2l - N B G le iR A AH T
FEIR, SR TSR LR E TUA TR A, AEA0L F e 76 e i R R IO R, IR E T
FHIR VRS2 DU SO BRI (R 2 R R 2
2. RERATEHRIREIEL

W B AT LR DUA A LT T B AR AR L b, 1A AU T B AR R Lok . Rk, BiF SR
TUAE A LT T B AR R IE S FLR AL DA ST A B B I [LOT@ 5 T M AR 8 2 4 5% [ 1 o 1A o
JR(USGS)FH AR FEHLI ¥ 73 65, KRBT A7 A U7

W FER B VY N b e SR A e DU F 20N | BT IR AN 11 BYFRAR, D1 B RAR v [11]. H AT
K52 # KA UNGERER [12]554% H (1T BE AR &5 W/ i@ FH T B AR 2> 7454, BT DY 1| 28 H e B iR 40
P TUA BT AR 74500 55 L0 N BRI 45 E R g 25, IR AR T B AR 437455 7Y
W90 e TR IR 2 DU S LR B AR AN &3, H iR i R IR 2 DU SR A S B B . 1
Ub, AWFFLk A Shan Huang [13]55 AL T U0 )| ZEthm s S AW E TIRZ TS TR 2 7454
(C20010N, SR T 11 BLT-ERAR 4> 7, AHFFAEFH MS Bt build ThAs 1 26 @ 8 s i, AR5 5 T AR
S TIRONE R T, ST RIWIIE2)E )Y 0.916 glem®, IRJE N 407 K. 7£ MS o Forcite i) Aneal 11
A @SR, 1B K3 123k Ultra-fine, fE¥F 5 ¥K; FIGGIEIE 407 K, HRIJEIFIEE 500 K; —
ANEIFRFHR 5 YR, Zh 7% Ky 5000, A%k 500,000; H#ANKLLE NPT ensemble FiEAT: & /124154
I EE K 1 fs, JELEE 1000 ps. At fbE T BSARBAL % 5k 0.908 glem®, #AFI Ay 9.21 x 1072 em?®, i
TR 5 B (AR AL G B Al AE 0.9~1.3 g/em® [14] [15], BHBL, A SCRT EE AT i T-ER AR AR Y 2 S R

3. ZETRAS MR Z 5
3.1. RERESHHMERL

I BT ST R J2 DU T B AR 23T ASE BT FR R 25 DA S il ey R PR B, A0 R e 78 JR A 2% 1R T
BT Ao SERET~ 2 0732 0T DU v Bt 1 B B 22 AR ) o SR TR R B G [16] . DRI, ARSCR A B IR S5
RV TR B TUA T RS AR H e (SR IR B, R SRR B i 2k . B AR, R A Dreiding /1
Y1, 435 )i o, ) B YA AR AR SR Ewald & Atom SRATTVE . AN AR A BT 1 x 108 23t
TIPTS5 1 x 107 S AR B B A BE i REAS . 36T DU )1 St e TH IR AR 2 TUR SO il SR AE . ASHIE
FUBLL T 80°C. 100°C. 120°C. 140°C A1 160°C It FLH 2 IR PH 2k, T4 S5 iR W Bt # 26 th 20 40 & A
R, WE 779 0 MPa 3 160 MPa. B A il o e S5 R B, BADLah Ran ] 1 prs .
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Figure 1. Isothermal adsorption curves of deep shale gas
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Fl—H R, W, TUASL R R 52 T W B S ) 22 e, IR N &
B A B I3 K, WA R R AR AE R AR R e . XA TAERE AN, T AR P98 B IR B LT
A, SRR REE R S, WS RIBhREIE R, (R AR B ALk AR, FEARESRE R, fAERE
RSB BT, X 38R B o152 3 it 2 BE TR 51 7700 e LAE S

TEFARIE IR, SRR B A T o T A, R aT AL R AN AT R R . © B #h )2
A BT E B RE(Gibbs Free Energy) A1 ERE, WM R DMy — A B RS R, A KM AG (&
A HAEE)RE, AG = AH - TAS, H AH 2R, T RIEE, AS 2. EWRidES, AHE
WA, 1 AS (R W ATRE v, FONR MO FR S B T HA 7 SN, B iR
FERITEET, TAS TAISZMRE K, s AS A4, M TAS NIE, K SE AG AR 4 47 8 % A% i 1EAE
MM TR A R Y. @ RIESIREEIR AT &1, WERTm S SRR T HIFR8 RN, Xk
F 5y T Z B LA R o35 W% B R TH 2 18] (AR ELAE AR L T2 I 3G B AR AR G s i o UL B2 () T v
ST, EATER G IR WG| TR, FEOR R

g LRATR, TER—ET, SRR T s b ISR, AR F R TR PR R A
i\ S F RGN LA K B AT B 3 S B

322 EAHEE

B 1 AT, FEAHRNELE R, R0 TUA SR S, e 0 20T R B 2 e o T 7 FR 3
M. RN, B RIR, TUA MR M E B N, I EMmEER. fEmEB, W
B B B ARIZ TG S (R RN, FRETE TP R

RGN =AY BORVEAN T R b O WIGAH B WO SRS . X B TR R R,
i EALE NI SRy I 2, HIEARER, WREERE LA KERYE SR AL A Bk, YIRS
ROy FARZE Gy R B BT s R B, 5 Bt it W B B 3 s SR 5 [ A e 1T 2 [R] PO 51 o (n
JOAEAE A A D) A S AR AE A R I B R B . TERIURBY B, B TR RS IR SR, X
PR 5| Ty BE 25 5 R AEAE L, TR IR B FE . @ rpiRIB B MR BRI IR AR N . Bl B 2 SR TR
W, AT R B AL SR o R, BT AR S TR BIR SR s AL 20D, 5 B0 B R T R
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@ Freundlich &7
Vo, = Fp" @
® LF i
1 ©)

Vo =Vo
1+bp"
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Figure 2. Fitting of different adsorption models to the simulation data of deep shale
gas adsorption
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e R R AT A, R TR IE DU SR E SR R DS, 5 T B IEAROC BB A

2) B 7R TUE SO B LR . SR, RS, AT RTRA MBRER, TS 5 WK
B AL B, AT AR B B /b SRR, R JTEROK, R FLIE NS SR T, AR
B OAESLIE N, AR 2 B A B B S T AT, AR B R T A

3) @i KA Langmuir #5784, Freundlich #5754 A & Langmuir-Freundlich #5755 15 2 T05E S i i e T
R & 45 LB, Langmuir-Freundlich #EA7E 4 77 BOS A B LG ROR,  BIE & F TR IR
JETUE SAE il = R T BIRBHAT N

E&PiBh

HRBHE B R AR AN Gt RIIUH (0 H a5 : 2023129); E K HARRI RS H FRIEHE S
WiH (B %5 : 52304024); F|RT HARIFRE ST LOH (W H Y5 : CSTB2023NSCQ-MSX0264); &
PRBH 2 B N A B3RS sh % BhI H G H 9% 5. ckrc2022025) .
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