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Characteristics of microscopic pore structure and methane
adsorption capacity of shale in the Longmaxi
Formation in the Zhaotong area

7ZHU Hanqing, JIA Ailin, WEI Yunsheng, JIA Chengye, JIN Yiqiu, YUAN He

(PetroChina Research Institute of Petroleum Exploration & Development , Beijing City, 100083, China)

Abstract: To ascertain the pore structure characteristics and methane adsorption capacity of organic—rich shale in the Low-
er Silurian Longmaxi Formation of Zhaotong Demonstration Area, southern Sichuan Basin, the low—temperature nitrogen ad-
sorption experiments and high—temperature methane adsorption experiments were designed to obtain parameters of pore
structure in organic—rich shale. And then isothermal adsorption line was fitted by using the revised Langmuir—Freundlich
model to evaluate the methane adsorption of shale samples. At last, the effect of microscopic pore structure on the methane
adsorption capacity of the shale was discussed. The results show that the ink—bottle-like and slit-like pores are the main
pore types of the organic—rich shale in the study area. The specific surface area ranges from 9.429 to 27.742 m’/g; the pore
volume ranges from 0.011 to 0.02 cm’/g; the average pore diameter ranges from 8.546 to 10.982 nm, and the fractal dimen-
sion ranges from 2.552 2 to 2.725 5. The Langmuir-Freundlich (L-F)model was used to fit the experimental data of meth-
ane adsorption of shale samples at 30 °C, and the Langmuir volume ranges from 1.397 32 to 4.076 61 m’t, indicating that
the methane adsorption capacity of different shale samples varies obviously. With the increase of total organic carbon con-

tent, the number of organic matter pores in organic—rich shale samples increases, and the specific surface area increases
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too, which provides more positions for methane adsorption and thus enhances the methane adsorption capacity. On the other

hand, with the increase of fractal dimension, the pore surface of the shale becomes more irregular, and thus the pore diame-

ter of the shale becomes smaller. As a result, the adsorption potential between pore walls increases and the methane adsorp-

tion capacity of shale increases. Clay minerals in the organic—rich shale have little contribution to the adsorption capacity.

Key words: Longmaxi shale; low—temperature nitrogen adsorption; pore structure; fractal dimension; methane adsorption

capacity

TUESWER — R R I, 5 48 KP4
ARHK IR L AR R atgdt ™,
[ e Je A T A 3 A T S N 3 3 4P L
HARERYoRAIK, TE 3 500 m LUF 7 FE Pk A
AIETE BB, SURVE AR LR HAE 2
Frie 2 B h A 1y Sz O BRI 138
MRE VA IR ) 5 B RAEFE RS 1R 2 AL R 2
T FH B MR B3 AT AR R 5 S VPN DU T OU
FLBRA R BRI E AP UAE TR E R
PR GALBR , X BEALRUE T SR £ 2
JIT, DU AR W B AT LS A ) 2 T e R o
LA KA FAEFL B AN 255 v i i 1 U2, bl
B A U Y 209%0~80% " o BUR S AETF KA
SR HH R 0 s A, A 30 7 gl D B
JE 7 B ARG, W B AT B AL B AT 13, s
Foe e R RE 7 1) e I B ) DU SO SRR

LTSI B0 52 56 ) TAOW AL B 45 44 SRAE, 7T LA
THRALBER B SR AR, Rk E B R AE iUA fL
B ] AR B AR B AR B . B ABFSE R, 0t
PR UL R T MR , IR 40
T PRAE S U5 26 1 A Langmuir 25 15 W BHR 760 78 7
P oUE W R I AP iR 22 PRIk, B H E G
R FRIARR T 280 B B 52 30 R A A L 0 Y LB
SERSEL, A LR AR ALIRFR SRR R TR
AR, SRS AT v T TR e W B 2 3, A A T Y
Langmuir—Freundlich # %4 U1 482 VL WG [of) 2 335 47 1
& LLVPA DUE AR 0 T B B RE ), IR e s
RO L BSR4 A oF G PR e 2 BT RE T 1) 500

1 SEs R A5

1.1 SCIHEMA

S AR E R R X R — FPER I X108,
HUORE SN B L PR U RN TR B S kS
B, BRI S XA T 00 )1 & 3401 R AR BE RS 45 F
Z, M SR IR AT o XX e SR AL BUA
RN T G A WA R T R AR
TR AH TR IR BT ™

o B
o % It 4y fs
W | ogp [Eax S DAwswn

Bl BEreRuafdmiEFaE
Fig.1 Location of the shale sampling well s in Zhaotong
Demonstration Area

TUARE A e SR AT 3w AL s B,
BURETRBE M 2 475.11~2 510.38 m, BUFE[A] I ky 4.21~
5.98 mo UUAHE S S A HLAKR 5 1 (TOC) 2h 0.76% ~
3.89%, V-1 2.22% , & AP UL 5 i 2 S
FR(R.) N 1.92%~2.51% , 34k 2.25% , kb T 15 il 2
BrEc (1), B ra R B, TR RS
DAL AU 3 W4 R, 52 A e ki
RS R, A S N 15.3%~41.7%,
VI8 31.2% , kR ER D) & 50 17.3%~62.0% , 1
¥4 30.9% , K 80915 8o 14.19%~37.2% , 38
26.8%, 3 M A A D EK A FIEERE, - S 4l
H7.8%F4.4%,

R1 BETER X108 FEDRATTAMBK
WESHET WEM

Tablel Organic geochemical parameters and mineral
components of Longmaxi shale samples
drilled by Well X108 in the
Zhaotong area
/N /B N A
AT e ! TOC - —
g P o W AW A% Rk

[ C T X
SY1 2475.11 241 0.76 327 164 23 142 59 285
SY2 2481.09 192 1.00 314 106 32 11.6 7.5 357
SY3 2486.77 225 153 335 73 43 11.8 59 372
SY4 249148 223 221 269 67 92 156 7.8 338
SYS 2496.19 219 3.89 41.7 6.6 48 9.0 83 29.6
SY6 2501.61 251 320 274 57 49
SY7 250617 2.17 256 328 4.6 34
SY8 251038 230 261 153 42 2.7

15.3 27.0 19.7
25.8 193 14.1
44.1 179 158




$osE: 4

RIS IRIAE: I E 7 3 DX B 4 DU GO AL BR 2 R4 R i B K

+ 3.

12 RiERSWM LR

VR 280 AR R 5 3 R P 56 T B 3 2 W A 7 1Y)
QuadraSorb SI 4 H 3y [t & 1 e L4243 A4 70
iz, MR 5 2 18 GB/T 19587—2004""", & J6ks it
IR 1.5 ¢ 247 60 HRBHE , SRS LA 200 °Crai i xT
WREDEAT 8 h AR B8 AL B, D3 25 s 2 A 6 1 ) 2
BT, B 1B XM R 7 A T R N A R R R DA
99.999% 1) 2SR W B 5, S50 Ui BE R 77.4 K, T i
FHXTFE 124 0.004~0.995 Z5 44 TUA 1 280 o
R 58 BT o, 22 1) 45 TR W B £k, 9T AR B8 Brunauer—Em-
mett—Teller(BET) J5 R 18452 01 75 H L m AL il
i Barrett—Johner—Halenda (BJTH ) B {5 15 2 FLAARFL FI
FLAE 43 A AR ¥ Frenkel-Halsey—Hill (FHH) J7 72
RN P 24 i
1.3 =R K8

e Tt Y W o 52 56 SR FH 1SO300 7 45 7 W B
HEAFI A 3 v 2 B8 GBIT 19560—2008 ',
T K, i e T XA % B AT R
I K6 1 0~12 MPa 275 IR S 4, 4R
Je fofE FE P AR Hee I AR (b 4R 1) 1 by 2 TRAR L,
A6 AT FE e e B et A RS I o SEBTRLBE S 30 °C, 5K
55 H F1 2k 0~12 MPa, SEEIN 5,36 74, 78 1K 1 i85
AL SRR ) s &S, e gt AL
PHAR BT T R

2 SR

E AR, AR B i “S” AL (E 2) , AR % Brunauer—
Deming—Beming—Teller (BDBT) {94325, #ff 57 X 1L
S RE PR 5 R W B — PG R £ T TR 56 P R
At FLER LABFL A FL oA 25 78 A0 R X B it TRk 14
R ARG £h B2 W B ) 22 23 W B Ak, S AH T
KT 040, A BANE BRI, S5 IR0 B -
JIvE R 2 T B IV Sk %) [ B, R LR (3 A FL b R
fiE o IS — A L FLA R AL
BUE A, AR TUPAC 14325124, [l 4 & T Ho AL AN
H TR A AL, L AR R SR HOIRFL R, 1 B4R 3%
PeBERIFLIR . TUAAE R R IR WL A4}, JLFLBR I/
TN AR | A3 vk, 7 A [l i SR A A e 24
ARG,

R AU SR B T RS B FLBR S5 H S 8 (3
2), 8D BUARE M I LR T AN 9.429 ~ 27.742 m/g,
FHI4 16.489 m/g; FLIAFA R 0.011 ~ 0.020 em’/g, -
24 0.015 em¥/g; FHIFLAE K9 8.546~10.982 nm , P-4
}9.676 nm, S3IEAEEGE B R FRIE 2 LA R I
(A RELRE A B ANl 35 o, L E o 2~3, 2 /R 3R
TG, 3 /R R MR . AR ¥ FHH 72, 7EA
TIRTF 0.4 3R P, S A A8 B fe i i — B, 1
B8 AN TUA BE AL Y A T HE B, HH R 2.552 2~
2.725 5, 11124 2.665 9, F W 015 R RS , 1Y
JET PR

MU ALBREE S EI M B ROk E (K3),
RIS LR R E L, 5Lkt , 5
SIRHEECR IE . B TUAF B )N, TU5

2.1 TUEFLRRZEHMSH P AR O, FLARBRIE O, S 45 P e W BfF 1Y 2
8> VU it R W B — B BT S IR S A — TR EAF 1Y 25 [B) 4 22 5 B e SR T AR 1S K, 73
_ 8F _lof _12r 10
o st > >
g 1= £ 8 g
S S 6t 2 S 6
>z 4 = = =
= 2 g e L T —— WL S, —e— I 2
= el LT L o B o WML = —o— JBE i 2%
0 0{2 0{4 0{6 0{8 l{O 0 0{2 OI.4 0?6 OI.8 ll.O 0 0{2 0?4 0{6 0{8 1!0 0 OI.2 OI.4 OI.6 OI.8 lI.O
X IE S X IE ) X IE ) X IE )
a—SY1 b—SY2 c—SY3 d—SY4
_20f _l6f _14r _18f
T w “mi2f “wis
mg 15 mglz ME 1ok mg >
N/ > Z 8t N
£ —— W = — L 2 —— WL = 6 o UL
z 3 —— g =4 —o— ke = —— KL = 5[ —o— i W 2
F:% 1 1 1 1 J g 1 1 1 1 J g 1 1 1 1 J g 1 1 1 1 J
0 02 04 06 08 1.0 0 02 04 0.6 08 1.0 0 02 04 06 08 1.0 0 02 04 06 08 1.0
I IE ) HIXIE S HIXFE S HIX FE 3
e—SY5 f—SY6 g—SY7 h—sY8
B2 TUEHFRRERRSKM-MHERE

Fig.2 Low—temperature nitrogen adsorption—desorption isotherms of 8 shale samples
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Table3  Fitting parameters of isothermal adsorption

using Langmuir—Freundlich model
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