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Pore structure and gas—bearing properties of deep high—rank coal reservoirs in southeastern
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Abstract: The cross—scale characteristics of pore systems in deep coal reservoirs directly affect the occurrence state and seepage capacity of
coalbed methane (CBM), and have an important influence on the adsorption—desorption processes of deep CBM. To better evaluate the gas
content of deep CBM, this study took the No.8 high-rank coal seam as the study object in the southeastern Ordos Basin. Multiple
experimental methods, including high—pressure mercury intrusion, liquid nitrogen (N ) adsorption, carbon dioxide (CO,) adsorption, and
scanning electron microscopy (SEM), were adopted to characterize the pore structure of deep high—rank coal reservoirs at multiple scales.
The results revealed that the pores in deep high—rank coal reservoirs were predominantly organic matter pores and microfractures. Nanoscale
and micron—scale pores were circular or elliptical, while microfractures were long band—shaped. Some pores and fractures were filled with
clay minerals and pyrite. Micropores, mesopores, and macropores were continuously developed in deep high—-rank coal reservoirs, with pore
sizes exhibiting multimodal distribution characteristics. Among them, the micropore segment curve showed a stepped peak, and micropores
ranging from 0.4 nm to 0.7 nm occupied an absolutely dominant proportion. The dominant pore size of mesopores (2—50 nm) was 3-5 nm.
Macropores with pore sizes larger than 50 nm and microfractures were relatively poorly developed, yet they contributed the most to reservoir

permeability and served as the primary storage space for free gas. Deep CBM had multiphase occurrence characteristics, mainly occurring as
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adsorbed gas and free gas. The measured total gas content of the No. 8 coal seam in the study area ranged from 28.39 m*/t to 35.85 m*/t. The

Langmuir volume varied between 26.09 m*/t and 29.52 m?/t, and the gas saturation reached 116%—-150%, indicating an overall oversaturated

state. Overall, micropores accounted for more than 99% of the specific surface area of the No. 8 coal seam. The gas content of deep high—

rank coal was dominated by adsorbed gas, and adsorption capacity remained the primary controlling factor for gas content evaluation. Deep

coal reservoirs contained some macropores and microfractures that provided storage space for free gas. Deep CBM was generally in an

oversaturated state, with widespread free gas and high gas saturation.

Keywords: southeastern Ordos Basin; deep coalbed methane (CBM); pore structure; occurrence state; No. 8 coal seam
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Fig. 1 Location of study area in southeastern Ordos Basin and comprehensive stratigraphic column

F2.90%~3.17%, J& fm B . Tl 4153 BAARK 4 % 5.74%, 14115 % % 4 0.052 8x107° um?, @K AL , K5 1
R0y RS ERAE (32 1), BERE I 328 57 34 L B0 3 fitr)2,

F1 BEEERIESHSIT

Table 1 Experimental parameters of coal reservoir samples
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WS OKkS RS RS MmO B4l W41 BB BURES B SUkREx BUIR% % 107 pm’
W1 0.69 10.56 6.13 82.63 62.7 29.5 3.6 0.6 0.4 3.2 3.07 5.81 0.086 1
w2 0.63 8.81 6.34 84.23 61.3 31.3 3.7 0.4 0.7 2.6 291 5.17 0.005 4
W3 0.62 14.85 6.58 77.96 60.5 31.9 4.8 0.4 0.4 2.0 3.17 6.29 0.026 8
w4 1.00 27.25 7.89 63.87 61.4 29.2 5.5 0.4 0.4 2.1 2.90 5.67 0.0930
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Fig. 2 Coal reservoir core photographs and pore characteristics under scanning electron microscopy
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Table 2 CO, adsorption micropore parameters
AL R I B (m?g) THALARBY (cm®g)
B - : ‘ - i ‘ LA fm
<0.4 nm 0.4~0.7 nm >0.7 nm /N <0.4 nm 0.4~0.7 nm >0.7 nm /N
Wi 9.162 133.249 32.050 174.460 0.002 0.037 0.016 0.055 0.524
w2 15.022 164.088 36.824 215.934 0.003 0.046 0.019 0.068 0.524
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TG T 250 F 2B B o (B S04 W B 23 Bl 5 A X R 2% FL AN BB AT L8520 F ik 2 /D 5 FLON i J2= 1 15

ﬁuﬁaﬁﬁu RN 1 KT 0.8 B, 1K R |- ik #)
IR P AR A o 2 B L BT 25 S 195 s F 1 P-4 74
FLAN B & AL A R 18 0.5 B i i 26 &
TR B A3 A, U A 22 R — o B SRR AL
FLIBT L 2 T B 5 AL 7Rt Y B L AR AR 2 P

I3 A WA FEBA T 3.4~4.3 nm (& 4b K 4c . $£3)

223 HEEREE

TRIZ WA 2 B A A8 R T e 52 BT AR ek
F IR HEIRK R 7%, $E0T 5 MPa, S EHMEE /T
5 MPa i, FE 7R #H 4 30T U B, R B LT AN 24 &
YIS R 14 T 10~50 MPa, #E 7K 5 2 Wi K M B &
JIK T 50 MPa i, 5 i PR3 fin , (H AR A b i Kk ok
TR, 34940 0 38.9% (18] Sa) , FRWHZ KRR LA R &
FURAKT 50 nm B GALFIA AL 3, LA KT 50 nm

AR Tk R R (18] 5b) , e He e AR 32 22 fh LAY FL AR

fHt(F4).

224 UM ZE M 4n b5t

R oK AR N, T B Co, ﬂﬁﬁﬁi%iﬂ%tﬂ?
FL A FLAGIAL A LA XS R A FL BN, 422 B £ A
T X S ﬁ%ﬁiﬁﬁifﬁﬁ%E’Ja‘uﬂ’ﬁﬁﬁﬁﬁﬁé\SSH:MIL
FLARRAE B R IR, A TR 4 ROE LR P . Hi,
U422 nm .50 nm 53504 CO, W Bihik 5K N, W B
2 R N, RN S ORI AR R . O RS
S ] A5 HAH AR S XA, AR R R R R IR N, W
Ko CO, Mz BtE 3 Al Jr vk A, 45 6 8 T {5 X R S
FE 5N B, B e FLAS PR 128 2 nm 150 nm., 7E
FEPHERMES X G, B CO, Fid i K FLAR A (n
1.8 nm) £ N B4 e /NFLAR A5 (U 2.2 nm) 22 [B] 1 X

12 0.25(
Lo} =
. Z 0.20f
o0 S~
=038 =
£ =.0.15}
*:’[:(0‘6 L izt
& £0.10
04 =4
¥ . 0.05}-
02} ®0.
puy
, . . . , o
0 0.2 04 0.6 0.8 1.0 1
AN

a. AFDGE T R BB 56 27

10

b. MR f B AL A2 A2

0.005
—— W1
0004 W2
g —— W3
% 0.003+ W4
=
3 0.002
fing
o
% 0.001
=
1 O 1 Al
100 1000 1 10 100 1000
fL#%nm A& nm
X c. LA R LR AR 1L

P4 R N, W2 K fLAR o A

Fig. 4 Low-temperature N, adsorption curves and pore size distribution
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Table 3 Coal reservoir parameters from low—temperature N, adsorption

e BET-SSA/(m?/g) BJH-TPV/(cm/g) TR
2~<10 nm 10~50 nm >50 nm N 2~<10 nm 10~50 nm >50 nm N nm
W1 0.982 6 0.097 9 0.001 4 0.563 0 0.001 0 0.000 5 0.000 2 0.002 0 3.876 0
w2 0.777 4 0.129 1 0.002 8 0.4010 0.000 9 0.000 5 0.000 3 0.002 0 3.8490
W3 0.9559 0.116 5 0.002 1 0.488 0 0.001 1 0.000 5 0.000 4 0.002 0 4.2050
w4 0.5880 0.0750 0.000 9 0.4380 0.000 7 0.000 3 0.000 3 0.001 0 3.968 0

TE : BET-SSA LT BET 77 1143 FLBR LR AR s BIH-TPV S35 T BIH 77 i+ AL AL AR

10'r 100 780
00 WU —— W IR TR
: —— Wl . i = WU AR w2y TR 170
10°F W2 = 80 L = WL W3BIBETIE
W3 B WAFURFARIMIR  —— WHBIBRTWE 1 60
10 W < 01 <
< B Q s
E %r 0t 30 %
§ 10° jr 50 - 140 &
a & 401 g
W 2 130 2
10 30| =
120
20|
10 ol {10
107 . . . . N N N N N y 0 SO~ T NP PR TR AR I L P A I I ()
w0 w0
HRAAE % 83833353 3==d3838R3E83838
LM AR X R um
a. B b. HoRfUMERS
BE5 R 2 AL AR 5 AR
Fig. 5 High—pressure mercury injection curves and pore—throat radius distribution
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Table 4 Coal reservoir parameters based on high—pressure mercury injection experiments
BE " HEBRIE S5/ IBoRG FLAZ ELA1/% He R MR (m’/g) LA (em’lg)
g TLBE% e
= MPa EI%  <50nm >50nm S s, s, 4 v, v,
wi 5.81 2.057 88.4 94.37 5.63 36.4 36.1 0.35 0.042 6 0.040 2 0.002 4
w2 5.17 8.267 91.0 96.16 3.84 30.0 29.7 0.29 0.036 4 0.0350 0.001 4
w3 6.29 4.129 95.2 96.61 3.39 35.8 35.6 0.24 0.044 2 0.042 7 0.001 5
W4 5.67 5.501 91.8 96.28 3.72 25.8 25.6 0.18 0.037 6 0.036 2 0.001 4

TE =S B R S N A FLATAL (FLBR2EA2/ T 50 nm) B9 FER TR S, 0 25 AL (FLBR AR KT 50 nm) 89 FESR TR Vo BALE v, A AL A
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Fig 6 Splicing of multi-scale pore structure characterization

3 RSP AR

WIZBEEREA GRS  ER MRS R
fIER230, DX 8 SRS & Uk A 7 28.39~35.85 me,
V- 45 27.30 m?/t; A5 W R S 6 3 8 SRR v (22 TR
BOAF26.09~29.52 m*/t, F-3427.30 m*/t, p, (24 [KJET))
A F 1.51~2.75 MPa, -3 2.16 MPa( % 5) , 1155 W% fff <.
BRI EE A T 116%~150%, 284k Fe Aok, Bk | Ak
Tt RIR A o S TR R B th 2kt — AR | BB B TR
SR SRS, 1o R R o s 398 (11 7)o

I T

®5 DREFAMAEIARXSSEESSESIT

Table 5 Gas content in No. 8 coal seam of study area in southeastern Ordos Basin

BESA% =1 YR /m SECESMPa %R BYm) Iﬂ%’zﬁ;‘i’ é(ﬁj)ﬁ’ W}%ﬁjm
W1 8 SR 1 888.20 2.41 27.540 24.48 28.39 116
w2 8 S 1 888.80 1.51 26.091 24.20 35.85 148
W3 8 SHEZ 1889.41 1.98 29.517 26.78 35.66 133
w4 8 S 1 890.65 2.75 26.127 22.87 34.43 150
TE2 A0 55— IR AR TR 2 A 7E 0.05~2.00 ms, A {0/
L 2 AR R T EETh R B BB AL (T, 150 T
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Fig. 7 Adsorption isotherms of coal reservoirs
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