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Quantitative analysis of nitrogen adsorption hysteresis loop and its indicative
significance to pore structure characterization: A case study on the Upper
Triassic Chang 7 Member, Ordos Basin
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Abstract : Low-temperature nitrogen adsorption can form a “hysteresis loop”, whose geometry and area can effectively
reflect the pore structure of porous media and its retention effect on adsorbed gas. However, the role of the “hysteresis
loop” in quantitative characterization of shale pore structure has often been ignored. The study aims to clarify whether
shale can form “hysteresis loop” in low-temperature nitrogen adsorption-desorption experiment and the determinants on
hysteresis loop’ s area with experiments on the 7" member of the Upper Triassic Yanchang Formation shale (Chang 7
shale) in the Ordos Basin. Various measures are applied in the study, including qualitative observation of pore
structure under field-emission scanning electron microscopy (FE-SEM) and quantitative characterization of pore

structure by low-temperature nitrogen adsorption test, hysteresis-loop quantitative analysis, total organic carbon (TOC)
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content analysis, pyrolysis and X-ray diffraction (XRD) experiments. The following results are obtained. First, whether
shale can form a hysteresis loop in the low-temperature nitrogen adsorption-desorption experiment has an apparently
positive correlation with the specific surface area, specific pore volume, clay mineral content, and pore structure fractal
dimension, and an evidently negative correlation with the TOC content, while no apparent correlation with the average
pore size, pore surface fractal dimension, highest pyrolysis peak temperature, and content of brittle minerals. Second,
the hysteresis loop area depends on the development degree of the cylindrical pores with both ends open, ink-bottle
pores, or parallel plate pores, the proportion of which to the total pores can be quantitatively evaluated by the hysteresis
loop area. Third, the open-ended cylindrical pores, ink-bottle pores, or parallel plate pores in the samples from Chang

7 shale are mainly of the intergranular pores in clay minerals. Therefore, there is an apparently positive correlation

between the hysteresis loop area and the content of clay minerals.
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Fig. 1 Regional tectonics and stratigraphic column of Longdong area, Ordos Basin
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Table 1 The XRD results of shale samples from Chang 7 shale in Longdong area, Ordos Basin
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Fig. 2 Mineral compositions and lithofacies division of the Chang 7 shale in Longdong area, Ordos Basin
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Table 2 Statistics of the pore structure parameters obtained from the low-temperature nitrogen adsorption tests of Chang 7 shale

samples in Longdong area, Ordos Basin

BEEEEE e o ‘i%fﬁlﬁli‘fﬁfﬂ/ DFT Lt%%_ﬁfﬂ/ DFT LI:E‘_L@/ DFT - %Ll&ﬁ?@fﬂ%ﬂ% ?L@%ﬁ*’@éﬁﬁé@
(mLenm™-g™") (m*-g™") (mL-g™") LA /mm Ak (D)) $(D,)
722 1584. 65 0.578 68 13. 840 0.048 55 7.032 2.518 2.609
A% 722 1626. 00 0.565 96 15. 080 0. 048 05 7.032 2.533 2. 605
722 1632. 45 0.71139 20.210 0. 060 20 2.583 2.579 2.620
SEH 0.618 68 16.377 0.05227 5.549 2.543 2.611
LI231 2105. 90 0.561 16 9.872 0. 046 56 7.032 2.451 2.452
B YANS56 3032. 10 0.42526 8.828 0. 043 66 6.079 2.450 2.487
YANS56 3058. 40 0.742 62 10.210 0.051 74 7.032 2. 445 2.438
SEEIE 0.576 35 9. 637 0.047 32 6.714 2. 449 2.459
722 1563. 40 0.203 17 7. 641 0.038 32 12. 120 2.528 2.458
C% 722 1569. 10 0.143 76 5.675 0.026 76 7.032 2.558 2.479
LI68 2078. 90 0.147 53 8. 459 0.027 35 2.583 2.627 2.545
SEEIE 0. 164 82 7.258 0.030 81 7.245 2.571 2.494

Bl o A A il 25 T S B8 e A - i ) ] A T RT3 oy
0.618 60 mL/(nm*g) , LR 16. 377 m/g, AL
ZF-H44 0. 052 27 mdg, i P340 4 5. 549 nm; BkE
it FPAE IS IR ARE- 228 0. 576 35 mL/ (nm-g) , HL 3R
T R348 9. 637 m*/g, HLFLZSF- 3424 0. 047 32 ml/g,
PRI 6. 714 nm; C2HE i fe 22 < iy i 0] P i AR
¥1250. 164 82 mL/(nm-g) , LR FTBIF R 7. 258 m/g,
FLFLZ 20 0. 030 81 mL/g, FE34FL4E K 7. 245 nm.,

3.3.2 LBEHSH

DFTHERIFLAR A3 e 25 SR s BP9 X 7 BEe
TUA T A R LR EZ A TE 1. 27 ~ 77. 70 nm 31
I (E6) . AZSEESHFLAE/NTF 40 nm (FLER 5 35
Hu A [RI s, FLALAR A 1l 485 R f 246 1T FRLZE 3 268
i HPR K, FE 7N RE A 1) B LB S5 5 B 2R i BLARATS LA
FLAR/NT 40 nm AFLBRA 3 HALAE /N T 40 nm (9 FLAE
G347 255 R ) B 285 T R B SR AR /N 5 C 2R A FLAR O3
A R SR 437 2%, 0B AN Qs e 2R 2 1
LIRS

3.4 FHHHSESH

AR ] FHH Z AR 376 BTG I 280 o 92
550 K2 5T — 58 B oty £ ) 58 BT 23 S AT FL B 2 (8] 43 JE 40
(7)o RSB AR A I e ML 19 HE IR BRAH G R
BYRT 0. 98, Bk 1 3 AR RL A AT 8500 s W A8 20 A1
IR 0 o3 Be R MR AE (0 SRR R T plp, 29K
0.5) , Ut ARl FLAR /N FL IR 25 T AETEAS [W) 1 53
FRAFE . Hazra 554 UCH ARE B (p/pe<0. 5,D,) EE 21
AL Sy 1 e R B (p/pe>0. 5, D) T 32 22 2 B i gk

JIEAE R, BAEBERBUM R o Xiong 552K D, FKk R
FLIR SR T AR RS, R R BE R Wi B K, 22 AL
Pl s WRE D,FR A FLBRES F o S HE RS, b AR B R A L
LA R, 223 L) & AP ]
BV (FR2), A JERERD D AT DI HR 435 2. 543
F2.611, W] A TURE i FL B 2 18] H A B9 19 35 29 5
P, ELALBRAS A AE 2 kol T AL B SR AR e s B2
B DA D, 2 AR (D, (B 2. 449, D,V 3491(E N
2.459) , W] B I i LB A5 (0] A5 1 B AR 0T H52 555
CIHE A LB M AR Bt (D, P39 8 0 2. 571),
M FLBRZS A AR A TP (D, P HIE R 2. 494) 5555 .

3.5 FE-SEM 5 L8 == 18] E 4y

PR B E AR s K 7 BUje A il )= AL B
23 (6] EE H A HLAL LA GE . Horb, L
FLH DUREE] AL | it ) FLAA T FL 3 Fh2EHL (1 8) o

1) AL A HLAL Y B A AL e PR
AR B R R FLBE , B L T A LB AL
Yy la] A HLB AL , 2 5 B R 55 (18 8b e, h)

2) KLlA) Lo ORLLAL BT 0K A 5% A 1 FLEBR , 2
ST IRIARHI(F 8a) o

3) FWhlEAL o b )L O BT A AR O AR N B
WHERR T A FLB . FE A 7 Big e, — 2855t
TR £ ) LR R R R B e 1] 9 LBt (5T 86) o i
b, il UG ARl AL (8] 8a, ¢) , 2 5 AR AR
B G .

4 AL WL A e BRIRER KA AR E
1y 32 B 7K Bl B AR Y A PR PE R BT R I, K
AR I ) FLIRL, B 22 L b i ol vy AN R U



N v = Yirand A
502 AT IR NN %44 5
0.003 0 — 0.003 0 — 0.003 0 —
a. X229k, HIAL 584.65 m b, L2313k, M2 10590 m C,. Z22JF, M1 563.40 m
‘—90 0.002 51 0.002 5f 0.0025F
__]g 0.0020p 0.002 OF 0.0020F
g
IHTH{ 0.001 5 0.001 5f 0.0015F
o
5§ 0.001 0 0.001 OF 0.0010F
=
— 0.0005F 0.000 5 0.000 5
=
0 ‘ ‘ ‘ 0 ‘ ‘ ‘ 0 ‘ ‘ ‘
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
0.003 0 — 0.003 0 - 0.003 0 —
a,. 7229F, LK1 626.00 m b,. YAN56JF, HI43 032.10m C,. 2223F, HUR1 569.10 m
‘_(_;0 0.002 5 0.0025F 0.002 51
E 0.002 0 0.002 0 0.002 01
g
m 0.001 5 0.001 5F 0.001 51
ﬁlﬂ
& 0.0010F 0.001 0 0.001 0
=
=
; 0.000 5 0.000 5 0.000 5
0 ‘ ‘ ‘ 0 ‘ ‘ ‘ 0 ‘ ‘ ‘
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
0.003 0 5 0.003 0 0.003 0 o
a,. 2223F, W1 63245 m b,. YANS6JF, /A3 058.40 m C,. LI68JF, JEE2 078.90 m
ib 0.002 5+ 0.002 5F 0.002 5
s
__]E 0.002 0 - 0.002 0 0.0020
g
lﬂﬁ 0.001 5 0.001 5 0.001 5
Hr
E 0.0010F 0.001 0F 0.001 0
<
&
— 0.000 5 H 0.000 5 0.000 5
=
0 ‘ ‘ 0 ‘ ‘ ‘ 0 ‘ ‘ ‘
0 20 60 80 0 20 40 60 80 0 20 40 60 80

40
fL4%/nm

fL4#/nm

fL4#/nm

Ko SRRZH G A X K 7 B 5T 3 2R M i LAR 20 A

Fig. 6 The pore size distributions of samples in three types from the Chang 7 shale of Longdong area, Ordos Basin
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Fig. 7 Fractal analysis on the desorption branch of low-temperature nitrogen adsorption tests for Chang 7 shale samples in three types in

Longdong area, Ordos Basin

ANE{ESTIE R R/ e e R RTINS
Z 105 A AL S R L OO SE R 5 fLAe
RN I3 HER (FLBRZS R AR 35 BT ) | o ol PR D
etk e S D A G & o

i) = E RN b A RS St

TR M R 2 R AR BN BER R . BN
PRI A R A RN 2 VR IR TS, TR B AN TR
1B Th, T R A BESR . SRR TR LR R AL, i —
ERETEMEFERMNE S, Foster il Cohan “fiff B
R B B T T R SR AR T R 2 5 IR B B
N, 1 e e FLBE N BE E B i — 2 v g I BRI i
MR A e 95 0, W S 2% 0 eV T 2 A IR Y [ 3 A
(VB 5 I, 25 TR MR I B A2 5 T LA . e
B 7B, A 111325 5 AR 1 YRR 38 7 28 92 02 s 1 B

4.1

R S H TR WA, 3R S R W T AE W R
RS, R R 22 SR W A J [ 2R i) i
JEPRL, LA 4 R 6 0 I8 B e e v I o ) 5 SR 2 A g
TEAREH AR AR, A2 g S e g
TS 1] A 32 45 AL BR A Ak 22 R AE LD HRORR
&, A7 T W A A R A L (H, A (B8O FL (H,
RY) SEATACEL (H, 28 FISGERAL (H, 28 ) rpt> 0 g
ARAL— i dst P HASEL S A A AR 2, W B2 i Sk AN 25
SRR PR AR, A LB 2SUR UUA R S S
[ FRASER T H Bl 12 . SRR sl aR (&) 8)
S5 Bh Wy S AL DA B i e T AR AR P i
A TR AL B P T L A HILTE AL S Bt
AT DR P>, w2 e T LR fLER
TS B ALBRIF R ST G i I e R R



504 £S5 KRR R

Fa4 B

K8 SR 25 B AR M XK 7 B U R AL B 2 1] 448 v B P LR

Fig. 8 Qualitative observation on the pore structure of Chang 7 shale samples under scanning electron microscope (SEM) in Longdong

area, Ordos Basin
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Fig. 9 Heat-mapped correlation on the hysteresis-loop-related parameters for the Chang 7 shale in Longdong area, Ordos Basin
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Fig. 10 Correlation of hysteresis loop area with quartz (a), clay mineral (b) and brittle mineral (c¢) contents
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Fig. 12 Correlation of hysteresis loop area(a,,a,), specific surface area(b,,b,), specific pore volume(c,,c,) with fractal dimension
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