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Table 1 Basic parameter of shale samples
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Ci 2 348 40.17 65.33 7.76 26.91  38.91 7.98 5.33 4.93 1.94 16.91 0.0127 3.54
C, 2 387 38.01 66.93 17.94 15.13  51.47  2.95 2.81 2.37 3.66 19.99 0.0165 3.66
C; 2 407 18.69 84.34 5.40 10.27  63.93  6.17 6.01 3.13 3.83 17.12 0.016 4.09
Cy 2322 33.61 59.89 26.86 13.24  42.57 13.85 3.48 3.60 2.30 16.21 0.012 4.10
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Fig.1 Methane isothermal adsorption of different particle size
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Table 2 Fitting parameter of Langmuir mode

Vi P

iR WA R?
/(em?®/g) /(MPa)
Cy 2.98 8.46 P/V=0.33P+2.85 0.982
Cy 2.96 6.52 P/V=0.34P +2.22 0.980
Cs 4.04 4.32 P/V=0.25P+1.07 0.998
Cy 3.19 4.64 P/V=0.31P+1.46 0.999
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Table 3 Methane isothermal adsorption experiment data of different particle size

% B % B
95 ALAR/pm ERA4 ‘ 95 RiAE/pm H % -
Vi/(ecm®/g) PL/MPa Vi/(cm?®/g) Pr/MPa
1 700~3 350 6~10 1.61 13.47 1 700~3 350 6~10 2.10 13.76
. 850~1 000 16~20 2.80 ot | 850~1 000 16~20 2.88 5.24
180~250 60~80 2.73 7.98 180~250 60~80 2.75 5.41
106~131 120~150 2.98 8.16 106~131 120~150 2.96 6.52
1 700~3 350 6~10 2.87 10.88 1 700~3 350 6~10 2.11 10.75
. 850~1 000 16~20 3.45 5.10 4 850~1 000 16~20 3.62 11.72
180~250 60~80 3.38 1.16 180~250 60~80 3.19 4.64
106~131 120~150 4.04 4.32 106~131 120~150 3.29 4.52
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Fig.3 Nitrogen isotherms of the different particle size
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Fig.4 The change of interconnected porosity networks
influenced by particle crushing
a AL sb R Al e KL d S H 2 CEALBTALBD 5 ¢ ML
Fi L WALBD s w1 FCEPLED 5 we R B L9 5 Ly 4/
LI E 5 Lo 9 40/ AL E

G3Ab—J7 T AP 4 Ca) BT R RLAR BRI R
HAETE R AL WA HLBTFLBR (d L A + 9 P 4L
Bt Ce £LO 2 ZE AL, BT HE B IR ST o W& B BT 43+ Tk
A AT R AR T AW B A (b)) BT, R B AR
A LT AL B AN B L W LB 2R B Rl T
B Z AR L K At AL B =z a) 4 i e v, fLRE R 1 A
BILJGT 2 THT RN G 07 W 3% T2 R 4 i WGBSR T
W B
2.3 HERERMILBFHRIE

30 o VR VAR L R R T Rl O R A TR
W BJH PR (Barrett-Johner-Halenda) #1 Kelvin
J5 A A B LA S AT L T TS AS [ L B A XL
PRFR 5Tk MR 3 BET J5 # (Brunauer-Emmett-
Teller) T 5145 b 2 180 AL I 71 50 [R] L B 148 %
fL R MDA

A R it R0 R R 9 D 5 2R R L BF 5 X T

i LB /%

<2 2~5 5~10 10~25

FLBEAR/nm

25~100

i S LR E L /%

HARBALB LT F LB E N 3.5~5.6nm,
LB EAR F AT 3~4nm Z [, GUA 5L BT FLER
REHAENT 2nm BLLEFRA AL, HEE2~
50nm 2 [A] 5 £L B Bk O o L B A £L B LB B AR
KT 50nm MALFR A ZALE . o, fiAL A AL
J2 PR AR Y 32 B ST MR L AT A Y T
ZEMA S LL Gy R O 1, R TE R [RDRLAR R A AL
B ELAR o0 A1 [T (I 5) WL B3 A Aok A2 ek /) B AR
/NT Snm B LB R 2

0.018 —#-180~250p.m
——850~1 000pm
_ 0015 —&—1 700~3 350pLm
£
@ 0.012
E
= 0.009
gliﬁ
g
@& 0.006
. |
=
0.003
0 1 -y 1 1
0 5 10 15 20 25 30

LB E A /m
5 FRNEHRHNABERS S
Fig.5 Relationships between incremental pore volumes

and pore diameter of different particle size

FEAREAZ A 1 700~ 3 350pm, 850~ 1 000pm
K 180 ~ 250pm BF, BT WU 45 b 2 1 AR 4 e
6.09m’/g.7.69 m*/g & 8.81m*/g, WA 6 fimw, Y4
FERBLZ M 1 700 ~3 350pm W /N F] 180 ~250m
iF, LB G N . 2 ~ Snm (4 FL B0 S AL B A FR B
TR R 57,94 %5 HE AN F] 80.36 %, 1% i 43 FL B X He
FE 1 R TTRR R M 74.34 Yo N E) 92.85%

B o R AR 7 /0N B i OB 14 L 2 i AR AL B A
U 31 7 B R B2 ) M3 ol 445 L Bt 35 1 o HH o 4
T B AL T 2 0 IR B DT R T Ik R e Y

<2

2~5 5~10 10~25

FLE B A2 /mm

25~100

W1 700~3 350p.m M 850~1 000pm [ 180~250m

6 FAEHEHMELBEREREERS

Fig.6 Rate distribution of volume(a)and surface area(b)of pore influenced by particle size
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Table 4 Data of fractal dimension influenced by different partical size

#i4E /nm it R A SR LR Aeg MXRRH  BIHAAEBES AR SIAELR AR MR
1 700~3 350pm LgS=0.738Lgr+0.794 2.262 0.90 LgV=0.886Lgr—6.962 2.114 0.92
850~1 0002m LgS=0.118Lgr +2.144 2.882 0.91 LgV'=0.189 4Lgr—4.881 2.811 0.95
180~250pm LgS=0.079Lgr—0.241 1 2.921 0.91 LgV=0.100Lgr—3.614 8 2.900 0.92
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Effect of particle size on methane sorption capacity of shales

Kang Yi-li,Chen Yi-bin, i Xiang-chen, You Li-jun,Chen Ming-jun
(State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation ,
Southwest Petroleum University s Chengdu 610500, China)

Abstract: In order to research the effect of particle size on adsorption properties of shale,shale samples rich
in gases are collected from the Silurian Longmaxi in the Sichuan Basin and four types of coal specimens are
made. The grain diameters of these specimens are within the ranges of 1 700-3 350pm,850-1000pm, 180~
250pm and 106-131pm,respectively. The isothermal adsorption experiments were conducted under the con-
dition of high pressure and high temperature, which are aimed at carrying out further study on the effect of
the pore connectivity,specific surface area and roughness on the methane adsorption and the effect of the
sensitivity of particle size.Results showed that methane adsorption capacity were negatively related to the
particle size,the value of Langmuir volume decreased after showing sharp increase and then increased with
the particle size going down.Specific surface area increased from 6.09m”/g to 8.81m’/g,while the particle
size from 1 700-3 350pm down to 180-250pm.Furthermore,both value of pore volume and the rate of con-
tribution on specific surface area whose diameter is less than 5nm increased from 57.94% to 80.36% and
from 74.34 % to 92.85% ,respectively.It could be safely drawn out the conclusion that, (1) The pore connec-
tivity got to be better with the decrease of particle size,which is actually conducive to improve the adsorp-
tion ability motivated by removing obstacles and optimizing path for the mass-transfer efficiency and meth-
ane adsorption of shale.(2) The smaller the particle size,the higher the quantity of the close pore which is
exposed by crushing and the mesopore whose diameter is between 2nm and 5nm,pore volume and specific
surface area has been greatly improved, the methane molecules have greater adsorption space to produce
more of the adsorption quantity.(3)Considering the fact that the extent of pore roughness performed nega-
tive relationship to particle size, more considerable pore,organic and clay minerals are exposed while the
particle size decreases,which makes the specific surface area increase in large region,as a consequence,sup-
plying more high energy absorption sites on the pore surface are actually helpful to improve the adsorption
ability.

Key words: Shale; Sichuan Basin;Particle size; Sorption capacity; Specific surface area;Pore roughness; Ab-

sorption sites



