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RARBTHY R

REIA) : TUR TR 5 R 81 5 FLIASHA 5 LU TR 5 Y AR Y

H I, X DUS S 2 I B9 T 2 AR rh FE L B 46
Fa 5 W% B 66 1 WA~ J7 1 (Jarvie et al. ,2007 ; Ross et
al. ,2009; 48 A RESF,2011) o Y VA i JZ W BBk 1
AP LASMNEA K& B TS, I 3 B 40 RS -
Y. BT YL R AT KA AR ), RS
WA R TUA I R Z —, TUEHR -0 ) A
B FF B 58 1 BE 77 (Jarvie et al. , 2007 ; Loucks et
al. ,2007) . UE AT LU A7 78 A LT B9 FL B
588 2 h SR REE LU S A B S AFAE TR
W H)FLBRE A ( Aringhieri , 2004 ; Wang Chengcai et al. |
2004 ) , RIVAG 44 Hy A ] 28 Y 1) £L Bt Oy 00 A it
T ZFPIRAT A B (ORI ZE55,2012) o K8 ) FLB
FEILRLR AL | b2 [E] B ARG AL S G 25
AL, FLBR IR/ TES S LR R E TR )
5 Ff R 4Kk < B BE 71 ( Cheng Ailing et al. ,2004 ; Ross
et al. ,2009) , AN[FZEHY PRG0S RS54
LB R AN [R], He & OB MR i AF e 22 5+
(LN i SR a7/ SRR W e T Y S Ao Y
AT AR B IR AR A, 8 AT LA W RS A 9 Ak 53 1 4
(RAAVIESE, 1990 ) , XK 474 v R A8 O T A7
EERHE A B E 0, R B K s,
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ZRRFIRTE . BIFTERS 07 W) 454 LA Ay
JSZ R B FH 8 ) RUBE , i DI 352 % F) 8 5 AT AH B A 1
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PR, R 07 W B HAT B AR PEAR AR BE B th oK
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R LA MR AN TR 9 el AR5 4 R 2L 53y g 0
A PRI S AT T A T A BRI A R
AR RS Py ST BT BAT (9 A )l R 454, 7EAR
REERE EJE TR L8 PR R PERE

SEAT R WS L 2 —, R AN
I ARRLAR S8 R, BORLEL /N, — /N T 0. S, 25
MRS R ANIEAE o SBiAT IR R S Tl
KRR BRI . LASE A o 28000 (4 g
LK IE AR AT K 20 ~ 30 75 GRAY 45,1990 5 5K
J9IRAF,1990)

PR R R o B, KA s 5 H =
B, 2 o B s AL/ T, B A 5e
Ji A1 i U A1 9 FR TR = R £ 288 o B
A% AP R HIEAR LG B 5 5 A AR 05 (EL R
Re&E SR E IO, B R AL e 5B A R, I

AR (X AV IR SE L 1990 5 #59E 57,2004 5 5K T3 4
4% .1990)

o U A 2 — PRt v UL RS A, A
J& T XSRS RERRER T4, 3% P L2 4544 1) ~F-17 1Y
=N, BN Z RIS & 18 J2 LY T 30T
B, ERIAS WKy ABJE R 5 538, sk
FRCIR, 3G 0 b R AR, B A BB, AT R i
(XA 1EEE 1990 ; 5K Jh 14,1990 ; Ambrose ,2011) .
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H EO T 00 & AR 2 R R & 2R
RN, 2T F 58 DA U 2 9 B B R
AL E B R A LB R B FNLLER 4, LA K& Sh
PR 2R AL B T A K AR A R A TR TR
Pyl FR G 1 R AR A AF S R A X 85220 (Ross et al.
2007 ; 4B A GEZE, 2010 ; Jarvie, 2008 ; Chalmers et al. |
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Fig. 1 Length scales associated with the structure and surface chemistry of clay minerals ( modified after Johnston,2010)
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JIA3 RS 5 AR A X B Y AR I R BE T A 3 —
SE I (GRARMESS ,2009) o 3d i X et 5& 23
X IUE A R ) 5 SR IR L, 7]
VA Rl T e 1) s U 2 A R R I
E R IR T 0 TUE AR R A R
IR (35 1, 258,2011)
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Fig. 2 Sorption isotherms for clay standards (dry basis)
(modified after Ross et al.,2010; Ji Liming et al.,
2012)

T =£f8 Ross Z57E 30°C T MR SE R, Jr Py & FI W] 45

1 35°CF B4

The triangular represent the test results at 30°C by Ross et al. ,
and the blocks are the tests results at 35 “C by Ji Liming et al.

1A SRS 8 0d B e A WA B E 3 1) S 56
ZAT X T A Al o Mavor(2008 ) Xf Barnett 5T JE(T

SR BT , ¢ DR 0 Wy R T AT LR B R 6 AR L 7
A BB 1 DA SR R A A I R OO R )
R, VUE AR R B, O HLBEAE [
g N, ASTRDRG 187 1 35 i DR R B Y 22 B
B R . [FII A B, 08 S kR 1) &
AR, 23 B AR D2 X AR 1 W B E 7 ( Loucks et
al. ,2007)

ANV B RS 4 W DR HAS [] ) it A 5 KAk
P JBT ELAT AN [7) 68 W R B 3, AN [7) 2 38 Xk HE g o
REJIHIDEFE 45 SR AR A A (18 2) o Ross £ 30C
S TR T ARG 1 WU ol A R B S 3, e B
A B I B ) R T S I A7 LA K R 0 A7 (Ross et
al. ,2009) , Lu Xiaochun %§ (1995) [A| ¥\ K, B+ 4]
A1 B B A AR AR B A R 2 1 2 G
BEPE o T A B SRR 65°C A R X & B )
() TR Al A T PP o8 S5 R IR RO S 3, A5 18 T AN [T 1Y
S50 YR 0 W) SR B BE 1 9 KN IR S 52
A > REIRIE > B A > ge A > FRLa G5 R
HH4E,2012)

FEOAHHEAERWERIEL , B E3ms
7, LB T R I AR 51z g B2, BRI
W B3 (Jarvie 2008 ) , fH & BT 500 A B Fr ik
T (AT RS, 1990 ) , A4 UR 0 T A Zp ik itk
T 46 ol P DR v O IR o GV
W CE I FL R A ], HALBR S AP 22 57
2 5 BOW FBE 1 B9 AS[R] (CFF F B 25,2012 ) o W)
IRF B TR N FOTAL PR B R REAF AR 22 5, AN [l
SXEORG LA b B K R A A R R B B EICR S
J2 N RBK S8 R G S AR KA L 1S N 52 5 47 74
Fo A AR, DT S BT e W B B8 1 AN ] o

3 MW R LSRR AR
TUEIZAUBREAE RO X ST S A T A

R1AEFETERFEEMIT VS ESSSEHER (HEFH,2011)
Table 1 The clay mineral content and the gas content data of the main shale gas source rock in North America
( modified after Li Zheng,2011)

b TUA SR HIE ML (% ) TR (/)
Michigan Antrim( 7R ) e Jo 0T 1% 1.13~2.83
Appalachain Ohio(JRFLZR) TR A 1% 1.69 ~2.83
Tllinois New Albany ({875 %) e i = 1% 1.13 ~2.26
Appalachai Marcellus J %% & G T E T DU 20 ~50 1.7~2.8
Fort Wort Barnett (V4 PG L R ) TR <35 8.49 ~9.91
Arkom Woodford (PG PE L £ ) TR A 10 ~30 5.6~8.5
ETNL Sal Haynesville( F{k% 4t) K TUA 6 ~39 2.8~13.2
San Juan Lewis( [12E%) TR <25 0.42 ~1.27
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o TUAFLBR A B R AR £ 22 TUA A AR AL
TCAURE FA HLJT AL (4 520 ( Chalmers et al.
2008) o FHorb, K W FL B 2R R OB 28R e A 0T
A HRIBALBI L TR . AFR 0™k
R MG IS | b A F AN ORL P 55 B AN ]
Py di AR A LB L S 0K [E] FLBR R S R ML B A
—EMZES, W2 BA AR R mR S L7, (615
HATA [ R B AR BE T

[ ]

BT ORI G
] CHLA SR TR
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Fig. 3 The outer surface area and inner surface of the clay

mineral (modified after Zhao Xingyuan et al. ,1990)

3.1 FLBRRSREHIE

W E AT AL SR IE 2 2R AT 05 1B
SrRLBE OB R AR AR X AR RS
Bro FH A B HLAE AR B 41 B bl iR 2 T
HAT SRR R SL ARG o0 B R, ORAR 2
P SIS T e s 7 DD S 2 &R

kSRR PR 75 2% (W R [ 55,2012 ) o AN [R] R BURS +
W EIRIEZS 7R 5, HAG H0  2 LUE & 1K
T B, U AE A H B B N B S S LR 25 ]
FE—EZER(FK2),

[P E R R 7/E R Ei TR KR TR (iBUN LRSI
(4R % Me 4, 2005 ; 5 i 1 4E,2012) , 7E Keller 5
Staudt {9 Rl & fLBE &) 2r 77 %, 0wl i B AR <
0.6nm 0.6 ~2nm 2 ~50nm 50nm ~2pm .2 ~50pum
> 50wm B FLBRFR Z B AL AL AR AL R AL
B AE B4 AL (Keller et al. ,2005) , M A%
(2012) KB, K 89 5 & 5L LB A G 1
822, GRS R MR , CEHDRS il 4 ot
atEZ PR E

BT [ 45 (2005 ) 5 3 1) B 45 (2012) 2350 7E 1
TR PSS TR S SR s R T P ) e e
R, BIFSE A IS AT — s LA R 22 234K 40
TR AR T B S 0 IR ST I TR (A LB
H1 52 B A7 R R 1) 5 A8 R ALE , HCJZ T =2 8] AT A R
200 ~400nm FPRAE , Z Tt 2x B[R] R /NVADE 25
LI, AR Z 100 ~500nm ; [F] i, G4 g i 25
T E Z 40/ N FLBR , HARTE SOnm DLT , R AL 2%
HE AN R R B ) A /N 2248, 29 5 ~ 10nm (5K AT R
&5 1978 ;B[R R4 ,2012)

TR B AR TR 25 5 227 IR AR B AR, HES AR X
PN, —MAE 0. 15 ~0. Spm [8], £/ HIEE L 2
FR, — R g SOIR I, DLARELR R T LB A R]
Hh G0 2 1 UKL 2% T8 P JSORG IR (9K sy KA,
1978 ; AR F 55,2005 ) o G A1) 47 UKL 22 18] 22 73 A1 K
LMEBAAL, KK 0.5 ~4pm, A7 502 i 7]
AT 5 B T AR RS A T T/ L,
K/ 100 ~200nm , B2 %5l P 2%

THE2IR 20 W) 240 25 T HAW UKL |, 302 A4
WRIEETALBE R, LB R B85, R/NZ Dy 600
~800nm (# [ [ 55 ,2012) o 25 ARG5S P & H
ARAS R P it () B A AL, B T8 02 AT 3% 300nm, fi

R 2 AR LT WFLIRT SAFAERT bL 3R

Table 2 The comparison table of different clay minerals pore morphology

RS LB FLBR A A f E J K/ (nm) FLpRZe R
S BB ETE JZHi 8] 2 200 ~ 400 ik £ HiZY 100 ~ 500 AL AL B AL AL
A I =T BRAEIR R 25 500 ~4000 F 22 100 ~ 200 KAL B

FFIRZ A 2k AR P24 600 ~ 800 ff A [H] 2 50 ~ 300 KL AL
e TesetR RFLITE AR URLIE] 24 20 ~ 100 #1852 [H] < 10 KAL AL
SIA —fIE sk PRI 2 100 Fr R[] 20 Al AL
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7R RA LA 9K FLIB R i 2%

el £ 22 LASE 0] HES B 28 ALAERR RS TE 4R
B TR FLBR N AR AN OR: Z 7], b A S AR S A
WRAREIE , KN 1 ~Spm, JEBES 20 ~300nm,
Z USRS R B, S ATRCIR B R AN AR
(TRSP KA, 1978 5 AR A HEAE, 2005 ) o ik A1 7 AR
KL [0 LA S PR 2 8] 22 5 7 4 B AN LB, 220 20
~100nm Ay FLAIASL, 10 ~20nm FFLERZ H BLLE
AR/ IN UL Z 18] , 1106 e U6 A7 Rt A 2 (B 2 A /N T
10nm [YEERT (75 MBH4E,2012)

LRPEATRAIE S Z 0B R, KN R 2 ~ 3,
FAR G N BEROIR AR B IR B AL SRR
gRIeA S AR R A, DU R SO U T
PRI I (5KFRAF,1978) o BHIRERTE A1 LA 1]
FEAEGORGALIL, SRR BE /N T 100nm, S84
FEHEP S 2] K B RGERFLER , /N2 20nm,

200
180
160
1401
2120
" 1004
801
601
40-
201

0 1.0 2.0 3.0 40 50 6.0 7.0 8.0 9.0 10.0
TOC (%)

4 A e i 5 TOC C R A
(¥ Ambrose ,2011)
Fig 4 Langmuir volume data of organic shale
( modified after Ambrose, 2011)

o — FHEEFE N dry sample
o ——— % JKF W moisture sample

cf/t)

F e IR

xR 3 WMoY YWRER
(IEXZTIEEE ,1990 ; Passey et al. ,2010)
Table 3 The surface area of common clay minerals
( modified after Zhao Xingyuan et al. ,
1990 ; Passey et al. ,2010)

- R AR MR | ShRmE | MR

Rt (nm) (mz/g) (mz/g) (mz/g)
ZA | 0.96~2.14 750 50 800

[y 1.435 750 <1 750

A 1.00 0 30 30
e 1.42 0 15 15
e 0.72 0 15 15

YA Sith - 0 0.02 0.02

3.2 #MTwWHLRER

TUE R B AR RO RE 7 AN DU T AL PR A e
JE, B2 AR P ORI AR IR HE R
TR AR DR AE 107 W) T ) SO RE 7 LA B TR fp 4
R/ (B R 45,2008 ) o AL, LU ThT AR A 20 A
JEARAERURL 2 TR/ INRIAL B A5 A8 23 A1 R AL 1Y)
MTFB(E 64, 2013) o GUE PR R4 & 5
15 [k 80% (REBLRAF,2003 5 E4£4F,2010; 484 fig
25,2010, P 1Y BUA By bR WA A 0 A
(2013) FEMFIE TUAFL BURF AR I G145, Rl 7
RS RS R P R R IEHCR R,
Rl B PR PILAE (2013 a) i A BLUUA B AL LA
AL R RS A P R n S SR 4 R Y
B B TCA LB A T SR 2T A K. Y
ML E 10 P L AR BRI LR AR YR
/N TR 49y B4 3 T 5 A 38 524 ) J80 2 1) 52 0 (o
BURAF,2003) o [ N2 F I PT ISt — RS T
X — s, PSERIZ B 5 8 2 LA AR Y
FLEE R (BRI S5, 2013 ) TR Y8 A1 67 4 (9 384 I
W AW FLBR Y % 7 (B PRELAE, 2013b) o B4 4%
FCE BRI AN TR AT S AL F AN ], e fig
HA 2250, PR I 1 B A 7 119 9 55 AN IS AR R] (&
#4,2010) .

K 107 Wy bR B E O B2 2%, V2R 10
YESIE AU EROR NS ISk T /L TRVA RN
25 RN — Uk ) CUn S A1) RA IR K
PRTIRL R AR R ) (181 3) GBS 1245, 1990) ¢
PO AL A 2% , HER TR SR, A A Ak
o MRE AR B vk R R ORI IR
Pk VAR L B R CST . WA S LB
TRV BB AR R B A (3 4 4, 1997 5 BB,
1981) o ML T7 ik AR, ME AR 2 B 22 50 @
AR N, WRR AT BET J7 7 SRR R L7 P o
FER , AR A0 7 IR B i oK | & e i 2
W DO R L s 2R AR, G vl R o 92 B T LA
5 S 2 A L n] A A T AR (R e % 4E
2012) o N3 Jraw , SefbiAr S A Y b TR 2
RFLRYAT e A AR A7, B FE R R G A
FE TR 90% LI L, T HC AR 47 1) 114 L 3 i AR
¥y Hh 3 B (GBS A 12 25, 19905 Passey et al.
2010) o IEJEHG LA MU ER 0 LS T, BEARR
TR AT AR B RGP S, A T LR R
JEIR] AT, S (8RG8 A BT 4
AT TR 4 % B 225 1]
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4 AP RK S A LR

TEHUZ AT R L W LB Sk b, AMUAF
TETUE Y1, IR IS AEAE A AT R
FLrROK AT LT 52 M H A58 W8 R AR A ) e 32 28 I
4.1 FET# 4 A7k 3o B A AR B A 2 i

T HE A, B )2 5 K A, A S
BT (Ross et al. ,2007) o H 2R F2 2K Bl 4k
AR JUASTT 1 oK 2 di i £ P AL =S ), 45
e B A R IR ARG s IR K I IR B L A8, B
AT, K2 R ORI AR R T (AR
RNz VA R E N1 2 A R 2 N U 1/ )
AT s =B A A FLBT R K A8, A A7 AR
SR SEUUL JEA I B T LB A B AR B 4
KL T ) AR AR A 7K AR, DT (A SR 3 A <
[ A AE (F)4%,2000)

S Y 4D AP
\@Oﬁ%j? e

SN

A

Ki H ™ WAL B 2 HAR AR, S B
B PR BE RE T 225 T AW TTHL™ 1) , (B TE & K I 1
DU K 0 W S ) W B E ) s B R A, T
H DU it 1) R G2 IR B 5 AT LB (TOC) &5 F AT
TREFAYIERI R KR, 2 TOC 2y Ze iy B e Mg i 4 5 A
S, UL BITRG B y H AT — 5 1 W B R e 1Y RE
(E4) . YRR E K, TOC R, B BE I f &
FEAR R, U S K Z 5 K 0 LT 2k 2 1 Wt
fiEJ) (Ambrose,2011) o J5L [ a] BE7E T7K 70 - i 48
TR W FL B R T A R, S BUUAR S T AN RE
PO (R 4245 ,2012) , (HW A H I, @
JKEEAT DU o A, IR K 5 PR o 4 A TR 1Y
% [ ( Chalmers et al. ,2008)

Ross 4 (2007 ) 38 52 52 56 & B0, W 19 O 1L A Fn S
JI5E A R B Y e e g B S AR A 3 1 o U o VR R Y
RESIAEA KR (R 4) o AN HATEE /K & >
4% I, B RS B R B BE T A 25 B I 3 A B

oy T HhaEg)
molecular thermalmotion

C@ KT
water molecule

iEPSE AR NP/

e AN

S 7K B i sh A S5 A4 1 (4 90, 2002 )
Fig. 5 The dynamic structure of water adsorption (modified after Meng Yingfeng, 2002 )
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I AR ZJE A il SR B 3 L T AR R S B AR T
fK40% . &S 45t 1 /KW R Y shAS 451, TE 52 1Y fifk
FE T K A>T HERS 7 4 20 ) W B AR

FKE R LT Y R — o RIEAETE
ARZS R L™ W 097K 20 G5 R 7K WK L2 TR K
A K (AR A BESE,2012) o XA 12 55 (1990 ) JIPK:
K AW K 340 43 S Al ik B K B K =
o R PR K L2 TR KR A7 K DL K
43 F H,0 W A A, B 2 A0 AU R A5 1 A2 4k
XS IR T IAEEIE e R A AR, — S TR 3k
| 100 ~250°C i, HhsK 3 A AR 25 1Ak 4
W) o 4 (353600 ,2004 ) o fy G AT O, 7 R UG Hh
JEFET R b KR AR ME ARk, 7K 4
ANAT JRE G 23 o B 8 AR A WS s ), BTG T RS
EROR 70D

K 0 W1 K 5 25 H AR FRUAR R I 2 A e o

~0.96nm = GNP - R
o n Y
2nm - N —-—
A
JZ 1] B0 5 - >

L‘L
g

aiit

% :lé-?-—r B.OHK
“t

FORK IR A3 AW R - i e e R KAk, Rl
s AR R THT B2 WA B0 7K G~ TR o i O R ) T S 4
IFY 5[] e A B /K 3 7 175 B0 K Ak, 3344 g
TR RBE KA A 1.0 nm, 29 PUAS K 40T J2 1 JE B
W6 R -y 2 T T B 3 A, % T W F g o 128 ¥
BN, BEEERT 1.0 nm I, R TR REC 224 72
FEW T MR T BB KB B, B B K
S HIBE H IR J2 T 3 B g R 1, K 7T R
+ZE#EiEZ] 12. 0 nm( Johnton,2010) .

Rl A WA [] B i A 3, AR AN TR A I K
WENKBE ST o SEMEAT 20 ) W A I K A e it Dt PRI 7
TH MR =2 454 (& 6) , {45 H MK i ik
E R TR ) A e 0 o (R AT 32 4, 1990 5 7K T
45,1990 ; Johnton ,2010) , Z2flii 7 f )2 Hh48U= Z B8] 1Y
G| AR/ SR B G = AOK 535, T 5 RS dd J2= 9
e Z T K [RIB, fks P DU IR 2 A Sit

A.OHZH Hy

~0-4nm

u'f; 1 K

‘ p

<

L A"

O,H

AL Mg, Fe(ILIID),Li"

Bl 6 S BRI 25 KA SEATJZ T RIFE 25 (46 Johnton,2010)
Fig. 6 Conceptual view of morphology of montmorillonite particles and an

expanded view of two smectite layers( modified after Johnton,2010)
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INERAY TR AL PP AR E A NI N AL
B Mg®* Fe’ Zn®" Li* S {45 52 2 ) i
BN (AT 2 AR T HEAGRZ Z 8], 5 G
ik GRAY 1245, 1990 5 Johnton ,2010) o A A1 {4
450 5 S A AL, AR R THAAZ A KT A
T, K KA RE F1 /718 n] LU R i 4802 Y 25 X
K T A G HEAJZE], WA K . e
A1 di 2 A7 AR S, (A A M RIS 35, koA
SN IR RIEAR N o

ANHET Rl A K S AN AR T A3 4
KT A (ARG A Y W R RE T T K TR e e
TE A A R A WA K 4 R R B I
JZE AL A5 L B A BR s/ , FLBSE 3 P A 22
NI/ 1 U 18 A TR 22 T, AR 1 R 1 0 8
PRI &SBETT
4.2 T H R RIBE LB R e IR B O 2 0

VU A MUK & 500 074 S TR SG
KA (IR WIS, 2007 ) o H TR 6™ 90 1) 0% BT 4
PR AL AT AR TRs Ty i sh i, ik
—BKFE A PUEALAT AT TR 207 W) i o 3%
T, 38 AT DUAEAE T K L 1 2 6] L e 4y 18] ) AL B
Hh T TR 25 2 T R A RORG L4 ) J2 (E] 455 25
FZ ML XA YL (KK NISE, 2007 2238 3)),2004
a; MR HFAR,2013) o Kennedy 45 (2002 ) % BL, K £
YRR S A LB Sk 22 , i e b 3% i LS
AU RN, o — B ARE T A YLBAERS 37 8)
JE AR X — WA o

VA A BT T2 L AT -5 A Al i P AR S AT
TE. AIEAHLB IR AR 5k ARRE T AE A
APE LAY B A | T 2 R A A (R
85,2009) o KA BN AT A HLBUL S B UKL
IR RIE 30, I A BN S A ek, 1M
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Table 4 Results of pore structure, moisture and sorbed gas capacities of clay mineral standards

( modified after Ross et al. ,2009)
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Abstract: The clay minerals are the main constituent minerals of the shale. It’ s closely related with the
occurrence and enrichment of shale gas. Because of its special crystal structure, clay minerals formed different
types of pores between the crystal layers, in the internal mineral and between the mineral particles. The pore size,
morphology and the specific surface area determine the methane adsorption capacity of the clay minerals. This paper
reviews the occurrence of methane adsorption and various influence factors, such as pore structure, the water and
organic matter in the pore. Different types of clay minerals are different in pore development and morphology. The
round and slit micropores are most frequently found in smectite clay, which has the biggest total surface area and
methane adsorption capacity. The mesoporous and macroporous are most developed in illite and kaolinite with the
methane adsorption capacity belowing montmorillonite. Water and organic matters present in the pore of the clay
minerals will also affect the methane adsorption capacity. Generally believed that water molecules will occupy the
surface of pore, and resulting in a decrease of methane adsorption capacity of clay minerals. However, the specific
effects of the soluble organic matter to the methane adsorption capacity of clay minerals are not clear yet. Finally,

this paper indicates some of the issues to be explored in depth according to the needs of shale gas exploration.

Keywords ;shale gas reservoir; clay mineral; pore structure; specific surface area; methane adsorption



