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Abstract; In this study,advanced technologies were applied to investigate the geochemistry, mineral compositions, po-

rosity and pore structures of the Permian shale core samples from this area. The results show that the Permian source

rocks have an average porosity up to 5.37% and the nanoscale pores are mainly developed as micro- and meso-pores.

The total organic carbon( TOC) content and clay mineral content of the shales are key factors to control gas adsorption

capacities and pores sizes. The well developed nanopores and large surface area in the Permian organic-rich shale

could provide good conditions for shale gas storage.
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F1 HREMMIRL ST
Table 1 Fundamental geochemical charac-
teristics of samples
K 2 o TOC %#/%  R,/%
PCl6 P,d RO 12.80 2.36
PC21 Pad IR 1.19 -
PC45 Pyl IR BT 4.94 -
PC55 Pl IRBAIE 2.59 -
PC81 Pig BOTUH 15. 60 -
PC38 Pig BOYH 9.12 2.47
QC13 P,d BOTUE 9.84 -
QC19 P,d PN oy 7.23 2.32
QC76 Pig Bejes 6.29 -
QC86 P.g BOTUA 10. 70 -
QC88 Pig Bejed 4.24 -
QC90 Pig BT 14. 10 2.45

TE:R, BATERIEUN, “ =" FR AR E

FEG TP 4 B 53 Bt 4 A3 8 Bruker D8 Ad-
vance X—Ray RTHHY Cu(F(0) . TAEHE 4 kV H
730 mA FHHETE R 20=3° ~85° 4% 1 mm FHHIHE
F£ 4 min~', HRPE Rietveld (1967 ) #& H 192 & 1= R
RS ARRT WA SR,

USRS LB I SR AR I A% R R B R
BESh AE A K h BCZS i A 8 b, A 41 05 R
MR Shale NM12 ( JLHRAFR 11. 83 MHz, R AT 12 31
£ 31.99 ~32.01 °C) Kl S0 1) 3R i 7245 5 1 i
JE I R | S T8 T A5 A FL B E R MR LA oA

ST B PR AE RN B 40 A R R B E bR
B 5 R A2 4 (TUPAC) | #5ALR R/ NS 2 ALY
JREFLER A AL (AN T 2 nm) AL (FE 2 ~
50 nm) , KfL(KTF 50 nm) ",

AR AR IR B 22 B 5 T 4R A kL 85 40 1 1 2 T
P SR Micromeritics ASAP2020 1% 2% 73 1 58 1l .
FRHRAG . N, 1 B — MO B T ) i A AR L AR AR 2 ~
100 nm , 3d& T FL S HR 53 KAL) 53875 CO, 43 F1E
W BT, HAA A AR R R (273, 1 K) (BB R P
S A A REAE I 1A AFLAR VS 0. 35 ~2 nm,
TS A AL LR A LR
B R B B, N, 43T A X T I e DL B 3k L
AR A LI e EL A R 9 0 A R
TS AR B ) R AE R T LR AR AR By
BUTF . FRE 0.5 ~0.7 g ByAEZE 250 um ( EE N
60 ~ 120 mesh) fIRE S, 7E 110 °C 2SS 8 h, 7RI
RIREE(77. 4 K) FERL N, 55 T W B — 8 B 43 A , A %
I3 (P/P,, P, A ZEIR ), P, = 0.1 MPa) i
0.010 ~ 0.998; 5k 1] Z 55 BET i+ 5 40X} & 7 1 [H]
0.05 ~0.20 [y L a0 AL BIH BRI FLAL
FRPERHFLAR N B BASE ET 4 h 9 RO
LUK (2731 K) HR5ERL CO, S5 i MRt 43- 4, 41
SRS (P/P,) R 1x107° ~3.2x1072; 5% 8 2 e it
Dubinin—Radushkevich ( D—R ) #5858 34 FL S5 50 2 a1
FARAALFLES (BRI Bt RE 1) 127

2 ZWHER5SWE

2.1 FYHES

ST 2T Y A, TN 8.8% ~
71.7% V349 52. 6% ; §i 0 W) & w288 T 50% ,
Y4432, 14% (11.3% ~57.5% ), F8 P H A, 7
GYFEh TR A RN B AR S A IR IR R (7 iR
AMA S A) &R LR & Sk, F3h
4.5% ,HAMw Wy /b EZEY TSR 2,

R2 BT WARK

Table 2 Mineralogical composition of the sample suite

Yo

B A KA BRE gikka 2ha BETY Axsfa A iREy WS HoAhy =83
PCl6 47.2 18.8 29.5 - - 29.5 - 2.4 2.4 2.1 - 100
PC21 8.8 - 22.4 10.2 - 32.6 42.9 15.7 58.6 - - 100
PC45 38.9 17.8 24.7 14.2 - 38.9 4.3 - 4.3 - - 100
PC55 30. 2 19.9 35.2 14.7 - 49.9 - - 0 - - 100
PC81 54.4 - 40.6 - - 40. 6 - - 0 5.0 - 100
PC88 67.4 - 20.9 - - 20.9 - - 0 6.6 ZEAT 5.1 100
QC13 62.2 21.2 11.3 - - 11.3 - - 0 5.3 - 100
QC19 41.6 16.2 31.2 - 6.5 37.7 - - 0 4.4 - 100
QC76 56.0 - 36.5 - - 36.5 - - 0 7.5 - 100
QC86 71.7 - 24.6 - - 24.6 - - 0 3.7 - 100
QC88 56.2 - 24. 1 8.2 - 32.3 3.1 4.2 7.3 4.3 - 100
QC90 32.0 - 28.4 - 8.9 37.3 4.7 17.1 21.8 6.2 FERR 2.7 100

T =7 ORI
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Fig. 1 Mineralogical distribution of quartz, calcite and clay in

the Permian core samples and Barnett shale""’

2.2 FLREE
FEIRIEAE Ry A2 B A i )2 B F LB RE 18

T, T U DU AL BB DN 5 A7 34 22 o « ) 3 51
Bl 7.5 ~7.5x10* nm, ¥ DL VE B 0 2 20 K 9 FL B
Wil 75 5K e 736 K 7 A N R 4B K 7 AL L B 0 o
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A3 R REBREE SRR AR I BN EL; S, s 4300k 2 b
FES TR RS 5 (B Ry r 20 N EFRRES
RN BB 25 Ry, 20901 0 E BB 5 Ao DU R
MR 25

1 3 % s JL AR DN A5 25 S A A L BB S L
1.87% ~7.10% ,“F-¥10 5.19% 5SS W#HE 3, EE
PEAHXI 22 /N T 3. 7% , 54636 F =R TUA F B
LB EE X A A S (2% ~ 14% , F¥ l 4.22% ~
6.51% )80,
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Table 3 Pore structure of Permian samples ( porosity ,surface area and volume data)

o . L N, BET H. i BJH ¥4 N, BIH A FLALE S, CO, FLILA,  CO, L e
JE/ % B/ (m? - gh) fL4%/nm (em® - (100 g)7')  (em® - (100 g)7")  F/(m? - g)
PC16 12. 80 6.28 32.82 9.44 2.29 1.48 31.78
PC21 1.19 3.12 22.10 0. 66 0.29 2.55
PC45 4.94 12.39 15. 60 1.73 0. 61 16. 63
PC55 2.59 4.92 8.58 14.70 1.16 0.30 13. 64
PC81 15. 60 6.72 28.17 8.61 2.67 1.66 35.69
PC88 9.12 4.86 24.20 8.49 1.96 1.32 23.62
QCI3 9.84 1.98 22.65 11.70 1.96 1.08 19.05
QC19 7.23 4.82 18. 31 12.30 1.77 1.07 16. 08
QC76 6.29 5.93 22.52 12. 80 2.25 0.95 16. 41
QC86 10. 70 5.72 23.75 11.20 1.75 1.25 21.33
QC88 4.24 11.20 15.70 1.33 0.52 12. 30
QC90 14. 10 7.10 32.03 9.55 3.11 1.65 29.32

2.3 T4

FLER G5 F4 246 8 5T rhFL B R G () J LA T 28 |
KN, FLAE o AR I L% 5 M, B 4 LA R
Gy G R, b 8 T AR R R ARG
TAL KA FLAE A i a8 W Bt R 8 S 20 4%
17 50% ,AS[R) B 75 R 2 A 22 5

RIRAR . N, 1B — BB B 25 gl i e B 4L T A fL L
TR A FLFLE N BIH FH LRSS B, A SCHE
FEIRESD N, SRR T2 (B 2 (a) ) ELT TUPAC & X
) T0 7Y 25 35 7 B2 1 H3 RUR i BA2K Y 3 B H4 Y

FRAEVC (B 3) o Hh 2l SRR B (P/P, =0.05 ~
0.30) KHNRIZW I, 2 J5 0 52 5 2 20t i
Bt TE P/P,=0.45 ~0.90 P IR, m R B A
I D 0 P R R B o B A AL BR8]
HIEAL, LA R e e UL R BT CO,
W R 25 3R 2R (&1 2 (b)) 5 Clarkson Z5BF 58 L% CO,
AR B R AL L BRSO 18 R R B /N T
AR REIURRALBR T+ KB, A A
O M, BB b 0L R iE B 5 6 A B s ) A
pEAZ



790 3 # % #’ 2013 4F4 38 %
40 5
~ | —*-PC-1-16 ——QC-1-13 T PC-I-16 = QC-1-19
—— —— PC-1-45 —= QC-1-19 e = 4 | = PC-1-45  ——QC-1-76
= o 30F =< PC-1-55 —— QC-1-76 % 4 [ - PC-1-55 o
TS| - pPC188 —m OC-1-90 £8 | =PCi1-88 e
= / £23
2 =
X & =
3 1o = & ;
| & ~ - QC-1-90
0 01 02 03 04 05 06 07 08 09 1.0 0 0.01 0.02 0.03 0.04
AHXF S5 AR 77
(a)774K (b)273.1K
B2 N, Fll CO, MBIt B 45 R £k
Fig.2 N, and CO, adsorption-desorption isotherms
17 T4
il IH i3
= = S
0 0
AR L) AR E AR R
VA v Vi
il g e
B = ==
= = =
0 A A 0 A 1.0
AAXT 1 AARTH 1 FAXT s F1
(a) R £
Hl H2 H3 H4
iz i LE3 1
= = = =
_ 10 0 A 10 0 10 0 1.0
XS] HATEE 77 A%y HIRFLE s

(b)) IEHFIZEI

& 3

WE 52 FE i BJH A FLFLA R 0.66 ~3.11 cm’/
100 g, /- FLILZRTHFR A 3. 12 ~32. 82 m*/g; ALILE
}0.29 ~1.66 cm’/100 g, ffL L £ H AN 2.55 ~
35.69 m*/g; F-HFLAR VL F 8. 61 ~22.10 nm (R
3) . X5 Chalmers X035 Hh X 32 2L 7= 43 Hh A F
FEAR Y HP LA B, AT A2 40 A i HLAT B
AL AR OK AL ) B R ALAR A 25
2.4 HERILBEHREFIER

FLBREE 5 TOC B FE 24 43 2Z 18] 26 Z
4 IR ZE R B ALBRE S TOC Z M A7 7E 383 1E A
O s FLBRRE 5 40 0 o TG I S A O (R M
Y s Je vUa LR 2 I SR, X SRR
Sk ST T R BE A AR S A Rl 2 b A ML A
E I E < RN R O N E N E PO LR SR

TUPAC 7 SCI% 45 T 2 038 i oA e g L1021
Fig. 3 Classification of isotherms and hysteresisloop types defined by IUPAC!

10,21]

FURAFLBTER S K, QC13 FE S5 R R IK , FAR A
FEN] UL AZ B (R 35 AR BRI  FLBR RN,

N, BET e BJH - FLFL%E .CO, fL LR
AL S ToC SR E 5 fraw, Al b,
A TS5 TOC & B AR BLAY 15 £ P AR 5, FLACFL AR X
FAFLEIH R A O A FLIR R T LR
PE(EL6) AL E B M FLIFFE R & . BET R
FZ TOC =46 W R EE, E 5 26 079 & 5 K
TOC &&= B /e, 2 20 W & i m e HA
HRMEHEA(E 7). TOC {H#K, BIH FH4fL 12
AN EXTEEOC (L 8) . REIA WL RESR LAY FL AR I
JINT A ] R FLBR

ARG UL WA LR PR ALY 2
AR BOURAL O] R A ML AL 5 A FLAE 52 TOC



555 G T T IIX 8 R A YU A fLBR S MR 791
8 8
¢ o ¢
< o <
6 ° ° 6 0 s 00 °
= o o & ° o o o o o
i i
j;L: 4t AT
= =
2p o ar e o A
— o i LE
0 5 10 15 20 0 10 20 30 40 350 60 70 80
TOCHE&/% EEY WA 5%
K4 fLBEES TOC & i X T2 W o i) G 5
Fig. 4 Relationship of porosity, TOC content and mineral composition
50 50
" PC-1 = PC-1
L 40F A Qe B~ 40 4 QC
Eu | —ems Ew | —Ensk g
S 30f . R
g = g
H R2=0.883 2 Pl R>=0.898 3
=g 201 =g 20
it =
Z ot SZ ot
. 1 1 1 - 1 1 1
0 5 10 15 20 0 5 10 15 20
TOCH /% TOCH&/%
4
~ ' = pCl ~ | =rpcl
B4 QG- R Tal A QC-
g3 —em . 87—
= -
w2 ol = ol R=0.946 1
S5 R=0.780 3 ® 5
T < S'x
o8a |t Oalr
= - =
2 2
0 5 10 s 20 0 5 10 15 20
TOCT5 &/% TOCT /%
K5 fLEHEEES TOC & EKR
Fig. 5 Relationship of pore structure data and TOC content
40
s PC-1
=D 30f
=
g 20)
Y
=
B 10}
u
0 0.5 1.0 1.5 2.0

PFLALFR(STPYcm? * (100 g))

Ko fLILA"S BET HRMA T Ai
Fig. 6 Micropore volume and BET surface area map
AR Rl 32 A D 2R B9S2, gk 6 9)
A AR L, B PR A LR, 5
AT LRI, P 5UA FLB A5 . A P )
KL A LB 0] L Bt B 7 3 22 i) ) 2 FL 5 IR A 7
AL 527, TOC S8 SF L &
SR Y2 i AL AL, o 8] FLBR -5 i 8 AL sz DU
TR SR AF RO, e 5 58 TUA AR XS LE , 45
B M T X &R MR AL T R

K7 TOC FitH Y& ES N, BET AR =]
Fig. 7 Three-dimensional plots relating TOC and clay mineral

content with N, BET surface area

SRR VOV E MR LB AT RAE 2 A B

B I A SR
3 4 i

(D IRGRHILIRB AR IR, — S R B AL
B E LB A B, fLBR Y 1. 98% ~7.10% ,°F
¥1995.37% .

()RR N, W% B — I B 2 CO, T BfS 43 AT 3=



792

’ 2013 445 38 4

nga

30
a PC-I
£ s QC-1
a0
=
5
o
= 10
| R=0.884 4
y=—4.839 6ln x+21.876
0 5 10 15 20

TOCEH /%

B8 BIH FHfLIES TOC KR
Fig. 8 Relationship of BJH average pore diameter
and TOC content

TERREA VU U LB A 3 B LRAL

Lo 3 FLBRIE A 22O R AR & A P4 7
PR FLA B2 TOC & A5, I 4L
PERASC , 1% 0740 5 i A R M AR X 58

) —BRBEAIIR AL E L Em,

FEEGY SRS S E A T X P U 2, NS R
A BB U

SE 3k

(1]

(2]

Mobhzm, X BRE R, P T XRS5 A
SRV ). AR R4 ,2007,29(3) : 15-19.

Lin Xiaoyun, Liu Jian, Chen Zhiliang, et al. Marine source rock dis-
tribution and hydrocarbon generation potential in middle and lower
Yangtze Region[ J]. Journal of Oil and Gas Technology,2007,29
(3):15-19.

AR SRR, ZE R 5 T 3 IO A S A RO B
TSI ERAT R )] M@, 2011,30(2-3) :337-343.

Pan Jiping, Qiao Dewu, Li Shizhen, et al. Shale-gas geological condi-
tions and exploration prospect of the Paleozoic marine strata in lower
Yanglze area,China[ J]. Geological Bulletin of China,2011,30(2-
3):337-343.

TR, JERUE XN R Xt A Sl A B AR R R
BEDX[J]. AR AT % ,1998,25 (1) :4-9.

Guo Nianfa, You Xiaozhong, Liu Defa. Palaeozoic oil and gas geolog-
ical conditions and exploration area screening in Lower Yangzi region
[J]. Petroleum Exploration and Development, 1998 ,25(1) :4-9.
Curtis J B. Fractured shale-gas systems[ J]. AAPG Bulletin, 2002,
86(11).:1921-1938.

FhANSS, SR, BREIR, . T PR SR T HZ M4
[J]. 22424 ,1999,23(2) :152-160.

Du Xiaodi, Huang Zhicheng, Chen Zhina, et al. Division and correla-
tion of the Permian sequence in Lower Yangtze region[ J]. Journal
of Stratigraphy,1999,23(2) :152-160.

RIS, BRI X B2 PRI [T]. R
#%,2001,25(1) :18-23.

Wu Jiwen, Li Dongping. Sequence stratigraphic studies of Permian,
Wannan area[ J]. Journal of Stratigraphy,2001,25(1) ;18-23.
Rietveld H M. Line profiles of neutron powder diffraction peaks for
structure refinement [ J ]. Acta Crystallographica, 1967, 22 151 —

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

152.
ZRUGFWE R E S SRR REILR T, 1S fLBR AR o A T ik
T[], Wi 2%k, 2008 ,25(2) :273-280.
Li Haibo, Zhu Juyi, Guo Hekun. Method of NMR T, converting to
pore radius distribution[ J]. Chinese Journal of Magnetic Resonance ,
2008,25(2) :273-280.
Gregg S J,Sing K S W. Adsorption, surface area and porosity[ M ].
New York ; Academic Press,1982:303.
Rouquerol J, Avnir D, Fairbridge C W, et al. Physical chemistry di-
vision commission on colloid and surface chemistry, subcommittee
on characterization of porous solids : Recommendations for the char-
acterization of porous solids [ J ]. Pure and Applied Chemistry,
1994,66(8) :1739-1758.
Groen ] C, Peffer L. A, Perez-Ramirez J. Pore size determination
in modified micro- and mesoporous materials; Pitfalls and limita-
tions in gas adsorption data analysis[ J]. Microporous and Meso-
porous Materials,2003,60(17) :1-17.
Ross D J K,Bustin R M. The importance of shale composition and
pore structure upon gas storage potential of shale gas reservoirs[ J].
Marine and Petroleum Geology,2009,26:916-927.
Chalmers G R,Bustin R M, Ian P M. Characterization of gas shale
pore systems by porosimetry, pycnometry, surface area, and field
emission scanning electron microscopy/transmission electron mi-
croscopy image analyses: Examples from the Barnett, Woodford,
Haynesville ,Marcellus, and Doig units[ J]. AAPG Bulletin, 2012,
96(6) :1099-1119.
Clarkson C R, Bustin R M. Variation in micropore capacity and size
distribution with composition in bituminous coal of the Western Ca-
nadian Sedimentary Basin, Implications for coalbed methane poten-
tial[ J]. Fuel ,1996,75(13) :1483-1498.
Jarvie D M, Hill R J,Ruble T E, et al. Unconventional shale-gas
systems ; The Mississippian Barnett shale of north-central texas as
one model for thermogenic shale-gas assessment[ J]. AAPG Bulle-
tin,2007 ,91(4) :475-499.
M AR SRR B M, A5 R 1 A A B AT 53 T A AL
BOUCELBRARIEL ] . £7iM2#4R%,2012,33(3) :419-427.
Tian Hua,Zhang Shuichang, Liu Shaobo, et al. Deternination of or-
ganic-rich shale pore features by mercury injection and gas adsorp-
tion methods[ J]. Acta Petrolei Sinica,2012,33(3) :419-427.
BRE AT B . RIS IR PR A 0 LB fi—
BEBIFE[)]. KA T, 2006,26(10) :57-59.
Li Tianjiang, Li Zifeng, Zhao Yanchao, et al. Consistency of pore
structures between NMR and mercury intrusion method[ J]. Natural
Gas Industry,2006,26(10) :57-59.
TR, HOCL B B USSR B AR R BRI
[J]. Hem#h#4¢,2010,30(10) :7-12.
Jiang Yugiang, Dong Dazhong, Qi Lin, et al. Basic characteristics
and evaluation of the shale gas reservoir[ J]. Geological Survey,
2010,30(10) .7-12.
TR AR, SR AR AR DU AR AR R AT S A S e T
T SIRIEE XN ]. M BUER ,2011,30(2-3) 357~
363.
Zhang Jingping, Tang Shuheng, Guo Dongxin. Shale gas favorable



55

i A T TR T R A LR VU FLBR A RRAE

793

[21]

area prediction of the Qiongzhusi Formation and Longmaxi Forma-
tion of Lower Palaeozoic in Sichuan Basin, China[ J]. Geological
Bulletin of China,2011,30(2-3) :357-363.

Montgonery S L, Jarvie D M, Bowker K A et al. Mississippian Bar-
nett Shale, Fort Worth basin, north-central Texas: Gas-shale play
with multi-trillion cubic foot potential[ J]. AAPG Bulletin, 2005,
89(2):155-175.

Wi, R R, FLUE % IR e SR 4L TCE TR AR AL
PRASHHEAT B HE OO SCLT ). #3541, 2012,37 (3) 1438 -
444.

Chen Shangbin, Zhu Yanming, Wang Hongyan, et al. Structure

[22]

(23]

characteristics and accumulation significance of nanopores in Long-
maxi shale gas reservoir in the southern Sichuan Basin[ J]. Journal
of China Coal Society,2012,37(3) :438-444.

Slatt R M, 0’ Brien N. Pore types in the Barnett and Woodford gas
shale ; Contribution to understanding gas storage and migration path-
ways in fine-grained rocks[ J]. AAPG Bulletin,2011,95 (12):
2017-2030.

Katsube. Shale permeability and pore-structure evolution character-
istics[ J ]. Geological Survey of Canada, Current Research, 2000,
E15:1-9.

T T Y Y YYD YYD CY T YUY T YUY Y UOUVY LYY TVDYYT LYY YT T T T T T T T

(ERFR22 BEFIEINIZ“FHEE 5000—
FEFEmMBTITRARZEARIELTEES (F5000)”

202512 A7 8B, PERABRAXATERARLCLELTEI, T ERFEREEHZITAHR T Ik
5000—— P Bl Fa A3 0 R TR 38 L (FS000) 7, (B & S R) B2 A 22 Bib Ik,

“ AR 3 5000—— B4 S 1] T K F K8 X (F5000) 7 52w B AR RAZ G AT R P B B — iR
AR ( 2T AWM RE) £ F B A S A ) 2007—2011 AT R B g X Pk e FF Kb X, § £
—F R B R 9L R R B E AR, BT S A Fo R R KB F 3R RR AR D) J] A ek
R, ZTFE@d5EIRAERTFEEEGT (DA H WOK Btk 24 T46,5 SCl & ELR—T &
FIL R E A BRI R3] B P Eag F LaEiE & B a4 A F 8Pl fe ik S H RE— AN A

ST G
F5 3 H 1R 4 & it R
1 IR A AT S AP R R 8 4 T T4iE 2007 32 2 113-118
2 1R TOUNE 7 38 4 S 4 28 5 B LA TR A 2 v i o FELT 2007 32 12 1233-1238
3 PRIK TSR B 7K G 2 ) S A ME 5 % T 24 0 W B4 2007 32 6 561-564
4 TR I TERHT S BV R4 2007 32 7 680-685
5 R AL IR 5 N 43 A A BB T4tk 2008 33 1 1-6
6 R TFRAR FUET IS SR 5 U R AR R ® R 2009 34 1 1-8
7 S Wi o SN 058 7l AR S AP B AR B LT Bl R A v HELT ¥ 2009 34 9 1153-1159
8 AE345]  BERL AL BRI RIS RN ) R A A ks 2009 34 11 1460-1464
9 TR Z R B TG g Ak Aok 2009 34 11 1475-1478
10 R R N P B s N S PR 2009 34 11 1546-1549
11 KR LRI RE 35 B L 5 S AR TOF 2009 34 1 50-52
12 FRIEHZ IR R O RSN B AT 5 =% 2009 34 5 590-593
13 TR [ ) 27 R B AR e Mol WERA 2009 34 7 881-886
14 LR MU R A TR A ik 5 5 RIS % 2010 35 1 1-6
15 P e o VA R B UL £ 5 2/ FhGEF- 2010 35 11 1925-1929
16 TR R IR g ey 2010 35 4 529-534
17 HESHEF X (B K ZRAE AR KT R 43 X B 5E T 2010 35 1 7-14
18 i 222 - 227 R K FUBTR K 2 O R R ) INART- 2010 35 1 72-75
19 SR IR I R 1 O R RS Ik 2011 36 1 167-171
20 R A A e S Y NG 2011 36 2 313-316
21 TR TR AT ——FL AR 5827 R W 2012 37 7 1069-1079
22 ZWHEEY I——E T R R 1L A SRR RSLH 2012 37 3 357-365




