+ 1% (Soils), 2025, 57(2): 398-405

DOI: 10.13758/j.cnki.tr.2025.02.018 CSTR: 32214.14.tr202401190033
Hraker, Y, TN, HAa FRT R X B B L BRES  faE . 13, 2025, 57(2): 398-405.

EAFAAMEELT XE R TIEFLREMRISN"

i, REH, B4

(PR MBS0 2EBE, KB 030006)

W OE: ERSVIERT A AT X E R LRSI R, R Tk CT SEFERISABIH AR E R 17 F e s
HEFIER R IX(RL) ., 614 HAMER IR X (CL) SoE 37 850 5 A M35 X (OL YR Bl R R BUIR 1A (B4R 2 em . 15 6 em) LB
AT T TCR = e 48 AL ES BT . G55 . AT A 5 B e b eI | PRI | G540 STEASI = T sLisgm,
FERIN CL H3EAPIR . 2%, AR, HAdm &M CEC X pH B3 T, HIEAH 5&4 8% b, fLBgi)sm, CL
LB . RALBR(EE R LA R T 300 pm)% . BeRALBIE . P E A% RL T3 BIFN T 35.74%. 36.22%. 16.00%F
38.85%. WLAh, XMFFLBRIRFEL . =4E AR, BRBAFHIER L =445 ) SR EAR 0 BT A R W], CL HIRALBRM 45 R 4%
P FEEME RL R R TR, Bk, Hata B0 R RIS B 3L 539U AR [FIRT, 4y 8 BRIk LB
MG IR bk . Bl ke v, oEm SEE B LT R R oh R Ay R AR 1k

KEERE: JEATA AR ALY, HHE R, Tk CT

FESES: X53 XHERPRERD: A

Effects of Spontaneous Combustion of Coal Gangue on Microstructure of Mine Reclaimed

Soil in Loess Plateau
XU Jianhong, CONG Haimeng, WANG Weipeng”
(School of Environmental & Resource Sciences, Shanxi University, Taiyuan 030006, China)

Abstract: In order to quantitatively analyze pore characteristics of reclaimed soils in gangue yard in coal mine area in Loess
Plateau, in this study, high precision and lossless industrial CT and digital image processing technology were used to conduct
non-destructive 3D scanning and pore characteristic parameter analysis on the undisturbed sandy-loam topsoil columns (diameter
2 cm and height 6 cm) from the areas of 17-year normal reclamation (RL), vegetation degradation of gangue spontaneous
combustion (CL), and the original landform (OL) around the dump of Xiqu Coal Mine in Xishan mining area in Taiyuan City,
Shanxi Province. The results showed that the physicochemical properties of reclaimed soil were influenced significantly by
gangue spontaneous combustion. Compared with RL and OL soils, bulk density and salt content of CL were higher and organic
matter, total nitrogen, available phosphorus, available potassium, CEC and pH were lower. In terms of pore structure, the porosity,
microporosity (equal pore size > 300 um) rate, narrow porosity and average pore diameter of CL soil were decreased by 35.74%,
36.22%, 16.00% and 38.85%, respectively, compared with RL. In addition, the quantitative analysis results of the pore shape
coefficient, 3D masses fractal dimension and volumetric Euler-Poincaré were also showed the complexity and connectivity of CL
pore network were significantly decreased compared with RL. In conclusion, gangue spontaneous combustion significantly
reduced reclaimed soil porosity, average pore diameter, and at the same time also significantly reduced the complexity of soil pore
network, connectivity and stability, leading to the overall degradation in physiochemical properties and functions of reclaimed soil.

Key words: Coal gangue spontaneous combustion; Soil pore structure; Land rehabilitation; Industrial CT
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) 2/3, Wit 21 thae X s = i sk 5 4
70% A AT BRBT AT R IR B R APk 1 A HE S Y
BAEY), 2RI =R 10% ~ 30%, Tk [ AH4F
PR HECR 200 1.0x10°t, i TR 2 —Fh ok
SREE, FIHZREAR, BREAMEFEAE, 2EBF
PG 6.0x10° t, (53 2.4x10° m?, HALAEFAE 10%
4 R O R R I AL . BRI AL B R
TR R 38 B v JEREA X 3 A 4% b A AT £ AR
iy, KARSE S e KRR ST g4 . AT A 1Lis
FH R, A 1/3 249 3 000 FEIETA L EFERR B,
B [T A G . R A be Sk K
CO. CO,. SO,. NO, M/ L4FA #A HM, PE
YRR, B AT AR5 S AR 4R
BT, BERK R RE P S E AR B TR
PEPK, BEKERS, MmTERK . £i5 500, B,
PEOFAT L R R EE A ok T E W faE . Jioh, #53
PERFATILR S RIERE  FLRE L BT AEVE R, R AT |
T A e A AT b BT T ™ E A 4 T A R R
Nt

XPREAT A LR AT 4 H A B AT A b 35 G
SR MR EE, F, A E R EET X+
IG5 AR AR IR M 1Y B S . TR A A
KEAMFA 1L BAH AR A 0, BEA I AH DG e 2
EhFxiE B EHESRy  ISEY(ESE . A&
FEAPRAG I A5 N R I WET , X Rad B 4 14 1
CE AL, JCHIE E PR A R R AL
BREGHE STEA & B R M ALH BT R 2 0 5
T, AR SCRAEE 4 R X F AT A 1L A R
RIFFERS G, B AR A1 A %2 B LR S,
F 5T ARAE R SZ A, LU R e S5 pa e X
R A R R B R A

1 #RERE

1.1 HAREER

PO A (7 T A JE T P L B 2 L ko BEAR R
J& KBt it 2 TR KUK, 5 X AR 34 [ K
WA 400 ~ 600 mm, 4EFIIE KN 1 500 ~
1700 mm, 4EFHESIH 7.9 ~10.6 C, FH DY
150 ~170d, PR 1.4 ~ 2.2 m/s, KRR
25 m/s, AT TE A £, T Rb L
W IXHAT T 2002 4T RHERT, HERF 7 O R bh
I “HEMTE, ARAER, PR, AW,
HEFZ5 s, AR LR KR 252 80 m, JEIHIHEEY
40°, 2003 4, B RHRZEE L SR
AT R R, EIEE N 60 ~ 80 cm, LU AN
A R R IR LR R 2 2b ) S5 A 3+, SRAAEY
M E WAHPIZSA(R 1) T Y MR A & i =
BB A, 2010 4Fie, ZHRF S 4 3
B2 13 AT BRR, ARES 3w T G
B, #RZE 2019 4F TRYAHET, ZH AR &
B A XSS A A AR B R R . TR o 32, 52
BR0 2/3 IEH 6 EERBOR . IS
1.2 H#mRESLE

20194 6 A ,7ECE B 17 4EM7E ihi HEF 37 48
BV 5 IEH 2 B X (reclamation land, RL). #AfA H
PRFEHE 1L X (combustion land, CL) 4™ X J& 31 [ b,
$i[X (original land, OL)F-HiBEHLERE 3 4bR A+ 1%
RIZFEMIE 1, £ 1), HIEREIFIZHE R 10 om,
FIFH PVC & RFE, BRI M EAL 2 cm, & 6 cm )R
REAE, ABFIE R KK RS R, CT
AR IR XA S T I E T 4 C UKAEIR
U AN, 420~ 10 cm WERE TR, LIRS
JEZ A K2y i e kA A B

#z1 XHRER
Table 1 Sampling site information
FE X SR i Gt 5 3 AL bR LR PEA Y
JRHLS X OL 112.2150° E, 37.9165° N Hi# Ulmus pumila L. W8 Artemisia lavandulaefolia DC.
HIME Robinia pseudoacacia L. B Artemisia hedinii Ostenf. et Pauls.
59 Vitex negundo L. BB Poa annua L.
BRI EL Rosa xanthina Lindl. Ti 48 Artemisia sacrorum Ledeb
5 HFE Leonurus sibiricus L.
JERT A R B 112.2210° E, 37.9177° N B %58 Artemisia capillaries Thunb. HBR Poa annua L.
iB1ELIX CL Ti 45 Artemisia sacrorum Ledeb. R Artemisia hedinii Ostenf. et Pauls.

8 Artemisia halodendron Turcz.ex Bess
KPR Robinia pseudoacacia L.
TM¥N Pinus tabuliformis Carr.
Hiwt Ulmus pumila L.

EWEZRX RL 112.2210° E, 37.9176° N

B Artemisia argyi Levl. et Van
T B Artemisia capillaries Thunb
Ti 48 Artemisia sacrorum Ledeb
BLE Artemisia hedinii Ostenf. et Pauls.
FRIAK Poa annua L.
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Fig. 1 Current situation of the sampled area

1.3 TEEAERNE

pH!"™: pH A KRR L 1 2.5 WilE; +4E
AHUEN: AN KCro, AR AT Bl
o AR Bk ™. JdEdt
Bk RO WA BHES g (CEC) Y,
SRS, HRRKER ) SHIIWoKEE; Ik
4y MR,
14 CT HHEEEKER

+HERES R T 452K CT (Phoenix Nanotom S,
GE, USA)HH#IIE . HISHCh : StFRER 115kV,
SYHEE 25 um. FE EE R EES G A M T 0
~ 360° AJEES, AR X SR EMBOE IR . K
e B MG A datos|x 2.0 Bt 7 MG, HE A
J5 A 2 400 WE 2014%2014 12 % 8 {7 tiff #5204 I
E&, IKE(EIEEA 0 ~ 255, RAJFIEEAF Image)
o} B R A 70 EL B TR I — b B (A i i S5
g b P20 SRR AR AR R PVC AT UK
= S IR B [ N 1 v e o = e L5153
800x800x800 14 % (2 cmx2 cmx2 cm)fY X 17 & &
LGS HT . CT BRAY 850 H2 AR I L LB 2
B O, ASFFE SR F 1A A8 I P 6] R R LR
PEAT ZAB M), it Imaged BPEXS SRR G 5230
S YR AT T B = AR AL S B E B LU
i

FLEREE : T Tolk CT A A E R HER A PR
i, ASCRHA Image] #4-1) Analyze particle ffiff
SFRER T >25 pm BFLBREE A PEA TR B4 o

ERFZB(F): R EP R, K,
A HFLBR AR FUERAR G F2 1R, A4 S FLBR Y 5200 % 1h
L FALBRUIR AR R B ALBR 7 N RN (F=0.5) . A
FLN AL (0.2<F<0.5) A K AN (F<0.2) =25 fLBUBIR
FEUT W IEFLBR Y FARRIE 5 &4 23 A R0, B
RFBGEK, FWFLBRZS MR 2408

Ae
F=7 (1

=443 T8 4E 0 (3D mass fractal dimension ,
FD)*l: T 2 S ALt i FLEBRIE 25 04 AR L RS L
WIPE, FD A i ROBE T AR Ak, AR B R WX
WIRZER S 2% . FD BRI @& 4eukita, HIE
HUEHILK e &+ REB DR EE, RSl e+
K, ESRAR R R & F 185 Me), HRIE TR/
T EGIGTEHE IR . & F R N S & ik &
2~ (2), HH FD 4 log(1/6)5 log(N(e)HIHHL&
HESIIF e

VP
N(e)= [—) @)

&
LB A% M . = 4 BB R AR X (volumetric
Euler-Poincaré, Ev)POBRFME, HitE AKX MR G)RT
s, A, TR RN e e b B AN LR
BH, CHEGPMEEERNFLBRE R, Vo =4
[ A
1-C
7 (3)
=44 1] 7% (3D degree of anisotropy, DA)PY.
BFLBUAR RAEA R 7 Ao A S e, (H—
TE (%5 1] [R] B4 44) ~ 1(4 ) S B 454 ), M)
SERBERE o
RALBREERE 1 L b i RALBAR R 433 S AL
BEE Y LU E RN, BB, R I SL BRI 25 1Y 1%
PR BT
1.5 HELEBSSHITHH
JIr A BRI R SPSS 25.0 AT LRI AMT , &5
RFBRNVHE + it 2s, Ho, BRI 2040
(One-way ANOVA)H T LA [ b B 2 8] 7 2 {4
T s PR A AL B AE Dy T A 35 22 5% o AEIEIT Origin
2019 SE AL

2 HEREHWH

2.1 EERIZEA BB L EEL R RN
3 ANFEX RIEHARPER AN 2 Fi7s . AHECT OL

Ev =
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+3E, &k 174FEE R, bR pH S8R & &SN, RL -
HEHEFRKCR | 258 . AL . AR S, &
thiatJi CEC ¥5 OL HHifffr B 255, R i
52 R W OAR T A SRR B R S 3 R —
EERITHE T AREAR 1, RS
fEPERT S OL + 42 Ak e Rl f P Lmi i
JEXT 2% )2 PR R K

2B WoR, M T RL 158, CL 14k
ST, pH B FRE, JRE AR A B
AR R (FeS)K =4 SO, Hilt S KoK, +
BeEh 4y KRB K 7 R R TR IR 8P, s,
fFE AT T, CL BHEHMEKE, AE . AL
B, A R, AWKk CEC S8l S RL +
WA B 225, R A AT B e Ak
JRFEA T SRR R o 7E RN | M i A
i, CL 35 RL H3E B &2

x2 KiABEAMERTIREAERZN
Table 2 Effect of gangue spontaneous combustion on
physiochemical properties of reclaimed soils

A3 5T oL CL RL
pH 8.41a 5.49b 735a
FH )RR 7K 3 (%) 31.42a 1556 ¢ 26.85b
FHRL (%) 18.65a 16.35b 15.69 b
R (%) 28.46 a 27.55a 28.76 a
RL(%) 52.89b 56.10 a 54.65a
K (g/em’) l4lc 1.72a 1.57b
A HLE (g/kg) 8.47a 495¢ 6.51b
2R (g/kg) 1.75a 1.07b 1.63a
3 (mg/kg) 20.68 a 527¢ 12.35b
A (mg/kg) 90.63 a 35.65 ¢ 70.58 b
53 (%) 2.52¢ 513a 3.43b
CEC(cmol/kg) 489 a 1.85¢ 2.52b

e FHRRITARNG FRARE A R RE X 430 22 5 70
P<0.05 K FE; TR,

22 EERRETABMI TEIES HHRE

K2 8 3 ANASTAIREIX A 398 = kL B b #4 () m] L
TS, =4S E R R AR R RALER
MR, &2 CT FAiHIRRMRS, AR H
WSS ESLAE >25 um WL, XTI 2 647 H A0
LR, 3 P HEFLBR B B R 23 8] 43 AR A7 7
2 R [R] o OL 398 v (LB 9 245 15 356 it - S 5 B3
L 5ARY B AT YRR R . AHEST OL -3, RL -4
rRFL B 9 28 5 35 J5 43 ) 26 BN 43 105 24 AR AE
TG R FE A T LB M 4 5 3 i Ay 25
[ 434

| 2D

3D

B2 FRHXTESHORRE=L4ETRLES
Fig. 2 Representative 3D visualization images of different soil
structure in different areas

WA, S 2 X LR il AR, AHA RL £33,
CL H3erp Bl ok R e siRor A, LB
F e FLBR 0 45 114 3 1R - 4L o 1 o A A i —
AR, R A AT ST, CL R s
PEFLBR TR, LB P90 28 2 A2 3 1 A AR AR

LB S ALBR R R R AE R A S
R EE AR, W 3 Piw, 3 FhHHER LB &
LB A E R 25 5. KT OL 1%, RL +1E
SFLBREE | KALBR(GERCEAE >300 pm)*R S -2 fLER
HRDHFREET 9.50%. 7.29% 1 15.59%. HIXF R
i, RL LR S5/MLBR(GFRLEE <300 pm)
RO OL HHEEINT 9.25% 5 15.51%, %45H
vE— 2L EE T 2 BAIER BT, SRR R R
ERM T LR 5B, BRI SR
FLBRE 5 K ALBR B R .

Fz3 HETAERMERIIEIES M

Table 3  Effect of gangue spontaneous combustion on pore
distribution of reclaimed soils

FLERRR oL CL RL
RALBLEE (%) 18.64a  10.84c¢ 16.87 b
LB % 41251b  56011a 45065b
>300 pm KALEEE (%) 68.03a  2685b  63.07a
<300 um /NLBERZR (%) 31.97¢ 73.15a  36.93b
- 241 B B A% (um) 186 a 96 ¢ 157b

AT RL 3%, CL 3 RfLBRREE . RILER
FOP LB EAR S 3 TR T 35.74%. 57.43%5
38.85%, T LB Bt 5 /ML B4 ) 2 m T
24.29%55 49.51%, KMAMAFA BT T, CL 1%
HORAL Bk A 2 S B R LB B 5 AL B AR
BT R,

LR Y i AR AT o028, B NS TohR
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HE. ATAAFIE R, MEFLEETE 50 ~ 500 pum i [ 1)
FLBRE F/NLBRuwE, HAT BHOK . SR II6RE;
LR >1 000 pm AYFLBRBEIA A2 AE P LB (an
MY Z . Tl | Mg S AT i)Y AHF
FALBR AN 3 s, FESFAEAR <300 pm i [
W, 2 FEIX 3 RBALBR 3 /N BRI CLLRL
OL; TEZRCEAA =300 pm JEHEN, OL +3 ZRHL
BURKT RL S CL 188, Z5GKR3FTLIEN, ER
R A AR W AR T R AL B AL
Bl A%
HIXTF OL 5 RL 3,  MAFA AT R
CL + 887 ¥ FL Bt 45 R e o3 1) i 15 48.39% 5
38.85% (% 3), RUPMAF A7 (MR W FRAK T 5 R 14
HRFLBR S . 2R A LB | FLBR SR . FLB A
DLRALBR AR (8 2 Fge 3)E5 R T LAEWT, HEata A
R A B SR B AT AT BH S BRI . AT RE Y
J R I AT P A SR R A B D S
T B T2 RAPIAR R | R d S | A AR )
TGSt R, T 0800 T A WAL BRI 1 o AT,
A BIRSRE T, MY . R3S B R
W2y R CL A HLB IR A 2, T3
- 398 PR R R B T e S R L BB AR Y, ELR R B R
CL - rh /LB H 19 2 2 5 N (& 3).
20 LB ggng g 20
)0l —=—OL

[ JCL —a—CL
[ JRL RL

15 115

—410

5 | ﬂ/ .
0 . Z’J{‘ . %ﬁ . %3 . %‘lj =, 0
Q N & N\ N
S N\ Q
/% /‘) \\ ;\’ 4'\9

N\
\Q
P

FRALBEE (%)

W

& N Q ¢ Q
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N ” o \\Q
BRCEAR (um)

3 BHEXIBEABRXNSF

Fig. 3 Pore size distributions of soils in different areas

2.3 EBRREA BB TEFLER RS M0

WRYESLBIAR R, AHTFOREFLER 0 S M2 |
ASKUI Y J AR 3 58, B AL il T BAT A
REFLERIR, TEHMTK, sk, YA
WM B AR T SESLBIR AR A A&l 4 R . 78

MEALE <300 pm JEHEP, AFEX 23RS LA
LB E, HREFLBEE 70% DL s 78248 fL4E 300 ~
1 100 um JEFE P, OL 5 RL 350K LA KL FLER
PSRN E, BEE LB BRI, 7E Y AL
1100 ~2 000 pm & =2 000 pm JEHE N, RL 5 OL +
HERBUNMIMI S, R A Bl fE— e g
PEFE A AL IS J B I 28 T AL AR S0 A1 . AT g
() JE PR A B AT AR 0E T 3 HILI R A et ) 4
T, Wi B - A ML AT DA 2 - 4 b/ NFL IR A
TRhE, SR gL AR AL

O ekl 0 AL AL

LOL | CL ; RL

FLBREE (%)

(B REAsAR P 1. 20 3.0 4. 5. 6 MIFRILBRESR 25~ 100,
100 ~ 300, 300 ~ 500, 500~ 1100, 1100 ~2 000, =2 000 um)
4 EZEHRXTIESIRFERRKSSE
Fig. 4 Distribution of soil pore shapes in different areas

ANFF RL 434, CL H367 454145 300 ~ 1 100 um
AR B AT AR AL o 2 5 B FLBR AR RS N, 72
B FLAE 1100 ~2 000 um 2 =2 000 pum AN,
CL TR AR FLER 5B FLI 5 e 4 RL -3k
— B R X R A A E R B s
BRI 5P LB Y ]

Ak, 454 OL, RL & CL MR R 5k
(HRIK 9 0.68. 0.50 5 0.42)AT IF i, BEEFAT HIA S
FEE B AL BRI R B — S Bk, T H IR
2xbifiE T AL R AR ARG ARG 5 o 255 A S R AL
Bl S LB R 25 S v, AT BRI R+
LB S AL BB A [a] e 2t 5 B T A R 4 AL
BUERI BB , X —45 R 55 CL -8 =4k
AR BB (5 28R4
24 SBRRENABHRNTIEFLERSHNRm

MBI S FSHORE , — Bkl Bk
(Bv)itl/IN, - HEFLER A0 7 M A AP0 A ST 3 Fh
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T T R BBV I, RUITEAR PR
I 3 Fb ek 28 b B IISL FLBR RO T i i L
BECE o X 3 Fb L HEFLBR R T 0T, SRR
4 PR, & LHER) By (HZBIfFE R F 2SS, Hrp
CL 13 EvfH®# & T RL 5 OL 3, RUPEFA
FASRIET, 52 B L AL B A0 e 1 25 R e
x4 BT AAMNERIIRARESHZE

Table 4 Effect of gangue spontaneous combustion on pore
morphology of reclaimed soils

LBIES OL CL RL

Ev(107) 0.15¢ 031a 0.23b
RALBIERE (%) 69.72 a 35.25¢ 59.16 b
=YESIE AR 245a 2.17b 233a
=Y 1) St 029 ¢ 0.40 a 033 b

AN, EAEERE, AT OL 5 RL 14
HRFLBR AR B FLBRRE b7 L 45 H AL B Y
1/2, CL T3 KALBRAERHAL i SALBRIARIR 173,
LML, AT RL +4, CL 3 KL SR
KT 40.41%, RUIEBRZMT, BEEA AR D ERE
T HIEALBR M B Eam 1 . 5336 T CT AR5
AR A HEFL R 3 P 13 3 ek 45 U2 R A AL
B 19X 2 119 322 38 1 5 AT AL 1 i A S IR A OGO
F, HEWTAHIEGT rh BT A7 B DX AE P LB A A L
RS AR AT e 5 e 2 B 39 L e i v 22 1) 32 8
JEA

LB = B RS S R E RO,
HEFLBR G P MR 2 S Re e v Y ARBESE b 3 b
138 OL. RL K& CL fLBRZEHE =4 0 T8 de B8 EAK
KK 2.45.233 f12.17, CL +IE R ZFMLT RL +3E,
TR A ARSI i B ML IR S 4 2 2 Fe
Sl

3 A b AL B SR = A A 1) Sk B E 4 ) Ry
0.29. 0.33 5 0.40, CL -8 ¥/ T RL 11, £W
EF A RS FEUE B A 9 LB R 25 45 1) S5 A 1
. gi LB A YE . =4O AER. = 4R 1A
SRS nT LR AT A AR B E SR T 2 R A
LB, BARFI - IEFL ST . E etk 5455
AF SR e kAL N N N

3 e

BERTF AT IR e — R VE B AL A i
P, BT AR BB I S B AR | R
K K ER BRRMEN R RER AT AR,

PRI G TERT A R K KAOLER A I 9T e — T R 40 T
2o HAT AT AR B RPLEE 2 0] LA 90
e BEEAAUL . ANEEVE I 2A UL B SRR
A UL R A2 e S ) T LA, R
LRI A7 L3 Bt PR, [ P SN BEREA 1L
FHRR I I IR BT TR AR5 SR HIL KK ek
S RS IR A TFL AR B A RS
SR BRI 3 K, #BME LAY S BRHERR AT £1 B BA Y
A BENE AW IE ) K HE - 3 B B & AT F R
ST X HE 3 B — e A 503 A
BB KTE , WF5E XA A7 AT 5 A i B
IR T A RIS, dn) A R LRSS . AR
L hREF=H T SR
30 ERSEFAEMX LEEAMERMEZMN
AT A AT ST R R 50 T RghR
fb, BiEERMY. ERHENFRSHSGTEI S,
pH. AL, CEC., HIEIFKZE ., &% . ARk
PRI TR B E AR, CL HIEAbK . A K323
RERY T R BERT A= B8 R plR 1k, 8%
BN YR S HOR PR, AR CL X IR 4k
FEPIEARYA E, T EAAEY) ) (RTEY
R R HAR Rk, I 1 et fyek
LR A BREY; T RL 5 OL X YIRETE & LAY
e AR R LB R, TR, EAY
HRARRKLS, HAKSERPSUREY . BRI
WA 2 - HER AT WL, R T L3 A HL
J i o A PR A HERORIE B R R 4
PRI T bty HL i R 2 - A A O 1) T
BEYA R, i e e % + 35 9 R LR 45
FRFAERSST . Peng ZFPYIIFGT R, +HEA LIRS T
BERFLBRAEAE R IEAHDCC R, IRILmT LA, R
T RE AR S AT AR i A LT, ik 1
FLERSER , X 5ABISE T RL HIEFLBRSS M W30 T
CL HIEMZER—3. Guo ZWoE £, il
SIUTBL 2 IR 4 e (AR A% 2854, DA I B3R - 39 A1 2R
LER . R, ASBFFEHERT CL 38 FLER AR A0 3 B2
P 4E . OMBERTA A AR R P R T RUR LS , b
THIY . SN S RS SRR, DT R
DT N FORTR , - HEA HLTAE N + 545 9 A
KLEEF I T ZERELE ], O 1 FFe /b 2 F: 3 1 4
VAR S A R , 1 I S 85 9 LB S S T g
FREE T QMERFA A S8 CL HHER 2 BAUY
R e B LR | K AL & LR
R EZRE K ;. QOBERFE HRE = F 88k (FeS)/K
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F = AR PRI B 15 R AR R P85 2 AR A i AT o 50
SrREY) . RYESh Y KA E B AR BTE Bl , TS
s AR LB B D i A AL — o L
A DI RE I RALER, Xt o] LAER o it B AR W 55 v h
CL HHERFLBRE D | /LB R 45 51
HAE S FER P A bR L
(B e vRmn . R4 B8 T S A S . fk
A AR AR YR AL, T s B fh A
FLBR— M EL ok, ¥ | R A AL AR
PR, IHTE R HOK | Sz i S s Bt f v
DURAT PR
3.2 EEREABM T EFLRESEN RN
WA TS = TR B iR Ik, Bk
BRI AT B LR . KL P K LB o]
FLBRIZE M . FLBR =4 TR . FLBRAS ) S 554
B R R, b mT LAEWT, AT RS B R R
THOK | RS HEETIE K hg, AFSE s
it BRIk CL 4 LB . AL I L
W RB B IE R E B IX I, RL 3K 64.25%.,
42.57% H1 74.19%, X WIREXHHEL 378 BV & 1
IR BB R AR 3 AR g ), [ Bt 2 XHE 1 45
52RO B K = w5 A 3 R AR R R
W, Z5ARTARRSE, BRIk . sy, %
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