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Abstract: Oxidative dissolution of stibnite (Sb,S;) is the primary process that controls the release of antimony (Sb)
from rock and ore into the soil and water environment and affects its transport and transformation. Fe(III) in acid
mine wastewater is a widespread natural oxidant in the mine environment. However, the role of Fe(IIl) on the
oxidative dissolution of Sb,S; and Sb release is unknown. By simulating a dark anoxic and acidic mine
groundwater environment, this study conducted Fe(IlI) concentration to Sb,S; surface area ratio (/) controlled
Sb,S; oxidative dissolution kinetics experiments, and combined the dissolved state composition and solid phase

characterization means of S-Sb-Fe redox products to reveal the mechanism of Fe(III) action on Sb release. The
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results show that the oxidative dissolution of Sb,S; under the action of Fe(IIl) is an acid-producing process, and the
larger the 7 value is, the more obvious the promotion effect of Fe(Ill) on Sb release. Under anoxic conditions,
Fe(III) undergoes redox with Sb,S;, and the main products are Sb(V), S(0) and Fe(I). After the reaction, S(0) and
Fe,0, were detected on the mineral surface, which hindered the continuation of the oxidative dissolution reaction
of Sb,S;. At a certain value of 7, both the low concentration of Fe(IIl) and the increase of dissolved oxygen (DO)
will reduce the attachment of S(0) on the mineral surface and promote the increase of Sb release; the Cl™ in
solution will promote the dissolution release of Sb,S; through the coordination complexation effect. The
interaction between Fe(III) and Sb,S, under anoxic acidic conditions controls the release of Sb, which can provide
an important theoretical basis for prevention and control of groundwater Sb contamination after mine pit closure.

Fe(II); oxidation dissolution; anoxic acid conditions; mine
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Table 1 Experimental parameter setting
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p(DO)=1.0 mg/L,
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n AN JINFeCl,
D3 118.4 13

T R AP B RIRIEL, <o A BURERE .

A4 : DO 1Y it it Wk B2 0.2 mg/L, #% B8 T (B BB B
BB S A SCIRZH AN 1 4125 I BRA [Fe(TID) 51 1) 2k
£ 0 mmol/L]. A[FI¥EBE Fe(I11) % ¥ i 1] FeCl, 6H,0
B BE I, JF W i 25 g3l 2.5 ¢ Sb,S, B i ok £ 4l
B . BTERIE Fe(IDEHT Sb,S; E AL it 2l 71 2%
FEAE, #8578 Fe(TID XF Sb B A VE FHAL T

L 44 Fe(IID) Y4 52 A 5 W& J32 54 0.07 mmol/L, HiAlhy
S S E AL 3R X IR AL AL, B R 50 I R
Fe(IID) & 55 REAE HE Sb,S, A IL i

P4 : DA R Bkt 77 5 4R FeCly-6H,0 32 751 % il
Fe(II), HiAY S0 2 F 1A A3, il 4 IE A3 41, B 1F
PRITVE W R Y CIXT Sb BT AY S0

D 4. DO [ Bl 1.0 mg/L, $i 08 T{H X E 3
A, o BT IE AL 4L, A4 L HT AS 41, BEIRSTIR A &
4°F Fe(1ID) 5 Sb,S, BI/EH 5 Sb I BEHURAE .

AR TR AT

_ n[Fe(ll)]
Ager. -m(Sb,S;)
A s F——Sb,S; H AV T AR 2 Ml (%) Fe(1IT) 1) 49 5 (1) 1/
(mmol'm™);
n[Fe(IID)|—I& & 1 Fe(I1T) (%) 5 (9 & /mmol;
Aper.—Sb,S, 1) BET R HF/(m>g!);
m(Sb,S;)——Sb,S; il i & /g.
1.3 A AR -5 0y vk

ko KG 4n Za) im AS 6] 25 44 R Sb,S, AY A Ak ¥ o AR
R A LR P AT RN W) AR A #E AT 2 15, 30, 60 d
IF AT FRAL T8 B D 2 FIAE A SR A5 L 4H T SO ) i K
AT E S5, 15 d BEEA TR bRl e FkE R 4E; D 41T

(D

FL AR K SR EAT 2 15, 60 d B EFTHR BRI 22 FIRR i

FEAL 15 BRI 32 15 SR ] HACH £ 2 BUK 5 2 B Y
PEAT, M N AR &R Y DO B vk L pH., HLFR (EC)
F4A ALk J5 A (ORP) , A B 43 1 24 0.01 mg/L. 0.01,
0.01 mS/cm il 1 mV,

BRI A Z TR B FLBTRR [S(0) ] &V (Sbror)
Sb(IID) . a4k (Feror) « M £k [Fe(11)] A9 0T £ ¥ £
o, B R 28 JC /K A B U R P v 250 A 03
A G AH {6 3% C18 4E 43 B, 254 nm 45 40 4G I ) oF 17
SC0) fy Joit 2 ¥ J3E 1 I 52, A6t PR A 0.04 mg/L, P47 4
i A X AR VE DR 224 6.5%03 Sbror. Sb(IID) Fl Ferr i 1
R I 2 H 2 DA T A DU BB A BR A R 52 AR, K
HBE 4 0.02 mg/L; Fe(1D) Ji 12 v B 0 FH 48 — & JE 43
OB 7E HACH 4 X 5 A0 40 OB EE I e, 46 i
FR A 0.03 mg/L. LAk, Pk B AS 241 A & I ik SO;
F1S,0% 11 ot o Wk B, SR FH B 835 A (TR K ICS-
900) I %, A Hi FR &y 0.018 mg/L, 73 Hr i 22 /N F +5%.
Sb(V) ¢ B FH Sbyor e 5 SHOITD ¥ B Y 25 {8 1154
155,

BEEUZ IV 60 d B9 AS 4L F1 P ZH KR, R XRD #F
T W53 3RAE . X IR AT 53Ok H 721 Bruker
AXS A, AL #E RS 2 D8-FOCUS,, A i il iz iy v [
b R 2 (RO MRS b 22 2 BE 58 1 o

BEHUR N 60 d B AS AL W AE S AT AR (S) 1) [H]
ARSI . S 19 K 31 EXAFS i 78 4t 57 1F f0k: 7 %
1 .0 (BSRF) K4

2 &R

2.1 AR R B FEAL TS bR

ANTR] T 04 R AR 2 v, 5 TR pHL 34 52t R IR 34
(1) pH M REFIEA Y 2.00 F1 1.80 23 B FAAK 2 1.83
F11.56, W I1%) ORP B W & B 2y sz 1 91 193 (0 ~ 15 d)
PR R R AL 2 5 (15 ~ 60 d) Y2218 T I, teah, T1E
MR, WK & 1 pH /N, ORP {H K . i EC fH 2
B AS 5] B9 28 AL R A, 24 7<<0.1 mmol/m® i, [ W K £
EC {HAHIT H 52 TR HE; 24 1=2.0 mmol/m?® i, ]
R Z EC (A2 - Tha%s, FLRE 183 inmiss k.
2.2 Sb,S, LI = P A BURRAE

mE 2(a) iR, 525 J XL Sbyop R EE AHXT EL,
B AT p(DO)=0.2 mg/L. %% /N Fe(1ID) () 52 5 21
H Sbyor We BETE SV BT 15 d W1 1H) 5 3 i, %



- 178 - 7K SC Ml J5T T b 5
2y . 700} o
20F @ 600 RN
1.9F TN > = s\‘9’—'-::111’_1*—<1>
. Tgeiiiio L Eosoof - -
a 18f 4 -3 ~ .
< m N
17} “o S 400 %
16} T 300 -4
2 200
0 15 30 45 60 0 15 30 45 60
S /d J2 % i il /d

(a) pHAYIEIZE {2k

[ | =0.01 mmol/m? =0.1 mmol/m?

(b) ORPAYI]AE{b i 2%

EC/ (mS-cm™)
[

% 6
-0
o -
_-e7
+_
o ---@ -
°®
] - em ... .a
0 15 30 45 60
S ] /d

(¢) ECHymf ) AEfL ik

|___| [=2 mmol/m? [=3.3 mmol/m? @ I=13 mmol/m?

1 AR IEEFINRE k% pH.ORP {71 EC ERIBF B 31k £k

Fig.1 Time variation curves of pH, ORP value and EC value of reaction systems controlled by different 7 values

W) Sb FZE LA Sb(V) A F, Sb(V) 55 Sbyor FIH Y

B IE LN 76.7% ~ 99.4%. JXJW 15 d J&i, Sbyor HeE ANAE
~ 030 ~ 25
2025 [N Lo ¥+
S oo 5 I S
g 020 , . g s S
Eooasp é g . ! 2
= 0.10 R R - @ = 10
£ 005f .” = 05
E% 00'77—97779 ——————— = ;);0 Y
© 15 30 45 60 N 0 15 30 45 60
SRR al/d SRR al/d
(a) Sbyo Bl 125k 2k (b) S (0) RfirtaAsfk izt
@IZO mmol/m’ |:|I:0,01 mmol/m? I:041 mmol/m’

& 2

5

5
10

c[Fe (1)1 (mmol-L™")

% 1 =13 mmol/m® 2 5 B F RFEAG AN, Ay 4 FEA R 15

-0
Lo
3 )
@
, o-
[0
- -4
@ -
15 30 45 60
J i fal/d

(c) Fe (II) Bfimfa]Aefiih £k

|___| I=2 mmol/m? m [=3.3 mmol/m? @ =13 mmol/m?
ARE T{ET Fe (1) 5 Sb,S; EWE R =4 H A Hrt 2L i1 2%

Fig.2 Time variation curves of the composition of the redox products of Fe(III) and Sb,S; at different / values

E 2() (¢) firs, S(0) 5 Fe(1D) #e 3 Y5 bifi s 7 2
T2 IS, 1AL, Sbror. S(0) S Fe(ID) ¥ i i 1
Rl CU AR YIRS
23 [EAHERIE

A5 I 60 d 5 XRD R4S (K 3) R,
) 2% 1 3= 4> M Sb,S; Fil Fe,Os, Jit 2435050 3k
96.45% F1 3.55%. H: ] 25 4@ 5 D 3k 45 2R (18] 4) 3% W
RN 60 d J5 0 ) FR T S 1) FEZIE A M Sb,S;. S(0) Al

SOy, KA 5] S,0 [ FE7E . Sb,S,. S(0) FISO;™ 3 Fil

A B850 9°h 49.2% . 32.9% F1 17.9%.,
3 it

3.1 Sb,S; AL 1Y B0 1 2E REAE

VW Sbyor WEBETE W 15 d Ji 5 HEAS R e o
A3, PR3 T K20 15 d I B Sbyor W BE 118 Sb Y
R 2, AP

RSbT()T:+
Ager. - m(Sb,S;) -n
— T Sbyor THE Y Sb B R

D)
' Ry,

/(mmol-m>2-d™");

a——Sbor [ 9 XTI [R] iy £ 549 2 1 1] 1 %

/(mmol-d™");
1—Sb,S,
2—Fe,0;
1
5 1
5 |
=
1
e |
‘ I
\‘\.]L.N&JJ,“ LLLU'JJJU(\\LM 11111&1,} gl

10 20 30 40 50 60 70 80 90

20/ (°)
B3 A5ARA 60 d 5 HRE XRD EiL

Fig.3 XRD pattern of mineral surface after 60 d of reaction in
group AS



2023 4F

JEHET, S5 BB TE A = A B B B 6V T BIL

- 179 -

=
§ Sb,S, S (0) sor
= AS A5
2470 2480 2 470 2480 2 480 2490
Y%

4 ASHRRI 60 d FH ¥IFRE K i1 EXAFS Elif

Fig. 4 K-edge EXAFS profile of mineral surface after 60 d of
reaction in group

B BRE & 1F R, Fe(TID) 75 2 1% ) 311 fiE % {2 1F
Sb,S; [ 4 AL 145 i, Sb HYRETIH #H 4.89%107"° ~ 1.16%
107 mmol/(m?*-d), FLF# 7 A (3 Jinifi 8% K (& 5) . X
FEHH PN [ i Sb,S, B A A B 1) Fe(TID £, Sb
) T8 T R A R R . VAR R S(0) ¥k BE R Fe(1D)
e B[R] A 880, SIERH T Fe(T1D) -Fe(11) 3K 5 25 48 fk ik
DR P HEA T
3.2 Fe(IIl) 5 Sb,S, 1 iR 51

A SRR R B bR (& 1) 5 R =4
B 20 B (&1 2) UE B T Bl SR 1 25 1 R & 4B T Fe(1ID)

78+
—8.0F
82}
-84+
—8.6
—88 1+
9.0

]gRSb'lo'l/ (mmol'm2-d")

-
L]
-2 0 2 4 6 8 10 12 14
I/ (mmol'm?)
E5 p(DO)=0.2mg/L T SbBHiEZER I EHIZ #Lk
Fig. 5 Sb release rate with  value at p(DO)=0.2 mg/L curve

94}

L Sb,S; [ AEAA RN A K Sb RS, L 4152t —
A ISR T 1L R K B EE AR B Fe(11D) [Fe(1ID
J5T 1Y) 5 9 B2 A 0.07 mmol/L] 4T3 47 7E X Sb B ik i £ i
YEH (I 6), AN 15 d IR Sb e JE & T4
A T 20F S, B0 e 5 Fe(T00) [Fe(110) 4 i 1t 2 1k
7 1.0 mmol/L] 9 Al #H . Al ZH ¥ W& % Fe(1D) #k
BT LA, W AR R T S(0) e BE AR I,
eI A1 ZH Fe(IID) %8 1L Sb,S, 2E W B £ i S(0) W% fff 78
W R, &SR FIBHAR T Sb,S, M5 Sb 1Y
FETR

- 020 . ~ 025 210 .

! A T ._] ™
Z 0.5 S = 020 Z08

g l oo £ 015 £ 06

E 010 t . g0 + E0

~ ® ~ 0.10 =04

5 0.05 S 0.05 = 02

=) ~ ~ -® -®
i’j 0 ®------ @ ------ -] 2 0 @ - @ ommm e e & @ 0 ® == - * - - - - - - ©
u 0 10 20 30 N 0 10 20 30 5] 0 10 20 30

Sz sl /d ST /d SRRt A]/d

(a) Sbyo BRI ZE Ak £
l;i;l Fe (I ) =0 mmol/L

(b) S (0) Fifirsfal2e{h thek

@Fe (1) =0.07 mmol/L

(¢) Fe (1) BERIZE {2k

Fe (Il ) =1.0 mmol/L

B 6 IRKEE Fe (IIN) {EFT Sb,S, LA WHI AR ITEL

Fig. 6 Comparison of the composition of the oxidized dissolution products of Sb,S; in the presence of low concentration of Fe(III)

CrEAMMEAEEN, SIERABE S Y, M
SN AT, Sb e BE BB /N 5 AR Bh 2 W METS P 1 AE
A P, P SIR R B CIIY R B R & (A3) 1 Sb
R K T ClO, ) iR & (] 7)), 3X BT CL A e 437 &%
N 55 Fe(11D) Y 80 AL AR0NE | 5 W1 3550 [) e & #E 4
2 1E Sb,S; B I i B U2, ClO; I IV 1A & Y Fe(1D)
WL T & CUR AR, =3 S(0) W R A A [A], %
W] Fe(1ID) %1k Sb,S, A BUBR I % 25 Sb Ak, AT fig ik A7 H
fIE A5/ Sbe XF P 41 N 60 d J& B9 #2517 XRD

iR, &I P R 1 B 5 R Sb,S; Fl Fe,0, 4b, iR £
15 7.81% 1) Sb,0, FiiA (1K 8) .

WE 9 i, 78 A & R e AR ZE SO T, 24
DO JFi #5  BE T+ o 1.0 mg/L i}, Sb 1 B ik & 1 DO
JEHE e B 0.2 mg/L B B2 DO Jit dat ik B2 (9 34 o vf
LV /0 3 1 B B9 SC0), (i T 5T 4 R Ak R
SO . MAb, O, 4r F 4 Wk M £ it - 1k Sb,S, [ 1A 3
10, AR5 B A A RS Ak 4 R 1 Sb(TTD 1Y 4801k
KA L TR, 5 Fe(TID) B A 42 F Sb,S, 1Y 481k %



- 180 - K SCH T TR 55 6 1
—~ 0.16 —~ -8
T,_} 0.14 o- . i 1} 2.0 + Q %2 ,,0 ’:
5 0.12 T - - = 5 ,
§ 0.10 Pr-e-- i g 1s 3 ; 4{; & }6 +
Z 008 Eo g -9 : o
~ 0.06 g ~ 8 S
L 0.04 =05 ~ .
o0 ° =5
@ Ot o », 0 © 0
© 0 10 20 30 40 50 60 N 0 10 20 30 40 50 60 Bl 0 10 20 30 40 50 60
SN ) /d SRR TR]/d SRR/
(a) Sbyo ]2 fh 2L (b) S (0) Fifirsfal2sfhih £k (c) Fe (1) B8 fh £
@ =2 mmol/m?, ##/iFe(C10,), I=2 mmol/m?, ¥ JFeCl;
7 CQ0; 5 CrREEF Sb,S, SILBM~HEIAM Tt
Fig. 7 Comparison of the composition of oxidation dissolution products of Sb,S; in ClO, and CI reaction systems
1—Sb,S, F5.
1 1 ifgzzg? 24 T{E 4 0.01 mmol/m?, DO it & ¥ & 4 1.0 mg/L
' i, ¥ 3 Hh Y Fe(TD ¥ BE He DO Jf & ¥k 0.2 mg/L i}
55 24 1=3.3 mmol/m*, DO Jii &= ¥ £ 4 0.2 mg/L B, ¥
§ W B Fe(T1D) ¥ i W] 2 5 T DO &k B N 1.0 mg/L
= . X W] %4 7<0.01 mmol/m? [, DO Jiit 1 ¢ & ) 34
I AT REfE Bt T Fe(TID M {H #E; 1M 4 7=3.3 mmol/m” i,
DO JFit e B2 i T Al REREE 73 Fe(1D) SUEALAY Fe(11D),

1.0 2.0 3.0 4.0 SIO 6.0 7.0 8.0 9.0
20/ (°)
E8 PH (ClO, REER ) KA 60 d FH#RER XRD Eif
Fig. 8 XRD pattern of mineral surface after 60 d reaction in
group P (ClO; reaction system)

fiff B9, DA 15 K Sb Y RE B R . & AR (2)3F 5
DO JFH N 1.0 mg/L I} Sb A - B s 5y 7.24x%
10° mmol/(m?-d), K F DO Jii & ¥ & & 0.2 mg/L i} Sb
B - 247 B T R [4.90%10°° mmol/(m>d)]. Sb B
FRIE IR B2 IT N K, Uk I ST L Fe(TID OAE FH R

DL AR i T 48 AR JELAE B0, DT 2 2F Sb,Ss 14 ¥ it FlI
Sb R
3.3 GREAFRMET 1L K T Y Fe(TID) X Sb B MM /E H
HL il
7E Fe(11D) & Ak 5B 1 AE R, Sb,S; 7E 7K ¥ W
Vs . TERRYEVE WO, & 8 A 3w & A iRk,
X 4 I Ak SR TRV R RN BIL L Y ) G A R
SRR 458 F Sb(II) 3= % 1L Sb(OH) JE A7 76 2, §*
L WS AT, BOA LA ET Sb,S; By W fif ik
B JT & (3) T8 . Sb,S, I i J5 78 Fe(IDYE T,
Sb(OH), # i i & fk. 4 SbO; , Uy FE (4) Fim o MIE W

~ 035 _ 24 . o 24¢ o

o 030 3 L 20t =71 220} o

—_— N - =] Pl

g 025 LA g 16} o E 6} -8

g 020 g 12l ¥ 512- 2

Z 015 ’ (¥- ——————— i‘,:,, g ’ b - -

~ ot0f Lo Eoo T8 = 08y ~ 8 g

£ 005f " S o4t = 4t

z)/ 0 E O @ & OF @ M R R R N L ]

N - - - - - - - ) - - - - - - - = - - - - - - -

N 0 10 20 30 40 50 60 0 10 20 30 40 50 60 ° 0 10 20 30 40 50 60
SISl /d VL] /d V] /d

(a) Sbyo Bl )22 fth £

(b) S (0) FfifsfaIAsfhh£k

p (DO) =02 mg/L: [&-]/=0.01 mmol/m> [F@-] /=3.3 mmol/m?
p (DO) =1.0 mg/L: 1=0.01 mmol/m*> [@-]/=3.3 mmol/m’

(¢) Fe (1) B2z fh £k

F®-] /=13 mmol/m?
@] =13 mmol/m?

9 REEH [p (DO) =1.0 mg/L] SERE M [p (DO ) =0.2 mg/L] T Fe (III) 5 Sb,S, EWIiEE =AM HIXTEE
Fig.9 Comparison of the composition of Fe(III) and Sb,S; redox products under hypoxic[p(DO)=1.0 mg/L] and anoxic conditions
[p(DO)=0.2 mg/L]



2023 4F

JEHET, S5 BB TE A = A B B B 6V T BIL - 181 -

A CUEE, CIREA RS AIEN, B S B 46
Y, 9 H Fe(IID & # A ALAEH, 05 2 (S PR, ¥
1 mol Sb(IM % 1k & Sb(V) Y [A] B, £ % 2 mol B
Fe(I1D) it J5i Ay Fe(1D) P, 3% #f 25 fi #F J7 72 (6) ] 47 %
31, M HE Sb,S, Bl I i BT

JLER STE R 1Y Sb,S, K1 LI W & £ 4% Biver
1 Shotyk FFilES2 . 38 3 4 9 1Y 5] A6 4 5 3t & R
IV 60 d J5 W) 1A S(0) F SO A7 78, A 6 I £
S,O W AFFE o S(0) Bl 2 I i 77 32 7 B 3R o 22211
A =W, S(0) Y A= Bl £ A W Rk 12, — SR 7
Fe(111) % #5 % AL AE AR 1 Sb,S, % i B8 1) o 72
HEK H,S Ak S(0), andr#2(7) Frzn; —J& Fe(11D)
Ak STIE AL S,07, S,0 FE sk B PE S 14 F ARE, B4y
fi# R S(0) Al SO, SAKRLY, 7 72 (8) fif /s, X LB )
FETm AR ) S,07 1 A . SOT Y AR Bk 4% Gn Jy
(9) i 7R, 7E Fe(IID EALAMEH T, S,05 e £ w6 Ak hy
FEYISOT Y, ILAh, BRIR R Ty S WA Sb,S; 1
fif 7 o B AL B S Ll Sb,S; I A S 17 1) A B
3f1, MM Sb,S, H i .

Sb,S;+2H"+4H,0 — 2Sb(OH); +3H,S 3
Sb(OH); +2Fe** — SbO;+2Fe* +2H" @)
[SbCl, > +2Fe*" & [SbCl,] +2F¢e* (5

Sb,Ss+6H +12C1" ¢ 2[SbCl " +3H,S ) (6)
st(aq)+2Fe3* < S | +2Fe* +2H" @)

S,07 +2H =S | +H,0+S0, 1 (8)

S,02 +8F¢™*+5H,0 — 2SO +8Fe* +10H"  (9)

4 it

(DSR4 M 10 7K, Fe(IDYER T Sb,S; 1Y
AALE R — A= FR 1t AR, TEER K, SN iR & 1R
A6 B 5, Fe(1ID) X} Sb R 55 19 {2 2 /5 HT B A 5, Sb
) R R AR . B S A R T Y
Sb,S; 1 Fe,0s, W) 25 1Hi B 1) £ 22 IE 254 Sb,S;. S(0)
SO,

(2) 24 Fe(IID) ¥ JE [ AIC B 5 4% 25 42 F Sb,S, (9
fif A1 Sb 1 B, £L AR B Fe(1D) 5% 44 T 7= 24E 1Y
Sb B il & B £ M Fe(10D) ¥ WIS 72 A= 1 C1 2ot i

D25 A RN 2 e 1 Sb,S; MV i BRI, AR G C
LR 2 B ) 2 T 43 A Sb,0,, 5 Sb Y I i B
il 4 DO e BE 5 0 23 i W 2 aE S(0) 1 7 A
{23 Sb Bt B3 N, IS Sb Ay B . X
3 2 ) RSB E — 2P R B T SRR MR AR AR T Fe(1ID)
5 Sb,S, BIAEHIHE I Sb IR .

(3)Fe(IID) X Sb B A A HIBLT 4 : 7E Fe(IID) %
EAERTN, O &AL T3 f# 19 Sb.S, M7 68 X
Sb(OH), 7% 2 SbO;, Bl Fe(1I1) ¥ Sb(II1) % Ak} Sb(V) .
13X — 3 B, Fe(TID$ S(-11) %8 16 4 S(0), [ B
Fe(11) H B #i8 J5 4 Fe(11) . Bk A LN Fe(11D) i)
AR S 2 2E Sb,S, 11 i A1 Sb AR -

£ E#k ( References ) :

[1] SONG Congbo, WU Lin, XIE Yaochen, et al. Air
pollution in China: Status and spatiotemporal
variations [J]. Environmental Pollution, 2017, 227: 334 —
347.

(2] FILELLA M, BELZILE N, CHEN Yuwei. Antimony in
the environment: A review focused on natural waters[J].
Earth-Science Reviews, 2002, 57(1/2): 125 — 176.

[3] SHOTYK W, CHEN Bin, KRACHLER M. Lithogenic,
oceanic and anthropogenic sources of atmospheric Sb to a
maritime blanket bog, Myrarnar, Faroe Islands[J]. Journal
of Environmental Monitoring, 2005, 7(12): 1148 — 1154.

[4] KRACHLER M, ZHENG J, KOERNER R, et al
Increasing atmospheric antimony contamination in the
Northern Hemisphere: Snow and ice evidence from Devon
Island, Arctic Canadal[J]. Journal of Environmental
Monitoring, 2005, 7(12): 1169 — 1176.

[ 5] HU Xingyun, HE Mengchang, LI Sisi, et al. The leaching
characteristics and changes in the leached layer of
antimony-bearing ores from China[J]. Journal of
Geochemical Exploration, 2017, 176: 76 — 84.

Lo  XUme=s, XA &, FTBE, &5 oK M op B T8 25 I i b
WAL D). A @ )8 4R, 2021, 31(5):
1330 — 1346. [ LIU Xiaoyun, LIU Jingjing, KE Yong, et
al. Research progress on speciation of antimony in natural
water[J]. The Chinese Journal of Nonferrous Metals,
2021, 31(5): 1330 — 1346. (in Chinese with English
abstract) |

(7] Tafe, A, ke, % & F i ddt oA L
DX B ST BN (0], 3 5 4, 2022, 41(7): 1237 -
1248. [ DING Jianhua, YE Huishou, ZHANG Yong, et

al. Metallogenic prognosis of antimony deposits in


https://doi.org/10.1016/j.envpol.2017.04.075
https://doi.org/10.1039/b509928p
https://doi.org/10.1039/b509928p
https://doi.org/10.1039/b509373b
https://doi.org/10.1039/b509373b
https://doi.org/10.1016/j.gexplo.2016.01.009
https://doi.org/10.1016/j.gexplo.2016.01.009

- 182 -

7K SCHb BT TR b S

5% 6 4

[8]

(9]

L10]

[11]

[12]

[13]

[14]

[15]

[16]

Damushan area, north margin of Yangtze block[J].
Geological Bulletin of China, 2022, 41(7): 1237 — 1248.
(in Chinese with English abstract) ]

WEN Bing, ZHOU lJianwei, ZHOU Aiguo, et al. Sources,
migration and transformation of antimony contamination
in the water environment of Xikuangshan, China:
Evidence from geochemical and stable isotope (S, Sr)
signatures[J]. Science of the Total Environment, 2016,
569/570: 114 — 122.

FANG Ling, ZHOU Aiguo, LI Xiaoqian, et al. Response
of antimony and arsenic in Karst aquifers and groundwater
geochemistry to the influence of mine activities at the
world’s largest antimony mine, central ChinalJ]. Journal
of Hydrology, 2021, 603: 127131.

YR, F A, TUBEA, 5 MR B LB X K3
Bi th DOM = 4 %¢ 5645 AiF B H X 86 75 Y A 48 /R 3= X
(7). s B B} 2 3 4, 2022, 41(4): 215 — 224. [ LI
Wanyu, ZHOU lJianwei, JIA Xiaocen, et al. EEMs
characteristics of dissolved organic matter in water
environment and its implications for antimony
contamination in antimony mine of Xikuangshan, Hunan
Province [J]. Science and
Technology, 2022, 41(4): 215 — 224. (in Chinese with
English abstract) ]

ZHOU Jianwei, NYIRENDA M T, XIE Lina, et al. Mine

Bulletin  of Geological

waste acidic potential and distribution of antimony and
arsenic in waters of the Xikuangshan Mine, ChinalJ].
Applied Geochemistry, 2017, 77: 52 — 61.

GUO Wenjing, FU Zhiyou, WANG Hao, et al
Environmental geochemical and spatial/temporal behavior
of total and speciation of antimony in typical contaminated
aquatic environment ChinalJ].
Microchemical Journal, 2018, 137: 181 — 189.

BIVER M, SHOTYK W. Stibnite (Sb,S,) oxidative

from Xikuangshan,

dissolution kinetics from pH 1 to 11[J]. Geochimica et
Cosmochimica Acta, 2012, 79: 127 — 139.

BIVER M, SHOTYK W. Experimental study of the
kinetics of ligand-promoted dissolution of stibnite (Sb,S;)
[J]. Chemical Geology, 2012, 294/295: 165 — 172.

HU Xingyun, HE Mengchang, KONG Linghao.
Photopromoted oxidative dissolution of stibnite[J].
Applied Geochemistry, 2015, 61: 53 — 61.

YAN Li, CHAN Tingshan, JING Chuanyong. Mechanistic
study for stibnite oxidative dissolution and sequestration
on pyrite[J]. Environmental Pollution, 2020, 262:
114309.

[17]

(18]

[19]

[20]

[21]

[22]

[23]

LONI P C, WU Mengxiaojun, WANG Weiqi, et al.
Mechanism of microbial dissolution and oxidation of
antimony in stibnite under ambient conditions[J]. Journal
of Hazardous Materials, 2020, 385; 121561.

XIANG Li, LIU Chaoyang, LIU Deng, et al. Antimony
transformation and mobilization from stibnite by an
antimonite oxidizing bacterium Bosea sp. AS-1[J].
Journal of Environmental Sciences, 2022, 111; 273 — 281.
AL, AR, AR, 45 SRR R AL B XK A
BB RO (1], M SR 17 4, 2018, 37(5): 215 -
221. [ LI Ligang, ZHOU Jianwei, LI Weijie, et al.
Antimony release characteristics of waste rock from an
extra large antimony mining arealJ]. Geological Science
and Technology Information, 2018, 37(5): 215 — 221. (in
Chinese with English abstract) |

iR, A, SR, 55 RILE TR0 X -3
WA TS QR AR 5 P A DL M BT R 4L I 4, 2019,
38(5): 230 — 239. [ FANG Chuandi, CHENG Jinhua,
ZHAO Pengda, et al. Characteristics and evaluation of
heavy metal pollution in soils of mining areas in the
Yangtze River economic belt[J]. Geological Science and
Technology Information, 2019, 38(5): 230 — 239. (in
Chinese with English abstract) ]

KW, A, MRz, & R sy X F 5
KB ARIZ K SCH R AL 24 FRAE B 42 i R R (0], iR
1% ), 2018, 37(5): 191 — 199. [ WU Yazun, PAN
Chunfang, LIN Yun, et al. Hydrogeochemical
characteristics and controlling factors of main water filled
aquifers in the typical North China Coalfield[J].
Geological Science and Technology Information, 2018,
37(5): 191 — 199. (in Chinese with English abstract) |
NG, BRME, R, A BRPET LR K G L T
K 5 G A 4 IR A2 37 B (D0 7K SOl BT T AR b o
2014, 41(6): 103 — 109. [ LI Xiaogian, ZHANG Bin,
ZHOU Aiguo, et al. Using sulfur and oxygen isotopes of
sulfate to track groundwater contamination from coal mine
drainage in Heshan[J]. Hydrogeology & Engineering
Geology, 2014, 41(6): 103 — 109. (in Chinese with
English abstract) ]

IR, T, WG, SF LR &R R AT
N R T E A R s RIS AT AL (). A MO
S0 (it BR B 24 R ), 2022, 52(2): 434 — 441, [ LI
Xiaoyan, ZHANG Qingwei, HONG Songtao, et al.
Activation and migration of heavy metal elements in lead
zinc ore tailings under different redox conditions[J].

Journal of Jilin University (Earth Science Edition), 2022,


https://doi.org/10.1016/j.scitotenv.2016.05.124
https://doi.org/10.1016/j.jhydrol.2021.127131
https://doi.org/10.1016/j.jhydrol.2021.127131
https://doi.org/10.1016/j.apgeochem.2016.04.010
https://doi.org/10.1016/j.microc.2017.10.010
https://doi.org/10.1016/j.gca.2011.11.033
https://doi.org/10.1016/j.gca.2011.11.033
https://doi.org/10.1016/j.chemgeo.2011.11.009
https://doi.org/10.1016/j.apgeochem.2015.05.014
https://doi.org/10.1016/j.envpol.2020.114309
https://doi.org/10.1016/j.jhazmat.2019.121561
https://doi.org/10.1016/j.jhazmat.2019.121561
https://doi.org/10.1016/j.jes.2021.03.042

2023 4F

JEHET, S5 BB TE A = A B B B 6V T BIL - 183 -

[24]

[25]

[26]

[27]

[28]

52(2): 434 — 441. (in Chinese with English abstract) |
SR, A, LR WK 135 G 5 B A X R
W5 (3], 7K SCHB B T F 1 5, 2021, 48(2): 157 — 163.
[ ZHANG Jinde, TIAN Lei, PEI Shengliang. A
discussion of soil and water pollution and control
Chinal[J].
Hydrogeology & Engineering Geology, 2021, 48(2):
157 — 163. (in Chinese with English abstract) ]
GLEISNER M, HERBERT R B, FROGNER KOCKUM P

C. Pyrite oxidation by Acidithiobacillus ferrooxidans at

countermeasures in  mining area of

various concentrations of dissolved oxygen[J]. Chemical
Geology, 2006, 225(1/2): 16— 29.

KONG Linghao, HE Mengchang, HU Xingyun. Rapid
photooxidation of Sb(III) in the presence of different
Fe(II) species[J]. Geochimica et Cosmochimica Acta,
2016, 180: 214 — 226.

2R YE, BN KR T M 5 = Ak B 00 v R Tk
[J]. 42 %%, 2001(11): 44 —45. [ LI Datang, WANG
Huixian. Hydrolysis equilibrium and solubility of
antimony trisulfide[J]. Journal of Chemical Education,
2001(11): 44 — 45. (in Chinese) |

LR, /M, 2, 45 pH {E RS Ak 700 X a4k 56

[29]

[30]

[31]

AL A SZ AL (D). b SRRl B SR R, 2020, 39(4):
76 — 84. [ JIANG Nan, LI Xiaogian, ZHOU Aiguo, et al.
Effect of pH value and Fe(Ill) on the oxidative
dissolution of stibnite[J]. Bulletin of Geological Science
and Technology, 2020, 39(4): 76 — 84. (in Chinese with
English abstract) ]
HERATH 1, VITHANAGE M, BUNDSCHUH 1I.
Antimony as a global dilemma: Geochemistry, mobility,
fate and transport[J]. Environmental Pollution, 2017,
223: 545 —559.
BORILOVA S, MANDL M, ZEMAN J, et al. Can sulfate
be the first dominant aqueous sulfur species formed in the
oxidation of pyrite by Acidithiobacillus ferrooxidans?[J].
Frontiers in Microbiology, 2018, 9: 3134.
BRI, 2208, X0, 5. 4 )8 i Ak ¥ 1 A o AL
HLE FIORE D). A7 2 4z, 2019, 35(1): 153 = 163.
[ LU Xiancai, LI Juan, LIU Huan, et al. Microbial
oxidation of metal sulfides and its consequences[J]. Acta
Petrologica Sinica, 2019, 35(1): 153 — 163. (in Chinese
with English abstract) ]

w7 &


https://doi.org/10.1016/j.gca.2016.02.022
https://doi.org/10.1016/j.envpol.2017.01.057
https://doi.org/10.3389/fmicb.2018.03134
https://doi.org/10.18654/1000-0569/2019.01.12
https://doi.org/10.18654/1000-0569/2019.01.12
https://doi.org/10.18654/1000-0569/2019.01.12

	1 实验材料与方案
	1.1 Sb2S3样品的选取与前处理
	1.2 实验方案
	1.3 测试指标与测试方法

	2 结果
	2.1 溶液体系的理化指标
	2.2 Sb2S3氧化溶解产物组成特征
	2.3 固相表征

	3 讨论
	3.1 Sb2S3氧化溶解的动力学特征
	3.2 Fe（III）与Sb2S3作用的识别
	3.3 缺氧酸性矿山废水中的Fe（III）对Sb释放的作用机制

	4 结论
	参考文献

