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Dissolution of Stibnite and Morphological Distribution of
Antimony in Its Products under Different Aqueous Conditions
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Abstract: The dissolution of stibnite (Sb,S,) is an important source of antimony in the aqueous environment, and the
toxicity, mobility and bioavailability of dissolved antimony in water are closely related to its morphology, but the current
understanding of the morphological distribution of antimony in the dissolution products of stibnite is not consistent, and the
understanding of the particular form of antimony, thioantimonate, is particularly controversial. In this context, it
systematically investigated the dissolution process of stibnite and its effect on the formation of thioantimonate under different
aqueous conditions, to provide a basis for the accurate evaluation of the environmental effects of stibnite dissolution. The
results show that the dissolution of stibnite under acidic-weak alkaline conditions does not lead to the formation of
thioantimonate, while under alkaline conditions trithioantimonate and tetrathioantimonate can be formed; the dissolution of
stibnite is unlikely to lead to the formation of poly-thioantimonate when the initial total antimony content in the reaction

system is comparable to that in natural water. In addition, the coexistence of different types of reduced sulfur or moderate
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amounts of orpiment and an increase in the ionic strength of the water can promote the formation of thioantimonate, which is

inhibited by excess orpiment. The S(-II)/Sb molar ratio in water is an important factor in controlling the formation of

thioantimonate; the S(-II)/Sb molar ratio is a key indicator to be considered when examining the environmental impact of

stibnite leaching in natural water environments and the potential for thioantimonate formation during leaching.

Key words: aquatic environment; stibnite; morphological distribution; thioantimonate; environmental effect; enviromental

geology; hydrogeology.
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B (Sb) Ry oC F J& W1 2 v 55 T R 58 VA 5 T
AR A ADLE LSS FE ERAIR(0.2~
0.3 pgeg ') (Filella ez al., 2002; Tschan et al.,
2009; Pierart et al., 2015) , K 4K K B ik BE 29 Oy
0.01~5 pgeL ", Uk /K v fo 3/ 1Y d5e R B0 Vi B2 Oy
5 pgeL " CR A @ RN SR IE I, 2023) . B 1) 35 M B0
PEC BTz MR, o d B AT 51 O I R
JF U % 9\ W W R G R 45 E (Gebel, 19975
Feng ez al., 2013). 8 M AL B W iy 2 vk 5 HIE &
VR 5, A8 R AR K v, 0 B TR kRN B R AR R e W
UL 1 46 JE & (Wilson and Webster - Brown, 2009;
Baeza et al., 2010; Reimann ez al., 2010) , A [a] 4 &%
TCHLBE (4 B PEIUT A 25 H B = 0B 1R £ = B ik £h
(Smichowski, 2008; Nakamaru and Altansuvd,
2014; Ungureanu ez al., 2015; Herath ez al., 2017).
A SRS 5T, KB & f %P8 aT i
oAl Sy — L IR h 5 — P BLBE MR £k (Andreae et
al., 1981; Andreae and Froelich, 1984).f & i fb
Yy R SRoK B B AR 2% B B - U] Rl B Bl 4 R Ak
JE W B AR 46 7R £ ( Planer-Friedrich and Scheinost,
20113 Ullrich ez al., 2013; Guo et al., 2020).

TEFR AW A A SR Y T, 865 LUK i 4R
W) (7B B4R I E A ) S Ak
(RESE D BB B0 %) I X AF7E (Guo er al.,
2020) 5 1 A AR /48 AR T i 2 R AR OK IR B b A Y
W R PR AR E R AT B X E R X,
TR A T AR TR X PN AR RO KR ) R SR
TR Hp v R R R, DT X A B R R R R i
[y . 25 FREGH AT oA e )2 W S BRI, 5 A
KA K SC H R A 2 R ST B IR R L

Y24 0 1k REBR AT 1 R OB A QB0 T A5 1 S B F
7% B % 0L F 3CHk (Krupp, 1988; Wood, 1989; Tos-
sell, 1994, 2003; Mosselmans ez al., 2000; Sherman
et al., 2000; Helz et al., 2002; Olsen et al., 2018),

RS 56 25 5L W WE B ™ IR TS A 7 A T B T S
A7 3 b R AR K i Ol & 2%, 4 4G Sh(OH) , (aq) .
SbS, .SbS,” . Sh,S,” \HSh,S, .Sb,S,(OH),’%%, H.
S B GEE I AR T AR = JRAR B AR B , R AR
B (AT HSD,S, , Sh,S,” KT 90 CA& M F ks
SEMBLARERIE A . LRSI 5% T 7 AR VT AN R AR
K BB I B A o A 1 22 5 5 U Y BB VR B AN
T Ak e B 1) R 22 30 DG, 76 R AR /K (A 5 b 3R oK)
H IR SRR Ak P R R S R AR TR B T R T R
BV B (SC-TD e K 1 mol/ L ; Sh ik B 7 il 4 0.005~
0.1 mol/L)(Wood, 1989) , ¥4 f{ 86 i £k (f 45 =
B AR 1 R AN DU AR B R R ) 2 R AR K rh i — R B
TARBRIEAS M AERT IR = A L b 5E B B A %
FE I X G BOEIE (XAS) F8 63 (RAMAN)
T B B, IS A DTS 75 76 R 08 1 1 S BE O I AR
1 A 6 3K 45 Mk 25 A (Krupp, 1988; Olsen et al.,
2018). 55}y FE B0, BRI S0 5 A 40 BT T B S O I
(22 55 , A MESH Vs A S 50 I 92 9T 3R A A X RS 4
VS A 7= 1 v B R T 25 0 A AR AN — B0 11 4 Helz
et al. (2002)F1 Tossell(2003)TA g ¥EEH B 7E 75 I 24 5
W AR ALY 25T, B R o HR A A
TRAKHACEEE A cHSb (D) Sh(V) S, il Sh(V)
.S 3 Mosselmans ez al. (2000) #1 Sherman ez al.
(2000) WA Ay Bz 7 i BE AR T 150 “CH, DY A 4 86
iz £k (H,SbYS, ) J& W 86 0 W5 i 7= 0 vh 86 1) 2 2B
&, 2 BIRIE B ALAE N i O i 250 CH A
REIE L, HOHOE S A BE Mk BE R pH T G .
YT, ARG AE AN TR0 b pH (B A AL/ DR &
AT B T B 2R R G IS B 1 s h
2 N 3k FE R W R B T A A A R (8 S 56 F
FEEE A AT T KSR K IR 55 vV B 0 19 V5 i ik 7R
25 S0 A RO B, FRATT X S 58 ) 4R A% 1 DA 4
il (S Br = e RS IR R S R S E
B R SR K A (I i oK BE BT X T 7K 56 ) Y BB
it ROBOM Y (A B 52 R 1 B 25 58 4 £ 335 — v B R
BB TR RS (IC-ICP-MS) B R G #H AT IR Wi
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BhOIE A AT, B0 DR TE BB B e AR O AT Ak
13 AT SE L 25 40 M 4 R ) 5 BB i 3 TR BR B v
LA RN A B B Ak ) 0 B8 b R AT O iR AR AL S
Y, PR AR B /AR AR T 2 B A B i s Bk TR
FXFHAL Y A 35 4 (Ye and Jing, 2021; ™ 58 ¥ 45,
2022) , # R B K AR K FR 48 v i S A AT T
Yy 0% A 8 6 B 0 3 i 1% 52 ), R AT A TR R B
T iR S0 S I TS ) 28 AL OA DS e S M B, DA
TRICAE L3R SC00 55 08 T MR B0 07 1 i 7 ) vh 8 B
A0 W AR Ak A 58 W] SR B A R SR K PR B
B 9 AR SR 2 A3 A 0 O B R Ak 2 o 7R 4R
M FE AL, o AT Sy B R 8 IS Y B IR B LA X

1 MRS ik

1.1 =i F

32 23R ) B HOR R - 8 B (Sh,S,, 99.9%
Aladdin ) ; M 2% ( As,S,, 99.9% , [H 25 4 4 1k 2% 3R,
A BR 2 A 5 B A S (4 B &, [ 25 48 A 4k 2
WA AR A E D) W AR CHEKOSb1.5
H,O (43 07 4li , [ 25 48 W1k 2% 5l 50 A BR 22 /) ) 5 L
K B A6 B4 Na,S+9 HO (43 Br 2l , [ 2 48 H 4k 2% 3K
AT BR 2 7)) 5 2 54k 8 K,.S (=>40% , Macklin) .
1.2 BEXR
121 BT EARBNpHHNEULETEEHGHETEA
R BB 5 pmol/L(1.69 mg) &% T 250 mL #
gk v, 43 R PET i (250 mL) Fiafy T 3645 ik
FE /FR IR FE Y IR S (250 mL) N A & 51 AR S 4%
17T B RS 28 NL(99.999 % ) 45 R Wk 31 4 4l 7k
150 min DAASE UL IR 48 % 2 Can Al 4 ) ik B, AR 52 56 F
GEIR S5 1 34 LA I 2 T e R, 0 PR v ) B O i
AAE 0.5 mgeL ' LAR, AR IE DR 40 55 56 A o B )
FH0.36 % 2 A1 0.1 mol/L NaOH % & 8 35 ¥ A1 41
B pHH , 7EA SR AT B4 0% 3.5.7,
9 11 (A &M T 1y pH A S5 bR 15 2y 3.05.5.01,
7.04.9.04 . 11.04, R4 48 T (% pH {8 52 bR 98 15
3.01.5.04.7.01.9.02.11.03 ;6 Jy faj {2 W, , A ¢ v
WA pHAERLL 3.5.7.9 11 AR SL BrAE , I 43 51
FRZ MR 59 Rt M SR B A1) AR
S T OO R SRR AT R R S
T TR 0 8 B DR AT A B Y A I
REH A LHAT M 6h.12h.24 h. 72 h. 120 h.
168 h, 240 h.360 h.480 h.720 h /5 , WAL F 0)
122 BEHT EHEXFEGTHORR Eork

(pH=11) IR & 2k 1 WF 5 M 3% 19 I A7 X 05 6
VSR ok TR R R WL R 4 S R A P Y i A
10 pmol/L #8640 I 43 5 M A 0 pmol/L .10 pmol/
L. 50 pmol/L. 100 pmol/L #f # . H 0.1 mol/
LNaOH ¥ W 8 35 H] T Wk g 4™ 1) 88 4 7K (250 mL)
IR pH 2 115 58 & 4N IRE D, 27l
o SRR T I EE AR LA B 0.1:1.5:1.,10: 1,
BT FEM P YA RV 168 hJF , BURE 7 .
123 BHTELIESH(RER. HUY.SHL
WMIEFEEGETHERB b (pH=7) M 6 1%
(pH=11) % 1 T #F 55 A 5] 38 J5 25 & (5 o3 A
Wi ALY . & Ak W) X R BT AR LA R B AR B
M2 55 % 52 . Sy ok Ao SRR I TR S R Y
M, S5 06 B A IR AR & 1 R AT L AE AR R B SE
e, RO R GE OB T 4 A i 0 10 pmol/L,
B B (RE MR A & B 100 pmol/L .
1 000 pmol/L; ik u& W & Ak ¥ ok B & & b
10 pmol/L . 100 pmol/L 5 b 38 v 2 i Ak e i 18
5E 0 10 pmol/L . 100 pmol/L. JZ Ji i 18] 4 2y 48 h.
124 EBHTEARBSFEEZGETHNER K
0g.0.2925g.1.462 5 g.2.925 0 g NaCl 53 %Il fin A %
A 250 mL B & S5 8 2liK 19 PET i 9 78 70 i
fift . R 45 B 38 43 51 4 0 mol/L ., 0.02 mol/L .
0.1 mol/L.0.2 mol/L ¥ # . H 0.1 mol/L. NaOH
WWH T ERGE pHE 1L, BE440MC
5 pmol /L EE FE il i A DR DR, 3 0 5 8 T FE48
R .6 h12h.24 h,72h. 120 h 168 hJ& , BURE R .
1.3 X@BARUFEHBERSWHE

R SIS HEAT T B R] VR S i EOA
VRE SIS 0.22 pm 38k L U8, 249 1.5 mL I A
TAE T —80 CukA T8 i BB &b . 4
5 mL U A AR AE T 4 CoKAR b, T A B0 vk B 43
BT . 1 B Ak 4 ke 35 1 TP 3R T 0k T R A Aot
J# 1T (Infinite F50, Tecan) F 650 nm A4t Il %€ . & K&
pH {H FH & J5 /) pH T (FE28, Mettler Toledo,
pH=4.00.6.86.9.18 1 2 th i K5 i ) I 22 . IR AR 58 5
Hh Y YV M ST TPB-607 A 15 337 i S8 A

VoW R TR B AR &R TR T Ok AL
(AFS, oK) M52 5 M 5 18 o0 - 6 i ff 44 48 £y
A 230 VL, AT LG A 30 mA, Bk R iR
300 mLemin ', B ik A 3 & 4 800 mLemin ', 25 fb 7%
o 8 mm, i Bl ZE L R 100 ¢ emin ' T BB
Sy AT IR & 28 50 %6 I SR R R 1k J5 5 %6 1 B Ik Bt
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IR W A T A S R R A (B RR R N =
R AT E IR I N WA G E R 7E NN TR AR Ty
) B (R £ e AR R £h) B B v sc e
5 (IC; Dionex™ ICS 6000) il i JEAH & 45 25 14 B 1%
(ICP-MS; Thermo Scientific iCAP RQ) Bt JH & 4t 4>
M. B R 5 B 25 03 B T B B 1 23 i A (TonP-
ac®, AS16/AG16, 4 mm, Dionex) 5 i, . Lk 20~
100 mmol/L NaOH ¥ ¥ 4 itk UE i, {1 50 pl 24
R, BEAER E S 1.2 mLemin ', = #iACEE R R A1 DU AR AT
IR Eh T 100 mmol/L NaOH k8 i 2% 7F T ¥ A
ok . H Ry fe RBR B I A8 R b A I {5 5 HL 4 R5
el N (s T S A Sl Il & R ol
(AERS 4mm) , ¥& F Legacy B 3 , B 3 58 B &
297 mA A A 30 “C.EA ] &5 ) i ] S BB 2500
B 438 R v S 36 R 3k 25 2 IO B0 1R 3k ] 22 el vk 3R A
BT S5 e il 25 B T 5 R At A 0 TR TR 2 RN R
THE B B 5L SO (m/2 137) \AsO " (m/z
IDAISO " (m/z 48) W . M3 3o Bt v 4 FH 52 B Ak
(10% O,,90% He) 3l 45 B I it £ A DL 5 "As'
BEOACL (/2 7T5) LA ST 95 O, (m/2 32) 4L 8%
AR IR v B B6 0 26 R SR s WA i it 4k 1, B R
R FBE A C R 2 ER A R £ (N a),SO,) ¥ W A% o i 2k
%€ 1w (Planer-Friedrich and Scheinost, 2011; Planer-
Friedrich and Wilson, 2012) , i X i fig £5 W F i iR
bR E il 2k 5F & ( Planer-Friedrich ez al., 2007).

2 ZEELRITIS

2.1 pHEMBEST HBMBMBEMNZM

B 0 1) 5 fie 2o B Ry TR A R A A S
o pH {E 35 Bl (R4S 2 T R R A (&l 1a) . ROk
H,pH & A R T HES T A% R (- 1b~1c) ,
2 Pk 2% A T (pH = 3) , ¥ 5 07 ¥ i 12t fie /s L R
720 h 5 VW OSBRIk BE AU 62.3 el AE M
(pH=7) Atk (pH = 11) &~ , [7] — S B At i
720 h JE W OWOE B VR E T 4y 0 BE on 1.73 %
(107.6 pgeL™") A1 48.1 % (2 997.9 pg-L ). B 4b,
pH T & A R F 8 6 - % e I N R Y 8
——TEBRME SR WS BV AR 24 ~360 h Y
S PR R B, LS R e AR % R R R
G v M B T 3k B SRR I R T 5 I A R P AR
PR, ¥ BB 7E 4238 5 R I BE IR R R 12 . b Ah
Ivi) 7 6 1 2% 40, AH L 2 N B[ g DR 4 30 B o
B MR MR T A BB HE AR E .

M B0 0 S i o R v R R Y A A O A A 4 Ak
W(S™) R R (SO ) M AL s 2 £ (S,0,7 ) (&
Ld~10). B Ak W AL AE B PE 25 14 T al A iy, HL A 4R
S 21 T AR R T A A, WO i A AL 3R B AR )
S LA HLS SR A JE 23t RS 00 1 1 2 1) e J3E AR
TR LU0 20 B R R RN A A A R R Dy Ak 1Y A
7= W, B M 2% 10 A B R Eh Wk B B pH (B S
(pH=3~9) i FEAR , PR 25 10 T R 30 07 345 i O
KT HoA pHAE Z& A8 5 17 B A B8 2 R 04 17 20 0 AH I,
pH & A A T HIE 5L (pH /N T 7 B 4% 21 55 50 4
S RO N o F R AW e N W v s I A
FEBME AT RS, MERMZMETARE,
By oy il 9 W B SR B R AR (Helz ez al., 2002) .
22 AEpHEMEXEREREZHTESY BRFIE
B A 56 B 2h O T B

HH 1] 2a F1 2b AT RN ZEREBA i AR b i b
ML A oA EZE R T pHAE \S(-11)/Sb EE /K [t 5 Ak
WS AR R e A B 5 Jr PRAA A T 4% SUng i
] 5573 S(-1D/Sb EE /R He R 0.27 6 7 P24 s B A 86
FREL /BRI LI 11.6 %, B 8 55 F T 4351 0.16 %
H19.47 % AERRYE B 59 08PE S5 TF B RR R 2 MR
VAR i ) BB IEAS B AR A B R , FLAR
FRBAEIR ER A BETEBE 51 BB Il—— iR e R A A 5
M ETEA A, SO 4 R S i R TR
2SR T B R AR TE B A R £E 5 A A ]
pH 2548 T BB A 5 T A LI I 5% e n i AR 1R
ERAAE R A5 P AR E A TE  pH AR I o) S 56 1R 6
T Ak (Planer-Friedrich and Scheinost, 2011) ; X it ,
A SIS ST TR BE T TE R M 28 55 B SRR B A
SV AT R AR 35 W B e A AR R AR L H B
B B 208 W] AR % pH 2% 10 B Ak Sy 2 B R Eh

TERE M Z A, v it A B0 TR Ak 1) R 2 i
[E] 9 B 1 i 2 5 0 (/& 2e A0 20)  (E B AR B R £ 9
EONR 7 | 7207 R 1w s o 51 TR o N N G < A |
2d) ;5 24 )2 W s TR A 480 h A ¥ W HP B A B 1R R
S LU 3k ) 08l (IR SR 85 b Ry 130100 3 A U
oo 10.9%) . gt — MEBR BT R AR R L W
o DO A B R R Wk FE AE AN [ SE 8 A5 R SOAS TR
VAR I b/ N R 7 AW 1 (E R 7 (3 - S
Bh Y @ 3 L BE I E] Y 2E Ak A R (B 2c~21) .
23 MEHXEFEWEST ABAMAKSE®RERE
R B9 % )

W B LA X B A 8 I A BB A B R B
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Fig. 6 The dissolution process and reaction mechanism of stibnite
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