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1 FeS ( SEM)
Fig.1 Scanning Electron Microscope ( SEM) images of synthesized FeS

150 nm., Coles
" Csakberényi-Malasics " FeS
2 pH FeS
o FeS
20% . pH
7.5 14% pH 9
FeS pH 7 6.5
FeS 15 % 60 %. pH
5.0 FeS 70 %
Rickard " (6) : 2 FeS pH
FeS,, +2H" oFe +H,S, (6) Fig.2 The tendency of FeS solubility under different pH
Ksp
pH
CuS.CdS.ZnS  pKsp
22.2.14.1.10.8 © , FeS
pKsp 3.5 ~ 4.87" o
Davison '° FeS
FeS
. [N
\ FeS 7
FeS
o pH  FeS
FeS Sh( 1)
FeS o FeS.Sh( 1) 40.20 mg/L
2.2 pH FeSSh( 1) 0.20 mg/L
3 DH 3 Sh pH
FeS . FeS Fig.3 The effect of pH on concentrations of residual

Sb in adsorption experiments

Sh( 1) pH=6.5



5 ( FeS) 741
Sh( 1) 4 mg/L. pH 6.5 o Sb
FeS pH ( 1m) < < pH

FeS pH o

Krupp " 4b
o Sh( 1) FeS
FeS  Sb( III) Sh( 1II') pH=5 Sh( 1)
H,S Sh, S, Fe( II)

Sb( 1) Pb( II) . Fe( 1I) FeS
Cd( II) \As( V) Sh( 1)
Sh( 1) pH(2~10.4) o FeS

Sh( OH) J. HSbhO, P a FeS H,S .,

(2) Sh( IIT) Sb, S, ( (7))
pH H,S (6)
Han """ [Kang * Sh( I Sb
. ' Chowdhu- (1) FeS

ry * o

OH™ Sh( I FeS 2 Sb( OH) 4, +3H,S,, = Sh,S;,, +6H,0 (7)

R2
kivky  q.0~q.,
2.3 1 o R’
4a
o 100 min Sh( 1)
1 000 min 17 h FeS
FeS
FeSSh( ) 40.20 mg/L; A FeS.Sh( 1) 0420 mg/L;
B FeS.Sb( 1) 40.0 mg/L
4 pH Sh( III) FeS

Fig.4 The tendency of Sb concentration versus time under different pH



742

2019
1 FeS  Sh(I)
Table 1 Kinetic parameters of Sb adsorption by FeS
pH - X
q.1/(mglg) ky/ mg/( g*min R? qe2/(mglg) ky/ mg/( g*min) R?
5.0 905. 88 2.88x1073 0.97 1490. 76 1.19x1073 0.998
7.5 132.01 2.07x1073 0.954 250. 01 7.65x107° 0.987
9.0 61.57 2.23x107° 0. 875 102. 04 2. 15x107* 0. 986
2.4 Sh( 1II) 381.3 mg/g
Langmuir. Freundlich Sb( 1II)
Langmuir 3 o FeS Sbh
( R*=0.956) Langmuir (1)
Sb( 1) FeS ( 2 FeS o FeS
5) o FeS
R, 0~1 FeS  Sb( I Sh( 1I) o
2 o Freundlich 3 Sh( )
(R"=0.877) Freundlich Table 3 The sorption capacities of Sb( II)
Sh( III) on different materials
° /(mg/g)
» F b 36.70 23
eS  Sh(1m) Fe;0, 19.90 23
Table 2 Parameters of adsorption 54. 40 24
isotherms of Sb( ) on FeS 76. 50 24
FeOOH 12.18 25
Langmuir ¢, =381.3 mg/g K,=0.115 L/mg R>=0.956 MnOOH 17.05 25
Freundlich 1/n=0.482 K,=62.114  R>=0.877 Zr( 1) 114. 49 19
Fe( M) 136. 42 19
Fe, 0, 6.32 26
FeS 381.3
3
FeS
150 nm pH
. pH
FeS Sh( )
o pH 7.5
Langmuir FeS  Sb( M)
380.3 mg/go
Sb( M)  FeS
S S ~3 =1
Fe 11 rsng/L b( 1) 2~30 mg/L pH=7.5 i pH Sh( 1I)
FeS Sbh, S,
Fig.5 Fitted isotherms of adsorption models )
Sb( I) FeS
pH=7.5 FeS H,S °



( FeS) 743

W N =

AN N A

10

11

12

13

20

21
22

23

24

25

26

(Sb) . 2009 37(3): 315-318.
_ J. 2004 16(1): 131-135.
. . 2011 20(8-9): 1373-1378..
. ( ) 2015 38(4): 122-128.
J. 2016 44(6) 1 691-699.

Zhang G Ouyang X Li H et al. Bioremoval of antimony from contaminated waters by a mixed batch culture of sulfate—reducing bacteria J . In-
ternational Biodeterioration & Biodegradation 2016 115: 148-155.
Niazi N K Burton E D. Arsenic sorption to nanoparticulate mackinawite ( FeS) : An examination of phosphate competition J . Environmental
Pollution 2016 218: 111-117.
Bostick B C Fendorf S. Arsenite sorption on troilite ( FeS) and pyrite ( FeS,) J . Geochimica et Cosmochimica Acta 2003 67(5) : 909-921.
Wolthers M Charlet L. van Der Weijden C H et al. Arsenic mobility in the ambient sulfidic environment: Sorption of arsenic( V) and arsenic
(TI) onto disordered mackinawite J . Geochimica et Cosmochimica Acta 2005 69( 14) : 3483-3492.
Couture R M Rose ] Kumar N et al. Sorption of arsenite arsenate and thioarsenates to iron oxides and iron sulfides: A kinetic and spectro—
scopic investigation J . Environmental Science & Technology 2013 47( 11) : 5652-5659.
Han Y S Seong HJ Chon C M et al. Interaction of Sh( III) with iron sulfide under anoxic conditions: Similarities and differences compared to
As( III) interactions J . Chemosphere 2018 195: 762-770.
Coles CA Rao SR Yong R N. Lead and cadmium interactions with mackinawite: Retention mechanisms and the role of pH J . Environmental
Science & Technology 2000 34( 6) : 996-1000.
Csakberényi-Malasics D Rodriguez-Blanco J D Kis V K et al. Structural properties and transformations of precipitated FeS J . Chemical Geol-
ogy 2012 294-295: 249-258.
Rickard D. The solubility of FeS J . Geochimica et Cosmochimica Acta 2006 70(23): 5779-5789.
Morse ] W Arakaki T. Adsorption and coprecipitation of divalent metals with mackinawite ( FeS J . Geochimica et Cosmochimica Acta 1993
57( 15) : 3635-3640.
Davison W. The solubility of iron sulphides in synthetic and natural waters at ambient temperature J . Aquatic Sciences 1991 53(4): 309
-329.
Wolthers M Charlet L van Der Linde P R et al. Surface chemistry of disordered mackinawite ( Fe§ J . Geochimica et Cosmochimica Acta
2005 69( 14) : 3469-3481.
Krupp R E. Solubility of stibnite in hydrogen—sulfide solutions speciation and equilibrium constants from 25 “C to 350 °C J . Geochimica et
Cosmochimica Acta 1988 52:3005-3015.
Biswas B K Inoue ] Kawakita H et al. Effective removal and recovery of antimony using metal-loaded saponified orange waste J . Journal of
Hazardous Materials 2009 172(2-3): 721-728.
Kang M Kawasaki M Magara Y. Effect of pH on the removal of arsenic and antimony using reverse osmosis membranes J . Desalination 2000
131( 1-3) : 293-298.

. Sh( 1IN N : pH J . 2009 28(1): 54-57.
Chowdhury SR Yanful E K Pratt A R. Arsenic removal from aqueous solutions by mixed magnetite—maghemite nanoparticles J . Environmental
Earth Sciences 2011 64(2): 411-423.
Shan C Ma Z Tong M. Efficient removal of trace antimony( III) through adsorption by hematite modified magnetic nanoparticles J . Journal of
Hazardous Materials 2014 268: 229-236.
Sar1 A Sahinoglu G Tiizen M. Antimony( III) adsorption from aqueous solution using raw perlite and Mn-modified perlite: Equilibrium thermo—
dynamic and kinetic studies J . Industrial & Engineering Chemistry Research 2012 51( 19) : 6877-6886.
Thanabalasingam P Pickering W F. Specific sorption of antimony ( III) by the hydrous oxides of Mn Fe and Al J . Water Air and Soil Pol-
lution 1990 49(1-2): 175-185.
YuT ZengC YeM et al. The adsorption of Sh( III) in aqueous solution by Fe, O;-modified carbon nanotubes J . Water Science and Technol-
ogy 2013 68(3): 658—6064.



744 2019

Sorption of Sb( [II) on Synthesized Iron Sulfide ( FeS)

LI Dongli' > ZHANG Gouping' MA Chao' > CHEN Jingjing' *
( 1.State Key Laboratory of Environmental Geochemistry Institute of Geochemistry Chinese Academy of Sciences
Guiyang 550081 China; 2.University of Chinese Academy of Sciences Beijing 100049 China)

Abstract: Iron sulfide ( FeS) plays an important role in the geochemical cycling of heavy metal elements in the anoxic setting. Howev—
er limited knowledge is available about the impact of FeS on the geochemical behavior of Sb. In this study FeS was prepared by pre—
cipitation and characterized by scanning electron microscopy ( SEM) . Baich experiments were carried out to investigate the sorption of
Sh (1) on FeS under various conditions such as pH dosage and reaction time. The results indicated that the sorption is consistent
with the pseudo—second-order kinetic model. The sorption of Sh( Ill) on the FeS at neutral pH could be well fitted by the Langmuir iso—
therm model with a saturated adsorption capacity of 380. 3 mg/g. It has been demonstrated that the reaction of Sh( IlI) at acidic pH
may be related to the precipitation of Sh,S; a result of the reaction between Sh( Ill) and sulfide produced through iron sulfide dissolu—
tion. Meanwhile the interaction of FeS and Sh( IlI) was closely inferred with surface sorption under neutral and basic pH conditions.

Key words: iron sulfide; antimony; adsorption; interaction



