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Mackinawite(FeS)-Coated Alumina

0] = ¥(Seungyeol Lee) - Z A M(Jung chun Kang) - &F 8l X|(Minji Park) -

2k A 3|(Kyounghee Yang) - & = A(Hoon Young Jeong)*

Bty eta A28t
(Department of Geological Sciences, Pusan National University, Busan 609-735, Korea)

Q9% =3 7] wj7lL}e}o] E(nanocrystalline mackinawite, FeS)= =& B EHAS A WA =&
ez, o9 A5 Bope] BUL ) Yol ALLHh Ea 7Sl EE W74 BAuS
el sty o s Qhstal, A Sl gE9] diatel osf AR T= ARl sk kARt w1
debol= gl Aek 55l oa) el kAL AR Aol doft i $FS sherh
weba FFEAS 93 FpHk-3-9(permeable reactive barrier)?] AAE YA Ui==7] mjziLteto]
Eof digk ©igo] BRsirt o]F Haf & dAolAde YRS 88 MilvetolE Yredas &
2oy (alumina, ALO;) W A u|(activated alumina) EHO| FZA| AT wjZlYyelo]ES] FE

2 pHol| et AA3] g3ton, F F9o dRnjyt BE oF pH 6994 o sgo] #E Q).
pHolA| &2n|ipe} mjzlvtelo] E= vt o] A3k (surface charge)E o] & F&E 7+ AA714 <
o] WAL, o2 3 A& o] oyttt o] pHoA EFEuu; I T dFu|ito] gt
FEZFe 7hz} 0.038 mmol - FeS/gFt 0.114 mmol-FeS/go| et 714 ZAqA ZEHR g g2
o g 34 dRujy, 283 2F pHolA ZHE dFuju © A dRojuE AR ofHjArg
(arsenite) SAANEE Yot TYE A P S dFvvs TR F YRl Hwa) o
AT 2 ofujatd e AAE HolFgl oy, Wizlvete|E] Fgd ogt Fag F71E Ho|X|
otth &4 gFuus w2 HEEHE Y 9o WEA 2 ASHEE-7] (hydroxyl functional
group)7} th= EAPIL, o] R 3| ZYH wjzlvfeto|Eof ot ofujAtdA o] A A} FRFHA| ekort.
i gRuus wj7iueto]E e o3| FAE ofujArE Y] AAES Hied, oA gFun
of At FALEEE-7| 7} ofu|AtA ko] 3T vl ¢ A Fh(surface complexation)of] A E 11, FEEH 7]
Lpelo] Eof oJgh Hr1A <l Szbo] dojyty] wio|ct T HEH dFujus ol dd ZEH A
Zhel vlaa| i o] W EHAT wjlvelo]Eo] sggFo] oF gulj Eokom, © 2 ofn|Atd]
g S-S Btk geEtA 2 AT ddes IEE dFujus EARksEe] Ao At 24
o|il, 53] opujAtd o2 oy A st H3to] §85HA HEE 5 S AAEAL Qi

o
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ABSTRACT : Due to the large specific surface area and great reactivity toward environmental contami-
nants, nanocrystalline mackinawite (FeS) has been widely applied for the remediation of contaminated
groundwater and soil. Furthermore, nanocrystalline FeS is rather thermodynamically stable against
anoxic corrosion, and its reactivity can be regenerated continuously by the activity of sulfate-reducing
bacteria. However, nanocrystalline mackinawite is prone to either spread out along the groundwater
flow or cause pore clogging in aquifers by particle aggregation. Accordingly, this mineral should be
modified for the application of permeable reactive barriers (PRBs). In this study, coating methods were
investigated by which mackinawite nanoparticles were deposited on the surface of alumina or activated
alumina. The amount of FeS coating was found to significantly vary with pH, with the highest amount
occurring at pH ~6.9 for both minerals. At this pH, the surfaces of mackinawite and alumina (or
activated alumina) were oppositely charged, with the resultant electrostatic attraction making the
coating highly effective. At this pH, the coating amounts by alumina and activated alumina were 0.038
and 0.114 mmol - FeS/g, respectively. Under anoxic conditions, arsenite sorption experiments were
conducted with uncoated alumina, uncoated activated alumina, and both minerals coated with FeS at
the optimal pH for comparison of their reactivity. Uncoated activated alumina showed the higher
arsenite removal compared to uncoated alumina. Notably, the arsenite sorption capacity of activated
alumina was little changed by the coating with FeS. This might be attributed to the abundance of
highly reactive hydroxyl functional groups (=AIOH) on the surface of activated alumina, making the
arsenite sorption by the coated FeS unnoticeable. In contrast, the arsenite sorption capacity of alumina
was found to increase substantially by the FeS coating. This was due to the consumption of the
surface hydroxyl functional groups on the alumina surface and the subsequent occurrence of As(III)
sorption by the coated FeS. Alumina, on the surface area basis, has about 8 times higher FeS coating
amount and higher As(II) sorption capacity than silica. This study indicates that alumina is a better
candidate than silica for the coating of nanocrystalline mackinawite.

Key words : mackinawite, alumina, coating, permeable reactive barrier, arsenite
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Sfol=9] uEgo] o3 AHE FABES FAY

E7}9F-8-H(permeable reactive barrier, PRB)-
el Tyt =2 wheEE dXs g3
(adsorption), #Z(precipitation), Ats}-2-(oxida-
tion-reduction) 59| ¥-5-02 @ FH Ao &
98 93 ASEE AYoR 1 pARAR )
A(zerovalent iron)S F= AMESFIL Q) SFA|EE
7t A = @714 FANRS(anoxic corro-
sion)of] o3 AtSRE = Akt of Eeff Ay 9l
32 (reducing capacity)©| A LLETHManning
et al., 2002). E3F F7|4 FANRS0l| o8l FAEH
FAVIAE EIESH 9] 28] A = E(hydraulic con-
ductivity)E Hojrg] 9 ¥-2(contaminant plume)
o] XYL Walatr] wie] Ajzko] Zukghol wet
I agAo] ZFAdtcHHenderson and Demond,
2007). o|e} ga] ujzl}elo] E(mackinawite, FeS)
= @714 FARRSe] disl iAo ersl 4
7] wpo] ululalc, Eg .9 dat u7in

3-9Ju] A E(sulfate-reducing bacteria)2] thAjof| 2]
& mluetolER AYE 4 Qlth old FHo=
At olA e HdEE e st wizlueto]|ETE
W7k BS ojE Bugue] FAR AR Be
G glon, ugiLelo] 8 ol g3 Eapigue] B
Lo thgt WA o] F71skal It Wolthers er al.,
2005).

Wlo| S F2 B9 BRlaEe] o)
Aol w= AkSIHEA 3}5lE(acid-volatile sulfide,
AVS)Z 22 @714 270 HEZol tj32d]
U719 FER EAJgth(Bemner, 1967; Rickard,
1995). Lpezi7] ofzlLfsfol 2l e A2 4}
Bggon ogd Asigt Ego] B 9l
ge] ARGE delz dafrlskelEs Egyast
Hk-8{(reductive dechlorination), +67} F-&AF(chro-
mate)2] +37} 280 &(Cr') o2 9| ghelnke- &
sy, Eeb Wiegy] siivele] B NI, Zn”,
Co™, Cd”, Hg" 59 F5 o] 25& 1o
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W37 izl ER FEE

= SAA 2 ARE-E tH(Patterson ef al., 1997; Butler
and Hayes, 2001; Jeong and Hayes, 2007). £
Toll oJatH mi7ILtete] EZ} ofH] Ak (arsenite) 4
H] At (arsenate)o]] thsl =2 F2HEE AHol
3% HHan et al., 2011a).

oz e ojTivelolEe BEH U A5
ol BFED 08 2 A BAo)
Sk Aatael ol eAls7h ke A, eiFlLfelo]
Eof eqlzr}h 75t E%Oﬂ ek 447) ot
wo] Qg whEEe] HA)7E ook WA A
O] o] ZA|7|7F & S U dA 7He] &4
93t QAL A o] WA thpZo] T+
ek wEhA] Yi==7] wjziveto] &

of 2-83t7] flsf olofl thet F5H4 W
ot RS AEotd vjglvele| E LHE
TS O] HXof golgt FEj= HMFAl
TH(Coston et al., 1995; Xu and Axe, 2005 )
< T2 A AY7E B GFREY 5o WARE
(gangue mineral)®] o] Li==7] wjILtelo]E
£ FANTE. edy] viRivelolEe) REAE
+ pH, °o|2Al7], Asjde] 57 59 AasH4 2
4o wat ‘gﬂ}ﬁi}(Scheldegger et al., 1993; Xu
and Axe, 2005). o|& 84 5 pHol| &3t FgFo]
7 dAs Aog RuEglow FE A7)
=& ZAScHHan et al., 2011a). Scheidegger et
al. (1993)°] °Jst A7} EHof| 34 4(goethite)
9] FEL AHA 9 HA5H(point of zero-charge,
PZC)Oﬂkl 7 =8 A 5011;} vy 214 A
of QAsHNT & pHOlAE X el
7b B OOl SAskE WA =i, & FE 7t
714 v or FgFo]l AAS] FaFct
(Scheidegger et al., 1993). $HH, Lee ef al. (2012)
o] Aol ofstd Ae|7tet wjziveto] E7} w9
FEHAE} 2h= pH 2~4K 0k OF7F =2 pH 5.40]
A Ao} g o] WaEGl=tl, o] pH 5 °]s}o
A w7l E 0 gaf =7t 373‘31 7l "ol

=13
Eal

=
(o3
o QL

a9
—

e
=
=g 3}

for
-4 oo

]

m\un:g_,
>
nﬂ;&-{mdﬂﬁ-{)é—{

5 b
& ol

o188 4 9 izlLetol 0] ool whe Hgl]
wjgo]ct.

olH ATSoNE TS u] 48 9
AR Adrs 2 Ol%%ﬂ‘?l(Han et al,
2011a; Lee et al., 2012), & AHLoA= EOFO

£ F8EEe €5 alumina, ALO3)E ©]
43l pHE W37 It EE AR AT S
G w3 wEARe] Folo] g el
W3S T2817] ¢ A 20| U(activated alu-

e

Lol o] obl 4 o] AA

mina)of tigt TYUH= Y3
L mfziuelo]ER IRH ¢
LFHUE A B8 =

y3ick. A% pHolA
renjlt Bl 2

oA ofr| At o

F BAARL S L WAL vl B
AT
Y20 Z

U327 wj7ivelo]| E 9] A2 913 Butler and
Hayes (1998)7} AR&-gt WIS Afeigich wjzivtet
o=e] g4 W oYYl FAUFLS ~5% ot

~95% N, 249 §714 tﬂ oAl =5 *7l°ﬂ
oJt *Pﬁ— Z| A3kt E3h Ao AL H &
82 A2 JAs] 98l §¢¢§ 100C = 7}%

31, R A 24(99.99%) 2 1A]7F o]} Z7]
(purging)sl] ATk @714 HEoA 1.1 M NaS
28 1200 mL¥} 0.57 M FeCl, =& 2,000
mLS &3 7] 5, A}A J—Jr_ama AL 327
A1 dRlelolE AABE A} 0% YAl
2]7|(Eppendorf, Model No. 5804)% 10,000 rpmo]|
A 152 52 AR mi7ivetolE ’“ﬂﬂ(smﬂy)
2R AAds Ees AAYE E=3F Al AF
z ol ogh A&y AdEE]
& HhES) AARCH, R Fol Al
F A7 Z(freeze-drying) 9] A
1A LSS 2 @sict. TR Lok
olE] Ut HEH wrES XA HHRA
(X-ray diffraction, XRD)S 3l EA3ick(Jeong ef
al., 2008).
th=7] dhitolel=e] BEe Sl WARE
2 Y2u)ii(Metal chem’s technology, 99.9%)2}
A L2 o|if(Acros organics)E T8l AREFCH
o5 FEL AE o]&3l 106~150 pm a7ne A
W3l ®, 2eas AR ANT T ARAZC.
N, 7 o] ofgh Rnjut 9 2 Akl
BET 3 szg— 7}7} 0.057 m*/gT} 158.89 m*/go] 3}
o] ak2m|L}E FOo & FEAT &
A A YA /\]-XJX]-?,ﬂ_U]%(ﬁeld emission scan-
ning electron microscope, Hitachi-S4700)& A3}
Faol tigt ofmAlE Ak

o[r

Ll

njZILtolo| Eo| TE
FEL 93t Jk2-7](reactor) 2 50 mL Y&
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054

= '701'@7(

S AREEIT AR 2.0 gL =9 il
L}olo] E Fetol(suspension) 20 mLoj| 10 g 5]
U =3 g 34 dFrUE go] ¥RAIF T pH
Hstol| wE RS W] 918 0.1 M HCI ®
+ 0.1 M NaOH 885 A8l pHE 4~10 ¥
A= =AYk E3F 1 M NaCl 895 ARE3| o]
2AI71E 0.1 M2 45t ghEo] o] A7l w}
opo] wiske gioich. ojzIutslolEe] TEa
S WS ARl ASAIZ e, v
|(pore size = 110 um, CHMLAB)E A}
H g gt Ads & F@714d e
Zck w1
2y gF|
¢S 1 M HCI 289 40 mLo| &
AlA w1 ZEE mj7Iveto| EE b
Ztk °]% 0.2 pm YA E
@11, o]F 10% HNO; =83} 315t & Ferro-
zine& 3| Fe(ll) =5 EAAUHViollier ef
al., 2000). Fe(ll) =2 R E] pH @3to] w2 uj7l
Usjo|Ee] mEake Ao ozrE e
pH 24L& ZAc) E3F THE vjzItelo] E Q)
s yHEekr] 96l

S ol

o

it
ol

D
N

ofll, oo

:\% > Ok? ot met
2oy 2 g flo
>,

RPN

3] 434

n o} Foz nYst
& ZAARA AL B olu|AS S,

ofH]Ab¢l(arsenite) o] FAATES flo AP E A
0> dFuU 253 2|A pHOA mi7lutelo| ER
FEE dRHY 2FS ARERTE NaAsOE 0.5 M
MOPS (3-[N-morpholino]propanesulfonic acid) £+
ZHpH 7)ol &3AIAH =7} 1.0 x 10° M (0.0749
mg/L) T 2.0 x 10° M (1.50 mg/L) 5E9] ofu]
4t HS FHFH o] 48N 15 mLof 72t
AT 1 g Be 24 4F04 03 g g 1L
W75 ARESl 297 WhEAIH T o] REGAIZR
Aeto|Eof o3t ofuity o] FaHkgo] Hy o
E3)7]o B3t Wolthers ef al., 2005). S2F
wh3o] Zipw 02 pm LHAE B g ol
AL AL B, o]of 10% HNOs S 7}t & ICP-OES

EE ICP-MSE o|gdf && Bl&E 243

d . \lg

fus

A - A8 - AES
23 4 £9
ZEo =4
2 Ao

g4 e BizgeolEe] BE
9 Eg]d EAL Jeong et al. (2008) U Lee ef al.
(2012)°] ofsf AFAI3] $-E Itk XRD #4]of 9
st e vjelo] B AHES} oj$ e
Uz 2 uke frkLee ef al., 2012). T3 =3}
ZAF& u] Z(transmission electron microscope) %

A4 (photon correlation spectroscopy) 2] &
e Fell WietolE dAks 47 3.5 nm B

21.7 nm x 7.5 nmo|¢icth(Jeong ef al., 2008). 3+H
Lee et al. (2012)+= pHe|| w2 wj7Iupelo|EQ] &
s Haich o]0 25k pH 6 ofstofA] Hj
ZIUeto|EQ] a7t 543 S5 e, pH 7
ool M= alle7t HETAA| o]stE uj-9- Wk
t}. o]dl Aab= W& pHollA Ao wf7ivketo]
E7} gefElo] Aol o]8d 4 glSS vEhdth

uj7Ivketo| E o) Agjof dFuit Yl gy g
Wb ARESITh 1Y 12 o]lg FEol gk AR
Agn]7 omA & HojEil gty YFEu|v= 1
o] vwA wjriee v, 24 gFujue] &
HE 1§ ZFEEH o] Fo|A YW vEHAS
AL Qlet. 0|9} A=Al BET 40 &g o=
ojup 9 gy ko) vl EHA L Z7F 0.057 +

.

0.001 m*/g, 159+ 1 m*¥/go|ct. o]& 4 L2}
o #& HEHEAL dRoLo] vl FjHom

Be 99 :50] o]0l A RS AN

E|
S

mfZILteto[ESl 2

7} o] 83t A ollA pHE w7t E 9]
Aes A= 7MY Sash A5t
01A+%dtHHan et al., 2011a; Lee et al., 2012).
A 2 dgolaE e 9 3 ko
0|83 pH 4~10 oA wjzlLelo]EL] 51

H31E ATCNIY 2). F £ ooy w
H 6.90) 4 7} =& I8 o] W=} 3L
o] ojupiz oy} ujzLolE
Jale WAk W7} QlckHan ef al., 2011a).
nuHe] FASHH(PZC)= o pH 8= A& Fth
(Gallegos, 2007). =3+ A dFujyre G20y
oF 42 AL 7R B 1%t Ghorai
and Pant, 2005). j7ILfefo] 22 3Rl oha

ol

1

2 o,

o o
9,

o ol
o
[

SL

1 10 of 4 off mju & 1o Ry

Hu
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e a] s stol ER mEH ekl o] o] a ofulakele] A

SE 24-Apxr-12 PNU WD17.3mm 15.0k¥ x1.0k[ 50um

SE 24-Apr-12 ENU WD17.0mm 15.0kV x1.0k 5S50um

Fig. 1. Scanning electron microscope (SEM) images of (a) alumina and (b) activated alumina. Scale bars, 50
pm long, have tick marks with the spacing of 5 pm.

ol grsol HaE il Qled], o= wixluolE oA F FE 7] A7 A ¢l Agaf Aol
FHo] At olch(Bebie ef al, 1998). skARt & o]Fojztt 1Y 204 & = 91%o|, YFHLY
Azzh AAE Be] ZAE j7igeto|Ee] gH o} &4 LdFuy mE o] pH WA Ho| 1Y
817 pH 45t} YolthMullet er al 2004). o]5 o] TAEQIE B e} FUs Whyog Mg
T HH vjglvelo] B0 WS SHEHE wal At o3t uixivfelo] Eo) SEAF A, 22

ofZujife] Eo| SIS i 9l pH 4~8 2] FEL pH 5404 I rHLee ef al., 2012).
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Fig. 2. The amount of mackinawite coated on (a) alumina and (b) activated alumina as a function of pH. Error

bars correspond to one standard deviation.

oA LFuluto] uls) ArhHom W 7 pH

o] HSFY(pH 2)o] Ln|Lpch Lhop

 A310] pHYF jRE 7 2AUS 7

, 298 WARES ooE Aslso] A
A

o N
—

IS}

B QAgolN e By wsulel X
€] Z2}7} mmol + FeS/g¥} 0.114 mmol
* FeS/go]3lt). o5 FH T2 Ao AHE 2e

mjzivetol EZE FERH| 29E HE 7HEYS
wj ot wlas Z42F ~82%(LFuILhet ~75%(2A
F2uhyo] ssts Aor Tl IHo] o
oo Uehit} dFuuke} vjus)] gy g
Lol oJgt s1gfo] oF 3ul| 7heF wok=t, o] Z}o]
© AR =2 &4 dFuLe] v
719180tk Lee ef al. (2012)9] ©Jahd Alg]7}o| <]
gt wjIveto] ES Ao A® S 0.043 mmol -
FeS/go| AT}, whaba] FEo] wlEH 2] Zfolof 7]¢]
gt AR WskE AlAst] flsf @9l vjEHA
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Y27 izl elol 22 3RE ol o3 ol o] AA

I
CNN 15.0kV 15.9mm x50.0k SE(U)

1
CNN 15.0kV 15.8mm %50.0k SE(U)

Fig. 3. Scanning electron microscope (SEM) images of (a) mackinawite-coated alumina and (b) mackinawite-
coated activated alumina. Scale bars, 1.0 um long, have tick marks with the spacing of 0.1 um.

S IVl E A S AL AL Aol Z"of AgehA] ¢k 7Isket F2E AUl 9l

°*Eﬂ]‘/} A7t «1"} 2 A, sl E QA 1 AA 714 whdke o] #)
o :’E‘Ek% z+zt 673X 10" rnrnol FeS/m’, 7.17 &3 Folxl FE2Fo| U4 U o]Ate] wjziLt
x 10" mmol - FeS/m’, 8.04 x 107 mmol - FeS/m’  ¢}o|E Z2-& vhjgly| wjEo gz =Ach atd,
oloit). FEE e YRulue] ua] 4 wRe] LA Agslol Ha) 9] WERAT B
e w9 Hlﬁ@ﬂ% ujzielolEo] sigero] @ ejol=o] mElako] of su) w3tk ol LRulut
A5] SIStk ol A& Byskel Eelo] jlelolE o] EAoHs 48\ hydroxyl functional
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9.0E-07
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7.0E-07 |-
6.0E-07 |-
5.0E-07
4.0E-07 |
3.0E-07 |
2.0E-07 |
1.0E-07 |-

As(IIT) removed per g sorbent (mol/g)

0.0E+00

uncoated
alumina

uncoated act. coated alumina

alumina

O [As(IID]o = 1x10° M
B [As(ID]y=2x10° M

coated act.
alumina

Fig. 4. Solid-phase arsenic concentration by uncoated alumina, uncoated activated alumina, coated alumina, and
coated activated alumina at the initial arsenite concentrations [As(IlI)]o of 1 x 10 and 2 x 10° M. The coated
minerals were those having the maximum FeS coating in Fig. 2. Error bars represent one standard deviation.

group = AIOH)2} Aej7} E1H 9| ATSHA-E7](=
SiOH)9] 13-/ 9] i}OIE A 4= Qlek B o
Aol HssHA| o ﬂMOﬂ EAfshe AT
7)(=AIOH)7} é_lﬂl?H AFelaHg-71(=SiOH)f
B3 WhgAgol w2 Aoz HIHrHMcBride,
1994). wheba] duuzh Aejzke] v mfivtet
O|EE Huh anpAor IAYAZ 4 e WAF

£ AHE 5 Aok

R Z“:JEI dEn|ute] thet FARIARE ]
7 OIUWE dof mjieto| EO] FRJHE
PrH(2E 3). T #Hol= oF 50~400 nm
=271¢] mjzlveto| 7L s Fej = EA sk, B4
UFuy EHo= o]Erh A2 20~200 nm =7
o] ujZIvtetol E7L Bt A% Pej 2 FAE Gk
EFE mfILeto]| EQ] AU Ert YRR g
3 dFuuel A HEEHAE, ol 2 4F
oo} =2 HEHA O R Qlaf tharo] ANSHARE-
717F EAR7] HZel.

OfH| &t o S5}

pH 704 5| ke SuLyst B L]
4R A1 2ded 29 aeue By o
ujUE o] &3) ofu|At¢d(arsenite) 2T L 423
k. 19 4 oS BEel o) AAT oh
o T SRS UehiT ok T g @

OFO.
SOIAYT S ohul i §
opulAre)

o4 Bek FEeigint 53] 75
Foluo] of3) 2719

A} TREQ LY, o]d HRgAL

A dFrve AEEA Foluket H] s
= Holil gle
L52(2.0x 107 M)
JE A > B
ohul 9] 95% o]

e B dFude
=2 HlEHA Y o] wE b9 $AREHARE7] 9
EAE AT 4= Qlrk. g SYHAT opr|Ard
9] SA=E AXISIH ZEEZR e dFufe=
e oA 7.0 x 10° mol/m’, £ HEol|A]
6.7 % 107 mol/m’0]glom, FE A ke A o

o)
2T

Z}

Z

=
RS

T W2 %Eoﬂﬁ 2.0x 10" mol/m’, &<
oA 4.1 x 107 mol/m’o]Qith oA whelu]

THAY ofn|AlY o] BalE = kA okZujur) o
Fujupo] vlsf 23]z Wkt & Aol ARG of
HA) 275 FAHER] o2 dRuge] &
S A9 23 Arolglot, AR EA] o
g Fuute] He ofulAbelel AAEo] 95%
ol ALor mRo I FAEE LIV
AA3| solck Aupom gujLte] of
=0 5

ECR I
Hlakgol et AiAel wheAde Zzke
Z}A)(sorption isotherms) & 2 F e A A%
o digt vlazh Easich

70l dhifslol= 399 ool 374 o
HlAFE O] AlA &2 Holal Qi :'E‘Qxl e Y
Frlue W O}H]"Jdﬁ—J FE(1.0 X 10° Mo A

‘S‘L_

ERE
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W37 izl ele] ER AH

< 1% AALE, B oA FEQ2.0x107
M)A 19%2] AAES Yetdl o, 28 E 45
VLR k2t 8209 60%¢] 2 AAES Heck
S ke Qo] A%, Gsio] of pH
80|52 pH 79| -8 olo] x| Hulo] GFdlshE ek
u2h opulkele eruue] EAfSH SAahat
£7](= AIOH)2}o] EHul| ¢ 2 K surface complex-
ation) 2.2 A7 ¥t v FYE Ad2uif= o2
tjupo] EAet= FARARE 7 o ot EHuleE
SHETE ofuzl, IRHE Uk wiiveto]Eof o3t
F2Ego] FAlo] gt ofH|4td-2 pH 7o) A

it H3AsO; (pKi =9.22)= EAshH, ofH|4tY
I mfIpebo| EQ] AFtiAQl FEo] wah As(0),
AsS, AS:S; 522 HAFETHGallegos, 2007; Han
et al., 2011b; Jeong et al., 2012). wahx FTEH
Aol £71E B wtol=e] ke

Yoz M5E % gtk

dFuvel= g, 24 4R v mi7lvetol
E i) o3t opH|AtY o] F2E SHE AY B
o]Z] ¢koktt. dfjfsiyl & UFu|upoll= w2 H
FHA | W thgo] A7 S48 A
of AHEE oAt skolA FEs| obnlAtdE
sEHu Al o F2AE 4= 7] wfZolth
F2H o] Z18H pH 7oA &4 dFu|v= SA
shE, mFIuelolEx= SHsHE W} ofH]AlYg
H| 37 AAH(lone pair electrons)S A Yl 3o
Lewis base = 2§35t 2, ofHsts W 24 o4Fn|
o elof me} o AEH o Agich oA of
HAF O 2 AletA e dd X Yoi= &4 ¢Fn
Lho] pARRRRE- 7| 7F i) whet AR E uiiv
2lo| EQ} uh-S-3] As(0), AsS, As,S; 5o &2 AAE
tH(Gallegos, 2007; Han ef al., 2011b; Jeong ef al.,
2012). E3F 2 AREE pH 27 o] £fof| A
AFu|; FHO FARIARE o o3t EHESE
ot mj7lvelo]Eof o5t Fago] doetA]
o7 ¢ HEE &= Qlrt. miziuteto] Eof 93t ofH]
Ateo] TAHES-© & realgar (AsS) Y orpiment
(As:S3) 59 H|AZIERO Ho] HiuEgrt
(Han et al., 2011b).

&2 0]L}0.038 mmol - FeS/g)=  A&]7H0.043
mmol - FeS/)o] Wl thas W ojzivtejol=
A Zgre HYHLee ef al., 2012). A o}
vl Ao gt F2eE2 a8y ZHE GFuLt
A=A Yebgth 2 E GFuve] o gabd
obulAbRL Bre ol A 8.18 x 107 mollg, &2

) of

9 FRote] o3 opl 4 o] AA

2ot

Lof|A] 1.20 x 107 mol/go| Q). wh, FEE
2i7te] ofsf S2HE opH]Abg2 W2 FEoAf 5.
x 107 mol/g, =& =% oA 1.04 x 107 mol/go] 2]
THLee et al., 2012). o]x& olu|alezte] wh-g-A
< 1Y o, IgH GFEuYE= opplitdoR @
A At A3k 96 2R At ZAG
A f-&3HA AHE 4 Sltk
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