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ABSTRACT

The magnesium and iron-based layered double hydroxide (Mg-Fe LDH) was synthesized by the co-precipitation process
and the bead type LDH (BLDH, 5~6 mm in diameter) was manufactured by using the Mg-Fe LDH and the starch as a
binder. To evaluate the feasibility of the BLDH as the As stabilizer in the soil, various experiments were performed and
the As stabilization efficiency of the BLDH was compared to that of powdered type LDH (PLDH, <149 pum in diameter).
For the As sorption batch experiment, the As sorption efficiency of both of the PLDH and the BLDH showed higher than
99%. For the stabilization experiment with soil, the As extraction reducing efficiency of the PLDH was higher than 87%,
and for the BLDH, it was higher than 80%, suggesting that the BLDH has similar the feasibility of As stabilization for the
contaminated soil, compared to the PLDH. From the continuous column experiments, when more than 7% BLDH was
added into the soil, the As stabilization efficiency of the column maintained at over 91% for 7 pore volume flushing
(simulating about 21 months of rainfall) and slowly decreased down to 64% after that time (to 36 months) under the non-
equilibrium conditions. Results suggested that more than 7% of BLDH added in As-contaminated soil could be enough to
stabilize As in soil for a long time. The main As fixation mechanisms on the LDH were also identified through the X-ray
fluorescence (XRF), the X-ray diffraction (XRD), and the Fourier transform infrared (FT-IR) analyses. Results showed
that the LDH has enough of an external surface adsorption capacity and an anion exchange capability at the interlayer
spaces. Results of SEM/EDS and BET analyses also supported that the Mg-Fe LDH used in this study has sufficient
porous structures and outer surfaces to fix the As. The reduction of carbonate (CO5>) and sulfate (SO4*) anions in the
LDH after the reaction between As and the LDH was observed through the FT-IR, the XRF, and the XRD analyses,
suggesting that the exchange of some of these anions with the arsenate (H,AsO, or HAsO,*) occurs at the LDH
interlayers during the stabilization process in soil.
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< B3l LAEAY 754, 54, &S A
TR o= ks H&Xl?é}_iw, FAE AHsH
835t 5= Qe HPHOItHMOE, 2007). AS7H4] =]
A FPE A T:Hffl sl ARSI 22 Al
s QFYSHARES: Algalal, 2 it FH a5 2
3 AR ENEE-AARIel H8sle 5ol HEY

AN, ARA Shfje] AsE 29F Bkl thgh g3t
39 B Tl A2 FSAY] AR ulg- FXIgH
A7%Jo|th(Lee at al., 2016; USEPA, 2007).

2 AME AsE L9E EY A3E A3 B ¢
AsAZA o554k = (layered double hydroxide: ©]
3} ‘LDH'E 3#7))9] A& 7FsAS HEs190H, 7129
0ol obd I EHI] LDHE A28 B HYsiA
2 ALt 483tE LDHO UubEQl Exjale
[(M*)1(M*)(OH), [ (A" mH, 001 ™, M* 2 M7=
Z¥Zy 27} ol Mg¥, Zn*, Ni*', and Fe¥', etc) I
37F ol 2(APT, Mn*, Fe**, and Cr, etc.)S 9u|sfaL,
AE BERARIE Z Ale]d] Exjshs $0]2(CO5™, NOs,
SO and CI, etc)2 <9U|3cHKang et al, 2013;
Prasanna and Kamath, 2009). LDH= $400 S5 4|
23} B2 Fol2]l OH71E 7HAl= A7 221
o7 S FHTERE o FoIA 3laL, o] FollA
S5 w= BRAIEAGY S7xs SRl EAlshs
Sol2ER P JtMills et al., 2012). LDHE
H|EHAo] Fa1, = Aold]] EAsh=s 2ol e HEZ
7] olguglo] WAsle] FARRE oY LH=EES
AASE 2AE AFEEO] SO ™(Goh et al, 2008;
Jiang et al., 2015; Koilraj and Sasaki, 2016; Li et al.,
2021; Luengo et al, 2017; Otgonjargal et al., 2012;
Wang et al, 2009), AZHHo| 31, 7HE%= HlwE A
Hat, E4do] A9 ok Aol oM, BEY st
AZA ] AR 7FeAdo] A=Yt Ha et al., 2016).
£ Aqoxde rldle Mg FFe S A $4
Joleoz &8It LDH(I3} ‘Mg-Fe LDH'Z %7))E
A 23}k (Choong et al., 2021; KIPO, 2018), EF W
AsE A= BEY AR ARSslaat sioint. Al
$k LDHS] %5 Fig. 19 YRl 71E A&
AE As S B8-S =ol7] S, FE B ¢
AsAS ARESFA S (Hudcova et al., 2018; Jung et
al., 2021; Kang et al., 2013), 2249] QFdsiAl= AA|
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Fig. 1. Schematic illustration of the prepared LDH structure.

LARTA| A& A, 2 2 EAEA] ot <t
5} aae] x40 o= 5 Al AATHJo et
. 2021). Wb 2 AFelMe £de] LDH F¥st
Xﬂ(powdered LDH: ©]3} ‘PLDH’E ¥7])2} X872 0]
3 7HAE A9 A s vRITE &85t AlE
A Az 944 LDH Y8kl (bead type LDH: ©]s}
‘BLDH'E 3£7])pl thsted, 7 FFsAY As 844
&7 Fgst 885 vlaslke 3w AEY A&5ZEHA
S T tkst AR #48 B8l AA)
As 295X s+ BLDH ¢FI3Ale] A8 7fsAdLe A
FolalAl splern, & dAgtellA A3k Mg-Fe LDHS
As 1871ZE qPHska} sFd.
2. M Wy 2 U8
2.1 A8 =
Mg-Fe LDHE A|Z3}7] $J8led 117de] &4 (Fe,
(SO4)3-5H,0; 60~80%), E4H 1| (MgSO,-7TH,0; 99.5%),
83 RBRESFNaOH; 98%)S 22t Kanto Che-
mical Co., K+S KALI, %313}s}olA %L 151o] 218519
Tk A AsZ 299 EES] LATE grEP] off
9, 1000 mg/L &5 7= As Jm~9~°ﬂ(2% Arkg:
Sigma Aldrich A} AF)S SFHl 843l AT
T2 ARSSIATE B Aol ALESE As LHEY
HAEE MG HFg4it T s, BAEE
ofsl AE ohe] Fr] feloR QAH FEAelA
FsIAtH(Fig. 2)(Park et al., 2018). LEEY A&
A FAA Al & AAE 30~60 cm Zo]o] RE:

o
ofj n&

2
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mlru to 24,
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Fig. 2. Sampling location of the As-contaminated soil.

Table 1. Results of the aqua regia extraction method for the soil sample

Concentration (mg/kg)

As Cu Pb Zn
Soil sample 112.5 40.7 26.0 74.5
KSPWL" at area 1 75 450 600 900

*KSPWL: Korean soil pollution warning limit (MOE, Ministry of Environment in Korea, 2022)

ANFBIAH, 50°C olsfoll Ax7E - A
o 1084373 <2mm)E T EHNES E@ro}al
Aol ARSI B W As s55 4317 Sl &
ROl AR FAEEHS 28319 O (NIER, 2018),
ICP-OES(Inductively coupled plasma optical emission
spectroscopy: Optima 7000 DV; Perkin Elmer)S &
3l As FEE ST Ay B i As T
112 mg/kgl 2, ELYLE97]55(KSPWL: Korean Soil
Pollution Warning LimityS ZI}sl= Ao=2 YeRTh
(Table 1).

2.2. Mg-Fe LDHE AFZ3510{ MI=& &t & =24 of
e £ 7Y

Mg-Fe LDH= ABATE Farsie] S3HE AL8sto
A|ZE Q2 (Choong et al., 2021; Kang et al., 2013),
Az IS Fig. 30 BA=E YERJJITHKIPO, 2018).
E 1190 3% 200 g2 3beldls 500 ¢ 37Tk

N7 B2t 60 rppmOE WHIAIZ] F(<gd 1), gl |

o FABRIEF 180 g F7Iele] A7 Bt wwlely
THE 2). FABIUESRS ARSslo] <8 2°¢] pHE
1008 243 7, o= &) HH=E MRS 150~
160°C] Z71001 24417t F9F AZAA Mg-Fe LDH(]
F2E ‘LDH'E d¥7)E AZsIth AZ3 LDHE &
715 ARE3t] 10 B 24 5, 1009A (37 <149
i) ALgSl] AS A RUAEE AP M-St
o, Hake] LDHE ‘PLDH(powdered LDHYZ ™
Basich. & ATE B3 T EHE AS Az
o meh A8 A (starch: W7FF)S HRIHE ARS8}
o 5-6mm 749 Y LDH(bead type LDH: ©]3}
‘BLDH'Z H/)E AZallon, 5 kgsael Az
g =3kl Fig. 49 YERHSIT. LDH QFgshAle]
BESH EAS 5] $I8F] XRD(X-ray diffracto-
meter: X'Pert3 Powder; PANalytical) #2433} XRF(X-
ray fluorescence spectrometer: XRF-1800; Shimadzu)
A4S e on, LDH 72 W As 8712k 719
&}7] $18Fe] FT-IR(Fourier transform infrared spectro-
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Fig. 3. Schematic of the synthesis process for the Mg-Fe LDH.
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Fig. 4. The manufacturing process of the PLDH and the BLDH.
meter: Vertex80v; Bruker) 493 <=8J3}t}. LDHY] A8351 AakslgT),
ZF4 8= EAS olalar, AA 29X X HE A . .
25 8F S4S clsferal, 2 = 1ol =48 1 Sorption efficiency (%) = (Co— Ce)/ Co* 100 (1)

52 9 30 57 09 PR B S5l 54
SZAIF(TCLP: toxicity characteristic leaching procedure)
I} AF7F-8Z=A1S (SPLP: synthetic precipitation leaching
procedure)2 4=3Y3FATHUSEPA, 1992; USEPA, 1994).

2.3. 3|EM As TS

As LAES FYSIAEA LDHO AMS- 7Fsds A
al7] flate] SN As FREES PEEkaLal, As
JELATE ARESH iAo RS s8]
t} 23t 2559 As BE7F 1,000 mg/LSl HFE&H
(Sigma-Adrich A|F)ye ARSI As 271557} 1 mg/L
%l IFLATE A=xsA F EF LDH(PLDH®}
BLDH)9| As 28-S gofsly] fle, As ¥% 1
mg/LY 21FQ95 100 mLoll QFESIAIS &-<hol] thel o,
3, 5, 7, 10%(wt%) F7Fsted 2A1%F &2t 150 ppmS =
HE & 2407 FF ARG BA] F AR AE
A& uvlo]ZE HE7](0.8 um syringe filter: 16592-K;
Sartoriusy’} -2 FAPIE ©]83s1ed 10mL A5 3,
ICP-OESE &85t &4 W As &5 SHsIth &
AANZRE HSHE 7| 28 BT (0%)9} <F
AAS H71eE 359 QFeds W As T &g H

w3k, As FEE S (sorption efficiency: %)y 2(1)S

ol\

J. Soil Groundwater Environ. Vol. 27(4), p. 49~62, 2022

A7IM Co= SIS H7FHA] &2 A9 295
Z7] As FE(mgL), Ca= oFgaiA|el kg 3 o
W As FE(mgL)ys 9vlsi, 9 23S HsiAl A7t
A= 33 JHEAES 33ttt PLDH} BLDHY]
As FHSES FHE S o E Yehfo] Hlugozs,
Pdoz AF3 BLDHO disle] B SHgsiAlz» AL
& 7FsA3S skt S

4 £

2.4. 3|24 As SEME

SESIAIE AAl As LEEYC] HE3IHE w Ase]
BEANEAE Totely] 9t 3|EAoR EEHTS
TSI TH(Yang et al., 2021a). As LEEY AlE 50g
o SHT 150 mLo} QHISHAIE ES Alsel dis) o, 3,
5, 7, 10%(wt%) Z7Fste] 2A13F < whk 3 2447
B XA BA] & A5 FEAE vlolaE g
E77F 72 FAIE o8t 10mL Mg+
ICP-OESE &8sl 8= U As $&5 AT
TAEAARRE HYSAIE H71elA] B thET(0%)2F
HYSAE A7 B9e] 82 U As F& kS vl
3, As SEA7HQHE3hHE & (the extraction reducing
(stabilization) efficiency: %)S 2(2)2 AF&3s1o] Alxksict



Mg-Fe oG5B EE A=

The extraction reducing (stabilization) efficiency (%)=
(Cyp—Co)/Cyx 100 (2)

A7 Co= PESHRIE H7IRHA] 2 LEES tiET
Age] g2 Y As EE(mg/L), Ca SHESHAIZ 37}
& Aze] 82 W As FEmyLE ovlsi, ¢ A
Fe oHsiAl HrbEE 33 9 %élfé% T8ttt
PLDH9Jr BLDH®| 8ZA7HQFEshaSES AlLkste] 2

EFl tiste] FgstARA A8 7Fs8ES w7t
ﬂi'%} 3kt

2.5. i ZBAE
CESELERL

238l (equilibrium  status)S ZAFS}A

TP ong, it BIEE o] fAEE AA &

ey

As contaminated soil

30 cm

3 Berdsh i ebgabAlel w09

w

EF st 71 5

SRABHNA WSS A P58 el SI
QEBYLPE FRHAT, B AT 2RATINE
(S0, 201901 2 &7 5cem, Zo] 30 cme} Fe)BH
= ARSI, 1) As RLAEFCET FX1E 2™, 2) As
AR S} EA T il 5%°] PLDHZ F3I¥
A, 3) As LUEUWA T} EA g dsl zH2 5, 7,
10%2] BLDHZ FX® AHS Ao, S/571 <
o7 EEl= _%Zﬂoﬂ/‘ﬂ A8 5259 As *q—gX‘V LEE‘
g =gell. mE AR 2 FRE | BN
(pore volume)&F Ul’%‘ 2382 (up-flow)©- 2 0.2 mL/min
EEF STHRY FHES SRR IR 3 (31k 14 ¥
SAAEF 2L; 3] A3 A 7IEeE o 3dd)
) ol F7EE FHAFAT. SR A AIRE HEe

].
el Y AHETYH &S AFsl As v =

\ \)
Filteration with

0.8 um syringe filter

Analyzing As concentration
of the effluent by ICP-OES

Fig. 5. Schematic illustration of column experiments (packed with only the As-contaminated soil (a); packed with the soil+PLDH (b);

packed with the soil+BLDH (c)).

Table 2. Experimental conditions of the column experiments

Continuous column experimental conditions

Column size
Flow rate
LDH dosage
Sampling interval

5 cm diameter and 30 cm length
0.2 ml/min up-flow
5%, 7%, and 10% (wt%)

1 pore volume=12 hours (total 14 pore volumes)
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2.6. LDHS| As ™7 |% AHE 2[5t 3|24 =348
O
=

7] 98k, AEFEE(100 mg/L)2] As UFLATFE ARE3EH
3l RS A 23F SRt As FE7F
1,000 mg/L]l FT8NS ARE3I] As 271E%7F 100
mg/LY UFLEFE AZSALE As F= 100 mg/Le]
1FEF 100 mLell F+ EF4 LDH(PLDH®} BLDH)
SEASIAIS gAiH] 0, 3, 5, 7, 10%(Wt%) 7kt 2
AIZE B 150 pmeZE wHF F, 24417 Bt AXAIH
t}. 5B EAE &8l PgsAIe} &S EElsld
o, 223k oHHIAIE 23°ColH HAZAIH HES-
% LDH ¥4 ¥&3} PLDHS} BLDHO that Ase] il
AYEHE vlotslr] $131¢d, SEM-EDS(Scanning electron
microscope-energy dispersive X-ray spectrometer: VEGA

,
2

-

- Sft - @l - ol

II LSU; Tescan) w438 Ao, Pgdst 4 A4
LDH®] A& W} A=A golrr] 9J8te] XRF 4
< At F¥st Y 52t LDHY &S 54
I 97 WSl sk St S FERHE A/
¥ XRD #43} FTIR 48 A9 9o #4494
H=E siA3te] LDHO thsk 78 Ase] a871%h@EH
&, oleud )& skt ik

3. Z3 ¥ nE

3.1. PLDH2} BLDHQ| £2|X/515t8 M 2 M7
N7y

FgsA| o] BESHH S-S 1Eel] Hsted, XRDS}

RF #2418 $3J3190th. XRD #4294 Fig. 620 Y
ERRITE T <EdEAIY] XRD #4123, (003), (006),
(009), (015), (018), (110), (113} Z& FJFE 7=
(Jiang et al., 2015; Kang et al., 2013), 95521 LDH
9] FEIHY EAS Hole AL RISt Jatay et al.,
2016). XRF #4127}, 2 AoflA] 283t LDH= H3}
vodlS g sl Mg-Fe LDHS! A BR151%
THTable 3). ABskEo] EAlshks 725, HAHET As

ar

(110) (113)
(018)
(009) (015)

Intensity (a.u.)

Transmittance (%)

—— B-LDH

—— BLDH
T T T T T T
10 20 30 40 50 60 70
2 theta (degree)
@

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wave length (cm™)

b)

Fig. 6. XRD (a) and FT-IR (b) analysis results of the PLDH (violet color) and the BLDH (red color).

Table 3. XRF analysis results of the PLDH and the BLDH

Component portion from XRF analysis (wt%)

Fe,0; MgO SO; ALO; SiO, CaO MnO Na,O P,0s K0
PLDH 56.2 37.0 5.1 0.5 0.6 0.5 0.1 - - -
BLDH 51.9 254 139 0.3 0.3 0.6 0.1 6.7 0.4 0.2
* 2 <0.1%
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Mg-Fe O13-5-8HE2 A2 R4} 94 QPgsiAe) vl

Table 4. Results of TCLP and SPLP leaching test for the Mg-Fe LDH

L AEY FE3t 7= 55

As Cd Pb Cu Zn
Unit (mg/L)
TCLP 0.001 0.003 0.003 0.003 DL
SPLP DL 0.003 0.004 0.002 DL
Leaching tolerance limit of waste 5 5 - -

* DL: <detecting limit (0.001 mg/L)

AkglEol2 (arsenate) AFo]9] 7= wdte] ©J3)] complex
7} BAEH As Ashgol2o] 1AHE FoR ARG
CHFendorf et al, 1997; Kim et al., 2003). Mg-Fe LDH
A T HskEe] EA1E B3l LDH 3EWel As A}
o]0 8L A3 4 ok LDHF AAl L 95A
o 28 7Fsdt SHESAIRIAl 53] flsted g =
A8E4Y AHNES Table 40 JERILE F F7 <
434S TCLPS} SPLP 423, 25 T84 827
o]3l= YERHo] Mg-Fe LDH AHIE HF3IAIEA 24
Eol A8 7 A 3oz A=

s As 18-S FEE  de eV /F-
£ et As PSR ] Vs AS BB St

-
(4]

p—
1

1

1

1

Control

e =
[- -

- 4-PLDH addition ——BLDH addition

<
o=
L

As concentration (mg/L)
o
o]

=]
»

- - e
5 7 10
Dosage (wt%)

w

@)

o 9% FT-IR 24475 Fig. 6boll YERNSICE +
TH<] LDH #4lA Yehb= 3500~3300 cm '€} 1633
em’! I ml3E LDH &3 E2x19] 0-H7|$}
H-O-H7] EA1E V|3l (Kang et al., 2013; Zhang et
al, 2013), 1361 cm™$} 1111 em™ F=ZE 24z E3to)
FEAThs B0l (COH ) A0 (S0,5)S 9]
?:fl-E]-(Wang et al., 2020; Zhang et al., 2007; Zhang et
al., 2015). 800~500 cm™ol EAJsl= I= M-09 M-
OH7IE 9Jw]3lH, o714 M& 27} mladlreol2(Mg™)
3} 37} dol2(Fe*')e] T=olthGuo et al., 2012; Zhang
et al, 2015). XRD9} FT-IR X127 =RE] 89 1)
EA5= As 2Fle-ol2(arsenate; H,AsO; or HAsO,”)

74  k------- WS ; A
Z,] *———e——

[%5)
L

Cont]‘gl__ ]

3 5 7 10
Dosage (wt%)

®)

98 -

96 A

94

92 4

90

100 4 ——¥

As sorption efficiency (%)

7 10

Dosage (wt%)

©)

Fig. 7. The As sorption for the LDHs vs. the LDH dosage (the As concentration (mg/L) in solution (a), the pH of the solution (b), and the
As sorption efficiency of LDH after the LDH addition (c). The grey hatched box range represents the municipal groundwater tolerance limit.
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o] LDH 33kl EA8k= COs* 9 S0 <] ol >nghit
&< Bstod, LDHOl 189 & s Zo= A=t
(Kang et al., 2013; Wang et al., 2021). ©]&{3} o]
WSO 23 LDHS] As 1 7|2 3.5 FEolA
F712 Arsisit.

3.2. 3|EA As TEAY Zot

T FFY FSAE AlxstA AMgsle AT H8s)
Ao As FEFES HHehe S ERAEE AT
As % 1mg/L; LDH PgsHA| H7b o, 3, 5, 7,
10%; 52 §R3AIZE: 2417E; BAAZE: 24X7hE Fig. 7
o Jeplith. HsAIE H7iet 25, FgsAlE 37t
A kS thET(control)oll HIB] M| As T
pH ¥el= 2 <0.01 mg/Le}t 6.2~7.72 YERK(Fig. 7a,
7b), BFS A F8MO] As Z71EET} 1 mg/Lel Aol
% LDH 7l o3 = Aslr w271 & AL8
71F(As FE: <0.05 mg/L; pHHS]: 5.8~8.5)% 319
THMOE, 2021). As 2882 5 572 LDHolA &
F 99% oldS HA(Fig. 7c), PLDH®} BLDH &5 As
E IAANTE PESHIEN ARE- TheAo]l =& A=

56 248 - 7 - e - ol - olulg

HEFsy

3.3. 3|24 As SE4E 21

A A=Yl PLDHSF BLDHE 24 Al, As ¢Fd3}
7L A=A sk SR 85 AREWIE
A7V s0g LDH FEEHA 78 0, 3, 5, 7, 10%;
WAL 2X)7F; ARIAZE: 24X7HZ Fig. 8ol LFERASA
t}h. PLDHS} BLDHE 713 739, 854 W As &%
7b Z7F <0.01 mg/Lo} <0.05 mg/LE thETS] As §&
TG S FAIEA S (Fig. 8a), HH3HA 7t #
£=99] pH HYE 6.5-7.0% 6.3-6.52 UERE, A8lF
AS-87)5S TSI tHFig. 8b). Fig. 8c= As® L
e EGAE PSS A831%S W] As 8=A]
HEES HojFer], 2Rl PLDHE 283 799
As BEAFESE0] 88% olFoR EAl vEROH,
2l BLDH®] Z-9el= F7teo] 7% o3l 7% ARE
&) 712% oPFoRE EA et e 8E4E 4
I As LHESAF W3t PLDHE 3% ©l4,
BLDHE 7% ©ld A7kl 3¢ &2 As M8t &S
FAE = As Fo=Z 7|tiErh

8 -
7.5 1
= 7]
P65
6
535 Control
5
3 5 7 10
Dosage (wt%)

A — Control
S
[=T4]
E-{J.Ub -4-PLDH addition —@—BLDH addition
S
T0.04
5
=0.02
S
. & oosse o ks -
< 0
3 5 7 10
Dosage (wt%)
@)
” 100
5 J
g™
=
g & 607
e g
T g 40 4
EE
N 20 A
<
0

Dosage (wt%)

7 10

©)

Fig. 8. Results of stabilization experiment with different LDH dosages (the As concentration (mg/L) in the extracted solution (a), the pH
of the extracted solution (b), and the As extraction reducing efficiency (c). The grey hatched box range represents the municipal

groundwater tolerance limit.
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Fig. 9. Results of continuous column experiments with different LDH dosages (the As concentration (mg/L) in the effluent solution (a),
the pH of the effluent solution (b), and the stabilization efficiency (c). The grey hatched box range represents the municipal water

tolerance limit.

34. ALTME 230

El LDH SHHSHAIE 718k olFol nlgE e
2N ES W As9] o537 g3t B8-S
317] 9151, AEERAH QA Eol tig BLDH 7}
F: 5, 7, 10%)ys T35ttt AR R2RE vilesd &
ZH] As FEZHE AL H2lo(pore volume: ¥
ZAF o7 H7)pl e As S aS-S A3k Fig.
9ol eI, PSS H7lslAl e it ZH
(control)?] A% ZH /&9 As F=7} 0.06~0.13
mg/LOZ A3l ALLG7IERT H3ko, LDHE 3
715k A% AY fE50 As e U Ak 5
o] 71431 tH(Fig. 9a). LUEUYA R PLDHE 5%
A7 A 572 As =71 0.01 mg/L ©J5lE HE
HAS ™ (Fig. 9a), pH W= 6.6~7.52 YERLIL(Fig.
9b), AATA FF SHPSERL 95% oo R =4 &
A= ATHFig. 9c). LUEYF Alg9] BLDHE 5% 3718
A4S, £=8 Y As FEE 0.05mg/L °3tE HAEEU
O (Fig. 9a) pH Ve 5.5~7.322 JeERITHFig. 9b).
A3 Z7)e= dlFF 60%2] HFskEES HolH, 10 ¥

o L

A o]Fee 45%= FFStEEo] THASIATHFig.
9c). BLDHE 7%} 10% H7Fst A9, As =9 pH
W7 ALEF7IE(As FE: <0.05mg/L; pHE:
5.8~8.5yS W1 (Fig. 9a, 9b), 7 F=A X @Hd3T
7% 20NEYHA 91% o] Hgstas-s fRlst
8 TEAHHTITHIE 241Y) o)1FolE 60%S
A5l CHFig. 9c). HIFHFEIME 2 AEY] BLDH
2 7% ol HRF A%, 7 FEAFQUILA 91%
opde] BES e, 12 IFAHGONE YA 64%
o] QM3 &8-S FAIBR=ACE Hol, Rl BLDHE
7% old ¥ A7zt B As FgstEArt S
Aoz A=A}

|

AN As7h ofE VIR eZ TAEYEAE Lot
B7] $J5led, 3]84 As 23 & LDHo| tisied]
XRFEA1S 333 232 Table 501 JERAATE Ase}
kg $ 5 LDH SFgsiA] 25 F3lelEe] dlafo] 74

stRom, il As SFgFEo] HEE UK Table 32+ Table
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Table 5. XRF analysis results of the PLDH and the BLDH after reaction with As of 100 mg/L

Component portion from XRF analysis (wt%)

Fe 04 MgO SO, SiO, CaO MnO ALO; Na,O P,Os As,O;
PLDH
(As100) 61.2 33.2 3.2 0.7 0.5 0.1 0.7 - - 05
BLDH
(As100) 64.0 28.2 5.3 0.3 0.6 0.1 - 0.5 0.5 0.6

(a) PLDH(As100)

o018y (110)(113)

[009) (015)
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—— BLDH(As100)

y y T T T T
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2 theta (degree)

B spectrum 10

o I
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Fig. 11. XRD patterns’ shifting of PLDH and BLDH after reaction with 100 mg/L of As.

5 "), o] LDH7} 37Fe ESA4g9 wkgox As
Ak812-0]12(H,As04 or HAsO,>)@ LDH &7l A3}
= ol (S0 e olewdte] Axtg FF), o
2wgk 2o A7} LDH 39 F2=HA=AE #3851
A35le] Ase} LDH Wh3- & LDH 9Ake] EDS #4&
S8 A3 Fig. 100 YERAITE & LDH EHel|A
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25 Ac AEEeH, ol B3 LDHO| HitkslEw)
As AF8}2-0]- L (arsenate) Atole] E]ZF= nlgkol] 23|
complex’} @A%Ee] LDH ¥9ol As Ak3lgo]2o] 114
He Aoz A=k

100 mg/L F%9] As 5807} §EgA)7)7] A7 & F
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Table 6. Values of the d-spacing and lattice parameters for PLDH and BLDH before and after reaction with As of 100 mg/L

LDH type d(003y/A d(006)/A d(009y/A d(110y/A a/A c/A
. PLDH 7.96 3.94 2.62 1.55 3.1 23.7
Before reaction
BLDH 8.48 3.90 2.63 1.55 3.1 242
. PLDH 7.80 3.89 2.62 1.55 3.1 23.4
After reaction
BLDH 7.84 3.86 2.63 1.55 3.1 23.5
COf'

ATk 003y (006) =] AX7F As &Ho] WS-
Z EZOF o|F3 AL B & Ed), ol Ha9)
o5& (peak shiftingyre 3 Ase} LDH ¥H&oll <]3k
LDHY] 734 H3lE §58 4 Ath(ung et al,, 2021).
As =897 ukg & LDH FHAZ 9] Hgls is)
7] 918t XRD #4ATNE 83t AR (lattice
parameter)S ALFSIATE. AAVIT a9l o= 247} Fole-
Fol 7te] A9t d-spacings 2JHISHH, (003), (006),
(009), (110) F=2] FhS E§3le] Alxte] 7hs3slct
(Hudcova et al, 2017; Paikaray et al., 2013). ZAd
T S AR F2S 203 A@el JeERI.

AZPFE a=2d (110) 3)

AR ¢ =d (003) +2d (006) + 3d (009) “4)

9 AEERE AP @S ARk 29 Table 69
YERASIT. As 87} ¥k /5] LDH ZAAPE a
] Hishs A9 glglen, o5 B3l HFAR|EAE
9] ¢fol2ol2 71| Agle WPl fieS &
Ack(Kang et al., 2013). ¥HA] As -85} wkS-
LDH AAPIT cgro] st on, AxPdr gk &F
SIS we HRAIEAES] S 1S e, St
o) B FFE 7R FEE, TAl EAlsle &
o, 3 Fol29] M3}, 71N (electrostatic inter-
action) 5ol 2J8l] H3h= ZAoE <&A UthH(Cavani et
al, 1991). ol&igt AAVIG cgro] TAZHE] As ¥HE
% LDH %9] d-spacing®] ZA43I052 & I Ao,
olelgt d-spacing®] WSIERE] As 78N WG HA
B2 LDH Z3t EAshd 718 So]-519] ghledole
(COsY), 3ol 280 ) As AFe2-ol2(H,AsO, or
HAsO) 7te] Sol wdho] WlelAS-S A= o+ 3
ATHJung et al., 2021). ©]2|gt XRD &4 AHAEE H
W3O FX, LDH & 7ol A8 COs%¢F SO =
Alske] As AF812-0]2 (arsenate)?] 202wkl ]3] As
7F LDHO 3g== S ald = Ut

As 893 HkS /% LDHY FTIR E443%E

L o 32 ol

o of

d
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V 13614/
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Fig. 12. FT-IR analysis results of PLDH and BLDH after a
reaction with As of 100 mg/L.

Fig. 120] YERNIE As WHg- & % LDHOIM FTIR
ZHEZTL Mt WSS, 7 PSR BFellA
EX 1939 intensity’} AP OH, o] B As
100 mg/Le} W3- & LDHS| 23] ®spt dAsh A&
& F AR As AT ¥R & LDH FXtl EA)
sle gREol2(COo ) 30180 ) ov|she
1361 em™$} 1111 em” I = intensity7} A5G0 ™
(Wang et al, 2020; Zhang et al, 2007), °]S %3
As WES B Sol2ngto] TAStY As AkglEole
(H,AsO, or HAsO)°] LDH =Xt EAj3e o]
S diAEFEA B0l (o) 3ol (SO0
= APl2HE mUe Ao® =)o (Hudcova et
al., 2017; Wang et al., 2021), o|&]g} Ax}= wkg A/
% XRF F A& 4 Aels Y| Table 37} Table
5 FX). FTIR #4292 5E], As 100 mg/Le}t ¥ &
BLDH®} PLDH 2% LDH 7|& &%t 20]&9 vz
intensity”} 743k Z& F3l|, PLDH ¥ ol gl
BLDHO|AME LDH & Alolol] iA4E 71& Lo]3} As
2kl 9] ol2wslo] ElsH BAISS o 4 3

At
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Fig. 13. Schematic illustration of two stabilization mechanisms (D external surface adsorption and @ interlayer anion exchange) for As

on the Mg-Fe LDH.

AToME TUdT
%‘m—% =3 As & E%bﬂ EH%F 44 B
AAEZN AL 7S AFHog IS As |
mg/L 5845 AREsid Dﬂv‘i'—* FERAFS 3 A,
PLDH®} BLDH =5 AAZEE©C] 99% ooz eht,
FSAEA ALGo] Thsdt AoE ATEAT AAl As
QAE NEE ALgSl] 3)EA As §2AFLS 733
A3}, §EX7a80] PLDHY] 75 87% oPdo = yet
om BLDHE H7FEe] 7% ool A% 80%= e}
U} BLDHZ} AA] As LUAEU] <HF3tAZH F8 7}
40l e Ao west. Al s aEske] 3
ol 8= 7S BAel] Falis AT Aa,
BLDH9] Z710] 7% o4l 739 As oF¥3lago] 2
dol BAPRMAA] 91%E AIsIReH, 3d o]% 8
T As =9} pH HI= Al A@%‘Q“Tﬂ%(AS =

1:1

&
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T <0.05mg/L; pHES: 58~8.5)2 W53l A3
ANEZHE 2 A7E T /Eet 4] BLDHE E
F Ul AsE IS EY PISHAIEA ARo] T
gt Aoz JigiEnt. B A4S 3 As7} LDHo| 1%
© YA 71%e] HEEE Sl EAlEkE S0l
2nBAS PFIIR e, oyt A= IR M A+
AHREHE YA} (Jung et al, 2021; Luengo et al.,
2017; Wang et al., 2018; Yang et al., 2021b). ¥
T4 AZ3F Mg-Fe LDHOl that Ase] nA7)2HS
Fig.139] BAE2 Jepfigict £ dtoll4 XRD9} FT-
R 4275 F3l, g3t o B2t WS LDH
S $012(Co¥ SO e Solewdto] wsle]
As )&ﬁ]ﬁO]Q(HZAsm or HAsO,»)°] LDHel| 1785
It B A7 F3l st % BLDHE
71%—4 3ol LDHe}F AR As QFYstaS0] =
Uitgde] sl o] 49, A L@RA ] A8 Al
7] 27F AL A&Ado] FHojur] wiEell, EAAG
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