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The investigation of As(V) removal mechanism using monosulfate
(CasA1,06(SO4)12H,0) and its characteristics
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Abstract

Experiments for As(V) removal using synthesized Ca-Al-monosulfate was performed from the water contaminated with arsenate,
Monosulfate is known as LDHs (Layered Double Hydroxides) which is one of the anionic clay minerals, Monosulfate was
synthesized mixing CsA (tricalcium aluminate), gypsum (calcium sulfate), and water with an intercalation method, The product form
the synthesis was characterized by FE-SEM, WDXRF, PXRD, and FT-IR. Experiments with different doses of monosulfate were
carried out for kinetic, As a result of experiment, the concentration of As(V) was reduced from 0.67 mM to 0,19 mM (0.67mM of
monosulfate) and 0,178 mM (1.34 mM of monosulfate). The concentration of sulfate was increased with As(V) decrease, The result
of PXRD showed that the d-spacing of inter layer (doos peak) was shifted from 8,927 A to 8,095 A because the sulfate in the inter
layer of monosulfate was exchanged arsenate with water molecules bonded, From the FT-IR results, a new single band (800 cm-1)
was observed after the reaction of monosulfate and As(V)., The arsenic removal can be regarded as anion exchange mechanism that
is one of the characteristics of LDHs from the results of PXRD and FT-IR analysis,
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Layered double hydroxides (IDHs)x= 1% 7F AlE o 24 FAETHRhee et al.,, 19953).
g 7 e HEA BERA o= sixd IDHsE  dbem ML M (O (Aun)™
inter layer?} Q¥O = SFH¥E main layer= T-/3% o] mOI2 FAEH, MY 2A4 Mg, ca”, zn”, N
tHDadwhal et al,, 2009; Duan et al,, 2005 3 AP, Fe'', Mn’" S M, 18]la A"2A] I,
Hibino et al,, 2009). LDHs &2Z-& main layer?] COs”, NO5, SO 2 HAsO;” So] Hu=c}
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(Cavani et al,, 1991; Chitrakar et al., 2011).
LDHse= ol2fgh S7-x0l o8l of2] 7kA] 555
54 e, 53] inter layero] &ol&o] 9%
o] Fold} X|&E= o]2udhso] HYdte] H
ol o|&3t FolxA QUEHE AA ATt &
3] o]Fo]x|1L AtiRhee et al., 1995; Woo et
al., 2010 2009). MgAl-LDH
(Dadwhal et al,, 2009; Yang et al,, 2005), Mg
Fe-LDH (Carja et al., 2008; Tirk et al., 2009) ‘&
2 3 tE#Q] LDHs BEZHRA, o] ©]83 NOy,
a ¥ cof AA GF So] FP=HeH, 53
HAS A7) 93 H4 o8 IDHsE o83 ¢
T7F v RaEa QitkDadwhal et al,, 2009;
Yang et al,, 2005; Carja et al,, 2008), LDHsE ©]
gato] FHAATL ol Ak FEHA A
T G970 Aoz dEA Jor, 100 wy/L ©]3f
o] Ak Hl& A2A] MgFelDHE o]&afe] of
o] AAEEE d& & e o= Hign}
tH(Yang et al., 2005; Bujdoso et al., 2009).

B AT = AE F3kE 5 LDHsA &2
monosulfate  (CasALOs(SO4) 12H,0)E A3} o]
£ o83 HaAeE Askaat &kt

Monosulfaters AJHE 3}stolA] thEZAQ] AFm

Hibino et al.,

(alumino-ferrite-mono) phase &22A], Fig. 13
#Zo] Ca(OH)%} Al(OH); F¢ FAlEHE=E T44%
main layer$} SO 2 Az 7£A3E inter layer
2 o]Fojx UrkMatschei et al., 2007). AFm
phase$} AFt (alumino-ferrite-tri) phase:= 32 <l
calcium sulfoaluminate hydrates SFA2A], F &2
R SO79] olgmdle] ofs] oR Loled

s 4= ) o W(Christensen et al., 2004; Matschei et
, 2007), E3] AFm phase?] o]2n3l5LS AFt
phase®t} =& Zlog dejx] UrH(Glasser et al,,
1999). Aol ETetal AMIE Filags o817t
LE AVATE I Y Bolkem gl
34 AFt phase B39l ettringite (CasALOs(SOy)s

al.

R2H20)E YF=2 FEo] gorm(Myneni et al,,
1997), ZJth& o2 monosulfateE ©]83F A= A
o] gt Aot webA £ tlME S 57t
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Fig. 1 The Structure of a Ca-Al-monosulfate
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E ™A F8 BFE F 3
(CasAlLOs,  CsA)}
gypsum (CasOs2H,0)¢] F3lkg-ol ofaf A€t
(Christensen et al,, 2004), W&k EH Ao
monosulfate®] FAo| UM CAZS WA A3
t} o]E 93k calcium carbonate (CaCOs, Sigma
Aldrich, 99%)¢} aluminium hydroxide (AI(CH)s,
Sigma Aldrich)& 32 & u]2 &¢3le] 90 rpmol]
A IARE R wkgk 5, o] SR E WeARt
o Yol SH7IReA 72 ARE FF 1,300 TR
2227 3Gt EAIES] WEe-S Edstslr] 4
sto] 24 F vl 24 ARE vtk Al 7AYo A&
3+ sFdtk(Mosalamy et al,, 1984; Clark and
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Brown, 1999; Christensen et al., 2004). o227 =
Z%H GAE  gypsum (Sigma Aldrich, 99%)%
Hlg 112 E93E $ S/LH7) 1:100] HEE
F& FYste] 36 ARE FRF 80~90 CTE
vk3} 9t (Christensen et al,, 2004). o]2dF 43}
S B GF/C PE|(Whatman®, 955 mm)Z o|&3}
of FAAES den, ol& T HrAClE YA
72 ARE Bk & Az § e o]83s)e]
ol Bul o] monosulfateE A3t 2E
4 BAL 7] F ol st 09S ] ¢
3 Ak AW W N, th7] skl g A

fa
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N
OB Ao
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2.2 MonosulfateE 0|28t H|A M| kinetic A

Sodium arsenate (Na,HAsO47H,O, Yakuri Pure
Chemicals)E ©]-83}e] 50 mg/L (0.667 mmol/L)2]
JNFH|&HTE AxshAT). Hl&e] B9 pHell <
g e BEEH pHO| WSl 2Jste] HAsO:,
HAsO,” Z12]31 AsO;” G o] thst Felz &
A& HrhMoha et al., 2007), wehr] 23 =
o]7}7] A monosulfate®} &3+ A H]A9 ZA
= metslr] Y3k 1 Lol volume flaskol]
0.667 mmol/Le] H]A 2949t 0.667 mmole]
monosulfateE ¥l pHE =43t 23 10~112
24 %o} H47} HAsO (pKa=11.5) FEj= F5ol
ZA & Aog F=Z3HMohan et al., 2007).
w&}A] monosulfate U]2] SO 9} H]Z 2 S5y
HAsO" 7} 1:19] BRI ol wehes o
o7 AoR Attt Monosulfated] 202 1l
3 AA WA wEbA inter layerd]e] SO @k
vz S@Fol 3] i HAsO o] &
22 ul3=o]| monosulfate?] S H| A T iy
0.54H, 18 B 2vj® st AFS HAIBIAAE 1 L
volume flaskE 3]&E-2] ¥F-g-22 o]g3}or vt
371 Well wlavle ulE go] uwbrlelA 300
pmO 2 24 ARE FF wikekltt, AEY © A=

A=
= 2087F 2000 rpmo 2 PAEEE B T A5

2.3, =AY
231 e NZEC 24

SFAE monosulfate@} 3]E-2] A& S monosulfate
o] EMg 93] fieldemission scanning electron
microscope (FE-SEM, Carl Zeiss SUPRA S5VP)&
olgstel PHE FEEel YARATEE VI
a1, powder X-ray diffraction (PXRD, Bruker
AXS D5005 goniometer)E ©o]g3dte] FA} e
2° min', 2AHYE 20 = 5~90° , 2L A}
FL Cu Kai(A=0.154 nm)S2 3d}o] FEX3}Fc),
T3k Fourier transform infrared spectroscopy (FT-IR,
Thermo Scientific Nicolet 6700)2 o]-83}e] 400~
4,000 an' ] 3 WS A AREAS
&le]  Wavelength dispersive X-ray  fluorescence
(WDXRF, Bruker AXS S4 PIONEER )& o]g3}e] gt
e g Qe s,

SO 9]  ¥EE  HACH  DR2800
spectrophotometer(Hach Company) 71715 ©]-&3)
o sulfaver™ 4 sulfate reagent A|2FS o]-83}]
HACH method 80512 #23}9ith, pHE= pH/ISE
meter (Thermo Orion 720A")¢} pH electrode
(9157BN) o]&3te] A8t

portable

232 As(V), Ca™, A" Concentration

% W vE BAS AAFEREIY-S
23tE WhH o2 3¢ o, atomic adsorption
spectrophotometer (AAS Vario 6, Analytik
Jena)el| hydride (Analytik Jena)E $323}e] 14
193.7 nmol] SAsAH. BE A Aok As(V)
A Asez ougdads 73 F 3% HC
2 FNste] Algslth e AlPE aomic
adsorption  spectroghotometerS:  ©]-88}e] 422 7nm,
374 nme] 0= ZAa}qirt.
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T main layer Alo]2] ARlE YERE 34 peak
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2 HRke] d-spacing #ts YERE Zlo] dihz o]

t} $AE monosulfatee] (003)HL 9.88° |, &

&

I (000w 19867 Fdom FAHeH,
Bragg ‘s equatione %3}e] Z} peako] thgk

d-spacing #t= AKeE A3 dos B2 8.927 A
doos 2 4.467 ASE ZHZF AL = o= 7]
Z97H(Hibino and Ohya, 2009) %  JCPDS
No.45-01589] 3|9} Fefsl= AxolH, ol& &
a a = 5761 A, c = 26831 A AxPFTE
SHAGA FuE SvtEA dHEHAS
ARALE, o] <foll= (100)H2] peaks H|EEH
intensity®] =4 peak®= 7 HE H=dl,
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Fig. 2 Result of XRD analysis of synthesized monosulfate

PXRD A¥E vlgo g $HAE monosulfated] ¢

AdATEE W] fAste] FESEMEGS 33
o} Fig. 3ol vehd npe} o] Qdxp 27l 5~20
un% o]Fo]F hexagonal e} FElshA B
HAck  wFTRe] AR A ATz 4
A A A E¥she 2SR & F e
tl o= PXRD ZA¥ollXx gelgh upe}l o] gH
H monosulfated] T2 EESIT QI+ ettringite
olg}xr Fetxlojxct dAE monosulfates AE
HARE AA monosulfate7} 12A] EAESFIL QL
owl, 3 A7 BTE o) AHoz o
monosulfate®] FE|2 I H(Cavaini et al,,
1991, Baur et al,, 2004; Matschei et al,, 2007,
Mineni et al., 1997).
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Fig. 3 FE-SEM micrograph of onosulfate with
magnification 5K
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2 olga] Almel A 92 A B S8
oW 1 A:E Table 1] UehYch $49
monosulfates= ©]22 Q] monosulfate(CasALO(SOs)"
12H0)9] ZA#e} =gt S Ho|al lon,
WDXRFE §3 AR A% 24 2% o7l A1 8
< FEE AAskL g, o= main layer
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% ZAR) whzolehm AZEoldlt DHs:
[M 1M 3‘er(OI_DZ.]XJr(A~X/n) H]I_LO‘/] ﬁEH"] EX]E 047]

A xi= monosulfate?] =5 AR} WDXRF U4

w2 ARE B8 ox e Teilk x =
MYV DR B k] FA"

monosulfate= Molar fraction(x) = [AI*"1/(Ca”™ T+HAI""])

ot x7} (0.23<x<0.33)¢] Helell Sl A =2
TEE R Zex Erh ARkbEy 44"
monosulfate®] x 2 0263302 & =2 7Kl
Ao g FlFIcHCavani et al., 1991).

Table 1. WDXRF result of the quantitative contents of the
synthesized monosulfate

XRF analysis of monosulfate

Formula Toeoieg) | Experiments
0 60.43 51.60
Ca 25,75 31.34
S 8.67 9.47
Al 5.15 7.54
others 0.00 0.05
Total 100.00 100.00

3.2 Monosulfate 0|8t H|A M7 S<ist Al
WDXRFS] g Ane
monosulfate U] sulfur &S o] &3le] B]A AA
=3l 21¥o] monosulfate FYHFL ARSI
Table 29 Azlsldet. vlA&9] 27| F%& 0.667
mmol/L °]#] HAsO,”9] &l thulste] 0.5, 1.0 L
2.0 2 19 SO/ 7F FUHER
£ 0.2077 g/L (0.334 mmol/L), 0.4154 g/L (0.667
mmol/L), 0.8309 g/L (1.335 mmol/L)Z 3} A
ahaic
Table 2. Dosage ratios of HAsOs* to SO4* and the amount
of monosulfate

oo

oz @

ox.

monosulfate?] <

Experiment Set HAS%a:ZiPtz %f042_ Posage amount
A 1 : 05 (O%??Tr?mc{IL/L)
B 1:10 (o%g;f)#m%lL/L)
c 1 : 20 (1%§§’Orgmo/|h)

MonosulfateE  ©]-&8l v|AA|7 Fodg AFAS

Fig 4o UehhRch 4% A
a7k A) e gk, 7 olfis
Hop 2
and Dermatas 2006) A|E7} B4 2G5 o &
gl=lo] A1)} Zo] ATz B o]2ugto]
dofpA] ke Zow yrhEojxth(Matschei et

monosulfate®] F¢ 2 2 (Chrysochoou

al., 2007).
CaALOK(SOL) 12H,O — 4Ca™" + 2A1(0H), +
SO + 40H + 6H,0 (1)
0.8
07
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%05 j“ R
U s :
g 03
<, %O a ) 4 IS
01 i
0.0 T
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‘ O[A]As O[BJAs ©[C]As A[A] 8O, A[B] 50, 2[C] so“

Fig. 4 Kinetics of arsenate removal by different ratios of
monosulfate
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F8 AY col A 12 AlzrolA

0

.60 mMES E.O]U%,

o Al M

oa‘, k3 —{(})l
o= B gg
oo o

t o

15

m>4
B g 1

5% ®e

HA T

153 |——



Journal of Korean Society of Water and Wastewater
Vol 26, No.1,pp.149-157, February, 2012

Monosulfate (Ca4Al206(S04)12H20)e| EM U
5 57t "2 MA7|E 7Y

——] 154

Hslol FUsHA 12 ARlellA HEF T =513
t} =7] inter layerd] ¢JX|3}L Y& SO 5
o7 wWAYeH, R vl4e st HF Fof
E AL B8 Sole 280 ol2wds B3t A
A7} olHAL S-S TSIt Monosulfate2]

Ge) % vl pit w3 ol
ol Fig 4ol vehdlch pn 24 Am
monosulfateE FU3+ F 2% A, B, ColM pHZ}
11.2~11.622 UeRF=H], HAsO, 9] pKa: 11.5
2 AEe v T oHAE iRE HASO 2 )
39 inter layere] SO 7} HAsO, & So]lem3hs
sto] AAZE o]HAIE Zog wekdn HA T
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Fig. 5 The concentration of Ca2+ and A3+ in water with
time variation after reaction
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Fig. 6 The result of PXRD analysis, before and after reaction
of arsenic and monosulfate
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