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Abstract. A novel Ce-Mn binary oxide adsorbent was synthesized via oxidation and co—precipitation
method. As( V) adsorption behavior on Ce-Mn bimetal oxide was systematically investigated by batch
experiments. As( V) adsorption mechanism was studied using FTIR and XPS techniques. The results
indicated that the introduction of manganese oxides into CeO, emerged a synergistic effect on As( V)
adsorption which was evidently proved by the much higher adsorption capacity of Ce-Mn bimetal
oxide than that of the pure CeO, and MnO, especially at the Ce/Mn molar ratio of 3:1. The
adsorption of As( V) was relatively fast and over 90.8% of the equilibrium adsorption capacity was
obtained within 4 h. Ce-Mn bimetal oxide had good performance for As( V) adsorption especially
under acidic conditions. The maximum adsorption capacity was 77.8 63.5 and 39.0 mgeg™' at pH
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5.0 7.0 and 9.0 respectively. Freundlich model was more suitable to describe the adsorption
isotherm data. The ionic strength had little influence on the adsorption. The coexisting anions PO
and SiO3" inhibited As( V) adsorption whereas the cations Ca”* and Mg slightly enhanced As( V)
adsorption. Mechanism investigations suggested that As( V) was probably removed from the solution
by forming monodentate mononuclear and didentate dinuclear complexes on the surface of Ce-Mn
bimetal oxide.

Keywords: Ce-Mn binary oxide As( V) adsorption mechanism.
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1 ( Materials and methods)
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1.4
( 25 C 170 remin”') . 20 mL
(0.45 pm) ( ICP-OES Optima DV7000)
As(V) . 1L (
500 remin") .
Ce/Mn As( V) : 10 mg Ce/Mn As( V)
(15 mgeL™" 50 mL) pH (7.0+0.1) 24 h As( V)
pH : 10 mg As( V) (5—60 mg*L™" 50 mL) pH
(5.0£0.1.7.0+0.1.9.0+0.1) 24 h As( V)
200 mg As( V) (20 mgeL™" 11L) pH(7.0£0.1)
pH As( V)
pH 10 mg As( V) (10 mg*L™" 50 mL) NaNO,
(0.001.0.01.0.1 mol*L™) pH(3.0£0.1) —( 11.0+0.1) 24 h As( V)
Mn : 10 mg As( V) (10 mgL™" 50 mL) pH(3.0+£0.1) —( 11.0+
0.1) 24 h pH Mn .
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Fig.1 Effect of different Ce/Mn molar ratios on As( V) adsorption
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Fig.2 SEM (a) and TEM (b) images Fig.3 Adsorption isotherm of As( V) on
of Ce-Mn binary oxide Ce-Mn binary oxide ( pH 5.0 pH 7.0 pH 9.0)

1 Langmuir  Freundlich As( V)
Table 1 Langmuir and Freundlich isotherm parameters for As( V) adsorption

Freundlich

Langmuir
pH Langmuir model Freundlich model
Quan/(mgeg™") Ki/(Lemg™) R? K /(Leg™) 1/n R?
5.0 71.5 3.30 0.90 47.8 0.13 0.95
7.0 58.9 2.39 0.87 38.6 0.13 0.97

9.0 40.4 0.49 0.58 25.3 0.11 0.76
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2 As( V)
Table 2 As( V) maximum adsorption capacities of other powder adsorbents
As( V)
Initial As( V) Maximum adsorption pH
Adsorbent Adsorbent form concentration range/ capacity / Solution pH Literature
(mgeL™") (mgeg™)
Ce-Mn 5.0—60.0 79.4 5.0
Ce-Mn 5.0—60.0 63.2 7.0
Ce-Mn 5.0—60.0 38.8 9.0
CeO, 5.0—60.0 27.5 7.0 22
MnO, 5.0—60.0 7.8 7.0 22
0.5—50.0 69.8 5.0 26
1.5—120.0 114.5 7.0 21
5.0—40.0 80.0 5.0 27
1.0—60.0 32.1 3.0 28
0.0—20.0 44.9 6.5 19
2.3.2
Ce-Mn As( V) pH 4 . 4h
90.8%:4 h 24 h( )
50 | A 4
LA A A ] 7.6
o A
zg 40 1 O/O-——o o 174
£ o~
=30 /
Z o A A Initial AS(V)=18.6 mg-L' 17,5 E
< L —O— pH
3 — W%
g ol Pseudo-firs-order kinetic model ~ 77:0
3 e
ol Pseudo-second-order kinetic model |4 ¢
0 5 10 15 20 25
Contact time/h
4 Ce-Mn As( V) pH
Fig.4 Kinetic of As( V) adsorption on Ce-Mn binary oxide and pH value of solution
4 pH 6.9 7.3.Zhang  *
As( V) pH
pH Ce-Mn
pH 7.3
Ce-Mn
2 CeMn As( V) 3.
R R*> R
As(V)  Ce-Mn
29
3 CeMn As( V)
Table 3 Kinetic parameters for As( V) adsorption on Ce-Mn binary oxide
As( V)
Initial As( V) Pseudo-first-order kinetic model Pseudo-second-order kinetic model
Adsorbate cnncentra_tion/ Q./ K,/ R Q./ K,/ R
(mg-L7) (mg-g™') h! (mgeg™') (mgegh')

As(V) 18.8 447 430 0.88 47.2 014 0195




3547

As( V)

. Ce-Mn

12

As( V)

233 pH

pH

As( V)

Ce-Mn

pH

As( V)

pH

6—11

pH As(V)

17

pH

As( V)

Ce-Mn

pH

pH Ce-Mn

27

As( V)

As( V)

Ce-Mn

As( V)

30

6—11
(0.1 mgeL™")

pH

Mn

pH

Y GB5749—2006)

(

)

(

Y( GB5749—2006) .

(

pH(3—75)
( GB3838—2002)

6.0—9.0 pH

pH
As( V)

As( V)

2.3.4

Ce-Mn

As( V)

As( V)

(Ca®Mg™) Ce-Mn

S
SO*  As( V)
PO’

2
3

Si0

> PO .CO> .

(SO

2—
4

As( V)

Ce-Mn

33—
4

3)

\Si0

.ot

( PO

3132

2—
3 4

3

4

PO} >Si03 >C0% >S0O

VA

)

IV A

3

VI A

VA

IV A

Mg™  As( V)

2
Ca™

33

As( V)

34

As( V)

M g2+

(I ©0.1 mmot-L~*
A 10 mmol-L!
Sio%

cor

PO}~

E= 0 mmol-L™!
7 1 mmol-L-

o

100 |
8
6
4
2

9%/21e1 uondios (A)sy

(- T-3w)/upN Jo uoNN[OSSIp dY L,

N <o o v ¥ A M
- - o © o o o |
T T T T T _”_
Lo 4=
nd -
=
S0 | 1o
P gio 2
i
<
& | W”O 1<
n Sio 7
=g
Qo IS
%Xll_..,L m/..”nv
R =~ |
« T2 Blo He
QY 5 2 & G
g8 -z ~
-3 8 ! i
™ C 22 o -
SSS ”
a4 > ” 4 <
mmwm |
zZ 2z ”
% @m0 <0 o m 1<
L . \ 1
(=3 (=3 (=3 (=2 o
w 0 el <

9%,/re1 u0NdIos (A)SY

ions

pH

As( V)

Fig.6 Effect of coexisting ions on As( V)

Ce-Mn

Ce-Mn

pH

Mn

pH

As( V)

adsorption by Ce-Mn binary oxide

Fig.5 Effect of pH and ionic strength on As( V)

adsorption by Ce-Mn binary oxide and Mn dissolution

in the process of As( V) removal at different pH



3548 39
2.4 Ce-Mn As(V)
2.4.1 Zeta
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(6.4 ) CeO, (6.8)  MnO, (2.4) R
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pH ( ) ( Ce-Mn )
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27 40
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20} —@— Ce-Mn-As(V) 8.6 mg-L™! 12k (®)Ce-Mn-As(V) 8.6 mg-L"!
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Fig.7 Zeta potential of Ce-Mn binary oxide
before and after As( V) adsorption
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9 As( V)
39.7% SOy
FTIR As( V)
Ce-Mn
2.4.4 XPS
Ce-Mn As(V) XPS

As(V) As( V) 3d

Fig.8 FTIR spectra of Ce-Mn binary oxide

before and after As( V) adsorption
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Fig.10 XPS fitting spectra of Ce-Mn binary oxide before and after As( V) adsorption
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Ce-Mn (—OH) FTIR
Ce-Mn
Zeta FTIR.XPS As(V)  Ce-Mn
Zhang " FTIR.XPS Fe—Ce As(V)
As( V) ; Manning ~ *'
X ( EXAFS) MnO, As(V) As(V)  MnO,
As(V) Ce-Mn 11
As(V) Ce-Mn

AR As
i ¢
I3
e

11 Ce-Mn As(V)
Fig.11 The proposed possible mechanism of As( V) adsorption on Ce-Mn binary oxide

3 ( Conclusion)
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