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Abstract: A novel cerium-manganese binary oxide adsorbent was prepared via co-precipitation. The as-prepared Ce-Mn binary oxide was characterized by
SEM  XRD and BET surface areas measurement. The adsorption behavior and mechanism of phosphate were also investigated. The Ce-Mn binary oxide is
in amorphous form and is aggregates of nanosized particles. It has a high specific area of 157 m®g™! and an isoelectric point of 6.5. The Langmuir model is
more suitable for describing the adsorption behavior of phosphate and the maximal adsorption capacity is as high as 28.6 mg*g™" at pH 7.0. The phosphate
adsorption is quick and the kinetic data is well fitted by the pseudo second order model. Additionally the phosphate adsorption on Ce-Mn binary oxide is
pH-dependent and decreases with increasing solution pH. However ionic strength has little effect on phosphate adsorption. The effects of coexisting
anions on phosphate adsorption decrease in the order of: Si03”>C0%™ >Cl™ =S0% . Specific adsorption occurs at the aqueous phosphate/Ce-Mn binary
oxide interface and the replacement of surface hydroxyl groups by the phosphate species is the main removal mechanism.
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1 ( Introduction)

. ( Blaney
et al. 2007) .

( van Voorthuizen et al.

2005) . ( de-Bashan et al. 2004) .
( Prochaska et al. 2006) . ( Kang et al.
2003) ( Donnert et al. 1999)
(Qu
2008) . ( Yildiz
2004) . ( Kostura et al. 2005) . ( Lopez
et al. 1998) . ( Chitrakar et al. 2006) .

( Agyin-Birikorang et al. 2007) .

( Zeng et al. 2004) . ( Yao et al.
1996) ( Guo et al. 2011)
( Zhang et al. 2009) .
( Ce) N

( Guo et al. 2011)

( Deng et al. 2012)
(Li et al.

2012) .

2012) .
( Feng et al.
( Zhang et al. 2005)

~

( Yao et al. 1996) .

Deng (2011)
(2011;
As( V)

; Gupta
2012)
As( I

2 ( Materials and methods)

2.1
: Ce,( SO,) 58H, 0. KMnO, . NaOH. HNO, .
KH, PO,
439.44 mg KH,PO, 1L
100 mg-L™'

NaNO,

' HZQ-C DH-201
TU-1810
PHS2F pH ).

2.2

Ce,( SO,) #8H,0  KMnO,
Ce,( SO,) +8H,0
3:2. KMnO,

KMnO,
NaOH
KMnO,
Ce,( SO,) 8H,0
30~60 min 4 h

3~4 55 C

2.3
( Gemini1530)
N, - BET
( QuantachromeAsiq)
. BET X
( Rigaku D/max2500VPC)
X .
( Nicolet is10 Thermo SCIENTIFIC)
.Zeta ( Nano-—
7890 Malvern)
Zeta
2.4
100 mL.

0.01 mol « L™
10 mg. (25+1) C.
170 1+ min”' 24 h
NaOH  HNO, pH . 8h 2h
pH pH 7.0+£0.1( pH
) 0.45 pm

50 mL
NaNO,
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2.4.1 50 mL

(2.5.10.15.20.30.40.60 mg-L.™")
10 mg
0.01 mol*L™"  NaNO,. N N
2.4.2 1.5 L 5.0,
10.0 mg*L™"' 2
300 mg 0.01 mol * L™
NaNO,. (0 min.1 min\5 min. 10 min.
20 min 40 min~1 h+2 h\4 h.6 h.8 h.12 h.24 h.36
h)
243 pH
50 mL 5.0 mge L™
10 mg
pH(3~11) (0.1.0.01.0.001
mol*L™" NaNO,) HNO,
NaOH pH pH
pH
2.4.4
50 mL 5.0 mgeL™
10 mg
CO7\S07 .CI".Si0Y 4 4
(0.0.1.1.0.10 mmol*L™")
2.4.5
1.5L 10.0 mgeL™"
300 mg
0.01 mol*L™"  NaNO, pH 7.0+
0.1. 6 h
100 mL 0.5
mol*L”"  NaOH 4 h
4
2.5
2.5.1
g(mgeg’) (1)
q=WVle, —¢)/m (1)
v (L) ¢yne, t
(mgeL™) ¢, c, m

35
2.5.2
Langmuir (2)  Freundlich
(3) -
q. = ki quuc./(1 + ke, (2)
q. = kpe,” (3)
q. (mgeg™) g,
(mgeg™) e,
(mg - Lil) ky
(Lemg™) ky n
2.5.3
(4) (5)
14
( Lagergren 1898) .
( Ho
et al. 1999) .
g, =q1-e™) (4)
qet
= 5
U ek 1 (5)
4, 9. t
(mg.gil) k, (minil) k,
(g*mg *min") .
3 ( Results and discussion)
3.1

10~20 nm
XRD

1
Fig.1 SEM image of the Ce-Mn binary oxide
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Fig.2 XRD diffraction pattern of Ce-Mn binary oxide

2 XRD

( Nilchi et al. 2009) .

3
cmeg

3.2
3.2.1

28.5°
.BET
157 m™g™".
11.5 m™g™'(
7.5 nm.Zeta

47.5°

6.5.

1 Langmuir

2008)

0.28

( R*=0.938)

Freundlich

Langmuir

(

200 mg*L™' pH=7.0+0.1

T=(25+1) C

( 1).

Freundlich

Freundlich
Langmuir

( R*=0.887)

Langmuir

28.6 mgeg '( pH=7.0)

2)

24 h)

( 50 mL
170 r*min™!

Fig.3  Adsorption isotherm of phosphate by Ce-Mn binary oxide

Table 1 Langmuir and Freundlich isotherms parameters for phosphate adsorption

Langmuir Freundlich
Guna ! ( mg'ff;l) ky /( L'“‘%%) R? ky 1/n R?
28.6 1.39 0.938 19.0 0.12 0.887

2

Table 2 Maximum phosphate adsorption capacities of some reported adsorbents

/ / /
(m?eg) (mgeL) )
157.00 0~60( ) 7.0 28.6
47.90 0~ 150( ) 6.6~6.8 8.2 Zeng et al. 2004
230.00 0~300( ) 6.7~6.9 29.7 Liu et al. 2008
159.00 0~ 150( ) 8.0 24.9 Guo et al. 2011
0.65 0~500( ) 7.0 18.9 Kostura et al. 2005
- 0~30 ) 7.0 35.2 Liet al. 2014
106.20 0~100( ) 4.0 13.6 Long et al. 2011
309.00 0~40( ) 5.6 36.0 Zhang et al. 2009




1828 35

3.2.2 4
2 (0~2
h) (2~36 h).
( 2012) .
4
( 3). | L
( 5.4 mgeL 11.4 mg*L
1.5L 200 mg*L™' pH=7.0+0.1 170
remin~! T=(25+1) °C 36 h)

Fig.4 Effect of contact time on the adsorption capacity of different

initial concentrations of phosphate by Ce-Mn binary oxide

3
Table 3 Kinetic parameters for the phosphate adsorption by Ce-Mn binary oxide
P /
(mgeL™") q./(mgeg™") ky /b R g./(mgeg™h) ky/h! R
5.4 19.22 3.57 0.930 12.37 0.174 0.962
11.4 22.99 6.67 0.893 16.66 0.139 0.965
3.2.3 pH . pH (3~
5 pH 11) H,PO, HPO;
pH pH
pH 6.0
pH
( Zhang
et al. 2009) .
pH 3-~6 NaNO,
0.001 mol+L™' 0.1 mol-L™
; pH>6
Giesler  (2005)
5 pH ( ;
5 mge L 50 mL 200

mg- L' 170 remin™" T=(25+1) C 24 h) ( McBride 1997) .

Fig.5 Effect of pH and ionic strength on phosphate adsorption by

Ce-Mn binary oxide
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3.2.4
CO; .S0; . Cl™.Si0T
4
4
6 ) SioY
0.1 mmol * L™ 10
mmol* ™! 96% 38%;
Ccoy Si0Y
. CIT SOy
4
:Si07 >COY >Cl” = SO7.Si0T co7
(Li et al. 2014)
6 ( 5
mgeL™! 50 mL 200 mg*L™! pH=
7.0£0.1 170 remin™' T=(25%1) C 24 h)

Fig.6 Effect of coexisting anions on phosphate adsorption by Ce-Mn
binary oxide

3.2.5
NaOH
0.5 mol*L™'
NaOH 0.5
mol*L”"  NaOH
- 4
0
7

7

Fig.7 Variation of the phosphate adsorption capacity by the Ce-Mn

binary oxide as a function of regeneration cycle

3.3

3.3.1 Zeta

Zeta pH 8

6.5 3.2.
pH ( Hsia et al.
8 Zeta (
5 mge ! 50 mL 200
mgeL™! 72 h)

Fig.8 Zeta potential of Ce-Mn binary oxide before and after
phosphate adsorption
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1994) . 3/5
( Zhang et al. 2009) . SO
3.3.2 FTIR
9 . 9a
1633 em™
1497 e¢m™! ( Zhang et al. 2013)
Ce—OH ( Guo et al. 2011); 1352 ( Burton et al. 2009) FTIR
em™! Cco;y
(Lietal 2014); 1174
em”! HSO, 1112,
1045.974 em™ 3 SOi_
( Lefevre 2004) . (
9b ¢ d) HSO, SOZ_
1010 em™ P—0
( Persson et al. 1996) .
1497
cm”™
1352 ¢m™!
co> 10 SO ( 50
mL 200 mgeL™" pH=7.0+0.1 170
remin~! T=(25%1) C 4 h)
Fig.10  Relationship between adsorbed phosphate and the amounts
of released sulfate
Zeta
(  M-OH )
pH 3.0~6.5 H,PO,
(pKa, =2.12 pKa, =7.20 pKa, =
12.36) pH
9 FTIR (a. b. 2.5
mgeL™! c. 5.0mg-L™! d. 10 mg-L™!
24 h pH=7.0£0.1 T=(25+1) C) .
Fig.9 FTIR spectra of Ce-Mn binary oxide M—OH+H+~>M—OH;
333 SOi_ SOi_ M-OH; +H,PO,—M-H,P 0,+H,0
SOi_ 2M-OH}+H,PO,—M,-H,P 0;+2H,0
10 . pH 6.5~7.2 H,PO,
1 mmol L™’ 0.4
mmol*L™"  SO7. 2~ H,PO,
60 mgeL"!

1 2/5 SO

M-0"+H,P0O; —»M-HPO, +OH"
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2M-O"+H,P0O,—M,P0O,+20H"
pH 7.2~11.0 HPO;
HPOY

M-O"+HPO; —M-PO} +OH"
2M-0"+HPO; +H,0—M,P0;+30H"

4 ( Conclusions)

157 m™>g™

pH =7 28.6
mgeg '

:Si0 > COY > Cl' = SO7.
3)

S0

(1977—)

(1965—)
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