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Abstract: An adsorbent with Fe; O, as magnetic core and MnO, as shell was prepared by co-precipitation process. The adsorbent was characterized using
multiple techniques and its performance for Pb( II) removal from aqueous solution was investigated. The TEM image indicated that the shape of nanosized
Fe; 0, /MnO, particles was irregular. X-ray powder diffraction ( XRD) analysis showed that the magnetic phase in Fe; O, /MnO, was spinel magnetite.
The adsorbent has a highly specific saturation magnetization of 54.7 A*m’kg ™! and a specific surface area of 76.5 m*g~'. The results of batch sorption
experiments suggested that the Fe; O,/MnO, magnetic adsorbent was effective for Pb( II) removal from water particularly at low equilibrium
concentration. The isotherm data was well fitted by Langmuir model ( R?> =0.852) with a maximal Pb adsorption capacity of 142.0 mgeg ™" at pH 5.0.
The adsorption of Pb( II) was very fast and over 80% of the equilibrium sorption capacity was achieved within 30 min. The pseudo-second order model
( R* =0.959) was more suitable to describe adsorption kinetic data. The Pb( II) adsorption increased with increasing values of solution pH and was not
significantly affected by the change of ionic strength.
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( 1997) ).
2.2 Fe;0,/MnO,
FeCl;* 6H, O FeCl,*4H, O
. . Fe'* Fe** 2:1 450 mL
\ ~ Fe’t Fe 30 mL PEG 10
\ ( 2003) . min. 75 C 2
> ) mol*L.”"  NaOH pH
. ) 11.5. 60 C 2h 80 C
> > 30 min. Fe, 0,
80 C
. > 1.0 g Fe; 0, 5% PEG
» 30 min 120 mL 0. 036 mol+L~'MnSO,
( O’ Reilly et al. 60 °C
2003; McKenzie 1980; Post 1999; Tonkin et al. 80 mL 0.036 mol'L_lKMnO4
2004) .
. ( Mishra et al. 2004) . 80 C
Fe,0,/MnO,.
( 2000) . 2.3 Fe,0, Fe,0,/MnO,
Fe,O0, Fe;0,/MnO,
(2003) CuFe, 0, ( )
; Ren  (2012) MnFe, O, ( TEM H-800 200 kV)
;X ( XRD D/
- max 2500VPC Cu Ka A\ =0.15418 nm)
: ( VSM lakeshore
Warner ( Warner et al. 2012) 7307) 298 K
N, - BET (
Quantachrome Asiq)
N BET .0 X
( XPS Thermo VG ESCALAB 250
- ~ Al Ka=1486.6 eV 150 W) Pb
Fe,0,/MnO,
2.4
2 ( Materials and methods) 100 mL.
50 mL
2.1

: FeCl»6H, 0. FeCl,*4H,0.KMnO, . MnSO, -

Pb( NO,) ,-NaOH.HNO, . ( PEG
400)
Pb( NO;) , Ph 1000
mgeL™"'
: HZQ-C DH-=201
OPTIMA7000DV

(ICP-OES) PHS2F pH  (

NaNO, ( 0. 01 mol*L™")
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mL (5~350 mg*L™") (pH:5.0)
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240 min pH

5.0. pH
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100 mgL.™" pH 2.0~7.53 o1t (4)
NaNo, 0.001.0.01.0. 1 mol*L " 9, kq 4.
2.5 qe=kpt05+C (5)
2.5.1 q, 1 (mgeg™) K
(min™") &,
. (mgeg min~") k,
Fe;0,/MnO, Langmuir (1) (mgeg '*min*%) C (mgeg™").
Freundlich (2) . '
c, _ c, . | 0 3 ( Results and discussion)
de  du  Guhr 3.1 Fe,0, Fe,0,/MnO,
logg, = %logce + logk, (2) Fe,0, Fe,0,/MnO, ( TEM)
c. b 1 . Fe,0,
. 10 ~180 nm . MnO,
(mg*L™) q.
. . 10 ~ 230 nm
(mgg™) 4, (mgeg ™) ki MnO, ( Liang et al. 2008) .
(Lemg™") k. n  Freundlich
) PEG
2.5.2 ( 2012)

100 nm
HV=80.0 kV
Direct Mag:100000x

1

TEM

(a. Fe;04; b. Fey0,/Mn0O,)

Fig.1 TEM images of the as-manufactured two samples (a. Fe;0,; b. Fe;0,/MnO,)

2 a b Fe,0, Fe;0,/MnO,
XRD a Fe,;0, 6
(220) \(311) .(400) .(422) .(511) (440)
Fe,O, ( Zhou et al. 2001)
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Table 1 Structural character of Fe;0, and Fe; 0, /MnO,

/(m*g™") /nm /(em*g™")
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Fig.6 Pseudo-irst-order pseudo-second-order model of Pb( II) on Fe;0,/MnO,
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Table 2 Isotherm constants for Pb( II) adsorption
Langmuir Freundlich
qu/(mgeg™')  k/(Lemg™') R ky 1/n R?
Fe; 0, 69.8 0.19 0.986 24.14 0.19 0.788
Fe;0,/MnO, 142.0 4.64 0.852 72.69 0.14 0.695
3.3 Fe;0,/MnO, 80% .30 min
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and intra-particle diffusion plots of Pb( II) on Fe;0,/MnO,
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6b. Fe, 0, /MnO, (20 ~90 min)
3 . (0 ~20 min) Fe,0,/MnO, . (90
Fe,0,/MnO, min ) Fe; 0,/Mn0O,
Fe; 0, /MnO, ( Long et al. 2011) .
3

Table 3 Kinetic parameters for the adsorption of Pb( II) on Fe;0,/MnO,

k q k
q. | i R e | Lo e qe | oo e
/(mgeg™") /min /(mgeg™") /(mgeg™ *min"") /(mgeg™") /(mgeg™ *min""7)
Fe; 0, /MnO, 123.8 0.39 0.738  130.5 0.0051 0.959 131.3 3.06 0.813
3.4 pH ( Na™) .
7 pH Fe, O0,/MnO, 0. 001 mol « L' 0.1
Ph( 11) mol*L.™" Fe,0,/MnO,
pH Ph( 1I) Fe,0,/MnO,
pH Pb (Ren et al. 2012):
(1) . Fe,0,/Mn0, 2—M—OH + Pb’* = (—M—O0),Pb +2H" (6)
H* 3.5 X
Ph2* Ph** Fe,0,/MnO, XPS
Ph** 8 a b 8a
pH N . 8b
Pb** Fe,0,/MnO, N
2+
Pb Pb,,  Pb,, Pb
pH Fe,0,/MnO,
2+ -
Pb 500000f; " — Fe;0,/Mn0,
400000
100% v NaNO; 0.001mol-L™! g ¥oF o ¥ 300000
o NaNOj 0.01mol-L! 200000
ool * NaNO; 0.lmol-L™! * é 100000}
g 1000 800 600 400 200 0
ol b AP
5 O = 500000 o — Fe;0,/Mn0,-Pb
& v 400000 PP ol
# s00 | o 300000 i
200000 Pbdd s
v *
o L " 100000
20% . M i i ‘ s
v : 1000 800 600 400 200 0
N e
. Binding energy/eV
or ¢ | | 1 1 1 |
2 3 4 5 6 7 3 . _ .
pH 8 XPS (a. Fey O,/MnO,; b. Fey 04/
MnO,)
7 pH 0.5 gL'
P ( & Fig.8 XPS spectra of Fe; 0, /MnO,( a. Fe;0,/Mn0O,; b. Fe;0,/
Ph( II) 100 mgeL ™! 50 mL)

Fig.7 Effect of pH and ionic strength on the adsorption of Pb( II)
on Fe; O, /MnO, ( Dose 0.5 g+ L~' initial concentration

Pb( II) 100 mg*L~" total volume 50 mL)

MnO, afer adsorption of Pb)

4 ( Conclusions)
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