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Preparation and characterization of Fe,O,/Y,0, magnetic particle with nano-
structure and its phosphate adsorption properties
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Abstract: Fe;0,/Y,0; a novel magnetic adsorbent was prepared by co-precipitation process and its properties were investigated. Scanning electron
microscopy ( SEM) and X-ray diffraction ( XRD) analysis indicate that this adsorbent is formed with nano-structured fine particles with average primary
particle size of 15.2 nm. The specific saturation magnetization is 38. 7 emu*g ' measured by vibrating sample magnetometer ( VSM) and the isoelectric
point is 6. 8. Batch sorption experiment data is well fitted with Langmuir model ( R*> =0.989) with maximal phosphate adsorption capacity of 60. 6
mgeg ™" at25°C and pH 5.0. The adsorption kinetic data is well described by pseudo-second order model ( R* =0.997) and over 80% of the equilibrium
adsorption capacity is achieved within 120 min. The phosphate adsorption is dependent on solution pH while ionic strength poses little effect. The effect
of coexisting anions on phosphate adsorption on Fe;0, /Y, 05 increases in the order of C1~ <S03~ < C03~ <Si03 .
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Fe'*  Fe’* 2:1 400 mL
( Pengthamkeerati et al. Fe’* 0.200 mol=L ™"
2008) . ( Oguz 2004) . ( Roberge et al. 90°C. 50
1999) . ( Huang 1977; Rentz et al. mL . 10 min 50 mL.  PEG 1h
2009; Tanada et al. 2003; Xie et al. 2005; Zeng . 50 °C
et al. 2004) ( Agyin-Birikorang Fe,0,.
et al. 2007) ( « ) 2.50 g Fe,0,.19.00 g YCLs6H,0 11.25 g
1L . 20 min
( Chubar et al.  2005; Tokunaga et al. 1997) 90 °C 4 h. . 100 °C
( Cheng et al. 2009; Long
et al. 2011;Zhang et al. 2009) Fe;0,/Y,0,.
() 2.3 Fe,0, Fe,0,/Y,0,
( Anderson et al. ( Geminil530)
1989) . X-— ( D/max2500VPC)
( VSM model 155)
( pzc)
N ( Tan et al. 2008; Uehara et al.
1980) . (50
mL) NaNO, 0. 01 mol « L' HNO,
NaOH pH 3 ~11.
N pH 12 h pH pH,.
( 2006) . 1 g NaNO, 12 h
\ > pH pH;.  pHqpH;  pH,
( Kanel et al. pzc.
2006) . 2.4
(Fe;0,7Y,0;) (25 1) °C+170 remin""
N N 24h 8h 2h pH
. pH. pH 5.0 0. 1( pH ).
NaNO,(0.01 mol-L™") .
2 ( Materials and methods) 045 pum
2.1 2.4.1 Fe,0,/Y,0,
: FeCl;»6H, O, FeSO,*7H, O. YCL;* 6H, O, 50 mL (0 ~30 mgeL™")
NaOH.HNO, . ( PEG 400) 200
KH, PO, mgeL"' )
219.4 mg KH,PO, 1L 2.4.2 Fe,0,/Y,0, 1L
50 mgeL™! 5.0 mgeL™'
Fe;0,/Y,0, 200 mgeL~".
- HZQ-C DH-201 .
TU-1810 2.4.3 pH Fe,0,/Y,0,
PHS=2F pH  ( ). 5.0 mg*L™'
2.2 Fe,0,/Y,0, 0.2 g°L”! pH (3~11) 3
FeCl,»6H,0  FeSO,*7H, 0 NaNO,( 0. 1.0.01.0. 001 mol-L™")
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HNO, NaOH
3 ( Results)
pH .
2.4.4 Fe,0,/Y,0, 3.1 Fe,0, Fe,0,/Y,0,
7.0 mge L' Cco; . Fe,0, Fe,0,/Y,0, ( SEM)
SO; ™ .Cl™.Si0;" (0.1.1.10 1 ) Fe,0,
mmol L") Y,0,
2.5 200 nm
2.5.1 Fe;0,/Y,0, q
(meee) (1) .
g=V(cy,—¢c,) I m (1)
v (L) co~c, ¢
(mgeL™") m (g)-
2.5.2 Fe,0,/Y,0,
Langmuir ( (2)) .Freundlich
( (3)) Temkin  ( (4)) ‘3 P
- - il
q. —kL;Jja;clz F/c(}/ + kye.) Ei; Mag=100,00 k200 mm  EHI-10.00 SigmlA:Ins
g, =A + Blnc, (4)
q. (mgeg™) ¢y
(mgeg™') e,
(mg- L) ky
(Lemg™') n
A.B
2.5.3
( (5)) Mag=100.00kx 200mm  EHTZI0.00KV gigns) A<int ens
t
(Lagergren 1898) . 1 (a. Fey0,; b. Fes0,/Y,0)
Fig. 1 Images of the magnetic materials (a. Fe; O4; b. Fe;0,/
( (6)) Y00
(Ho et al. 1999) . 2 X— Fe,0,
C (7)) Fe, 0,
( 2009) .
log(q. —q,) =logq, — k,1/2.303 (5) 6 ((220) .(311) .(400) .
) (422) .(511) (440)) Scherrer d=kr/
tq, =1kyq. "+ tlq, (O)  (Beosd) (K=0.89 A=0.154 nm ¢
q.= k,*7+C (7) (°) B (rad))
q9 9. t Fe;0,/Y,0,
(mgeg™") k (min~") k, 15.2 nm.
(gemg '*min") k, VSM Fe,0, Fe,0,/Y,0,
(mge+g'emn®’) ¢ 69.3  38.7 emucg”’
(mgeg™). Fe;0,/Y,0,



2170 32

" 6.5 Fe,0,/Y,0, 6.8. pH 6.8
a. Fe;0, ; pH 6.8
b. Fe;0,/Y,0;
091
440
—— Fe;0,/Y,05
b 061 ——TFe 0,
03
220 -
jas]
=1 0 | | |
2 111 o 3 4 5 6 12
2,
| | ] ] ] | | ] I
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200"
-09
2 XRD (a. Fe;04; b. Fe;0,/Y,05) -
Fig.2  Xeray diffraction pattern of magnetic materials (a Fe; O,;
b Fe,0,/Y,0;) 4 Fe;0, Fe;0,/Y,0;
Fig.4  Point of zero charge of Fe; O and Fe; O, /Y, 04
59 s
3.2 Fe,0,/Y,0,
3 Fe,0,/Y,0,
( ) 5 Fe,0,/Y,0,
Fe, 0, (9.7
-1
Y, 0, mgeg ) Fe;0,/Y,0, ( 60.6
-1
Fe,0, mgeg” ).
1 min 70 —
/
60 a
50 :
80 — T 40 .
20 A Fe;0, a. Langmuir
60 a. Fe;04 E, fry o Fe:O./Y:,0 b. Temkin
b. Fe;0,/Y,0, = 4 FEL0s ¢. Freundlich
Tep 40 20 |
E
5
E 20 10 A A
g 0 0 Wlf | ! | |
g 0 5 10 15 20 25
& 20 co/(mg-L™h
2
8 40 5
~60 Fig.5 Adsorption isotherm for phosphate on magnetic materials
~80 | | | | | | | | | J 3 3 F O /Y O
-5000 -3000 -1000 0 1000 3000 5000 . €3y 23
a1 /Oe 6a
3

Fig.3  Magnetization curve of Fe; O and Fe;0,/Y, 0,4 120 min 80% ; 120 min

4 Fe,0, 1440 min
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Fig. 6  Effect of contact time on the phosphate adsorption by Fe;04/Y, 05 ( a. phosphate adsorption curve

pseudo—second-order model d. the intra-particle diffusion model)

3.4 pH Fe,0,/Y,0,
7 pH
pH(3 ~5)  Fe,0,/Y,0,
pH =5
. pH(6~11)
0.001 mol L™ 0.1
30 —
* 0.001 mol-L™!
B ® gy 9 0 0.01 mol-L!
ok *ov v 0.1 mol-L!
%D 151 OZ
10 ¥F % @, ¥
5k ov
*
| | | | | | | | ]
2 3 4 5 6 7 8 9 10 11
pH
7 pH Fe,0,/Y,0,

Fig.7 Effect of pH and ionic strength on phosphate absorption by
Fe;0,/Y,0;

b. the pseudofirst-order model c. the

mol * L™"  Fe,0,/Y,0,
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; CO;” 4.2 Fe,0,/Y,0,
: SiO§ - 1 Freundlich Temkin
.4 » Cl” Fe, O, Fe,0,/Y,0;
< S0;” < CO;™ < Si0:™. Langmuir 9.7
' ) mg*g ! 60.6 mg*g "'
4 ( Discussion) ( 2 . Fe, 0,
4.1 Fe,0, Fe,0,/Y,0, 7.2 ~12.8 m* g '( 1994)
PEG Fe;0,/Y,0, 10. 69 m™g ™"
SEM ( 1) Y,04 Fe;0,
Fe,0,/Y,0,
PEG . Fe;0,/Y,0,
(Ma et al. 2009) . 15.2 nm
XRD ( 2) : Y, 0,
Fe, 0, ( Anderson
Y,0, Fe,0, et al. 1989)
R, =1/(1+k.c,) Langmuir
Fe,0,/Y,0, Fe, 0,/
Y,0, Y,0, R, > 1 R, =1
O0<R <1 R, =0
( Andelman et al. 2010; Das et al. 2008) . (Al-Degs et al.  2000) . Fe;0,/Y,0, R,
Fe,0, Y,0, px 6.5 6.8 0.002 ~0. 067 Fe,0,/Y,0;
pH R
1 (25C)
Table 1 Langmuir Freundlich and Temkin isotherms constants for phosphate adsorption ( 25°C)
Langmuir Freundlich Temkin
(Imaxil ky, | R? kg 1/n R? A B R?
/(mgeg™) /(Lemg™)
Fe;0, 9.7 0.33 0. 849 3.6 0.28 0. 827 3.39 1. 64 0. 836
Fe;0,/Y, 0, 60. 6 13.8 0. 989 42.7 0.17 0. 845 47.08 7.46 0. 950
2
Table 2 Effects of reported adsorbents for the phosphate removal
(g™ (e ) o (e
Fe;0,/Y,0, 10. 69 60. 6 5.0 0~30
47.90 12.6 6.7 20 ~30 Zeng et al. 2004
230. 00 29.7 6.7~6.9 0 ~300 Liu et al. 2008
6.7 7.1 1~5 Li et al. 2009
46. 00 15 2.0 50 Rodrigues et al. 2010
106. 20 13.6 4.0 0 ~100 Long et al. 2011
309. 00 36 5.6 2 ~40 Zhang et al. 2009
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Fe,0,/Y,0, 3 R*(0.997)
R ( 0. 946
; 0. 965) 1
Fe,0,/Y,0,
\ (Wu et al. 2001) .

3 Fe,0,/Y,0,

Table 3 The kinetic model parameters of phosphate adsorption by Fe;0,/Y,0;

c Qe exp

I mg."Lfl) /(mgeg™") Je cal ky R Je cal ky R Je cal k, R
/(mgeg™")  /min”" /(mgeg™") /(g'mg “min~") N(mgeg™") /(mgeg"min %)
5 22.8 12.0 0.0026  0.946 22.9 0.0012 0.997 23.2 0.204 0. 965
pH  2.12 ~6.80 H, PO, - CO;™.S0; . Cl™.Si0:~
( pKaI = 2 12 pKaZ = 7 20 pKzﬁ .
=12.36) 3 (0.1.1.10 mmol+L™")
Fe,0,/Y,0,
: pH  6.80 ~ (Cl” <SO2” <CO2™ <Si0?")
7.20 H,PO, ~
pH
HPO,”” PO~
5 ( Conclusions)
NO, ~ ( Zhang et al. 2009) . 0
Fe,0,/Y,0, /
15.2 nm
38.7 emu-g” N
Fe,0,/Y,0, )
Fe3 04/Y203 2) pH Fe304/Y203
( (8));: pH=5.0 60.6 mg*g ™'
( (9) ( (10))
( Muljadi et al. 1966; 1993) .
| | 3) Fe;0,/Y,0;
—+—M-OH —— M-OH,
| +H— |
——M-OH —— M-OH} 4) Fe,0,/Y,0,
| : 8
0 (8) :Cl™ <S0;” <CO3™ <Si03~ cl-.
! 0] | I 2- 2o
—— M-OH; Il —i—M-O—lT—OH 304 €0;
: +°0—P—OH— | 02"
| Mo | . _ow S0
] OH —— M-OH} (9)
(1977—)
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