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Phosphate Adsorption on Magnetic Fe;0,@Si0,@ZrO,
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Nanjing University, Nanjing 210023, China)

Abstract: We prepared silica-coated core-shell magnetite nanoparticles (Fe;0,@Si0,) which was subsequently
coated by ZrO, via the deposition precipitation method. The adsorbents were characterized by X-ray diffraction,
transition electron microscopy, vibration sample magnetometer, N, adsorption/desorption, zeta-potential
measurement, and X-ray photoelectron spectroscopy. The results demonstrated the adsorbents could be readily
separated and recovered under external magnetic field. Additionally, the adsorption capacity for phosphate
increased with the amount of ZrO, loading, indicating that ZrO, is effective adsorption sites for phosphate. The
adsorption was fitted well with Freundlich adsorption isotherm and the kinetics was well described by the pseudo-
second-order model. Phosphate adsorption on Fe;0,@S10,@7r0, increased with the decrease in pH value.

Negligible influence of the ion strength on phosphate adsorption was observed.
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B 1 b (a)Fe0,, (b)Fe,0,@Si0, Fl(c)Fe;0,@Si0,@Zr0, I ¥ TEM ¥l
Fig.1 TEM images of (a) Fe;0,, (b)Fe;0,@Si0, and (c)Fe;0,@Si0,@Z10, [

x1 MHRNEHESH

Table 1 Structural properties of the samples

Sample 710, content* / wt% BET surface area / (m*-g™) Pore size / nm Pore volume" / (cm®+ ™)
Fe;0,@Si0, - 80.03 5.23 0.10
Fe;0,@Si0,@7Zr0, | 12.88 102.83 345 0.08
Fe;0,@Si0,@7r0, Il 25.64 147.12 2.81 0.10
FFe;0,@Si0,@Zr0, [l 48.27 163.86 2.69 0.07

* Determined by X-ray fluorescence; " Total pore volume, determined at P/P=0.97
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Table 2 Fitting parameters of phosphate adsorption to Fe;0,@Si0,@ZrO, 1 using pseudo-first-order and
pseudo-second-order kinetics models
Co/ (mg-17) /o ) First order kinetics Second order kinetics
o/ (mg* Gep I (MZ*Z
ky / (min™) q./ (mg-g™) R ko f (grmgomin™) g/ (mg-g”) R
2 3.60 4.46x107 2.00 0.89 0.37 3.59 0.99
20 24.36 6.90x107 14.55 0.89 2.3x107 24.57 0.99
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(a) Phosphate adsorption isotherms and (b) ZrO, content normalized phosphate adsorption isotherms of the samples
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Table 3  Regression equations for Freundlich isotherms
Adsorbents K n R?
Fe;0,@Si0,@Zr0, | 7.81 5.08 0.96
Fe;0,@Si0,@Zr0, Il 8.88 3.00 0.97
Fe;0,@Si0,@Zr0, Il 12.85 2.52 0.99
* Determined by X-ray fluorescence : . . . )
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