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Fig.1 TEM images of Fe;04@SiO, composite particles in references [4-7]
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Fig.2 XRD patterns of Fe;O4 nanoparticles (S1), Fe;04@SiO;
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composite  nanoparticles (S2), and

composite microspheres (S3)
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TEM images of Fe;O4 nanoparticles (S1) (a), Fe;04@SiO, composite nanoparticles (S2) (b), and Fe;04@SiO, composite
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Fig.4 EDS analysis results of Fe;O4 nanoparticles (S1) (a), Fe;04@SiO, composite nanoparticles (S2) (b), and Fe;04@SiO, composite

microspheres (S3) (¢)
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Table 1 EDS elements contents of Fe;O4 nanoparticles (S1),

Fe;04@SiO; composite nanoparticles (S2), and
Fe;04@Si0; composite microspheres (S3)
Element ol% at/%
S1 S2 S3 S1 S2 S3
C 51.80 32.90 30.20 71.40 46.80 44.60
(0] 18.70  33.30 36.00 19.40 35.60 37.30
Si 1.40 23.60 21.20 0.80 14.40 13.50
Fe 28.10 10.20 12.60 8.40 3.10 4.60
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Fig.5 FTIR spectrum of samples
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Fig.6 Macrographs of samples: (a) magnetic solution, (b) under external magnetic field, (c) stillness after 1 h, and (d) stillness after 2 h
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Fig.7 Magnetic curves of samples
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Table 2 Magnetic property of Fe;O, nanoparticles (S1),

Fe;0,@SiO, composite nanoparticles (S2), and

Fe;0,@Si0, composite microspheres (S3)

Saturation Residual ..
L . Coercivity
Sample magnetization/ magnetism/ force/A-m-!
A'm*kg’ A'm*kg
S1 79.95 1.73 1083
S2 34.85 1.05 755
S3 61.51 3.07 2002
_-_t ‘
3 zn 1/t\.
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A-m?/kg, TR AR AR LT A R Ok B S K
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Synthesis and Characterization of Fe;O0,@SiO, Magnetic Composite Microspheres

Zhang Le, Shao Huiping, Zheng Hang, Ren Xiangyuan
(University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Fe;O,4 particles were prepared by a chemical co-precipitation method. Sodium ligands were added when Fe;O4 nucleus grew.
Then, TEOS was added to prepare Fe;O4@SiO, composite nanoparticles and magnetic microspheres. The properties of the Fe;Oa,
Fe;04@Si0, composite nanoparticles and Fe;O4@SiO, composite microspheres were tested by X-ray diffraction (XRD), transmission
electron microscopy (TEM), energy dispersive spectroscopy (EDS) and Fourier transform infrared spectroscopy (FTIR). The magnetic
properties were studied by vibrating sample magnetometer (VSM). The result shows that the maximum saturation magnetization of
Fe;0,@Si0, microspheres (61.51 A-m%/kg) is lower than that of the Fe;04 powder (79.95 A-m?/kg), but obviously higher than that of
Fe;0,@Si0, nanoparticles (34.85 A-m*/kg). The residual magnetism of Fe;Os, Fe;0,@SiO, composite nanoparticles and Fe;04@SiO,
composite microspheres are 1.73, 1.05 and 3.07 A-m?*/kg, respectively and the coercivity force are 1083, 755 and 2002 A/m, respectively,
indicating the residual magnetism and coercivity force of Fe;04@SiO, microspheres are significantly enhanced.

Key words: Fe;04@SiO,; composite nanoparticles; magnetic composite microspheres
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