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Synthesis and characterization of NiFe,0,/SiO, superparamagnetic hollow

spheres
Ming-Shyu Sha (#F* ), Shuo-Feng Hu (# #*# ), Chun-Rong Lin* (% %)

Department of Mechanical Engineering, Southern Taiwan University of Technology, Tainan County 710, Taiwan, Republic of China

We have synthesized a series of hollow NiFe,0,/SiO, nanospheres to study the NiFe,O, particle size effect on their magnetic properties. In this work, we used the functional polymer poly(MMA-co-MAA)
latex (500 nm) as a core template to prepare hollow spheres. The NiFe,O, nanoparticles were firstly deposited on the surface of the polymer sphere using the co-precipitation method. Then, the silica layer was
coated on the PMMA/NiFe,O, core-shell spheres by the sol-gel method. To create silica-coated nickel ferrite hollow spherical structures, these hybrid PMMA/NiFe,0,/SiO, core-shell spheres were
subsequently calcined in the temperature range from 450 to 900°C for 4h. X-ray diffraction pattern shows that the coated phase has a cubic spinel ferrite structure. The average crystallite sizes of the coated
NiFe,O4 nanoparticles, depending on the calcined temperature, are in the range from 2.1 to 8.9 nm. The scanning electron microscope (SEM) and transmission electron microscope (TEM) micrographs show
that the hollow spheres are uniform and the thickness of the composite shell of NiFe,0,/SiO, sphere is about 50 nm. Based on the thermogravimetric analysis (TGA), we find that the content of NiFe,O, is 83.1
wt% in the NiFe,0,/SiO, composite shell. We have measured the magnetization o (H) isotherms for all samples at room temperature. All hollow spheres exhibit the superparamagnetic behaviour. The
spontaneous magnetization o (300 K) clearly decreased as the particle size decreased. This phenomenon can be interpreted as the effect of surface spin canting when the particle size is reduced. It is supposed

that the complete silica network formed through sol-gel method based on hydrolysis and condensation, which in turn hinders the growth of NiFe,O, nanoparticles and results in an effective refinement of
NiFe,O, particles.

* This project is financially sponsored by National Science Council (grand no. NSC 95-2112-M-218 -001).

00— {d) hellenw NiFe,0u/5i0;
§ I \ e R NP
= B0 1 T | PIMANTe 0,
1) | Y — — -~ —

\ = P

= Z
S of '. SN T
-E 1 S| PMMANFeO:

Z —— - —~
= w0t 1 2 N -\[ ml‘-fm
= l'.\_‘_ = [(a) polyinEMA-co-MAA)

o = - - ]
=0 e /\./ |'|IV“
PMMA/NiFe.0, spheres
PMMANiFe, 0 /S0, spheres
b a2 F . L . L . 2 L
100: 200: 300 ,lfn(uo( 00 000; G A0 4000 3500 3000 1300 2000 1500 1000 500

Wavelength (em™)
Fig. 2. TGA graphs of PMMA/NiFe,O, core-shell spheres and

Fig. 1. Flow chart of synthesis and experinilénts fE;r NiFe;04/SiO,

PMMAV/NiFe,0,/SiO, core-shell spheres. for magnetic hollow
NiFe,0,/SiO, spheres. The content of NiFe,O, is 83.1 wt% in the
NiFe,0,/SiO, composite hollow spheres.

Fig. 3. FTIR spectra of ionic poly(MMA-co-MAA) polymer
spheres, PMMA/CoFe,0, core-shell spheres,
IPMMA/NiFe,04/SiO, core-shell spheres and NiFe,0,/SiO,
hollow spheres (calcined at 450 °C).

hollow spheres.

i 00K s
: 9t 204 T30
]
& gl E o
:
5 7 H=100 Qe & .20
b i —=—ZFC H (kOe)
10 2 30 40 S0 6 70 80 F ——FC N = i) s 10
20 (deg.) o)
Fig. 4. XRD patterns of the NiFe,0,/SiO; hollow spheres calcined - :; -
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Fig. 6. TEM micrograph of hollow spheres created at (a) 450 °C

Fig. 7. (a)Temperature dependence of the ZFC and FC magnetization curves for SiO,/CoFe,O, hollow spheres prepared at various
and (b) 900 °C.

calcined temperatures. (b) Hysteresis loops and Arrott plots obtained at 300 K and 77 K for for SiO,/CoFe,0, hollow spheres prepared at
various calcined temperatures.
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